Preface

National Ingtitute of Radiological Sciences (NIRS) has endeavored to promote efficiency, transparency and competitive
research atmosphere, which are the essential principle for the Independent Administrative Ingtitution (IAl). Our eventual
aimis, needlessto say, to achieve outstanding outcomes through research activities.

The fiscal year 2002 (FY 2002) was the 2nd year after NIRS was reborn asalAl in 2001. NIRS has been implementing
its activities basically according to mid-term (5 years) plan and annual plan.

We submitted our business report (including the financia report) and the achievement report of FY 2001 to the
Ministry of Education, Culture, Sports, Science and Technology (MEXT) in June 2002, which was evaluated by the
Evauation Committee of MEXT. This evaluation process was the first that we have experienced. We need to get
accustomed to this annual important event in order not to consume too much energy in this process.

NIRS established a new Research Center for Radiation Emergency Medicine with enforcement of its dose assessment
capability for improving the medical preparedness for nuclear emergency and radiation accidents. We also set a program
for acquiring external competitive grants and started some leading research with such grants. We aso increased the
flexibility of research system. Furthermore, NIRS introduced a personnel management system for technologists in order to
treat well-trained high grade technologists properly.

NIRS continued research activities according to the mid-term plan, including 5 project researches, | frontier type
research, 20 basic researches, and brain function research. Almost al projects progressed as was planned. Additionally, | as
president of NIRS took initiative in granting 28 new research proposals after in house competition in order to cultivate
research seeds. In FY2002, we produced 244 origina papers, which meant 1.4 papers per researcher. Heavy charged
particle therapy continued to be successful. Based on the results of clinical trials, we applied to a health system for highly
"advanced medical procedures", which allows us to change patients.

NIRS aso increased PR activities such as open lectures for public in Tokyo and Osaka, and two open lectures for
researchers, which attracted many participants. NIRS cooperated to the United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR), Internationd Commission on Radiological Protection (ICRP) and the International
Atomic Energy Agency (IAEA). We organized several international meetings such as the 3rd Committee for ICRP. NIRS
promoted cooperative researches with universities, research ingtitutes and companies, having received many external
researchers and students, and organized symposiums. We also set an agreement on cooperation program with Graduate
School of Toho University.

It is our great pleasure to publish this annual report for your information and your comments. In the rapidly changing
society worldwide, we will continue our efforts as a center of excellence (COE) of radiation medicine applying advantages
of IAl. We appreciate your cooperation and would like to ask for your continuous supports.
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Y asuhito Sasaki, M. D., Ph. D.
President
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1. Basic Study on Pulse Height Distribution
of DOI Detectors Constructed of Stacked
Crystal Elements

Narimichi Orita, Hideo Murayama, Naoko Inadama,
Takaya Umehara, and Takehiro Kasahara

Keywords: positron emission Tomography(Pet),
depth-of-interaction  detector,  scintillation
detector

As part of the next generation PET development
project, performances of one-dimensional GSO crystal arrays were
of the
constructed  of

measured and analyzed for the
depth-of-interaction ~ (DOI)
three-dimensional GSO crystal arrays. We considered two

development

detector

structures of one-dimensional crystal arrays, one is a “straight line
type” which has the crystals of the array stacked in series, and the
other is a “U shaped type” which is a crystal block of stacked
crystals bent at the center. By scanning collimated gamma rays
along the crystals, we measured the pulse height distributions from
one end or both ends of the crystal array for different conditions of
the surface of each crystal (rough or chemical etching) and
arrangement of the reflector. On the average, there is almost no
position dependence for individual crystals because the gamma ray
beam response in each crystal is uniform within 2.0% for chemical
etching and 5.6% for rough surface. From this result, we irradiated
the gamma ray beam on the center of individual crystals in the
following experiments.

The “straight line type” has a better light yield and
crystal identification than the “U shaped type”. When trying to
develop the DOI detector with the “straight line type”, DOI
information is acquired by arranging a PMT at each end and
calculating the ratio from two PMT outputs. However, there are
problems on the structure so it is difficult to make a practical
application. Then we focused on the “U shaped type”. In order to
overcome the low light yield of the “U shaped type”, we tried to
optimize the arrangement of the reflector, and the combination of a
crystal surface. In order to examine how the combination of crystal
surface and arrangement of the reflector affects the performances,

we also measured two-dimensional pulse height distributions for

the “U shaped type”. The analysis of these data showed how these
conditions affected the performances of the DOI detector.
Examination results of continuous crystals or discontinuous crystals
the “U shaped type” array revealed that using continuous crystals
had an advantageous light yield, but crystal identification was not
better because there was little position dependence for an individual
crystal.

Fig.1 shows a two-dimensional map for the “U shaped
type” which allows comparison of the reflector arrangement and
conditions of the surface of each crystal. We use “c” to denote the
chemical etching surface crystal and “r”” to denote the rough surface.
The crystal identification by arranging one crystal with the rough
surface in the 3rd or 4th stage (“ccrc” or “ccer’”) was better than the
case of “cccc” and as good as the case of “mr”. By these
experiments, we found that various features might be acquired by
changing parameters in the discontinuous type detector. And since
these results of the “U shaped type” indicated that there was a
limitation for this structure, We concluded it was necessary to
obtain a larger light yield from the upper stages of the crystal block.
One solution would be to make a light path on the upper stages
using three-dimensional crystal arrays.

Publication:
Umehara, T. Murayama, H. Omura, T. et al.: 2002 I[EEE NSS &
MIC Conf. Rec., M10-29, 2002.

Figure caption:
Fig.1. Two-dimensional map for experimental “U shaped type”

array with reflector in 1st and 2nd stages.
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2. DOI-PET Image Reconstruction

with Accurate System Modeling
that Reduces Redundancy of the
Imaging System

Taiga Yamaya and Hideo Murayama

Keywords: image reconstruction,

(DOI),
tomography (PET), nuclear medicine

depth-of-interaction positron  emission

A high-performance PET scanner, which measures
depth-of-interaction (DOI) information, is under
development at the National Institute of
Radiological Sciences. This scanner is designed to
improve spatial resolution and scanner sensitivity
simultaneously by the DOI measurement of
multi-layered thin crystals. The latest design of the
DOI-PET scanner is 5 rings of 24 detector blocks,
and each detector block consists of 1,024 GSO
crystals of 2.9 mm x 2.9 mm x 7.5mm, which are
arranged in 4 layers of 16 x 16 arrays. On the other
hand, image reconstruction methods with accurate
modeling of the system response functions have
been successfully used to improve PET image
quality. It is, however, difficult to apply these
methods to the DOI-PET scanner because the
dimension of DOI-PET data increases in proportion
to the square of the number of DOI layers.

In this paper, we propose an image reconstruction
approach dedicated for DOI-PET imaging, which
reduces computational cost while keeping image
quality. The basic idea of the proposed method is
that the DOI-PET imaging system is highly
redundant because the neighboring spatial response
functions of different DOI-layer pairs correlate
DOI-PET data are

transformed into compact data so that data bins

with each other. First,

with highly correlating sensitivity functions are
combined. Next image reconstruction methods
based on accurate system modeling, such as the
maximum likelihood expectation maximization
(ML-EM), are applied. Four DOI layers result in 16
pairs of DOI layers, and the number of DOI-layer

pairs to be preserved, D, works as a tuning
parameter that controls the trade-off between
computational cost and image quality.

The proposed method followed by ML-EM was
applied to Monte Carlo simulated data for the
DOI-PET scanner. For comparison, ML-EM with
no compression was also applied. The number of
DOI-layer pairs to be preserved was chosen as D=1,
2 and 3. We also applied ML-EM to a non-DOI
PET scanner to show the effect of DOI information.
The non-DOI PET scanner, which had the same
geometric size as the DOI-PET scanner, consisted
of crystals of 2.9mm x 2.9mm x 30mm arranged in
filtered
backprojection (FBP) method, which does not deal

a single layer. The conventional
with the accurate system model, was also applied in
order to show the effect of accurate system
modeling. At this stage demonstrations have been
restricted to 2D implementation, though our final
goal is fully 3D image reconstruction. Two figures
of merit (FOMs), background noise and spatial
resolution, were used to evaluate the image quality.
The spatial resolution was measured as the average
of radial and tangential full widths at half
maximum (FWHM) of three point spread functions.
A warm phantom of 100 mm diameter was used to
measure the background noise as the normalized
standard deviation (NSD). The trade-off between
the background noise and the spatial resolution was
investigated, using ML-EM with each iteration and
FBP with a ramp filter of different cut-off
frequencies. Comparison between ML-EM and FBP
shows the improvement of image quality by using
accurate
between DOI-PET and non-DOI PET shows the

improvement of image quality by using DOI

system modeling. And comparison

information. The trade-off results indicate that
images reconstructed by the proposed method with
D=3 followed by ML-EM have almost the same
image quality as ML-EM does although the
proposed method with D=1 or 2 shows a slight
decline of image quality. The averaged calculation
time of the proposed method (D=3) is about 3/16 of
the ML-EM with no compression.



Spatial resolution [mm]

In summary, numerical simulation results show that
the proposed method followed by ML-EM reduces
computational cost effectively while keeping the
advantages of the accurate system modeling and

DOI information.

Publication:

Yamaya, T., Obi, T., Yamaguchi, M., Kita, K.,
Ohyama, N., Hasegawa, T., Haneishi, H. and
Murayama, H. : Med. Imag. Tech., 21, 166-169,
2003 (in Japanese) .

Figure caption:

Fig. 2. Graph showing the trade-off between
background noise (NSD) and spatial resolution.
“Proposed method” denotes the proposed method
followed by ML-EM, and “ML-EM” denotes ML-EM
with no compression. D is the number of DOI-layer
pairs to be preserved when the DOI-PET data are

compressed.
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Acquisition System for Next

Generation PET Scanner

Eiji Yoshida, Keiji Shimizu, Keishi Kitamura,

Hideo Murayama

Keyword: positron emission tomography (PET),

data acquisition, parallel collection, list-mode data

We are developing a 3D PET scanner with
depth-of-interaction (DOI) detector capable of high

sensitivity and high resolution. In this work, we

estimated the data transfer rate of the data
acquisition system of this PET scanner by
simulation studies. This PET scanner has a small
ring diameter and large axial view. The number of
coincidence pairs is 40G for a structure of four
stages in the DOI detector. Therefore, measurement
data are collected by a list-mode data format (event
by event) as opposed to conventional histogram
format. The maximum data transfer rate of
coincident pair event information is 10 Mcps and
one coincidence event has a 64-bit data format. The
data acquisition system which fulfills the
specifications of this PET scanner is considered for
parallel collection with banks including several
coincidence units. Fig. 3 shows an example
construction of the data acquisition system using
several parallel PCs. One node with banks
including several coincidence units consists of PCs
and has the Small Computer System Interface
(SCSI) protocol. Constructions can be applied
flexibly; when the composition of a detector system
changes, the remaining computer resources can be
used for calculation of image reconstruction.

A simulator for the parallel collection system is
composed of two stand-alone simulators and the
server PC. Each stand-alone simulator is composed
of the data generation PC, data processing circuit,
SCSI and data acquisition PC. The data generation
PC generates list-mode data at imitate counting rate
configured in advance. These list-mode data
provide for Monte Carlo simulation. Data
processing circuits modify the Ilist-mode data
format, adjust the timer tag, and so on. The
maximum imitate counting rate is 2.5 Mcps per one
node, but this value is restricted to the maximum
data transfer rate of SCSI (ULTRA SCSI). The data
acquisition PC receives modified list-mode data
through the SCSI and buffers them for sending to
through  Gigabit Ethernet
(I000BASE-T). The data acquisition PC has a

32-bit Ethernet board and the server PC has a 64-bit

the server PC

Ethernet board for concentrating the coincidence
data.

In simulation studies, the maximum data transfer



rate of the stand-alone simulator was 12.0 MB/s,
and the maximum data transfer rates at the server
PC with one and two nodes were 11.0 and 21.8
MB/s, respectively. We could expect a good data
transfer rate with a full system from these results;
10 Mcps could be achieved for ULTRA-WIDE
SCSI which has 2 times the bandwidth of

ULTRA-SCSI and a parallel collection of six nodes.

Data transfer rate was improved by parameter
optimization of message size and multi-processing

of data acquisition software using RAM-DISK.

Publication:
Yoshida, E., Shimizu, K., Kitamura K., and
Murayama, H.: Jpn. J. Med. Phys., 23, 65-72, 2003

(in Japanese).

Figure Caption:
Fig.3. Example construction of data acquisition

system for next generation PET scanner.
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4. Improvement of the Depth-
of-Interaction Detector for
PET on Full Energy Pulse
Height Uniformity

Tomoaki Tsuda, Hideo Murayama, Takaya
Umehara,

Takehiro Kasahara, and Naoko Inadama
emission  tomography,

Keywords:  positron

depth-of-interaction detector, GSO scintillation
crystal

For next generation positron emission
tomography (PET) that realizes high sensitivity and
high resolution, we proposed the design of a
depth-of-interaction (DOI) detector. In our previous
work, we found the upper stage crystal elements
which are further from the photocathode of the
PMT have a tendency to show lower energy pulse
height and we measured the ratio of the minimum
full energy pulse height to the maximum as 0.3. We
designed a new DOI detector to overcome this
problem by optimizing following the detector
parameters; reflector arrangement, condition of
crystal surface, and optical coupling between
crystal elements.

The DOI detector is constructed of rectangular
crystal elements with cross section dimensions of
29mm x 2.9mm and 7.5mm depth. They are
arranged in 2 by 2 arrays and stacked to four stages.
Between stages, silicone oil is inserted. For crystal
elements, two kinds of Gd,SiOs (GSO) crystals
differing in doped Ce concentration are used;
0.5mol% Ce having a 60 ns scintillation decay time,
and 1.5mol% Ce having a 35 ns decay time. The
0.5mol% GSO crystals are used for the 2™ and 4™
stages and 1.5mol% GSO crystals are used for the
1®" and 3™ stages. The optimized structure was
determined through performance tests of DOI
detectors in various parameter combinations. Fig.4
illustrates the structure. Crystals in the 1%, 2™, and
4™ stages are replaced by chemically etched ones,
while rough surface crystals remain in the 3™ stage.
A reflector is inserted between crystals in the 1%
and 2" stages, and there is an air gap in the 3" and
4 stages. Multilayer polymer mirrors, 65 um thick,
is used as the reflector. This optimized DOI
detector was optically coupled to a 16¢ch PS-PMT
(H6568MOD Hamamatsu Photonics K.K.) by
silicone oil and uniformly irradiated by
gamma-rays from a 3.7MBq '*’Cs point source
placed 10 cm above the top face of the crystal
blocks. Pulse height distribution performance,

crystal  identification performance in 2D



positioning histograms calculated by an Anger-type
position calculation, and full energy peak
uniformity were assessed.

Fig.5 shows pulse height distributions of all
crystal elements in this structure. We got an energy
pulse height in the upper stage which was almost
the same height as for the bottom stage crystals.
The maximum difference in relative full energy
peaks of this structure was 0.19. This represented
much progress from the previous structure. As a
further analysis of this structure, the light yield of
individual crystal element was measured to
estimate light attenuation by passing through other
crystal elements in the same crystal block to reach
the PS-PMT photocathode. The results included the
interesting fact that the attenuation of light from the
2" stage crystal was larger than the light from the
31 stage crystal. This favorable attenuation
contributed to achieving full energy pulse height
uniformity in this crystal block. Since there was
good uniformity of pulse height, photoelectric
events could be extracted by applying a threshold at
the valley on the pulse height distribution of all
events. Misidentification in the pulse shape
discrimination process was estimated as less than a
few percent after the pulse height discrimination.
This good separation and enough distinction in the
resultant 2D position histograms indicated the good
capability of the optimized DOI detector regarding
decay time and light yield fluctuation among so
many GSO crystal elements in mass production for

a PET system.

Publication:
Kasahara T., Murayama H., Omura T., et al.: 2002
IEEE NSS & MIC Conf. Rec., M10-54, 2002.

Figure caption:
Fig.4: Previous structure and optimized structure.
Fig.5: Energy histograms of each crystal element.
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5. Perfformance of a PET Detector
witha 256ch Flat Panel PS-PMT

Naoko Inadama, Hideo Murayama, Takaya

Umehara, and Takehiro Kasahara

Keywords: position sensitive photomultiplier tube,
positron emission tomography (PET), scintillation

detector

We plan to utilize a 256¢ch flat panel position
sensitive photomultiplier tube (FP-PMT) for the
DOI detector of the next generation PET, jJPET-D4,
to get high sensitivity while maintaining high
spatial resolution. The 256ch FP-PMT having a
52mm x 52mm large opening area and a high 89%
effective area ratio was newly designed by
Hamamatsu Photonics K.K., Japan (Fig. 6(a)). It
contains a 16 x 16 matrix multianode arranged at a
3.04mm interval to each other. The anode

configuration contributes to identification of small



crystals even on the peripheral region of its
photocathode.  Capability = of  independent
processing of all anode outputs will also allow
high count rate detection in a PET system. Right
now, only a prototype of the 256ch FP-PMT has
been produced. To verify the 256ch FP-PMT for
application to the jPET-D4 DOI detector, light
spread in it and its crystal identification ability
were estimated wusing the prototype and
Gd,Si05:Ce (GSO) crystals sized 2.9mm x 2.9mm
x 7.5mm which will compose the DOI detector.
For latter estimation, GSO crystals assembled in a
16 x 16 array were optically coupled to the 256ch
FP-PMT by silicone oil and 511keV gamma-rays
from '°F were irradiated onto them uniformly.

Light spread function of the central anode was
found to be Gaussian with a 4.9mm full width at
half maximum (FWHM). This was comparable
with a 16ch position sensitive PMT which is in
general use and was obtained despite the rather
large difference in thickness of the opening
window glass, 2.0mm for the 256¢ch FP-PMT and
0.8mm for the 16¢ch PS-PMT. Fig. 6(b) is the
resultant 2-dimensional position histogram of the
16 x 16 GSO crystal array. Crystals of interaction
could be clearly identified on it. Its profiles and
pulse height distributions in some regions of
interest (ROIs) indicated lower photoelectron
collection at the peripheral region than the central
region. However, this can be improved by
accurate gain adjustment.

Assuming future applications of the PMT having
a large useful area such as the 256¢ch FP-PMT, we
looked at an easier way to construct an array with
many crystal elements. The way introduced in Fig.
6(c) using multilayer polymer mirrors as the
reflector has possibility of application to detectors
containing very small crystals or detectors in
complicated structures of crystals and reflector
arrangement. It should save much time and labor
for quantity detector production for whole PET

systems.

Publications:

1) Inadama, N., Murayama, H., Omura, T., ef al.:
IEEE Trans. Nucl. Sci., 49, 629-633, 2002.

2) Inadama, N., Murayama, H., Watanabe, M., et
al.: 2002 IEEE NSS & MIC Conf. Rec.,
M6-27, 2002.

Figure caption:

Fig. 6. (a) Schematic of a 256¢ch FP-PMT. (b)
Resultant 2-dimensional position histogram of a
16 x 16 GSO crystal array with a 256ch FP-PMT.
(c) Proposed way to pack many crystal elements

into an array.
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6. The Polybinary Calibration
Method for Radiotherapy
Treatment Planning CT Systems

Nobuyuki Naruhiro

Ryosuke Kohno, Shinichi Minohara and Tatsuaki

Kanematsu, Matsufuji,

Kanai



Keywords: radiotherapy, treatment planning,

computed  tomography,  calibration,  quality

assurance

A method to establish the relationship between
CT number and effective density for therapeutic
radiations is proposed. We approximated body
tissues to mixtures of muscle, air, fat, and bone.
Consequently, the relationship could be calibrated
with just a CT scan of their substitutes, for which
we chose water, air, ethanol, and potassium
phosphate solution, respectively. With simple and
specific corrections for non-equivalencies of the
substitutes, the calibration accuracy of 1% was
expected to be achieved. We tested the calibration
method with some biological materials. Fig. 7
shows an example of the calibration of a CT
scanner for the relationship between relative
attenuation coefficient (CT number) and stopping
power of heavy charged particles (effective
density). The calibrated polyline agrees well with
the numerically calculated human tissue responses
and with the tested biological samples.

The proposed CT calibration method offers
accuracy, simplicity, and specificity, which are
required for a standard in radiotherapy treatment
planning, in particular, with heavy charged
particles. Subsequent efforts to establish a standard
in quality assurance of CT systems for radiotherapy
treatment planning are being made, based on the

proposed method.

Publications:

1) Kanematsu, N., Matsufuji, N., Kohno, R.,
Minohara, S. and Kanai, T.: Phys. Med. Biol., 48,
1053-1064, 2003.

2) Kanematsu, N.: Jpn. J. Med. Phys., 23 (2) (in
press), 2003 (in Japanese).

Fig. 7. Test of the polybinary calibration for
fine-ground biological materials, where the solid
line shows the relationship between relative
attenuation coefficient [] and relative stopping
power [lg calibrated for body tissues. The circle
markers with error bars show the observed
responses for fatty meat, lean meat, and
hydroxyapatite-added meat, the asterisks show the
responses of ethanol and 40% potassium phosphate
solution and the dots show the ICRU body tissue
responses predicted by the stoichiometric

calibration.

7. Electron Density Measurement
with Dual-Energy X-ray
Computed Tomography

Masami Torikoshi, Takanori Tsunoo, Makoto
Sasaki, Masahiro Endo, Yutaka Noda, and
Kazuyuki Hyodo (‘High Energy Accelerator

Research Organization, Tsukuba-shi, Japan)
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Monochromatic x-ray computed tomography (CT)
at two different energies provides information
about electron density of human tissue without
ambiguity due to the beam hardening effect. This
information makes the treatment planning for
heavy-ion radiotherapy more accurate. We started a
feasibility study of the dual energy x-ray CT by
using synchrotron radiation. We proved that the
electron density was directly measured by
dual-energy x-ray CT using monochromatic x-rays
with accuracy of 1% or less on average using the
one-dimensional scanning system developed in
2001.

When using two monochromatic x-rays individually

in the CT scanning, it takes about 15 minutes or even

longer to switch the x-ray energy from one to the




other. In the case of clinical practice, this may
require an examinee to keep his/her attitude
immobile for a while. We have proposed a method to
solve this problem that uses two x-rays of different
energy simultaneously instead of  using
monochromatic x-rays individually. Using two mixed
x-ray beams with different mixing ratios, transmitted

x-rays through an object are described as follows,

1, =1, f:xp(—J‘,u(;’i1= x)dx)+ 1, e,\:p(—fpz(.",'_, : x}dx)
=1, cxp(—_"y.(El_.x)dx)+ i,, cxp(—fpt(E: .x)dx), (1)

where indices A and B denote mixing ratios. I; and
I, are incident x-ray intensities of energy E; and E,,
respectively. The incident x-ray intensities can be
easily measured in a combination of dosimetry and
pulse height analysis. Solving the simultaneous
equations  yields exponential functions of
integration of the linear attenuation coefficient. In
CT reconstruction algorithms, x-ray attenuation
coefficients of W(E;) and p(E,;) can be obtained.
Then, we obtain the electron density and the
effective atomic number employing the algorithm
we developed.

We carried out experiments at the beamline of
NESA of the light source facility AR at KEK in
Tsukuba. The beamline was equipped with a double
crystal monochromator of a silicon crystal with
(220) reflection plane. When tuning the angle of the
Si(220) crystal plane to the Bragg reflection angle
of 40 keV, the 80 keV x-ray beam was reflected
simultaneously with the 40keV x-ray beam. A
metallic filter could easily change the mixing ratio
of the two x-ray beams; that is IjA/I;o #Iip/los
where the indices of A and B denote the different
filters. For each projection in CT scanning, two
transmission images were taken while alternatively
inserting filters one after the other into the
beamline. In the experiments, a 1 mm thick copper
plate was used as one filter and the other filter was
“empty”. While the “empty” filter gave the ratio of
40 keV to 80 keV of 1 : 0.04, the copper filter gave
a ratio of about 1 2.5. The translate-rotate

scanning mode CT system (1-D CT system) was

used. An ionization chamber was upstream from the
rotating table to count the number of incident
photons. The rotating table on which a sample was
set was moved horizontally in a step of | mm. Data
were taken every step by being exposed to the x-ray
beam for a few hundred ms. At the end of the stroke,
the object was rotated by 0.8°. This was repeated
until the rotation angle was 180°.

Several samples were used (1) tissue equivalent
phantoms: soft tissue, adipose tissue, cartilage bone,
compact bone and lung tissue; (2) solutions of
K,HPO, in water; (3) sausage; (4) boiled egg; and
(5) graphite. In order to verify the electron
densities measured with the dual energy x-ray CT,
we compared them (i) with the theoretical values
for the liquid samples, and (ii) with the reference
values which were the electron densities of other
samples derived from carbon ranges in water. The
electron densities of the liquid samples agree with
the theoretical values within about 2 to 3 %. Those
of the other samples agree with the reference values
within about 1 to 2 %. In the dual-energy x-ray CT
using mixed x-rays, the measured electron density
is less precise than density measured with the
dual-energy x-ray CT individually using
monochromatic x-rays. In the 1-D CT system, it
took typically about ten hours to scan from 0° to
180°. During the scanning, the mixing ratio of the
40 keV and 80 keV beams varies according to
deformation of the crystals of the monochromator
due to heat load. The variation in the mixing ratio
causes an error in the solution of the simultaneous
equations (1). However, this will not be a crucial
problem in the case of the 2-D CT system in which
CT scanning is carried out in a few minutes.

We conclude that:

(1) The new scenario for dual-energy x-ray CT
using two x-ray energies simultaneously is
valid to measure the electron density even
though the accuracy is less than that by the
dual-energy x-ray CT individually using
monochromatic x-rays.

(2) The 2-D CT scanning system is likely to

improve the accuracy of measurement.
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A non-destructive ionization beam profile
monitor has been developed to measure a very
narrow beam size, which is expected to be 1 mm
(FWHM) or less. The monitor utilizes tandem-type
micro-channel plates (MCP) and a resistive anode
for the detector, and it is operated by the
charge-division method. Two monitor units for
measuring the transverse horizontal and vertical
density distributions of a circulating beam were
installed in the HIMAC synchrotron. The monitor
has been used for an electron-cooling experiment
with a spatial resolution of less than 0.38 mm, as
well as for studies of beam dynamics under routine
operation in the synchrotron. Fig. 8 shows a typical

example of consecutive variations of the horizontal

beam profiles at different times just after injection
in an experiment concerned with cooling time
measurement. The profiles were measured with an
acquisition time of 0.3s during one injection-cycle

with an *°Ar'®" beam of 6 MeV/u. As can be seen
from the figure, the measured beam size 0O,

(given in r.m.s.) reached an equilibrium size of 0.68
mm at about 3s after injection. The measured beam
size, however, included some incidental lateral

deviations. Those independent sources are added to

the true beam size O as follows:

(OM)2=(%8) 2+ (P12 + (%2 +(ON)2

In this case 0O is the intrinsic error exists because

of an electric field created by the circulating beam
itself, the thermal motion of the residual gas

molecules, and the resistive noise generated by the

detector, itself; O is an external electric field

distortion which exists in the work area; and Oy

is the error caused by the noise mixed on the
readout circuit.

The error caused by the thermal motion of the
residual gas ion was calculated by a simple
equation and found to be 0.07 mm with the mean
kinetic energy of the residual gas ions being 13
meV for one degree of freedom at room
temperature. For the noise mixed in the event signal
on the readout circuit, in our case, the
noise-to-signal ratio was reduced to less than

0.35 %; the resolution limit of the readout circuit
was Oy = 0.23 mm, where the total noise level

was observed to be less than 30 mV,,, with a signal
pulse height of around 4 V. The errors caused by

the other sources were estimated to be negligibly
small. On the whole, the true beam size of O in

the measurement was found to be 0.56 mm. The

spatial resolution of the monitor was obtained as



less than 0.38 mm for the horizontal direction,

represented by as standard deviation of 1 O .

Consequently, the emittance-reduction ratio was

supposed to be less than 1/270 compared to that

of the injection beam, due to electron cooling.
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Fig.8. Measured horizontal beam profiles of a
cooled *Ar'®" beam of 6 MeV/u at different times

after injection.

9. Charge Fraction of 6.0 MeV/n Heavy
lons Measured with a Carbon Foil

Yukio Sato, Atsushi Kitagawa, Masayuki

Muramatsu, Takeshi Murakami and Satoru Yamada

Keywords: HIMAC injector linac, carbon foil,

heavy ions, charge fraction, equilibrium condition

We precisely measured the exit charge fraction of
6.0 MeV/n heavy ions (C, Ne, Si, Ar, Fe, and Cu)
for carbon foil thicknesses between 10 and 350
ug/cm2 at the NIRS-HIMAC injector linac facility.
In this energy region, few data concerning the
charge fraction have been reported yet, particularly
for ions heavier than Ne; data are necessary not
only to design and operate accelerators, but also to
improve model calculations for heavy-ion beam
interactions in solids. Accelerators usually require
the highest charge states (which occur at the
equilibrium charge state distribution) with the
thinnest foils, which minimize the energy loss, and
multiple scattering and energy straggling. Fig.9
shows the measured charge fractions at the
equilibrium charge state distribution. For example
for Ar, we found that the fraction of Ar'*" ions
could be improved to 33% at 320 pg/cm’ from the
previous value of ~15% at 100 pg/cm’.

An attempt was made to compare our results to
the calculations by the computer program ETACHA
(Rozet, J.P et al. Nucl. Instrum. and Meth. B107, 67
(2000)). Concerning the fully-stripped fractions,
the calculated values were generally larger than our
results, except for C; the differences became large
as the atomic number (z) of incident ions increased.
For C to Ar, the calculations were not very far from
our data, and the model calculation seemed
basically correct, though the precision in the cross
sections used was somewhat unsatisfactory. For Fe
and Cu, however, the calculations did not agree
with our results. For example, the maximum charge
fraction was 47.23% for Fe**' in the calculation,
while it was 37.53% for Fe**' in our data; the

charge state distribution was considerably shifted to



a higher charge state in the calculation. A similar
tendency could also be clearly seen for the case of
Cu. The present calculations by ETACHA could not
be used for such heavy atoms.

For C to Ar (65z<£18), the thickness of the
equilibrium charge state increased monotonically
from 21.5 pg/em® to 346 pg/cm’ with increasing
atomic number, z, while it rapidly decreased to 121
and 143 pg/cm’ for Fe and Cu (z=26 and 29). In the
latter two cases, the equilibrium condition should
be determined primarily by the behavior
(loss/capture) of the L- and outer-shell electrons.
Since their interaction cross sections are much
larger than those of the K-shell electrons in the 6.0
MeV/n region, charge state equilibrium is obtained
at a small thickness. In the rest frame of the
projectile, the velocity of a 6.0 MeV/n projectile
corresponds to an electron energy of 3.26 keV. The
binding energies of K-shell electrons are 9.0 keV
for Fe and 11.2 keV for Cu, respectively; the
energy of 3.26 keV is too small to effectively

remove the K-shell electrons.
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10. Characteristics of Fast Beam
Switching for Spot Scanning
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Kanazawa, Eiichi Takada and Satoru Yamada
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An irradiation method for spot scanning has been
developed in order to provide accurate irradiation
even for an irregular target shape. In spot scanning
irradiation, the beam is turned off while the beam
position is shifted to the next spot for precise dose
management. For this precise dose management in
spot scanning, we investigated the characteristics of
fast beam switching, which can switch a beam
many times during a single flattop by turning on/off
both the transverse and longitudinal RF fields.
Owing to the fast beam cut-off method, the cut-off
time, for each turning off, was kept at around 50 ps.
On the other hand, the momentum spread of the
extracted beam changes with an increase of the
switching number. It was estimated that the
momentum spread of the extracted beam changed

from 0.02% to 0.1% at o after switching fifty times.



This change is not very large for practical use,
because a ridge filter provides a wider momentum
spread of around 0.3-0.5% at o. In order to
maintain the beam size, an achromatic condition
was realized. We experimentally verified that the
beam size growth rate was suppressed within 10%
even after switching a hundred times. The
fluctuation of the lateral dose distribution could be
suppressed within 2% in the HIMAC spot
scanning system, even under the beam-size
fluctuation within 10%. As shown in Fig. 10, in
addition, the advanced RF-knockout method makes
it possible to supply a smooth spill even under a
small chromaticity of —1.

The advanced RF-knockout extraction method
and the intensity control method combining with
the fast beam switching technique will give a
method to play an important role in the precise

irradiation with spot scanning.
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11. Analytical Reconstruction
Algorithm for Compton
Cameras Applicable to Lower
Gamma Energy

Masahiko Hirasawa and Takehiro Tomitani

Keywors: Compton camera, image reconstruction,
angular uncertainty, compensation

Reconstruction methods of radiation source
distribution images from scattering-projection data
obtained by Compton cameras can be categorized
into two classes: iterative methods and analytical
methods. The former were used until analytical
R. Basko et al. (1998)

presented an analytical algorithm in terms of series

solutions appeared.

expansion with the complex supherical harmonics
system. The series expansion gives cone-surface
back-projection values: integrated radioactivity on
the cone-surface.

However, this algorithm

requires numerical calculations of complex
spherical harmonics, which are associated with
computational difficulty at zenith edges of their
L.C. Parra (2000) also presented an

analytical algorithm based on series expansion with

domain.

respect to the complex spherical harmonics system.
In his algorithm, the series expansion leads to
direction-line back-projection values: integrated
radioactivity on the direction lines, which contain
more  infomation than  the  cone-surface
back-projection values. In addition, the complex

spherical harmonics are replaced by the
singurality-free Legendre functions with the aid of
the addition

theorem of complex spherical

harmonics. However, since these algorithms
require scattering-projection data by the Compton
scattering in all directions, the rear detector must
entirely surround the front detector.

In 2002, we presented an improved algorithm for
Parra’s algorithm, with which the direction-line
back-projection values are derived only from the
scattering-projection data with limited Compton

scattering angles, @, of @; to @. This practical



algorithm holds for the ideal scattering-projection
Real

uncertainties due to the finite energy resolution of the

data. data include scattering angular

front detector and the Doppler effect from moving

electrons. Then in 2003, we have extended the

idealized algorithm to compensate for the

uncertainties.  The compensated algorithm is as

follows:
a,(cosw) = I_]ld(s, t) Br(s,t,®) Pn(<s, t}) .

(1
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where P, and & denote the Legendre function of
n-th degree and the normalized Klein-Nishina
formula,

respectively, g(t; ) represents the

scattering-projection datum in a  scattered

gamma-ray direction vector, ¢, and with a measured
and f{s)

back-projection value

denotes the
with the

scattering angle, o,
direction-line
incident gamma-ray direction vector, s. <s,f> is
inner product of s and ¢, and Br describes the

scattering angle uncertainty defined by

Br(s,t,0) =
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where o is the standard deviation of the stochastic

distribution on the scattering angle uncertainty.

Fig. 11 shows an example reconstruction
simulation with the idealized (pre-compensation) and
compensated algorithms. The utilized

scattering-projection data include scattering angle
uncertainties with o of 3.8 through 2.0 deg when the
Compton scattering angle increases from 10 to 30 deg.
These uncertainties degrade spatial resolution of the

reconstructed image with the algorithm without

compensation (b), but the resolution is recovered with
the algorithm with compensation (c).  Angular
uncertainties are pronounced at low gamma-ray
energy. The analytical algorithm with compensation
can almost completely recover the spatial resolution
even at low energy. Therefore the analytical
algorithm with compensation extends the applicability
of Compton cameras to lower energy gamma-ray

imaging.

(a) Original phantom (b) Reconstruction

without compensation (c) Reconstruction with
compensation
Fig. 11 Reconstruction simulation using

scattering-projection data with angular uncertainties
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Tandetron (HVEE, High Voltage Engineering
Europe Ltd.) was installed for PIXE (Proton
Induced X-rays Emission) analysis in 1999 in the
NIRS Electrostatic Accelerator Building.

A vertical beam port driven from the horizontal
main port by a 90°magnet, as a whole, is installed
in a cradle which is hung on a rigid frame structure.
In the end of the vertical beam port, a focusing
triplet Q-magnet, an automated x-y stage of cell
dishes and a video microscope are assembled as a
unit solid structure. This special structure of the

beam port will ensure the system is relatively

insensitive to unavoidable environmental vibrations.

At a height of 4.6m from the floor, a platform for a
workbench is built on the frame structure with
spiral steps to access the platform. This platform is
a workspace for the operator when manipulating
the modules such as the triplet Q-magnet, beam
monitoring, the controller of the cell dish stage, the
particle detector, and the PC and electronics, and
for users when exchanging sample dishes. The
main structure of SPICE is shown in Fig.12(a).

The horizontal beam port is located at a height of
125 cm from the floor. Two frame structures (outer
and inner) are built strong enough to support (1) the
platform at a height of 460 cm on which the
irradiation workroom is built, and (2) the cradle of
the vertical beam port for SPICE. The distance
between the object slit and focus point is designed

as 320 cm to allow focus rate by the triplet

Q-magnet from 1/7 to 1/10. Accurate adjustment of
width of the object slit in a range of less than 10
pm may achieve a beam spot size as small as 2 um
at the focus point. From the object slit to the upper
end, the microscope stage is constructed in a cradle
as a solid unit. The irradiation workroom is a
working space to which users’ access by steps. The
electrostatic deflector (not shown in this figure) is
located just before or upper stream of the bending
magnet.

Effort has been made to reduce irradiation time to
as short as possible from data acquisition to
repeated irradiations. At present our estimation as

best performance is around 2000 cells / h.

Figure caption
Fig. 12. Schematic diagram (a) and a photograph
(b) of the SPICE facility
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Two types of gamma ray detectors, which
positively show directional dependence on
incoming gamma rays, have been developed to
identify the location of radioactive materials such
as lost radiation sources and radioactive
contaminations in a field by determining
simultaneously directions and energies of incoming
gamma rays. In the tandem detector (Fig.13, (a)), a
cylindrical Nal(T1), the same size BGO scintillator
and a fitted photomultiplier tube (PMT) are
combined optically in this order. In the parallel
detector (Fig.13, (b)), a half cylindrical NaI(T1) is
combined, parallel to the same shape CsI(TI)
scintillator. Both scintillators are vertically

connected to the PMT. Since the passing lengths of

gamma rays in each scintillator will change with
directions of incoming gamma rays, the directions
can be determined by counting changed photopeak
counts in each spectrum obtained from each
scintillator and by calculating the ratio of
photopeak counts. This procedure for the tandem
detector is given by the formula

R = peak counts by BGO / peak counts by Nal(T1)
=f(0) (1)

where 6 is a incoming direction from 0 to 90
deg. The same procedure for the parallel detector is
given by a formula of

R = peak counts by CsI(Tl) / peak counts by
Nal(T)=F(0) (2)
where 0 is a incoming direction from 0 to 180
deg.

Using both detectors, the following experiments
were carried out for purposes of 1) confirmation of
the measurement principle and 2) verification of
the performance. A *’Cs source of 3.7MBq was
placed 100cm in front of the detector ( 6 =0).
Incoming gamma rays were counted for 60-300 s
and the counting ratio was calculated from the
spectrum. The source was moved by 10 deg
intervals around the for detector until it reached 90
deg (6 =90) or 180 deg ( 0 =180) . From the results
of the experiments, it was proven that the ratio, f
(6) was changed approximately from 0.5 to 5.0
when the direction 6 changed from 0 to 90 deg.
The ratio F( 0 ) was between about 0.5 and 4.0 in
the range of 0 and 180 deg. This meant that the
incoming direction could be determined when the
(photopeak) counting ratio was given. At the same
time, it was confirmed that the energy
characteristics of both detectors were the same as
those of an Nal(Tl), a BGO, and a CsI(T1) detector.

As a result, it has been shown that both detectors
had a possibility of identifying the radioactive
materials in a field by determining simultaneously
the incoming directions and the energies of gamma

rays.

Publications:
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14. Production of Semiquinone by
Oxidation of paraMonosubstituted
Phenols with Singlet Oxygen
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compounds, UVA, HPLC

Reective oxygen spedies (ROS) involving snglet
oxygen (0y) have been implicated both in the aging
process and in degenerdtive discese. O, i produced in
biologica sysems by lipid peroxidaion and by enzyme
reactions involving lactoperoxidase and chloroperoxidase.
'0, is a0 produced through the interaction of the
ultraviolet-A  component (UVA) and visble light of
aunlight with endogenous photosendtizers such  as
porphyrinsand flavinsinthe skin.

Phendlic compounds are widdy used for the
production of pharmeceuticds as wel as dignfection,
coametic and food flavoring goods, and the skin is
inevitably exposed to these phendlic compounds.  Then,
an invedigation was done by deciron fpin resonance
(ESR) gpectroscopy whether phenolic compounds can
react with 102 to produce the oxidized compounds through
the generation of free radicd as an inteemediate The
phendic  compounds examined were  phendl,
o-methoxyphenal, p-cresol, p-methoxyphenal,
p-hydroxyphenylacetic acid, and p-hydroxybenzoic acid.

A fiveline ESR spectrum was obtained during
irradigion with UVA-vishle light (> 330 nm) in an
ar-saturated solution containing 1 mM phenol and 25 OM
hematoporphyrin (HP) and assigned to samiquinone (SQ).
The dgnd intensty of SQ was diminished by the addition
of a dngle oxygen quencher NalN; suggesing the
paticipation of l02 inthe productionof Q. Thefiveline

sgnd was ds obsarved in other para-monosubgtitued
phendlic compounds such as p-methoxyphenol  and
p-hydroxybenzoic acid, but not in  p-cresdl,
p-hydroxyphenylacetic acid and o-methoxyphenal.

The reationship between the signd intenaty of SQ
and the irradiaion time was invedtigated.  In the case of
phenal and p-hydroxybenzoic acid, the sgind intengty
increased gradudly with the irrediation time.  On the
other hand, in p-methoxyphenol the dgnd intendty
immediady reached the maximum, dthough it was the
sndles vdue among the three compounds These
results suggest the formation mechanism of SQ in phenal
or phydroxybenzoic add diffe's from tha in
p-methoxyphenol.

The production of hydroquinone (HQ) and
benzoauinone (BQ) during the reaction of phendl with ‘O,
was confirmed usng high peformance  liquid
chromatogragphy (HPLC)-dectrochemicd detector (ECD).
The time course of the yidd of BQ and HQ from the
reection of phenol or p-hydroxybenzoic acid with ‘O,
indicated thet BQ is the primary, and HQ the secondary,
oxidation product. On the other hand, the increase of
equivdent yidd of BQ and HQ in p-methoxyphenol
toward the irradidion time was observed, suggeding that
N was a firg produced, following the production of BQ
and HQ by dismutation of SQ. Thus it is gpeculated at
present that phenol or p-hydroxybenzoic acid reect with
"0, to form BQ, and the resuiting BQ is reduced with HP
anion radicd to gengrae SQ. On the other hand,
p-methoxyphendl reactswith ‘O, to form the endoperoxide,
and the resulting endoperoxide ultimatdy undergoes a
one-dectron reduction by p-methoxyphenol to generate
N.

These reaults indicate that SQ or BQ are conducted
by the oxidaion of para-monosubdituted phendlic
compounds and penetrdte into kin with 'O, The
resulting SQ may furthermore leed to the formation of O,



hydrogen peroxide, and ultimatdy the hydroxyl radicd.
Production of ROS can cause aging and carcinogeness
through severe oxidative sresswithin cdls.  On the other
hand, benzoguinone toxicity deveops through the
depletion of intracellular biologicd reductant glutathione.



15. DNA Cleavage via Superoxide
Anion Formed in Photoinduced
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Ikuo Nakanishi, Toshihiko Ozawaand Nobuo Ikota
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F ullerenes, such as Goand C; 4 are sengtive to light
a wavdengths longer than 500 nm and thus expected to
be an effective photodynamic thergoy agent, since bodily
tissues are mogt trangparent in this region of wavdengths
Water-soluble [J-cydodextrin-bicapped Co (Cs 4[1-CyD)
shows an eficient DNA-deaving activity in the presence
of NADH (dihydronicotinamide adenine dinudeotide) in
an Orsaurated agueous olution under visble light
irradiation. No DNA deavage hes been obsarved
without NADH under otherwise the same experimentd
conditions, dthough singlet oxygen (*O) hes been
detected by the ESR spinHrgpping of the Csd[1-CyD-O,
gydem. Thisindicatesthat naither the triplet excited Sate
of Csdd-CyD (Cs¢ I-CyD) nor O, produced via an
enagy trander from 3Cs¢ [1-CyD to O, is an actud
reective species, which isrespongblefor the DNA damage
under the present expeaimentd conditions  In the
presence of NADH, photoinduced dectron trandfer from
NADH to°Cs¢ [1-CyD occursto yield two equivaents of
the radicd anion (Ggo/0-CyD), which exhibits its
characteridic NIR band a 108 0 nm.  The dynamics of
the photoinduced dectron transfer has been examined by
monitoring decay of the triplet—triplet absorption band a
7 4 0 nm and concomitant rise of the NIR absorption band

a 108 0 nm dueto G /0-CyD with the use of laser flash
photolysis for the Csd[J-CyD-NADH sygem. In the
presence of O,, Cy0/0-CyD disgppears via the dectron
trandfer to O, to produce O,~.  An dectron transfer from
NADH to 'O, ds0 occurs to produce O,~.  The
formation of O, has been confirmed by the spin trapping
with DEPMPO
(5-diethoxyphosphoryl-5-methyl-1-pyrroline-N-oxide),

which is an dfident O, -trgoping agent.  The
reorganization energy for the reduction of O, to O, is
evduated as 434 kcd mat, which agrees with the
literature vaue determined directly for the sdf exchange
between ¥0,~ and ¥0,. This indicates that the electron
trander from Cgo/0-CyD to O, procesds via an
outer-sphere pathway. The O, thus produced gives
H,O,, ultimady yidding hydroxyl radicd, which is
shown to bethe actual DNA-deaving resgent in thisstudly.
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16. Effects of Metal lons Distinguishing
between One-Step Hydrogen- and
Electron-Transfer Mechanisms for
the Radical-Scavenging Reaction of
(+)-Catechin and Vitamin E Model
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Catechins contained in green tea ae a dass of
bioflavonoids thet show a significant antioxidative activity.
Vitamin E (O-tocopherol, 0-TOH) isdso avery effective
biologicd antioxidant that can scavenge peroxyl radicasin
biologicd membranes, preventing oxiddive inj ury by
toxic and carcinogenic chemicds  However, little is
known aout the mechaniam of antioxidative
radica-scavenging reection, in which a hydrogen trandfer
from the phenalic hydroxyl group of catechin or O-TOH
to radica species occurs to produce the correponding
phenoxyl radica and the hydrogenated radicd species
There ae two posshiliies in the mechaniam of
hydrogen-trandfer reactions from phenalic anitioxidants to
radicad pedies i.e, a one-gep hydrogen aom trandfer or
dectron trander followed by proton trande. It has
previoudy been demondtrated that the effect of Mg?™ on
the  hydrogentrander NADH
(dihydronicotinamide adenine dinudeotide) andogues to
aminoxyl or nitrogen radicds provides a rdiable criterion

raes from

for didinguishing between the one-gep hydrogen a@om
trander and the dectron-trander mechaniams.

Wé report herein the effect of metd ions, such as
Mg? and Sc*, on the rates of hydrogen transfer from
(+)caechin @ o vitamn E  modd,
2,25,7 8 -pentamethyl-6 -chromanol), to redica secies,
such & 22-di(4 tert-octylphenyl)-1-picrylhydrazyl

(DPPH’), gdvinoxyl (G), ard cumylperoxyl redicds.

The detailed kindtic Sudies provide vauable mechanigic

ingght into the antioxidetive reactions of naturd

attioxidants ~ whether  the reaction between naurd
antioxidants and radicd species proceeds via one-dep

hydrogen aom trandfer or viadectron trander.

A kinetic study of ahydrogen-trandfer reaction from 1
to G has been parformed using UV-vis spectroscopy inthe
presence of Mg(ClOy), in deserated acetonitrilea 29 8 K.
The rate congants of hydrogen trandfer from 1 to G
determined from the decay of the absorbance & 428 nm
due to G increese dgnificantly with an increase in the
concentration of M. The kinetics of hydrogen transfer
from 1 to cumylperoxyl radical has dso been examinedin
propionitrile a low temperature with use of ESR. The
decay rate of cumylperoxyl radicd in the presence of 1
was d0 accderated by the presence of S(OSO,CR3)s.
These results indicate that the radica-scavenging reection
of (+)-catechin proceeds via dectron trander from1 to
oxyl redicds falowed by proton trander rather than viaa
onedep hydrogen a@om trander.  The coordination of
metd ions to the one-dectron reduced anions of oxyl
radicds may dabilize the product, resulting in the
acceleration of eectron trandfer.

In contragt to the radical-scavenging reections of 1, no
effect of Mg on rates of hydrogen transfer from 2 to
DPPH’ or G was observed in degerated acetonitrile at 29 8
K. Thus, thehhydrogentrandfer reaction of 2 proceedsvia
one-dep hydrogen aom trandfer rether than via dectron
trandfer followed by proton trandfer.
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17.Enhanced Radical-Scavenging
Activity of a Planar Catechin
Analogue

Ikuo Nakanihi, Toshihiko Ozawaand Nobuo Ikota

Kemwords oxidative dress antioxidant, flavonoid,
catechin, hydroxyl radical

Oxiddtive dress is important in the pathogenes's of
neurond cdl degthin Alzheimer’ sand Parkinson’ sdiseese
The protective role of antioxidants againg such pathogens
hes been widdy sudied, and this has promoted the
development of antioxidants for the treetment of diseases
asocigted with oxidative dress  Flavonoids such as
(+)-catechin () and quercetin (2) are plant phendlic
pigment products thet act as neturd antioxidants (Fig. 14 ).
Quercetin, on one hand, has been shown to protect againgt
oxidant inj ury and cdl desttby scavenging free redicds,
protecting againg lipid peroxidation, and thereby
terminating the chain-radica reection.  Ontheother hand,
there have been only a few reports on the use of
(+)-catechin for the treetment of free radicd-associaed
dissese, wheress the mechaniam to scavenge oxygen
radica has been wdl-dudied. F urthermore, its ability to
scavenge free radicds mugt be improved, and adeguate
lipophilicity is needed to pendrate the cdl membrane
before it is suitable for dinicd use We herein describe
the firg synthes's and characterization of the antioxidative
properties of a planar catechin andogue (3) (Fig. 14), in
which the catechol and chromen dructures in 1 are
condrained to be planar.

The planar catechin (3) was syntheszed via an
oxa-Pictet—Spengler reaction usng catechin and acetone
with BF#ELO as the acid. The dructure of 3 was
characterized by 'H and ®C NMR and UV-visble

Spectroscopy. The planar geometry of 3 was

subdartiated by single-crystd X-ray crysdlography of a
tetra-O-dlylated and ogue, in which the four OH groupson
the A and B rings are subdtituted by t-Bu(Me),S O groups.

The radicd-scavenging activities of 1, 2, and 3 were
compared using gdvinoxyl redicd as an oxyl redicd
species in degerated acetonitrile & 208 K. From the
decay of the dbsorbance @ 428 nm due to gavinoxyl
radica with regpect to the reection time were determined
the rate condants (K) for the radica-scavenging reactions
of 1,2, ard3as234 016,108 016 and 112 0 10°
M™ s?, repectivdy. Thus, the k value for 3 is about
5fold larger than that for 1 and gpproximatedy the same as
thet for 2.

Hydroxyl radicd is the mog reactive among
oxygen-derived freeradicals repongble for aging and free
radicd-mediaied inj ury. Therefore, the effects ofl, 2,
and 3 on hydroxyl radicd-mediated DNA breskage were
invesigated. = DNA-drand <cisson in  supercoiled
pBR322DNA was induced by a hydroxyl
radicd-generaing sysem using hydrogen peroxide in the
presence of Fé" (Fenton reaction). In contragt to the
pro-oxidant effects obsarved for 1 and 2, the addition of 3
protected DNA from Fenton reection-mediated damege
and 3 exhibited marked hydroxyl radica-scavenging
ability. Since 3isvey lipophilic compared to 1, the high
radicd-scavenging ability of 3 might be very useful for
suppressing free-radica associated events, epedidly inthe
cdl membrane.

Publication:

F ukuhara, K., Nakanishi, |., Kansui, H., Sugiyama, E,
Kimura, M., Shimeda, T., Urano, S, Yamaguchi, K., and
Miyata, N.: J. Am Chem Soc. 124, 59 52-59 53, 2002.



Fig. 14. Chemicd dructuresof (+)-catechin (), quercetin
(2), and planar catechin (3).



18. Scavenging Property of the Indole
Derivatives for the Nitrating
Intermediate of Peroxynitrite

Hidehiko Nakagawa, Mitsuko Takusagawa, Hiromi
Arima, Tashihiko Ozawa,
and Nobuo lkota

Kemords  peroxynitrite,  nitrotyrosine,  dityrosine,
scavenger, tryptamine derivatives, sdenium

Reactive oxygen species are now well-known
and important components of the oxiddive dress in
svad dissases, such as inflammaion, Pakinson' s
diseas, Alzheme’ s dissee dc. It has d0 been
uggested that nitric oxide and its oxidatively activaied
pecies, rective nitrogen gpecies, are involved in the
oxidative damage in such diseases. Peroxynitrite (PN) is
one reactive nitrogen pecies, and it has been suggested to
be formed from nitric oxide and superoxide in vivo.
Peroxynitrite is a highly reective oxidant, and causes
nitration on the arométic ring of free tyrosne and protein
tyrosneresidues. It was reported thet peroxynitrite induced
vaious oxidaive damages in vitro, for example LDL
oxidation, lipid peroxidation, DNA strand breskage and S0
on. Additiondly, tyrosne nitration is assumed to affect the
phosphorylation of tyrosine resdues in the subgtrate
protens of tyrosne kinexe in the cdlular dgnd
transduction. These data imply that the oxidizing and
nitrating reections of peroxynitrite may differently play
different pathological rolesin the oxidative Siress processss.
F rom this point of view, it is very useful and important to
discriminate the nitrating (nitrative) damage from the
oxidative damage reaction in the peroxynitrite-induced
damages

Various antioxidants have been reported to have an
inhibitory effect on the nitration of tyrosne, aswel asthe

Chemistry

oxiddtion reaction by peoxynitrite However, the
relaionships between those two types of inhibitory effects
of single compound have not been quarntitatively discussd.

Previoudy we have briefly repoted that 5

methoxytryptamine (5SMT) and O-lipoic acid (LA) are
sective inhibitors for tyrogne nitration by peroxynitrite,

but not for oxidative dityrosne formation (NIRS-37

Annud Report). Adding to this result, we report here the
evauation and comparison of the inhibitory activity for the
nitration and the oxidation of tyrodne by peroxynitrite for

more than 4 0 reagents induding naturd and synthetic
compounds, to ducidate the unique property of tryptamine
derivatives and one synthetic compound.

Vaious compounds induding naurd and
synthetic compounds were subj ected to the assay for the
inhibitton of tyrogne nitration and oxidaion by
peroxynitrite. In the presence of the testing compound, 0.2
mM of freshly prepared peroxynitrite solution was mixed
with 1 mM of L-tyrosne in sodium phosphate buffer a
physologica pH. The products were andyzed by HPLC
with a UV and fluorescence detector sysem. It wes
confirmed that 3-nitrotyrosne was formed as a mg or
product of the reection. The formation of 3-nitrotyrosine
was dependent on the concentration of peroxynitrite and
L-tyrosne, as previoudy reported. The formation of 22 -
dityrosne was dso detected by fluorescence @ 4 10 nm (ex.
295 nm). The amounts of 3-nitrityrosne and 22 -
dityrosne were quantified as the nitrated and oxidized
products, repectively, and the percent production for the
control  reection (containing no testing resgents) was
cdculaed. Among the more than 4 0 compounds showing
the inhibitory effect on dther nitration or oxidation, the
IC50 vdues were determined for the 28 compounds
having sufficient efficacy.

To compare and characterize the inhibitory effect
of the 28 effective compounds, the IC50 vaues for the 3-
nitrotyrogine formation and the dityrosine formetion were
plotted on X - and Y -axes, repectivey (F ig. 15). Wefound



that 22 of 28 compounds hed vdues on the liney = X,
meaning that these compounds had the same inhibiting
potency for nitration asfor oxidation. It was suggested that
these compounds scavenged a common intermediate for
both nitration and oxidation reactions of peroxynitrite. e
aso found thet the remaining 5 compounds, meatonin, 5-
methoxytryptamine, tetrahydro-beta-carbaline, tryptophan,
lipoic acid and ADCC were off they = x line Mdaonin,
5-methoxytryptamine,  tetrahydro-beta-carboline,  and
tryptophan, which dl have an indole moiety, showed the
inhibitory effect only on the nitration of tyrosine, and they
were far above the line. This result indicated thet these
compounds apparently scavenged different intermediate
promoting the nitration reaction specificdly. However,
ADCC, a Henium-containing synthetic compound, was
plotted bdow the line, indicating that it scavenged the
intermediate for the oxidation more effectively than thet
for nitration.

The product of L-tyrodne and peroxynitrite
reection, 3-nitriotyrosne has a chaacteidic locd

absorption maximum (lambda max) a 274 nm. By

monitoring the absorbance change a this wavelength, we
meesured the production rate of 3-nitrotyrosne L-
Tyrosne solution in 0.1 N HCl and peroxynitrite solution
in 0.01 N NaOH were mixed, and the absorbance change
a 27 4 nm was recorded with a stopped flow photometer.
The reaction rate condant for the tyrosine nitraion was
found to be 36 3-38 6 x 10/1™s" as the second order rate
condant. It isknown that the reactivity of peroxynitrite for
the oxidation islike that of OH radicals which canreact in
a diffusonraelimiting manner. However, the rae
condant for the nitration caculated in this experiment was
much smdler than that for OH radicd reaction. This result
uggeds that the nitrating reaction haes different rate
limiting reaction gep(s). Fromthis point of view, the
nitreting reaction is not likdy to be a direct rebound
reaction of caged NO, radica s after dectron subtraction by
caged OH radicds from the aromatic ring of tyrosne

Chemistry

Moreover, the pseudo-firg order rates are did not exactly
linearly correlated with the concentration of tyrosing, sothe
nitration by peroxynitrite may be a more complicated
reaction.

In condusion, dmog dl the compounds tested in
this sudy, induding typicd antioxidants, showed equal
inhibitory activity for both nitration and oxidation,
uggesting that these compounds scavenged the common
or primary intermediate for nitration and oxidetion.
However, indole derivatives tesed here sdectivey
inhibited the tyrodne nitration, suggesting that they
scavenged spedific intermediates for nitration, probably in
later steps of the reaction mechanism. ADCC, asdenium-
containing compound, however, inhibited dityrosne
formation preferably. We suggested thet there might be
ecific  intermedistes  for  tyrodne nitraion by
peroxynitrite different from the intermediate for the
oxidation reaction. The ratelimiting reaction for the
nitration was assumed to be very dow compared with OH
radicd-like reection of peoxynitrite It was ds0
demondrated that the effects of peroxynitrite due to the
nitrating reaction could be distinguished from the oxidizing
reection using these spedific inhibiting compounds.
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19. Attenuation of the Ability of
Cytochrome c for Caspase
Cascade Activation due to Protein
Nitration by Peroxynitrite

Hidehiko Nakagawa, Nobuko Komai, Mitsuko
Tekusagawa, Toshihiko Ozawa, and Nobuo Ikota

Keywords: peroxynitrite, cytochrome ¢, apoptoss, caspase,
nitration, tyrosine

Peroxynitrite, or itsequivaent peciesare very srong
oxidants, and candidates for invitro substances leading to
oxidativeand “ nitrative gress’in various diseeses, such as
cadiovascular diseases, bran ischemia, Pakinson' s
disease, Alzhemer’ sdisease, spdsand o on. Nitration of
the free and protein tyrosne resdues is a unique reaction
of peroxynitrite and its equivdents. The protein tyrosne
nitration offers clues that reective nitrogen species (RNS)
like peroxynitrite and its equivaents are produced, and that
biologicd systems are damaged with RNS sresses. There
ae ome reports that the nitration of protein tyrosine
residues, induding cytochrome ¢, causes some changesin
itsfunctions. It was previoudy reported thet the nitration of
sngletyrosneresdue in cytochrome ¢ by ardaively low
dose of peroxynitrite results in the upregulaion of its
peroxidase activity for hydrogen peroxide, and in the
actud imparment of the membrane potentid formeation,
which is important for the ATP synthesis, in isolated
mitochondrid preparations (NIRS-4 1 Annua Reports).

It is dso wedl known that cytochrome c is an
important player in the mitochondria-dependent gpoptotic
cel desth. Regarding the response for gpoptotic simuli,
cytochrome c is released from the intermembrane space to
the cytosol, and it forms gpoptosome complexes with
caypae9 and Apa-1 to adtivate cagpae9 ad the
downgtream cagpases, resulting in the gpoptic death
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execution. Here, we demondrate tha the nitration of
cytochrome ¢ by a prolonged exposure to peroxynitrite
atenuated its potency for the mitochondria-dependent
cagpase activation.

F or the low-dose reptitive trestment of cytochrome
¢ with peroxynitrite, 1 ul of 50 mM peroxynitrite in 0.01
M NaOH was repestedly added to the solution (1 ml) of
20 uM cytochrome c in PBS 20 times & 5-min intervas
while mixing (denoted a PN20X50).
peroxynitrite isungable at neutral pH, it is practicaly fully
decomposed 5 min dfter a tretment in PBS. For the
control  trestment, nNo peroxynitrite was added to the
cytochrome ¢ solution containing  decomposed
peroxynitrite equivdlent to the 20 pyl of 50 mM
peroxynitrite. After the addition of a total of 20 pl of
peroxynitrite solution, the resultant solution was confirmed
to be neutrd (pH 7 to 8). All the peroxynitrite-trested
cytochrome ¢ solutions were subj ected to a gd-filtration
with Sephadex G 25, and the concentrationswere adj  usted
according to the absorbance & 409 nm. With the
peroxynitrite treetment & the concentration range in this
experiment, the maximum absorbance and waveength of
the Soret-band (409 nm) had dmos no changes
blue-shift by only 0.2 nm in wavdength was found. A
solution of cytochrome c repetitively trested with low-dose
peroxynitrite in the presence of 5-methoxytryptamine
(5MT) weas ds0 prepared for the experiment on the
inhibitory  effet of 5MT.  Tetranitromethene
(TNM)-trested cytochrome c was dso prepared. TNM isa
proten  tyrodnenitraing  reegen.
Peroxynitritetrested  cytochrome ¢ was  hydrolyzed
enzymaticdly, and andyzed by reversed-phase HPLC, to
confirm the nitrotyrosne formetion. In the hydrolysate,
3-nitrotyrosine was detected, and it was confirmed that the
tyrasine nitration occurred on cytochrome ¢ by atreatment
of peroxynitrite.

Because

wdl-known

Cagpae activation assay in a cdl free system was



caried out usng a cytosolic fraction of C6 cdls and
exogenous  peroxynitritetreated  cytochrome  C.
Peroxynitritetrested or control  cytochrome ¢ was
incubated with cytosolic fraction & 30°C for 9 0 min. The
samples were subsequently aubj ected to SDSPAGE and
immunaoblotting with anti-deaved cagpase-3 antibody, and
visudized by chemiluminescence with ECL-plus resgents.
Thedeaved cagpase-3 formation indicatesthe activation of
the updream cagpase, cagpase9, memning tha the
cytochrome ¢ holds the ahility for the cagpase cascade
activetion.

As shown in Fig. 16, the peroxynitritetrested
cytochrome ¢ prepared by repetitive low dose trestments
dhowed a very low adtivity for the induction of the
procaspase-3 deavage in the in vitro gpoptod's assay. This
atenuation of the cagpase cascade activation was not
obsarved when the peroxynitrite-trestment was carried out
in the presence of 5MT, which is a nitrdion sdective
peroxynitrite scavenger. Furthermore, the TNM-treated
cytochrome ¢ dso lod its ahility for the cagpase cascade
adtivation. These results suggested that the nitration on
cytochrome c proteins resulted in the atenudtion of the
potency for the cagpase cascade activaion. They dso
implied that the nitrating stress by the low dose and
repeitive peroxynitrite exposure, which is likely dose to
the condition in vivo, induced cytochrome ¢ nitration and
the suppresson of the cytochrome c-dependent caspase
cascade activation.

Chemistry
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20. Disappearance of Nuclear
Binding Proteins Bound to
the Far-Upstream Region of
the Interleukin-10 Gene
Immediately after Irradiation
of Mouse Macrophages

Hiroshi Ishihara, l1zumi Tanaka, Hong Wan
and CheerarattanaCheeramakara
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mobility-shift assay
Interleukin(IL)-1 is a multifunctional
cytokine that plays important roles in the
immune system and inflammation and is
able to survive from death of mice irradiated
at lethal doses of X-rays. We previously
reported that the induction of the IL-10
gene, not only in the late phase, but also in
the immediate-early phase after exposure to
ionizing radiation at transcriptional level in
primary cultures of mouse spleen cells and
macrophage.  Since the immediate-early
phase of induction probably reflects early
responsive mechanisms against radiation in
mammalian cells, we explored the molecular
events in the macrophage. To demonstrate
the immediate-early induction of the IL-10
gene, an electrophoretic mobility-shift assay
(EMSA) was used to detect specific binding
of nuclear proteins to the upstream region of
the gene, since the analysis using
conventional reporter assay was intercepted
by the late phase induction.

In the consideration of the
possibility that the gene is regulated by a
far-upstream region from the transcriptional
starting site, as in other cytokine genes, we
focused on a DNA locus including the IL-10
gene with an upstream region of 9.5 kb that
was isolated from the C3H mouse genomic
library. Binding activity to the nuclear
extract of macrophage-line leukemia cell
line L8704 was analyzed using its upstream
region that was fragmented by restriction
endonuclease.  Specific binding activity
was detected in three DNA fragments
corresponding to the 8500, 8000 and 2500
bases upstream of the gene named B10, B02
and F19, respectively (Fig. 17, lanes 2 and
3). When the nuclear extract from the
L8704 cells immediately after irradiation of
20Gy X-rays was used, the binding
disappeared (lanes 5 and 6). When
non-labeled oligopDNA was added as a
competitor or the nuclear extract was
replaced by that from non-irradiated cells,
the retardation was blocked and the free
DNA bands reemerged (lane 4). The
retardation effect also vanished upon a
pretreatment of the nuclear extract from the
irradiated cells with proteinase K (lane 7).
These results indicate that the nuclear
proteins in the extract contribute to the
specific binding to the DNA fragments.
Nucleotide sequences essential for
the binding to the nuclear extract in B10,
B02 and F19 fragments were shown to be 79,
118 and 137 bases in size, respectively.
However, further elimination of the sizes

lost the binding activity, unlike target motifs



for transcriptional activators with
short-target motifs and giving single
retardation bands. It is speculated that the
disappearance of binding activity reflects
conformational change(s) of DNA-protein
complexes besides the IL-10 gene locus
during immediate-early induction. The
identification of the nuclear components
would be important to understand the
immediate-early response after exposure to
ionizing radiation.

Publication:

Ishihara, H., Tanaka, |. Wan, H. and
Cheeramakara, C.: J. Radiat. Res., 44,
117-123, 2003.

Figure Legend

Fig. 17. Binding of nuclear
extract to the upstream region of the IL-10
gene. Short DNA fragments of B10, B02
and F19 correspond to the upstream region
of IL-10 gene (upper). The fragments
were end-labeled and incubated with stock
(c, lanes 2, 4 and 6) and 10-fold-diluted (d,
lanes 1, 3 and 5) solutions of the nuclear
extract from non-irradiated cells (lanes 2, 3
and 4) or irradiated cells (lanes 5, 6 and 7).
During incubation, a 10-fold molar amount
of non-labeled DNA was used as a
competitor in lane 4. Before incubation,
the nuclear extract from irradiated cells was
pretreated with proteinase K  (final
concentration, 100 Og/ml) at 37 , 10 min
(lane 7). After the incubation, mixtures

were applied onto 6% agarose gel for
electrophoresis. The arrows indicate the
areas shifted by the retardation of the DNA.
Nucleotide sequences showing binding
activity on similar analyses (underlined) of
these fragments are placed at the bottom.
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21. Measurement of Hydrox yl Radical
Generated in Liv e Rats during X-
Ray Irradiation
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The generation of hydroxyl radicd bdieved to be one of

themg or triggers of rediationinj ury was monitored in live

rats by spin-trgpping the secondary radical, methyl radica
formed by the reaction of hydroxyl radicd with dimethyl
alfoxide (DMSO). The X-ray irradigion of ras
adminigered with a DMSO solution of the soin trap,
(-phenyl-N-tert-butylnitrone  (PBN)  resulted
remarkable increese in the Sx-line ESR dgnd in hile
The increase of the Sgnd was dependent on the X-ray
irrediation. No increese was obsarved under sham
irradigion.  The gpparent hyperfine splitting condants for
the gx-line sgnd were very dose to those reported for
PBN/CHs. Replacement of DMSO with [°C;] DMSO,
whose 2C (1=0) was substituted with a magnetic °C
(1=1/2), gave the ESR spectrum with another hyperfine
gructure.  Smulation of this spectrum reveded thet the
observed spectrum was composad of sgndsfor 4 different
spedies PBN/“CH3; the adduct of the C-centered radicdl
(probably produced by the reection of intringc faity acid
with OH); the unknown radicd adduct with broad triplet
lines andascorbyl redicd.  Taspinratio cdculaed from
these components drongly indicated that the dgnd
observed in the bile samples collected from rats during
X-ray irradigion mainly incdluded the Sgnd of P BN/CHs.
The concentretion of the radicd adduct in bile was
determined by double integration of the doublet line a the
lover magnetic fidd. The drengthened sgnd was

in a

[1-A-2

detectable above 20 Gy, and there was a farly linear
reaionship between the dose of radiaion and the
concentration of theradicd adducts P readminigtration of
cygeamine (4 mmol/kg-bw.), a radioprotective agent,
prevented the Sgnd increase caused by X-ray irradidion a
78 Gy. The dfect of cysteamine on the formation of
radicd adducts was dose-dependent.  Cysteamine hardly
reduced the signd intengty of the PBN adductsin v itrQ
indicating thet the in v iv @ffect of cysteamine resulted
from its activity as aradicd scavenger.  Thisis the first
dudy of the in v iv @emondration of the generation of
hydroxyl radicd a a rediation dose dose to accidentd
dosss and the radical scavenging by a radioprotective

agert.
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Glutathione (O-Glu-Cys-Gly) is a mg or antioxidant
peptide exising mainly in cytosol a the concentration of
1-11mM. It occursasaredox equilibrium between GSH
(reduced form) and GSSH (oxidized dimer form) and
oxidative dress to living organiams is thought to change
the redox balance to amore oxidizing equilibrium (smaler
GSHIGSSG ratio). However, experimenta evidence
proving such an ideaisinauffident.  In the present sudy,
wetried to establish the method to measure smultaneoudy
the amount of GSH and GSSG in tissue samples with
HPLC and to invedtigate the efect of oxidaive sress on
the amount of GSH and GSSG in mouse liver and brain.
For the smultaneous detection of both GSH and GSSG
we adopted HP LC using adeivetizing method.  Samples
were derivatized with 2,4-dinitrofluorobenzene and then
goplied to HPLC system @uipped with an UV Nishle
detector.  Sample pH (authentic GSH and GSSG mouse
liver homogenate, mouse brain homogenate in 6%
meta-phosphoric acid and 1 mM  bathophenanthroline
disulfonic acid) was adj uded to 85 with 24 M KHCQ
ad then the ooluion was reected with
2A-dinitrofluorobenzene for 2 hours & 40°C in the dark.
After trestment with 70% perchloric acid, the solution was
centrifuged & 5,600 x g for 5min a 4°C.  The resultant
supernatant was filtered with amembranefilter (0.22 0m)

V1

(I1-A-3)

and the filtrate was used as the HPLC sample. The
HP LC sysem (Shiseido Co.) conssted of an auto-sampler
(91-2/3023), two pumps (S-1/2001 and S-2/3001), a
degasser (S-2/3009), a column oven (9-1/2004), an

UV Nisble detector (SI-1/2002), and a computer-assisted
system controller with a data processing software (SMC).

A revaephae column (Shissdo Caped Pak C18
MG120, 2 mmd x 250 mm) was used. The mobile

phase had a gradient of hydrophobicity by gppropricte

mixing of two solutions 0.1% trifluoroacdtic acid in

acetonitrileand 0.1% trifluoroacdtic acid in water.

After etablishment of the andyticd conditions using

HP LC, we measured GSH and GSSG content in liver and
brain tissues of norma mice or vitamin E deficient miceto

which oxidative sress was gpplied or not.  Two kinds of

oxiddive dresses, X-ray irradiaion (8 Gy) or iron

oveloading, were goplied.  Samples were prepared 2

hours post X-ray irradigtion and 1 hour post ironinj ection.
Contrary to our initid expectation, neither oxidaive Sress,

X-ray irradigtion and iron overloading, changed the

GSH/GSSG raio in the liver and the brain of both normd

and vitamin E deficient mice.  On the other hand, totd

glutathione (GSH plus 2GSSG) dgnificantly decreased in

the brain of vitamin E deficdent mice for both oxidative

dreses. Sgnificant change, however, was observed only

inthissample.

Since glutathione is in a dynamic eguilibrium in living

tissues, trandent change in the GSH/GSSG ratio might

disgppear after acertain period of time or the change might

be too dow to be detected after a cartain period of time.

Therefore, it would be better to measure the glutathione

content a various timing after goplying the oxidetive

dress.



23. Transient Increase of mRNA of
Heme Ox ygenase-1in Rat L iv er
after a Whole-b ody X-irradiation

Keko Suzuki, Masahiko Mori, Fumihiko Kugawa*
and Hiroghi Ishihara
(* Nihon Univ.)

Keywords heme oxygenase, MRNA, X-ray, liver

Heme oxygenase-l (HO-1) is an enzyme which
decomposes heme to biliverdin, F& and carbon
monoxide. The transcription of the gene of HO-1 is
activated by various gimuli, such as oxiddive dress,
UVA radiation, heat shock and metd cations.

We had previoudy reported that the activity of
heme oxygenase in the rat liver was simulated 25
times as measured & 7 h after awhole-body irradiaion
of 17 Gy X-rays, and that the amount of HO-1 protein
was a0 increased dfter irradiation, reached the
maximd leve a 4 h and then was decreased dightly
until 10 h after irradiation.

In the present sudy we examined the HO-1 mRNA
expression in the livers of irradiated rats by northern
blotting to invedtigate the transcriptiond activation of
thisgene. Mde ras were irradiated with X-rays (17
Gy), and the mRNA fraction was prepared from the
liver a 2, 4, 7 and 10 h &fter irradigtion.  Asshownin
Fig.18, the mRNA of HO-1 wasincreased significantly
2 h dfter irrediation, reached the maxima vaue a 4 h,
and then was declined until 10 h.  When the X-ray
dose was varied from 4.0 to 21.7 Gy, the transcription
of the gene was enhanced with al doses and the level
of activation was dependent upon the doses of the
X-rays.

Thus in this dudy, we obsarved a trangent

activaion of the transcription of HO-1 gene shortly
diter irradiation, and demondrated tha ionizing
redigtion is a stressor which induces activation of the
HO-1 gene and increases enzyme activity in the liver.
It is possble that the products of the heme oxygenase
reaction, hiliverdin and bilirubin, might scavenge
resctive oxygen species produced by radiaion to
protect tissues from oxiddive dress and might
contribute to some extent to atenuate the secondary
inj uries

P ublication:
Suzuki, K., Mori, M., Kugawa, F. and Ishihara, H.: J.
Radiat. Res, 43, 205-210, 2002.
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Fig.18. Transient upregulation of rat HO-1 mRNA after
17 Gy X-ray irradiation. a, P<0.01; b, P<0.02.



24 . Analysis of Unrej oined
Chromosomal Breakage in
Human Fibrob last Cells Ex posed
to L ow- and High-L ET Radiation

Honglu WU, YoshiyaFurusawa, Kerry George', Tetsuya
Kawael, and FrancisA. Cudinotta®

(‘Wyley Lab.; ZChibaUniv.;*NASA J ohnson Space
Center)

Keywords high-LET radiation, chromosome aberation,
telomere, unrg oined bregks

Reported dudies of DNA breskage induced by
radigion of vaious qudities have generdly shown a
higher fraction of unrg oled resdud bregks dfter
high-LET exposure. This obsarvation is supported by the
argument that high-LET radiation induced DNA bregks
that are more complex in nature and, thus, less likey to be
repaired. In mogt casesthe doses used in these Sudieswere
veay high. We have dudied unrg oined chromosome
bresks by andyzing chromosome cberations usng a
fluorescence in Stu hybridization (FISH) technique with a
combination of whole chromosome spedific probes and
probes specific for the tdomere region of the
chromosomes.  Confluent  human  fibroblagt  cdls
(AG1522) wereirradiated with O-rays, 490 MeV /nudeon
S, or with Fe ions & either 200 and 500 MeV /nucleon,
and were dlowed to repar a 37°C for 24 hours after
exposure. A chemicdly induced premature chromosome
condensation (PCC) technique was used to condense
chromosomes in the G2 phase of the cdl cyde Resllts
showed that the frequency of unrg oined chromosome
bresks was higher &fter high-LET radiation, and the raio
of unrg oined to migg oined chromosome bresks
increesed deedily with LET up a pesk vaue & 440
keV um.

Publication:
Wu, H., Furusawa, Y., George, K., Kawaa T., ad
Cucinotta, FA.: J. Radiat. Res. 43, s181-s185, 2002.



25 . Models for Mix ed Irradiation with
a' Reciprocal-Time' Pattern of the ]
Repair Function

Shozo Suzuki* |, Yuri Miurar , Shoichi Mizuno* , and
Yoshiya Furusawva
(* Tokyo Metropalitan Indtitute of Gerontol ogy)

Keywords. mixed irrediation, theoreticd mode, LET,
reciproca-time repair, linear-quadratic model

Suzuki presented models for mixed irradiation with
two and multiple types of radiaion by extending the
Z ader and Ross modd, whichis based on the theory of
dud radigtion action. In these models, the repair function
was Smply assumed to be sami-logarithmicdly lineer (i.e,
monoexponentid), or afirgd-order process, which hasbeen
experimentally contradicted. Fowler, however, suggested
thet the repair of radiation damege might be largdy a
second-order process rather then a fird-order one, and
presented data in support of this hypothesis. In addition, a
second-order  repar  function
rrexponentid repar function for the reason that only one
parameter isusad in the former indead of 2n-1 parameters
for the latter, dthough bath repar functions show a good
fit to the expeaimentd data However, according to a
second-order repair function, the repair rate depends on the
dose, which is incompatible with the experimentad data
We, therefore, revised the modds for mixed irradiaion by
Zade and Ross and by Suzuki, by subdituting a
* reciprocd-time  pattern of the repair function, which
derived from the assumption that the repar rate is
independent of the dose in a second-order repair function,
for afirg-order one in reduction and interaction factors of
the modds, dthough the underlying mechanism for this
assumption cannot be well-explained. The reduction factor,
which reduces the contribution of the square of a dose to

is prefared to an

S

cdl killing in the linear-quadratic modd and its derivatives,
and the interaction factor, which dso reduces the
contribution of the interaction of two or more doses of
different types of radiaion, were formulated by using a
" reciprocd-time  patern of the repar function. Cdl
aurvivas cdculated from the older and the nemly modified
modds were compared in terms of the dose rate by
assuming various types of sngle and mixed irradiation.
The result implies that the newly modified modds for
mixed irradiaion can express or predict cdl survivad more
accuratdy than the older ones, especidly when irradiation
isprolonged at low doserates

Publication: Suzuki, S, Miura, Y., Mizuno, S, ad
Furusawa, Y.: J. Radiat. Res 43, 257-267, 2002.



26 . Effect of a Hypox ic Cell
Sensitizer Dranidazole in
Radiation-Induced Apoptosis of
Mouse L5178Y Lymphoma Cells

Mizuho Aok, Y shiya Furusawa, Yuta Shibamotd', Ataru

Kobayashi?, and Michihiko Talj itadi

(*Kyoto Univ.; 2P dlaChemicd Industry Inc)

Keywords radiosendtizer, hypoxic cdl  sengtizer,
doranidazole, apoptosis, L5178Y cdll

We invedigated the senstizing effect of the
2-nitroimidazole andogue doranidezole, a new hypoxic
radiosendtizer, on radiation-induced gpoptossin L5178Y
cdls Apoptoss was assessed by checking DNA ladder
formation, the presence of sub-G1 pesksin flow cytometry,
and chromatin condensation. A radiosengtizing effect of
doranidezole was dso confirmed by a soft-agar colony
asy of aurviving cdls In the assay of DNA ladder
formation, DNA fragmentation was obsarved following
irradiation under an agrobic or hypoxic condition with or
without doranidezole. The proportions of the cdls a the
Ub-G1 pesk in aflow cytometric measurement was not
very different among the irradiations a 5 Gy under the
aerobic condition, 15 Gy under hypoxia and 10 Gy with 1
mM doranidazole under hypoxia The fraction of cdls
with chromatin condensation was found to be significantly
increesed with doranidazole up to 3 mM when gpplied
under hypoxic irradiation, but did not increase even a 10
mM. The sendtizer enhancement ratio was estimated to be
about 1.7 with a concentration of 1 mM. This
enhancement ratio was not different from that observed by
assaying cdl survivas On the other hand, doranidazole
showed no radiosenstizing effect under aerobic conditions
with 1 mM. In condusion, the radiation-induced gpoptos's
of L5178Y cdls was enhanced by doranidazole under

hypoxia

Publication:
Aoki, M., Furusawa, Y., Shibamoto, Y., and T itani, M J.
Radiat. Res 43, 161-166, 2002.



27 . Synthesis and Ev aluation of 4 -
Bromo-1-( 3%F] fluoropropyl) -2-
nitroimidazole with a L ow Energy
L UMO Orbital Designed as Brain

Hypox ia-Targetting Imaging Agent.

Fumihiko Yamamoto* , Mizuho Aoki, YashiyaFurusawa,

Koichi Ando, Yasuo Kuwabarat , Kouj i Masudat , Shigeki

Saski* |, and Minoru Maeda®
(* KyushuUniv.)

Keywords nitroimidazole, fluorine-18, brain tissue
biodistribution

In order to develop new imaging markers for brain
hypoxia,  4-bromo-1-(3-fluoropropyl)-2-nitroimidazole
(4-BrFPN) was desgned based on molecular orbitd
cdculaions, synthesized and labded with fluorine-18 asa
lipophilic nitroimidazole andog with a lower energy
LUMO orbitd than those for fluoromisonidazole
(FMIS0) and 1-(3-fluoropropyl)-2-nitroimidezole (FP N).
In an in v itro radiosengtization dudy, the sengtizer
enhancement retio for 4-BrFP N wasfoundtobe 1.65 & al
mM concentration, in comparison to 1.81 for FMISO. The
preparation of “Flabded 4-BrFPN (4-BPFPN) was
achieved by [F] fluoride ion displacement reaction of the
tosgylate precursor, in a reasonable radiochemicd yidd
(33%, not corrected for decay). Metabalites in tumor and
musle extracts from  methylcholanthrene-induced
fibrosarcoma mice, as wel as the tissue digribution of
4-Br®FPN in normd rats, were studied. Theinitia uptake
into rat bran of 4BrFPN was significantly higher
redive to *labded FMISO (BFMIS0), followed by a
rapid waghout from the brain. The tumor uptske of
4-Br®FPN was somewhat enhanced compared to those
obtained with ®FMISO and -labded FPN PFP N), but
with lower tumor locdlization than *FMISO. Andyses of

tumor and musdle extracts showed metabalites remaining

on he base line on the radio-TLC plates, and they were
produced to agreater extent in tumor than muscle Theuse
of two drugswhich increase hypoxic cdl fraction in tumor,

hydrdazine or nitro-L-argining, produced a dgnificant

increase in tumor levels of 4-Br®FP N, suggestive of a
hypoxic mechaniam of accumulaion. The results imply

that lowering of the LUMO erergy of amolecule doneis
not sufficient to improve its biodidribution properties for

better imaging of regionsof hypoxia

Publication:

Yamamoto, F, Aoki, M., Furusawa, Y. Ando, K.,
Kuwabara, Y., Masuda, K., Saski, S, and Maeda, M.
Bidl. Pharm Bull25, 616-621, 2002.



28 . Dev elopment of a Dielectric
Equiv alent Gel for Better
Impedance Matching for Human
Skin

Tekahiro Sunaga, Hiroo lkehira Shigeo Furukawa,
Mitsuru Tamura, Eij i Yoshitome, Takayuki Obata,

Hiroshi Shinka, Shuj i Tenada, Hg ime Muraa and

Y asuhito Sasaki

Key words.  didectric condant, bolus gd, didectric
atifact, MRI

It would be useful to develop atissue equivdent gd, to
improve the uniformity of the dectromagnetic fiddinthe
human body, and for making atissue equivaent didectric
human phantom.

In this study, solid-type water-based gddin-honey gels
were developed which have the dectricd characteridics of
kin tissue It wes demondrated tha a dable and
homogeneous gd, with a rdaive didectric condant (€ * )
chosen from desired rangesfound in skin, can be made.

Above 300 MHz, acquiring MR images of high qudity is
difficult because of the increese in operding RF (radio
frequency). The main factor affecting imege qudity is a
didectric resonance phenomenon, which can cause
digtortion. Electromagnetic wave impedance mismatching
of the arftissue inteface may dso cause didectric
inhomogeneity, especidly at the epiderma surface.

We expet tha three things will occur when an
dectromagnetic fidd propagating in the ar encounters
human tissue such as the darmis  the RF wave should be
reflected, tranamitted, and absorbed. All threearerdated to
the didectric properties of the materid. Udng suiteble
impedance-matched materids should reduce the didectric
mismeatch between air and the human bodly.

The amulaion and the trid to form phantom for muscle

tissue were reported previoudy. We deveoped a bolus
phatom gd which functions by suppressing the
non-uniformity of RF due to impedance migmatching
ingde the kin & 200MHz up to 400MHz. Data on the
didectric specificity of severd human skin conditionswere
dready reported in our previousatide.

The badc materids prepared for devdoping gds ae
gdatin produced from pigskins honey syrup, NaCl
(100%) and didilled water. Solidtype water-based
gddin-honey gds were devdoped which have the
dectricd characteridtic of kin tissue. It was demondrated
thet sable and homogeneous gels can be made in which
vdues of the rdaive didectric condat (¢ ' ) can be
chosen from desired rangesfound in kin. Still, € * ando
can be varied dmog independently, € *  depending on
gddin and honey concentrations, and o on the st
concentration.

The usage of developed gds would not only improve
diagnoses with high TedaMRI, but also have potentia for
hyperthermia or the sudy of the safety of dectromagnetic
fidds

P ublication

Sunega T, lkehira H, Furukawa S, Tamura M, € d.:
Biodectromagnetics24, 214-217,2002.
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29. Relationship Between Aberration
Yield and Mitotic Delay in Human
Lymphocytes Exposed to 200
MeV/u Fe-lons or X-Rays

SylviaRitter', ElenaNasonove’, Yoshiya Furusawa, and
Koichi Ando
(‘GS; 2INR)

Keywords. human lymphocytes, heavy ions, time-course
of abaraions cdyculinA,  gpoptoss

The timecourse of Feion (200 MeV/u, 440
keV/um) and X-ray induced chromosoma damage was
invedigated in human lymphocytes After cdls were
exposed in GO and dimulated to grow, abarraions were
meesured in firgd-cycle metgphases harvested 48, 60 and
72h pog-irrediation. Additiondly, lesonswere andysed in
G2 and mitatic (M) cdlls collected a 48h usng cayculin
A-induced premature chromosome condensation (PCC).
Following X-irradiation, smilar aberation yidds were
found in dl of the samples scored. In contradt, after Fe-ion
expodure a dradic increese in the abaration frequency
with sampling time was observed, i.e. cdls ariving late a
the fird mitods caried more abaraions than those
ariving a ealier times The PCC daa indicate thet the
ddayed entry of heavily dameged cdls into mitods
obsarved after Fe-ion irradiation resulted from a prolonged
arest in G2. Altogether these experiments provide further
evidence that in the case of high-LET exposure cdl-cyde
ddays of severdy damaged cdls have to be taken into
account for any meaningful quantification of chromosoma
damage and, consequently, for an accurate estimete of the
RBE.

Publication:
Ritter, S,, Nasonova, E., Furusawa, Y., and Ando, K.: J.

Radiat. Res. 43, s175-s179, 2002.



30. Induction of Chromatin Damage
and Distribution of Isochromatid
Breaks in Human Fibroblast Cells
Exposed to Heavy lon

Tetauya Kawatd', Hisao Ita", Ken Motoori®, Tekuya Uedd,
Naoyuki Shigematsu?, Yoshiya Furusawa, Marco Durante®
Kerry George', Honglu WU, and FrandisA. Cucinota!
(*ChibaUniv.; ’Ke&io Univ.; *Univ. Federick I1; “NASA
Johnson Space Center)

Keywords high-LET radiation, premature chromosome
condensation, isochromatid bregk, cayculinA

The frequency of chromeatid bresks and the
digribution of isochromatid bresks were measured in
G2-phase normd humen fibroblegs  prematurdy
condensed ashort time after exposureto low- or high-LET
radigions. The average number of isochromatid bregks
from a sngle particle traversal increased with increasing
LET vaues, while the average number of chrometid-type
breeks gppeared to reech a plateau. The didribution of
isochromatid breks after high-LET iron partides exposure
was overdigoersed compared to [-rays, indicating thet a
sgngle iron paticde traversd through a cdl nudeus can
produce multipleisochromatid bresks.

Publication:

Kawaa, T., Ito, H., Motoori, K., Ueda, T., Shigemasu, N.,
Furusawa, Y., Durante, M., George K., Wu, H., and
Cucinotta, FA.: J. Radiat. Res. 43, s169-s173, 2002.



31. Nitric Oxide-Mediated Bifunctional
Bystander Effect Induced by
Heavy-lon Radiation in Human
Salivary Grand Neoplastic Cells

Chunlin Sheo, Yoshiya Furusawa, Mizuho Aoki, Hideki
Matsumoto* , and Koichi Ando
(* Fukui Medicd Univ.)

Keywords. bystander effect, nitric oxide, carbon-ion beam,
NO scavenger

Our purpose was to investigate the sgnd factor and
its function in the medium-mediated bystander effect
during heavy-ion irradiaion of human sdivary gland
(HSG) neopledtic cdls.

Unirradiated recipient HSG cdlls were co-cultiveted
with HSG donor cdls irradiated with 290 MeV/u carbon
beams having different LET vaues. Cdl proliferation and
micronudeus (MN) induction in recipient cdls with and
without treetment of a NO scavenger (PTIO) were
meesured and the concentration of nitrite in the co-culture
medium was detected. As a direct control, the effects of a
nitric oxide (NO) generator (30er/NO) on cdl proliferation
and MN induction were dso examined.

Incresses in cdl proliferation and MN induction
were found in the recipient HSG cdls as a reault of
co-culturing and cdl| proliferation was obvioudy enhanced
during a further subculture In comparison with 13
keV/um, 100 keV/um carbortion irrediation was found to
be a more eficent inducer of the medium-mediated
bystander effect. Thetreatment of cellsby PTIO resulted in
dimination of such effects, which supports arole for NO
in the mediummediged bydander effect. As an
oxidization product of NO, nitrite was detected in the
co-culture medium, and the doseregponse for its
concentration was similar to that of cdl proliferation and

MN induction in the recipient cdls When the HSG cdls
were treated by sper/NO with a concentration of less than
20 pM, cdl prdiferation was enhanced, wherees MN
increased aong with per/NO concentration.

NO participated in the medium-mediated bystander
effects on cdl praliferation and MN induction, depending
ontheLET of irredition.

Publication:
Shao, C., Furusawa, Y., Aoki, M., Masumato, H., and
Ando, K.: Int. J. Radiat. Bidl. 78, 837-844, 2002.



32. Radiation-induced Growth
Inhibition in Transplanted Human
Tongue Carcinomas with Different
p53 Gene Status

Isso Asskawa® , Hitoshi Yodimura® , Akihisa Takaheshi* |

proposed as being ussful for cancer radiaion therapy
regardiess of p53 gene saus.

Publication:
Askawa |, Yoshimura H, Tekahashi A, Ohnishi K,
NakagawaH, Otal, Furusawa Y, Tamamoto T, Ohishi H,

Ken Ohnishi* , Hitashi Nakagawa* , Ichiro Otar , Yoshiya  and Ohnishi T.: Anticancer Res 22, 2037-2043, 2002.
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Tekeo Ohnishi*
(* NaraMedicd Univ.)

Keywords. X-ray, C-beam, human tongue squamous cdll
carcinoma. p53, gooptoss

To test p53-dependency in radiaion cancer thergpy
with X-rays (low-liner enargy trander (LET)) or
carbonrion (C-) beams (high-LET heavy ion), we andyzed
the radiation-induced growth rate and gpoptosis induction
in human tongue carcinomas trangplanted into nude mice.
The SAS cddis trandected with mutant p53 gene
(SASmp53) or a neo contrdl gene (SASneo) were
trangplated into the thigh of each nude mouse By
meesuring the tumor weight (TW), tumor regrowth delay
was evduaed when the rdaive tumor weght (RW)
reeched 5-fold that of the control group. Apoptoss was
andyzed by immunohisochemicd and ApopTag
danings

We found SAS/mp53 tumors were more resigtant to
X-ray irradiation than SASneo tumors, but not to C-beam
irradiation. The rdative biologicd effectiveness (RBE) of
C-beams compared to X-rayswas 2.1 in SAS/neo tumors
and 2.6 in SASmp53 tumors. Apoptatic cdls were more
frequently observed in SASneo tumorsthan in SASmp53
tumors in X-ray irradigion but not in C-beam irradiaion.
The radiatiorrinduced growth inhibition of trangplanted
SAS ddls is suggesed to be p53-dependent in X-ray
irradigtion but not in C-beam irradiation. C-beams are



33. Granulocyte-Macrophage Colony-
Stimulating Factor Controls the
Proliferation and Differentiation of
Mouse Epidermal Melanocytes from
Pigmented Induced by Ultraviolet
Radiation B

TomohisaHirobe
keratinocyte, UVB,

Keywords melanocyte,
proliferation, differentiation

Repested  exposures of ultraviolet radiation B
(UVB) on the dorsal kin of hairless mice are known to
induce pigmented spots long after the cessation of UVB
irradiation. It has been shown that the proliferation and
differentigtion of epidermd medanocytes from UVB-
induced pigmented spots are greetly dimulated, and the
dimulations are regulated by kerdinocytes rather than
melanocytes themsdlves by udng a serumdfree culture
medium. In this Sudy, to meke dear what factors derived
from keainocytes are involved in regulaing the
proliferation and differentiation of epidermd meanocytes
growth factors were supplemented to the media, and tested
for thar proliferationr and differentition-gimulating
adivities Of lots of factors teded, granulocyte-
mecrophage colony-dimulating factor (GMCSF) was
dfective Pure caultured primay mdanoblasts and
melanocytes with a mdanoblagt-proliferation medium
were further cultured with a mdanocyte-proliferation
media supplemented with GMCSF from 14 days
(keratinocyte depletion). GMCSF induced the proliferation
and differentiation of mdanocytesin kerainocyte-depleted
cultures. Anti-GMCSF antibody supplemented to the
media inhibited the proliferation of meanoblagts and
melanocytes as well as the differentiation of melanocytes
from UVB-induced pigmented spots of irradiated mice,

but (111-B-5)

not from norHirradisted mice  Enzymelinked
immunosorbent assay of cultured media reveded that
GMCSF saoreted from irradiated keratinocytes was much
gregter then that secreted from nonvirradiated mice
Moreover, the expresson of GMCSF proten wes
observed in pigmented spots, but not in norma kin areas
of irradiated mice. These results suggest that GMCSF is
one of the kerainocyte-derived factors involved in
regulating the proliferation and differentiation of mouse
epiderma  mdanocytes from UVB-induced pigmented
Fots
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34. Effects of Mutations in Ku80 Koike M.: J Radidt. Res 43, 223-236, 2002.
Proteins on Ku-dependent DNA
Repair
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Keywords Ku70, Ku80, DNA repair, GFR, locdization

The Ku protein is a complex of two subunits, Ku70 and
Ku80, and it was origindly identified as an autoantigen
recognized by the sra of patients with autoimmune
disseses The Ku protein plays a key role in multiple
nucdear processes, eg., DNA repar, chromosome
maintenance, replication, transcription regulaion, and
V(D)J recombination. The mechaniam underlying the
regulation of dl the diverse functions of Ku is till undesr,
dthough it ssems that Ku is a multifunctiond protein thet
worksin nudd. On the other hand, severd studies have
reported cytoplaamic or cdl surface locdization of Ku in
vaious cdl types  To daify the fundamentd
characteridics of Ku, we examined the expresson,
heterodimerization, subcdlular locdization, chromosome
location, and molecular mechaniams of the nudear
trangport of Ku70 and KuB0. The mechanism tha
regulates for nudear locdization of Ku70 and Ku80
gopearsto play, & leedt in part, akey rolein regulaing the
physologicd function of Kuinvivo. We have generated
cel lines expressng the human Ku80 tagged with the
green fluorescent protein (GFP) color variants.  The
tagged Ku80 complements a deficiency in Ku-deficient
mammdian cdls Therefore, these cdls should prove
useful in the andysis of the function of Kuin living cdls.
We are d0 invedigating the effects of mutations in the
Ku80 proteins on Ku-dependent DNA repair.

Publication:



35. Role of Reactive Oxygen Species in Cells
Overexpressing Manganese Superoxide Dismutase

Makato Akeehi, Toehiyeal Hiaramg, Humigki Nekayamg, Misso
Hadhya, Saoi Kawamurg, Hissyodi Kondo, Yaaunan Tekeoh,
SagHeePak and Dassku Teka

KeMords mengeneses paraxidedsmuizse(MnSOD), reedtive
axyonaiies(ROS), p3BVIARK, redioresdance

Maggee spaakice dsmuae (MnSOD) cddyzes the
dsmuiion of sypaaxide anions (O,) into hydrogen paraxice
(H0,). Wedtared theiintracdllular satus of reedtivie axygen pedes
by inrodudng humen MnSOD cdDNA into the humen ovaian
canoaradl line K-OV-3 Theovarexqresson of MnSOD inhibited
odl gromth and induced aconcomitart inreeein theleve of HO,
in K-OV-3 adis The odls ovareqressing MnSOD were more
resdart to irradiaion then peratd adls MnSOD overeqaression
dotenedthe G;M duration in iradiated aells Bither inhibition of
[p38 mitogen-adivated pratain kinese (PBBVIARK) o Scavenging
free radicdls Hodked the indudion of radiaresstance by MnSOD
ad d adidel the dotaing o the GM durdion with
conaamitant inhibition of PBBMAPK phogoharylation. Irediation
inoreesed the generdtion of H/O, even morein these trandfedants
These reaits auggest thet the aooumulated HO, potentiated the
adivaion of pBBMARK dter iradidion in cdls ovareqresing
MnSOD, which led to the pratedion of odls from imredigtion
medaedodl degth through the GyM  dhedqpaint. K-OV-3 odls
hed no condtitLiive exquression of P53, and the overeqaresdon of
MnSODandir imedigion did nat induce pB3 or 217, which
caussstdl oydeared. Thus aur readts uggest thet MnSOD dtas
thead! cydeprogresson of irediated odIsindependently of p53and
L,

Rudlicatiort
TakakY., HaohyaM., PakSH. ad AkediM.Md Cance

Res,1,137-146.2002.



36. Influence of Nitric Oxide on Cell-
Cell Junctions of Mouse Mammary
Epithelial Cells

Mami Onoda-Miyoshi, Takanori Katsube and Makoto
Onoda

Keywords nitric oxide, tight j unction, occludin, Z O-1,
mammary grand, HC11 cdll

Nitric oxide (NO) isan important biologica moleculethat
isrespongblefor cdl sgnding and physologica actionin
anumber of mammadian tissues. It isnow well recognized
that mammdian cdls produce NO fromtheamino acid L-
agininewith afamily of NO synthase (NOS) enzymes.
NOShasa leadt three distinct isoforms, induding the
neurond (NNOS), inducible iINOS), and endothelia
(eNOS) types, and theisoforms are now known to
digtribute acrass awide goectrum of cdl typesand tisues.
Recently, we demondrated thet threeisoformsof NOS are
present not only in the endothelium of blood vessasbut
dsintheparenchyma cdlsof thera mammary gland,
such asepithdid cdlsand myoepithdid cdls Onthe
other hand, our previous sudies have shown that
irradiation of developed mammary glandsin ratsduring
pregnancy or lactation induces mammary glandstumorsat
ahigher incidencethen inirradiated virgin rets. In addition,
adectiveinhibitor of INOS and NO-specific scavenger
prevent radiaion-induced ra mammary tumors. Therefore,
the radiation-induced initiation of mammary tumorigenesis
may be partly causad by excessve NO produced by
radiation-induced iNOS.

All epithdiaserve as Hective permeghility
barriers separating fluids on dther Sdethat havea
different chemica compostion. Thisfunction requiresthat
theadj acent cdlsbe seded togber by occludingj unctions
Tightj unctions(TJ) comprised of severd protenshave

thisbarrier rolein vertebrates. This complex includes
membersof aprotein family rdated to tumor Suppresson
and sgnd trangduction. Therefore, it isplausblethat
disorder of TJinduced in pathophyiologicd statusescould
be acause of tumorigenesis. In this context, we undertook
an investigation whether nitric oxide (NO) influencestight
j unctionsformed in the mammg epitheliumto ducidate
the rdaionship between the retainment of barrier function
of mammary epithelium and initiation of mammeary
tumorigenesisby NO inaculture system of the mouse
mammary epithdid cdl line (HC11).

Exposureto NO rdeasad from aNO donor, NOC18 (400
_ M), causad an accderation of HC11 cdll-detachment
from the surface of culture platein atime-dependent
manner (Table 1). However, therewas no differencein the
proportion of trypan blue-dye excluson by the detached
cdllsin between nonHrested and NOC18-trested HC11
cdl cultures (Table 1). Nether leskage of thelactate
dehydrogenase nor the chromatin condensation was
detected in the cultures trested with NOCA8, wheress,
exogenous NO inhibited the mitochondria metabalic
activity of HC11 cdls Immunogaining for tight j uncion
(TY-asxnciaed proteins, such asocdudinand Z O-1
showed honeycomb-like distribution around the cell
periphery and colocdlized with TJ-associated actin
filamentsin theregion of cdll-cdll j unctional complex on
non-treated HC11 cdls (Figs 19A and C). This
digribution of occludinand Z O-1 waspartidly or entirely
disrupted by the incubation of the cell monolayer for 48 h
with NOC18 (Fig. 19B. and D). Furthermore, expression
of both ocdudinand Z O-linthe cdl lysatefraction
obtained from NOC18 trested HC11 cdllsremarkably
dedined by 56 + 3 %and 34 + 8 %, respectivey, in
comparison with those of control cdl extract. These results
uggest that excessive NO produced under the successive
pathophysiologicd satuses affectsthe function of TF
assodiaed proteinsin mammary epithdid cdls, and



triggersingability and dysfuction of cdll-to-cdll adhesion.
Hence, in turn such ingppropriate circumstances dicited by
NO might causethe disorder of development and
differentiation of epithdid cdlsin the mammary glands,
which agree with theinitiation process of mammary
tumorigenesis.

Table 1. Effect of NOC18 on adheson of HC11 cdlls
monolayer, and viability of detached cdlsin NOC18-

treated cultures®

Detached cdisnumber Viability of detached
(x 108 cellstwell)P) odis(96)P)
24h 48h 24h 48h
Contral 009+ 0176+ 7242 65+7
0017 0017
WithNOC18 0136+ 0259+ 7243 63+8

(400_M)

00009 00179

a): Confluent monolayer of HC11 cellswas cultured with
growth medium containing cytodne arabinoside (1 _ g/ml)

for 24 h prior to thetrestment with NOC18 (400 _ M). The

culture then continued for theindicated periodsin growth
medium with NOC18 and cytosnearabinosde The
number of cdllsin each well was (1.82 + 0.07) x 100 cdlls
a thetime of NOC18 trestmernt.

b): \alues represent meen + SE obtained from three
independent experiments. Each experiment contained 3-5
cultures per replicate

©): Significant difference from control, p< 0.0L.
FigureLegends

Fig. 19. Immunocytochemidry of tight j unction-associated
proteinsin HC11 cdlstreated with NOC18. HC11 cdls
weretrested with (B and D) or without (A and C) NOC18
(400_ M), andthensubj ected toimmunocytochemigtry
with pecific antibodies againgt occludin (A, B) and Z O-1
(C, D), repectively. Photomicrogrgphswere taken under
ether afluoromicrosope (A - D) or adifferentid
interference microscope (a- d).
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37. Risk Factors Associated with
Adverse Effects of Radiotherapy
on Skin among 125 Breast Cancer
Patients - Multi-leaf Collimators,
Histological Evaluation,
Immobilization Devices, or Source
Energy of Irradiation -

Mayumi Iwakawa, Shuhe Noda, Shinji Yoshinaga, Akiko
Nishitani, Takayuki Nozaki,
Shigeru Yameda, Yoshinobu Haradaand Tekashi Imai

Keywords. redictherapy, bresst cancer, adverse effects,
RadGenomics

Caecontrol dudies are known to possess many
advantages when andyzing polymorphisms of genes
induding dngle nudeotide polymorphiams. To apply
caz-control sudies to reveding corrdaions between
genomic vaiability and sengtivity to redidion, the
characteridics and dinicd detals of 125 breest cancer
patients were andyzed, and the associations between these
fectors and adverse effects on skin during rediotherapy
were investigated. Patients were dinicaly scored by grade
defined usng RTOG/EORTC (Radidion Thergpy
Oncology Group and European Organization for Research
and Treatment of Cancer) grading sysem, and dassfied
into two or three groups according to maximum grade
within 6 months. Factors were then compared. Use of
multi-lesf  callimators, immobilization devices and
photor-linec 6 were dgnificantly associated (p=0.008,
0.008 and 0.020, respectivey) with grouping as dther
radiosengtive or non-radiosendtive paients. Higtologicd
evduation was sgnificantly associated with dassfication
as radioresgant or non-radioresigant (p=0.021). Use of
multi-leef  callimators, immobilization devices and
photon-linec 6  differed  dgnificantly  between

radiosengtive, radioresstant and control groups (p=0.028,
0.029 and 0.037, respectivdy). Other factors, such astotd
dosg, totd fraction, totd duration, displayed no significant
assodiaions. These findings suggest that gendtic factors
rather than dinicd stuaions are important for regulaing
radiosengtivity or radioresstance.



38. Chromosomal Instability and
the Abrogated G2/M Arrest in X-
irradiated MDS Cells

Sadayuki Ban, Hitomi Sudo, Masashi Sagara, Tekashi
Imai, Kenji Oda, Masaaki Noda, Ken Kuramoto,
Hideo Tanaka, Akiro Kimura

Keywords mydodysplagic  syndrome  (MDS),
chromosome  ingability, G2/M  arred,
radiation

A preliminary epidemiological study demondirated thet
MDS has an excess rdative risk per devert of 13 in
atomic bomb survivorsin Hiroshima. MDS is the only
other radiogenic blood disease gpart from leukemia
Clinicaly, MDS involves dysplastic hematopoiess and
an increasd risk of leukemic transformation. Because
it is uncertain whether MDS pathogenesis affects
lymphoid progenitor cdls as wel a mydoid
progenitor cdls, we invedigaied the karyotypes of
bone marow cdls and the micronudeus (MN)
frequency in periphera T lymphocytes of aomic bomb
aurvivorswith MDS and normd hedlthy individuds.

Aneuploidy was obsarved in 10 of 23 pdients.
Chromosome abarrations were obsarved in 3 of 12
patients with mild symptoms, and 6 of 11 patients of
svae symptoms  The spontaneouss and
X-ray-induced-MN  frequencies were dgnificantly
higher in MDS patients than in normd individuds.
Interegtingly, radiation sengtivity increased dong with
the severity of MDS clinicd subtypes. Because many
of the patients in this study had not been exposed to
chemo- or radigion- thergoy, ther unusud
radiosengtivity may be related to their chromosomd or
genomic ingability. Immortalized lymphoid cdl lines
were edtablished from B-lymphocytes infected with

Epgein-Bar virus in vitro and exposed to various
doses of X rays Immediatdy after EBV infection,
EBNA-2 and EBNA-LP proteins are produced in host
cdls. EBNA-LP protein binds to the p53 and RB
proteins and inactivates them. Because the G1 arrest in
irradiated cdlsis controlled by p53, the G1 arest isnot
observed in the EBV-infected normd B lymphoid cdls
However, dnce p53 protein is not involved in the
G2/M checkpoint, the cdls arrested in G2/M phase can
be obsaved in normad B lymphoid cdls The
accumulation of cdlsin G2/M phase was larger in the
irradiated normad B lymphoid cdls than in the
irradiated MDS B lymphoid cdlls.

Phosphorylation on serine 10 and serine 28 of histone 3
(H3) isan essntid gep for chromosome condensation
a mitoss. Therefore, the cdls with the phosphorylaed
H3 (P-H3) could be recognized as ones that are passed
through the G2/M boundary. Cdlswith P-H3 could be
detected with anti P-H3 antibody. Immediately after
X-irrediations, decrease of the number of cdls with
P-H3 was observed in the norma B lymphoid cell
population, but not in the MDS B lymphoid cell
population. These results meant tha the damaged
MDS-B cdls entered into the mitogs without delay at
the G2/M boundary. Condensation of the dameged
chromain may cause various types of chromosome
abarations such as acentric fragment, reciproca
trandocetion, dicentric chromosome ec. Thee
chromosomd  rearangements may cause the
unbalanced chromosoma segregetion, leading to the
chromosomd ingability. Our data suggested that the
control of chromosoma gability was impaired in
pluripotent stem cdls of MDS patients, and thet the
aorogaed G2/M aret may be involved in the
pathophysology of disease progresson and the
unusud radiation sendtivity of patients blood cdlls.



39. yH2AX Foci Formation in X-
irradiated Human Cells with
Varying Radiosensitivity

Masashi Sagara, Sadayuki Ban, Hitomi Sudo, Ryuichi
Okayasu, Yoshinobu Harada and Takashi Imai

Keywords: yH2AX, radiosensitivity, DSB

DNA double-strand breaks (DSBs) induced by
ionizing radiation represent one of the most serious
damages which can occur in living cells.
Immediately after the DSB occurs, Ser-139 of histone
H2AX in the vicinity of DSB is phosphorylated by the
ATM kinase. The phosphorylated H2AX (YH2AX)
can be observed as a focus with an
immunohistochemical staining using anti-yH2AX
antibody. It is also known that each focus
corresponds to one DSB and remains until the DSB is
rejoined.

Using the immunohistochemical method, we
compared the amount of YH2AX at various times after
X-irradiation among cell lines with different radiation
sensitivities. Foci appeared in less than 3 min after
2Gy-irradiation. The number of foci reached the
maximum at 30-60 min after irradiations. However,
there was a clear difference in the reduction speed of
foci between the radiosensitive cells and the
radioresistant cells. Disappearance of foci in the
radioresistant cell lines was faster than that in the
radiosensitive ones. At 12 h after X-irradiation, few
foci were observed in the radioresistant cells, while
many foci remained in the radiosensitive cells.
HCC1937 cells have mutations in BRCA1, and AT
cells, in ATM. Ligase IV is defective in 180BR cells.
BRCA1, ATM and ligase IV each play a key role in the
repair pathways on DSBs.  Therefore, these three cell

lines have an unusual radiosensitivity. YH2AX study
demonstrated that the DSB rejoining activity in these
cell lines was lower than that in the normal human cells.
We found that one of 32 esophagus cancer cell lines
had an unusual radiosensitivity and reduced rejoining
activity,. ~ Our preliminary data suggested that
DNA-PKcs of this radiosensitive cell line might have
genetic or epigenetic alteration. Our data suggested
that the rejoining activity on DSBs roughly correlated
with the cellular radiosensitivities. To predict the
cellular radiosensitivity more precisely, we are trying to
establish the method to quantitatively measure the
amount of yYH2AX.



40. Expression Profiles of Genes Related with
Radiosensitivity Indicating Strain Difference
in Three Strains of Mice

Shuhe Noda, Mayumi Iwekawa, ChisaKitazawa,

Toshie Ohta, Miyako Goto, Yoshinobu Haradaand Tekaghi

Ima

Kewords radiosengtivity, mouse, drain  difference,
microarray, expresson profile

It is wel known that there is an interindividud
difference in radiosusceptivity caused by genetic factors
and dde effects of radiothergpy are due to this difference.
Andyds of murine drain differences might provide an
dternative tool to reved the mechanism of interindividua
radiosengtivity.

Herewe andyzed large-scde gene expression prafiling
of lung to reved transcriptiond regulation following
irradiation. Three drains of A/J, C3H/HeMs (C3H) and
C57BL/6J (B6) mice were irradiated in their thorax and
transcriptome andyss of lung was performed a three
time-points by means of cDNA microaray. Ratio of
expression level between drains was cdculated from the
aray result. 131 genes for C3H:B6 and 115 for A/JB6
meet our screening criteria It is interesting that there are
some genesrelaed to immune response or musdefiber.



41. Gene Expression of Detoxifying
Enzymes in AhR and Nrf2
Compound Null Mutant Mouse

Shuhei Noda, Nobuhiko Harada, Azumi Hida, Yoshiaki
Fujii-Kuriyama, Hozumi Motohashi and Masayuki
Yamamoto
Keywords xenobiatics, Phase| enzymes, Phase |l enzymes,
gene knock-out mouse, 3-methylchoranthrene, butylated
hydroxyanisole, phenobarbital
The aylhydrocarbon receptor (AhR) regulates the
expression of cytochrome P450 (CYP)-1 gene family
members which catadyse xenobiotic Phase | metabolism,
while Nrf2 exets the concerted regulation of Phase I
enzyme genes We generated AhR and Nrf2 compound
null mutant mice to examine the integrated function of
AhR- and Nrf2-regulated enzymes in detoxification.
Furthermore, we usad this mouse modd, by adminigtering
three different dasses of chemicd inducers to examine
how xenobiotic metabalism may be influenced in the
absence of dgnds transduced by AhR or Nrf2. The
compound mutant mice responded only weskly to AhR
ligand or Phase Il inducer, while they digplayed a dear
response to phenobarbitd, an inducer of the CYP2B family
through another, unrdated transcription factor.  Here, we
report an initid characterization of the AhR-Nrf2 double
mutant mice, which may serve as a Smplified bioassay
sysem to evduae xenchiotic toxicity and metabolic
biotrandformation of various drugs and environmenta
chemicads



42. Radiation-induced chromosomal
instability in lymphocytes of cancer
patients

Hitomi Sudo, Sadayuki Ban, Masashi Sagara, Chika
Knonomi, Shuhel Noda, Yoshifumi Matsui, Mayumi
Iwakawa, Yoshinobu Harada, John B. Cologne, and
Tekashi Ima;

Keywords chromosomd ingability, radiosengtivity,
micronucleus assay, lymphocytes, cancer patient

When chromosomes or acentric chromosome
fragments fal to be incorporated into the daughter
nuclei during mitosis, they form micronude in the
cytoplasm &fter one cdl divison. To discriminate the
dividing cdls and nondividing cdls the
cytokinesis-blocked micronudeus (CBMN) assay was
established by Fenech et al. The CBMN assay hasbeen
extensvely used to evauate the radiation sengtivity of
human individuals. Using the CBMN assay, Scott et al.
demondrated that the rediation sengtivity of afraction
of breast cancer patients was higher than that of normal
individua population. However, Vra e al. were very
skeptical about the findings of Scott et al. The purpose
of this work is to tes the hypotheses tha the
chromosomd  ingability in cancer patients cels is
higher than thet in hedthy individuds cdls, and that
the population of cancer paients may include more

radiosengtive individuds than a generd population.
With the gpprova from the ethica committee of NIRS,
peripherd blood was obtained from 46 normd hedthy
femdes (age; 21-58), 131 breast cancer paients (age;
28-74), 32 carvica cancer patients (age; 39-80) and 7
femde head & neck cancer paients (age; 51-69).
Radiosengtivity of T-lymphocyte was determined with

an CBMN assay. Spontaneous MN freguencies in
cancer pients were dgnificantly higher then hedlthy
individuds (p < 0.001). Radiaion-induced MN
frequencies of breast- and head & neck-cancer patients
were sgnificantly higher than normd individuas (p <
0.001). However, the induced MN frequencies of
cervicd cancer patients were sgnificantly lower than
those of hedthy individuds (p < 0.001), though the
datidicd power was very week because of smdl
number of cases. We are conddering that the HPV
infection lowered the radiaion sengdtivity of
immune-responsble cdls, becauseit iswiddy beieved
that one key mechanism which leads to gpontaneous
micronucleus formation involves an imbaance of
chromosoma segregation. Our results suggested the
radiation-induced chromosoma ingtability in cancer
patients lymphocytes was grester than that in norma
individuds lymphocytes. Recently, severd reports
suggesting that the SNPs on DNA double-gtrand bresk
repair genes affect the cancer susceptibility or cancer
proneness have been published. Kuschd & al
demondrated that the ratios in two SNPs on XRCC3
were sgnificantly different between cancer patients and
hedthy femades. Then, we can suppose tha the SNPs
vaidion in radiation-relaed geneswith low penetrance
may enhance the risk of mammary- and head &
neck-tumorigenesis and the radiation susceptibility of
patients periphera lymphocytecdls



43. Developmental Responses of Two
Substrains of in Vitro Fertilized C57BL/6J
Mouse Embryos to Oxygen and Amino

acids

Sdiji Kito, Yoshiko Noguchi*, and Yuki Ohta*
(* Science Services)

Key words C57BL/6J inbred mice, in vitro
devel opment, mouse embryo

Inbred C57BL/6 grain of mice is the mogt widely used
inbred dran of mice for medicd research.
Establishment of embryo manipulation of this srain is
advantageous for tranggenic technology i.e. production
of gene-modified mice. In this sudy, developmentd
response of in vitro fertilized embryos to oxygen and
amino acids were compared between in-house bred
C57BL/60Nrs (Nrs) and commercidly avalable
C57BL/6JHc (Sc) mice. Under 20% oxygen, the
percentage of embryos that developed to blastocysts
and expanded blastocydts, and nuclear numbers were
lower in Scembryosthanin Nrsembryos.  Moreover,
the nuclear number did not increase in Sic embryos
during 72-96 h culture.  Effects of amino acids were
beneficid on devdopment of Sc embryos under 20%
oxygen, but inhibitory on blastocod formation a 78 h
under 5% oxygen. On the other hand, effects of
amino acids on Nrs embryos were observed in nuclear
number & 72 and 78 h culture under 5% oxygen.
Because the present sudy showed differences in
sengtivity to culture conditions between the C57BL/6J
subgtraing, care mugt be taken in embryo manipulation
of thisinbred drain in sudies of embryo development
or other sudies.

Publications:
Kito, S., Noguchi, Y., Tateno, S. and Ohta, Y.: J. Manm

OvaRes, 19, 32-38, 2002.
Kito, S,, Noguchi, Y.and Ohta, Y.:  Exp. Ani., 52,
63-66, 2003.
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Genes of Bombyx mori
Using an EST Database
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Keywords EST, expresson, phylogendtic analyss,
tedtis, wing disc

Tubulin is one of the most widespread classes of
multiprotein families and is well known to construct
microtubules with two different subunits, o- and
B-tubulin. In the course of genome analysis of
Bombyx mori, we have constructed an EST-database
by large-scale sequencing of clones that were randomly
selected from cDNA libraries of various tissues and
organs belonging to different developmental stages.
Using this EST-database, we have identified four types
of B-tubulin gene and three types of o-tubulin gene.
Based on the analysis of deduced amino acid
sequences, we have determined the phylogenetic
relationships of tubulins between BombyX and
Drosophila melanogadter as well as two other moth
species, suggesting that each tubulin is classified into at
least three distinct subfamilies: a ubiquitously
expressed one, a developmentally regulated one and a

testis specific one.



45. Diminished Levels of Allelic
Losses by Homologous
Recombination in Radiation-
hypersensitive Cells
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(*Kyoto Univ., Radiat. Biol. Ctr., *Tottori Univ., Fac. Med.,
3inki Univ., Fac. Biol. Tech)
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Mitatic recombination (MR) due to somatic
crossing-over is a predominant mechanism for dldic losses
in mammalian cdlls either oontaneous or radiation-induced.
A <Hectable mutation assay accompanying red-time
detection PCR was developed to andlyze the second step in
loss-of-function mutations, using a human lympho-blastoid
cdl line deived from an obligae heterozygote of
2,8-dihydroxyadenine urolithiass,
adenine-phospho-ribosyltransferase  (APRT)  deficiency
with a nonsense mutation at exon 3 of thegene. 68 % of
spontaneoudy arising 2,6-diaminopurine resistance (DAP)
mutant clones were associated with loss of heterozygosity
(LOH), while 92 % of 2 Gy gammearray induced mutant
clones were s0 asociated.  Invedtigation of gene dosage
reveded that about one hdf of the spontaneoudy arising
mutant clones and two-thirds of those induced by
gammarays showed reduction to homozygosty of the
conditutiondly inectivated APRT dlde. In an aaxia
telangiectasia (AT) cdl sublinein which anew inactivation
mutation had been introduced into one APRT dlde by
ICR-191, MR rardly occurred and deletion exclusvely

predominated in both spontaneous and X-ray induced DAP
with LOH. A smilar assay system was aso developed
with C3H mouse FM3A mammary tumor cdls, SR-1,
carying a C->T trandtion & exon 5 of one APRT dlde.
In an XRCC7 (DNA-PK) deficient subline of SR-1, SX9,
gpontaneous mutation frequencies for the Aprt locus (8AA)
was 10° which was about 10 times higher then that in
paentd SR-1 cdls. Mutdion frequencies induced by
X-rays increased comparably in a dose-dependent manner
for the Aprt locus in both cdl lines.  Agang our
expectation, the lack of an NHEJ pathway for DNA double
strand breek repair caused a lower proportion (11.1 %) of
MR with deetions (77.8 %) as the mgor molecular cause
for BAA" mutation, while virtudly al 8AA" mutant clones
were MR inthe control SR-1 cdls.  Factorsinfluencing the
mode and the proportion of MR together with ther
biologicaly purpossful regulations should be further
pursued, since this type of genetic event can well be a
rate-limiting step of radiation carcinogenesis.
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46. Polymerase Chain Reaction with a Primer
Pair in the 16S-23S rRNA Spacer Region
for Detection of Mycoplasma pulmonis
in Clinical Isolates
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Matsushita, Hideki K obayashi?and Koshi Yamamoto®
(lwate Univ. ; 2NIAH)

Keywords: Mycoplasma pulmonis (M. pulmonis),
16S-23SrRNA intergenic spacer region (SR),
polymerase chain reaction (PCR)

To develop adiagnogtic tool to identify Mycoplasma
pulmonis (M. pulmonis) in clinica isolates, we
developed apolymerase chain reaction (PCR) assay
using primers pecific for the 165-23S rRNA intergenic
spacer region (SR) of M. pulmonis. One pair of PCR
primers reacted specificaly with two reference strains of
M. pulmonistested and seven samplesisolated from
naturdly infected rats. The primer pair did not produce
PCR products of the correct size from any other rodent
or human mycoplasmas or cellular DNA from rodent
lung. Specificity of the PCR assay was confirmed by
Southern blotting with probe specific for the SR of M.
pulmonis. The PCR assay for detection of M. pulmonis
established in this study is suitablefor diagnosisof M.
pulmonisinfectionin clinical cases.

Publication:

Takahashi-Omoe, H., Omoe, K., Sakaguchi,
M., KameokaY., Matsushita, S., Inada, T.:
Comp. Immunoal. Microbial. Infect. Dis. (in
press).



47. Analysis of Protein Expression
by Mammalian Cell Lines Stably
Expressing Lactate
Dehydrogenase-Elevating Virus
ORF 5 and ORF 6 Proteins

Hiromi Takahashi-Omoe, K atsuhiko Omoe?,
Masahiro Sakaguchi?, Yosuke Kameoka’, Satoru
Matsushita and Toshiki | nada’

(Ylwate Univ.; NIID)

Keywords:. lactate dehydrogenase-elevating virus
(LDV), ORF5, ORF6; VP-3, M/VP-2, sable

expression

Lactate
(LDV) has a strict species-specificity. Because

dehydrogenase-elevating  virus

only a subset of mouse primary macrophages has
been identified that can support LDV replication in
vitro, the precise molecular mechanism of vira
entry and replication remains unclear. To analyze
the LDV envelope proteins, which probably
mediate vira attachment to the host cell, we
developed a mammaian system for stable
co-expression of LDV open reading frame (ORF)
5- and ORF 6-encoded proteins (ORF 5 and ORF
6 proteins), which correspond to envelope VP-3
and M/VP-2, respectively, and compared these
expressed proteins to the native ones. Western
blotting analysis combined with N-glycanase
digestion revealed that ORF 5 and ORF 6 proteins
were similar in size to native VP-3 and M/VP-2,
and that ORF 5 protein was N-glycosylated, like
the native VP-3. Immunofluorescence microscopy
revealed that both ORF 5 and ORF 6 proteins were
distributed throughout the cytoplasm and were

colocalized in most cells. Moreover, ORF 5
protein was localized both in the perinuclear
region and the Golgi complex and transported to
the cell surface. This mammalian expression
system in which the exogenously expressed
proteins closely resemble the native proteins will
provide the experimental basis for further studies
of the interactions between LDV envelope proteins
and host cells.

Publications:

1) Takahashi-Omoe, H., Omoe, K., Sakaguchi, M.,
Kameoka Y., Matsushita, S., Inada, T.. Comp.
Immunol. Microbiol. Infect. Dis. (in press).
2) Takahashi-Omoe, H., Omoe, K., Sakaguchi, M.,
Kameoka Y., Matsushita, S., Inada, T.. Comp.
Immunol. Microbial. Infect. Dis. (in press).



48. Murine Pre-B-Cell Lymphomas
Following Injection of
Plutonium Citrate in
Comparison to MNU-Induced T-
Lymphoblastic Lymphomas

Y oichi Oghisoand Y utakaY amada

Kemords  lymphoma,  immunohistochemidry,  drain
difference, alpha partide, alkylating agent

Internd rediation exposures by bone-seeking radionuclides
occasondly induce maignant and systemic lymphomasin
mice other than specific ostensarcomas, dthough the entity
of their pathologicd festures and differencesfrom those by
externd radiation exposures or chemicd carcinogens are
not fully ducidated. Lymphoid neoplasms occurring in
three different (C3H/He, C57BL/6, and B6C3F1) drains
of femde mice dter injection of the bone-seeking and
adpha-emitting radionudlide, 239pu citrate, were compared
by immunohisochemidry with those from the dkylaing
agent, N-methyl-N-nitrosourea  (MNU)-injected mice.
Therewas avaiey of phenotypes from dther T-cdl to B-
cdl or higiocytic lineages in lymphoid neoplasms of the
contral, sdine-injected mice from three drains.  While
dran differences were noted in the incidence and
proportion, many lymphoid neoplasms occurring early
after Z39PHinjection were, however, characterized by
B220 * phenotypes but negative for both T-cell-speific
markers (Thy 1, CD3) and B-cdl markers (CD5, CD19,
CD79%) to be dasdfied into preB-cdl lymphomas
derived from progenitor B-cdlls.  In contragt, dmog dl
the MNU-induced lymphomas were shown to be CD3 *
or rarely Thy 1%, and B220 - T-lymphoblastic lymphomeas
These reaults indicate differences in immunophenctypic
expresson but aso might reflect different carcinogenic

proceses between chemicd- and  radiationinduced
murine lymphomeas.

Publication:
Oghiso, Y. and Yameda, Y.: J. Toxicdl. Pathal., 16, 93
102, 2003.




49 Life Span and Spontaneous Tumors
Incidence of the Wistar Mishima (WM/MsNrs)
rat

Saoshi Fukudaand Haruzo lida

Keywords life gpan, spontaneous tumor, Widar Mishima
(WM/nrs) rat

The life spans and spontaneous tumors in a totd of
1960 Wigar Mishima (WM/Nrs) rats inbred drain, a
80-130 th generdtions were examined. The average life
goan (mean £ SD) was 731 + 173 days (n = 1053) in the
maes and 813 = 214 days (n = 907) in the femdes
(p<0.0001). The average life span of the tumors-&fflicted
femdeswas sgnificantly longer then thet in the non-tumor
group (p<0.0001), while no such difference was observed
in maes. Tumors were observed in 33 maes (3.1%) and
246 femdes (27.1%). In the mdes, tumors were often
obsarved under the skin (2.2%). Frequencies of tumorsin
lung and liver, bones and intesine werelessthan 0.5 %. In
the femdes, incidence of mammary tumors was 20.1%,
and various organs such as ovaries, uterus, bones, lung,
and liver had frequencies of lessthan 3.5 %. It isconcluded
thet WM/Nrs rats might be suitable for life span and
age-rdaed gudies because of the characteridtics of length
of longevity and low incidence of spontaneous tumors of
both s=xes.

Publication:
Fukuda, S. and lida, H.: BExp. Anim. 52, 173-178, 2003.
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50. Spin Trapping Reagents as
Radioprotectors against Whole Body X-Ray
Irradiation of Mice

Kazunori Anzai, Masako Furuse, AzusaMasuyamaand
Nobuo Ikota

Keywords: spin trapping, radioprotector, X-ray irradiation,
mouse

Soin trapping resgents ae usad for ESR
measurements of short-lived free radicals by extending the
lifetime of the radicds via formation of spin adducts.
Since the sin trapping reagents react with free radicds,
they can be regarded as scavengers of free radicas from
another viewpoint.  They may function as antioxidants to
Inthe

in vivo

protect injuries related to reactive oxygen oedies.
present  study,
radioprotection of spin trgoping reagents agang whole
body X-irradiation of mice.  The reagents examined are
DMPO (55-dimethyl-1-pyrroline-N-oxide), DEPMPO
(5-diethoxyphogphoryl-5-methyl-1-pyrroline-N-oxide),
PBN (N-t-butyl- a -phenylnitrone), and POBN («
-(4-pyridyl-1-oxide)-N-t-butylnitrone) asshownin FHg. 19.
The soin trgpping reagents were administered
intrgperitonedly to mice (C3H, male, 10 weeks old) and
the mice were irradiated with X-rays @ the totd radiation
dose of 8.0 Gy with the radiation dose rate of 0.6 Gy/min.
PBN and POBN showed sgnificant radioprotection,
wheress DMPO and DEPMPO showed only dight
radioprotection.  The radioprotection by POBN wes
dose-dependent and the dose of 450 mg/kg, which shows
no acute toxicity, was chosen as the sandard dose for later
experiments.  POBN injected & 60-120 min before the
X-ray irradigtion showed the highest radioprotective
activity, whereas injection after the X-ray irradiaion
showed no effect. Dose reduction factor (DRF) of

therefore, we examined

12

(I1-E-1)

POBN administered at 450 mg/kg was messured as 1.3.

Since the radioprotection is observed only when the
reegents were adminisered before the irradiation, the
primary action of the spin trgoping resgents may be
quenching of the free radicds. However, the effect is
different among the reagents examined dthough the spin
trapping activity of themisnot very different and rdaivey
long period before the irradidion is required for the
protective effect.  Therefore, some pharmacologica
action in addition to the radicd quenching might be
responsiblefor the radioprotection.
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Fg. 19. Structure of spin trapping reagents usad in this
study.
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51. Adaptive Response in Embryogenesis: V. underganding of AR induction and they suggested thet

Existence of Two Dose-Rate Ranges for the influence of dose rate should be teken into condderaion
Same Priming Dose to Adapt Fetal Mice regarding making radiothergpeutic protocols as well as seiting
Sandards of radiation protection.

Bing Wang, Harumi Ohyama, Yi Shang, Masako Nose, Telsuo
Nakgiama, Osami Yukawaand |samu Hayata

Keywords embryogeness, radigtion, adaptive response,
doserate range, mouse

Radicadaptive response (AR) manifests an  important
phenomenon in radiobiology. Research on the essentid
conditions for RA induction is of critical sgnificance, and has
with an impact on understanding nove biodefense
mechaniams againg hazardous effects from irradiaion. This
paper reports the firg time evidence on the exigence of two
doserate ranges for the same priming dose of irradiation to
successfully induce the AR in uterus in fetd mice. A dose of
0.30 Gy given to the fetuses on embryonic day 11 (E11) wes
adopted asthe priming dose according to our previous study. A
dose of 350 Gy adminidered to the fetuses on E12, which
aone could lead to the desth of dl neonates within the first
posinatd week, was chosen as the chdlenging dose. Induction
of gpoptads in the predigitd regions of fetd limb buds,
incidences of fetd limb maformations and prenatd fetd degth,
and podnad surviva of neonaies were employed as the
biologica endpoints. The doserate effectsin arange from 0.06
Gy/min to 500 Gy/min of the priming irradiation on RA
induction wereinvedtigated. The effectiveness of AR induction
was corrdated to the doserate in neither anorma nor areverse
doserae efect manne, namdy, priming irredidion a a
dose-raterange ether from 0.18 t0 0.98 Gy/min or from 3.50to
4.20 Gy/min could successully adgpt the fetuses, while giving
another dose rate dway's lead to falled AR induction. Results
indicated that dose rate of priming irradiation played a crucid
role in AR induction. These findings provided specific
informaion on dose rae to complement the current



52. Radiation-Induced Teratogenesis in the
Late
Period of Organogenesis in Mice: Dose
Rate Effects

Bing Wang, Harumi Ohyama, Yi Shang, Kaoru Tanaka,
Shiro Aizawaand |samu Hayda

Kemords doserate effect, apoptoss, teratogenesis,
organogenesis, mouse

The irradiation of fetuses a the late period of
organogenesis has been known to induce a dramdic
increese in maformations. The mechanisms involved,
however, have remained undear. Using the mouse limb
bud system, wefirst found that radiation-induced apoptoss
isinvolved in theinduction of limb mdformation, namdy,
radigion-induced apoptosis in the predigita regions of
embryonic limb buds is responsible for digita defects in
mice. To investigate the possible dose-rate effects on these
radiation-induced phenomena, 35 Gy of X-rays & dose
rates ranging from 0.06 to 5.00 Gy/min was given to ICR
mice on geddion day 12. The dose rae of radigion
dramdicaly afected the consequences of the experiment.
Percentages of dive fetuses, maformed fetuses among the
dive fetuses and podnatd survivd were dgnificantly
higher in the ICR mice irradiated with 35 Gy a the dose
rates from 2.82 to 3.50 Gy/min when compared to those
that recaived the same dose but a other dose rates. The
biologica effect as afunction of dose rate appeared like a
U shape curve. This phenomenon could not be described
or evduated by cdculding the doserde effectiveness
factor. Contrary to both normd and inverse doserae
effects, which have a regular order of tendency, the
doserate effects observed in the present sudy seemed to
have an irregular order. As the duration of irradiation a
different dose ratesin the present sudy waswithin 1 h, the

results could hardly be smply attributed to the change of
cdl kindics Further dudies need to be done on the

mechaniams underlying the phenomenon.



53. Comparative Study on Tp53 Mutations in Rat
Lung Tumors Induced by Inhalation
Exposure to Alpha Emitters and X-ray

Irradiation

Yutaka Yameda, Yoichi Oghiso, Shingo Nekamural,
Jean+-Paul Morlier?, Krigell Guillet®,

Paul Fritsch®, Nicolas Dudoignon” and Georges
Monchaux®

(IES; 2LCE/DRRICEA; *LRT/DRR/CEA; IRSN,
France)

Keywords Tp53, mutation, plutonium, neptunium, radon,
X-rayirradiation, rat, lung turmor

The purpose of this Sudy isto compare the frequency and
type of Tp53 mutations in rat lung tumors after inhdation
expoaures to three different apha-emitters, “°Pu0, (Pu),
ZINpO, (Np) and 2Rn (Rn). In addition, Tp53
mutations of X-ray-induced lung tumors ae dso
compared with the high LET radiation-induced tumors.
Genomic DNA was extracted from tumor Stes of
paraffinrembedded sections of thetumors.  Exon 5to 8 of
Tp53 were amplified individualy from the extracted DNA
by PCR method. The exons were amplified in 16 cases of
Pu-, 22 cases of Np-, 15 cases of Rn- and 33 cases of
X-ray-induced tumors, repectivdy.  PCR products were
andyzed for mutations utilizng SSCP and direct
sequencing method.  Point mutetions within exon 6 a
codon 219 (G to A trangition) and exon 8 a codon 266 (C
to T trangtion) were detected from Pu-induced tumors.
Only one point mutetion was found in Np-induced tumors
within exon 5 a codon 175 (C to T trangtion) and in
X-ray-induced tumorswithinexon 6 a codon 224 (Cto T
trangtion). No mutations, however, were found in
Rrrinduced tumors (See Table 2).  These resultsindicate
that the mutation frequencies of the TpS3 are inconsgtent

among the rat lung tumorsinduced by different irradiation,
and G:C to A:T trangtion is a common mutaion in Tp53
of the tumors  The fact that low frequencies of Tp53
mutation were obsarved in the radiation-induced lung
tumors indicates thet the abnormdlities of the TpS3 might
not be so citicd for the pulmonary carcinogenesis,
dthough other carcinogenic process for genetic and/or
epigendtic changes might dso be rdated to the rat lung
tumorsinduced by dpha-emittersand X-rays.



Yutaka Yamada,
Internal Radiation Effects Research Group

Table 2. Tp53 mutation in rat lung tumors after inhalation of apha emitters and X-ray irradiation

Radiation source BI; P?;ggggdp modi?fecr?lsjézt&ggies (%) Mutation types

239Pu02 16 2 (12.5) Exon 6 codon 219, GAG-AAG
Exon 8: codon 266, GAC-GAT

23'NpO, 22 1(4.5) Exon 5: codon 175,CCC-TCC

222Rn (+BNF) 15 0(0)

X-ray 33 1(3.0) Exon 6: codon 224, GGC-GGT

(BNF: beta-naphthoflavone)



54. Pulmonary Carcinogenesis in the Rat
Following Inhalation Exposure to Plutonium
Dioxide in Comparison to X-ray Irradiation

Yoichi Oghisoand Y utaka Y ameda

Kemords lung tunor, rat, 239y, X-ray, reative
effectiveness

Radiation-induced pulmonary carcinogenesis was
compared in atotd of 1,200 femde Widar rats following
dther inhaation exposure to apha-emitting 239Pu02
agrosols, or whole-body and thoracic X-ray irradition.
No sgnificant differences from the unexposad contral rats
in survivd periods and lung carcinoma induction were
obsarved a the lowest dose of 0.16 Gy in 23%Pu-exposed
rats, but dose-dependent survivad reduction was corrdated
with increesed mdignant lung carcinomeas a the doses
over 0.45 Gy, reeching the maximum incidence of 90 % a
66 Gy. While differentid dose regponses for each
hisopathologicd type of tumors were noted, dmogt 70-
80 % were carcinomas among al the primary tumorsfrom
23%yexposed rats  As the dose response curves for
lung carcinomes were compared, the dope of thefit lineer
equation and the caculated rdlative effectiveness for 50 %
inddence of lung carcinomas were goproximately 11
times as high in 239Pu-exposure as those of thoradic X-
irradigtion.  The numbers of tumor lesons digributed in
the lung per tumor-beering animd were about 2-fold more
in 23%u-exposed rats, while the proportions of their
higopathologicd types were dmogt dmilar  between
239p-exposure and X-irradiation.  Theseresuitsindicate
tha maegnitudes of rdaive effectiveness or risk for
pulmonary carcinogenes's are gregier in 23'>9Pu-e><pos~|re
than X-irrediation, and thet radiation-induced lung tumor
types gopear to originate mogly from the same target
epithdid cdls

Publications

1) Oghiso, Y. and Yameda, Y .: J. Redid. Res, 43, 301-311,
2002.

2) Oghiso, Y. and Yamada, Y . J. Rediat. Res. 44, 271-280,
2003.



55. Specific Induction of Osteosarcomas in
Different Mouse Strains Following Injection
of Plutonium Citrate

Yoichi Oghisoand Y utaka Y ameda

Keywords: bone tumor, soluble 239py, strain difference,
mouse

Lifetime bone tumor induction by injection of a
bone-seeking apha-emitter, 23%Pu ditrate, was compared
among a totd of 630 femde mice from three drains
(C3HMHe, C57BL/6 and B6C3F1) showing different
gendic background for spontaneous and rediation
cacinogeness. Bone tumors, modly osteosarcomis,
appeared rddivey early during the periods from 200 to
600 days after the injection of 239Pu, showing an dmost
Smilar dose respongveness with a pesk incidence of 50 -
63 % a the skdetd doses of 2-3 Gy, in dl the gtrains of
mice  The primary dtes of bone tumors from these
grains of mice were aso predominantly distributed in 80 -
90 % of the skdetd bones induding vertebra, femur and
tibia which had well-developed trabecular bone surfaces
and large vascular Snusoids. Higtological gppearances of
ogteosarcomeas from three gtrains of mice were commonly
characterized by an irregular growth of ogteoblagts dong
or indde endoged bone surfaces accompanied by
trabecular bone formation.  The frequency of lymphoid
neoplasams was sgnificantly lower than the control levels,
while some gppeared egrlier @ the higher injected doses
than those of the contros Fewer or no mydoid
leukemiaswerefound in dl the control and 239Pu—injected
animds, and the incidences of other s0lid tumors rather
decreased, reaching zero a doses where the maximum
incidences of bone tumors were noted.  These findings
indicate that ogeosarcoma is the only specific tumor
commonly observed among different mouse drans
fallowing theinjection of soluble plutonium compounds.

Publication:
Oghiso, Y. and Yamada, Y.: J Redid. Res 44, 125132,
2008.



56. Induction of DNA Double Strand Breaks in
Scid Cells by Carbon lons

Tasuya Shimaseki*, Makoto Ihara*, YoshiyaFurusawa,
and Yutaka Okumurat
(*Kumamat Univ.)

Keywords DNA double strand breek, scid cdll, DNA-PK,
repair, high-LET radiation

The DNA double strand bresks (DSBs) induced by
X-ray and carbon ion beam irradiation in scid cdls were
andysed using pulsed-fild gel dectrophoresis Scid cdlls
and hybrid cdls were ided to study the DNA DSB repair
mechaniams, because ther gendlic backgrounds were
identicad except DNA-PK adtivity. Induction of DNA
DSBswas determined after exposure to X-raysand carbon
beams DNA DSB repar was by biphadc kinetics with a
fag and a dow component. For scid cdls only a dow
component was obsarved, wheress the kinetics of DSBs
repar was biphadc with afast and a dow component. It
was conduded from the experimenta datathat the induced
DSB rgoining in stid cdls was due to the lack of
DNA-PK attivity.

Publication:
Shimeszki, T., lhara, M., Furusawa, Y., and Okumura, Y.
Radiat. Protec. Dosm 99, 155-157, 2002.



57. Effects of a Human Dose of Ca-DTPA on
Removal of Different Amounts of Plutonium
from the Rat

Saoshi Fukuda, Xuemig Yan and Haruzo lida

Keywords daily recommended humen dose of
Ca-DTPA, plutonium removal, chdation therapy;
rat, urinary plutoniumexcretion

The effects of the daily recommended humen dose
(1 g per 70 kg body weight=30 Omal/kg) of cdcium
diethylentriaminepentaacetic acid (Ca-DTPA) on removd
of plutonium from rats injected with different amounts of
plutonium were examined. Sixty femde widar rats were
prainjected with doses of 0.185, 0.37 and 3.7 x10°Baykg of
plutonium as a nitrate, and haf of the rats of each dose
group were injected with 30 CJmol/kg of Ca:DTPA for 3
days, beginning 1 h after plutonium injection on the firgt
day. The 24-h urine and feces of rats were collected. The
amount of urinary plutonium excretion in the CaDTPA
groupswasfound to be significantly greater than thet inthe
respective corregponding control groups on days 1-3. The
amount of urinary plutonium excretion in the CaDTPA
group on the 1t day was incressed in response to the
plutonium injected dose (corrdation coefficient: r=0.628,
vs. r=0.573 in the contral group, that accumulated in the
CaDTRA group for 3 dayswas r=0.800 vs. r=0.669 in the
control group), whilether rates of plutonium injected dose
were decreased. Such findings were not obtained in the
feces messurements. In conduson, the recommended
human dose of CaDTPA as chdaion thergoy enhances
plutonium excretion for increasing plutonium intake,
however the excreted rae of plutonium intake is
decreased.

Publication:

Fukuda, S, Yan, X. and lida, H.: Jpn. J. Health
Phys, 37, 158-161, 2002.
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58. Imaging of Each Compartment in PET
Dynamic Study with Dual Tracer
Injection and 2-Input Compartment Model

Yoko Ikoma', Hinako Toyama, Akihiko Uchiyama
(Waseda Univ.)

Keywords podtron emisson tomography (PET),
kinetic analyds, 2-input compartment model

Aim: PET kinetic andysis with dud tracer injection is
being devdoped which can assess two different
functions, such as cerebra metabolite rate of glucose
and digribution volume of benzodiazepine receptor, at
the same time, under the same conditions. We
investigated the rdiability of parameter estimates for
various injection protocols and evauated the
posshility of generating each compartment’s kinetic
images with a 2-input compartment mode by means of
acomputer smulation.

Methods. The reation between the rdiability of
parameter edimates and injection interva of two
tracers or between the religbility of parameter estimates
and adminidration dose rétio of two tracers was
investigated in the computer Smulaion sudy, and the
injection protocol for reliable estimation was evaluated.
Smulated decaying tissue time activity curves were
generated with true k-vaues and input functions by
usng the 2-input compartment modd for various
injection intervas and adminigration dose ratio of two
tracers, and the noise which depended on the collected
total count was added to each time activity curve. From
these activity curves, the rate congants were estimated
by nonlinear least square method, and the reiability
was evauaed by the mean of dosolute differences
(MAD) between the true and estimated vaue for one
thousand runs. With the optima injection protocol

(IV-1)
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determined from the smulation study, dynamic digita
phantom was cregted, parameters were estimated pixel
by pixd, and each compartment’s activity images of
both tracers were crested.

Reaults The rdiability of paamee etimates for
various injection protocols were compared, and it was
found that parameters could be estimated religbly when
the second injection was darted 15 minutes later. The
rdiability did not depend on the adminigration dose
ratio of the two tracers. In the case of [®*F]JFDG and
["C]flumazenil, the MAD of parameters reflected the
cerebrd metabalite rate of glucose or the digribution
volume of receptor was under 10% & the 5% noise
level. The radioactivity image of each compartment
represented the accumulaion of two tracers.
Condusion: In the dmulation sudy, the rate condants
of two tracers were able to be estimated Smultaneoudy
by 2-input compartment model, and the possibility of
kinetic andysisfor dud tracer injection was shown.



59. Regional Differences of Relationships
between Atrophy and Glucose Metabolism
of Cerebral Cortex in Patients with
Alzheimer’s Disease

Hingko Toyama Shinya Kanekiyo', Koji Uemura,
Kazunari 1shii* and Kenji Ishii®

(*Waseda Univ.; Hyogo Institute for Aging Brain and
Cognitive Disorders, *Tokyo Metropalitan Indtitute of
Gerontology )

Kemords podtron emisson tonography  (PET),
magnetic resonance imaging (MRI), Alzhamer’s disease,
atrophy, cerebral cortical glucose metabolism

Aim: The purpose of this pgper isto esimete a corrdeion
between the extent of arophy and the dedline in the brain
function measured with PET study on each brain lobe
among patientswith Alzheimer’sdiseese.

Materials & Mehods Two groups, the normd controls
(mde 8, femde 22 age 62.4+ 4.9) and the patients with
Alzhdmer’'s disease (mde: 6, femde 24, age 65.9+ 7.2)
paticipated in this sudy. The extet of arophy was
evduated from the extracted gyrus in 2D-projection
magnetic resonance imaging (MRI) and the cerebrd
coticd glucoe meabolism was asessd on a
2D-projection poditron emission tomography (PET) image.
Then a rdationship between the cerelrd arophy and the
function was evduaed for each brain lobe which was
extracted automaticaly. 2D-projections of PET and MR
images were made by the Mollweide method which kegps
the area of the brain surface. In order to extract brain lobes
from each subject automaticdly, the bitmap with different
vaue for each brain lobe was made from a gandard brain
image and was automatically transformed to metch each
ubject’'s bran imege by usng SPM99. A corrdation

(IV-2)
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image was generated between 2D-projection images of
glucose metaboliam and the area of the sulcus and the
gyrus was extracted from thecorrdation between MR and
PET images dugtered by the K-means method.

Reaults The glucose metabolism of Alzheimer’s disease
patients was lower then that of norma control subjects a&
the frontd, paied, and tempord lobes with the same
extent of arophy as that of the normd. There was a high
corrdation between the area of gyrus and the glucose
metaboliam, and the corrdation tendency of Alzhemer’'s
dissae pdients was degper than that of the normd
contralsat the parietad |obe.

Condusons Combined andyss of regiond morphology
and function may be useful to diginguish pathologica
processes, such as the early dage of Alzheémer’'s disease,
from normd physiologica aging.



60. Registration of SPECT, PET and/or X-ray
CT
Images in Patients with Lung Cancer

Koji. Uemura, Hingko Toyama, Tadeski Miyamoto,
YutskaMori~ and Kyosan Yoshikawa

(TheJke University Hospitd)

Keywords regidration, lung cancer , therapeutic gain of
heavy ion therapy

Aim: We are usng the region of interest (ROI) based on
anatomicd informetion obtained from X-ray CT to
evduae the thergpeutic gan of heavy ion thergpy
peformed on patients with lung cancer, the regiond
pumonary functions and the amount of radio tracer
accumulation in tumors There are many regidration
techniques for brain images, but not so many for other
organ images We have dudied regidretion of chest
SPECT, PET and/or X-ray CT images.

Materialsand Mehods. Perfuson, ventilation and blood
pool images with Tc™" |abded radiopharmaceauticas and
SPECT, tumor images with **C-methionine and PET and
X-ray CT scans were obtained on severd patients with
lung cancer before and after heavy ion therapy. The
regigrations of SPECT-CT, PET-CT and CT-CT were
peformed by usng AMIR (Automatic Multimoddity
Image Regidration), which was developed by Babek et d.
for regigration of brain images. In the case of SPECT-CT
regidration, each of the three functiond imeges wes
registered to the X-ray CT image, and the accuracy of eech
regigration was compared. For PET-CT regidration, the
transmissonimages and X-ray CT images were regidered
a first, because the "'C-methionine PET images beer little
resemblance to the underlying anatomica images. Next,

the emisson images were redigned by using the same
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regisration parameters. The X-ray CT images obtained
from a single subject a different times were regigered to
thefirg X-ray CT images, respectively.

Reaults Inthe SPECT-CT regigration, the blood pool-CT
regidration isthe best among three SPECT imagesused in
visud ingpection by radioogigs In the PET-CT
regidration, the tranamisson-CT regidraions got good
results. Therefore, emisson-CT regidrations dso got good
results. In the CT-CT regidration, the X-ray CT images
obtained from a dngle subject a different times were
superimposed well on each other, except for the lower lobe.
As a reallt, it was found to be possble to evduete the
thergpeutic gain of heavy paticle therapy sequentidly by
usngthesameROI.

Conduson: This method is useful for evduding the
thergpeutic gain of heavy paticle thergpy performed on
petients with lung cancer, quantitatively and sequentidly.
Regidration of chet SPECT, PET andlor X-ray CT
images by usng the AMIR method gave good results for
dl of theregigrations



61. Development of a Method of Clustering
Multiple Function of the Brain in
Hemodynamic Disease with Positron
Emission Tomography.

Shinichirou Ochashi®  Hinako Toyama Koji Uemura
Tedachi Naria® Yoko Ikomat  Kenji Ishii®and Akihiko
Uchiyama®

(*‘Waseda Univ.; *Tokyo Medica and Denta Univ.; *Tokyo
Metropalitan Inditute of Gerontology)

Kemwords dudering, podtron emisson tomography
(PET), hemodynamic disease

Aim: We have invetigated post operdtive changesin CBF
and vasodildive and vasocondrictive reections for an
individud patient with cerebrovascular diseese (CVD), by
means of segmenting the brain image into some duders
with the varied combination of multiple cerebra functions.
In this gudy, we have developed a new method to dassfy
the combination of the multiple functions by usng the
common mutud informaion gpace generated from the
PET imagesfor dl subjects

Materials and Methods Four patients with CVD (two
Moyamoya dissese and two ICA ocdusion) underwernt
PET CBF imaging with [°O] labeled water a conditions of
regt, hyper vertilation and acetazolamide loading, pre- and
post-operation. A mutud information space for dl subjects
was generated by plotting the vaues of resing CBF, HV
CBF (CBF in hyper vertilation - resing CBF), and AZ
CBF (CBF in acetazolamide loading - resing CBF) a the
same pixd in the carebrd cortex imagesfor three axes The
gpace was dasdfied into sx ssgments by hierarchicd
duder andyds method. A ssgmented brain megp was
cregied a each udy. The characteridic of each ssgment
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was described as the meen vaue of resting CBF, HV and
AZ responses as shown on the right sde of FHg.20 (#6.
normd, #1: decreasad CBF and regpons=s).

Reaults The sagments beonging to theimages & pre- and
pog- operation for each patient are shown on the left of the
Fig.20. Black drdes show aregion induding an operated
leson. In case 3 with ICA ocdusion, the brain mep was
dassfied into three ssgments, thet is #2= ischemic region
with decreassd resing CBF and poor vaso-reactivity,
#6=normd region, #5=decreasad resing CBF with high
vaso-reactivity before operation. Segments of #2 became
#3 and #4 and segment of #5 became normd (#6) 3 months
after operation as shown by arrows of the figure The map
11 months pogt operaion conggs of normd function (#6)
only.

Condusion: Thismethod could give some information on
corrdated carerd functions and on prognods after
trestment without owrrtime sequentid PET imeges by
using common mutud informetion data



62. A Scheduling System for Patient Treatment
by Heavy lon Radiotherapy

Hinako Toyama, Kouichi Shibayama, Syusuke Kanatsu,
Toshiteka Kuroiwa, Hideo Watanabe, Mitsuji Wakaisami,
Hirashi Tauji, Masahiro Endo and Hirohiko Taujii

Keywords heavy ion therapy, treatment scheduler, WEB
server, hogoital information system, database

We have developed a scheduling sysem for heavy ion
radiothergpy consdering the condition of three trestment
rooms and trestment planning for each patient. Thissystem
condgs of a daadbase (patient informetion, trestment
method and mechine schedule), a schedule for
radiothergpy and a WEB sarver. All operdtion of this
sydem, such as data input, to change and to view the
schedule, are performed by using aWEB browser. In order
to protect persond information of patients, access privilege
to each information entry is limited according to the
occupationa category. This sysem is connected with a
hogoitdl  centrd  information management  sysem
(AMIDAS) and an irradigion-managing computer for the
heavy ion radiothergpy. Badc informetion for the petient is
got from AMIDAS and the daily schedule is sent to the
trestment control computer at each trestment room through
the irradigtion-managing computer every morning. The
daily, weekly and monthly schedulesin the trestment room
and the trestment condition of each paient are shared on
the WEB browser with dl participants of the heavy ion
thergpy. This sygem could be ussful to save time to
generde a tretment schedule and to inform gaff of the
most up-to-date trestment schedule and related information,
dl a thesametime,

1. INTRODUCTION
More than 1000 cancer patients have received carbor-
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ionthergpy asdinicd trid Snce 1994 at the NIRS hospitdl.
Conventiondly, a paper schedule of carbon-ion therapy
was making manualy in each process of machine running
time, paient assignmet and trestment planning; new
copies were didributed to the participants whenever any
changes occurred in the schedule. Our purposes of this
dudy were to make a schedule on a computer sysem
which dl paticipants are able to access eadly and which
gives changes and to dlow dhaing of the same
information between concerned daff. Cooperation among
sygemsin the hospitd has dso been tried and the common
information is shared between sysems and dso among
doctors, nurses, technologigts and paramedicd scientists
We dso tried to regigter the record of carbon-ion thergpy
into the centrd information management sysem
autometicaly in order to cregte an dectronic patient record.

2.SYSTEM

The hardware system conddts of a unix server with

four CPUs, arad disk for data gorage and system backup
and a nework with gateway for remote access from the
maintenance compary.
(fig21). The stheduler condsts of the following four
proceses 1) To reserve the trestment “frameé’ on the
meachine running time table. 2) To asign the patient to the
“frame’ according to thefractiontimes (4, 5, 9, 12, 16, 20).
3) To input trestment conditions for each petient. 4) To
book the trestment room in the asigned “frame’
according to the employing beam energy and direction,
trestment position and the other condition such as use of
respiratory gate.

In the NIRS hospitd, there are four mgor computer
sydems (AMIDAS, Order entry sysem, Radiotherapy
planning database and this scheduler). These sysems are
connected to eech other (Fg.22). Badic information on a
patient and most entries on of dinicd sudy and dinica



trestment are managed in the order entry sysem. The
results of the study and trestment, patient’s dinica record
ae saved into AMIDAS. In the stheduler, besc
information for the patient is got from AMIDAS and the
daily schedule is sent to the trestment control computer at
each trestment room through the irradiation-managing
computer every morning. Carbon+ion therapy is performed
by using the data gotten from the scheduler and the
radiothergpy planning sysem. The datus of the trestment,
such as “under trestment”, “completion of trestment” and
S0 on, is received from the irradiation managing computer
and tranderred to AMIDAS.

3.RESULTS

In order to protect persond information of the patients,
access privilege to each information entry is limited
according to the occupationd category. All participants in
radiotherapy are can ableto look a dl the information, but
only certain technologists or medicd doctors having
privilege can generate and update the schedule.

A scheduleto run the accderator for oneyear (April to
March) is determined every year. We divide a year into
two terms. Carbon-ion therapy is planned every term. A
technologist reserves a trestment “frame’ over the term
acoording to the machine running time (Fig.23). Numbers
of patientsto betreated per day and No. of fraction aredso
shown. “S’ means dart of irradiation, CT means to take
CT images for trestment planning. If number of patient a
day excead the arranged number, awarning isgiven. Inthe
next process, if a doctor assigns a patient to the “frame’,
thename of the patientisdisplayed (Pt-1, Pt-2.....).

Hrg, the doctor regigers the paient ID in this sysem
and the name, gender, etc. gppeer if the patient is dreedy
regigered in the hogpitd. Then the doctor puts in the
more information such as the name of the physcian in
charge, dissase name and trestment protocol when the
paientisassignedto the“frame’.
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A technologig for radiothergpy planning input the
parameters rdated to carbon-ion thergpy, according to the
petient’sradiothergpy plan. A treatment room isassgned to
the patient depending on the energy and direction of the
carbon-ion beam, trestment position (dtting or decubitus)
and exigence of patch or multi ports irrediaion, shrinkage
of radiation fidd and respiratory gating.

After setting the parameters for radiotherapy, a patient
is asdgned to a treetment room and the order of trestment
as shown in FHg. 24. The right sde table shows the daily
schedule of room A. When the patient 1D is dicked on,
details of the paient and two types of comments are
digplayed on the browser as shown on the left Sde of the
figure. A common comment isdisplayed during irradiation
and a daly comment is digplayed only on the dedicated
day. After irrediation isfinished, the color of the patient ID
on the dignlay changes to ydlow. When irrediation for dl
reserved patientsisfinished or aoperator pushesthe finish
button, the datus of “compldion of treament” is
tranderred to AMIDAS autometicaly.

4. DISCUSSON

We have been udng this system for hdf a year. The
daly, weskly and monthly schedules in the trestment
rooms and the trestment conditions of each petient are
shared on the WEB browser with dl paticpants in the
heavy ion thergpy. Any schedule changeis reflected for all
proceses immediady. All daa on this sysem ae
preserved and can be utilized for scheduling in the next
term. Mogt of operations for system maintenance can be
doneontheWEB browsr.

Publication:

Toyama, H., Shibayama, K., Kanasy, S, Kuroiwa, T.,
Watanabe, H., Wekaisami, M., Taji, H., Endo, M. and
Taujii,H.: J. Jour. Med. Phys 22, 92-95, 2002.
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63. High Levels of Serotonin Transporter
Occupancy with Low Dose Clomipramine
in Coparative Occupancy Study with
Fluvoxamine Using Positron Emission

Tomography

Tetsuya Suhara, Akihiro Takano, Yasuhiko Sudo,
Tetsuya Ichimiya, Makato Inoue, Yoshiro Okubo,
Fumihiko Yasuno, Yoko lkoma

Kewords  sotonin transporter,  occupancy,

Clomipramine, positron emission tomography

Context: Serotonin trangporters (5-HTT) are regarded
a one of the mgor therapeutic taget of
antidepressants. However, there have only been a few
sudies about 5-HTT occupancy, and especidly data
concerning classica antidepressantsisdill limited.
Objective: The purpose of this Sudy wasto invedigate
the relationship between 5-HTT occupancy and awide
dose-range of antidepressants.

Design, Setting, and Paticipants 5-HTT occupancies
by antidepressants were measured using posgtron
emission tomography (PET) with [*C](+)McN5652.
Twenty-seven norma volunteers were measured with
and without pretreeiment of single low doses of
antidepressants and chronic doses were evauated in 10
patients. Scan data were collected between Dec 12,
1995 and Augugt 7, 2002, and data were andyzed in
the 2001 — 2002 period a the Nationd Inditute of
Radiologica Sciences, Chiba, Jepan.

Intervention: Four different doses of clomipramine (5 -
50 mg) and three different doses of fluvoxamine (12.5
—50 mg) were used for single adminigration. Chronic
doses were 20 — 250 mg/day for clomipramine and 25
—200 mg/day for fluvoxamine.

Main Outcome Measure: Occupanciesin the thdamus

V-6
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were cdculated using the individud basdine of
[MCJ(+)McN5652 for singledose studies and 2
chronic-dose sudies, and the mean value of normal
volunteers as the basdine for 8 chronic-dose sudies.
The aeage daa of inactive enantiomer
[MC](-)MCcN5652 were used for the estimation of
nongpecific binding.

Results 5-HTT occupancy increased in a curvilinear
manner. Even 10 mg of clomipramine showed around
80% occupancy, which was comparable to 50 mg of
Edimaed EDg Of
clomipramine was 2.67 mg for ord dose and 1.42

fluvoxamine (Fig. 25).

ng/ml for plasma concentration; those of fluvoxamine
were 18.6 mg and 4.19 ng/ml (Fig. 26).

Conclusons Clinical doses of domipramine and
fluvoxamine occupied about 80% of 5-HTT, and dose
escalation would have minimad effect on SHTT
blockade. Ten mg of domipramine was enough to
occupy 80% of 5-HTT invivo.
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64. No Association Between Genotype of the
___Promoter Region of Serotonin Transporter
___Gene and Serotonin Transporter Binding
___in Human Brain Measured by PET

Kunihiko Shioe, Tetsuya Ichimiya, Tetsuya Suhara,
Akihiro Takano, Yasuhiko Sudo, Fumihiko Yasuno,
Masami Hirano, Manabu Shinohara, Msato Kagami,
Yoshiro Okubo, Masajoro Nankai, Shigenobu Kanba

KEY WORDS: 5HTTLPR, polymorphism; 5-HTT
binding; PET: binding potential

The human serotonin transporter (5-HTT) gene has a
polymorphism in the 5’-flanking promoter region that
is called the serotonin transporter gene-linked
polymorphic region (5-HTTLPR). In lymphoblast cell
lines, the promoter activity of the 5-HTT gene is
dependent on S5-HTTLPR allelic variants. The
transcriptional activity of the 1 allele was more than
twice as high as that of the s allele. The s allele is
considered to be associated with mood disorders and
anxiety-related personality traits. To evaluate the
functional differences of 5-HTTLPR in the brain in
vivo, we examined the allelic variations of 5S-HTTLPR
and measured 5-HTT binding in the living human
brain using positron emission tomography (PET) with
Cll-labeled trans-1, 2, 4, 5, 6, 10-B-hexahydro-
6-[4-(methylthio)
(McN5652) as a ligand. Twentyseven healthy male
subjects participated in this study. Although the human

phenyl]pyrrolo[2,1-alisoquinoline

lymphoblast cells with the /1 genotype was reported to
produce higher concentrations of both mRNA and
protein of 5-HTT than those with the I/s or s/s genotype
in a human lymphoblast in vitro study, 5-HTT binding
in vivo was not signi.cantly different among subjects
with the three genotypes (I/: 0.842 + 0.184, I/s: 0.708 +

0.118, s/s: 0.825 £ 0.209) as shown in Fig. xx. In
conclusion, this study does not support the assumption
that the genotypedependent differences of S-HTTLPR
directly contributes to the regulation of the 5-HTT

binding site in the living human brain.



14

1.2

0.8

0.6

Binding Potential

0.4

0.2

»
:
O

2
%
a

in

I/'s +s/s

64-Fg.27 (NoAsxdiation Between Genotype of the
Promoter Region of Serotonin Transporter Geneand
Serotonin Trangporter Binding in Human Brain

Measured by PET

Kunihiko Shiog, Tetsuyalchimiya, Tetsuya Suhara,
Akihiro Takano, Yasuhiko Sudo, Fumihiko Yasuno,
Masami Hirano, Manabu Shinchara, Msato Kagami,
Yoshiro Okubo, Masgjoro Nankai, Shigenobu Kanba)



65. Inhibitory Effect of Hippocampal 5-HT1A
Receptorson Human Explicit Memory

Fumihiko Yaauno, Tetsuya Suhara, Takashi Nekayama,
Tetsuyalchimiya,

Yoshiro Okubo, Akihiro Takano, Tomomichi Ando,
Makoto Inoue, Jun Maeda, Kazutoshi Suzuki

Keyword: explicit memory, 5-HT1A, hippocampus,
positron emission tomography

Objective Recent dudies have indicated thet the
serotonergic sysem plays important roles in memory
functions. However, the specific rdationship between
5-HT1A receptors and memory function is not dear in
the human brain. To daify this rdaionship, we
measured the availability of 5-HT1A receptors in the
human brain and assessed the rdaionship between
regiona receptor binding and memory function.
Method: We examined 5-HT1A receptors using
postron emisson tomography  (PET)  with
[11C]WAY-100635 and assessed the relaionship with
memory functions. To interpret the pharmacologica
implications, we adminisered the 5-HT1A agonist
tandospirone to subjects and investigated the effect of
the gimulation of 5-HT1A receptors on cognitive
function together with the neuroendocrinologica
response.

Results There was a sgnificant negative correlation
between explicit memory function and 5HT1A
receptor binding locdlized in the bilatera hippocampus
where the pogtsynaptic 5-HT1A receptors are enriched
(fig.28). Furthermore, we found that the administration
of tandospirone dose-dependently impaired explicit
verbad memory, while other cognitive functions
showed no sgnificant changes. The changein memory
function pardlded those of body temperature and

secretion of growth hormone, which were reported to
be induced by the simulation of postsynaptic 5-HT1A
receptors

Condudons The results show tha the postsynaptic
5HT1A receptors locdized in the hippocampa
formation have a negative influence on explicit
memory function. Our findings give rise to the
posshility that the antagonidic effect of postsynaptic
5HT1A receptors in the hippocampus leads to
improvement of human memory function. Drugs that
work as antagonists on postsynaptic 5-HT1A receptors
may be favorable for improved control of memory
impairment.



65-Fig. 28. (Inhibitory  Effect of
Hippocampal 5-HT1A Receptors
on Human Explicit Memory

Fumihiko Yasuno, Tetsuya Suhara, Takashi
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Fig. 28 Averaged BP Images (N=16) of
[M'C]WAY-100635 (First Row ) and Regions
with a Significant Inverse Correlation
between BP of [*'C]WAY-100635 and the
Genera Memory Index on WM S-R(Second
and Third Row ).



66. The FNCA 2002 Workshop on Radiation
Oncology

Hirohiko Taujii, Shingo Kato, Tatisuya Ohno, Shinichiro Sato,
Hideo Tatsuzeki, and Tekashi Nakano* (* Gunma Univ.
Schoal of Medicne)

Kemords radictherapy, Adan countries, cenvix cance,
nasopharyngeal cance, international dinical trial

The FNCA (Forum for Nudear Cooperdtion in ASa)
Application of Radioisotopes and Rediation for Medica
Use) 2002 Workshop on Radiation Oncology washdd from
December 17 to 20, 2002, in Chiba City and Tokyo, Jgpan.
The meding was jointly organized by the Ministry of
Educdtion, Culture, Sports, Sdence and  Technology
(MEXT) and the Nationd Indtitute of Rediologicd Scences
(NIRS) of Jgpan, in cooperation with the Jgpan Atomic
Indudrid Forum, Inc. (JAIF). Represantativesfrom 8 FNCA
countries, China, Indonesia, Jgpan, Republic of Korea,
Mdaysa the Philippines Thaland and Vietnam, adong
with arepresentative from the Internationd Atomic Energy
Agency (IAEA) attended the Workshop.

CERVIX-l (gandard radiothergpy for uterine cervix
cancer): Two hundred and ten petientswereregigered.  The
5year-locd control and survive rates are 81.6% and 52.5%,
regpectively.

CERVIX-II (acoderated hyperfractionated rediothergpy for
Uterine carvix cancer): Totd number of regidered cases was
103. Initid dataon the 2-year-ocd contral and aurvivd rates
ae94.2 % and 90.4%, repectively.

New protocal (chemoradiotherapy for cervix cancer and
nasopharynged cancer): The agenda cdled for reports of
experiences of each country and discussonsto make anew
pratocol and to perform multicenter dinicd trids. For
Uterine carvicd cancer, trestment protocalsfor radiotherapy
and chemothergpy, tumor response rates and Sde-effects

were discussed. Limitations due to the equipment and
economic factors were dso discussed as practical agpects
for some countries. For nasopharynged cancer (NPC),
discussons centered on radiothergpy  techniques, tumor
and criticd organ doses and chemotherapy scheduling. It
was agreed that pilot sudies of weekly chemotherapy at 2
dose leves, 30 and 40 mg/m would be done. Daa from
these sudies will be presented a the next meeting with the
view towards an initiation of internationd randomized
dinicd trids



67. Automated Synthesis of the Ultra High
Specific Activity of ["C]R015-4513 and Its
Application in an Extremely Low

Concentration Region to an ARG Study

Kazutoshi Suzuki and Junko Noguchi

Key Words ultrahigh specific activity, high sengtivity,
sngle pass|, method,
inVitroARG ["C]R015-4513, ["C]CHjl, autométion

In generd, it is quite difficult to Sudy in vivo behavior of
srongly bioactive molecules or toxic molecules and to
visudize the didribution of extremdy low-dendty
receptors in the brain without somehow affecting the
ubjects. Radiotracers with a high specific activity would
be quite ussful in peforming these dudies snce this
dlows the injection of a aufficently smdl amount of
tracers into aliving subject, but with enough radioactivity.
A wide vaigty of "C-labeded compounds have been
prepared using [MC]CH5l asasynthetic precursor and used
for in vivo receptor imaging in the brain by PET. [C]CHl
has been prepared mainly by reducing ['C]CO, generated
directly in atarget chamber with LiAlH, in THF. However,
this method has dways suffered from  contamination by
non-radioactive CO, from the amosphere, resgents, ec,
which causes a decrease in the spedific adtivity of the
product. Alternative methods have been published for the
production of [*CJCH, by the reaction of [“C]CH, with
I, vapor a a high temperaure. The new method hes
advantages in smplicity and repestability of [“C]JCHal
production in ashort timeinterva. In addition, the method
hes the potentid advantage of high spedific activity snce
the LiAIH/THF solution, the mgor source of carbon
contamination, can be avoided. It might be interesting to
produce ["CJCH, directly in the target chamber and
convert it to ["“C]CH4l by passing through a.quartz column

with iodine vapor & high temperature since this method
might avoid most effetivdly the posshility to be
contaminated by CO, and shorten the synthesis time for
[MCICH4l, i.e, be most suiteble for high spedific adtivity
and amplidty of the production. It might dso be
interesting to agoply the high gpecific activity
C-compounds to ex vivo and in \itro autoradiography
gudiesin extremely low concentration region.

We have desgned and condructed an autometed
device for the production of ultra-high specific activity
C-labded compounds via [MC]JCH5l synthesized by the
single pass |, method coupled with the in situ [“C]JCH,
production method. The optimum conditions for the
production of ["“C]CH4l were determinedtobe 630 for
the reaction column, 50°C for the iodine column and 50
ml/min for the He gas flow rate; these gave the maximum
conversion ratio of ["CJCH4l, 44%. ["C]R015-4513 was
produced by the reaction of the desmethyl compound with
the above["C]CH5l under the optimized conditions. Ani.v.
injectable [“CJR015-4513 solution of 1500+490MBq
(n=6) with spedific activity 4700£2500GBg/Cimol and a
radiochemicd purity of 98242% wes oObtained
automdicdly within 25 minutes (from EOB) by
irradigting nitrogen gas containing 5% H,with 18 MeV
protons (14.2 MeV on target) a 20 DA for 20 minutes.
The highest specific ativity of 9700GBg/CImal (at EOS)
could be achieved, dthough the radiochemica purity was
R4%. Usng the utrachigh gpedfic adtivity
["C]R015-4513, dlowed us to dearly visudize the super
high affinity binding sites in the rat brain hippocampus
even a the extrendy low concentration of 0.66 pM
Ro15-4513 by in vitro autoradiography.

This method could be gpplied for the syntheses of
other 'C-labdled compounds requiring ultra high specific
activity which might be quite powerful tool for generd
Sudiesin an extremely low concentration region.
Publication:
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68. How to Increase the Reactivity of
[*®F]Fluoroethyl Bromide:
[*®F]Fluoroethylation of Amine, Phenol
and Amide Functional Groups with
[*®F]FEtBr, [*®F]FEtBr/Nal and
[*®F]FEtOTf

Ming-Rong Zhang and Kazutoshi Suzuki

Keywords: [*®F]FEtBr, [*°F]FEtBr/Nal, [*®F]FEtOTf,
[*8F]fluoroethylation, PET tracer

[*®F]fluoroethyl bromide ([*®F]FEtBr) is a useful
akylating reagent for introducing **F into substrates
containing amine, phenol and amide functional
groups. However, compared with [“C]methyl
iodide ([**C]CHgl), [*®F]FEtBr has been used to a
much more limited extent, and for the most part
only in research areas. Recently, we developed an
automated system for synthesizing ‘®F-labeled
compounds using [*®F]FEtBr as a precursor.
Using this system, we prepared [*°F]FEtBr in a
reproducible radiochemical yield of 60 - 75%
(corrected for the decay, based on total [**F]F) and
synthesized several [“®F]fluoroethylated ligands.
However, in our experiments, we faced a magjor
difficulty, that is, the lower reactivity of [*®F]FEtBr
with substrates containing amine, phenol and amid
functional groups than that of ['C]JCH4l. In this
study, the strategies included: 1) adding Nal into
the reaction mixture of [*®*F]FEtBr and nucleophilic
substrates, where [*®F]fluoroethy! iodide ([**F]FEtI)
is reversibly formed and becomes more reactive
with the substrates than [*®F]FEtBr; 2) converting
[®FIFEtBr  into  [“F]fluoroethyl triflate
([*®*F]FEtOTf), a highly reactive intermediate by
anaogy with [*C]methyl triflate ([*'C]CHsOTY).
As model substrates, 4-piperidyl acetate (P4A,
amine type),
N-[2-[4-(4-chloropheny!)piperazin-1-yl] ethyl]-3-hy
droxybenzamide (CB, phenol type) and
2a-[4-(4,5,6,7-tetrahydrothieno[ 3,2-c] pyridin-5-yl)b
utyl]-2a,3,4,5-tetrahydro- 1H-benz| cd]-indol e-2-one
(DR, amide type) were selected to react with
[*®F]FEtBr, respectively since the C-methyl
analogs of these substrates have been developed as
putative tracers for brain acetylcholinesterase,
dopamine D, receptor or 5-HT7 serotonin receptor .
Aqueous [**F]F solution was produced according to
the same procedure with that of ['*F]JFDG. The
[*®F]F solution was dried to remove H,O and
CH:CN, and then 2-trifluoromethanesulfonyloxy
ethylbromide in o-DCB was added to form

[*®F]FEtBr, which was then distilled under a helium
flow, passed through a small column filled with
Ascarite and phosphorus pentoxide. The [*®F]FEtBr
was trapped into a solution of anhydrous DMF (300
L) containing substrate (0.8 - 1.1 mg) and base (if
required: NaH 1.5 g/20 mL DMF, 10 0L or 0.5 N
NaOH, 3 0L or 10% n-Buy;NOH/H,O, 10 [L),
additionally 1.0 mg of Nal in the case of [**F]FEt,
a -15 - -200C. [®F]FEtOTf was obtained by
passing [*®F]FEtBr through a small column
containing AgOTf (100 mg) impregnated graphite
carbon (300 mg) with a helium gas flow and
trapped into the solution described above. The
trapped solutions were heated to 250C, 700C,
11000C or 13000C and kept for 5 - 30 min.  After
the reactions were finished, the
[*®F]fluoroethylation yield for each mixture at 5, 10,
20 or 30 min was determined by the use of
radio-HPLC.

As aresult, the [*®F]fluoroethylation yields for P4A,
CB and DR increased significantly by the above
improvements, i.e., 74% ([*®F]FEtBr/Nal, 1300C,
10 min) and 71% ([**F]FEtOTf, 250C, 10 min)
from 18%([*®F]FEtBr, 1300C, 10 min) for
['|F]FEtP4A, 68% ([*°F]FEtBr/Nal/NaH, 1200C,
10 min) and 68%([*®F]FEtOTf/NaH, 2501C, 10min)
from 40% ([**F]FEtBr/ NaH, 1200C, 10 min) for
['8F]FELCB, and 26%([*®F]FEtBr/ Nal/NaH, 700C,
10 min) and 82%( [“F]FEtOTf/NaH, 250C,
10min) from 71% ([*®*F]FEtBr/ NaH, 700C, 10
min) for [*°F]FEtDR, respectively. The lower yield
was only observed in the reaction of DR with
Nal/NaH, probably due to the instability of DR. In
conclusion, the above approaches can be applied in
the synthesis of *°F-fluoroethylated compounds
starting from [*®F]FEtBr as the synthetic precursor.

Publication
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69. Preclinical Biological Assessment of Proton
and Carbon lon Beams at Hyogo lon Beam
Medical Center.

Kazufumi Kagawa!, Masao Murakami, Yoshio
Hshikawal, Mitsuyuki Abe', Tekashi Akagi’, Toshihiro
Yanou', Goh Kagiyaf, Yoshiya Furusawa, Koichi Ando,
Kumie Nojima, Mizuho Aoki, and Tatsuaki Kanai
(*Hyogo lon Beam Mediicd Center, AWakasa-wan Energy
Research Center)

Keywords. Proton beam, Carbon ion, biologicd RBE,
dinicd RBE

The biologicd effects of proton and carbon ion
beamsbeforethar dinical usewere assassd.

Cultured cdls from human sdivary gland cancer
(HSG cdls) wereirradiated & 5 points dong a 190 MeV
per nucleon proton and a320 MeV per nucleon carbon ion
beam, with Bragg pesks modulated to 6 cmwidths A linac
4 MV X-ay besm was used as a reference. Rdaive
biologic effectiveness (RBE) vaues a each point were
cdculaed from survivd curves Cdls were dso irrediated
inacdl-gack phantom to determine whether locdized cell
degths were obsarved a predefined depths Tota body
irradiation of C3H/He mice was paformed, and the
number of regenerding crypts per jgund section was
compared to cdculae intestind RBE vaues. For carbon
ion and referentid 4 MV X-ray beams, mouse right legs
were irradiated by four-fractiond trestment and followed
up for skin reaction scoring.

RBE vaues cdculaied from cdl survivd curves a
the dose that would reduce cdl survivd to 10% (D10)
ranged from 1.01 to 1.05 for protons and from 1.23t0 2.56
for cabon ions The cdl-gack phantom irradiation
reveded locdized cdl desths @ predefined depth. The
intestina RBE vaues ranged from 1.01 to 1.08 for protons

and from 1.15to 1.88 for carbon ions. The skin RBE vaue
was 2.16 & C320/6 cm spread-out Bragg pesk (SOBP)
center.

The radiobiologic messurements of proton and
carbon ion beams a Hyogo lon Beam Medicd Center are
conggtent with previous reports usng proton beams in
dinicd settings and carbon ion beams with Smilar linear
enargy trandfer (LET) vaues.

Publication:
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70. Significance of Fractionated Irradiation for
the Biological Therapeutic Gain of Carbon
lons

Sachiko Kaike, Koichi Ando, Akiko Uzawa, Nobuhiko
Taka, Yoshiya Furusawa, Chisa Oohira, Mizuho Aoki,
Manami Monobe, RyonfaLee, Masao Suzuki, and Kumie
Nojima

Keywords carbon ion, thergpeautic gain, RBE, LET,
fractionation,

It is wdl edddlished that the RBE (rdative
biologicd effectiveness) for cdl killing depends on LET
(linear energy trander), and that a maximum RBE is
observed & ~ 150 keV pm™. However, the therapeutic
gain depends on theratio of the RBEsfor the effectson the
cancer cdl populaion and the effects on normd tissue The
RBE of agiven radiaion qudity dependsnot only on LET
but dso on dose bidogicd sysdem and effect, and
irradiation conditions There are no data avaladle to
answer the question: which LET is auitable to improve the
biologicd thergpeutic gain of carbon ions? Here, three
different LET vaues of 200 MeV/u carbon ions were
sected, and the rdaive biologicd effectiveness was
compared between tumor-growth retardation and skin
damage using amurine trangplantable tumor. Larger RBE
vaues for tumor were obtained when carbon ions were
used by intermediate LET delivered daly for 2 to 5
fractions. The biologicd therapeutic gain would be high
for the carbon ion SOBP if the numbers of fractionation
were correctly sdected indinicd trids.
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71. Relative Biological Effectiveness of 290
MeV/u Carbon lons for the Growth Delay of a
Radioresistant Murine Fibrosarcoma

KoikeS AndoK, OohiraC, FukawaT, LeeR, Teka N,
Monobe M, FurusawaY, Aoki M, Yamada S, ShimizuW,
NgjimaK, and MgimaH

RBE, LET,

Keywords fractiondtion, Fe-plat,

fibrosarcoma

The rddive biologica effectiveness (RBE) for
animd tumors trested with fractionated doses of 290
MeV/u carbon ions was sudied. The growth dday of
NFSa fibrosarcoma in mice was investigated following
various daly doses given with carbon ions or those given

with cesum Ej -rays and the RBE was determined.

Animd tumorswereirradiated with carbon ions of various
LET (linear energy trandfer) in a 6-cm SOBP (spread-out
Bragg peek), and the isoeffect doses ie the dose
necessary to induce atumor growth dday of 15 dayswere
studied. The isoeffect dose for carbon ions of 14 and 20
keV/um incressed with an increese in the number of
fractions up to 4 fractions. The increase in the isoeffect
dose with the fraction number was smdl for carbon ions of
44 keV/um, and was not observed for 74 keV/um. The O
and O vdues of the linear-quadraic modd for the
radigtion dose-cdl surviva relationship were caculated by
the Fe-plot andyss method. The O vdues increased
linearly with an increase in the LET, while the O vaues
wereindependent of the LET. The O/O ratiowas 129 + 10
Gy for O-rays, and increased with an increese in the LET,
reaching 475 + 168 Gy for 74 keV/um carbon ions. The
RBE for carbon ions rddive to Cs-137 [ -raysincressad
with the LET. The RBE vdues for 14 and 20 keV/um
carbon ions were 1.4 and independent of the number of
fractions, while those for 44 and 74 keV/um incressed

from 1.8 to 2.3 and from 2.4 to 3.0, respectively, when the
number of fractions increased from 1 to 4. Increasing the
number of fractions further from 4 to 6 was not associated
with an increase in the RBE. These results together with
our earlier gudy on the skin reection support the use of an
RBE of 3.0in dinicd trids of 80 keV/um carbon beams.
The RBE vduesfor low doses of carbon beamswere dso
congdered.
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72 Initial Medical Management of Patients Severely
Irradiated in the Tokai-mura Criticality Accident

Toshiyaau Hiramg, Hisayoehi Kando, Seori Kawamurg, Narikeeu
Kuawaand MeakatoAkeghi

KeMbrds aode raddion spdome  aiticdity  acddet,
heametopadicdemaod| trangdlanision

A nudez aiticdlity aoddat oooured in Jgoen on Sgatamber 30,
1999, which resLited in severe expoare of three vidinsto mixed
flux of neuronsand [ rays Edimeted avarage dosesfor the three
vidimsweare54Gy of neuronsand 85Gydf L +aysfar Paiat A,
29Gy o neurorsand 45Gydf (-raysfor Pdiat B, ad 081Gy
o neuronsand 1.3Gydf [ -raysfar Patiet C. They then auffered
the consanuencesf theeffedsof ionizing radiaionreadtingin eoute
redidions/ndrame In PaientsA and B, boremarow falureweso
svaethd they recaved heametgpoidic dem adl trangdantation.
The gt intidly took sucoessfully in bath petients dthoughin
Pdiet B it wes lae teken over by his oann heametopaieticcdlls
They do alferad fron svee «in ledos lae edibitad
gedraintesing besding and eventudly died of mulipleargenfailure
8 and 210dayséfte theaoddat, reqpedively. Theauviva of these
petients beyand the paiad of aganuocytoss means thet bone
marow falure par e causad by equosretoionizing redigion mey
now be overcome Paient C d devdgpad bone marrow falure
andwestrested with granuiocytecd ony-dimulatingfector eswell as
appative care He recovered without mgior complications and is
now under paiodicd fdlow-up. Remakadly,during the prodromdl
pheeg dl the petients exhibited hypoxaamia two of whom do
donved intediid ocedama of the lugs In Paiet C thee
menifedaions improved within awesk. The droumganoesd the
acddat andtheinitid medical trestmant of thevidimsaredesoibed
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73. The Involvement of Cell Cycle Checkpoint-
mutations in the Mutagenesis Induced in
Drosophila by a Longer Wavelength Light
Band of Solar UV.

Megumi Toyoshimat, Syogo Takinami’, Kotaro Hiedef,
YoshiyaFurusawa, and Tomoe Negishi*
(*OkayamaUniv.; “Rikkyo Univ.)

Keywords solar UV, mutagenesis, checkpoint, repair,
Drosophila, me-9, ma-41

Solar ultraviolet redidionis conddered to be injurious
rather than necessary for mogt organisms living on the
earth. It is reported thet the risk of kin cancer in humans
hasincreasad by the depletion of the ozone layer. We have
examined the genotoxicity of solar ultraviolet light,
especidly of longer wavdengths, using Drosophila. We
demondrated that light of waveengths up to 340 nm is
mutagenic on Drosophila lavee: Usng an exdson
repar-deficent Drosophila grain (mus201), we obtained
results suggedting that the lesion caused in larvae by the
320 nmlight irrediaion may be dmilar to the damage
induced by irradiaion a 310 nm, and that light of 330 and
340 nm may induce dameage different from that induced by
310 and 320 nm+light. To examine the difference in DNA
damage induced by light of paticular wavdength, we
performed monochromatic irradiation on larvae of two
Drosophila drains, one excison repar-deficient (me-9)
and another postreplication repar-deficient (mei-41). 310
and 320 nmHlight were more mutagenic in the mei-9 drain
than ma-41, whereas 330 and 340 nmHight were more
mutagenic in mei-41 than in mai-9. The ma-41 geneisa
homologue of the human atm gene which is responsble
for a cdl cyde checkpoint. This result suggests that
310-320 nmHlight induces DNA damege thet is subject to
nucleotide excison repar (NER) and tha 330-360

nmight causes damage to be recognized by the cdl cyde
checkpoaint, but it isnot repairable by NER.

Publication:
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74. Action Spectra of Apoptosis Induction and
Reproductive Cell Death in L5178Y Cells in
UV-B Region

Mizuho Aoki, Yoshiya Furusawa, Shinnichi Higashi*,
and Masskatsu Watangbe®
(*Nal. Ing. BascBidl.)

Keywords. agpoptods, reproductive cdl deeth, action
gpectrum, L5178Y cdls monochromatic UV-B light

It is important to determine the action spectrum of
UV-B radiaion contained in sunlight to esimetetherisk of
skin cancer. We have invedigated action spectra for
induction of gpoptods and reproductive cdl degth in
L5178Y cdls usng the Okazaki Large Spectrograph a
NIBB. L5178Y cdls were exposed to light at different
wavelengths in UV-B or UV-A region. Frequendies of
gooptoss induction and reproductive cdl death were
determined by counting cdllswith chrometin condensation,
ad by the colony formation assay, respectivdy. The
meesured sengtivity spectrafor the two end-pointswerein
vary good agreement. Sengitivity decressed geeply with
increese of wavelength in UV-B region and remained
nearly condant in UV-A region. The action Spectra were
aso dightly steeper than that for the minimum erythematic
doe (MED), but very smilar to the light dbsorption
gpectrum of DNA in UV-B region. On the other hand, the
spectrafor both endpoints were Smilar to MED spectrum
but not DNA spectrum in the UV-A region. Also different
time-course and morphologicd difference of gpoptods
were found between UV-B (long time, fragmentation) and
UV-A (short time drinkage) regions. These results
uggest that DNA damage induced by UV-B light triggers
gooptosis and reproductive cdl death, but other dameged
targets (membrane, protein and so on) trigger these effects
inUV-A region.

Publication:
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75. Database of Calculated Values of
Retention and Excretion for Members of
the Public Following Acute Intake of
Radionuclides

Nobuhito Ishigure, Takashi Nakano, Masaki
Matsumoto and Hiroko Enomoto

Key words internal dosimetry, public exposure,
retention, excretion, database

The Chernoby! reactor accident has increased
concern about the protection of the public in the event
of an emeagency & a nudear fadility,. Since an
accident a a nucdear Ste may result in rdeases of
radioactive maerid into the environment, provison
should be made to assessinternd doses to members of
the public from possibleintakes of radionudlides.

In the case where internd contamination is
suspected, measurements of radioactivity in the whole
body or in specific organs or in excretamay be made as
pat of the dose assessment procedure The
magnitude of intakes of radionudides can then be
edimated by comparing the results of these bioassay
measurements with predicted retention or excretion
data cdculated usng dandard biokinetic modes.
Monitoring data for occupationd exposure ae
presented by the Internationd Commisson on
Radiologica Protection (ICRP) for 29 radionuclidesin
Publication 78 (1997) and by the authors for 42
radionuclides in dectronic look-up tables on MS
Excd® (2001). However, there are no retention or
excretion data provided for members of the public in
the ICRP publications.

The Internationd Commisson on Radiologicd
Protection has developed age-dependent biokinetic
models for sdected dements and computed

age-dependent dose coefficients to meet the necessity
for internationdly accepted dose coefficients for
members of the public.

In the present work, by using such ICRP
age-dependent biokinetic modds, vaues of retention
and excretion of sdected radionuclides inhded or
ingested by members of the public were computed and
a graphic database was assembled from the computed
results on the web Ste http:/AMww.nirsgojp/RPD/ to

provide a tool for the interpretation of bioassay
meassurements. Fig. 29  shows an example of
graphscaled from the database.

Publication:
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76. 2Py Fluxes on the Continental Margin of
the East China Sea

Masatoshi Yamadaand Tatsuo Aono

Kemwords sediment trap experiment, 2Py, Eagt
China Sea, continental dope, lateral transport

The plutonium isotopes, 2°Pu (haf-life=2.44 x 10°
year) and *®Pu (haf-life=6.58 x 10° year), have been
added to the surface oceans mainly as a consequence of
amospheric nudlear wegpons tess.  Plutonium has aso
been deposted in the upper layer of land soil. Large
inputs of westhered detritd materid in addition to the
direct fdlout are predicted sources in coadtd sea arees.
Plutonium is a reective dement, which is adsorbed by
paticlesin seawater and scavenged from thewater column.
The utility of sediment trgp experiments to sudy the
trangport process by patides in the oceen is wdl
edablished. Severd dudies have been reported on the
paticefluxesof plutoniumin the open ocean. However,
littlework has been done on particle fluxes of plutoniumin
a continentd margin such as the Eagt China Sear The
amsof this study were to measure the activities of 2*2°pu
in stling patides collected in the Eagt China Sea
continental dope by use of sediment trgps and to discuss
the marine processes trangporting plutonium on the Eagt
China Seacontinental margin.

Satling patide samples were collected &  three
dations  Three moorings of sediment trgps were
deployed on the continental margin of the Eagt China Sea.
Two types of sediment trgps were used, cylindricd trgps
and conicd time-sriestrgps  Cylindricd trgps condsed
of four individua polyvinyl chloride cylinders mounted on
acoss frame  Each oylinder was 160 mm in diameter
and 480 mm high, yidding an agpect ratio (height/widith)

of 3. Timesaies trgps were conicd with 05 n?
collecting areaand 21 receiving cups, thesetrgpswere dso
covered with polyethylene baffles to decrease the effects of
turbulent mixing.

Data from cylindricd trgps showed there was a dear
tendency for total mass fluxes to increase with depth &t dl
three gations, and there was an especidly large incresse
near-bottom.  2*#°Py concentrations in settling partides
increased with depth from 1.76 mBg/g & 97-m depth to
300 mBgg a 120m depth and ranged from
goproximately 3to 4 mBg/g a depths gregter than 120 m.
2%+20p concentrations collected in the near-bottom traps
were gpproximatdy two times higher then those in the
underlying surface sediments.
there was a dear tendency for 2Py fluxes to incresse
with depth & every station, and the highest 2**°Pu fluxes
were observed near-bottom.

22200 concentrations in the time-series traps had
little variation throughout the sampling period, though the
totd mass fluxes showed a large vaiation. A high
variability of 2*°Py fluxes occurred in very short period
of time (/2 day); such measurements have not been
reported previoudy. From sediment trap experiments on
the continental dope in the Eagt China Seg, the following
findings were noted: (1) the highest “*#%Py fluxes were
obsarved in the near-bottom trgp (12 m above the bottom);
and (2) therewas alarge variation of 29y fluxes during
a short period. The %Py concentration in surface
sdiment was dgnificantly lower then that of the
near-bottom trep a every dation. The large fluxes of
22+20p in the near-bottom traps could not be explained as
coming from resugppenson of undelying surface
sdments  The lage fluxes of %Py might be
atributed to episodic laterd trangport of partides thet flow
down the continental dope with the nepheloid layer which
was consdered to be significant for 2**®Py trangport on
the continenta dopein the East ChinaSea

Like totd mass fluxes



77. Biokinetics of Radiotellurium in Rats

Yoshikazu Nishimura, Sarat Kumar Sahoo, Hee-Sun
Kim*,
Shino Homma:Tekedaand Yoshito Watanabe
* Radiation Hedlth Research Indtitute, Seoul
Keywords : radiotellurium, biokinetics, fetal-trandfer,
milk-transfer

Radiotdlurium is present in the environment from
nuclear power accidents or as fdlout from nuclear
wegpons tets. However, only a little information on
the biokinetics of telurium in juveniles and fetuses has
been reported. The present study was conducted to
investigate the whole-body retention of 2Te" in
juvenile rs after asingle ord adminidration, the feta
uptake of 2Te" for different gestationd stages, and
the tranfer of *#Te" through milk into pups after a
dngle intravenous adminidration to pregnant and
nursngrais.  Widar drain rats were used to determine
the uptake of H,""TeO;by the whole-body retention
of juvenile rats and the conceptus, corresponding to its
gedationd Stages, by messurements in the placenta,
fetd membranes, fetd fluid, and fetuses. For dl age
groups the retention patterns were smilar, but the
suckling rats had higher retention vaues than the
weanling and adult rats. From the difference in the
whole-body retention curve between ord and
intravenous adminigration, it was estimeted that about
10 % of the doses wes dasorbed from the
gadrointestingd tract in adult rats. Whereasthe intestina
absorption rate in suckling rat was obvioudy higher
then that of adult rat, the biologicd hdf-life was
roughly the same (about 10 days) for al age groupsin
the dowly decreasing phase after ord adminigtration.
This seemed to suggest that the whole-body retention
of oraly dosad radiotdlurium in ret of various ages

depended mainly on the rate of intestind absorption
rather than that of endogenous excretion.  Therddive
concentrations in the placenta and fetd membranes
were higher than in the fetus. No activity was observed
in the fetd fluid. These reaults indicated that the
placenta and fetd membranes played sgnificant roles
as barriers to the trandfer of 2T into the fetus. The
ratio, relaive concentraion in feugrddive
concentration in mother (Ce/Cy ), was cdculated. The
C+/Cy rdio was dependent on the stage of gedtation
and assumed to rangefrom 0.2t0 05.  Thedifference
with Ce/Cy in the present study may be dependent on
the chemica form of tdlurium and the difference of
tissue to whole-body measurements. The whole-body
retention of suckling rats was 2, 39 and 5 % of
maerna dose, 1 day dfter adminigraion. The
whole-body retention of suckling rats increased dowly
during the suckling time and dowly decreased after
weaning. However, taking the level of contamination
from the mother’s urine or fecesinto congderation, the
trandfer rate of radiotdlurium from the mother to her
suckling rats was thought to be relatively low. These
results suggested that only a little radiotdlurium was
tranderred to the milk. The present sudy’s findings
suggested that 2-5 % of the administered dose were
trandered to suckling ras dfter intravenous
adminigtration and the amount of milk in sucklingswas
dependent on parturition age at the time of dosing.
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78. Micro-PIXE Application for Analysis of
Elemental Distribution in Plant Root

Yoshito Wetansbe, Shino Hommar Tekeda, Masse Yukawva
and Yoshikazu Nishimura

Kemords mao-PIXE, ICP-MS tracedamat, plart, roat

Hematd megpping by micoPXE (Patide Induod
X+ay Emisdon) awdyss hes a ged paentid for the
examingion of dementd behavior in complicated srudures of
bidogicd tisues We investigeted gpplication of mico-PIXE
andyds for plat tissues in combingtion with quentitative
andyds by indudivdy coupled plaama mess goedrometer
(ICRMS.

Maize (Zea mays L.) ssads ware sown on filter pepers
sturaedwith ddilledwater. After being cultured for two dayset
24 inthe dak, thessads gaminated and the roats reeched
about 2aminlength. Therootswere ssparated into four ssdions
0-1mm, 1-2mm, 2-3mmand 34 mmfromthetip of theroots
The samples from thirty plants were put together, and digested
with nitric aod to be introduced into an ICP-MS (HP-4500,
YokogavaAndyticd SygemsCo., Jgpen). For themico-PIXE
andyds roat gpexes (gbout 2 mm in length) were diced thinly
(210 p m thid) with a ayomiaaome (CM 1510, Leca
Indruments Gamary).  The dices were put on a mambrane
(Pddform, Agar Sdentific Ltd, UK), and st inamico-PXE
g/deminthetandem acodador fedlity inNIRS

ICPMSweas 0 sandtive that alarge number of demeants
indudngNa Mg, RS K, Ca Mn,Fe Cu, Zn, S Rb, S ad
Cs coud be detemined quentitativey. These fourteen
demants covered dmodt dl the essartid deaments for plant
gromh. Theconoantraionsof thedementsvatied dgpending
onthe sadtions  The higher conoantrations of the daments
were dosarved in the doser sedtion to the roat tip, where a
meidematic tisue and nondffeetisied tisues ae
ddributed. Maore predse edimation a the tissue levd,

however, could not be obtaned by ICP-MS by andyzing
sionsfromtheroat tip.

Mico-PIXE wes on the ather hend, effective for detailed
mgppingsaf dementd digributions Theimegesof dementd
disributions were datzined for Na Mg, P S K, Ca Mn, Fe
and Zn, corresponding to the micrasoopic imeges of the roat
drudures Although Ng, Mg, S Ca Mn, and Fe distributed
unfomly over the roat sadtion, K, Zn and P showed
locdlization depending onthetissues K and Poonoantrations
wee highe in the maidemdtic tissue then differentiated
tisues wharess Zn wias exduded from the meigemdic
tisue

These reslits showed thet miao-PIXE isof grest usefor
predise edimaion of dementd locdization a the tissue leve.
ICP-MSis on the ather hend, a siteble method to detet a
large number of dements, and ussful for rough esimation of
dementd didribuions in meize roos  Miao-PIXE ad
ICPMS have dfferat, but compementary abilities for the
invesigation of dementa didributionsinroct tissues

Publication:
Watandbe Y, Takada, S, Yukawa, M., and Nisimura, Y.
International Journal of PIXE, 11,125-131, 2001



79. Elemental Imaging of Rat Testis by Micro-
PIXE Analysis

Shino Homma-Takeda, Yoshikazu Nishimura, Yoshito
Watanabe and
Masae Yukawa

Kemords PIXE, imaging, seminiferous tubules,
permatogones, permatocytes, oermatids

Tedlis is known to be sengtive to radiation.  Within
the seminiferous tubules of testis, germ cells progress
through mitods, meioss, and cdlular differentiation to
become spermatozoa. It has been demondrated that
the germ cdls a different Sages of the seminiferous
tubules respond differently to exogenous Simuti.
Elementa dynamicsin the process, however, is poorly
understood. The micro-PIXE technique was
employed with testicular sections to reved detailed
digributions of dementsin thetestis, which digtinguish
the cdl type-differences corresponding to the germ cell
development.

Micro-PIXE messurements were made in the
Electrogatic Acceerator Building of NIRS, utilizing a
micro-beam scanning PIXE system with S (Li) X-ray
detector. Ra seminiferous tubules are classfied into
14 gages and in the seminiferous epithdium, the germ
cdls ae aranged in the following order:
spermatogonia, spermatocytes, round spermatids and
dongated spermatids.  Elongated spermatids are at the
innermogt area. Corresponding to PIXE imaging
with light microscopy, Sage- and  cdl-specific
dementd imagingswere obtained for Pand S.  Pwas
higher in the periphery of the seminiferous tubules of
gagesl, 11-111, VII, V11 and XII1, where spermatogonia
and spermatocytes were locdized, than in the centra
areg, that is, the sparmatids.  In stages VII and VIII,

dongated soermatids, which are the find dep in
spermatogenesis, contained the lowest levd of P
among the four types of germ cdls In contredt,
dongated spermatidsin sages VIl and VIII contained a
higher levd of S then the round Spermatids,
soermatocytes and  spermatogonia in the same
seminiferous epithdium as well as other germ cdlsin
Sages |, 1I-111 and XI11l.  These results suggested thet
P and S exhibit complementary dynamics in
spermatogenesis.
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80. Hyperaccumulation of Radioisotopes in
Marine Algae

Toshiakilshii, Shigeki Hirano, TeruhisaWeatabe,
Motokazu Nakaharaand Mitsue Masuba

Keywords: hyperaccurulation, algae, S, *Tc, *'Re,
226y
Ra

Hyperaccumulator plants are effective for minerd
exploration, or biorecovery and detoxification of
metd-contaminated soils We found a new
hyperaccumulator useful for edimaing maine
pollution by radioisotopes and for sudying the
mechanisms of bicaccumuletion of dements by
organisms.

Fifty species of marine algae were collected from the
coas of Jgpan in 2001-2003. Ba and S were
determined by ICP-AES. ®'Re (Ty,=4.35x10Y,
abundance ratio=62.6%) was andyzed by ICP-MS.
Y (Ty=28.78y) and *Tc (Ty,=2.111x10%) were
measured by low background B-ray spectroscopy. °Ra
(T12=1600y) was andyzed by a liquid scintillation
counter. Gamma ray spectroscopy was gpplied to 50 g
of ash samplesof marineadgee.

Table 3 shows concentrations of dements in green
dgee Bryopss mexima and Ulva pertusa. The
concentrations of al dements in B. maxima were
condderably higher than those in U. pertusa. In
paticular, the Re concentration (****Re=5,490,000
pg/g dry, ®Re=5.6 mBg/g dry) was 22,000 times
higher in B. maxima than in U. pertusa. The Re
concentrations in 48 species of dgae, excuding the
genus Bryopss, ranged from 51 to 29,100 pg/g on a
dry weight bass (meantsd; 5,200+4,800 pg/g). The
concentration factor (CF) of B. maxima was calculated
to be 7.4x10° (7.1x10" on awet basis) from ca. 7pg/mL

of the Re concentration in Pacific Ocean seawater. B.
maxima aso showed a high concentration (1.03 pg/g
dry=660 pBg/g dry) of *Tc bdonging to the same

/7 group as Rein the periodic table. Although *Tc was
detected in some species of marine dgee, such as
Sargassum thunbergii (18-270 uBg/g dry), Sargassum
hemiphyllum (130 uBg/g dry), and Hizkia fusformis
(42 uBg/g dry),

the concentration of *Tc in dmost dl of Japanese
marine agae collected in 2001-2003 was less than the
minimum detectable amount (15 uBg/g dry=3
mBg/200g dry).

As shown in Table 3, B. maxima had high
concentrations of alkali earth elements. For
example, the Ba concentrations (4,630 pg/g dry)
in B. maxima were 2,700 times higher than in
U. pertusa. B. maxima was defined as a Ba
hyperaccumulator because the average
concentration of Ba in 50 species of marine
algae in Japan was 5.19+4.89 ng/g dry wt. The
average concentration of 2%Ra in 12 species of
marine algae was 0.225+0.178 pg/g dry wt. In
contrast, B. maxima showed a very high
concentration of 2%Ra (21.4 pg/g dry=780
mBg/g dry).
spectroscopy, it was indicated that 185.7155
kev of 25U must be overlapped with 186.1010
kev of 26Ra. We think that no significant
amount of 25U was present in B. maxima,
because 143.762 kev and 163.332 kev of 25U
were not observed.

Furthermore, dear pesks of “Bi ad ?*Pb derived from
“®Ra were found in the spectrum of B. maxima. From
the results of radiochemicd andyses and gamma ray
spectroscopy, B. maxima was recognized to be a Ra
hyperaccumulaor. The S in B. maxima had the highest
vaue (13,100 ug/g dry) among agae. We think that B.

In the case of gamma ray



maxima is a S hyperaccumulaor since the
“Hyperaccumulation levd of S was 5,000 pg/g dry
(hyperaccumulation level -100 times concentration in
reference plant). As a rexult of radiochemica
andyses of °Sr |, B. maxima showed the highest value
(2.8 mBg/g dry= 0.27 mBg/g wet) among agee. Its CF
vaue for wet bass was cdculaed to be 170, Snce
the radioactivity of ©Sr in the seawater around Japan
was gpproximately 1.6mBagy/L.



Table3.  Concentrations (pg/g dry weight) of dementsin green dgae
collected from the same location and a the same month

Hement Bryopssmaxima (N=3) Ulva pertusa (N=3)
(Isotope) (meantsd) (meantsd)

Ba 463x10° + 19x10° 172x10°  + 11x10°
Ra(asRa) 214x100 + 45x10° 195x10° + 16x10°
Re 549x10° + 37x10° 251x10° + 23x10'
S 131x10° + 11x10° 321x100 + 27x10°
Tc(as*To) 1.03x10° + 35x10" <236x10° +




81. Elemental Distribution in Organs of Medaka,
Orysias laptipes, Burdened with X-ray
Irradiation and Salty Water Breeding
Determined by PIXE Analysis

Masae Yukawa, Yuji Ishikawa, Hitoshi Imasski, Kazuko
Aoki and Takahiro Okazaki

Keywords Medaka, dementd digribution, PIXE andysis,
X-ray irradiation, sdty water breeding

In NIRS an inbred dran of Medeka, Oryzas
laptipes, was established and has been maintained for
research purposes. Medaka is a amdl fish like a killifish,
3-4 cm long. We investigated metd baance shift induced
in the fish with X-ray irradiaion and sdty water breeding
as environmental sresses. The LDsyx0f thisfish to X-ray
irradiation is 20 Gy, and the survivd rate of the fish is
about 80% when bread in seawaer with 70% NaCl.
Fifteen Medakafish, about 1 year old, were divided into 3
groups and put into 3 separate pladtic vessds. Thefirg was
for X-ray irradigion, the second was for sdty water
breeding, and the third was for control. These vessdswere
kept in a laboratory a room temperature. The fish were
used for experiments after become accustomed to the
breeding environment. Fsh for sty water breeding
adgpted gradudly over 14 days to the 70% NaCl of
seawaer. On the 16" day after starting to bresd Medaka,
thefirg group of five fisheswasirrediated with X-raysina
pladtic vesse (5mm deep) usng PANTAK-320S a 200kV
and 20mA. The dose rate was 224R/min and the total dose
was 17.00Gy.

On the 18" day, two fish were sdected from each
group, and were killed and dissected. Ten organs, brain,
eye gill, heart, liver, oleen, intestine, gonad, tal and scde
on gill, were sampled from each fish. The weights of the
organs ranged from afew mg to about 1g as fresh. After

freeze-drying, the organs were andyzed by the Paticle
Induced X-ray Emisson (PIXE) method to determine
dementd contents in the organs with 2.6MeV proton
beam of 1Imm sguare for 10min a 10nA. In Fg.30, the
changes of Fe, Cu, Zn and Mn contents in liver, ovary,
spleen, brain, intestine and eyeinduced by the two types of
dresses are shown as the comparison of the dressad fish to
the contral. In the liver and oleen, both Stresses increased
the contents of Cu, Zn and Mn. In the case of ovary, the
Sresses decreased the contents of Fe and Mn. Brain seems
to be mogt dress- resistant orgen among these 6 organs. In
eye, the content of Fewas most depressed by sty water.

It is wel known that radigtion like X-rays and y
-rays generde active oxygen gpedies in a living body.
Sncethe active oxygen oeciesis dangerousfor organiams
due to damages induced in DNA, there are various
defendve sysemsin the animas and plants. Some of them
are enzymes for radical scavenging such as super oxide
dignutee (SOD), glutathione peroxidese (GPx) and
catdae. Cu, Zn and Mn are induded in SOD and act as
the active center. In the case of GPx, Seis present in this
enzyme. Therefore, Cu, Zn, Mn and Se are very important
dementsin reducing radiation damages. On the other hand,
Fe is thought to be one of the factors to make active
oxygen. It is necessary to continue the experiments to
confirm the results described above. The next step would
be an invedtigation of other environmenta stresses such as
heavy metals and organic chlorides

Publications
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82. Cancer Risks among Radiologists and
Radiologic Technologists: A Review of
Epidemiological Studies

Shinji Yoshinaga, Kiyohiko Mabuchi’, Alice J. Sig
urdson’, Michde M Doody’,

and Elaine Ron

(' Radiation Epidemiology Branch, Division of Cancer
Epidemiology and Genetics,

Nationa Cancer Inditute, NIH)

Keywords epidemiology, occupational exposure,
cancer, radiologidts, radiologic technologists

Radiologists and radiologic technologidts are
among the earlies occupationd groups exposad to
ionizing radiation and represent a large segment of the
working population exposed to radigion from
man-made sources. We reviewed published and
unpublished epidemiologica data on cancer risks from
gght cohorts of over 270,000 radiologigs and
technologigsin the UK, US, Canada, Denmark, China,
and Jepan (Table 4). The mogt condgtent finding was
increased mortdity from leukemia among ealy
workers employed before 1950. This, together with an
increasing risk of leukemia with increasing duration of
work in the early years, provides evidence of an excess
risk of leukemia associated with occupationd radiation
exposurein that period. Whilefindings on severd types
of solid cancers were less condgent, there was
evidence of aradiation effect for breast cancer mortdity,
which incressad with increasing duration of work in
the early years, and skin cancer mortdity and incidence,
which was increased among the early period workers
in severd cohorts. Among the mogt recent workers,
there is no clear evidence to date of increased cancer
risks associated with occupationa



(V-10)
Environmenta Science

exposures to radiation. However, with the increasing
uses of radiation in modern medicd practices, the
continuing hedth assessment of medicd radiaion
workers is important. The lack of radiaion dose
edimates was the mgor deficiency for these sudies
and limited the potentid usefulness of data. Continued
follow-up, with incorporation of dose estimetes, would
open an opportunity for providing much needed datato
advance undergtanding of the cancer risk from chronic
exposureto low to moderate doses of radiation.



83. Relationships between Radiocesium
and Stable Cs in Mushrooms and Plants
Collected in Forests with Different

Contamination Levels

Satoshi Yoshida and Yasuyuki Muramatsu

Keywords: forest, mushroom, plant, radiocesium,
stable Cs

Forest ecosystems accumulate radiocesium
discharged into the atmosphere through nuclear
weapons testing and nuclear accidents. Even more
than 15 years dfter the Chernobyl accident,
radiocesium contamination of forest products such
as mushrooms and berries is high in contrast to
agricultural products. Since the removal of
radiocesum from a contaminated forest is not
feasible on a large scale, studies on the distribution
and transfer of radiocesium in forest ecosystems are
important from radiation protection viewpoint and
geochemical viewpoint. The long-term fate of
radiocesium in forest ecosystems is necessary to be
predicted for decison-making of the future
countermeasures. As the chemical behavior of
radiocesium is expected to be almost identical to
that of stable Cs, analyses of stable Cs should be
useful to understand the long-term behavior of
radiocessum and its equilibrium distribution.
However, the relationship between radiocesium and
stable Cs in forest ecosystems is still unclear
because of the lack of analytical data. In this study,

we have determined the concentrations of stable Cs

in mushrooms and trees collected in forests with
different contamination levels in Japan, Germany,
Finland, Italy and Ireland. Data of stable Cs were
discussed together with those of radiocesium.

Samples were collected from 1989 to 1996.
Mushrooms were collected in 5 different forests in
Japan, Germany and Finland. For tree samples, one
representative Spruce tree was selected for each
forest in Italy and Ireland, and different parts of the
tree were sampled. Samples were dried, milled and
digested with acids. Concentration of stable Cs was
determined by inductively coupled plasma-mass
spectrometry (ICP-MS). Activity concentration of
¥'Cs was determined by counting with a
Ge-detector.

Relationships between **'Cs and stable Cs for
mushrooms collected from 5 different forests were
summarized in Fig. 31. A good correlation between
¥’Cs and stable Cs was observed for each site
independently, although several different species of
mushrooms are included. This finding suggests that
mushrooms take up **'Cs together with stable Cs.
The *¥'Cg/stable Cs ratios were fairly constant for
samples collected at the same site. The results for
different sites, however, showed different degrees
of variability. The variability of the **’Cs/stable Cs
ratio might be a useful criterion for judging the
equilibrium of deposited **'Cs to stable Cs in a
forest ecosystem. Standard deviation of the
B'Cg/stable Cs ratio for mushrooms was the lowest
in Japanese forests (Tokai-mura: 27%), in which
most *¥'Cs originated from the global fallout, and
the highest in Hochstadt, Germany (48%). This



finding suggests that **'Cs deposited from the
global fallout (mostly in 1960s) has already attained
a dynamic equilibrium within the soil-mushroom
system.

As shown in the same figure, the good
correlation between **'Cs and stable Cs and almost
constant **’Cg/stable Cs ratio were also observed in
tree samples collected in each site, Italy and Ireland,
indicating that **'Cs has well mixed with stable Cs
within atree.

We are currently studying samples, including
soils and several different species of plants and
mushrooms, collected in 4 different forests with
different contamination levels in Belarus. This
study is expected to yield comprehensive
information of radiocesium and stable Cs and their

interrelation in the whole forest ecosystem.

Publication:
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84. Determination of Trace Rhenium in River
Water Samples by Q-ICP-MS and HR-ICP-MS

Shigeo Uchidaand Keiko Tagami

Kemords. rhenium river water, ICP-MS chemical
Separation

In order to undersand *Tc trangportation
mechaniams in surface water sysems, we focused on Re
that can be used as a chemicd andogue for Tc in the
environment, because the two dements are chemicdly
dmilar. Rheniumis one of the leest abundant metdsin the
eath's surface and its concentration in environmental
samples is not wdl known. The Re concentration in
seawater is reported to be between 6-15 pg/mL, but the
datain fresh water are quite limited. To measure low-level
Rein fresh water sampleswith inductively coupled plasma
mass oectrometry (ICP-MS), we tried two approaches:
one was to develop a smple chemicd separaion before
ICP-MS messurement and the other was to make direct
measurements with a high sengtivity instrument, such as
high resolution ICP-MS (HR-ICP-MS).

River waer samples were collected in Osska
and Wekayama Prefectures, Jgpan, in August 2000. The
sample water was pressure filtered through 0.45-pm
membrane filters (Millipore Co.). From thefiltered sample,
ca 50mL were trandered into an acid-cleaned 50-mL
polypropylene bottle. These sub-sampleswere used for the
direct Re determination by aHR-ICP-M S (Finnigan MAT,
Element). Chemicd separation of Re was performed on
420 — 925 mL of the filtered river water samples using a
TEVA resn coumn. Messurements of Re in the
chemicdly separated samples were carried out with a
quadrupdle (Q-) ICP-MS (Yokogawa, PMS-2000) and the
HR-ICP-MS. To make a dandard curve for ICP-MS
messurements, multi-dement sandard solution, XSTC-8

(SPEX Indudries Inc), was used. The instrumenta
detection limit on the Q-|CP-MSand the HR-ICP-MSwas
0.2 and 0.007 pg/mL., regpectively.

A smple extraction usng the TEVA resin could
separate Re from mogt sample matrices and trace dements.
Almogt 100% recovery was found throughout the Smple
separation method as determined with a radioactive tracer.
The messured Re contents by QICP-MS ad
HR-ICP-MS are shownin Fg. 32. The errors (1 Sgma) to
the individud data by these methods were dmogt the
same 4.4-6.2% for Q-1CP-M Swith the separation method,
4.5-5.3% for HR-ICP-MS with the separation method and
3.97.2% for direct HR-ICP-MS. The average vdue for
each sample obtained by these methods had errors of
1-6.6% (1 9gma). The reaults by these three methods
showed good agreement with esch other, and no
gyseméticd difference was found among them. The Re
concentrations in the river water samples ranged from 0.9
to 6.5 pg/mL. Although there was no sgnificant difference
between the results of direct HR-ICP-MS and the
chemicd-separdion Q- and HR-ICP-MS, it is better to use
the separation method developed in this study to secure a
more accurate measurement when alow-levd Re content
inasampleis expected.

Publication:
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85. Global Fallout Technetium-99 Distribution
and Behavior in Japanese Soils

Keiko Tegami and Shigeo Uchida
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From a radioecologica viewpoint, anadyds data on
global falout *Tc in environmenta samples should give
useful informetion for predicting the nudlide behavior. At
present, however, due to very low concentraion and
andyticd difficulties for determination of the nudide in
environmentd samples, there is a generd lack of dataon
®T¢ levesin the literature. Therefore, the behavior of the
nudide in the teredrid environment is not wel
undersood.

In this studly, we determined concentrations of ®Tc in
surface soil samples usng inductively coupled plasma
mass spectrometry. **'Cs concentration was aso messured
to use it as a compardive indicator for discusson of the
sources of ®Tc, because the fission yidds from 22U and
2Py are about the same (ca. 6%) for the two isotopes, and
the behavior and distribution of **Csin the environment is
reasonably well understood. The activity ratio of *Ta*'Cs
was cdculated to underdand Tc mohility in the soil
environment.

The ranges of *®Tc and *'Cs concentrations in rice
paddy fieds ae 6 — 88 mBgkgdy and 14 — 14
Bg/kg-dry, respectivdly. Thosein upland fidd soilsare 4.3
— 7.7 mBg/kg-dry and <1.1 — 7.7 Bg/kg-dry, respectively,
and those in other soils are 7- 20 mBg/kg-dry and <1.1 —
144 Bogkg-dry, respectivdy. Sightly high corrddions
(r>05) baween *Tc concentrations and some ol
properties, such as CEC, act-Fe totd-C, org-C, and totd-N,
for upland fidd soils and other soils are found. No
corrdaion gppears for the paddy fidd soils. The rdation

has nat been explained yet, though there was a possible
influence from organic matter and microorganiams in the
ils.

The adtivity ratios of ®Tc to 'Csfor paddy fidd soils
aregiveninfigure 33, and they rangefrom 1.1 x 10%t0 7.0
x 10° with an geomeric average of 48 x 10°
Theordticdly, the activity ratio from nudeer fissonyidd is
presently calculated as 3.3 x 10* with correction for
redioective decay, because it is assumed that the mgor
source of ®Tc in Jgpan to now arises from falout.
Compared to the theoreticd ratio, the activity ratiosin the
peddy fidd soils ae one order of megnitude higher.
However, the activity rdios in paddy fidd soils of this
sudy are the same order of magnitude or one order of
meagnitude less than those in undisurbed soils in Japan
reported previoudy as (1.2 — 39) x 10° The average
activity ratios found in this sudy for upland fidd soils are
seven times higher than the theoreticd ratio but those for
other soilsare dose to the theoreticd one. Among the soils
usad in this study, the average activity ratio for paddy field
snilsisthe highest. Theratiosin paddy fidd soilsaretwice
as much as those in upland fidd soils and one order of
meagnitude higher than those in other soils maybe because
of different degrees of the soil reduction. The higher or
dmilar activity ratios found in this sudy as compared to
the theoretical one suggest ®Tc accumulation in the soils
even under aerobic conditions.

Publication:
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86. Changes in Physicochemical Forms of
Technetium in the Water Covering Paddy
Soils

Nobuyoshi Ishii, Keiko Tagami and Shigeo Uchida

Kemords  technetium, insolubilization, paddy fidd,
bacteria

The radioactive nudlide technetium-99 (*Tc)
isafisson product of ?°U formed during the reprocessing
of nudear fud andisalong-ived radionudlide (T, =21
[0 10°y). Thisradicactive materia has been accumulated
and digributed in the environment. The availability of Tc
by plantsis dependent upon its physcochemicd forms.
The pertechnetate anion (TcOy), whichismogt gableform
of Tc under agrobic solutions, can betaken up by
agriculturd cropsand vegetables In extended |aboratory
and fidd dudies plant availahility of Tcisreduced over
time. This phenomenon isconddered to beareault of the
formation of insoluble Tc by the reduction from Tc (V1) to
Tc (IV). We previoudy suggested thet microbid reduction
causad theinsoluble Te in waterlogged paddy soils
However, it isnot undear whether theinsoluble Te formed
insoilsor inwater covering paddy soilsand whether
microorganiams affected physicochemicd formsaf Tc
directly or indirectly. In this pegper, we describe the changes
of physicochemicd formsof Tcinthewater covering
paddy soilsand direct effectsof microorganismsonits
physcochemicd transformetion.

Fourteen soils collected from peddy fidds (9
samples) and upland (5 samples) were waterlogged and
incubated for 7 daysa 25'C. After theincubation, the
water covering the soilswere collected in newly prepared
test tubes These samples (1.6 — 2.0 ml) wereincubated
daticaly with soluble®™ o0y, a 25°C for 4 daysagain.
The cultureswerein contect with ar. After theincubation

with ®™Tc, the sampleswere sequentialy separated into
four fractions: oneinsolublefraction (> 0.2 um) and three
solublefractions (TcOy, cationic, and ather forms). The
radioactivity of ®™Tc in each fraction was messured with a
Nal (T1) scintillation counter.

Dominant gpecies of Tc was pertechnetate
anion, but theinsoluble Tc was a0 obsarved inthe
samples of thewater covering soils (Fig. 34). Onan
average, 13% of the®™TcO, changed toinsolubleforms
and the maximum ratio of theinsolubilization was 76% of
the P38 sample, which was collected from apaddy fidd
(gray lowland soil). No stidticdly differencesinthe
average amount of insoluble Tc between paddy and upland
soilswerefound. The amount of cationic and the other
formsof Tcwerelessthan 1% of totd. Although
technetium isnormdly present asthe pertechnetate anion
in aerobic solutions, our results show thet insoluble Tccan
occur inthewater covering spedific soilslike P38 even
under aerobic conditions.

Pertechnetate could be affected indirectly by
physicochemica modifications of theloca environment
(Eh and pH) leading to reduction of TcO;,. Indeed, vaues
of Ehand pH in P38 werelow enoughto reduce Tc (V1)
to Tc (1V). Then, wedetermined theinsolubilizetion of Tc
in a P38 solution passed through a0.2 pum-pore-size
membranefilter. Insoluble Tc was 4.8% of the untrested
sample, but when microbid partidles, which werekilled by
autoclaving, were added to thefiltrate of P38, insoluble Tc
was 2.6% of the untreated sample. Theseresultsindicate
littleindirect insolubilization of Tcin P38.

Inorder to darify direct effects of
microorganismson theinsolubilization of Tc, organic
subgrateswere added to the P38 sample to promote
microbid growth. The addition of subgtratesresulted inthe
enhancement of insoluble Tc (115% of untrested sample).
The potentid direct effectson insolubilization of Tcare
biosorption and bicaccumulation. Added pertechnetate



anion added does not sorb on microbid cdl surface
because the surface generdly has anegdtive charge. From
these reaults, we concdluded that insoluble Tein P38
resulted from biocaccumulation by

microorganiams.
120% T T T T T T T T T
O others O pertechnetate
M cationic @ insoluble
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40% |+

20% |+

0%
F09 F10 F29 F31 F47 P19 P28 P32 P38 P42 P48 P56 P60 P66
Samples

Fig. 34. Rdative amount of insoluble, pertechnetate,
cationic, and other formsof technetiumin theweater
covering soils. F and P mean upland fields and paddy
fidds samples, repectively.



87. Bio-kinetics of Radon Ingested
from Drinking Water

Tetsuoldhikana Yukinor Narazaki®, YasuokaYasuoke?,
Shirji Tokonami and Y Yameda

(*Fukuokalrdiitutedf Heelth and Environmental Sdences
%K chePrameoautical Univarsty)

Keywords ingesisd radon, drinkingwete, Somech, dosimery

It hes bean reparted thet high concantralions of redon can ooy in
water aypdies from groundwater. Since theiingestion of redorich
waeter presats apossible risk to humen hedth, severd invedigetars
have suded the fate of ingested radon in the body. These dudies
identified the gomech well s the mogt dgnificat agen An
important fadtor regarding thedodmery for thestomechistherateof
redon lossfrom the domech. Thedgjedivedf thepresart sudy isto
edimetetherateof radon lossfrom the tomech by invivo counting
of recon progery “Poand *Bi).

Twoadtssaved ssvduntesr sbjedsfarinvivocounting. After the
i n g e s t i o0 n o f

perardas far the bdaviar of redon as wel s its progany. The
refertion of radon wes esimeted by fitting these paramdiars to the
expaimatd ceta
As an exarle the fitting process of the *Bi reiertion curve for
ahed A is doan in Hg 35, Previous modds for dosmeric
puposssaften assumed thet radon randarsfrom thetomech to the
grdl intetine with a hdftime of bdow 20 min Cuve 1 wes
cdadated usng ahdftime of 20 min for dl ingeded redon andlits
progary. There wes a hig difference bawemn cdoulaed and
expaimatd dda Thus the paramgierswiere drenged eccordingly;
fird, itwesassumed thet helf theamount of redon progany Sayed as
(V-15
Environmenta Sience
alongtem reartion fradion (Curve 2). Howvever, this assumption
ooudnat eqdan thelong hef-time aosarved from theexpaimentd
dda Bvenif dl of the ingedted radon progany wes retained in the
somech (thet is no trander cooued), the helf-time for 2Bi wes
cdadated to beabout 40 min. Thisvdueweassrdler then thehdlf-
times dosaved from the eqpaimants Thelong helf-ime sugpested
the exigence df longtem retention fredtion for redon ass well as
redon progery. Cuve 3 dows a goad fitting this cuve wes
ohtained assuming thet 60 % of ingeted radon decressad with a
hf-ime of 240 min Thevdue o hef-imewes much lage then

radon-rich water samples, each subject was measutiestivgeiiih peedicet(ifd ineiét ectbs (idaecPOmm). Thepresat

the somech. The detettor ws shidded with leed of 50 mm
thickness to minimize effects
(V-15)
Environmental Sdence
of gammaraysfrom aher agarsthenthesomech Invivocounting
was dated afew minues dter theingesion. The mesaramat of
eschabjett lested morethen 100 minutes
Theinvivo courting deta.on P and *Bi aould give orly indirect
informationanthebenaviar of redoninthebody. Thisishecause (1)
the messLred gammarays are the third and fourth emissonsin the
2R decay chein, and (2) thebehavior of raconinthebody aoudbe
dfferert from thet of redion progeny. Thus abiokingtic modd wes
develgpad tointapret theiin vivo counting deta Themodd indudes

ressarch suggested thet a part of the redon sayed longer in the
domachttenwasexpadedinpreviousmocds

Rudicationt
Ihkawa T, Naazski, Y, Yaauoka, Y., Tokonam, S ad Yanedh,
Y: Rediat. Prot. Dosm, 105, 65-70, 2008,
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Table 5. Alpha counting efficiencies of the scintillation cell from a Monte Carlo calculation

Cell type Radon 28pg 24pg Thoron 218pg
110A 0.681 0.763 0.884 0.781 0.827
300A 0.637 0.742 0.864 0.736 0.780
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Fig. 36. Comparison of the radon concentration between the standard and proposed
techniques.



88. Simple, Discriminative Measurement
Technique for Radon and Thoron
Concentrations with a Single Scintillation
Cell

Shinji Tokonami, Hidenori Yoneharaand Yuji Yamada
Keywords: radon, thoron, discriminative measurement

For smplicity and rgpidity, a messurement technique
was designed s0 as to measure both radon and thoron
concentrations with a dngle scintillaion cdl. In
principle, it is based on two measurements thet use the
difference in hdf life between radon and thoron. (Note
that long-lived thoron progeny are not congidered in the
present sudy because the measurement terminates
within1h.)

Alpha counting efficiencies of the scintillation cdll
were esimated with a Monte Carlo caculation. Both
Pylon modd 110A and 300A Lucas cdls are used in
the present gudy. The 110A cdl isacylindricd vessd,
53 mm in diameter and 70 mm high. Its inner volume
and active area are 151x10* m’® and 1.88x10° n’,
respectively. On the other hand, the dimensions of the
300A cdl ae 70 mm diameter and 124 mm height.
The inner volume and active area are 2.7x10* m® and
2.77x10% n, respectively. The Pylon modd AB-5
scintilletion detector is dso incorporated into the
measuring system. The following conditions are set up
inthe caculation:

(1) Theinner walls are covered with ZnS scintillators
except for the trangoarent plate (glass) a the bottom
attached to the detection surface of the photomultiplier.
(2) Redon or thoron gases are uniformly digtributed in
the cdl after injection. “°Po aoms behave like the
gases because the hdf life is very short (015 9). The
other progeny attach to theinner wall immediately after

they areformedinthe cell.
(3) If dpha particles reach the wall, the scintillation
will definitely occur and can be detected.
Table 5 shows the dpha counting efficiencies for the
individua radionuclides of both cdls Using these
apha counting efficiencies, converson factors for the
radon concentration were caculated and compared
with experimenta values. Since the conversion factor
is generaly provided at radioactive equilibrium, it can
be expressed asthe following equation:
1
(77Rn t raa T 77Rac)x V, x 60
@

CF =

where,

CF: converson factor of radon concentration
(Bam® cpm);

N reN rReaN rec: dphacounting efficiencies
for radon, ?®Po and “Po, respectively;

V. inner volume of cell (m?).

In the case of the 110A cdll, aconversion factor of 47.4
was obtained. There is a 3% difference between this
and the experimental conversion factor of 48.7. In the
cas= of the 300A cdll, this calculaion provided 27.9 Bg
m cpm'?, dso within 3% of the experimental value of
270. From thee two agreements, the counting
efficiendies for thoron and #°Po are reasonable in this
caculation.

After taking air samples with thoron, the count(Cr,,) on
theinitial phase can be expressed asfollows:

to+ty,

Cr, =V, X _[(UTnXTn + 77ThAxThA)dt
to
@
where
to: beginning of the messurement (9);
to Messurement period (9);



N N ma: dpha counting efficiencies for thoron and
Z1%Pp, respectively;

X1n, Xna: activity concentrations for thoron and #°Po,
respectively (Bqm).

Asauming that Xt=Xma because of the radioactive
equilibrium between thoron and #®Po, therefore, the
initid thoron concentration (X)) can be obtained as
follows

XTno = Cm

to+ty,

Vc = (77Tn + 77ThA) J.e_iTnt dt

to
(©)
where
A 1 decay constant of thoron (sY).

If radon is present as well as thoron, counts due to
radon and its progeny must be subtracted from thosein
the messurement peiod. Theefore,  another
measurement is necessary dfter the thoron decays. The
count comes from radon and its progeny only, so egn.
(3) can berewritten asfollows:

Xino = SELe

to+ty,

Vc = (77Tn + 77ThA) J.e_iTnt dt

to

4
where
C.: countsin the first measurement period;
C, counts in the second measurement
period.

The congant “K’ can be determined with the exigting
ratio of radon and its progeny in the cdl and
measurement  timeteble. 1t can be agpproximatdy
assgned to be 0.2 with timetables given as below.

For a totd messurement period of 15 min, an
optimized timeteble was determined. Since two
measurements have to be made in 15 min, the second

measurement period of 5 min was fixed (10-15 min
dter sampling). The beginning of the firg
measurement was a0 fixed to Sart 20 s after sampling.
Rdative dandard devigtions of the thoron
concentration were caculated under severd different
fird messurement periods Thoron and radon
concentrations were assumed to be both 100 Bq m?®in
the caculation. When the end of the first measurement
was st a around 100 to 150 s the reative sandard
devigion became the smdles. Thus the firg
measurement was made between 20 and 120 s In
order to verify the vdidity of this optimized timetable,
the radon concentration was compared between
dandard and proposad techniques. In the gtandard
technique, the radon concentration was determined
after reaching radioactive equilibrium between radon
and its progeny. There was ardatively good agreement
between the two as shown in Fig. 36. It is obvious that
an adeguate timetable will result in prompt
determination of radon and thoron concentrations if
dpha counting effidencies are individudly and
precisdly given.

Publications:

1) Tokonami, S, Yang, M., Yonehara, H. and Yamada,
Y.: Rev. . Ingrum, 73, 69-72, 2002.

2) Sun, Q., Tokonami, S, Yamada, Y and Akiba, S.
Radioisotopes, 51, 120-126, 2002.

3) Tokonami, S, Sun, Q., Yonehara, H. and Yamada, ..
Jpn. Health Phys,, 37, 59-63, 2002.

4) Tokonami, S, Yonehara, H. Yang, M., Furukawa, M.
and Yamada, Y.: Proc. 5" International Conference on
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Radiation Dose and Health Effects, 271-273, 2002.

5) Tokonami, S, Yonehara, H. Zhuo, W.,, Sun, Q.
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665-669, 2002.



89. A New Passive Integrating Radon and
Thoron Monitor

Weihai Zhuo, Shinji Tokonami, Hidenori
Yonehara and Yuji Yamada

Keywords radon, thoron, passive monitor

Many types of passive integrating *’Rn monitors have
been developed for large-scale and long-term
measurements. However, most of the monitors are
sensitive to not only “Rn, but also thoron (*’Rn) in
different extents. To precisely measure “*Rn concentration,
it is necessary to evaluate the influence of “"Rn on the
22Rn measurements. On the other hand, recent surveys
have revealed that the exposure to “’Rn and its progeny
should not be neglected in some areas. Therefore,
measurements of ’Rn are indispensable for more precise
assessment of public exposure to “?Rn and “’Rn.

Fig. 37 illustrates the construction of the new type of
passive integrating ““Rn and “’Rn monitor developed in
this study. The *Rn monitor is commercially available, it
is a cylindrical pot made of anti-statically treated plastic.
The allyl diglycol carbonate (CR-39) is used as the alpha
particle detector. The °Rn monitor is reformed from the
2Rn monitor by adding 4 holes (/=12 mm) covered with
cellulose fiber filter (Whatman® No.41) on the wall of the
pot bottom. In order to discriminate “*Rn from *Rn in the
Rn monitor, an original ““Rn monitor is attached to the
“Rn monitor using a piece of double-coated tape. The
new ““Rn and “’Rn monitor has a total volume of only
110 cm’ and a weight of as low as 20 g.

The etched-track densities on the CR-39 detectors set in
the “*Rn and Rn monitors (Ng, and Np,) can be
expressed as the following equations:

Ng, = Qr,CFg, T +Q;,CF;,, T +B
N;, = Qr,CFr,, T +Q;,,CF, T + B

where Qg, and Qmare the mean concentrations of “*Rn
and *Rn in the exposed period, CFrq and CFyy are the
2’Rn and “Rn calibration factors for the “*Rn monitor,
CFrp and CFyp are the “?Rn and **Rn calibration factors
for the 2’Rn monitor, T is the exposure time, and B is the
background track density of the CR-39 detector. Therefore,
provided the etched track densities, calibration factors and
the exposure time are known, “*Rn and “*Rn
concentrations can be derived from the simultaneous
equations.

The **Rn and *Rn calibration factors for the new
monitor were determined through the calibration
experiments in a “*Rn/”’Rn chamber. The averaged “*Rn
calibration factors for 12 sets of *?Rn and ’Rn monitors
were estimated to be 2.62 + 0.20 and 2.64 = 0.16 tracks
em® (kBq m® h')", respectivel. The mean *’Rn
calibration factors were 1.32 =+ 0.14 tracks cm” (kBq m”
h")y" and 0.10 £ 0.01 tracks cm? (kBq m™ h')" for the
“Rn and “*Rn monitors, respectively. “’Rn calibration
factor of the *"Rn monitor was more than 10 times that of
the “*Rn monitor. It is expected that “’Rn can be evaluated
from the different etched-tracks on the detectors in the
Rn and *’Rn monitors. Furthermore, “’Rn calibration
factor for the “*Rn monitor was also quantified. Therefore,
the new monitor is not only useful for “’Rn measurements,
but also helpful for more precise measurements of “Rn.
On the other hand, due to its low cost, simple construction
and small size, it is considered to be practical for

large-scale and long-term field surveys.

Publication:
Zhuo, W., Tokonami, S., Yonehara, H. and Yamada, Y.:
Rev. . Indrum 73, 2877-2881, 2002.
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90. Interim Report of Cosmic Ray Doses in
Airplanes Measured by a Pocket Dosimeter
Fig.38
Kazunobu Fujitaka

Keywords airplane, doseedimation, solar activity

Neutron doses in airplanes still remain ambiguous. From
the viewpoint of health physics, however, it is not bad idea
to measure the dose with a small pocket dosimeter (1”7 )x
17 silicon ionization chamber: Aloka PDM-101) with a
proper conversion factor to the total dose (neutrons
involved).

Dose values obtained on board airplanes are summarized
in Fig.38. Data include uncertainty which originates from
the latitudinal and the flight directional dependences. Solar
activity is another source of variation. However, it is
most probable that the general public wants to know only
how much they receive during an airplane flight to a
specific destination. Reasons of variation are not their

concern.

Data were collected for 77 flight ranging from domestic
flights to long distance flights. About 50 were
intercontinental flight. Data collection and analyses were
done by the same person. Values were obtained using the
same instrument with a few exceptions, so it would be
possible to make systematic adjustments for better values
later. The total dose shown here was estimated as 2.7
times the indicated value of PDM-101. The measurements
were started in 1997, and have been done over 5 years
which is almost equal to half the period of solar activity
variation. Actually, the dose increases with flight hours
wherever the airplane goes, and the maximum dose of a
one-way flight would be below 5001Sv. In this figure, the
dose is limited to flights only from/to Narita.
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91. The Effect of High LET Radiation Is
Compromised in NHEJ Deficient Human and
Rodent Cells

Shiori Saito and Ryuichi Okayasu

Key words high LET radiation, non homologous end
Joining (NHEJ), cdl urvival, repair, premature
chromosome condensation (PCC)

We have messured radiation cdl survivd in various
human and rodent cdl lines exposed to high LET
(LET=80keV/(0m) carbon ion particdes (290MeV/u), ad
the resllts were compared with those for cdl lines
irradiated with X-rays Non homologous endjoining
(NHEJ) deficient humen fibroblast (180 BR: Ligese IV
mutant) irradiated with carbon ions (LRT=80keV/Om)
showed asurvivd levd which wasidenticd to the survival
obtained with X-rays. On the other hand, normd human
fibroblagt showed a significantly higher cdl surviva when
X-rayswere used as compared with the surviva with high
LET carbonions Likewise, NHEJrepair deficient hamstar
xrs6 cdls (Ku80 mutant) showed 180BR-like surviva
response while wild-type Chinese hamdar ovary (CHO)
cdls showed a normd human cel-like response. These
results may suggest that theinitid damageinduced by high
LET radigtionisdifferent from thet induced by X-rays, and
the regular DSB repair process is not properly functioning
in cdls irrediated with high LET. Our prdiminary results
usng the premature chromosome condensation (PCC)
asssy seem to indicate the difficulty in repairing the
damege produced by high LET irradiation in normd cdls.

Nofigure



92. Pion-Emission Cross Section in Finite
Nuclei at Cosmic Ray Proton Energy

Susumu Kinpara

Key words pion-emisson cross section, effective
pion-nucleon coupling moded, gdactic
COSMIC ray proton

Cogmic ray experiments on the earth play a decisve
role to determine an abundance of the dementary
patides and their energy spectrum. Above dl, the
pion-emission cross section determines branching ratio
that the projectile energy is asigned to the secondary
and which dominates the digtribution of the radiation
fied. In the present work we invedigaie the high
enagy limiting behavior of the dementary particle
reection for the use of thetrangport eq uation.

One of the successful trestments on the hedronic
phenomenais the meson-nucleon effective field modd
in the framework of the relativigic nuclear many-body
problem. In the effective pion-nucleon coupling modd
the interaction is represented by  dther
pseudoscda(PS) or pseudovector(PV) type In the
cax of the red pion extend line the suppresson
mechanism is not necessarily gpplicable so that the PS
one is anticipated to make a contribution compared
with the PV one exceedingly.

For caculation of the many-body sysem the Green's
function formulation is employed systemdticaly.
Incorporeting the emitting phenomenon, the externd
pion is asigned a definite energy and charge in the
find sae with redriction of ther conservaion law
respectively. It is assumed in this work thet the find
date momentum digribution of the target nucleus is
changed by the uniform diglacement in the

momentum space. Therefore, the backward scattering
of the neutron getsrid of the suppression resulting from
the nuclear finite Sze effect.

It is indructive to derive the high energy limit of the
totd cross section. Approaching a congtant vaue over
TeV region, it gives aremarkable result suitable for the
ultra rdlativigic energy. Because the caculated cross
section depends on the range parameter the nuclear
dendty didribution is respongble for the resultant high
energy limit to be gppropriate definitely. The angular
digribution of the neutron spreads with the pegk at the
backward hemisphere accompanying the oscillatory
behavior, in contrary to the pion momentum which is
emitted forwards without the modulation by the
exduson effect and serves asthe secondary particle.

In summary, we have cdculated the pion-emisson
coss sction in the framework of the effective
meson-nucleon coupling modd. It has been shown that
the precise calculaion of the pion emitting process is
dgnificant for the undergtanding of the galactic coamic
rays. The high-energy limiting behavior is improved
condderably by taking into account the nuclesr
trandationa motion. The physicd meaning andtherole
for the cascade processisin current investigation.



93. Resonance Model for Radiation Action

H. Yamaguchi, H. Oharaand A. J. Weker

Key words. biophysicd modd, radiation action, radiaion
protection

It is widdy recognized that RBE is a multiplevaued
function of LET, for both physica reasons (inadeq uateness
of LET done as a microscopic description of radiaion
g udity) and biologicd ressons (different biologica
gydems and conditions). Attempts are being made
continuoudy to seek more physicaly meaningful and
practicdly desriptive radigion g udity in microscopic
pss the numericd vaues of
radiaion weghing fectors rdaed to the radiaion
protection.

LET has been usad as a q uantitative parameter of
radigion g udity in - anumberof the attemptsto congruct
abiophydca modd of subcdlular mechaniam of radiaion
action. No genegrd parameter on radiation g udity, however,
has yet been fully identified despite much effort in thefield
of microdosgmetry.

Bearing these facts in mind, we propose a biophyscd
modd in which two processes are assumed for radigtion
action incdluding damage production and dameage repair.
Theionization mean free path is proposed asthe parameter
to describe the damege production process, and LET is
axataned as the parameter of the repar process.
Assumptions are as follows (1) There are two targets in
microscopic and macroscopic to explain the radiation
action. (2) The entity of initid damage in the microscipic
target is DSB (Double Strand Bresk) of DNA. (3) The
microscopic target has gdructures potentidly leading to
DSB. (4) Asamessure of suchdructures, there are three
digributions of digances between atoms, those within
DNA, DNA and water, and in pair of water molecules. (5)

dimendon and A0 to reass

Theyidd of initid DSB in the micrascopic target can be
described by the extent of the ionizing mean free path
arising doser to the distance of the target tructuresleading
to DSB (resonance nature). (6) Theyidd of initid DB in
the macrosoopic target is related to biologicd response
observed and the macroscopic target is spedified by its
mean chord length. (7') The non-repaired or miss-repaired
DSB is rdevantly expressed to the observable biologica
endpoint inthe cdl thet hasrepair &bility.

The potentid Sructure leading to DBS was obtained

by amodd sysem of B-DNA 5' -TCGCGTTGCGCT-3

24 Nat+ and 7 97 3 water molecules in the box. The firg
possible digtribution of distance(s) is associated with direct
rediation action and the other two didributions, with
indirect rediation action. Yieds of weter redicas and their
diffusons are involved to edimate occurrences of DSB.
Based on the differentia cross section of an dectron as a
function of its kinetic energy, we cdculate the integra
cross section of the dectrons and the total cross section of
heavy charged patide of track ssgment type The
MiCroscopic Cross section to produce DSB may associae
to form the macroscopic cross sections, suggesting the
presence of two dzes of the target. The present modd is
done with four parameters, i.e the geometricad cross
section of the microscopic target and the meen chord
length of the macroscopic target, for each dectron and
heavy charged partide. Optimization of the initid (DSB
production) cross section has been mede by fitting the
modd tothe cdl killing datawith arepair deficient cdl line
of AT-cdls

The vaues of the paramder, the geometricd cross
sedtion, areo =24 3x10 p n (=28 A) for dedtrons
(X-rays) and heavy charged partides, where ryis effective
radius of the geometricd cross section, and the mean free
paths are 1.31u m for dectrons and 94y m for heavy
chaged patides The vaue r, suggests one waer
molecule as the common microscopic target for dectron



and heavy charged paticle The vaue of the mean chord
length suggedts different 9ze of the macroscopic target, i.e.
the sze like chromosome for dectron and thet like cell
nudeusfor heavy charged particle.

The probahility of repair from the initid cross section
may be described with ether of three variables, i.e mean
free path, Z%/B ?and LET. We found LET as the proper
variables to describe the repair probability. Introducing an
empiricd expression for the repair probability asafunction
of LET, inactivetion cross sections for T1-cdl (repar
effident cdl line) can be systemdicdly explained and
expressed as afunction of such measurable variable asthe
enagy of patides (Fg.39). This expresson may be
important for radiation protection if the scheme of the
radigtion protection indudesthat of fluence-based.

Fig. 39. Inactivation cross section (U ) for T1 cdlsasa
function of patice energy for fluencebased radiation
protection.

X x-rays
---[]--- Deuteron
---E3--- He - Barendsen
O C-Todd
-+ C - Blakely sigma-T1.plt
1000 E 1 ---v-.. Ne_TOdd 1 LILBLILULL 1 LU 1 LU 1 LI IIIII:-
- ---¥--- Ne - Blakely T1 cell
B A Ar - Todd
i ---\--- Ar - Blakely Fe
— 100 / ]
N = 7~ ]
: / e 2 \N
[ P\
S i / SA\
= 10 E -
N - 3
8 - A ]
% 1 \/ ‘ ‘> 8 \
(7)) E . 3
%) - .
O C [ O 1
o - X Ne ]
c
© 0.1 5
— 3
= 7 :
= / Proton \H\e 1
] |
(@) r 4
4+
= 0.01 / N
_/ \ Electron \
| — ——
0.001 1 Ll L1111l
0.1 1 10 100 1000 10* 10° 10 °

E(keV) or E(keV/u)



94. ICCHIBAN (InterComparison for Cosmic-
rays with Heavy lon Beams At NIRS)
Project

Yukio Uchihori, Nakahiro Yasuda, Kazunobu Fujitaka,
Hisashi Kitamura, Kaori Ygima, Masashi Tekedaand
Hiroshi Yamaguchi

Keywords  intercomparison, radiation monitor, space
radiation, HIMAC

In order to compare response and sengtivity of various
gpace radiation monitoring ingruments for heavy ion
and reconcile differences in messurements made
during space flights, the intercomparison program,
ICCHIBAN (InterComparison for Cosmic-ray with
Heavy lon Beams At NIRS) project, have been carried
out in HIMAC. In totd 7 O investigators (including 27
foreign invedtigators) paticipated to 4 ICCHIBAN
runs during two years. In this fiscd year, 2nd and 3rd
ICCHIBAN runs were performed. The former was for
passive detectors (TLD, OSL, CR-39 and s0 on) and
the latter was for active detectors (S Stack detector, S
porteble detector and Tissue Eq uivdent Proportiond
Counter). The reaults from the detectors have been
andyzed by the working group.

Publication:
Uchihori, Y., FUjiteka, K., Yasuda, N. and Benton, E..:
Journal of Radiation Research, 4 3S, S81-S85 , 2002.



95. Real Time Radiation Measurement by
Liulin-4J Spectrometer at High Altitude

Yukio Uchihori

Keywords high dtitude, arplane, space radiaion,
redl time monitor

Radiation environment in an arcraft & high dtitudes
above 20 km has been measured with Liulin-4J
portable silicon spectrometer. The arcraft (Fig. 4 0) wes
operated by NASA Dryden Hight Research Center in
Cdifornia, USA for scientific research on high dtitude
environment. The datafrom the spectrometer show that
the dose rate depends on dtitude and geomagnetic
letitude. This invedigation will hep to confirm
caculaied results by a smulation code for the high
dtitude environment in which a future supersonic
arplanewill fly.

Publication Ligt:
Uchihori, Y., Benton, E., Modler, J. and Bendrick, G.:
Advancesin Space Research 32(1), 4 1-4 6, 2003.
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Fig. 40. ER-2 high altitude aircraft and dose rate dependency for altitude. Horizontal
axis shows local time and the histogram shows the dose rate. The solid line shows the
altitude of the ER-2 at each local time.



96. Preventive Effects of Running Exercise on
Bones in Heavy lon Particle Irradiated Rats

Satoshi Fukuda, Haruzo lida, and Xueming Yan

Kewords heaw ion partide rat, bone mneral,
histomor phometry

We examinad the effects of running exercise on
preventing decresses in bone minerd and tissue volume
after heavy ion partideirradiation in rats Mde Widar ras
underwent whole-body irradiation by heavy ion patide
beam (C-200MeV) a doses of 05, 1.0, and 5.0 Gy ad
then were divided into voluntary running groups and
contral groups. Rats in the running groups ran on the
treedmill 15 m/min, 90 min/day for 35 daysafter exposure.
At the end of the experiment, a tibia was obtained from
eech rat for measurement of bone minerd dendty (BMD)
and crosssectiond area, drength drain index, and bone
higomorphometric andysis. The weights of muscles and
concentration of serum cacium were meesured. Totdl
BMD and trabecular BMD in the metaphysis and cortica
BMD of the digphyds of tibia in the running groups
increased. Bone volume and trabecular thicknessincressad
while trabecular separation decressed in the running
groups compared to those in the control groups a
respective doses. However, the osteoid surface and eroded
surface varied in the running groups compared to those of
the regpective corresponding groups. The dynamic
paanders such as mingdizing suface, minerd
gppogtion rate, and bone formation rate in the running
groups were varied, probably due to the differences in
radigion-induced sengtivities of bones following radiation
exposure. The overdl results suggest that running exercise
might have a beneficid effect on preventing bone minera
loss and changes in bone dructure induced by space
radiaion, but it is necessry to examine the optima

conditions of running exercise responseto doses.

Publication;
Fukuda, S, lida, H. and Yan, X. JRR, 43, Suppl. S233-238,
2002.



97. Genomic Instability in Mutation Induction on
Normal Human Cells Exposed to Chronic
Low-dose Radiation in Heavy lon Radiation
Field

Masao Suzuki, Chizuru Yameguchi, Yukio Uchihori,
Hiroshi Yasudaand Kazunobu Fujitaka

Kemords genomic ingability, hprt locus, scatered
low-dose (rate) radiation, heavy ion rediation fidd

We have been sudying cdlular responses in normal
humean fibroblasts exposed to scaitered low-dose radiation
in aheavy ion rediation field. Thisyear we focused on the
induction of genomic ingability in mutation induction
detected with a 6-thioguanie resgant done targeted on
hprt locus. Cdls were cultured in a CO, incubator, which
was placed in the irradiation room for biologica sudy of
heavy ions in the HIMAC and exposed to low-dose
radiation produced with scattered radiation from heavy-ion
beams throughout the life span of the cdl population.
Genomic ingability in cdlular response was examined to
measure mutation induction in low-dose accumulated cell
populetions after exposing to X-ray chdlenging dosesasa
function of accumulated doses. The mutation freq uency of
the low-dose accumulated cdl population was 2-5 times
higher than that of unaccumulated cdll population up to 15
days after being exposed to low-dose rediaion (Fig4 1).
The reaults indicate that very low-dose accumulation of
scatered radigion from  heavy-ion beams induced
genomic ingability in mutagenesis
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98. LET and lon Species Dependence of Cell
Killing, Mutation Induction and Chromosome
Damage on Normal Human Fibroblasts

Chizuru Yamaguchi, Masao Suzuki and Kazunobu
Fujitaka

Keywords LET & ion species dependence, HZE particles,
hprt locus, chromatin breaks, premature chromosome

condensation (PCC)

This year, we focused on both cell killing and mutation
induction, depending upon both ion species and LETs.

First, we studied both LET and ion species dependence
of RBE values for cell killing effect. Normal human
fibroblasts were irradiated with heavy ion beams, such as
carbon, neon, silicon and iron ions with various LETs
ranging from 13 to 400keV/um. Cell killing effect was
detected as a reproductive death using a colony-formation
assay. The results clearly indicated that the peak position of
RBE at 10% survival level shifted to higher LET region
with increasing atomic number of ion sources (Fig.42).

Second, to identify the difference in mutation induction
at the cellular level between carbon and neon ions, we
examined the induction of 6-thioguanine-resistant clones,
concentrated on the hprt locus as the target gene of
mutation. The cells were irradiated with either carbon or
neon ions at various LETSs ranging from 13 to 335keV/um.
The dose-response curves for both carbon and neon ions
increased steeply up to 0.5Gy and leveled off or decreased
above 1Gy, compared to the response to “’Cs [rays.
However, we observed a large difference in the frequency
at the plateau between neon- and carbon-ion-induced
mutations. For example, the frequency for
carbon-ion-induced mutation at 110keV/um was around
30 times higher than that for neon-ion-induced mutation at
105keV/pum when compared to a similar LET value. There

is circumstantial evidence that the different ion species,
such as carbon and neon, led to quantitatively different
mutation frequencies even when the LET value was

similar.

Publication:
Suzuki, M., Kase, Y., Kanai, T., Kato, T., Yatagai, F. and
Watanabe, M.: Int. J. Radiat. Bial., 2003. inpress.
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Fig.42. RBE for cell killing as a function of LET



99. Influence of the Shielding on the Space
Radiation Radiobiological Effectiveness. II.
Chromosomal Aberrations

Marco Durante!, Giancarlo Gidandld, Giafrance Gross',
MariagebriellaPugliese’, Paola Scampoli’, Tetsuya
Kawatel, Nakahiro Yasuda, Yoshiya Furusawa

(‘Univ. Federick I1; ’ChibaUniv.)

Keywords high-LET radiation, chromosome aberration,
telomere, unrgjoined bresks

Reported dudies of DNA breskage induced by
radigion of various quditis have generdly shown a
higher fraction of unrgoined resdud bresks after
high-LET exposure. This obsarvation is supported by the
argument that high-LET radiation induced DNA bregks
that are more complex in nature and, thus, less likely to be
repaired. In mogt casesthe doses used in these tudieswere
very high. We have sudied unrgoined chromosome
breeks by andyzing chromosome aberrdions usng a
fluorescence in Situ hybridization (FISH) techniq ue with a
combination of whole chromosome specific probes and
probes soedfic for the tdomere region of the
chromosomes.  Confluent human  fibroblagt  cdls
(AG15 22) wereirradiated with O rays, 4 90 MeV/nudeon
S, or with Fe ions & ether 200 and 5 00 MeV/nudeon,
and were dlowed to repar a 37 °C for 24 hours after
exposure. A chemicdly induced premature chromosome
condensation (PCC) technique was used to condense
chromosomes in the G2 phase of the cdl cyde Reaults
showed that the frequency of unrgoined chromosome
bresks was higher after hightLET radiation, and the ratio
of unrgoined to misgoined chromosome  bresks
increesed steedily with LET up a pesk vdue & 440
kevum.

Publication:

Durate, M., Gidandla, G, Gross, G, Pugliee, M,
Scampoali, P, Kawata, T., Yasuda, N., and Furusawa, Y. J.
Radiat. Res. 43, s107 -s111, 2002.



100. Smultaneous Exposure of Mammalian Cdls to
Heavy lonsand X-rays

Yoshiya Furusawa, Mizuho Aoki, and Marco Durante

*

(* Univ NapeasFeddick I1)

Keywords High-LET radidion, synergidic effect, Cdl
aurviva, Chromosome abaraion

Crews of gpace missons are exposed to a mixed
radiation fied, induding sparsdy and densdly ionizing
radiaion. To delermine the biologicd effectiveness of
mixed high/low-LET radiation fidds, mammdian cdls
were exposed in vitro Smultaneoudy to X-rays and heavy
ions, acceerated a the HIMAC accderdtor. X-ray doses
ranged from 1 to 11 Gy. At the same time, cdls were
exposed to either *Ar (55 0 MeV/n, 86 keV/umy*S (100
MeV/n, 15 0 keV/pm), o Fe (115 MeV/n, 4 4 2 keV/um)
ions. Survival was mesaured in hamder V7 9 fibroblagts
Sructurd aberrdionsin chromosome 2 were messured by
chemicd-induced premature chromosome condensation
combined with fluorescence in dtu hybridizetion in
isolaed human lymphocytes. For argon and dlicon
experiments, measured damage in the mixed radiaion
field was condgent with the vdue expected usng an
additive function for low- and high-LET separated data. A
andl devidion from a dmple additive function was
observed with very high-LET iron ions combined with
X-rays

Publication:
Furusawa, Y., Aoki, M., and Durante, M.: Adv. Space Res.
30,87 7-834 , 2002.
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101. International Activities of NIRS
Hideo Tatsuzaki
Keywords ICRP, UNSCEAR RCA, FNCA

Exchange of Researchers

In FY 2002, NIRS accepted a totd of 77 foreign
researchers (for over 7 days) and sent 328 researchers
abroad.

NIRS organized seven internationd mestings as
follows
The 4™ Japan-France Workshop on Radiobiology and
Isotopic Imaging (June 2002, Paris); A Meding of
ICRP Committee 3 (September 2002, NIRS);
Internationa Symposium on Trangfer of Radionudlides
in Bioghere-Prediction and Assessment-  (co-hog,
December 2002, Mito); Human-Radiation Interface:
Application of Radiation in Medicd Science-A Course
of Nudear Medicine (October-November 2002,
NIRS); FNCA 2002 Workshop on Radiation
Oncology (December 2002, Chiba and Tokyo);
IAEA/RCA Regiond Training Course on “Clinica
Aspects of Brachytherpy in Uterine  Cervix
Cancer” (co-hogt, July 2002, Maebashi and Chiba);
IAEA/ RCA Regiond Traning Workshop on
Myocardid Perfuson Scintigraphy usng SPECT for
Nudear Medicine Physicians (February 2003, NIRS).

An open sminar entitted “FNCA Seminar on
Radiation Oncology 2002 was held in Toranomon,
Tokyo on thefind day of the workshop as a part of the
FNCA workshop held from 17 to 20 December 2002,
drawing about 150 participants both from Jepan and
abroad.

Coaoperation with Internationa Organizations

United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR)

The preparatory committee for Jgpanese
Correspondence for UNSCEAR was newly established
a NIRS, induding members from outside of NIRS,
and 110 corresponding members were gopointed in
addition to the committee members.  Thar comments
on the UNSCEAR draft were assembled, compiled and
passed to the delegation of Japan and dso presented to
the Nuclear Safety Commission of Japan.

International Commisson for Radiologica Protection
(ICRP)

NIRS sent an expeart as acommisson member to the
meetings of the ICRP Man Commisson hed in May
2002 in the United Kingdom, in October 2002 in
Albuquerque, USA, and in January 2003 in Vienna,
Audria

Internationa Atomic Energy Agency (IAEA)

NIRS hoged two meetings: IAEA/RCA Regiona
Training Course on “Clinicd Agpects of Brachytherpy
in Uterine Cervix Cance”  co-hog, July 2002,
Maebashi and Chiba and IAEA/RCA Regiond
Traning Workshop on Myocardid Perfuson
Scintigraphy using SPECT for Nucder Medicine
Physicians (February 2003, NIRS).  NIRS st atotd
of 12 expertsto 11 different meetings of IAEA.
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Low Dose Radiation Effects Project
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Letters,179,121-132,2002
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Science,83,426-431,2002
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6-Sulfanilamidoindazole(6SAl)-induced arthritis in
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Research,503,43-49,2002

Yasushi Ohmachi,et.al:Recovery process of arthritis
induced by 6-Sulfanilamidoindazole(6SAI) in
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Histopathology,17(2),437-444,2002
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low-dose irradiation on cell growth of cultured glial
cells,International Journal of Radiation
Biology,78,913-921,2002
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DNA.,Journal of Biotechnology,97,233-242,2002
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Lockefeer ,Takao Mori Manabu
Matsuda :Cortactin-Binding Protein 90 (CBP90)
Expression in the Mouse Mammary Glands during
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Development.,Zoological Science,19,443-448,2002



International Space Radiation Laboratory

Jun Sato,Keiji Okada’,Satoshi Fukuda,Reeko Sato’,Jun
Yasuda',Yoshihisa  Naito:Serum  activities  of
tartarate-resistant acid phosphatase and bone specific
alkaline phosphatase as indices of bone metabolism in
the cow.,64,653-655,2002
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Fujitaka:Probability of cell hits in selected organs and
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orbit.,Advances n Space
Research,30,1011-1015,2002
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Research,30,927-932,2002
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of DNA-dependent protein kinase by small
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