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Abstract

Magnetic resonance imaging (MRI) or magnetic resonance tomography (MRT) is a medical imaging technique used in
radiology to visualize detailed internal structures. MRI makes use of the property of nuclear magnetic resonance (NMR) to
image nuclei of atoms inside the body. An MRI machine uses a powerful magnetic field to align the magnetization of some
atoms in the body, and radio frequency fields to systematically alter the alignment of this magnetization. This causes the nuclei
to produce a rotating magnetic field detectable by the scanner and this information is recorded to construct an image of the
scanned area of the body. Strong magnetic field gradients cause nuclei at different locations to rotate at different speeds. 3-D
spatial information can be obtained by providing gradients in each direction.

Proton has a positive electrical charge, which is constantly moving, because the protons possess a spin. This moving
electrical charge is nothing more than an electrical current, and the latter always induces a magnetic field. So every proton
has its little magnetic field, can thus be seen as a little bar magnet. Under normal circumstances, hydrogen proton magnets in
the body are randomly oriented. When we put a human body in the MR magnet, the protons, being little magnets, align with
the external magnetic field. They do this in two ways: parallel and anti-parallel. The protons precess along the field lines of
the magnetic field. A radio frequency (RF) pulse also causes the protons to precess in synch, in phase. The results in a new
magnetic vector the transversal magnetization. When the RF pulse is switched off, " longitudinal magnetization increases
again; this longitudinal relaxation is described by a time constant T1, the longitudinal relaxation time, and ” Transversal
magnetization decreases and disappears; this transversal relaxation is described by a time constant T2, the transverse relaxation

time. Longitudinal and transversal relaxations are different, independent processes.

Keywords: MRI, NMR, magnetic field, precession, Larmor frequency, radiofrequency,

T1 longitudinal relaxation, T2 transverse relaxation
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Nuclear magnetic resonance (NMR) has been used
since the 1940s as an analytic tool in biology, physics and
medicine. Its application to diagnostic imaging began in
the early 1970s and achieved clinical reality in the early
1980s. Magnetic resonance imaging (MRI) was coined
as the semi-official medical imaging name to avoid the
adverse connotations of the word “nuclear”. MRI is
thought to be harmless, except in patients with pacemakers
and possibly some patients with artificial metal joints of

intracranial aneurysm clips (1). MR in vivo spectroscopy is

an exciting research tool that as yet has little proven clinical
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relevance. The single steps of an MR examination can be
described simply: 1 the patient is placed in a magnet, 2 a
radio wave is sent in, 3 the radio wave is turned off, 4 the
patient emits a signal, which is received and used for, 5
reconstruction of the picture. This paper aims to introduce
the MRI examination mechanism as regards NMR and

static magnetic field.
2. Atomic nucleus spin

The nucleus is composed of protons and neutrons, each
of which has “spin” like a top and has a magnetic dipole
movement (which acts like a tiny magnet). The nuclear
magnetic dipole movement is not a simple addition of the
magnetic dipole movement of each of its constituents.
Fortunately, however, a simplistic view that pairs of protons
or neurons cancel out each other’s magnetic movements
work for our purposes. Because of this cancellation effect,
only nuclei with unpaired protons are useful for medical
imaging or spectroscopy (2). All nucleons, that is neutrons
and protons, composing any atomic nucleus, have the
intrinsic quantum property of spin. The nucleus is the very
dense region consisting of nucleons (protons and neutrons)
at the center of an atom. Almost all of the mass in an atom
is made up from the protons and neutrons in the nucleus,
with a very small contribution from the orbiting electrons
(Fig.1) (3). A proton has a spin, and thus the electrical

charge of the proton also moves (fig. 2). A moving electrical

Orbital Electron
Spin

Proton ( +

Atomic Nucleus
Spin

Fig. 1.Nucle us and proton

The nucleus is the very dense region consisting of nucleons
(protons and neutrons) at the center of an atom. Almost all of the
mass in an atom is made up from the protons and neutrons in the
nucleus, with a very small contribution from the orbiting electrons.

charge is an electrical current, and this is accompanied by a
magnetic field. Thus, the proton has its own magnetic field
and it can be seen as a little bar magnet. The overall spin of
the nucleus is determined by the spin quantum number S.
If the number of both the protons and neutrons in a given
nuclide are even then S = 0, i.e. there is no overall spin.
Then, just as electrons pair up in atomic orbitals, so do even
numbers of protons or even numbers of neutrons (which are
also spin-12 particles and hence fermions) pair up giving
zero overall spin.

However, a proton and neutron will have lower energy
when their spins are parallel, not anti-parallel, since this
parallel spin alignment does not infringe upon the Pauli
Exclusion Principle (3), but instead it has to do with the
quark structure of these two nucleons. Therefore, the spin
ground state for the deuteron (the deuterium nucleus,
or the 2H isotope of hydrogen) that has only a proton
and a neutron—corresponds to a spin value of 1, not of
zero. The single, isolated deuteron therefore exhibits an
NMR absorption spectrum characteristic of a quadrupolar
nucleus of spin 1, which in the "rigid" state at very low
temperatures is a characteristic doublet, (not a singlet as
for a single, isolated 1H, or any other isolated fermion or
dipolar nucleus of spin 1/2). On the other hand, because
of the Pauli Exclusion Principle (3), the tritium isotope of
hydrogen must have a pair of anti-parallel spin neutrons

(of total spin zero for the neutron-spin pair), plus a proton

Magnetic Dipode Moment

_~ Magnetic Field

,//

-

e
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_“~ Rotation of charged

Hydrogen proton

Fig.2 Rotation of charged hydrogen proton

Nuclei with unpaired protons are useful for imaging. They behave
like tiny magnets with north and south poles and spin. Rotation
about their axes generate a magnetic movement.
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of spin 1/2. Therefore, the character of the tritium nucleus
is again magnetic dipolar, not quadrupolar like its non-
radioactive deuteron neighbor and the tritium nucleus total
spin value is again 1/2, just like for the simpler, abundant
hydrogen isotope, 1H nucleus (the proton). The NMR
absorption (radio) frequency for tritium is however slightly
higher than that of 1H because the tritium nucleus has a
slightly higher gyro-magnetic ratio than 1H. In many other
cases of non-radioactive nuclei, the overall spin is also non-
zero. A non-zero spin is thus always associated with a non-
zero magnetic moment (u) via the relation p = yS, where vy
is the gyro-magnetic ratio. It is this magnetic moment that
allows the observation of NMR absorption spectra caused
by transitions between nuclear spin levels. Most nuclides
(with some rare exceptions) that have both even numbers
of protons and even numbers of neutrons, also have zero
nuclear magnetic moments, and they also have zero
magnetic dipole and quadrupole moments. Hence, such

nuclides do not exhibit any NMR absorption spectra.
3. Electric current and magnetic field

In classical electromagnetism, Ampere's circuital law (4),
relates the integrated magnetic field around a closed loop
to the electric current passing through the loop. It relates
magnetic fields to electric currents that produce them.
Using Ampere's law, one can determine the magnetic field
associated with a given current or current associated with

a given magnetic field, providing there is no time changing

N

Electric Current

Magnetic Field

electric field present (Fig. 3). In its historically original
form, Ampere's Circuital Law relates the magnetic field to
its electric current source. The law can be written in two
forms, the "integral form" and the "differential form". The
forms are equivalent (4), and related by the Kelvin—Stokes

theorem.
4. Atomic nucleus in magnetic field

The protons bring little magnets and align themselves
in the external magnetic field like a compass needle in the
magnetic field of the earth. However, there is an important
difference. For the compass needle there is only one way
to align itself with the magnetic field, for protons however,
there are two. The protons may align with their South and
North poles in the direction of the external field, parallel to
it (see Fig.3). Or they may point exactly in the complete
opposite direction, anti-parallel. These types of alignment

are on different energy levels.
5. Changing magnetic field and electric current

It relates magnetic fields to electric currents that produce
them. One can determine the magnetic field associated
with a given current or current associated with a given
magnetic field, providing there is no time changing electric
field present (Fig. 4). The electric current that arises in the
simplest textbook situations would be classified as "free
current"—for example, the current that passes through

a wire or battery. In contrast, "bound current" arises in

Fig. 3. Electronic current within magnetic field and schema of bar magnetic
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the context of bulk materials that can be magnetized and/
or polarized. (All materials can to some extent.) When a
material is magnetized (for example, by placing it in an
external magnetic field), the electrons remain bound to
their respective atoms, but behave as if they were orbiting
the nucleus in a particular direction, creating a microscopic
current. When the currents from all these atoms are put
together, they create the same effect as a macroscopic
current, circulating perpetually around the magnetized
object. This magnetization current is one contribution to
"bound current". The other source of bound current is bound
charge. When an electric field is applied, the positive and
negative bound charges can separate over atomic distances
in polarizable materials, and when the bound charges move,
the polarization changes, creating another contribution
to the "bound current", the polarization current. In the
effect, as a copper disc is rotated in its own plane, and if
a magnetic needle be freely suspended on a pivot over the
disc, the needle will rotate with the disc. If on the other
hand the needle is fixed it will tend to retard the motion
of the disc. The type of movement is called precession.
For example, 50 rpm of bar magnet produced frequency
of 50 Hz (alternating current). The type of movement is
called precession. Faraday's law of induction is a basic law
of electromagnetism relating to the operating principles
of transformers, inductors, and many types of electrical
motors and generators. Faraday's law is applicable to a
closed circuit made of thin wire and states that the induced
electromotive force (EMF) in any closed circuit is equal
to the time rate of change of the magnetic flux through the
circuit (5, 6). The law strictly holds only when the closed
circuit is an infinitely-thin wire; for example, a spinning
homopolar generator has a constant magnetically-induced
EMEF, but its magnetic flux does not rise perpetually higher

and higher, as would be implied

Fig. 4. Magnetic field rotation causes alternating current

6. Precession

The protons do not just lay there, aligned parallel or
anti-parallel to the magnetic field lines. Instead, they move
around in a certain way. The type of movement is called
precession (Fig. 5). Just imagine a spinning top. When
you hit it, it starts to “wobble” or tumble around. It does
not, however, fall over. During this precession, the axis of
spinning top circles forming a cone shape (see Fig. 5). It is
hard to draw such a precessing proton, as this is a very fast

movement.

Wacroscopic Magneti cwi

Vector

Static Magnetic Field

Fig. 5. Precession. A spinning top, which is hit,
performs a wobbling type of motion

Protons in a strong magnetic field also show this type of motion,
which is called precession.

It is important to know how fast the protons precess.
This speed can be measured as precession frequency, that
is, how many times the protons precess per second. This
precession frequency is not constant. It depends upon the
strength to the magnetic field (for magnetic field strength),
in which the protons are placed. The stronger the magnetic
field, the faster the precession rate and the higher the
precession frequency. It is necessary to precisely calculate
this frequency. This is done by using as equation regarding

Larmor law (7), as discussed later. Larmor frequency states
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that the precession frequency becomes higher when the
magnetic field strength increases. This gyro-magnetic ratio
is different for different materials.

Under normal circumstances, hydrogen proton magnets
in the body are randomly oriented. When placed inside a
strong magnetic field, the tiny magnets align themselves
either parallel to the field (low energy state, ground state) or
anti-parallel to the field (high energy state). When excited
by radiofrequency (RF) waves of the appropriate energy (the
RF pulse), some protons move from the low-energy state
to the high-energy state. After the RF energy is turned off,
the protons return to the ground state in a certain amount
of time (relaxation time) and emit RF energy (the signal),

which is measure as NMR signal.
7. Larmor frequency

The angular momentum vector precesses about the
external field axis with an angular frequency known as the
Larmor frequency (7),

w=vB

where o is the angular frequency, vy is the gyro-magnetic
ration, and B is the magnitude of the magnetic field and g
is the g-factor (normally 1, except for in quantum physics).
 is the presession frequency (in Hz or mega-Hz). B is
the strength of the external magnetic field, which is given
in Tesla (T), and vy is the so-called gyro-magnetic ratio,
as described former. Each isotope has a unique Larmor
frequency for NMR spectroscopy. The y value for hydrogen
proton is 42.6 MHz/T. One can calculate y value. Table
1 summarizes nucleus characteristics used in clinical

examination.
8. Relaxation and Radiofrequency (RF)

These are the relaxation times in the longitudinal and
transverse axes, respectively. Tissue relaxation time has
two components: T1 and T2. T1 is always longer thant2 in
absolute time. The image is spatially encoded by gradient
fields that are superimposed on the main magnetic field,
which create different magnetic environments in different
body regions.

Spin-lattice relaxation is the mechanism by which
the z component of the magnetization vector comes into

thermodynamic equilibrium with its surroundings (the

"lattice") in nuclear magnetic resonance and magnetic
resonance imaging. It is characterized by the spin-lattice
relaxation time, a time constant known as T1. It is named in
contrast to T2, the spin-spin relaxation time.

Nuclei are held within a lattice structure, and are in
constant vibrational and rotational motion, creating a
complex magnetic field. The magnetic field caused by
thermal motion of nuclei within the lattice is called the
lattice field. The lattice field of a nucleus in a lower energy
state can interact with nuclei in a higher energy state,
causing the energy of the higher energy state to distribute
itself between the two nuclei. Therefore, the energy gained
by nuclei from the RF pulse is dissipated as increased
vibration and rotation within the lattice, which can slightly
increase the temperature of the sample. The name spin-
lattice relaxation refers to the process in which the spins
give the energy they obtained from the RF pulse back to
the surrounding lattice, thereby restoring their equilibrium
state. The same process occurs after the spin energy has
been altered by a change of the surrounding static magnetic
field (e.g. prepolarization by or insertion into high magnetic
field) or if the nonequilibrium state has been achieved by
other means (e.g. hyperpolarization by optical pumping).

The relaxation time, T1 (the average lifetime of
nuclei in the higher energy state) is dependent on the
gyromagnetic ratio of the nucleus and the mobility of the
lattice. As mobility increases, the vibrational and rotational
frequencies increase, making it more likely for a component
of the lattice field to be able to stimulate the transition
from high to low energy states. However, at extremely high
mobilities, the probability decrease as the vibrational and
rotational frequencies no longer correspond to the energy
gap between states.

Different tissues have different T1 values. For example,
fluids have long T1s (1500-2000 ms), and water based

tissues are in the 400-1200 ms range.
9. T1 longitudinal relaxation

Magnetic resonance imaging uses the resonance of
the protons to generate images. Protons are excited by a
radiofrequency pulse of an appropriate frequency and then
emit energy in the form of radiofrequency (RF) signal as

they return to their original state. The RF signal decays
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with an exponential curve characterized by a parameter T1.
T1 weighted images can be obtained by setting short TR (<
750 ms) and TE (< 40 ms) values in conventional spin echo
sequences, while in Gradient Echo Sequences they can
be obtained by using flip angles of larger than 500 while
setting TE values to less than 15 ms. T1 is significantly
different between grey matter and white matter and is used
when undertaking brain scans.

Regions of high signal intensity are assigned white on
the image; regions of low intensity are assigned black. As
in CT, the window width and level of the gray scale can
be manipulated at the console. Unlike CT number, units of
signal intensity are completely arbitrary and are useful only

as ratios, e.g. a lesion-to-muscle signal intensity (8, 9).(Fig6)

Mo(1-et)

M=M,(1-¢ " )

T

Fig. 6. Longitudinal relaxation curve

The longitudinal magnetization, which is initially parallel to the
magnetic field, returns to its equilibrium value after RF excitation
at a rate determined by T1. Choosing a fairly short TR allows a T1
difference between tissues to affect the signal (and image contrast)
because the closer the longitudinal magnetization is to equilibrium,
the larger is the available MR signal.

10. T2 transverse relaxation

The transverse (or spin-spin) relaxation is a complex
phenomenon, but at its most fundamental level, it
corresponds to a decoherence of the transverse nuclear spin
magnetization. Random fluctuations of the local magnetic
field lead to random variations in the instantaneous NMR
precession frequency of different spins. As a result, the
initial phase coherence of the nuclear spins is lost, until
eventually the phases are disordered and there is no net
a certain magnetization. Because T2 relaxation involves

only the phases of other nuclear spins it is often called

"spin-spin" relaxation. T2 values are generally much
less dependent on field strength. A Hahn echo decay
experiment can be used to measure the T2 time, as shown
in the animation below. The size of the echo is recorded for
different spacings of the two applied pulses. This reveals
the decoherence which is not refocused by the n pulse. In
simple cases, an exponential decay is measured which is

described by the T2 time (Fig2. 7)(1).

T

Fig. 7. Transverse relaxation curve

The transverse magnetization decays toward zero at a rate
determined by T2. If TE is very short, there will be little difference
between tissues with long and short T2 and little T2 contrast. If TE
is fairly long, as shown, there will be substantial T2 contrast.

In an idealized system, all nuclei in a given chemical
environment, in a magnetic field, precess with the same
frequency. However, in real systems, there are minor
differences in chemical environment which can lead to a
distribution of resonance frequencies around the ideal. Over
time, this distribution can lead to a dispersion of the tight
distribution of magnetic spin vectors, and loss of signal (Free
Induction Decay). In fact, for most magnetic resonance
experiments, this "relaxation" dominates. This results in
dephasing. However, decoherence because of magnetic field
inhomogeneity is not a true "relaxation" process; it is not
random, but dependent on the location of the molecule in
the magnet. For molecules that aren't moving, the deviation
from ideal relaxation is consistent over time, and the signal
can be recovered by performing a spin echo experiment.
The corresponding transverse relaxation time constant
is thus T2, which is usually much smaller than T1. The

relation between them is: where y represents gyro-magnetic
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ratio, and ABO the difference in strength of the locally
varying field. T2 is influenced by magnetic field gradient
irregularities. This relaxation time is always shorter and
is typically milliseconds for water samples in imaging

magnets. T1 always longer than T2.
11. T1- and T2-weighted MRI imaging figures

Prolongation of T1 decreases signal intensity on SE
images, where prolongation of T2 increases signal intensity.
Most pathologic conditions, whether inflammatory or
neoplastic, prolong both T1 and T2. Thus a short TE/long
TE image (proton density weighted) will often reflect these
opposing effects and produce an image with suboptimal
contrast. Proton density images may still be useful,
however, because of their superior signal-to-noise ratios.
Pathologic conditions will usually appear dark (low signal
intensity) on T1-weighted images, since the prolonged
T1 is emphasized, and bright (high signal intensity) on
T2-weighted images, emphasizing the prolonged T2. T2-
weighted images usually have better intraorgan tissue
contrast, but T1-weighted images have a better signal to
noise ration and are superior for detecting enlarged lymph
nodes, so that both are usually needed. Flowing blood is
easily detected as a dark signal void on SE images, making
it generally easy to differentiate nodes from blood vessels.
Calcification is also depicted as a region of absent signal
but is poorly depicted and poorly characterized by MRI
compared with CT or sonography. Fat has a short T1 and
T2 and gives a strong signal (white) on all SE images
except those with a very long TE. Water (or urine) has a
long T1 and a long T2 and thus is hypointense (dark) on
t1-weighted images and becomes more and more intense
(white) as TE is lengthened and T2 weighted is increase (8,
9).

Figs. 8 and 11 show a T1- and a T2-weighted image. As
a rule of thumb: if you see white fluid, e.g. central spinal
fluid (CSF) or urine, you are dealing with a T2-weighted
image. If the fluid is darker than the solids, we have a T1
or a proton-density image. Look at Figures; in Fig. 8 CSF
is dark, the grey substance is darker (more grey) than the
white substance; this is a typical T1-weighted image. In
Fig. 9, CSF has a higher signal intensity than grey and

white substance, the picture is T2-weighted.

Fig. 8. T1-weighted brain (horizontal section) image

Fig. 9. T2-weighted brain (horizontal section) image

12. Conclusion and problems to be developed

When we put the patient in the MR machine, the
protons line up parallel or anti-parallel to the machines
magnetic field. A magnetic field in the patient, longitudinal
to external field results. Sending in an RF pulse that has
the same frequency as the precession frequency as the
precession frequency of the protons causes two effects. The
RF pulse causes longitudinal magnetization to decrease,
and establishes a new transversal magnetization; these two
are called as T1 and T2, respectively.

To date, the major problem for MRI in the body is

motion, including respiratory, gastrointestinal, and
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cardiovascular. This is a result of the long imaging times
required for MRI. The current image quality of gradient
echo scans is somewhat inferior to that of SE, but this will
likely improved in the future. Because of the rapid imaging,
blood flow can be displayed as a strong signal (white), and
spectacular pictures of vascular anatomy can be obtained.
Dynamic MRI employing intravenous contrast media is
more likely to be useful with t1-weighted gradient echo

pulse sequence than with SE techniques (10).
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Tetsuya HASEGAWA

Gifu University of Medical Science

= =]

FFTIE, KRFHE LMK L ONENZEEE RENL I NY R) Db sk E i E 272 LT, K%
HHE ORI T 2 ENNDEATHIRIC oW T, EEDED~ 7 oyl o2& &, 19804 LAk O FEREAIF7E OB
eV BEPOHRE LD, DPETIE, KRFEEEOMIENL VN 2T HB0HARCK L DK o720
OO, FHIHEDBEAREERP L DB ENIT % LI E 5T, HETIIRFHEEOME LM ) &\ BT HMSE
L )N ANOBELPET ) DODOH b, —HTIINE TORITIIZETIE, HMMEREEOMEN L ) Ny A8
b TnenZ &R, HZEMRLFHOT 2 FAENREOZFIBLWES L SN TV W EFREE LTET
b7z,

Abstract

This study summarized the knowledge from precedent studies about the higher education effect, considering the transitions
of the macroscopic perspectives after the postwar period, and the trend of the empirical studies from 1980 s. For the purpose of
accomplishing this argument, the social condition that the contents relevance of higher education and occupations are included
and examined in this study.

The concerns about the contents relevance of higher education and occupations in Japan were lower than those in Europe
and America. However, in recent years, those issues have expanded since the discussion of the higher education effect had been
arisen by introducing the assessment system or influences from the industries.

Through the literature review, the remained work is to examine the contents relevance in the professional cultivation

organizations and to discuss about the subjectivity of the investigation candidate who evaluates the education effect.
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Title The measurements of the image qualities in the reference monitor
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In the hospital, the reference monitor for image check and the high resolution medical monitor for diagnosis are
intermingled. It is important that we recognize physical evaluation of a medical monitor for high diagnostic accuracy.

In this paper, we measured by setting a reference monitor as the same gradation as a high resolution medical monitor. From
the result, we propose a setup of the optimal gradation characteristic in soft copy diagnosis. The monitor used the color monitor
of CR equipment attachment. This monitor was set as gamma 2.2 and GSDF and MTF and WS were measured. MTF used the
bar pattern and WS used the test pattern. These patterns were displayed on the monitor and a photograph was taken with the
digital camera (NTIKON D70) . The 5 MP high resolution medical monitor also measured in the similar method. MTF was not
subject to the influence by gradation. WS improved by setteing GSDF gradation from gamma 2.2. As a result, GSDF gradation
on monitor can expect unific and high diagnostic accuracy.
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Abstract

The purpose of this study was to investigate the relation between the scientifically false or unproven information on
neuroscience and the type of media as conceivable source. In this survey, the media type that people used to obtain scientific
information was investigated, as well as those authenticity and conviction degree of information on neuroscience with respect
to each media. The results showed that majorities of people obtained scientific information through television, personal
computer, and newspaper. Furthermore, it was suggested that people who obtained scientific information on neuroscience
through television tended to evaluate the false or unproven information as the correct one. On the other hand, people who
obtained the scientific information through the magazine tended to evaluate correctly for scientifically false or unproven
information. However, it was not found any difference as for the influences of media on the conviction degree of information

on neuroscience.
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Acquisition of projection data and reconstructed image
using a general x-ray imaging equipment
— Introduction of a rotating stage —
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Fig. 1 Schematic diagram of a low-contrast resolution phantom. This
phantom is filled with water. (ABS: acrylonitrile-butadiene-
styrene copolymer, EPS: expanded polystyrene, PMMA:
polymethyl methacrylate)
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oo™ —
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Fig. 2 Schematic diagram of projection data acquisition. A low-contrast
phantom was rotated in step of 5 degrees.

Table 1 Scanning conditions of projection data. Rotation angle of a
low-contrast phantom is 175 (=5 x (36 — 1)) .

x-ray tube voltage [kV] 100

current time product [mAs] 20

focus-to-image receptor distance (FID) [em] 200
interval of projection angle Af [degree] 5

view number 36
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Fig. 3 Projection data of a low-contrast phantom. Projection data are obtained as two-dimensional data. ( 8 : rotation angle of the phantom)

8

Fig. 4 Sinogram of a low-contrast phantom. Projection data were

acquired from 0 to 175 degrees with 5 degrees steps.
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Fig. 5 Photograph of a handmade rotating table.
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(b) stepping motor controller

(a) rotation stage

Fig. 6 A rotation stage and a stepping motor controller. These are

operated by remote control.
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Fig. 7 Parameter setting window in DSControlWin. Fundamental

parameters for driving stepping motors are set in this window.
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Effects of pyrroloquinoline quinone on rats
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Yon¥ /1) »¥ /  (pyrroloquinoline quinone; PQQ) 1%, AN D b DBKFEER e L O LETHEFEETH 5,
R, BMEREICL T ODPOEBEHAPHE SN TWD, PQQIIKA ZAMHIZE TN TV D 2 LA
HEINTBY, SOHICRATIHEEESFEME LTHREND LI -sTETWLE I ERL, ZOEHICOW
TEHLANWEEETHEERONL, RETIIHEFMIZSE TSI Far ) 7O, cytochrome ¢ oxidase
HEHEOHZ: &, BALRBANOREPHE SN TV D, — /T, ¥7RAIBWTEED PQQ DIEIENE G132
REFEIRIFT IEIRES N TS, £ 2 TARIIZETIE PQQ 2N MIIEIE—IIRIEIC RITT B L MRS RITTR
BIZOWTHETLERLZ L& Lz, ARIFZETIE Wistar 24857 v b (F R) 1250 ug/ml PQQ &l & Hklk & L
T, 72 Control ®F v MIIFKEKE AHEN 72 20HHOMAER, MEHREEZMET 2 & & 012, HaEFOM
I 2R L, BRI IR 2 1T - 720 T OFR, MFOH IV AT 0 —)vE, HDL 2L A 70— LbE|lid
BEEI R, o725, PQQEST T v MIBW T ) 7)) &) FEOK FICAZMEA 2D bz (p<0.1) o F 72T,
FIROERIIIHFELEZTRO SN o7, & B IHAROMEMB AT RICBWTHRFITFEO SN o7,

Abstract

Pyrroloquinoline quinone (PQQ) is a bacterial enzymatic cofactor, which had been reported physiological function in animals.
Because PQQ was detected in several foods and has been sold as a functional-food material, further investigation for physiological
effects in mammals was needed. Recently, it was reported that PQQ induced mitochondrial biogenesis and cytochrome c oxidase
activity in mouse hepatocytes. On the other hand, interperitoneal injection of high amounts of PQQ induced acute kidney failure
in mouse. In this study, we investigated that effect of PQQ on serum lipid concentration and several tissues in rat. Rats (Wistar,
male, 4 wks old) in the PQQ group were fed 50 1zg/ml PQQ solution, and in the Water group were fed di-ionized water as a daily
drink for 20 days ad libitum, respectively. Although serum total and HDL-cholesterol concentration were not affected, triglyceride
concentration was tended to decrease (p< 0.1) in the PQQ group. Liver and kidney weight was not shown statistical deference.

Furthermore any deteriorate changes in organs were not detected in terms of histopathological test.

Key words: pyrroloquinoline quinone, lipid, histopathological test
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Introduction

You X /1) v/~ (pyrroloquinoline quinone;
PQQ) 137 7 AR OBUKEREFZEOMBER & L CH
HE, fErEE S NemLRTTHEE TH 5 (Fig. Do

- cooH
Hooc  HN

PQQ

Fig. 1 Structure of pyrroloquinoline quinone (PQQ)

FERE ZEICOIVEHRE Y I 2 LTOHE
VDS ST & 22" BAEE TICEh 2 LT
Bt ahERIESNTVEV, LALEDS, o
FIUEZEODHNEFINELED LW (LERY
HE D5, WHALBWIN§ 2 B ER RSN T
Who TNF THE STV D AIER G TR
#HE (ROS) DRRMANE", £/ VANV AAN
YV X =L LTOMBLER AL E L2b 0h %
Vo Bl ZIZIREBBILDOIE", a-> X7 L1 Dk
EIE, Ty — LRI LREIC L > T XS
SENBIEEOHM % LS BEShTWD, 7,
BT CIEEEIFMICBIT S I Y3 v MY 7o
cytochrome c oxidase {GTEDWE N7 &, FALACH, F#IC
IREORBADOEEIHE SN TS, PQQ %
CORBHIZEENTVD ERESNTEYY, F
TR I BV TER STV B I REMEDVRIE S
NTW3Y, L7zat-> THAIXHI2 PQQ I L T
WHLEEZOLNLZ RS, TOBREZZITTCWA
[ EAES =R

D &I PQQ DEFERIIIFEA S 72 B — T
T, PQQ % MEMEWNI Lt L7235 h, ko Bk
ExbOTEHEENTVRLZ RS, PQQ D%
EVEIZOWTH & SITHRET 2 LB D B,
ARBFZETIET v M2 PQQ I & #kbK & LTI
BINE &, MEOREICE 2 5B OV THRET
%o X5, [T v MZTPQQ DEeE G 2 5 #2
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Materials and Methods

PQQ IZ = H AbFEH RS IC CREI N LD
AL 720

B ERRE L THARF v — VA - Y N—HR A X
0 48 D Wistar rat (F A) ZHEA L7, T v MEE
BREREEIIE S 37720, A — VIS T AT 2 17-
7o, REDEL D L) ICHEBEOIL 5 7 % 28E IS
FEAIT L72o $XTCD T v MI2IE Table TIZ7R L 72HLK
Ofirt (1) =¥ ZOVERE TR SH) 220HHH
B &7, F28kK E L C Water FEIZIZBRE A
VK%, F72 PQQ HEIZIE50 ug/mL @ PQQ A F
ZTHHBEBENS 72, FENRS, BH, FE, fEHE
W, SEKEIE ZAE L7z, 7 v MEZERO 3~
b O =V E N RE R R B v 5 — I
T, BABG12B R £ 7 VST TRE Sz,

Table 1 Composition of the experimental diet

Ingredients

Amino acid mixture 18.34%
Sucrose 10.0%
Lard 10.0%
Cellulose 5.0%
AIN-93 vitamin mixture 1.0%
AIN-76 mineral mixture 3.5%
tert-Butylhydroquinone 0.002%
Cornstarch 38.988%
a -Cornstarch 13.17%

The diet was the Control diet for non-alcoholic steatohepatitis
(NASH) diet, which purchased from Oriental yeast Co..

7 v MIFFE20H BIZ— 7 VRRE IS CRIE L,
PEESREIAR & D BRIM L, BEIMFE S €720 Mii£2045
SRS THEE L7214, #0708 (2,000 rpm, 10 min, 28
M) L, I %572 155 N7 135041 £ ¢ -20C
W ZCRRAE L 720 PR & Bl L, AR B AR KIS T
BE P L7 ICHE 2 ME L7ce MR, (O, M,
BAICOWT L MG, AMAEKTHRE L, &
wIZPE LT, lgRZ10% P dE s v <) »
WCCHEEL, 78771 yalifk, #SyL, A~ ¥
V-4 Yy (HE) Btz iTyv, MBS A
AT o720

MEF oI A7 —)b, HDL- I L A7 T — ),
M) )R R, REE IRFEEFITENENHDEREET
MRS L VBEA LT A M7 a—ICTHIEL 72,



=B - DR
7 v M2

B, BiERIT [EEBROFEB L ORER &
B 5 FME (IBANSSME3H, MIENFE5RE6T) | %
JHESF L, PERFIEE MR E SO EHTT-
726

Statistical analysis

RE TN TP E: FEERAEZTERL, Student

t-test 12 & > TIEMFESBIZTHEEZHE L 72,

Results

Table 212l DGR % IR L 72 MHEH CHRER N,
fRHERLE, fOKEICAELZEZTRO N LD o7,
FLHEBLUOBEROERICOARRETZEDO LN
%725 72o Fig. 212 PQQ H D PQQ Iz D HER |2
WORY . FIEMIM % # U T PQQ EHE D TFIEIX
8.4+ 0.7 mg/kg body weight/day T - 72,

Table 2 Growth parameter and organs weight

Water PQQ
Body weight gain (/20 d) 135+4 141+10
Food intake (g/20 d) 421+6 444+ 14
Drink intake (g/20 d) 686 =112 779+53
Liver weight (g) 12.7£0.3 13.0£0.9
Kidney weight (g) 2.19%+0.10 2.24+0.12

Values are means= standard error for six rats. Rats were received
experimental diet (Table 1) and each experimental solution; di-
ionized water (Water group) or 50 ug/mL PQQ solution (PQQ
group), for 20 days, ad libitum.

15
10
L

0 5 10 15 20

PQQ intake (mg/kg body weight)

Day

Fig. 2 PQQ intake during the feeding period
PQQ intake during the feeding period was plotted. Each point

represents mean= standard error (n= 6) . For experimental

conditions, see the legend for Table 2.

Fig. 3(a), (b) 2 Water # & PQQ H D Tl D #H i L)
R Z ZNZEIURT, $XTOT v MZBnT, IiF
fEAZ KN DRI EREZE S0, TREaE (IRIHA M)

Bisavruoux ) ¥ vHE50

95

7 - JIIHER - PEEE - fiflia A

B2 9Ep
D

RO B 7z SRR I/ N EO MRE L 82 ©
BRI < RO Bz 7s, HEEICHE B2 2ZITRO 5
N hro 72 JRERE PO R, £ LSHZH
oo 72 GRESE) IBIE SNk o7z, 72 Fig
3(c), (@) |2 Water B & PQQ % 0 B g 0 #L#k U Fr 1
BAaIRTD, ML bFLIRO SN Lo/, T2
ZOMBDIEAFIZ OV T HIREREE 2 &2 id %
o7z (Fig. 3 (&) ~ (1))

Table 3IZMUIEH DR ITiREZ RS, I L AT H—
JV, HDL- A L AT O — )VIZHE R IZFBO bk
o728, PQQAIBWT MY 7 &) RO TS

0, HEMENA (p=0.066) 2RO LN, F7z, KRER
BLUOREERICIAELEZTIROON L o7,
Discussion

Chowanadisai & |2 & 1113, iﬁ%ﬁ? i B2 (Hepa 1-6
cell) (25T CREB, PGC-1a DFFHIZ L 2
>~ K1) 7 biogenesis DN %_.’9“5 citrate synthase,
cytochrome ¢ oxidase, mitochondrial DNA content,
RBOLNEHESNTW
%" :@:kﬁ%ﬁé&ci 1235 T PQQ % #%
L7254, BEICBT20E (P 7)) F) o
;%ﬂﬁﬁpﬁdﬁ’ﬁl_’éﬂ% DTIEZBWPrEHEML 72, £
2T, 7v MIPQQ EEM S, MiFEh b 7))t
) I 2 58 HR7ze TOFERDT D
Tldd %A PQQ % #x G- L 72 #F TIIRAE T EAHIA
(p<0.1) Z/RL7z0 L L&A, I+ BRI
IZOWTIIEBE T TRAEREIIRO SN2 h o
726 ZIH DT kD5 Chowanadisai b DG D X 9
12 PQQ P RALA B2 52 SR E R b
2b00, T RIEIEGON Loz ZORIZEL

TIE PQQ DFHx G- EDHWMPHG MMM OIEE, &5\
(EEE 2 IET OV 3 — VIEIRIIEIF %€ (NASH) 38
(Methionine and Choline deficient Diet; MCD) <=l
Y AR &G L, IFEAOIRT O %R T E1T
SHDLLRELTELRIERETILEDNDS ). FE
B, &< &ALl 7% - T Bauerly 51X PQQ %2 mg/kg T
BUHBCTHE LT vy MIBWT, MiEhY 7 &
) NBEAIAEICREER LA ERELTWD, £
72 B -hydroxybutiric acid O FFH-SFBH N2 Eh 5
Y, U TIZB R, b bIRE
R (8- ML) OTEI M SN L. SHOBRET
(3 PQQ DI H N DHEEIZ OV TIIE T DI k

=

oxygen respiration D IE 12T

in vivo

IDOWT
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V7)) FORTPEEINIZEEE o720
il TORARBILEIZIONWTESEE S ITHRET 5,
—J, MK L AF0—)V7% 5 HDL- I L A7
0=V L CIRHEH TR E 22137 <, PQQ #45
LA BEEIROON o7,

Watanabe © (£ PQQ % 11.5 mg/kg body weight/day T
AHM, BEEENES T2 a0 FEREEL /263
LEL TS, BIEROEBCTEZLEZLND
Kumazawa 5 O I1Z LU, — 89 7% &5 O PQQ
325+ 14 ng/g (AF 2 3I)0V7) ~61.0+ 31.3 ng/g
(MF) THa", TR OPQQIXY ¥ H
REDOMOYWE LAHEEL TR EHENSNTBY, H
LRI % % 2 TS S I ~OBITEIZ DT
5720, BEEEZ SO FIMAPREISET 5 THED
EWmA5 PQQAEINT 2 Z L IAHEEECTHL LEZ S
Nbo Lar L 77" 520084 121 PQQ 13Kl £ in K 3
i & (FDA; US Food and Drug Administration) Z "C 3
BlERAMBEM L LT I EDPFHFITINTS
D, Gtk YTV R FELTEIENR TR E D
EEFBRBICANZITIUISR S v, RIFFERRTIX

(a) Liver; the Water group (b) Liver; the PQQ group

(e) Spleen; the Water group (f) Spleen; the PQQ group

(i) Thymus; the Water group (j) Thymus; the PQQ group

PQQ & M Bl & 138.4% 0.7 mg/ kg body weight/ day
THY, ZOEIE TIIHHEAR IR T2
B DOV TEETRO ko7 (Fig. 3). &5
[ZIMAEDIREE S & OIRFEFRME IS HE R ZILED
55 (Table 3), BIRIEREIC H I o 7-EE T XS
ENhholzbEZONL, SHOFERIZOVTIIE
GITEOE DD % 728, BRI D\ Tld Watanabe
SOMEY L EHERET 5 LIZTELVY, SHB%E
EVEIZOWTIE S HITHRE L TV BB D 5o

HRABFIIHAL Y I AR Ee3ks (20114F6
H) CBIT2RENELZLLD/LDTHS,

Table 3 Serum concentration of cholesterol, triglyceride,
uric acid and urea level

Water PQQ
Total cholesterol (mg/dL) 70.6=5.9 71144
HDL-cholesterol (mg/dL) 40.0+3.1 46.1+3.9
TG (mg/dL) 293+16 248 + 26"
Uric acid (mg/dL) 2.16+0.24 2.40=0.15
Urea (mg/dL) 118+15 13.6+05

Values are means standard error for six rats. The superscript * represent
significance relative to the Water group at p< 0.1. For experimental
conditions, see the legend for Table 2.

(¢) Kidney; the Water group (d) Kidney: the PQQ group

(g) Heart; the Water group (h) Heart; the PQQ group

(k) Testicle; the Water group (1) Testicle; the PQQ group

Fig. 3 Typical microphotographs of tissue specimens of the experimental rats

Tissues were fixed with 10% buffered formalin, and embedded in paraffin wax,

sectioned, and then stained with haematoxylin and eosin (HE) (x100) .
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FREBADOATIEHIZET T2 2006, HAANOEFENEEIIB AT, 0~52A0FROE S I Y EM
BIIHZEE L TCHATOREREE L AR L OBICL D ROZEEZIEICLCRESN TS, 22 THRAD
BATOE S I VIBEICHET 2 L DS OMEIRDEND, FAEEFOZRY 7)) 2V bOfHLEICLS
FERBOLMEZEEL, EHNLZHNELZITo TZET YV AXEL TV ZEPUETH L, ZOWIED &K
BIEFRAHFOE Y I VgEERIEL, ZOZEHEL TV D TH LD, AW TITIRILL & V1264t S 7z f:5L
W OIENE % Lactobacillus casei (ATCC27773) % I\ 72N A 47 v A IZ X D ERE L7z ZOFEE, 76.3+17.2 ug/l. (¢

W) 0, SAIIZIRIESRI 2R L7z,

Key words: human milk, folic acid

Introduction

WERRIIKBEE Y I v o—2ThH Y, EEEOEK
X DNA O X FIALIZEIL 9 5 2 & Sfllfas L ok
WCHEELRHEZ R L TW5, ito TERPRZT A
EERSEERME ARG VR oM B PSR = v & i
Zanss HRAOEFEILLE (20104E/) T,
BN - ANBOHEE T VB e I E SRR, AR IEREE
B7e & ISR EY AT 4 VEOMEF L E 2 &
ABEICLTHEESNTWSY, —F, ARICowT
FAEZLIES COM, BAOATIERIZEET A L
N, BRI RILR ORERREE L LR O TR
OLZENTEL, BIETIZO~520HoFEIZow
T340 ug/ HE B & LTHRESN TS Y, BT

HOKBEEY Y I VIEEIZOWTOHREIZEEIZE L
ENTVDEYS, HIEFERT Y 7) v I oEn: &I
FOHIEDREL > T30 H 5D, T25HLHE
NTW5 L)1, BEFOZICEVERHT S LD
EZZONHDOT, EHWIITF—F 2B Tw LR
EETH Do Gt TRUFZEIL H AN OREFLF O 3k
EEICET AR ESICMAB I EZHE LT
BB, REIHILFOL S I VIREOREENZEL %
NDWEDO—Ex EF L LTRIET 230 TH S,

Materials and Methods

Lactobacillus casei (L.casei) ATCC27773%k % 5 8 I5
SREEAM AL, S e C¥d% £ ) FilEv 772
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VWize TV Y 2 — BB DN EIHE - T
B S N THUB B T B R ORI AR AR AR A
EFAIIEE L) FE 7272\ 72, Folic Acid Casei
Medium, — 7L ER T F2 78 FH B b 13 = el e bk e tt
L0, 7ur—¥MS (777 —+¥) (TEHIFEIE X
DEEANL720 T2 (7 AVE) TS IV,
PteGlu), KH,PO,, K,HPO,-12H,0 (I 16438 T3 #k
A&t LY, ZooRIEITFH I 14 7 A7 A&
LOEEALT

B Y > TILOINE E R GE

AR FEERN LM B IR A R D W e R B2 B & D 7K
REBTITo 72, BRBERNDZ Y =y 7 (WFHhL
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Postural sway of the young while standing in light and dark.
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Characteristics of parenting function in married couples with infants
; Comparison based on the employment status of the wife in couples in
which the husband is a full-time employee
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Abstract

We characterized the differences in the division of parenting functions by mothers and fathers of kindergarten children based
on the employment status of the wife for married couples with infants, in order to obtain suggestions for family support related
to childcare. Analysis was performed for couples in which the husband was “a full-time employee” , which was the most
common pattern; in 54 couples, the wife was a full-time housewife and in 66 couples, the wife was employed. The results
showed that education function, parenting satisfaction, and childcare burden were high in both groups. Based on intergroup
comparison, couples in which the wife was a full-time housewife were characterized as follows: nuclear families with children
aged < 3 years, division of responsibilities of work for husbands and housework and childcare for wives, a strong emphasis
on “discipline” , little support from the husband, and a heavy childcare burden on the wife. Many of the couples in which
the wife was employed lived with extended family and few had children aged < 3 years. Compared to couples in which
the wife was a full-time housewife, these couples had more factors and subscales that were consistent between the husband
and wife, including the parenting function factor score, subscale score, and factor analysis, in terms of the mean and standard
deviation, as well as more similarities in awareness of parenting function between the husband and wife, and the division
of responsibilities was less clear than in couples in which the wife was a full-time housewife. In both groups, the husband
focused on playing with children and the wife on child education, and childcare burden was high. It is necessary to enhance

childcare support systems that consider the characteristics of various types of couples.

Keywords: infant married couple parenting function employment of wife
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Support requirements for nursery school children with illnesses

; focusing on nursery staff involvement

Kazue KIKKAWA V' Akiko YAMAGUCHI

Y Gifu University of Medical Science ~*'Juntendo University

Abstract

In the present study, 218 nursery staff at all nursery schools in A City were surveyed regarding their involvement with
children with illnesses. Analysis of the 101 responses received revealed that 27.7% of all nursery staff were responsible
for children with illnesses. Food allergies and atopic dermatitis represented approximately 50% and 40% of illnesses,
respectively. Nursery staff handling of children with food allergies was classified into the following three categories:
‘eliminating allergens , ‘contacting guardians’ , and ‘Tesponse to contact with allergens’ , with consideration given to
individual conditions. No feelings of difficulty or burden were reported due to ‘cooperation and understanding from other
staff , ‘liaison and cooperation with guardians’ and ‘individual awareness of nursery staff . Handling of children with atopic
dermatitis comprised the following four categories: ‘assessing the situation , ‘preventing itching , ‘response to itching .
and ‘communicating with guardians’ . A small number of nursery staff reported feelings of difficulty and burden; liaison
with guardians was proposed as a countermeasure. Information desired by nursery staff during involvement with children with
illnesses comprised 6 categories, including ‘general knowledge regarding illness , ‘specific information pertaining to the
individual child' and ‘appropriate responses to various situations . The present findings indicated that smooth liaison and
cooperation with guardians and other professionals facilitated nursery staff access to desired information. Conversely, feelings
of difficulty and burden were experienced by staff when guardians had little interest in their child and did not establish good

liaisons with the nursery.

Keywords:nursery staff children with illnesses food allergies atopic dermatitis
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1 consideration from the past data of a nurse state examination problem

; from the position of adult science of nursing domain
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Abstract

Purpose:The tendency of questions is found out from the past data of a nurse state examination.
Method:The problem set in the past six years in the adult science - of - nursing domain was checked.
The check was performed two or more times by adult teacher - of - nursing plurality
A consultation period is at the end of August from after the end of announcements of test results of the 100 nurse
state examination.
The classification applied to the standard of nurse state examination questions correspondingly
Finding:Many of requirement problems were set from the adult science - of - nursing introduction.
From emergency care study, a problem was set by high Probability.
Many of problems asked for assessment.
The contents in question were with the social situation.
Conclusion: An effect does not go up the substantial measure against a nurse state examination by study of mere cramming.

It is important to carry out study which related to society with concern.
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Student The standard of nurse state examination questions

Past problem The measure against a state examination
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The Effect of Attachment Inner Working Models on Depression
; As a Moderator by Frequency of Negative Stressful Events
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Abstract

The purpose of this study was to investigate the relationships between three patterns of attachment internal working
model (Secure, Ambivalent, Avoidance), frequency of negative stressful events (interpersonal inferiority, interpersonal
consumption, interpersonal conflict), and depression. Two hundred and one female undergraduate students were asked to
respond the questionnaire. Multiple regression analysis showed the results as followed: ( 1) Ambivalent and avoidance were
related positively and directly to depression. (2) Specially, the effect of ambivalent on depression was moderated through
three negative stressful events. These theoretical implication of the findings were discussed and suggested the prospective

study.
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