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Nursing education and education of nursing science

— Inquiry into the definition and interpretations of the terms —
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Abstractd The term* nursing education” is the comprehensive concept of the education in
training course and continuing education for nurses. On the other hand, there is a view which
distinguishes* nursing education” from* education of nursing science.” In this view,” nursing
education” means* general education about nursing.”

0 O The authors propose a definition of* nursing education” as an educational system for
professional nursing practice , because of the importance that this term carries in the history
of nursing.

00 O On the other hand,* education of nursing science” is defined as the teaching and learning
about nursing, emphasizing the academic characteristics.

O O However, in other situations“ education of nursing science” means“ education of
undergraduates in a university or a junior college and postgraduate education,” or“ the
education in nursing science of nursing specialists.”

O O The authors regard these two terms as follows:* nursing education” is the educational
system to raise the ability for development and practice in professional nursing activity, and
“ education of nursing science” is education to raise the ability for pursuit and theorization
in professional nursing activity. Although these terms are not synonymous, they tend to overlap
somewhat in actual usage.

Key words[ nursing education; education of nursing science; definition of the term
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Trend of food-born infectious disease in Japan

Yoshimitsu OTomo"

O Received November 30, 2004 ; Accepted January 13, 20050

AbstractO The diversity of foods in the marketplace and the improvement of the transportation
system are greatly affecting to the incidence of the food-born disease. The food-born infectious
disease in our country was caused by both emerging bacteria such as £. cofi 0157, and
Campylobacter jefuni/coli, and traditional types of pathogens such as Salmonella, and Vibrio
parahaemolyticus. Further Vibrio cholerae and a certain type of virus such as ANorovirus were
also involved into the group of food-poisoning inducing pathogens owing to the amendment
to the law. In the present paper the representative pathogens of food-born infectious disease
in our country were listed up to discuss, and new network system organized in Aomori
prefecture to prevent the outbreak of food-born infectious disease was introduced.

Key words[] food-born disease; food-born infectious disease; network system
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The effect of exercise or training on bone mineral density in women.

Hiroyuki AKIMOTO"

0 Received October 30, 2004 ; Accepted January 13, 20050

AbstractO In order to prevent the reduction of bone density to the minimum, it is important
to give sufficient recognition to osteoporosis. We performed an investigation into bone density
for women’s college students. Factors which conducted to the increase of bone density induced
activities in childhood, the experience of sports up to high school, the ingestion of milk in
the growth phase and the time of beginning menses. Next, we investigated the bone density
in female long distance runners. In runners, the bone density was significantly high as compared
with matched community controls, and the reduction rate of the bone mass by aging was
also small. It is suggested that running was effective in the maintenance of the bone density.
Finally, we studied the relationship between motor function and bone density in nursing home
residents. Motor function was evaluated by determining the time needed to walk 10 m,
maximum stride length, and the time residents could stand on one leg with eyes open. The
results showed that, when compared to elderly individuals living at home, bone mass and
motor function in the residents was lower, the tendency was that the lower the motor function,
the lower the bone mass.

Key words[] bone density; exercise; women’s college students; marathon runner;
nursing home residents

U Department of Physical Therapy, Hirosaki University of Health Sciences, 66-1, Hon-cho, Hirosaki-shi, Aomoriken
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Nursing learned from patients’ illness experiences

Kumiko KAWASAKI"

0 Received October 30, 2004 ; Accepted January 13, 20050

AbstractO This research, as part of the research concerning the establishment of an educational
environment to support the development of nursing personnel, is aimed to clarify the perspective
required for the practice of individual nursing and the necessity of empirical learning in clinical
nursing by examining the illness experiences of the patients | met in my clinical experience.
As a clue to examining the illness experiences of patients, | expressed my opinion on the
“ Nursing Manual” and“ Caring” that are closely linked to the development of nursing
personnel. The case examples are Mr. A, a patient in the perioperative period and Mr. B,
a patient at the end-of-life who underwent surgery. The result shows that there is a big
difference between the two patients’ attitudes toward their disease and that patients’ caring
when facing illness is greatly affected by their principles in life, and roles at home and in
society. The result also indicates that nursing manuals can easily cause misconceptions among
nursing personnel when they are caring about patients. Consequently, | believe that the
empirical learning of examining patients’ illness experiences helps promote the development
of nursing personnel.

Key words[ Iliness experience; Caring; Nursing manual; Empirical learning; Nursing personnel

U Department of Nursing, School of Health Sciences, Hirosaki University, 66-1, Hon-cho, Hirosaki-shi, Aomoriken 036-8564,
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Nurses’ Communication in Interviews with Patients’ Families, and

Applicability of Techniques as a Tool in Research

Ruriko KipacHI"", Setsuko IcarAsHI™®, Mika MATSUKI™"
Miwako AsaRrI’®, Satomi Suto™”, Akiko OTAKA™"
Yukiko CHiBA™® and Tomoko ICHINOHE "
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AbstractO This study was aimed at the communication skills which nurses used in interviews
with families of patients, and clarifying by analysis whether those skills would be applicable
in research. The method was to interpret the communication skills of nurses as recorded by
them in 339 of their remarks during 96 interview scenes. The analytical tool was six micro-factor
skills (named by the authors) extracted by factor analyses applying micro-counseling skills.
As a result, the nurse used the [Question to clarify contents] at the beginning of the interview
to draw out remarks. Attitudes of sympathy were shown with [Self-disclosure and feedback].
[Advice] and [Instructions] tended to be used at the end of an interview. The [Question to
clarify contents] was frequently used for parents of patients, and [Self-disclosure and feedback]
was frequently used for spouses of patients. The six micro-factor skills were able to explain
what was used depending on the life stage and the change of the situation of the object
person in the interview. The results therefore suggest the utility of the micro-factor skills
for research.

Key wordsO nursing interview; communication; counseling skill; patients’ family
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Current status of the color environment in medical facilities and

awareness of patients and nurses about it

Eriko SATO"", Seiko Kupo™", Noriko OGUrRA™"
and Akemi KoBAYASHI""
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Abstractll The purpose of this research is to know the current status of the color environment
of practicing clinics and hospitals and to grasp the difference of awareness about nurses’
uniforms and patients’ clothing and tableware as part of the color environment between patients
and nurses. According to the result, the colors of nurses’ uniforms at the ten clinics are
pink and blue, and many of the clinics’ interior colors are ivory. Some documents on the
color environment of the hospitals show that proper attention based on color psychology is
paid to develop a favorable environment for life in hospital by using natural green or wood-grain
patterns. There was no difference of awareness about colors between patients and nurses
as indicated by the following results:“ Prefer white uniforms”: 164 patients (71.6%) ; 227
nurses (60.7%),* Prefer colored uniforms”: 43 patients (18.8%) ; 61 nurses (16.3%)

O O As for uniform colors, when combining It is good to have uniformity in color” and“ Have
no other choice” into one category,“ Want to maintain the status quo” (116 patients, 51.6% ;
106 nurses, 28.8%), and combining“ Should be changed depending on circumstances” and
“ Up to the individual” into“ Want to reform” (95 patients, 42.2% ; 232 nurses, 63.0%), it
showed significant differences.

0 O The result demonstrates that the idea that nurses’ uniforms should be white is still as
deep-rooted as ever among patients. With regard to clothing and tableware of patients, it
is believed that the patients are being reserved and that the satisfaction that they showed
is not necessarily positive.

Key wordsd Medical facilities; Color environment; Psychological effect;
Awareness of patients and nurses

DU Hirosaki University Hospital, 53 Hon-cho, Hirosaki-shi, Aomori-ken, 036-8563, Japan
U0 Department of Nursing, School of Health Sciences, Hirosaki University, 66-1 Hon-cho, Hirosaki-shi, Aomori-ken,
036-8564, Japan
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The characteristics of the body growth of school children

— In case of I elementary school in Aomori prefecture —
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Abstractd The purpose of this study was to clarify the characteristics of the body growth
in each season, and to get suggestions for the effective guidance for the obese children at
school. The subjects are fourth-grade pupils of | elementary school in Hirosaki. The height
and the weight were measured each month. All the data were gathered for 36 months on
62 pupils who were made the target of the analysis.

0O O The value of the degree of overweight and BMI were increasing from about spring of
the sixth grade in the obese girls group. The growth of their height stagnates, but their
weight was increasing. A similar pattern was shown in the obese boys group, although the
remarkable difference was not recognized as it was in the obese girls group. It was recognized
that the levels of degree of overweight from winter to spring had a decreasing tendency
in both the boys and girls groups as well. Weight control from the sixth grade is even more
important to the obese girls group. For the obese groups, it is necessary to give guidance
including exercise programs and similar activities as a means to prevent re-increases in body
weight.

Key wordsO school children; body growth; seasonal variation; degree of overweight
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The Nursing Philosophy Formation in the Clinical Practice
of Adult Nursing

Yuka NoTo", Kumiko Kawasaki®, Toshiko TomIisSAWA"
Tomoko MINAGAWA"and Hisako YAMAUTI"

O Received October 30, 2004 ; Accepted January 13, 20050

AbstractD The purposes of this study were to identify nursing philosophies that nursing
students developed in the clinical practice of adult. Reports were analyzed and nursing
philosophies were extracted. The nursing philosophies that the students developed after the
clinical practice were summarized into the following 12 categories:“ to understand patients,”
“ to establish a trustful relationship,”“ to seek the suitable care for the patient,”* to bring
out patients’ potential,”“ to support patients,”“ to palliate patients’ pain,”“ to support the
smooth recovery process,”“ to support patients’ mental aspects,”“ to respect patients as human
beings,” “ to cooperate with other people,”“ to care for patients’ families,” and“ to have
expertise.” Nursing philosophies found by this study included support for the process of
recovery in the suitable way for the patient without hindering patients’ independence (by
focusing the patient as an individual person), and appropriate attitudes and behaviors as the
nursing profession. Many students expressed‘ nursing philosophies” in which clinical practice
experience and, while some students expressed ambiguous philosophies. It may be necessary
as devices of education in nursing philosophy formation to ask the students about their nursing
philosophy, to provide an opportunity to discuss students’ ideas, to think jointly about the
meaning of the experience in clinical practice, and to have teachers’ own firm nursing
philosophy.

Key wordsO nursing philosophy; clinical practice of adult nursing

U Department of Nursing, School of Health Sciences, Hirosaki University, 66-1, Hon-cho, Hirosaki-shi, Aomori-ken
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The Medical Information-related Education in Department of
Radiological Technology (Hirosaki University School of
Health Sciences) (The I*' report)

— The investigation of the actual conditions of computer literacy before a class

of a special subject® An Introduction to Computer’—

Satoru Asarl’, Hideya MATsuTANI"" and Ikuo KASHIWAKURA™®

0 Received October 30, 2004 ; Accepted January 13, 20050

Abstractd] A questionnaire survey was performed before start a class of* an introduction to
computer and practice” opened in Department of Radiological Technology, Hirosaki University
School of Health Sciences, and its results were analyzed. Approximately 70% of students
are using computer and internet in everyday, suggesting that computer has permeated into
daily life. In contrast, less than 30 percent of students understand the structure of the internet.
About the consciousness to a computer, there were few students who have a feeling of dislike
to the using of computer. To the class, the almost students who usually use a computer
expected the contents with higher level and high speciality issues. On the other hand, the
students who rarely use a computer expected the contents of literacy-like at the high rate.
The results from the present study showed that a questionnaire survey before start a class
give some crucial information at the prior planning about the whole student image, the goal
and the support to each student.

Key wordsO medical information; computer literacy; education of radiological technologists

DU Hirosaki University School of Health Sciences, 66-1 Hon-cho, Hirosaki-shi, Aomori-ken, 036-8564, Japan.

B0 Medical School Research Center, Hirosaki University School of Medicine, 5 Zaifu-cho, Hirosaki-shi, Aomori-ken,
036-8562, Japan.
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Quasi-monochromatic fine polycapillary imaging
utilizing computed radiography system

—— X-ray lens for biomedicine ——

Toshio IcHIMARU™", Eiichi SATO ", Etsuro TANAKA" -
Hidezo Mori™", Toshiaki KAawAl"", Sigehiro SATO"
and Kazuyoshi TAKAYAMA™"

O Received October 31, 2004 ; Accepted January 13, 20050

Abstractl] A fundamental study on quasi-monochromatic radiography using a polycapillary
plate and a copper-target x-ray tube is described. The tube voltage was regulated from 12
to 22 kV, and the tube current was regulated within 3.0 mA by the filament temperature.
The exposure time was controlled in order to obtain optimum x-ray intensity, and the maximum
focal spot dimensions were approximately 2.0 x 1.5 mm. The polycapillary plate was J5022-16
(Hamamatsu Photonics Inc.), and the plate thickness was 1.0 mm. The outer, effective, and
hole diameters were 33 mm, 27 mm, and 10 um, respectively. Quasi-monochromatic x rays
were produced using a 104 m-thick copper filter with a tube voltage of 17 kV, and these
rays were formed into quasi-parallel beams by the polycapillary. The radiogram was taken
using a computed radiography system utilizing imaging plates. The spatial resolution hardly
varied according to increases in the distance between the spatial resolution-test chart and
imaging plate using a polycapillary. We could observe a 50 y m tungsten wire, and fine blood
vessels of approximately 100 ym were visible in angiography.

Key words[] quasi-parallel radiography, quasi-monochromatic xrays, characteristic xrays,

00000 Ox-ray lens, polycapillary plate

10 INTRODUCTION

O Monochromatic parallel x-ray beams are typically
produced by a synchrotron in conjunction with single
crystals and have been applied in high contrast

micro-angiography®" and x-ray phase imaging.”2t5
In order to produce quasi-monochromatic X rays
without using the synchrotron, we developed a
transmission type molybdenum Xx-ray tube. ©F
Subsequently, flash x-ray tubes are employed to

b0 Department of Radiological Technology, School of
Health Sciences, Hirosaki University, 66-1 Hon-cho,
Hirosaki-shi, Aomori-ken 036-8564, Japan.
E-mail: ichimaru@cc.hirosaki-u.ac.jp

00 Department of Physics, Iwate Medical University,
3-16-1 Hon-cho-dori, Morioka-shi, lwate-ken 020-0015,
Japan.

bU Department of Nutritional Science, Faculty of Applied
Bio-science, Tokyo University of Agriculture, 1-1-1
Sakuragaoka, Setagaya-ku, Tokyo 156-8502, Japan.

U0 Department of Cardiac  Physiology, National
Cardiovascular Center Research Institute, 5-7-1
Fujishiro-dai, Suita-shi, Osaka 565-8565, Japan.

H0 Electron Tube Division, Hamamatsu Photonics K. K.,
314-5 Shimokan-zo, Toyooka village, Iwata-gun,
Shizuoka-ken, 438-0193, Japan.

U5 Department of Microbiology, School of Medicine, lwate
Medical University, 19-1 Uchimaru, Morioka-shi,
lwate-ken 020-8505, Japan.

U0 Shock Wave Research Center, Institute of Fluid
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primarily perform high-speed radiographies with
biomedical applications. In particular, plasma flash
X-ray tubes are very useful to produce intense and
sharp characteristic xrays”"™" such as lasers.

O With recent advances in x-ray optics, several
different x-ray lenses™™" have been developed, and
a polycapillary plate® ™™ has been shown to be
useful to realize a low-priced x-ray system and to
perform quasi-parallel radiography. Therefore, we
performed polycapillary imaging using a tungsten-
target x-ray tube and an x-ray film because the film
is conventional and is useful to obtain a high image
resolution.

O In biomedical radiography, because both the
brightness and the contrast of radiograms can be
controlled by a Computed Radiography (CR)
system™" utilizing imaging plates, the CR system
is useful to perform quasi-monochromatic polycapillary
imaging, regardless of whether the image resolution
falls.

O In this article, we describe a quasi-monochromatic
parallel
polycapillary plate with a hole diameter of 10 um,
a CR system, and a copper-target radiation tube in
order to create a conventional x-ray system to be
used instead of the synchrotron.

radiography system utilizing a fine

2 0 EXPERIMENTAL SETUP

0 Figure 1 shows the circuit diagram of the x-ray
generator, which consists of a negative high-voltage
power supply, a filament (hot cathode) power supply,

Filament )
power supply Ferrite core
e %
Filament X-ray tube

Negative ‘
high-volt:
igh-voltage Xoray
power supply

W; o

Anode (copp"e'} target)

Fig. 1. Circuit diagram of the x-ray generator.

and a copper-target Xx-ray tube. The negative
high-voltage is applied to the cathode electrode, and
the anode (target) is connected to the ground. In this
experiment, the tube voltage was regulated from 12
to 22 kV, and the tube current was regulated by the
filament temperature and ranged from 1.0 to 3.0 mA.
The exposure time was controlled in order to obtain
optimum Xx-ray intensity.

O The experimental setup for performing quasi-parallel
radiography is shown in Fig. 2. Quasi-monochromatic
X rays are produced using a 10-u4 m-thick copper filter,
and these rays are formed into quasi-parallel beams
by a polycapillary plate (Fig. 3). The polycapillary
is J5022-16 (Hamamatsu Photonics Inc.), and the
thickness and the hole diameter of the polycapillary
are 1.0 mm and 10 ym, respectively. Radiography

Copper target

Filament

< N

i ; ...... E ﬁ]i' -
‘J]:; G J
f § X-ray tube

e 10 Wiii-thick

e copper filter

Beryllium window
X-ray 1.08 m
Polycapillary
late
P Brass ring
A 4

Iron plate

Fig. 2. Experimental setup for quasi-parallel
radiography utilizing a polycapillary plate and a CR
system.

55
2080
"\O%Oﬂ

Capillary

Polycapillary plate

Fig. 3. Polycapillary plate.
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V;: Tube voltage
I: Tube current
T: Exposure time

V;=12 kV, V,=17 kV
I=1 mA I=1mA
T=120 s T=20s
3 mm
< >

V,=22 kV
I=1mA,
T=10 s

Fig. 4. Images of the x-ray source measured by a 50-u m-diameter pinhole with changes in

was performed by a CR system (Konica Regius 150)
utilizing imaging plates, and the distance between
the x-ray source and the polycapillary was 1.08 m.

3 0 CHARACTERISTICS

3.1 Focal Spot

O In order to measure images of the x-ray source,
we employed a pinhole camera with a hole diameter
of 50 ym (Fig. 4). When the tube voltage was
increased, the spot intensity increased, and spot
dimensions increased slightly and had values of
approximately 2.0x 1.5 mm.

3.2 X-ray Spectra

O X-ray spectra from the copper-target tube were
measured by a transmission-type spectrometer with
a lithium fluoride curved crystal 0.5 mm in thickness.
The spectra were taken by the CR system with a
wide dynamic range, and relative x-ray intensity was
calculated from DICOM (Digital Imaging and
Communications in Medicine) digital data. Figure 5
shows measured spectra from the copper target. When
the tube voltage was increased, the bremsstrahlung
X-ray intensity increased, and the characteristic x-ray
intensity of Ka and KB lines also increased. Following
insertion of the copper filter, the bremsstrahlung x

Tube voltage=12 kV

the tube voltage.

Tube voltage=17 kV

Relative intensity

Ko,

Relative intensity

70

60 |

40

30 F

20 F

Ko,y
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Photon energy [keV]
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8.04

8.90

Photon energy [keV]

Tube voltage=17 kV

160

120

Relative intensity
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Ko,

Kpi»

.

Relative intensity
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s
S

%)
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%)
S
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Photon energy [keV]
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8.90

Photon energy [keV]
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Fig. 5. Measured x-ray spectra according to changes

in the tube voltage using a 10-u m-thick copper filter.
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rays with energies higher than the K-absorption edge
were absorbed effectively.

4 10 RADIOGRAPHY

0 The quasi-monochromatic radiography was
performed with a tube voltage of 17 kV using the
filter. Figure 6 shows radiography for imaging a
polycapillary plate, and the radiograms of the
polycapillary are shown in Fig. 7. The center of the
black spot in the polycapillary radiogram was mainly
imaged by direct transmission beams through
capillary holes. As shown in this figure, the spot
dimensions increased slightly according to decreases
in the polymethyl methacrylate (PMMA) spacer
height.

O Figure 8 shows the polycapillary radiography for
imaging a test chart, and the polycapillary was set

X-ray lig_lycaplllary plate

AT 1 [T 1

] 1mm i 1 mm-thick
60 mm Imaging plate aluminum
'3
30 mm..- “|'PMMA spacer
0 o 3 I_._—_|
180 mm Iron plate

Fig. 6. Radiography for imaging a polycapillary plate
according to changes in the distance between the
polycapillary and imaging plates.

on the brass ring. In this radiography, when the
spacer height was increased, the image resolution
hardly varied, and the image dimensions decreased
slightly (Fig. 9). Enlarged radiograms of the test chart
(166 ym lead lines) are shown in Figs. 10 and 11.
When the polycapillary was employed, the image
contrast of lines increased, but the resolution hardly
varied. With increases in the brass spacer height,
the image resolution bhardly varied, and the
dimensions again decreased slightly (Figs. 12 and
13). When the polycapillary was employed in
conjunction with the brass spacer, the contrast again
increased.

O Figures 14 and 15 show radiography and the
radiogram of tungsten wires on a PMMA spacer,
respectively. Although the image contrast increased
with increases in the wire diameter, a 50y m-diameter
wire could be observed. An angiography of a rabbit
heart (coronary artery) is shown in Fig. 16;
iodine-based microspheres of 15y m diameter were
used, and fine blood vessels of about 50 ym were
visible (Fig. 17).

50 DISCUSSION

O In this research, we performed quasi-parallel
radiography achieved with a polycapillary plate in
conjunction with quasi-monochromatic x rays, and
obtained slightly higher image resolutions as
compared with those obtained without using the plate.

H,: PMMA spacer height

H,=60 mm

H,=30 mm

H,=0 mm

30 mm

<

>

Fig. 7. Radiograms of a polycapillary plate according to changes in the PMMA height.
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P()___lycapillary plate

} Resolution-test chart
j At 1 mm-thick
1 mm aluminum

Imaging plate

80 mm

Fig. 8. Radiography for imaging a test chart using a
polycapillary plate according to the PMMA height.
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If we assume that the capillaries are completely
straight, the image resolution of the polycapillary is
primarily determined by the diameter of the capillary
hole and the thickness, and is improved with
decreases in the capillary diameter and increases in
the thickness. In cases where the CR system is
employed, although the resolution of the CR system
is primarily determined by the minimum sampling
pitch of 87.5pym, we could observe 50y m tungsten
wires easily.

O The photon energies of the characteristic x rays

H,: PMMA spacer height

100 um

125 um

166 um

H,=60 mm

H,=30 mm

H,=0 mm

Fig. 9. Radiograms of a test chart using a polycapillary plate according to the PMMA height.

166 m lead lines

il
il

H,=60 mm H,=30 mm H,=0 mm

H,: PMMA spacer height

Fig. 10. Enlarged radiograms of a test chart using a
polycapillary plate according to the PMMA height.

166 Lum lead lines

H,=30 mm H,=0 mm
H,: PMMA spacer height

Fig. 11. Enlarged radiograms of a test chart without
using a polycapillary plate according to the PMMA height.
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are determined by the target element, and the
capillary thickness should be increased according to
increases the photon energy because the
through capillary glass
increases. Subsequently, in order to increase the
parallelity for phase imaging, single crystals should
be employed after passing through the polycapillary.
O Because it is possible to increase the irradiation
field by increasing the distance between the x-ray
source and the polycapillary, this system can be
applied to image a wide variety of objects in various
fields, including medical radiography.

in

transmission  intensity

Hb:

100 pm

125 um

166 um

Hy=0 mm
Fig. 13.

X-ray

Polycapillary plate ﬂ 1 mm-thick

aluminum

1 mm-thick m
PMMA dlsk _______ Tungsten wire
80 mm
PMMA spacer
39 mm

Imaging plate

Iron plate

Fig. 14. Radiography for imaging tungsten wires using
the polycapillary.

T. IcHimarul E. SaTol E. Tanakal H.

MoriO T. Kawal S. Sato K. TAKAYAMA

Polycapillary plate

g

Y 1 mm-thick
80 mm mm aluminum

Imaging plate

Resolution-test chart.

Fig. 12. Radiography for imaging a test chart using a
polycapillary plate according to the brass spacer height.

Brass spacer height

—_e = @@ @Z=
== —

Hy=30 mm Hy=60 mm

Radiograms of a test chart using the polycapillary according to the brass spacer height.

Fig. 15. Radiograms of tungsten wires on a PMMA
spacer.
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X-ray

50 um tungsten wire

1 mm-thick

- aluminum
I
[ ]

Heart

80 mm
Imaging plate

o ]
Iron plate

Fig. 16. Angiography of a heart extracted from a
rabbit using iodine-based microspheres.

30 mm
< >
Fig. 17. Angiogram of the heart using the
ACKNOWLEDGMENTS polycapillary.

O This work was supported by Grants-in-Aid for

Scientific Research (13470154, 13877114, and 40 |shisaka A, Ohara H and Honda C: A new method
16591222) and Advanced Medical Scientific Research of analyzing edge effect in phase contrast imaging
from MECSST, Health and Labor Sciences Research with incoherent x-rays. Opt Rev, 7]566-572, 2000.
Grants(RAMT-nano-001, RHGTEFB-genome-005 and S0 Sato E, Komatsu M, Hayasi Y, Tanaka E, Mori

H, Kawai T, Usuki T, Sato K, Ichimaru T,
Takayama K and Ido H: Quasi-monochromatic
parallel radiography achieved with a plane-focus
x-ray tube. Proc SPIE, 47861151-161, 2002.

RHGTEFB-saisei-003), Grants from Keiryo Research
Foundation, The Promotion and Mutual Aid
Corporation for Private Schools of Japan, Japan

Science and Technology Agency (JST), and New 60 Sato E, Hayasi Y, Mori H, Tanaka E, Takayama
Energy and Industrial Technology Development K, Ido H, Sakamaki K and Tamakawa Y:
Organization (NEDO, Industrial Technology Research Quasi-monochromatic x-ray production from the
Grant Program in '03). cerium target. Proc SPIE, 4142117-28, 2000.

70 Sato E, Suzuki Y, Hayasi Y, Tanaka E, Mori H,
Kawai T, Takayama K, Ido H and Tamakawa Y:
REFERENCES High-intensity quasi-monochromatic x-ray irradiation
from the linear plasma target. Proc SPIE, 4503
154-164, 2001.
800 Sato E, Hayasi Y, Tanaka E, Mori H, Kawai T,
Obara H, Ichimaru T, Takayama K, Ido H, Usuki
T, Sato K and Tamakawa Y: Polycapillary
radiography using a quasi-x-ray laser generator.
Proc SPIE, 45081176-187, 2001.
90 Sato E, Hayasi Y, Tanaka E, Mori H, Kawai T,
Usuki T, Sato K, Obara H, Ichimaru T, Takayama
K, Ido H and Tamakawa Y: Quasi-monochromatic
radiography using a high-intensity quasi-x-ray laser
generator. Proc SPIE, 46821538-548, 2002.
100 Sato E, Hayasi Y, Germer R, Tanaka E, Mori H,
Kawai T, Obara H, Ichimaru T, Takayama K and
Ido H: Irradiation of intense characteristic x-rays

10 Mori H, Hyodo K, Tanaka E, Mohammed MU,
Yamakawa A, Shinozaki Y, Nakazawa H, Tanaka
Y, Sekka T, lwata Y, Honda S, Umetani K, Ueki
H, Yokoyama T, Tanioka K, Kubota M, Hosaka
H, Ishizawa N and Ando M: Small-vessel radiography
in situ with monochromatic synchrotoron radiation.
Radiology, 2011173-177, 1996.

20 Davis TJ, Gao D, Gureyev TE, Stevenson AW and
Wilkims SW: Phase-contrast imagimg of weakly
absorbing materials using hard x-rays. Nature, 3731
595-597, 1995.

30 Momose A, Takeda T, Itai Y and Hirano K:
Phase-contrast x-ray computed tomography for
observing biological soft tissues. Nature Medicine,
41473-475, 1996.



90

110

120

130

T. lcHimaruO E. SAaTo E. Tanaka H. MoriO T. Kawal S. Satoll K. TAKAYAMA

from weakly ionized linear molybdenum plasma. Jpn
J Med Phys, 201123-131, 2003.

Sato E, Hayasi Y, Germer R, Tanaka E, Mori H,
Kawai T, Obara H, Ichimaru T, Takayama K and
Ido H: Intense characteristic x-ray irradiation from
weakly ionized linear plasma and applications. Jpn
J Med Imag Inform Sci, 201148-155, 2003.

Xiao OF and Poturaef SV: Polycapillary-based x-ray
optics. Nucl Instr Meth Phys Res A, 3471376-383,
1994.

MacDonald CA, Mail N, Li D, Roy M and Sugiro :

140

150

Monochromatic applications of polycapillary optics.
Proc SPIE, 51961405-411, 2002.

Sato E, Toriyabe H, Hayasi Y, Tanaka E, Mori H,
Kawai T, Usuki T, Sato K, Obara H, Ichimaru T,
Takayama K, Ido H and Tamakawa Y: Fundamental
study on parallel beam radiography using a
polycapillary plate. Proc SPIE, 46821298-310, 2002.
Sato E, Sato K and Tamakawa Y: Film-less
computed radiography system for high-speed
Imaging. Ann Rep Iwate Med Univ Sch Lib Arts and
Sci, 358113-23, 2000.



Quasi-monochromatic fine polycapillary imaging utilizing computed radiography system

Jobobooobobobobooobogooon

Joogbodboodooooobood
— 0000000 ——

O000000o""0ooooooo™oooooooo™
Oo0oo0O0oOo""0ooooooo"ooooogooo
ooooooggr”

020040 100310 00020050 10130000

gobooobbooobbooobboobb xbbooobboo xgooobooooo
gobobbbdtib2kviioiddddooboogooooobbobobboogs.omAD
goobbbobodxbooooobbbooo xgoooboboboooooobobbooooboobo
goddz2ox15mm 0000000000000 00oooobbbbbOOOn Js022-16
oobooodbdlzommb 0000000000000 O0000000033mmbO27mmd 10um
oobooooboodrkvioOooooOo KOOOOooODoOOooOooOxdodooodpwmboooo
goobobbboiooobobood xgooobobobooooobbboooooooxoooo
goobbooobobbooooboboooobobdcrRLbboobDbboobboooLoboD
oobbodboooooooboooooooooooooooooboospmdboonoooon
ooooooooodobloopmdObOoOoonooOoooonog

obodbbooxbboobodxobooxooxboobooobuooboooboo

tbgg0oOoooO0O0o0oDOoooooooooo tigpoo0oooooooooo

0o036-8565 O ODOOOOOGOO 1 oo 438-0193 D OODOOODOOOOODO 314-5
oo E-mail: ichimaru@cc.hirosaki-u.ac.jp tigpooooooooooooog
tigpoooooooooon ool 020-0015 DO ODOOOO0O 19-1

0 020-0015 000000000 3-16-1 vtigpOooooooooo
tigoU0ooooOoooooooooon oo ogo-8577 DOOOOOOODOODO 2-1-1

0o20-0015 OOOOOCOOOOO 1-1-1
LippDoO0O0000000000000
ool s65-8565 OO O0O0O0O0O0O5-7-1



Bull. Health Sci. Hirosakil 40 93—1000 2005

Cone-beam K-edge angiography utilizing cerium x-ray generator

in conjunction with cerium oxide filter

—— Observation of fine blood vessels ——
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Abstractll The cerium x-ray generator is useful in order to perform cone-beam K-edge
angiography because K-series characteristic x rays from the cerium target are absorbed
effectively by iodine-based contrast mediums. The x-ray generator consists of a main controller

and a unit with a high-voltage circuit and a fixed anode x-ray tube. The tube is a glass-enclosed

diode with a cerium target and a 0.5 mm-thick beryllium window. The maximum tube voltage

and current were 65 kV and 0.4 mA, respectively, and the focal-spot sizes were 1.2 x 0.8

mm. Cerium K-series characteristic x rays were left using a cerium oxide filter, and the x-ray
intensity was 0.50u C/kgls at 1.0 m from the source with a tube voltage of 60 kV, a current
of 0.40 mA, and an exposure time of 1.0 s. Angiography was performed with a computed
radiography system using iodine-based microspheres 15u m in diameter. In angiography of
non-living animals, we observed fine blood vessels of approximately 100y m with high contrasts.

Key words[] x-ray generator, cerium target, quasi-monochromatic x rays, characteristic x rays,

00000 K-edge angiography

10 INTRODUCTION

O Monochromatic parallel x-ray beams are the basis
of radiography using synchrotrons in conjunction
with single crystals, and these beams have been
employed to perform enhanced K-edge angiography
BOU0and x-ray phase imaging.”” "% In angiography,

the beams with photon energies of approximately 35
keV are absorbed effectively by iodine-based contrast
mediums. However, it is difficult to obtain sufficient
machine times for various research projects, including
medical applications. Subsequently, monochromatic
cone beams with energies of approximately 35 keV
are useful in order to increase the irradiation field
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for K-edge angiography.

O In order to perform high-speed medical
radiography, although several different flash x-ray
generators” 590 utilizing cold-cathode tubes have
been developed, plasma flash x-ray generators”90
are useful to produce quasi-monochromatic X rays
without using a K-edge filter. Therefore, we have
performed a demonstration of cone-beam K-edge
angiography™® utilizing a cerium plasma generator,
since K-series characteristic x rays from the cerium
target are absorbed effectively by iodine.

O Recently, we have developed a steady state x-ray
generator utilizing a cerium-target tube, and have
demonstrated enhanced K-edge angiography utilizing
a barium sulfate filter™" In this research, Ka lines
(34.6 keV) were left by absorbing KB lines (39.2
keV), and bremsstrahlung x rays with photon
energies of lower than the barium K-edge (37.4 keV)
were also observed. However, because cerium Kp
lines are also absorbed effectively by iodine, both Ka
and KB lines should be selected to perform
angiography. In measurements of Xx-ray spectra,
although we usually employed a cadmium tellurium
detector with a photon energy resolution of 1.7 keV,
the resolution should be improved as much as possible
to measure the characteristic x-ray intensity.

O In the present research, we measured the x-ray
spectra from a cerium-target tube using a germanium
detector, and performed a preliminary study on
cone-beam K-edge angiography achieved with
cerium characteristic x rays using a cerium oxide
K-edge filter.

2 0 GENERATOR

O Figure 1 shows the block diagram of the x-ray
generator, which consists of a main controller and
an x-ray tube unit with a Cockcroft-Walton circuit
and a cerium-target tube. The tube voltage, the
current, and the exposure time can be controlled by
the controller. The main circuit for producing X rays
is illustrated in Fig. 2, and employed the Cockcroft-
Walton circuit in order to decrease the dimensions
of the tube unit. In the x-ray tube, the negative high
voltage is applied to the cathode electrode, and the
anode (target) is connected to the tube unit case
(ground potential) to cool the anode and the target

effectively. The filament heating current is supplied
by an AC power supply in the controller in
conjunction with an insulation transformer. The x-ray
tube is a glass-enclosed diode with a cerium target
and a 0.5-mm-thick beryllium window. In this
experiment, the tube voltage applied was from 45
to 65 kV, and the tube current was regulated to within
0.40 mA (maximum current) by the filament
temperature. The exposure time is controlled in order
to obtain optimum X-ray intensity. Quasi-monochromatic
X rays are produced using a cerium oxide filter for
absorbing bremsstrahlung rays.

O In designing the filter, the surface density of the
cerium oxide powder is important, since the x rays
are absorbed effectively by the powder as compared

X-ray tube unit

Cockceroft-Walton | = X-ray tube X-ray
circuit

il Insulation
transformer
Cooler
-
Controller

Fig. 1. Block diagram of compact x-ray generator
with cerium-target radiation tube, which is used
specially for K-edge angiography using iodine-based
contrast mediums.

Insulation transformer

o—
to main controller } ‘ g
o—

X-ray tube
4 )

Copper ani;de . / \
Cerium targ"ét .

X-ray

Filament

Negative
Cockeroft-Walton
circuit

to main controller

Fig. 2. Main circuit of x-ray generator.
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with the PMMA powder. In this case, the density
was approximately 10 mg/cm?, and a K-edge powder
filter (Fig. 3), consisting of cerium oxide and PMMA
powders, was employed.

_Vinyl

Cerium oxide and PMMA
X-ray Powders

Fig. 3. Schematic drawing of cerium oxide powder
filter.

Tube current=0.40 mA

0.7

0.6

)

0.5

04

X-ray intensity (WC/kg

0.3

0.2
40 45 50 55 60 65 70

Tube voltage (kV)

Fig. 4. X-ray intensity measured at 1.0 m from
X-ray source according to changes in tube voltage.

3 0 CHARACTERISTICS

3.10 X-ray Intensity

O X-ray intensity was measured by a Victoreen 660
ionization chamber at 1.0 m from the x-ray source
using the filter (Fig. 4). At a constant tube current
of 0.40 mA, the x-ray intensity increased when the
tube voltage was increased. In this measurement, the
intensity with a tube voltage of 60 kV and a current
of 0.40 mA was 0.50u C/kdJs at 1.0 m from the source
with errors of less than 0.2%.

3.20 Focal Spot

O In order to measure images of the x-ray source
after the filtration, we employed a pinhole camera
with a hole diameter of 50 ym (magnification ratio
of 1:2) in conjunction with a Computed Radiography
(CR) system™@with a sampling pitch of 87.5um.
When the tube voltage was increased, spot
dimensions increased slightly and had values of 1.2
x 0.8 mm (Fig. 5).

3.30 X-ray Spectra

O In order to measure x-ray spectra, we employed
a germanium detector (GLP-10180/07-P, Ortec Inc.)
with a photon energy resolution of approximately 0.12
keV (Fig. 6). When the tube voltage was increased,
the characteristic x-ray intensities of Ka and Kg
lines substantially increased, and both the maximum
photon energy and the intensities of bremsstrahlung
X rays increased.

V:: Tube voltage

V=50 kV

V:=55 kV

V=60 kV

2 mm

<&
<

[
»

Fig. 5. Effective focal spots with changes in tube voltage.
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V;: Tube voltage
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Fig. 6. X-ray spectra measured using germanium detector with changes in tube voltage.

4 0 K-EDGE ANGIOGRAPHY

O Figure 7 shows the mass attenuation coefficients
of iodine at the selected energies; the coefficient curve
is discontinuous at the iodine K-edge. The average
photon energy of the cerium Ka and KB lines are
shown just above the iodine K-edge. Cerium is a rare
earth element and has a high reactivity; however,
the average photon energies of Ka and Kp lines
are 34.6 and 39.2 keV, respectively, and iodine
contrast mediums with a K-absorption edge of 33.2
keV absorb the lines easily. Therefore, blood vessels
were observed with high contrasts.

O The angiography was performed by the CR system
(Konica Regius 150) using the filter, and the tube
voltage and the distance (between the x-ray source
and the imaging plate) were 60 kV and 1.5 m,
respectively. Firstly, rough measurements of spatial
resolution were made using wires. Figure 8 shows
radiograms of tungsten wires coiled around a rod
made of polymethyl methacrylate. Although the image
contrast decreased somewhat with decreases in the
wire diameter, due to blurring of the image caused
by the sampling pitch of 87.5ym, a 50 y m-diameter
wire could be observed.

O Angiograms of rabbit hearts are shown in Fig.

2o

g : -

-5 F K-absorption edge of iodine

s B

S !

] | . -

£ 4 Cerl}lm Kalines

-3

e

: 3 F / Cerium Kplines

=) i

S22t

=

2

=1}

E O Il Il k ] Il Il
10 20 30 40 50 60 70

Photon energy (keV)

Fig.7. Mass attenuation coefficients of iodine, and
average photon energies of cerium Ka and Kp
lines.

9. These two images were obtained using iodine and
cerium microspheres of 15y m in diameter. In the case
where the cerium spheres were employed, the
coronary arteries were barely visible. Figures 10 and
11 show angiograms of a larger dog heart and a
rabbit thigh, respectively, using iodine spheres. In
angiography, the coronary arteries were visible, and
fine blood vessels of approximately 100y m could be
seen.
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100 pm wire 50 pm wire

30 mm

< »

Fig. 8. Radiograms of tungsten wires in PMMA rod with tube voltage of 60 kV.

100 um wire

Iodine microspheres Cerium microspheres

30 mm

<& »
< »

Fig. 9. Angiograms of extracted rabbit hearts using iodine and cerium microspheres with
tube voltage of 60 kV.

100 pm wire

x2

60 mm

<& »
< »

Fig. 10. Angiogram of extracted dog heart using iodine microspheres with tube voltage of
60 kV.
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100 pm wire

60 mm

Fig. 11. Angiogram of rabbit thigh with tube
voltage of 60 kV.

50 DISCUSSION AND CONCLUSIONS

O In summary, we employed an x-ray generator with
a cerium-target tube and succeeded in producing
cerium characteristic x rays, which can be absorbed
easily by iodine-based contrast mediums. The
characteristic x-ray intensities increased with
increases in the tube voltage, and bremsstrahlung
rays were absorbed effectively by the filter.

O Although the cerium x-ray generator used in this
research produces both the characteristic and the
bremsstrahlung x rays, bremsstrahlung intensity can
be decreased effectively by considering the angle
dependence  without using the filter, since
bremsstrahlung rays are not emitted in the opposite
direction to that of electron acceleration. Subsequently,
the generator produced maximum number of
characteristic photons was approximately 3x 109
photons/cm? s at 1.0 m from the source, and the
photon count rate can be increased easily by
improving the target.
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Abstract[] Radiographic noise properties have been evaluated using the Wiener spectrum.

However, this approach is not appropriate for periodic noise for two reasons. One is that

it takes infinite values at the spatial frequencies of periodic noise. The other is that when

adopting a numerical integration, it allows unstable values at each spatial frequency, depending

on the integral region. Using three types of spectra (W, W, and W) in connection with the

Wiener spectrum, we propose a practical approach to evaluation of periodic noise. Radiographic

images sometimes contain noise that is not totally random and not perfectly periodic. Therefore,

we also propose a method for evaluating the degree of random-periodicity of noise containing

periodic signals.

Key wordsO Random noise; Periodic noise; Film noise; Wiener spectrum

INTRODUCTION

O Contrast, resolution, and noise affect the image
quality of radiographs.”" The contrast is related to
the image-display gradient, radiation contrast, and
primary or scatter fraction. The gradient is usually
derived from the characteristic curve of the
image-recording system on which the radiographic
image is stored. The resolution properties of a
radiographic system are usually evaluated by means
of the modulation transfer function (MTF), which
describes the frequency response of an imaging
component.

O Here we focus on the last parameter. When a
radiographic screen/film system is exposed to X-rays
with a uniform intensity distribution, the microscopic
density distribution of the output signal fluctuates
around the average value. This fluctuation, often

called* radiographic noise” or‘ radiographic mottle,”
is caused by X-ray quantum-statistical fluctuation,
film granularity, and screen structure mottle,”" and
is generally evaluated with the Wiener spectrum or
the autocorrelation function. Radiographic mottle
contains considerable noise at low spatial frequencies,
which correspond to low-level and long-distance
correlations in the spatial domain. Therefore, it is
easier to measure the Wiener spectrum than the
autocorrelation function. In addition, evaluation of
noise in the spatial frequency domain is compatible
with use of the MTF concept for image analysis.
Consequently, the Wiener spectrum is applied more
often than the autocorrelation function.”®

O The Wiener spectrum should be used for random
data analysis. Actually, for periodic noise data, it
takes infinite values at the corresponding spatial
frequencies (this can be proven theoretically, as

D Department of Radiological Technology, School of Health Sciences, Hirosaki University, 66-1, Hon-cho, Hirosaki-shi,

Aomori-ken 036-8564, Japan
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described later). Therefore, it may be presumed that
the Wiener spectrum is sometimes unfavorable for
guantitative analysis of noise containing periodic
data. In this paper, we propose a method for
evaluating the degree of random-periodicity of
radiographic noise containing periodic signals.

THEORY

O This chapter describes mathematical models to
analyze noise containing periodic signals.

A. Analytical treatment

0O Let us assume that f(x) is a one-dimensional noise
expression as a function of location x. Then the
Wiener spectrum for f(x) is evaluated®™ "0 using

@ =lim % o f(x)exp(Djznux)dx{ Lo

where u is the spatial frequency of the noise and j=vg1.
It should be noted that the Wiener spectrum
expression was originally constructed for random
data analysis. In this paper, it is described as the
W spectrum, which can also be evaluated® ™" via an
autocorrelation function. For f(x) it can be derived
as

9 @)=1im %{ [ o S0 G ), @)

and the W spectrum is the Fourier transform of ¢
@ ); namely,

W(u):lrimp " @ exp(0j2mm )| . 3

O Here, we propose taking periodic noise for f(x),

letting f(x) = ao+ by Sin(2tuyx). Then Eq. (2) leads to
2

0 ()=as+ 2 cos(arur ) @)
and Eq. (3) leads"" to
W(u)=ay’d (u)+ le [0 WO uy) +0 (u+uy)]. (5)

This W spectrum is described using the two-sided
function for 0 o <u<ew (W(u)=W (O u)). In the case
of describing the W spectrum using a one-sided
function, Eq. (5) should be rewritten as

W) =acd () + lea D ) ©)

for OSu<e . In this paper, we adopt the two-sided
function for the W spectrum.

O It is obvious from Eq. (5) that for a 0 and b,
# 0, the function W(u) takes infinite values at u=0
and u=% u, (also using Eg. (1), we have W(0)-
and W(x u;) ~o as X - o ). Therefore, it can be
understood that the W spectrum has no qualitative
information regarding the vibration amplitude for
such periodic noise as given here. According to Refs.
3-5, the W spectrum should more precisely be called
the Wiener spectral density. This is because W(u)du
represents the contribution to the variance (mean
square value) from spatial frequencies between u and
(u+du). Using Eq. (5), we obtain

Ji o W(w)du = ag + b’ 2. (7)

However, this integration provides no information
about the spatial frequency.

O In order to avoid these practical difficulties, we
propose three other types of spectra (W, W,, and Ws).
One is described in this section and the other two
in the next section. The first (W) is expressed as

. 010w 2
W(u)=| )![QETS p o J@exp(C j2T[ux)dr{ . (®

Using the autocorrelation function of f(x) (Eq. (2)),
this W, spectrum can also be derived as

W(u)= Um%‘f DT/TZ/Zcp @ Jexp(Oj2mum )| . 9

O Let f(x) = ao + b1 sin(2muyx), for example. From
Eq. (8) we can then derive w,(0) O a¢® and Wy(x uy)
0 b4 (Wi(u)D 0 for uz 0 and u# + u;). From Eq.
(9) we can also derive the same results by using
¢ @) of Eq. (4). Therefore, it can be understood that
the W, spectrum never takes infinite values at any
spatial frequency for any periodic noise function.

B. Digital calculations

O In practice, the digital computer procedure for Eqg.
(1) or (8) is performed using a finite value for X.
Then f(x) can be expanded in a series in the region
of O X/125x35X/2, generally having sine and cosine
terms with discrete spatial frequencies, as follows:

f(x)=ao +z: [a, cos(2rmu,x) + b, Sin(2mt u,x)] (20)
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with u,=n/X (n=0, 1, 2, 3, ...), where

a =22 1€ Jeos(anug )k | (11)
bo=of € )sin(aug )k | (12)

with € =1/2 (n=0) and€ ,=1 (n71)

O For X - o, the function f(x) becomes a continuous

function with respect to the spatial frequency. For

a finite value for X, the following can be obtained:

(i) The W or W, spectra are calculated inaccurately
at spatial frequencies of u,<u<u,.; (should be
Zero).

(i) At each spatial frequency of u,, the W spectrum
enlarges as the X value increases when a,%7 0
or b# 0.

The autocorrelation function of Eq. (10) becomes

)

p@E)=a’+ % (a)” + b2)cos(AtuT ). (13)

Therefore, it can be seen that the above statements
(i) and (ii) can also be deduced by substituting Eqg.
(13) into Eq. (3) or (9). Strictly speaking, the W or
W, spectra used for a finite value for X should be
evaluated only for discrete spatial frequencies of u,;
however, they are usually derived as continuous
functions with respect to the spatial frequency.

O Using the series function of f(x) (Eqg. (10)), we
may propose the second spectrum (W,) as

Wy(0) = ac? and Wy(u,)=(a,2 + b,2)I4 (for n=1, 2, 3, ...).
(14)

The W, spectrum can be produced by substituting
¢ @) of Eq. (13) into Eq. (9), taking discrete values
for the spatial frequency. In this paper, we use the
W, spectrum as reasonable for a periodic noise curve
f(x) in the region of O X/25xS5X/2.

O We let numerical integrations of Egs. (1) and (8)
be performed using

W)= % i £(e)exp(0)j2Tux)A x{ ’ (15)
and

0 4 [ imax 2
Wl(u):gjl(gz‘zl FEx)exp(0 jZJTuxi)A'{ (16)

With i = X/A x (=integral number), where x,=[] X/2+
Axl2, .., Xi =0 X12+A x2+(i0 1A x, ..., Ximax = X200
A x/2.

O It should be noted that the W and W, spectra
calculated using Egs. (15) and (16) for »>A x”* and
u< X"(except for u=0) are totally invalid. It should
also be noted that both have the relation

Wi(u) = W(u)lX. (17)

Therefore, if the W, spectrum has a fixed value at
a spatial frequency u, not depending on the magnitude
of X (this assumption is valid for totally periodic
functions), then the 7 spectrum varies in accordance.
O Using the Fourier coefficients themselves in Eq.
(10), we may also propose the third spectrum (77%)
as

W3(0)=a,® and Wa(u,)=a,’+b,? (for n=1, 2, 3, ..).
(18)

The W, spectrum can be connected with the W,
spectrum (Eq. (14)), as follows:

Wa(0)=W,(0) and Wa(u,)=4Wyu,) (for n=1, 2, 3, ...).
(19)

O If f(x) is a sum of two functions, f,(x) and f,(x),
which are independent of each other and if the mean
value of f(x;) in the region of O X/25xSX/2 is zero,
then it is proven®F that W(u)=W,(u)+W,(u), where
W.(u) and W,(u) are the Wiener spectra for functions
f.(x) and f,(x), respectively. Therefore, it can also
be understood from Eq. (17) that the W; spectrum
for f(x) is the sum of the W, spectra for f,(x) and

().

SPECTRA COMPUTATION

A. Using a periodic functional expression

O We can compare the W1 spectrum (Eq. (16)) with
the W, spectrum (Eq. (14)) using a saw-tooth-wave
function, which is expressed in the region near the
origin as

f)=a0 + (Ko IXo)x (O X/25 x 5Xol2), (20)

where X,=5 mm (the period of the wave), K,=2 (the
height of the saw tooth), and the value for a, used
below is varied (K, and a, have no units; therefore,
f(x) has no unit). The Fourier series of Eqg. (20) can
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Fig. 1. W, and W, spectra for an f(x) expression of Eq.
(20). Sets of black circles show the W, spectra (Eq. (14)).
Solid lines show the W; spectra (Eq. (16)). (a) ao=10,
X=50 mm, and A x=0.5 mm. (b) a,=10, X=250 mm, and
A x=0.5 mm. (C) ap=0, X=50 mm, and A x=0.5 mm.

be expressed as

o

f(x)=ae+ b, sin(Zt u,x), (21)
where b,= (O 1)"*Y(Koft)/n and u,=nlX, (n=1, 2, 3, ...).
It should be noted that the W spectrum has the unit
of mm and that both /#, and W, spectra have no units.
0O Figures 1(a)-1(c) show W, and W, spectra for the
saw-tooth-wave function of Eq. (20). The sets of
black circles indicate the W, spectra (Eq. (14)) and

the solid lines the W, spectra (Eqg. (16)), where uy,

and u. in the diagrams are applied to the W, spectra,

as umin=2X"! and un=A x~1/2. The W, spectra were

calculated using: (a) =10 (no unit), X=50 mm

(=10X,), and A x=0.5 mm (=Xy/10) (¢min=0.04 mm°E?

and um=1 mm-1); (b) a,=10 (no unit), X=250 mm

(=50X5), andA x=0.5 mm (=Xy/10) (¢in=0.008 mmE?

and upx=1 mm®t1l); (c) a=0 (no unit), X=50 mm

(=10X,), andA x=0.5 mm (=X,/10) (#min=0.04 mm°"?

and umax=1 mm©?). It can be seen from Figs. 1(a)-1(c)

that: (i) the W, spectrum becomes accurate as the
value for X increases (Figs. 1(a) and 1(b)); (ii) the

Wy spectrum is more accurate when a,=0 (Figs. 1(a)

and 1(c)); (iii) the W, spectrum becomes inaccurate

with increasing spatial frequency at spatial frequencies
beyond un.x (=1 mm®©?) (Figs. 1(a)-1(c)).

O Therefore, the following can be summarized

regarding the W.(u) function (Eq. (16)):

(i) The Wi(u) function is virtually valid at spatial
frequencies of umin<u<uma. This statement comes
into effect when no large spectra exist in the
regions of u<up, and u<wuma (this can be proven
using a function constructed of sine waves with
different spatial frequencies).

(i) Data on f(x;) used in the numerical integration
should be described in terms of fluctuations
around the average. This procedure gives a,=0
in the above corresponding equations.

The above statements can also refer to the W(u)

function (Eqg. (15)) because we have Wi(u)=W(u)lX

(see Eq. (17)).

B. Using X-ray film scanning data

O We prepared a noise film sample using a uniform
60 kV X-ray exposure for a screen/film system (with
no phantom). The average density of the film was
approximately 1.00. The point-by-point density was
measured using a parallel double-beam microdensito-
meter (the parallel beam effect was not taken into
account for yielding the density data used below).
The scanning slit had dimensions of 15x 350 y m?
at the film plane (the spectral estimates below were
not corrected for the slit width and the slit length).
Measuring the film sample involved thirty original
scans, each 10 cm long, with data acquired at 104 m
intervals (A x). After each scan, the film was displaced
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Fig. 2. Diagrams showing (a) W spectra (Eq. (15)) and
(b) W, spectra (Eqg. (16)) for film density data produced
by uniform X-ray irradiation. Broken lines are for X=10
mm andA x=0.01 mm. Chain lines are for X=50 mm and
A x=0.01 mm. Solid lines are for X=100 mm and A x=0.01
mm.

perpendicular to the scan direction by more than the
effective length of the slit. Density data sets for
integration regions of X=10, 30, 50, 70, and 100 mm
(Egs. (11), (12), (15), and (16)) were all remade using
each original scan. Each W or W; spectral result
described below is an ensemble average®® of thirty
spectra because the film granularity is totally random.
O First, we calculated spectra using the film density
data only, where the density data set for each of the
integration regions (X) was described in terms of
fluctuations around the average density. Figures 2(a)
and 2(b) illustrate W and W, spectra (Egs. (15) and
(16)), respectively. The broken, chain and solid lines
are for (a) X=10 mm and A xr=0.01 mm (umn=0.2
mmEY(=2X"1), unx=50 mmi(=A x£1/2)), (b) X=50
mm andA x=0.01 mm (#/min=0.04 mm®=?, z,,=50 mm-1)
and (c) X=100 mm andA x=0.01 mm (u,j,=0.02 mm°©?1,
Umax=50 mm©1), respectively. It can be seen from Figs.
2(a) and 2(b) that the W spectrum lines virtually
coincide with each other even for the different
X-values, whereas the W, spectrum lines shift with
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Fig. 3. Diagrams showing (a) W spectra (Eg. (15)) and
(b) W, spectra (Eq. (16)) for noise made by adding
functional data of afsin(2mt usx) (ay=0.02 and us=4 mmU1)
to the film density data used in Fig. 2. Broken lines are
for X=10 mm andA x=0.01 mm. Chain lines are for X=50
mm andA x=0.01 mm. Solid lines are for X=100 mm and
Ax=0.01 mm.

the X-value. This fact proves that the film density
data used here can be classified as totally random
noise.

O Next, we calculated W and W, spectra for noise
made by adding functional data of asSin(2musx)
(ar=0.02 and u=4 mm"?t) to the film density data
used above. The density data set for each of the
integration regions (X) was described in terms of
fluctuations around the average density. Figures 3(a)
and 3(b) illustrate W and W, spectra (Egs. (15) and
(16)). The broken lines are for (a) X=10 mm and
A x=0.01 MM (#in=0.2 MM (=2X"?), 2/,,,=50 mm-1
(=A 712)), the chain lines for (b) X=50 mm and A x
=0.01 mm (umin=0.04 Mm%, 2p,=50 mm9?), and the
solid lines for (c) X=100 mm and A x=0.01 mm
(#min=0.02 Mm%, umax=50 mm=?). It can be seen from
Fig. 3(a) that the W spectrum lines virtually coincide
with each other, except at the spatial frequency of
u=4 mmUY(=us) (varying with the X-value). It can
also be seen from Fig. 3(b) that the W, spectrum
shifts with the X-value, except at the spatial frequency
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of u=4 mmPi(=u;) (virtually keeping constant for the
different X-values).

C. Degree of random-periodicity

O As may be seen from Fig. 2(a), film density data
produced by uniform irradiation of X-rays can
generally be classified as totally random noise. In
this case, the W spectrum does not vary with the
X-value (which should be larger than a certain value).
On the other hand, as may be seen from Fig. 3(b),
the W, spectrum for totally periodic random noise
should not vary with the X-value. Accordingly, it may
be understood that the degree of random-periodicity
for noise may be evaluated by measuring the shift
of the W or W, spectra for different X-values.

O Here, we use the W spectrum for its evaluation.
In the statement below, the W spectrum is described
as W(u, X) as a function of # and X. We then introduce
a factor of k(u), as follows:

W(M, Xl)/W(u, Xz)[l X1/X2

k)= 10 X,/ X, !

(22)

where X;<X,. It can be seen from Figs. 2(a) and
3(a) with Eq. (17) that, if the W spectrum has no
statistical fluctuation, the noise can be classified into
totally random data in the case of k(x)=1 and into
perfectly periodic data in the case of k(u)=0.
Therefore, it may be stated that we have 05k (u)51
for general noise when taking W spectra without
statistical fluctuation.

O Figure 4 shows k(u) data calculated using the
W spectra of X=10 cm, X=50 cm, and X=100 cm
in Fig. 3(a), where we set (i) X;=10 cm and X,=100
cm for the solid line and we set (ii) X;=10 cm and
X,=50 cm for the broken line. It can be seen from
Fig. 4 that the value of k(u) at u=4 mm©®" is almost
zero and that the values of k(x) at other spatial
frequencies are largely vibrating around the line of
k(u)=1 (the degree of vibration is almost the same
for the solid and broken lines).

O A subject for future study is to evaluate radiographic
granularity of X-ray images containing such periodic
noise as grid patterns. Details will be reported
elsewhere.

Spainl Iecuensy D '

Fig. 4. k(u) lines (Eq. (22)) calculated using the W spectra
of Fig. 3(a) for (i) X1=10 mm and X>=100 mm (solid line)
and for (ii) X1=10 mm and X,=50 mm (broken line).

SUMMARY

O We have argued that while the Wiener spectrum
is practical for evaluation of random noise, it is
impractical for evaluation of periodic noise. For this
latter, three types of spectra (W, W, and W) are
here introduced. The W, spectrum expresses the sum
of the squares of the Fourier sine and cosine
coefficients of a series in which the noise function
is expanded. The W; and W, spectra were remade
based on the Wiener spectrum concept, giving
virtually the same results with each.

O Radiographic images sometimes contain noise that
is not totally random and not perfectly periodic. Using
the Wiener spectrum, therefore, we propose a factor
to evaluate the degree of random-periodicity of
radiographic noise containing periodic signals.
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after irradiation. Mice were X-irradiated at a total dose
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Figure 2. Effect of administration of edaravone before
or after irradiation. Mice were X-irradiated to the whole
body at a total dose of 18 Gy. The mice were administered
with edaravone before 2, 1 hr, or just before (0 hr)
irradiation, or just after (0 hr) irradiation, after 1 or 2
hr irradiation. Control mice were irradiated only. The
number of crypts per circumference was counted from
5 mice (40 to 74 circumference). Each result is the mean
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Effects of EGF, Melatonin, Edaravone on Mouse Intestinal Injury
by Whole Body X-ray Irradiation

Kohsei Kubo™, Yoshinao ABE™", Kohetsu TARUSAWA™"
Nobuyo SHINozAKI"®, Dong-Liang Hu"" and Akio NAKANE"

O Received October 30, 2004 ; Accepted January 13, 20050

Abstractll We investigated the effect of epidermal growth factor (EGF), melatonin, and
edaravone on the intestinal injury by radiation. C3H mice were X-irradiated to the whole
body at the total dose of 15 , 17 , 19 or 18 Gy. Mice were administered subcutaneously
with EGF or melatonin after irradiation. Edaravone was administered intraperitoneally before
irradiation or after irradiation. Small intestine of the mice was removed at 3.5 day after
irradiation and stained with haematoxylin and eosin. The number of crypts was counted. The
survival of crypts per circumference was calculated. There was no difference between EGF
or melatonin administering group and the control group in the survival. However, the survival
of edaravone administering mice was significantly higher than that of the control group when
mice were administered with edaravone 60 or 30 min before irradiation. The results indicated
that the premedication of edaravone protected the intestinal injury caused by the radiation.

Key words[d Radiation; EGF; Melatonin; Edaravone; Intestine
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Fig. 1. Positioning of the animal

O (a) Fixed condition with an acrylic mouse container.
O (b) An acrylic stick placed in lower abdomen.

O (c) Lead shield covered whole body except rectum; i.e.
10 mm hole in diameter, covered with lead plates. The
animal was put in fixed case made of the acrylic, and
the acrylic stick of a diameter 10mm was placed under
the rectum, and tried to push up intestines to the thoracic
cavity side. Moreover, it was covered with lead (2mm
thickness) and adjusted so that the hole of an irradiation
field diameter 10mm might centered the rectum.
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Fig. 2. Average weight in each group throughout the whole experiments

(a) Average weight at 1-240 day after irradiation in each group.

(b) Average weight at

1- 5 week after irradiation in each group. After one month post-irradiation, the body weight
in each irradiation group was lower in all the periods in comparison with control group.
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Fig. 3. Mortality in each irradiation group

They were 30%, 10%, 36%, 87% after irradiation of
20 Gy, 25 Gy, 30 Gy or 35 Gy , respectively, and median
lethel dose (LDm/m) was estimated 30.4Gy.

2 fH:mwnl vans

TS Trasranzal quw
el Fy s 17 i

Fig. 4. Morbidity in each irradiation group

Mild to moderate colorectal hypertrophy and/or stricure
was observed in 55%, 77%, 78% or 85% after irradiation
of 20 Gy, 25 Gy, 30 Gy or 35 Gy, respectively. Median
affective dose (EDon/im) was estimated 16.2Gy.

Table 1. Pathological findings in each groupO O O

External aspect Palpable mass Abdominal distension Anal prolapse
20 Gy 10 90 10
25 Gy 90 70 0
30 Gy 10 100 10
35 Gy 80 60 20
Autopsy Ovarian atrophy | Uterine accretion and/or hypertrophy | Rectal hypertrophy and/or stricture
20 Gy 55 22 40
25 Gy 100 55 50
30 Gy 100 80 77
35 Gy 85 10 71
Histology Flaked mucous scaled | Subepithelium bleeding Ulcers Fibrosis Hypertrophy | Necrosis
20 Gy 0 88 40 100 50 44
25 Gy 10 100 20 100 90 28
30 Gy 0 100 0 100 100 55
35 Gy 0 100 42 100 89 57
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10 Seifert WF, Biert J, et al: Late effects of
intraoperative radiation therapy in anastomotic rat
colon. Int J Radiat Oncol Biol Phys, 421 3[623-629,
1998.
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fibrogenic cytokines in irradiated colorectum of two 40 Terry HA, Denekampand J, Maughan RL: RBE
murine strains.Int J Radiat Oncol Biol Phys. 42] 100 values for colo-rectal injury after caesium 137
169-178, 1998. gamma-ray and neutron irradiation. |. Single doses.
Mark WS, Euzabeth LT: Murine strain differences Br J Radiol. 56] 664[0257-265, 1998.

in the volume effect and incidence of radiation- 50 David SF, Elizabeth LT: Histological changes in
induced colorecal obstruction .Int J Radiat Oncol mouse colon after single- and split-dose irradiation.
Biol Phys, 41 40889-895, 1998. Radiat Res, 1361 2[280-288, 1993.

Fig. 5. 20Gye-irradiation group Fig. 6. 25Gy-irradiation group

Fig. 50 8. a. Dorsal surface. b. Abdominal viscera. c¢. Rectum(Zoomed-up). (a)Falling-out
of heir and/or adhesion between abdomen and hind-limb was observed in all irradiation groups.
In 25Gy-irradiation group(Fig. 6b, c), rectal hypertrophy and/or stricture was found obviously
but which wasn't recognized in 20Gy-irradiation group.
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Fig. 7. 30 Gy-irradiation group Fig. 8. 35Gy-irradiation group
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a. control

d. 30 Gy

Fig. 9. Azan-stained longitudinal section in each irradiated and unirradiated(control)group (* 100)

In almost all irradiation animals, prominent fibrosis was reeognized in the lamina propria mucosae
and submucosal layer. This tendency appeared strongly with the increase in the amount of
irradiation and the time progress after the irradiation.
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The radiation damage model to colorectal region following rectal

X-ray irradiation in mice

Nobuyo SHINOzAKI"®, Yoshinao ABE'", Yong Liu™"
Kohsei Kubo™" and Koichi SUKEKAWA™"

O Received October 31, 2004 ; Accepted January 13, 20050

AbstractD Late radiation effect is a chief problem regarding lethality and in radiation therapy.
The effect of a single dose of X-ray on the mouse rectum was studied histologically.

O Female C57BL/6n mice 12 weeks old were divided into 4 groups, and their colorectal region
was irradiated through a lead collimator (10 mm in diameter) with a single dose ranging
from 20 to 35 Gy which was delivered by a X-ray unit (150kVp, 5 mA and 1.07 Gy/min).
All mice were followed up to 240 days after irradiation. The rate of the death was 30%, 10%,
36%, or 87% after irradiation of 20 Gy, 25 Gy, 30 Gy or 35 Gy, respectively. The median
lethal dose (LD /n) was 30.4 Gy.

O Macroscopic examination revealed some signs of radiation-induced injury in each survival
time point:mild to moderate colorectal hypertrophy and/or stricture in the bowel was observed
in 55%, 77%, 78% or 85% after irradiation of 20 Gy, 25 Gy, 30 Gy or 35 Gy, respectively.
O It was concluded that LD /4y Was 30.4Gy in our method. The histological observation
indicated that some prominent features due to irradiation were found in mucosal epithelial
and connective layers of almost all animals.

Key words mice; rectum; X-ray irradiation
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Transient Increase in X-ray-induced c-Jun, c-Fos

and BRCA1 Expression by Exposure to Power
Frequency Magnetic Fields in MCF-7 Cells

Furong TIAN"", Takehisa NAKAHARA™ " and Junji MiIYAKOSHI™"

O Received October 31, 2004 ; Accepted January 13, 20050

AbstractO The effects of Extremely Low Frequency Electromagnetic Fields (ELFMF, 50 Hz,
5 mT) and/or X-rays on the expression of the BRCAL, p21, c-Myc, ¢c-Jun and c-Fos proteins
were investigated in human breast adenocarcinoma MCF-7 cells. A transient increase of
c-Jun and c-Fos was observed after either ionizing radiation or magnetic field exposure. We
found that ELFMF increased the X-ray-induced expression of BRCA1, p21 and c-Myc. These
findings demonstrate that ELFMF can modify gene expression.

Key words Extremely Low Frequency Electromagnetic Fields (ELFMF); c-Jun; c-Fos;

BRCA1; p21; c-Myc

INTRODUCTION

O Possible health effects due to exposure to power
frequency magnetic fields are currently a public
concern. Some epidemiological studies have indicated
that residential or occupational exposure to power
frequency magnetic fields may increase the risk of
breast cancer”™F.

0 The BRCA1 tumor suppressor gene has been
found in many families with inherited breast and
ovarian cancers” . Subsequent studies have suggested
that the protein product of the BRCA1 gene might
play a key role in inhibiting the proliferation of
mammary cells?E Thus, overexpression of BRCAL
can inhibit all breast and ovarian cancer cell lines
in vitro"® Similarly, anti-sense RNA directed against
BRCAL, and hence reducing its expression level, can
stimulate the proliferation of mammary epithelial
cells®t Lafarge et alPPand Harkin et /P "demonstrated
that enhancing BRCA1l could activate c-Jun
N-terminal kinase (JNK) phosphorylation. Activator

protein-1 (AP-1) is a ubiquitous transcription factor
that is believed to modulate cell behavior, such as
proliferation and differentiation, during wound healing
and embryonic tissue morphogenesis” " AP-1 consists
of the Fos and Jun family proteins. A characteristic
feature of c-Fos and c-Jun are that their expression
can be rapidly and transiently induced by a variety
of extracellular stimuli through a second messenger
pathway™® Some laboratory studies have indicated
that magnetic fields (MFs) exposure can increase
expression of c-Fos and c-JunPP™C Unfortunately,
there are discrepancies between the findings of at
least 7 labs regarding the gene expression of c-Myc
and c-Fos, especially following exposure to low fields
(< 0.05 mT)YPE The reasons for these differences
would appear to be due to different magnetic fluxes
and parameters. Thus, we utilized 5mT ELFMF to
repeat these studies to confirm their results.

O Growth-associated genes, such as c-Myc and p21
proto-oncogenes are activated during cellular
proliferation processes™" The changes in cellular

U0 Max Planck Institute for Metals Research, Heisenbergstr. 3, D-70569 Stuttgart, Germany
00 Department of Radiological Technology, School of Health Sciences, Faculty of Medicine, Hirosaki University, 66-1

Hon-cho, Hirosaki, 036-8564, Japan
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behavior imparted by abnormal Myc expression have
been studied extensively in cultured cells and
transgenic animals™= Myc has generally been
associated with the promotion of cellular growth and
proliferation, desensitization to growth-inhibitory
stimuli, blockade of cell differentiation, cellular
immortalization, and oncogenic transformation, as
well as sensitization to apoptosis-inducing signals®™®
Myc has also been linked to the regulation of various
metabolic pathways, the induction of DNA damage,
and genomic instability™® The transcription factor
Myc is induced by mitogenic signals and regulates
downstream cellular responses. If overexpressed,
Myc promotes malignant transformation. In earlier
experiments, we demonstrated that exposure to
Extremely Low Frequency Electromagnetic Fields
(ELFMF) following irradiation can decrease the levels
of caspase-3, p21, p53 and phosphorylated p53 and
increase Bcl-2 expression in xrs-5 cells, but decreases
Bax and increase Bcl-2 in MCF-7 cell’™E These
results suggest that MFs can interfere with genetic
material to repair DNA damage cause by irradiation.
0O A detailed understanding of the effects of ELFMF
exposure on signal transduction pathways that lead
to gene transcription is requisite. The possibility of
health risk provides a strong motivation to conduct
laboratory experiments to analyze the molecular
mechanisms in ELFMF. We used MCF-7 cells, a
cellular model reported to be useful for detecting
environmental toxicants, in different stages of the
multi-step carcinogenesis.

Materials and Methods

Cell culture

0 The human breast adenocarcinoma cell line MCF-7
was obtained from ATCC (Manassas, VA). The
MCF-7 cells were cultured in Dulbecco’s modified
Eagle medium (Nikken Bio medical Laboratory,
Kyoto, Japan), supplemented with 10% bovine calf
serum (Invitrogen Corp. Carlsbad, CA), 0.1mM
sodium pyruvate (GIBCO, BRL), 0.02mg/ml insulin
(Invitrogen Corp. Carlsbad, CA), at 370 in an
atmosphere of 95% air and 5% CO. with saturated
humidity 100%.

ELFMF and X-ray exposure

O The exposure apparatus for 5 mT EMF has been
described elsewhere™™E  Environmental 60 Hz
ELFMF during the sham exposure were <0.5puT.
Static magnetic fields, other than geomagnetism,
were undetectable (<0.1u T) for all experiments and
residual geomagnetism was <1p T. The atmosphere
in the incubator for both units was saturated with
humidified of 95% air plus 5% CO.. The conditions
for X-ray irradiation have been described previously™™-
Cells were irradiated with X-rays at 1.0 Gy/min.

Cell survival assay

O A colony formation assay was performed. MCF-7
cells were plated in dishes at a density of 2x10°
cells/dish (@ 10cm). Cells were allowed to adhere for
5h and were then exposed to X-rays. Immediately
after irradiation, cell numbers were determined with
a particle counter (Beckman Coulter Inc. Fullerton
CA) and the cells were then plated in dishes at a
density of 1x10? cells/dish (¢ 10cm). The cells were
exposed to a 5 mT ELF for 14 d. Fourteen days
later, the cells were fixed and stained with crystal
violet. Survival of the irradiated cells was normalized
by comparison to the plating efficiency of the non-
irradiated controls.

Western blotting

O Our previously reported method was used to
prepare protein extracts from MCF-7 cells™. Protein
extracts were boiled in loading buffer for 3 min and
loaded onto 7, 10 and 12% SDS-polyacrylamide gels.
Details of the Western immunoblotting procedure
have been described elsewhere™® The antibodies
used in this experiment were as follows: BRCA1,
P21, c-Myc, c-Fos and c-Jun (Oncogen Science, Inc.,
Uniondale, NY, 1000:1 dilution each) anti-mouse 1gG
horseradish  peroxidase (Amersham Bioscience
Buckinghamshire UK, 1500:1 dilution). The blot was
visualized with an ECL kit (Amersham Bioscience
Buckinghamshire UK). Densitometric analysis was
performed using NIH Imaging 1.61.

RESULTS

Effects of exposure to ELFMF on X-ray-irradiated
Cell Survival
O The effect of the ELFMF on the survival of MCF-7
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Fig.1 Effect of exposure to ELFMF on cell survival in
MCF-7. Cells were exposed to sham or ELFMF conditions
for 24h after X-ray irradiation. Five replicate plates were
used for each time point, and the experiment was
performed at least three times. Error bars show the
standard deviation.

cells with X-ray-irradiation was evaluated. Figure
1 demonstrates that ELFMF with X-ray exhibit lower
survival rates than X-ray alone. However, ELFMF
did not exhibit any significant effect on the survival
of MCF-7 after X-ray irradiation.

Protein expression after exposure to magnetic fields
with or without X-rays

0 To examine the effects of both ELFMF and X-rays,
we observed the expression of both c-Jun and c-Fos
in MCF-7 cells following 2 or 4 h exposure periods.
After 2 h exposure to ELFMF or x-ray irradiation
alone, no expression in c-Fos and c-Jun was
observed. A combination of X-ray and ELFMF
significantly increased expression of c-Jun in MCF-7
cells following 2 h and 4 h exposure (Fig. 2A). A
similar phenomenon was observed for c-Fos
expression following 4h exposure.

0 ELFMF alone induced c-Jun expression following
8 h exposure (Fig. 2B), but decreased to sham levels
following 12 h exposure (Fig. 2C). However, no
similar changes in the c-Fos proteins were observed
over 24 h of exposure to ELFMF (Fig. 2C). The c-Jun
expression increased proportionally to ELFMF
exposure time following X-ray exposure. Similar
phenomena were observed following exposure to
X-ray with ELFMF, but c-Jun expression following
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Fig.2 Induction of c-Fos and c-Jun after exposure to
ELFMF and/or X-ray irradiation in MCF-7 cells. Cells
were exposed to ELFMF for 2h, 4h, 6h, 8h, 12h and 24h,
with or without prior exposure to X-ray (12Gy). Western
blots were performed as described in material and
methods, and a representative Western blot is shown.

X-ray with ELFMF was higher than that for X-ray
alone.

O There were no significant changes in c-Fos
expression between X-ray alone and X-ray with
ELFMF, 24 h after radiation. A similar degree of
induction occurred for c-Fos, 8 h after irradiation.
X-ray with ELFMF caused a significant (1.5-fold
increase compared to sham exposure) increase in
c-Fos expression (Fig. 2B). Following a longer
duration of exposure to ELFMF and ionizing radiation
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Fig. 3 Induction of BRCAL, c-Myc and p21 after exposure
to ELFMF and/or X-ray irradiation in MCF-7 cells. Cells
were exposed to ELFMF for 12h and 24h, with or without
prior exposure to X-ray (12Gy). Western blots were
performed as described in material and methods, and a
representative Western blot is shown.

(24 h), c-Fos expression decreased to sham levels
(Fig. 2C).

O To study the effect of ELFMF on X-ray-induced
cell cycle-related genes c-Myc, p21 and BRCA1
expression levels were determined by Western
blotting. After 12Gy X-ray-irradiation, c-Myc, p21
and BRCAL expression increased significantly. The
expression of BRCA1, c-Myc and p21 following
exposure to X-ray with ELFMF was higher than
X-ray alone after 12 h exposure to ELFMF (Fig. 3).

DISCUSSION

O The present data suggests that ELFMF did not
effect cell survival. In our previous study, exposure
to ELF electromagnetic fields at 5mT exhibited no
effect on cell survival in MCF-7 cells™™® or m5S
cellsPE However, exposure of xrs5 cells to 60 Hz
ELFMF affected cell survival after X-ray irradiation.
These results suggest that different exposure
conditions with different cell lines may exhibit diverse
responses to ELFMF.

0O Exposure to ELFMF alone for 8h can induce c-Jun
expression. With longer exposure durations, c-Jun
expression decreased to control levels after 12h
exposure. The c-Fos and c-Jun genes are rapidly and
transiently induced in a wide range of cell types by
a variety of extracellular signals®” The present
results suggest that 60Hz 5mT ELFMF alone can
induce c-Jun expression.

O lonizing radiation has been widely demonstrated
to induce early-response gene transcription.
Therefore, ELFMF appeared to be more efficient in
ionizing
genomic damage would be greater than in normal
or spontaneous immortalized cells. In the present
study, exposure to ELFMF at 5mT increased
expression of c-Fos and c-Jun within the first 24h
after 12Gy irradiation, which is consistent with
previous reports™™C

O Interestingly, quite similar patterns of induction
of these proteins were evidenced after either ionizing
radiation or ELFMF exposure (Fig. 2). The
combination effect following treatment with both
ionizing radiation and ELFMF was observed for c-Jun
and c-Fos. That EM fields may act as a co-promoter
is supported by the observation that EM fields
activate AP-1 binding activity™". BRCAL, c-Fos and
c-Jun are transcriptional regulators, and their protein
products control the expression of* downstream’
genes. BRCA1 and c-Jun exhibit similar trends after
exposure to X-ray and ELFMF (Fig.2 and Fig.3).
This finding is consistent with that of Rao et a/. that
demonstrated that BRCA1 activated the c-Jun N-
terminal kinase (JNK) pathway““ BRCAL expression
is capable of responding to ELFMF by activating
stress-response genes, such as the c-Fos and c-Jun.
Activation or repression of transcriptional targets of
the BRCAL1 protein might play a role in tumor
initiation or progression.

O We have reported that exposure to ELFMF can
transiently increase the X-ray-induced Bcl-2 to Bax
ratio in MCF-7 cells at 24 h“E Exposure to ionizing
radiation is known to increase the risk of cancer, and
to upregulate the expression of c-Fos, c-Jun, c-Myc,
p21 and BRCA1"™IOE The p21 and c-Myc genes
are considered to directly regulate the cell cycle, and
the p21 protein product inhibits DNA replication by
blocking cyclin dependent kinase "F. In the present
study, increases occurred after exposure to either
X-ray or ELFMF. Exposure to ELFMF at 5mT
elicited an increase of both p21 and c-myc (Fig.3).
ELFMF (60-Hz) can induce expression of the
cell-cycle relative genes p21 and c-Myc in MCF-7
cells after X-ray-irradiation.

O Another potential mechanism that has been

radiation-transformed cells, in which
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suggested is the modulation of Ca?-influx by
magnetic fields™" We demonstrated that X-ray and
ELFMF altered the expression of both c-Jun and
c-Fos encoded proteins in the early-response by
MCF-7 cells. ELFMF interacts not only with the
various membrane receptors to activate signal
transduction cascades, but interacts with electrons
in the early-response proteins, c-Jun and c-Fos. Here,
we provide the first report that ELFMF effects the
expression of BRCAL1 gene. These results may
provide a biological mechanism to explain the effect
of ELF on cancer. Future investigations will resolve
this complex etiology, and elucidate the broad and

specific mechanisms, therein.
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Abstract] The purpose of this study was to examine the relation between activity level of
daily life and depression in the elderly. A questionnaire investigation was conducted in three
groups: the home group (55 people, mean age 79.9), the day-care group (32, 78.1) and the
facility group (31, 79.9). Regarding activity capability for ADL and IADL, Barthel Index
and Demura Index were higher in the order of the home group, the day-care group, and the
facility group. The group with higher activity capability had shown higher activity state in
their actual daily life. Regarding depression, Self-rating Depression Scale (SDS) was
significantly higher in the facility group than the other two groups. Significant relationships
were recognized between Demura Index and SDS (r=0 0.562, p<0.01), and between Barthel
Index and SDS (r=00.351, p<0.01) with all subjects’ data. However there was no relation
between Barthel Index and SDS in the facility group (p=0.928). These results suggest that
there is a relationship between activity level of daily life and depression, so we should assist
the elderly to gain a higher activity level in daily life, not only for better physical function
but also for better mental function, however we need to consider other factors too in the
case of low ADL level.

Key words elderly; activity level; daily life; depression; Self-rating Depression Scale

INTRODUCTION

O In the rehabilitation of the elderly, assistance for
the maintenance and enhancement of quality of life
(QOL) is most important. For the sake of it we need
treatment to keep both their physical function and
mental function in good condition. It was reported
that there is a relationship between suffering or

anxiety on physical health and depression in the
elderly”® It was also reported that uncomfortable
feelings or pain accompanying physical disease,
movement restriction, or fear of death are related to
the development of a depressive stateC Exercise is
said to be effective as a treatment for depression®“"
Like these it is well known that physical function
and mental function are mutually influential.
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O In 1984, WHO recommended the use of the degree
of independence in daily life, rather than medical
indices such as a chronic disease or a disability, as
the index of health for elderly people™® In recent
years, the idea of promotion of activity in daily life
has become more widespread"” Given these
background, it is estimated that if the activity level
of daily life is maintained at a high level, the mental
condition of the elderly might be maintained in a good
state, and eventually the rate of depression may
become lower. However there has been little research
to date focusing on the activity level of daily life
and its relationship to depression in the elderly”™¢
O In this study we examined the relationship between
activity level of daily life and depression in the elderly
by a questionnaire investigation with the aim of
obtaining basic data to facilitate improvement of both
the physical health and the mental health of the
elderly. In this paper, three aspects of the activity
level of daily life were considered; the activity
capability required to perform activities in daily life,
the wvolition to perform activities, and the actual
activities in daily life.

METHODS

0 The subjects of this questionnaire investigation
were 118 elderly people living in Tsugaru district
of Aomori prefecture, aged 65 years and over, without
dementia (generally an HDS-R score of more than
21). There were 55 people independent in daily life
at home (the home group), 32 people visiting a
day-care center once or twice a week (the day-care
group), and 31 people living in a health care facility
for the elderly with the capacity of 100 (the facility
group) (Table 1). Mean ages of the home group, the
day-care group, and the facility group was 79.9, 78.1,
and 79.9 years old respectively. There were no
significant differences in the mean ages between three
groups. A welfare commissioner who was a former

Table 1. Number and age of the subjects

number age
Group total (male, female) meant SD (range)
Home 55 (19, 36) 79.9% 6.2 (730 95)
Day-care 32 (12, 20) 78.1% 6.7 (650 92)
Facility 31 (7, 24) 79.9+ 5.2 (650 87)

public health nurse introduced us the home group
subjects. Occupational therapists working in the
relevant facilities introduced us the day-care and
facility group subjects. All subjects gave us their prior
consent to participate in this investigation. In most
cases, we administered the questionnaire by
conducting individual interviews. However, for some
subjects of the home group, we distributed the
guestionnaire in advance, asked them to fill it out
by themselves, and collected them a few days later
after we checked to see if the subjects had answered
all questions.

O The questionnaire was composed of five sections
covering: 1) basic information (age, sex, diseases),
2) activity capability; the Barthel Index™" of activities
of daily living (ADL), and the test of capability of
instrumental activities of daily living (IADL) of the
healthy elderly in community by Demura et al™"
(Demura Index), 3) the time spent out-of-bed
(out-of-bed time) and the kinds of main activities in
the out-of-bed time, 4) the volition to perform activity,
and 5) the Self-rating Depression Scale (SDS) by
Zung™™ as a measure of depressive condition.

O The Demura Index evaluates 12 items of activity
capability required to lead a healthy and independent
daily life: walking, running, jumping over, standing
up from sitting on the floor, standing on one leg,
standing in a bus or an electric train, dressing while
standing, buttoning and unbuttoning, lifting futon
bedding up and down, going upstairs, carrying
baggage, and rising up from lying posture (abdominal
muscle exercise). Each item is given a score from
one to three; the range of the total possible Demura
Index score is therefore from 12 to 36.

O Questions about the volition to perform activity
were: A Do you want to take care of daily tasks
such as eating, dressing, using the toilet, brushing
your teeth, etc. by yourself?”; B,* Do you take
measures to maintain your health?”; C,* Do you think
that you should exercise for your health?”; and D,

* Are you actually doing any physical exercise?”

Subjects were required to reply to these questions
with* yes” or* no.”

O The SDS is composed of 20 items, each scored
from one to four. Therefore, the range of the total
possible SDS low score is from 20 to 80. And then
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Fig. 1 Barthel Index and Demura Index results
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Fig. 2 Volition to perform activity (Percentage answering* yes")
0O QA Do you want to take care of daily tasks by yourself”
0QB: Do you take measures to maintain your health”
0 QC:* Do you think you should exercise for your health”
0 QD:* Are you actually doing any physical exercise”

SDS low scores were converted from 200 80 into
2501100 for convenience.

0O For the statistical analysis, we used Tukey’'s
multiple-comparison procedure to test the difference
of means and Spearman’s correlation coefficient to
test the relationship among variables. P<0.05 were
considered significant.

RESULTS

O The results of activity capability of each group
are shown in Fig. 1. The means, standard deviations,
and ranges of Barthel Index scores were all 100 in
the home group, 95.4+ 9.8 (690 100) in the day-care
group, and 76.7+ 19.0 (150 100) in the facility group.
The mean Barthel Index score of the facility group
was significantly smaller than those of other two
groups (p<0.05). The means, standard deviations, and
ranges of Demura Index scores were 25.7+ 6.0 (12
(0 36) in the home group, 20.8+ 6.1 (130 35) in the

day-care group, and 13.6+ 2.0 (120 20) in the facility
group. In other words, the home group had the highest
mean Demura Index score followed by the day-care
group and the facility group, in
Furthermore, the differences between the means of

this order.

three groups were significant (p<0.05).

O The results of the questions regarding volition
to perform activity are shown in Fig. 2. All subjects
in the three groups replied“ yes” to Question A
regarding the desire to perform self-care tasks by
oneself. Approximately 60~70% of subjects in each
group replied affirmatively to Question B regarding
health care measures. More than 90% in every group
thought they should exercise for health, answering
“ yes” to Question C. Among those, the percentage
of subjects who answered“ yes” to Question D,
indicating that they are actually doing physical
exercise, were 67.3% and 66.7% in the home group
and the day-care group, respectively, whereas it was

131
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Table 2. Specific activities performed for health

Ranking  Home group  Day-care group Facility group
1. Walking Walking Rehabil
2. Gymnastics Gymnastics Gymnastics
3. Shopping Day-care Self-care

Shopping: go out for shopping

Rehabil: rehabilitation

Self-care: taking care of one’s needs as much as possible

92.1% in the facility group. The specific exercises
performed for the sake of health are shown in Table
2. Walking and gymnastics were located within the
top two places in the home group and the day-care
group. Rehabilitation was the most common exercise
reported in the facility group.

0O The means and standard deviations of out-of-bed
time per day were 14.5+ 1.8 hours in the home group,
14.2+ 1.6 hours in the day-care group, and 13.7+ 1.6
hours in the facility group. Out-of-bed time of the
facility group was approximately one hour shorter
than that of the home group. The actual activities
performed during out-of-bed time are shown in Table
3, classified by location (indoors or outdoors) and
degree of physical movement (large activities;
generally in standing posture, and small activities;
generally in sitting posture). The home group had
the highest rate of outdoor activities, which included
jobs, volunteer activities, hobbies and so on. The
day-care group had the next highest rate. That of
the facility group was the smallest and taking a walk
was the only outdoor activity reported. Regarding
the degree of physical activity, the home group had
the largest activities followed by the day-care group
and the facility group, in this order. The most
common activities in the home group and the day-care
group were housekeeping, and gardening.

0 SDS scores of less than 40 is judged as normal,
over 40 and less than 50 as border level, and over
50 as depressive level. Means, standard deviations,
and ranges of the SDS scores were 39.2+ 9.9 (26.3
0 80.0) in the home group and 40.2+ 12.5 (26.30 71.3)
in the day-care group. Those in the facility group
were 51.0+ 8.5 (40.000 80.0). The mean SDS score
in the facility group was significantly higher than
those of the other two groups (p<0.05) (Fig. 3). If
scores over 40, which includes border level and

depressive level, are regarded as depressive tendency,
40.0% of the home group, 34.4% of the day-care group
and 100% of the facility group will be judged as
having depressive tendency (Fig. 4). The subjects
with higher SDS scores tended to get higher scores
in response to the items,* | think | am a useful
person” and“ | expect to have pleasure in the future.”
O From the above results, the total activity levels
of daily life were judged to be highest in the home
group, followed by the day-care group and the facility
group, in this order. On the other hand, the SDS
scores in the home group and the day-care group were
lower than that in the facility group. Statistically there
was a significant relationship between Barthel Index
scores and SDS scores of all subjects (r=0 0.351,
p<0.01) (Fig. 5), and also a significant relationship
between Demura Index scores and SDS scores of
all subjects (r=0 0.562,p<0.01) (Fig. 6). Consequently
the results indicated a tendency to lower levels of
depression in those with higher activity levels of daily
life. However there was no relationship between
Barthel Index scores and SDS scores in the facility
group (p=0.928).

DISCUSSION

O In this study, we conducted a questionnaire
investigation to the elderly of the home group, the
day-care group, and the facility group in order to
confirm the relationship between activity level in daily
life and depression cross-sectionally. The activity
level was measured on the activity capability, the
volition to perform activities, and the actual activities
performing in daily life. Regarding activity capability,
we used Barthel Index and Demura Index for the
assessment of ADL ability and higher functional
capacity respectively. Our results showed that the
higher the activity capability in daily life, the lower
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Table 3. Main activities in the out-of-bed time

Home G. Day-care G. Facility G. | Home G. iDay-care G.| Home G. iDay-care G Facility G
Housekeeping | Housekeeping | Apron Gardening | Gardening |Walking  |Walking | Walking
Cleaning iTV gymnasticsi Dancing Gateball iTraveIing :
TV gymnastics Chores Field Field
* Temple Swimming
Physically Dance T ‘
Large Hot spring
Activities Company
| | ‘ Park
Chorus
Silver job
Swimming
Parking
Boiler man
Club
Rehabil Drawing School Rehabil
falaie Towel Leader ‘
| | | Karaoke
‘ ‘ Hospital
TV Handicraft TV Tea Volunteer Shigin
Reading Reading Handicraft | Haiku ‘
Handicraft ITV | Reading
el Knitting Calligraphy Radio
Physically | Music iNewspaper §Card Games
Small Mah-jongg Music Mah-jongg
Activities | Flower Stamp Music
Shogi Talking
Jigsaw Newspaper
Radio ‘ !
++ Indoor Activities +++ + Outdoor Activities

*Large Physical Activities: mainly activities while standing.

**Small Physical Activities: mainly activities while sitting.

*** Activities possible in both postures.

+ Outdoor Activities: mainly activities done away from place of residence

++Indoor Activities: mainly activities done indoors at place of residence

+++ Activities possible both indoors and outdoors

Explanations of abbreviations

Apron: distribute aprons to tables in dining room of facility, Temple: working for a temple, Company: working for a company
Flower: flower arrangement, Music: music appreciation, Jigsaw: doing jigsaw puzzle, Stamp: stamp collecting,

Rehabil: rehabilitation / hobby club, Towel: folding towels, Tea: tea ceremony, Dance T: teaching dance Park: cleaning park,
Walking: taking a walk, Silver job: silver manpower center job, Parking: Parking lot management, Field: field work,
Club: senior club activities, School: private school teacher, Leader: leading youth groups, Chores: household chores,
Hospital: going to hospital for the treatment, Shigin: chanting of Chinese poems
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the depression.

O Oida and others studied independence in ADL in
the elderly and reported that the higher the physical
activity level the lower the depression, in addition
to significantly higher degrees of
healthiness and happiness®C It is said that the
advanced age period is the era of loss. The loss of

subjective

physical capability brings about actual feelings of
loss of physical fitness, which in turn is one of the
factors promoting depressior™™F. |t is assumed that
many factors such as health condition, physical

Demura Index

Fig. 6 The relation between SDS score
and Demura Index score

function, relationships with family or friends, social
support, financial situation, life-style, environment
and so on are related to depressionr®®™¢ In this study
we focused on the activity level of daily life, which
is influenced by many factors such as physical
function, life-style and environment. It is therefore
suggested that the activity level also relates to
depression directly and indirectly.

O Regarding the SDS, depressive people had a
tendency to answer‘ no” to both items of* | think
I am a useful person” and“ | expect to have pleasure
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in the future.” Investigation of how out-of-bed time
was spent by subjects of the home and day-care
groups, found that many of them had jobs, volunteer
activities or roles as housekeepers at home, moreover,
their activities included a wide range from indoors
to outdoors. From these results it is estimated that
retaining one’s role, being capable of performing the
activities of one’s role or hobby, both indoors and
outdoors and maintaining a wide range of enjoyable
activities might be factors in the prevention of
depression. Muracka and others reported that few
depressed people participated socially in community
activities® The results of our study showed that
many of the non-depressive people of the home and
day-care groups were participating in senior citizens’
club, works for a temple or other social activities,
maintaining a relationship with the community.
However the idea that non-participation in society
strengthens depression should be judged carefully
because it may be said that non-participation in
community activity is due to the depressive condition
and other factors must also be considered.

O The results of this study also indicated that many
elderly people in the facility group looked exercising
intentionally in their daily life. In this study, the
percentage of subjects who answered “ yes” to
Question D, indicating that they are actually doing
physical exercise, were 67.3% and 66.7% in the home
group and the day-care group, respectively, whereas
it was 92.1% in the facility group. This large
difference was found to be due to the differences in
recognition of exercise for health. The elderly in the
facility group had a tendency to regard even a small
daily activity, such as locomotion from their own
living room to the dining room, as an exercise for
their health. On the other hand the elderly in the home
and day-care groups had a tendency to regard only
some kinds of sport or intense physical exercise and
so on as exercise for health. Although the elderly
in a facility may be physically hampered by disability
etc., the desire to attend to their personal appearance
by themselves as much as possible perhaps raised
their consciousness of health and motivated them to
exercise daily. Sasazawa and others studied the
relationship between the habit of regular exercise and
subjective physical and mental symptoms in Japanese

middle aged and elderly residents and stated that the
habit of regular exercise work positively on their
mental health, such as depression etc”" The results
of our investigation showed that especially persons
with low activity capability were anxious about illness
or disability, with an effect on level of depression.
They therefore seem to tackle rehabilitation, walking,
gymnastics etc. spontaneously to build a pattern of
regular exercise in order to achieve mental stability.
The fact that rehabilitation was the top exercise for
health currently performing in the facility group
suggests that facilities play an important role as a
venue for exercise for the elderly. From these results,
it is estimated that rehabilitation staff in facilities
provide an adequate opportunity for exercise aimed
at maintenance and enhancement of elderly person’s
daily activities, and assistance and instruction will
be useful to mitigate subjects’ depression. However
we should consider the fact that we could not find
the relationship between Barthel index scores and
SDS scores in the facility group. Although this result
was due to a small number of sample, we think that
it must be studied more deeply and to be determined
the other factors which effects on the degree of
depression in the elderly dwelling in the facilities.

ACKNOWLEDGEMENTS

O We thank the staffs and clients of Fujien,
Ashitabanosato-Kuroishi and Heiseinoie facilities of
health care for the elderly for their cooperation with
our investigation. Moreover, we express our deep
gratitude to the elderly persons living at home who
cooperated with our investigation, especially Ms.
Fusae Takaoka.

REFERENCES

10 Higuchi N : About the actual daily life condition
and depressive state of the people who are living
in a health care facility for the elderly. The
Compilation of Occupational Therapy Research 14
60-64, 1996.00 in Japanesel

20 Oida Y, Arao T, Nishijima Y, Kitajima Y
Relationship among functional fitness, activities in
daily life, and emotional status in aged people.
Bulletin of the Physical Fitness Research Institute
9017-16, 1996.0 in Japanesel

30 Blue FR : Aerobic running as a treatment for



136 M. NopaO T. HaraTAO Y. NisHizawaO K. Sarrod T. KocawaO E. TusHiMaO Y. Satol E. Kanol C. Sawaba

40

50

6U

70

s

o

100

110

120

130

140

moderate depression. Perceptual and Motor Skills
481228, 1979.

Greist JH, Klein MH, Eischens RR, et al.: Running
as treatment for depression. Comprehensive
Psychiatry 201 10041-54, 1979.

Doyne EJ, Chambless DL, Beutler LE : Aerobic
exercise as a treatment for depression in women.
Behavior Therapy 141434-440, 1983.

Klein MH, Greist JH, Alan S, et al.: A comparative
outcome study of group psychotherapy vs. exercise
treatments for depression. International Journal of
Mental Health 18] 3,400148-177, 1985.

World Health Organization. The uses of epidemiology
in the study of the elderly. Report of a WHO Scientific
Group on the Epidemiology of Aging, WHO
Technical Report Series 706, Geneva, 1984.

Kim K, Matsuura Y, Tanaka K : Factor structure
of the activity capability in the daily life of the elderly
and creation of test battery for the assessment of
it. Journal of Physical Education 381187-200, 1993.
Oin Japanesel

Muraoka Y, Oiji A, lhara K : The physical and
psychological and social background factor of
elderly depression in the community. Japanese
Journal of Geriatric Psychiatry ¥ 401397-407, 1996.
Oin Japanesed

Mahoney FI, Barthel WD : Functional evaluation:
The Barthel Index. Maryland State Medical Journal
14161-65, 1965.

Demura S, Sato S, Matsuzawa J, et al.: Examination
of useful ADL items and scales to assess ADL ability
in older community people: regarding aging,
physical fitness level, and interrelationships among
ADL items. Japanese Journal of Physical Fitness
Sports Medicine 491237-246, 2000.0 in Japanesel
Zung WWK A self-rating depression scale.
Archives Geriatric Psychiatry 12163-70, 1965.
Fukuda K, Kobayashi S : A study on a self-rating
depression scale. Journal of Mental Neurology
751 1000673-689, 1973.00 in Japanesel

Sugisawa H, Shibata H : Psychosocial determinants
of changes in activities of daily living and depressive

150

16U

170

180

1900

200

210

2200

230

status among stroke patients at home. Japanese
Journal of Public Health 48] 300203-209, 1995.00 in
Japanesell

Osada H, Shibata H, Haga H, Yasumura S :
Relationship of physical condition and functional
capacity to depressive status in person aged 75
years. Japanese Journal of Public Health 421 100
897-909, 1995.00in Japanesel

Masuchi A, Kishi R : A review of epidemiological
studies on the relationship of social networks and
support to depressive symptoms in the elderly.
Japanese Journal of Public Health 48! 6[1435-448,
2001.0in Japanesel

Demura S, Noda M, Minami M, et al.: Factors related
to satisfaction level in daily life for older people.
Japanese Journal of Public Health 48] 501356-366,
2001.0in Japanesel

McMeil JK, LeBlanc EM, Joyner M : The effect of
exercise on depressive symptoms in the moderately
depressed elderly. Psychology and Ageing 6! 31
487-488, 1991.

Munakata K, Jo S, Hashimoto S, et al.: Exercise
and mental health—Mental health and exercise
continuing behavior of the participants in a health
improvement program for the elderly—The way to
enhance life function of the elderly. NAP pp.119-128,
2000.0 in Japanesel

Morimoto K : Life-style and health. Japanese Journal
of Public Health 511 2011135-143, 1987.0 in Japanesell
Kunio K : Depressive state of the elderly and its
correlates. Japanese Journal of Geriatric Psychiatry
81 4[M1401-410, 1997.0 in Japanesel

lhara K : Depressive states and their correlates in
elderly people living in a rural community. Japanese
Journal of Public Health 40! 20085-94.1993. O in
Japanesell

Sasazawa Y, Takeuchi K, Ota A, Tajima K, Suzuki
S: Relationship between regular exercise and life
style, social network, education and subjective
symptoms in Japanese middle aged and elderly
residents. Japanese Journal of Public Health. 48] 8
624-635, 1999.00 in Japanesel



The relationship between activity level of daily life and depression in the elderly 137

obougboboobtooouobboonod

O0o0o00ooo"oDooo00ooo"oDooooooo™™
Ooooooo"0o0o0o0oooo"ooocogooo™
Oo00oooo"oggogoooo™oooooooor

020040 100 300 0 0 020050 10130000

gbooooooooboooocoooboooooobOobooOooobOO0obOoOooooOoDboOoon
ooooooOoooo0ooosso0oooobogzooooo30ooonnonADLOIADL
000 Barthel IndexO BILD OO OOODIODOOOO0OO0O0O00O00O0O00000O0O00O0O0O0AO
gbooobooodoooobooooooobobooboooooboOoboOooOooOooooOoOoDboOoon
gbooooospsbooobodobooouo00bcb0o0ocbOo0oobo0oodonoonbodn prd sps
ooBiOspsOUdooobodOdOOp<00i00000000000O00O0O BIO SDSOOOO
oo0o00OO0Op=003 00000000000 O0O0OOOOOOOOOOOOOOOOOOO
ubooooobooooooobooOooooOoOobOOoOoboooOO0obOobOoooobOOobooooOooDoOon
0oooooooooooooooooo ApLO000O00000000O0000000004d
gobooocooooono

gobooooooooobOocOoobOoOooooOooooOoocOoOobOoOooooa

bggoooooooooooooooon tigpooooooooooooooooo

oo 036-8564 DU OOODOODOGHMO 1 oo 064-0821 00O OOO0OODOO 100 26-3-11 JO
tigo0oo0oooooooooo 0O 4F

oo0036-8564 DU OOOOOOeEHO 1 vtigpoOoooooooooog
tigoooo0ooooooooooog ool 475-0074 ODOOOO0OO0OO 3-1

oo 036-8564 DO OODOOOOeGeH0 1

tigooO0000U0oO0o0o0oUoOoOo0o0oDoOoOoOOO
g

ooc0039-1161 OOOCOOOO0O0O0O0O0ODOO 10-444



gogbodouoboobgouonog

100oo
goboooobooooooooobooboOooobooooo
oomoooo

20000
gobobooobooboobo1iboboon

30000
goobobobOonooonoobobobobo
goboobbooboobog

4000000
gogboboooboobooobooboobboon
oboooo

soogooon
goboooboocooboooobooono
gi0ooooooooooooobobooboooo
goboooooooooooooobooooono
g0b00ob0Oo0O0oO00o0cO0oocobocobocobcooboo
gboboboooboooooooooobooooooboo
oooooooooono

elO0OOO0OO0O0OO0OOO0
goboooooooooooobboooooooo
oobooooooocoobocoooog

700gooon
gobooobo00b0o0ooboooon

suonoog
0i0ooooooooboooooooo
gob0obOOoOOoOoOooobocobocobocobocooon
ooooooooogd
dgooooooocooooocooooboooOmo
goboooooooobooooo

ooonoooon
gi0ooboooooooooooooono
0200000000000 000000000O0OO
goboooooooooooon
ggooboboooboooooooooood

100000

gi0oboobooo0ooooboooooooooooo
goooooogao

glgboogobobooboobbooobooboon

11000040

10o000b0db110100000000 100 310
goboooboooboboooboboooboooo

22oooooooobbooogoo2b2siggon

gpoooobobbbbbboooooobbn
goboooboooboooooobbooooo
goboobooobbooboooboo
1200000
0igobooobooobobooboooobooooon
goboobbogbbssbooboooobogn
obMoo100b00b00bgobobobon
O04000000e650x 2600000000000
oobog20000000M™
gabooboooboobbobobooobo

130000

gioooooooooboobooobooboobooboon
cooooooooooooon

0b0o0ooooooooooooooon

goood
g gobbobobdieboUb2ubboononod



gogbouoogod

1tgoooobooboobbooboobooo
Ole-mail DOOOOOOOCOOOOOOO
e-maill 00 00000O0O0ODOODOOOOOOOOO
goboooobobooobooobbboobo
oooooooooboooboboboboooog
gooo

200 0000000000000 O000DO0O000O
A4d0 01000000 10000400x 400000
0do0ooddooooood dbooooooooan
010000 26 DOOOODOOODOOODDOO
00000000 native speaker 10000000
oopoodo

sj0ooooooooooooboooooon 20
coooooobooooooooooobooo
coobOooooocoobooooOooboOooooboa
coobooooooooboooooooooood
cooboooobooooboooooooooooboo
coobooooooa

4000
Mi1000oboooooood
M200000000000000000004000
oooobooooDbbOO0Ob0oO0o0o0bz2e0Ond
goooon

s0ogooon
M100000000000000 Keywordsd O O
gobooocoooogno
M200000000000000DOO0sDO0O00
ooo
Mxoooboooooboocooooooooao
gobooobooooooooooog
Mg4ooo0booobooooooooobcooooon
gobooocoooogno
(Msgbooooooobooboboboooo

sl D0O0ODb0O0OObUOODbODbOUObDUOUObDDbOO
ddjoooooooooooobobobooooon
J0000obOoobO0oOnnOodd Activities of
Daily Livingd ADLI

0o0non

Mi100000000000000000 capital 0
ogno

M20dbobooboboboboobooooogo
000000000001 000000000
oo0o0oooDoooom™M®oooooood
00000 20000000181, 200000
googd

30 oogoooooooon

40 0000000000000 0000ODOn
gobooboboobobooboooboobooo
ogooooooooobooad

ogooooboooood

obobib203000

goboombon o 3mog

goooobooooooon

oooooooimigimigm oo

Oo0dobOoooooooooooboooooao
gobooboooooooooooo

Ms000000000000O0OO Introduction OO
000000000 capital 000

MeO000D00O00DLDO0ODDOO0ODOO0OO0O0O0O
gobooboboooboobbooobooboo
gooogo

7000000000 000ODOOe6-1, Hon-cho,
Hirosaki-shi, Aomori-ken 036-8564, JapanUd O O
g

sibooOoooon
Mioooobooooobbooooooboboobooon
ooooooooboooooboooooboooooon
coooooooocooboooobooOoOooon
coooogooon
M2000000000D0C000O0000DOOOO
OoomoooooyoOOs0000
M3oooooooooooooooooooon
ooobooooobooboooboooooooooDon
coooooooocooboooobooOoOooon
coooooooooobooooo
Mg400000o0boooooooooboooooon

oo uonon

(Diooooooooooboooboboboboobobobo
000000000ooO0oooooogghsemn
Loligoooooooo

20000000 000Db0bO0bOO0O0bOO0oOOn

oooo
godooboooooooooooom™moooa
oo
10 00o0goboooobobobooooooooooo
Oo0oooooooD—000o0boo0ooooooa
0000—00000000e0J401-410020010
20 Ding WG, Gromada JO Protein kinase A-dependent
stimulation of exocytosis in mouse pancreatic
B -cells by glucose-dependent insulinotropic
polypeptide. Diabetes, 461615-621, 1997.

gpooood

oo ooomuomomobo
goboobboon

oo



10 00000000000000000pp.30-4400
g000bO0OOi19860

20 Gorelick FS, Jamieson JDO The pancreatic acinar
cells: structure-function relationships. In: Jonson
LR. (ed) Physiology of the gastrointestinal tract, 3rd
ed, pp.1353-1376, Raven Press, New York, 1994.

00 1000000 oooooooooo
doo0odddoogoooooooooon
oooooooao

00 20000 2000000000003 0000
do0ood0oooooooooaa

O0MO0OO0ococodooodO0OOOOOOMO o o
o,o000 etalddD0ODODOMDIMI

00 300000000000 Index MedicusD OO
ooodo

o000

(10000000000 oooobbooboboooo
gbobobobooooooobobobobo
g oooooog
gboobobobooooooboobobobo
gbobobobooooooobobobobo
goodddddooooooooooooog
goomobooobbooboboobobogoo
godoooooomooooooDO® The
experiment was performed in accordance with
the Guidelines for Animal Experimentation,
Hirosaki University.” 0 00 M 000000000



Oo0odO0oQdnOonooang
oo0ooDoobO0oOoboDb0oDUbdobOObOOOO
uoboboobooboooboocobooooao
uoboboobooboooboocobooooao

SLET R FEFERME TR LE 5 4 &
Bulletin of Health Sciences Hirosaki Vol. 4

200542 H 22 H HI R
200542 H 27 H 317

(FE 72
AT & %HUﬁ%E%*BﬁQ@?ﬂr

4T shoAT R BB E R R
T 036-8564 5 AR IR ALHT T ANT 663 il
G (0172) 33-5111 (ft%)
FAX (0172) 39-5912

Published by Hirosaki University School of Health Sciences
66-1, Hon-cho, Hirosaki-shi,
Aomori-ken 036-8564, Japan

EINTIN L F & H M B X =
T036-8061 SLmirifhEH4T H4-5
Eaf (0172) 34-4111




	表紙
	扉
	目次
	大串靖子
	大友良光
	秋元博之
	川崎くみ子
	木立るり子
	佐藤絵里子
	西沢義子
	野戸結花
	浅利　覚
	市丸俊夫
	市丸俊夫
	岩崎　晃
	工藤幸清
	篠崎信世
	田　芙蓉
	野田美保子

	CONTENTS
	投稿規程
	執筆要領
	奥付


