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Abstract

The ascidian spermatozoa have a small acrosome(s). The acrosome reaction occurs through vesiculation, in fundamentally
the same way as observed for mammalian spermatozoa. It occurs in the perivitelline space after passage through the vitelline
coat (chorion), which suggests that chorion lysin(s) is associated with the plasma membrane at the apex of the sperm head. In
the perivitelline space, apical processes protrude from the peripheral margin of the apex of the acrosome reacted sperm head.
Gamete fusion between some of these processes and the egg plasma membrane occurs in the same way that it does in other
marine invertebrates, resulting in the incorporation of the sperm into the egg from the anterior tip of its head. These facts
suggest that the apical process is functionally homologous to the acrosoamal process(es) of other marine invertebrates. In this
respect, fertilization in ascidians has characteristics of both mammals and other marine invertebrates. The acrosomal substance
released in the perivitelline space might be an enzyme responsible for the membrane fusion between the apical process and the
egg plasma membrane.

One of the unique events in ascidian fertilization is that the sperm mitochondrion (paternal mitochondrion) is trapped by
follicle cells and discarded outside of the vitelline coat (chorion) during fertilization, which might, in turn, generate the driving
force allowing its head to pass through the vitelline coat (chorion). This supposition is reasonable because the chorion lysin(s)
might be intercalated, in a non-diffusible state, into the plasma membrane enclosing the apical region of the sperm head.

In order to develop a satisfactory understanding of the mechanisms that underlie ascidian fertilization, further

morphological studies on ascidians with internal fertilization are indispensable.

[1] Introduction

The subphylum Tunicata(Urochordata), located in the
base of the evolutional lineage of the chordates, consists of
three classes; Ascidiacea, Appendicularia and Thaliacea.
Both Appendicularians and Thaliaceans are pelagic, while
Ascidians are benthic. From a phylogenetic view point,
ascidians are an important basal sister group in the
evolutionary pathway from invertebrates to vertebrates”.

In sexual reproduction, fertilization commonly involves
the union of specialized male and female gametes (sperm
and egg) and the combination of genetic materials from
both sexes. Studies on fertilization in various animal
species have shown that there is a series of morphological
events that are well-choreographed interactions between
sperm and egg, which evolved as adaptations for the

existence of species. Although we have a long history of

developmental studies on ascidians”, our knowledge
concerning morphological aspects of ascidian fertilization
is poor.

The ascidian egg is enclosed by a relatively thick and
tough vitelline coat (chorion) composed of a thick network
of interwoven microfibrils, to which spermatozoa bind as a
prerequisite for fertilization in Ciona intestinalis” and
which presents self and non-self recognition site in Ciona
intestinalis” and in Halocynthia roretzi’. A single layer of
highly vacuolated follicle cells decorates the outside of the
vitelline coat (chorion). The follicle cells are thought to be
involved in sperm attraction in Ciona intestinalis” in egg
floatation in Corella willmeriana”, in sperm penetration
through the vitelline coat (chorion) in Halocynthia roretzi®
and in block to interspecific fertilization in Ascidiella
aspersa””. Test cells are located in the perivitelline space

between the egg surface and the vitelline coat (chorion). It

?Professor Emeritus, Graduate School of Natural Sciences,
Nagoya City University, Mizuho-ku, Nagoya 467-5801, Japan
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has been proposed that the test cells make the larval tunic

'Y However, the role of

hydrophilic during development
test cells in fertilization still remains enigmatic. Such an
elaborate set of egg investments lead to the supposition
that spermatozoa of ascidians may be highly modified to
effect penetration through the envelope and achieve
successful fusion with the female gamete.

In the appendicularian Oikopleura dioica, spermatozoa

have a so-called “typical acrosome”'?.

According to
Holland er al.,”, fertilization in Oikopleura dioica occurs
in essentially the same way that it does in other marine
invertebrates. This is not the case in ascidians. For this
reason, we can expect the ascidians to provide us with
many challenging and attractive problems during the
process of fertilization. I have written two reviews of
ascidian fertilization'*". This review will focus on
morphological changes in ascidian spermatozoa during
fertilization with special emphasis on comparisons with

reference to mammals and other marine invertebrates,

especially echinoderms.
[2] Sperm Morphology

Ascidian sperm have several characteristic features; a
fairly long head with a single mitochondrion which is
applied laterally to the nucleus as a lateral body; a
midpiece is lacking. The tail of ascidian spermatozoa

contains a simple flagellum with a 942 microtubular

Fig. 1. Schematic illustration of Ciona intestinalis Spermatozoon.

axoneme pattern. As a representative of ascidians with
external fertilization, the differentiated spermatozoa of
Ciona intestinalis is schematically illustrated in Figure 1.
The spermatozoon of C. intestinalis has an elongated head
(approximately 4 xm in length) with a wedge-shaped tip.
A single mitochondrion is closely applied laterally to the
nucleus as a lateral body. An acrosome is present at the
anterior region of the head, which appears as a flattened
vesicle (about 150 nm x 160 nm x 60 nm). Apical
substance(AS) which is an accumulation of moderately
electron-dense material is present at the anterior-most tip
of the head. Fuzzy materials(F) decorate the external
surface of the anterior region of the plasma membrane
enclosing the head. Nuclear pores are present. Another
characteristic of ascidian sperm shows species specific
morphological diversity (Fig. 2). In ascidians with internal
fertilization, the sperm head is generally longer and more
specialized than that in ascidians with external fertilization.
For example, the sperm head of Perophora formosana with
internal fertilization is about 90 xm long and has an apical
structure, approximately 4 xm in length, at the anterior tip
of its head'®”. The mitochondrion is also extremely long
(ca.80 xm long) and seen as a lateral body which is wound
around the nucleus. The helical configuration of the
mitochondrion probably represents an adaptation which
facilitates the locomotion of the spermatozoon'”. On the

other hand, the sperm head of Ciona intestinalis with

The spermatozoon of C. intestinalis has architectural features that are characteristic of ascidian spermatozoa. It has an elongated head

(approximately 4 xm in length)with a wedge-shaped tip and a mitochondrion(M) which is closely applied laterally to the nucleus (N). An

acrosome (A) is present at the anterior region of the head, which appears as a flattened vesicle(about 150 nm x 160 nm x 60 nm). Apical

substance (AS) which is an accumulation of moderately electron-dense material is present at the anterior tip of the head. Fuzzy materials (F)

decorate the external surface of the anterior region of the plasma membrane enclosing the head. Nuclear pores (NP) are present in the anterior

region of the head. Tubular structures(TS), approximately 20 nm in diameter, are present in the mitochondrion just inside its inner membrane

running antero-posteriorly. SO; surface ornamentation. [Fukumoto"]
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external fertilization is about 4 ,m in length (Fig. 1).
Filamentous structures in the sperm mitochondria have
been reported in Perophora formosana. These filamentous
structures (approximately 10 nm in thickness) are observed
exclusively in the mitochondrial matrix. They are arranged
parallel to one another along the long axis of
mitochondrion. During spermiogenesis, they appear in the
mitochondria of spermatids as the mitochondrion begins to

' Similar structures have

elongate into the lateral body
been seen in mitochondria of some other compound
ascidians with internal fertilization: Clavelina picta, C.
huntsmani,  C.lepadiformis,  Distaplia  occidentalis
(Fukumoto, unpublished). In Ciona intestinalis with
external fertilization, fine filaments (about 7 nm in
diameter) have been seen in mitochondria where they
elongate during translocation of the mitochondrion through
the tail during fertilization'. In Pyura vittata spermatids,
tube-like structures which are 30 nm in diameter filled
with an electron-opaque substance have been observed".

A fairly regular banding pattern is observed along the
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Fig. 2. Schematic illustration of ascidian spermatozoa showing their
morphological diversities and their slender apexes. Explanation
in the text.

(E), external fertilization; (I), internal fertilization.

[Fukumoto, original].

structures. Each band is about 7 nm in width. These
structures extend longitudinally in the mitochondrion from
its anterior tip to its posterior end along the inner
membrane adjacent to the nucleus. Mitochondria of fully
differentiated spermatozoa have 14-16 of these structures
which are arranged parallel to one another along their
longitudinal axes. Similar structures have been seen in

20)

Pyura haustor ™. These filamentous and tubular structures

are thought to be necessary for mitochondrial elongation

and shape change'*"™".

[3] Acrosome and Its Differentiation

Because of their extremely slender apex (Fig.2), whether
an acrosome is present or not in ascidian spermatozoa has
been a longstanding debate”*”. Cloney and Abbott™ first
showed membrane-bound vesicle(s) at the apex of the
sperm head in Ascidia callosa which they referred to as the
putative acrosome. Subsequently, one or more small
acrosome(s) have been found at the apex of the sperm head
in all stolidobranch, phlebobranch and aplousobranch
ascidians so far examined (Fig. 3 and Table).

During acrosome differentiation in other animal species,
proacrosomal vesicles derived from Golgi complex(es)
coalesce to form one acrosomal vesicle®*”. In ascidians, a
small number of vesicles appear in the blister at the
anterior region of spermatids and fuse to form an acrosome
during further differentiation in Styela plicata, and Pyura
haustor””, in Molgula manhattensis’, in Diplosoma
macdonaldi’™®, in Halocynthia roretzi*”, in Ciona intestinalis
and Clavelina lepadiformis™, in Ascidiella aspersa® and
in Botryllus schlloseri®.

In Molgula manhattensis, at least three or four vesicles
(approximately 50 nm in diameter) appear in the blister at
the apex of the sperm head in early spermiogenesis. They
fuse with each other to form an acrosomal vesicle during
middle stage of spermiogenesis. The acrosome is
horseshoes- shaped just after fusion and round up during
further differentiation. The fully differentiated acrosome is
approximately 80 x 80 x 40 nm and is positioned at the
apex of the sperm head”. The differentiation of the
acrosome in M. manhattensis is schematically illustrated in
Fig.4. Similar observations have been made on acrosome

differentiation in Ciona intestinalis and Clavelina
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Table Ascidian species with acrosome(s)

Order Suborder Genus and Species References

Enterogona Aplousobranchia Clavelina huntsumani *
Clavelina picta *

Clavelina lepadiformis 27, 34
Aplidium calfornicum *
Diplosoma macdonaldi 32
Ciona intestinalis 37
Ciona savigney *
Phlebobranchiata Perophora formosana 16
Perophora annectens 17
Ecteinascidia turbinate *
Corella pacifica *
Phallusia nigra 43
Phallusia mammillata 61
Ascidia zara 42
Ascidia gemmata 42
Ascidia callosa 26
Ascidia mentula 35
Pleurogona Stolidobranchiata Styela plicata 20
Styela clava *
Cnemidocarpa finmarkiensis 28

Botryllus schlosseri 28, 36
Metandrocarpa taylori *
Pyura haustor 20
Pyura vittata *
Boltenia villosa 28
Herdomania momus 28

Halocynthia roretzi 33,53
Molgula manhattensis 31

[Fukumoto'", modified]

* Fukumoto unpublished

lepadiformis™.

One pecuriality of the ascidian acrosome is its greately
reduced size™. The reduction of acrosome volume in
ascidian spermatozoa may be an important character that
should be considered in scenarios on tunicate

33  The reduction of acrosome volume in

evolution
ascidians may be occurred by the intercalation of vitelline
coat (chorion) lysin(s) into the plasma membrane
enclosing the sperm head during spermiogenesis without
coalescing to form a typical acrosome observed in other
animal species. In Styela plicata and Pyura haustor, it is
plausible that a number of Golgi-derived vesicles that
might contain lysin(s) were incorporated into the plasma
membrane of the sperm head during spermiogenesis
without coalescing to form a typical acrosome™. In
Perophora annectens spermatozoa, fuzzy extracellular
material is restricted exclusively to the plasma membrane
enclosing the anterior quarter of the apical structure. This
coincides with the region where the fragmented

proacrosomal vesicles probably were incorporated during

the process of spermiogenesis (Fig.5). This assumption is
also supported by the findings of a sperm surface,
chymotrypsin-like enzyme in Ciona intestinalis®™, in
Ascidia ceratodes, Ascidia callosa and Ascidia paratropa™
and two types of trypsin-like proteases, spermosin and
acrosin from Halocynthia roretzi***".

The idea that lysins are present on the surface of the
sperm head was originally proposed by Woollacott™. He
was able to extract proteases (lysins) from the sperm of
Ciona intestinalis. He suggested that these lysins were
closely associated with the ridge-like surface ornamentation
of the sperm head, mainly because he tried to find an
acrosome but failed to detect one.

With respect to the origin of the vesicles in the blister,
no direct evidence has been found to show that they are
derived from the Golgi apparatus. In view of the fact that
early spermatids have a fairly well developed Golgi
apparatus and Golgi derived vesicles, it seems safe to
20,31)

assume that they are derived from Golgi vesicles

It has been proposed that there are three types of
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Fig. 3. The acrosomes of representative species . (A) Diplosoma

listerianum (Aplousobranchia), Bar : 200 nm(this is also
appricable to B and C), (B) Styela plicata (Stolidobranchia)
(C) Phallusia nigra (Phlebobranchia). In rectangles, an image
of the head of each species is shown. Bar 2 um A,

acrosome(s); N,nucleus. [Fukumoto, original]

acrosome differentiation in ascidians® (Fig. 6). In type I,
one proacrosomal vesicle appears in the blister of an early

spermatid and becomes larger during spermiogenesis,

Ty T

Fig. 4. Schematic illustration showing the differentiation of the
acrosome in Molgula manhattensis. In early spermatids(A, B),
the plasma membrane at the apex expands to form a blister
which is covered with fuzzy extracellular material. Three or
four moderately electron-dense vesicles (50-60 nm in
diameter) are present in the blister (a, b). Midway through
spermiogenesis (C, D), these vesicles attach to the inner surface
of the plasma membrane enclosing the blister. These vesicles,
thereafter, fuse with each other along the inner surface of the
plasma membrane and form a horseshoe-shaped acrosomal
vesicle(d1) which transforms into a sphere(d2). In differentiated
spermatozoa (E), the acrosome is a slightly depressed sphere
positioned at the apex(e). The illustrations marked by small
letters represent transverse sections at the level indicated in

those marked by capital letters, respectively. [Fukumoto™].

resulting in the formation of an acrosome as observed in
Halocynthia roretzi™. In type 2, two to several

proacrosomal vesicles appear in the blister of early
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Stage 1 Stage 2 Stage3  Stage4  Stage S

Fig. 5. Schematic illustration showing the differentiation of the apical
structure in Perophora annectens. In younger spermatids, the
plasma membrane at the apex expands to form a small blister
(stage 1), which is covered with fuzzy extracellular material.
The blister develops further through a conical protrusion
(stage 2)into a finger-like process (stage 3), which is also
decorated by a fuzzy extracellular material on its whole
surface. This process increases in length to become an
elongated process with electron-dense material in its core and
anterior ornaments(AO)on its apical region (stage 4). Finally,
the elongated process is helically coiled to form a structure
(apical structure) in which electron-dense material becomes
aggregated periodically to form a striated structure (stage 5).
The anterior quarter(approximately 1 um in length) of both the
elongated process (stage 4) and the apical structure (stage
5S)corresponds to finger-like process at stage 3. Vesicles
(presumably pro-acrosomal vesicles) have been recognized in
younger stages 1-3. In the finger-like process at stage 3, these
vesicles appear to transform into smaller vesicles, which
ultimately fuse with the anterior plasma membrane of finger-
like process. The plasma membrane enclosing the anterior
quarter of the apical structure is decorated by the anterior
ornaments (AO). A helical string (HS) can be observed
running inside along the ridge of the helix. Fluff (FL) is
present on the plasma membrane just outside the region
corresponding to the helical string. A, B and C are views
inside the anterior, middle and posterior regions, respectively.
AO, anterior ornament; FL, fluff; HS, helical string; N,

nucleus; SS, striated structure. [Fukumoto'" ;modified].

spermatids. During spermiogenesis, they fuse with each

other to form a single acrosome as observed in Styela

plicata and Pyura haustor™, in Morgula manhattensis™, in
Diplosoma macdonaldi™®, in Ciona intestinalis and
Clavelina lepadiformis™, in Ascidiella aspersa™ and in
Botryllus schlloseri®®. In type 3, several proacrosomal
vesicles appear in the blister of early spermatids and
differentiate without coalescing with each other, resulting
in the multiple acrosomal vesicles observed in Phallusia

42)

nigra®, in Ascidia zara and Ascidia gemmata® and in

35)

Ascidia mentula™. Ascidians are divided into two orders,
mainly on the basis of gonad location: Pleurogona and
Enterogona (Fig. 2). All pleurogonan ascidians so far
studied exhibited type 1 and type 2 acrosome
differentiation. All enterogonan ascidians studied exhibited
type 2 and type 3 acrosome differentiation. Among
enterogonan species, Phallusia nigra, Ascidia zara,
Ascidia gemmata and Ascidia mentula exhibited type 3
acrosome differentiation. Although more studies on other
ascidian species are needed, the three different types of

acrosome formation in ascidians may be useful in

phylogenetic studies on ascidians™.
[4] Acrosome Reaction

In mammalian spermatozoa, an acrosome reaction
occurs through the vesiculation, resulting in release of
lysin(s)**.

In some marine invertebrates, the acrosome reaction
occurs via exocytosis of acrosomal substance followed by
the formation of one or more acrosomal process(es)
enclosed by the acrosomal inner membrane that is
responsible for the fusion of the sperm with the egg plasma
membrane. Exocytosis occurs through an opening formed
by the fusion between the acrosomal outer membrane and
the plasma membrane enclosing the acrosome**.

In ascidians, caffeine induces morphological changes in
the acrosome of Ciona intestinalis spermatozoa, which I
have referred to as an acrosome reaction™. Ca™ ionophore
A23187 is known to induce the acrosome reaction in
spermatozoa of various species of animals through the
influx of Ca™ . T have shown, using calcium ionophore
A23187 on spermatozoa of Ciona intestinalis and
Halocynthia roretzi, that similar morphological changes

have been induced by caffeine’™. The acrosome reaction

occurs through vesiculation by fusion between the plasma
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A

B C C

Fig. 6. Schematic illustration showing three different types of acrosome differentiation in ascidians. Type 1 . A small proacrosomal vesicle appears

in the blister of early spermatid, which becomes larger during spermiogenesis, thus forming a single acrosome. Type 2 . Multiple

proacrosomal vesicles appear in the blister of an early spermatid. These proacrosomal vesicles fuse with each other during spermiogenesis,

thereby transforming into a single acrosome. Type 3 . Multiple proacrosomal vesicles appear in a blister of an early spermatid. These

proacrosomal vesicles transform into multiple acrosomal vesicles without coalescing with each other. A : Blister of an early spermatid; B :

blister of a middle stage spermatid; C . sagittal view of the apex of a differentiated sperm; C* . frontal view of a differentiated sperm; Std,

spermatid. [Fujii and Fukumoto®].

membrane overlying the acrosome and the outer
membrane of the acrosome at its peripheral margin,
resulting in the formation of a small hybrid vesicle
consisted of the acrosome outer membrane and the
overlying plasma membrane (Fig. 7). The acrosomal inner
membrane is exposed and becomes a part of the plasma
membrane enclosing the anterior region of the sperm head.
During this process, the acrosomal contents are
externalized. A similar acrosome reaction has been
induced in Styela plicata® and Ascidiella aspersa™. These
facts suggest that this type of acrosome reaction is not
confined only to Ciona intestinalis and Halocynthya
roretzi. Vesiculation typically occurs during the acrosome
reaction in mammalian spermatozoa**. In this respect, the
acrosome reaction in ascidians is similar to the acrosome

reaction of mammalian spermatozoa™"***".

[5] Fertilization

In Ciona intestinalis, the sperm-activating and attracting

factor (SAAF) is released from the vegetal pole of the egg,
not from follicle cells, vitelline coat (chorion) and test
cells. This factor is a type of disulfated steroid™™ and
requires extracellular Ca™ for activating sperm motility
and eliciting chemotactic behavior of the activated sperm
toward the egg”™.

Morphological studies on fertilization in Ciona
intestinalis show that spermatozoa can pass through the
vitelline coat (chorion) with an intact acrosome and then
lose their acrosome in the perivitelline space. Furthermore,
I have observed that sperm have passed through the
vitelline coat (chorion) with an intact acrosome leaving a
hole with sharp boundary in Halocynthia roretzi (Fig. 2, A,
B and C in Fukumoto and Numakunai. These facts
strongly suggest that the vitelline coat (chorion) lysin(s) is
associated with the surface of the plasma membrane of the
sperm head””.

In the perivitelline space, the acrosome reaction

(vesiculation) occurs followed by the formation of
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Fig. 7. Acrosome reaction in Ciona intestinalis.
A © Scanning electron microscope image of a C. intestinalis spermatozoon. Bar, 1 «m. B . Sagittal section through the anterior region of the
sperm head. An acrosome (A) is present. The acrosomal outer membrane and the overlying plasma membrane are in close contact with each
other. An electron-dense plate in the acrosome is obvious. Bar, 200 nm(this scale is also applicable to C-H). C and D . Transeverse sections
through the anterior region of the sperm head at the acrosome and apical substance level, respectively. E . Longitudinal slightly oblique
section through the apex of the sperm head. Membrane fusion between the acrosomal outer membrane at its peripheral margin and the
overlying plasma membrane has occurred (arrow). F . Longitudinal slightly oblique section through the apex of the sperm head. Fusion
between the acrosomal outer membrane and the overlying plasma membrane seems to occur along the peripheral margin of the acrosome. G
Sagittal section through the anterior region of the sperm head. Shedding of a hybrid vesicle bounded by fused membrane between the
acrosomal outer membrane and the overlying plasma membrane is probably about to occur. A thin connection between the hybrid vesicle and
the anterior tip of the sperm head is still present (arrow). H  Sagittal section through the anterior region of the head after the acrosome
reaction has been completed. The acrosome has disappeared from its proper location. A, acrosome; AS, apical substance; M, mitochondrion;

N, nucleus. [Fukumoto™, modified]
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processes from the anterior region of the sperm head (Fig.
8). In Ciona intestinalis, these processes typically are about

79 In some

100 nm in length and 40 nm in diameter
marine invertebrates, the plasma membrane enclosing the

acrosomal process(s) are derived from the acrosomal inner

membrane. On the other hand, the processes in ascidians
protrude mainly from the peripheral margin at the anterior
tip of the sperm head (Fig. 8, F, G and H, and Fukumoto™*”).

For this reason, these processes have been designated as

5937)

“apical process” instead of ‘“acrosomal process

Fig. 8. Acrosome reaction and apical processes formation in the perivitelline space in Ciona intestinalis. A, Sagittal section through the apex of the

head. Acrosome reaction has occurred via vesiculation. AS, apical substance. Bar . 200 nm (this is also applicable to B-H). B, Transverse

slightly oblique section through the apex of the sperm head. The acrosome reaction almost completed via vesiculation (arrow). AS, apical

substance. C, Parasagittal section through the apex of the sperm head. After the acrosome reaction, apical processes protrude. Some processes

fuse with the vesicle formed by acrosome reaction (arrow). D and E, Serial longitudinal sections through the apex of the sperm head. Apical

processes protrude out after acrosome reaction. F, Frontal section through the apex of the head. Apical processes protrude mainly from the

peripheral margin of the apex of the head (arrows). G, Horizontal section through the apex of the sperm head. Arrows indicate apical

processes. H, Frontal section through the anterior most tip of the sperm head. Apical processes are indicated by the arrows. EP, egg plasma

membrane. [Fukumoto, original].
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Membrane fusion occurs between the apical processes and
the egg, resulting in the incorporation of the sperm into the
egg from the anterior region of its head (Fig. 9 A, B and C,
and Fukumoto'*). On the other hand, it has been
suggested that sperm-egg fusion in Phallusia mammillata

occurs between the plasma membrane of the post-

A

acrosomal region of the sperm head and the egg

membrane, as observed in mammalian fertilization® .
Although the chemical nature and precise role of the
acrosomal substance remain to be elucidated, the fact that
the acrosomal substance is released in the perivitelline

space leads us to the working hypothesis that this

Fig. 9. Membrane fusion between the sperm and the egg. A, Longitudinal section through the anterior region of a sperm head. Membrane fusion

between apical processes and the egg plasma membrane occurs at least in two places (arrows). EP, egg plasma membrane. Bar: 200 nm (this

is also applicable to B and C). B, Transeverse section through the apex of the sperm head. Membrane fusion (arrow) occurs between sperm

plasma membrane and the egg plasma membrane. C, Horizontal section through the apex of the sperm head. Membrane fusion between the

sperm (SP) and egg plasma membranes (EP) has occurred. The egg cytoplasm swells out as a small fertilization cone. Sperm is incorporated

into the egg from the anterior region of the head. [Fukumoto®, modified].
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substance might be an enzyme responsible for membrane
fusion between the apical process(es) and the egg plasma
membrane in ascidians™. In this context, it is of particular
interest that a metalloendoprotease might induce membrane
fusion between sperm and egg plasma membranes in

intestinalis®.

Ciona In this review, I would like to
designate the ‘“acrosome reaction followed by apical
process formation” in ascidians as an “Apical Reaction”

(Fig. 10).

[6] Sperm Mitochondrial Translocation during

Fertilization

One of the unique events in ascidian spermatozoa at
fertilization is sperm mitochondrial translocation and
shedding™. Lambert and Epel® designated these distinctive
sperm morphologies as fusiform, knob, migratory and
amitochondrial. It has been proposed that the sperm stick
to the vitelline coat (chorion) by their tips of the heads,
thereafter the attachiment to the vitelline coat (chorion)
sifts to the membrane overlying the mitochondrion resulting
in the sperm head and tail being transported across the
perivitelline space as mitochondrial translocation progresses

on the vitelline coat (chorion) during fertilization®™*’.

) interactions

However, Lambert™ observed sperm-egg
mainly on defolliculated eggs with a light microscope.
Under natural conditions, however, eggs are spawned
enclosed with intact follicle cells. Based on EM
observations, I have never seen that sperm mitochondria
make contact with the vitelline coat (chorion) but they do
make contact with follicle cells (Fig. 6 in Fukumoto,”;
Fig.1 E, G and Fig. 2 in Fukumoto and Numakunai®).
Removal of the follicle cells dramatically inhibits the rate
in Ciona

of fertilization in Ascidia nigra®™ and

intestinalis®”

. They are necessary for the sperm penetration
through the vitelline coat (chorion) in Halocynthia roretzi®.
In H. roretzi, defolliculated eggs could not be fertilized,
even though the sperm were pretreated with follicle cells.
However, if the defolliculated eggs had follicle cells added
back to them, they recovered the capacity to be fertilized”.
This strongly suggests that physical contact of sperm with
follicle cells is indispensable for fertilization in H. roretzi®.

Ascidian sperm approach the egg through the cleft between

follicle cells and make contact with the vitelline coat

11

Acrosome Reaction

Fig.10. Reaction”.

”Apical

A possible explanation of the
morphological changes during the apical reaction: left panels:
sagittal views; right panels: frontal views.

Acrosome Reaction: Panel 1 left: the acrosome vesicle is located
at the apex of the head. Panel 1 right: the peripheral margin of
the acrosome is indicated by the dotted line. Apical substance
(as) is present adjacent to the acrosome. Panel 2 left: the
acrosome reaction occurs through the fusion between the
acrosomal outer membrane and the overlying plasma
membrane at the peripheral margin of the acrosome (arrow),
resulting in the formation of a hybrid membrane sac. Panel 2
right: the solid line represents the region where membrane
fusion between the acrosomal outer membrane and the
overlying plasma membrane is occurring (arrow). Panel 3 left:
membrane fusion proceeds along the peripheral margin of the
acrosome, resulting in the formation of a small hybrid vesicle
consisting of the acrosomal outer membrane and the overlying
plasma membrane. A hybrid vesicle remains connected by a
thin strand where membrane fusion has not yet occurred.
Panel 3 right: membrane fusion along the peripheral margin is
almost complete, except for a small region where a thin
connection is temporarily present. During this process, the
acrosomal contents might be released. Panel 4 left: a hybrid
vesicle has come off (arrow). The acrosome inner membrane
is exposed and is contiguous with the plasma membrane
the acrosome has

enclosing the apex. Panel 4 right:
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disappeared and the acrosome inner membrane is exposed.
Apical process formation: Panel 5 left: apical processes
protrude out from the peripheral margin of the apex. Panel 5
right: apical processes protrude from the peripheral margin of
the apex of the acrosome reacted sperm head. Apical
substance remains at its location. aom, acrosomal outer
membrane; aim, acrosomal inner membrane; app, apical

process; as, apical substance; n, nucleus; pm, plasma

membrane overlying the acrosome. [Fukumoto, original].

(chorion) by the tips of their heads. During this process,
the sperm mitochondrial region makes contact with the
follicle cells. Sperm mitochondrial translocation through
the tail provides, in turn, the driving force for the sperm
head passing through the vitelline coat (chorion). This
supposition is reasonable if the chorion lysine(s) is
intercalated, in a non-diffusible state, into the plasma
membrane enclosing the apical region of the sperm head.
This explains why defolliculation of ascidian egg lowers
the percentage of fertilization in Ascidia nigra®, in Ciona

intestinalis®”

and completely blocks fertilization in H.
roretzi®, because the vitelline coat (chorion) of H. roretzi is
thicker and tougher than those in A. nigra and C.
intestinalis”. In other animal species, sperm mitochondria
(paternal mitochondria) enter the egg at fertilization. These
paternal mitochondria are digested by lysosomes in the
cytoplasm after fertilization®. In ascidians, the sperm
mitochondrion (paternal mitochondrion) is trapped by
follicle cells and discarded outside of the vitelline coat
(chorion), prior to the gamete fusion. This might be one
reason why ascidian sperm have a relatively large single
mitochondrion lateral to the nucleus; this adaptive change
would make it easier to contact or to be trapped by the

follicle cells".

[7] Comparison of Morphological Changes in Ascidian

Spermatozoa with Those in Mammals and

Echinoderms during Fertilization

We can summarize the process of fertilization in Ciona
intestinalis as follows: sperm is activated and attracted by
the SAAF(sperm activating and attracting factor) which is
released from the vegetal pole of the egg. Sperm passes
through the cleft between follicle cells and makes contact
with the surface of the vitelline coat (chorion) by the apex

of its head. During this process, the mitochondrion rounds
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up and is trapped by the surface of the follicle cells.
Mitochondrial translocation through the tail, in turn,
generates the driving force for the sperm head passage
through the vitelline coat (chorion). The vitelline coat
(chorion) lysine(s) may be associated with the apex of the
sperm head in non-diffusible state. In the perivitelline
space between the vitelline coat (chorion) and the egg
surface, an acrosome reaction occurs through vesiculation
followed by apical processes formation. These apical
processes protrude out from the peripheral margin of the
sperm apex. Membrane fusion between apical processes
and egg plasma membrane occurs, resulting in the
incorporation of the sperm into the egg from the anterior
region of the sperm head. These processes schematically
illustrated in Fig. 11 .

intensive  biochemical  and

Among  animals,

morphological studies on the fertilization have been done

3469 and echinoderms™”. Comparison of the

on mammals
morphological changes in ascidian spermatozoa with those
of mammals and echinoderms makes the differences and
similarities of fertilization in these animals clear (Fig. 12).

In mammals, the acrosome reaction takes place through
vesiculation between the plasma membrane enclosing the
acrosome and acrosomal outer membrane in many places
(Fig. 12, A-2,3). During this process, acrosomal substance
is released. The membrane fusion between the sperm
subacrosomal region and the egg plasma membrane
occurs, resulting in the incorporation of sperm into the egg
from a lateral region of the sperm head (Fig. 12, A-4).

In echinoderms, the acrosome reaction occurs via
exocytosis of acrosomal substance followed by the
formation of an acrosomal process (Fig. 12, C2-3). The
acrosomal process enclosed by an acrosomal inner
membrane, in which subacrosomal substance (G-actin)
changes to fibrous actins (F-actin), is responsible for the
fusion with the egg plasma membrane, resulting in the
incorporation of the sperm from its anterior region (Fig.
12, C-4).

In ascidians, the acrosome reaction occurs through
vesiculation in fundamentally the same way that has been
observed in mammalian spermatozoa (Fig. 12, B-2,3). In

the perivitelline space, the apical processes protrude from

the peripheral margin at the apex of the acrosome-reacted
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Discarded
MitocPondrion

Mito- Tail
chondrion

Follicle Cel]

Acrosome ( 3)

Acrosome Reaction O

Perivitelline Space

Apical Pro cess— ( 5 )

Membrane F\.éoﬂ

Egg

Fig. 11. Schematic illustration showing the morphological changes
during ascidian fertilization.

The egg is enclosed by a vitelline coat (chorion). A single
layer of highly vacuolated follicle cells adhere to the outside
of the vitelline coat (chorion). Test cells are located in the
perivitelline space between the vitelline coat (chorion) and the
egg.

(1) The spermatozoon binds to the surface of the vitelline coat
(chorion) by the anterior tip of its head. The sperm
mitochondrion becomes knob-shaped which makes its
(2) The sperm

mitochondrion translocates along the tail axoneme which

attachment to the follicle cells -easier.

generates the driving force (arrow) that allows the sperm head
to pass through the vitelline coat (chorion). (3) The acrosome
reaction occurs by means of vesiculation in the perivitelline
space. (4) The apical processes protrude from the apex of the
acrosome reacted sperm. (5) Gamete fusion takes place
between some of the apical processes and egg plasma
membrane, resulting in the incorporation of the sperm into the

egg from the anterior tip of its head. [Fukumoto*].

sperm head. These processes are instrumental in gamete
fusion between the sperm and the egg plasma membrane,
resulting in the incorporation of the sperm into the egg at
the anterior tip of its head (Fig. 12, B-4). As the apical
processes protrude from the region which is fairly distant
from the proper location of the acrosome, they might be
analogous to but functionally homologous to the acrosomal
process of echinoderms. In this respect, gamete fusion
between spermatozoa and egg in ascidians at least with
external fertilization takes place in the same way that it
does in echinoderms. It has been proposed that fertilization

in ascidians has characteristics of both mammals and
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A. Mammals

Acrosome

B. Ascidians

Acrosome

Acrosomal \l
0Cess ~_|

Fig. 12. Schematic illustration showing morphological changes in

mammals, ascidians and echinoderm sperm heads: a
prerequisite for fertilization.
Mammals (Panel A):

large acrosome covers the anterior region of the nucleus. 2,

1, Intact sperm head. A relatively

Sperm binds to the zona pellucida in which ZP3 functions as a
sperm receptor and induces an acrosome reaction. 3, The
acrosome reaction occurs via vesiculation. Acrosomal
contents are released. 4, The sperm passes through the ZP.
Gamete fusion occurs between the membrane of the
subacrosomal region (sar) and the egg plasma membrane,
resulting in the incorporation of the sperm into the egg parallel
to the egg surface.

Ascidians (Panel B, upper and lower illustrations show
sagittal and frontal sections through the apex of its head,
respectively): 1, A small acrosome is located in the intact
anterior region of the sperm head. Lysin(s) for dissolving the
vitelline coat (chorion) is associated with the anterior plasma
membrane. 2, In the perivitelline space between the vitelline
coat (chorion) and egg surface, an acrosome reaction occurs
through vesiculation. 3, A hybrid small vesicle composed of
acrosomal outer membrane and overlying plasma membrane is
shed. During this process, a small amount of acrosomal
substance is released. 4, Apical processes protrude from the
apical margin of the acrosome reacted sperm head. Membrane

fusion occurs between these processes and egg plasma



Iz B EERE R LR 35 2009

membrane, resulting in the incorporation of the sperm from its
anterior region.

Echinoderms (Panel C): 1, Intact sperm head of echinoderm,
showing a relatively large acrosome at its apex. 2: The
acrosome reaction (exocytosis) is induced by the factors in the
jelly coat and its contents are released. 3: An acrosomal
process (AP) enclosed by the inner acrosomal membrane
protrudes out following the polymerization of subacrosomal
substance (actin). Some lysine(s) and bindin are exposed. 4:
Gamete fusion occurs between the membrane of the
acrosomal process at its tip and the egg plasma membrane,
resulting in the incorporation of sperm from its anterior

region. [Fukumoto, original].

marine invertebrates'*'”. From a phylogenetic view point,
this fact might be an important character in considering the
evolutionary pathway from invertebrates to vertebrates.
For a better understanding of ascidian fertilization,
morphlogical studies on ascidians with internal fertilization

are indispensable.
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Fald, SNFTYVETT T4 D20D T Y Ea—7BHiT4E (Computer-Aided Diagnosis:CAD) ¥ A 7 4 DB
R, ZOVEREREMG % i L C & 720 AWFEOHENZ, ERATEREREE 2 EF IS LT CAD Y AT L DK
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BFEGIH 6 FEBIZxt L CLRRT & ) R VBB CIRA LRI CT & 72, $72, T RTOXVET T 714 2R L L7k
RELT, 1HHY OBHEEFRLI2ED L &, EEHEFEA% E V) BWENE LN, SNLORLY, T4
DOBFE L7 CAD Y AT 22 H WA Z LTI ) BIJICHEA MM TE W REMEEZ R 2 &S TE 7,

ABSTRACT

We have been developing a computer-aided diagnosis (CAD) system for mammo with various contrasts and many
evaluation studies have been reported. A purpose of this study is to examine the effectiveness of the CAD system for the case
that has difficulty with the detection for a doctor. The database is mammography of eight cases (52 pieces) that I can confirm
of the temporal change. As for these cases, the cancer was pointed out by sonography by a doctor, but it was not pointed out
on the photograph. Therefore, as for these cases, several times mammography is taken for several years. Our CAD system was
able to point out cancer in 6 of 8 cases earlier than the doctor. The performance of our CAD system was TP84 %, FPs

0.42/image for all cases. This result showed possibility to point out early cancer because a doctor used our CAD system.
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BT & % Rk L Akl LT, a e
21— OFFTFEREFIF LT, ZOHEED B % 5HiK
TR A2 LT, MEENOTEEZRT LN TS
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Diagnosis:CAD) ¥ X 7 L DOBFE %17\, Z OPEREREM
FHELTER Y, COXI) B CADE WA T &
2 & D IBBETES OB L CRFLATA OF R
PHIfEE T 5,

Y VET T AIBITD CAD AT L DOWRERHI &
HEE L72Eid e < b b, LIL, WENERS
NIHEBNI L, @R IR INTY 'S TLED
BRZ L bOARY T 1 ZTICFHE L 230 7 <
Chan 512X ) % V€7 T A L CTRFELE BT 5
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RIFFETIE, FLATAGER ClE ML & TIERE
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ESHRETH B DR BET L 72

2. &

2. 1 MREE

I L727— % N — ZA1319824F X 1) 19984 F TD17
RN RS S N REREA L DOREREC X 5 8 JERI, 524X
@ MLO (Mediolateral oblique), CC (Calniocaudal) 75
MDY Y ETT L THbD, B2HONRIL, MEREEEZL
FAEST B VT T LHB2MT, NAIRALDSAAES
LBIYUVETTLDPIMTH B,
BAERTICIRE SN VB S L E IR T,
VAT ARHEFEMoOM I LY, BEEE, KRR,
FUREREOa Yy I A M ERFE LM ELTY
%o W SN OWEE Y A7 4 (Woghkss, 74
VL, ARG B X OBUERE T Table 112777
B2V EE D, fFBBE I OIRE DT R,
ENTHEGITH LS, v EF T4 ETHRIESNS F
TIZHARE IO VI IT O TV 5, ZOREOHRE
H, W5 L CAD Y A 7T 2O FERE L F o ax
7T A4 7MW L7 R & Table 2 1RT,

2. 2 CAD VX7 LA
FEROWG & 7 B CAD id, bivbhshise L7z

Table 1 . A mammography system by the period

Mammography System X-ray equipment Film Screen Automatic processor
I CGR Senography 500T Fuji MI-NC Fuji HI-MAMMO M-1 Fuji FPM4000
I CGR Senography 500T Kodak EB/RA-1 Fuji H-MAMMO M-1 Fuji FPM4000
m CGR Senography 500T Kodak Min-R Fuji H-MAMMO M-1 Kodak M6
v CGR Senography 500T Fuji MI-MA Fuji HI-MAMMO M-1 Kodak M6
\Y% CGR Senographe DMR Fuji UM-MAHC Fuji HR MAMMOFINE] Fiji processM
Table 2. The outline of the data base
Patients Mammography systen| Acquisition day Interpretation retrospective CAD
A I 12/1990 Nomal R-Mass R-Mass
m 8/1993 R-Mass R-Mass R-Mass
B i} 10/1993 Normal R-Mass R-Mass
| 3/1994 R-Mass R-Mass R-Mass
C i 11/1982 L-Mass L-CMC |LR-Mass LR-CMC| R-Mass+CMC
i 5/1986 R-Mass R-CMC R-Mass R-CMC R-Mass
D i} 1/1992 R-Mass R-Mass R-Mass
m 1/1993 R-Mass R-CMC R-Mass R-CMC R-Mass+CMC
E i} 1/1994 Normal R-Mass R-Mass
I\ 2/1995 R-Mass R-Mass R-Mass
F I\ 8/1995 L-Mass L-Mass L-CMC L-Mass+CMC
\Y% 8/1997 L-Mass L-CMC L-Mass L-CMC L-Mass+CMC
G I 7/1984 R-Mass R-Mass RL-CMC L-Mass+CMC
i} 3/1993 R-Mass RL-CMC | R-Mass RL-CMC L-Mass+CMC
v 12/1994 R-Mass RL-CMC | R-Mass RL-CMC CMC
H \% 12/1996 R-Mass RL-CMC | R-Mass RL-CMC Mass+CMC
\% 7/1997 R-Mass RL-CMC | R-Mass RL-CMC Mass+CMC

(R:Right L:Left CMC: Clustered Microcalcification)
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Image Digitization

I

Extraction of Brest Region

I

Detected Clustered Microcalcifications

I

Detected Masses

I

Indication of breast Cancer

Fig.1 Flowchart of the overall scheme for detecting breast cancer
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(Fig. 2)o

1.The presence of Left-Mass
2.First Acquisition day
3.Interpretation(Normal)

5.Second Acquisition day
6.Interpretation(Left-Mass)
7 Retrospective Interpretation

4.The change of Mammograpy System

Fig. 2 The example of retrospective interpretation
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Table 3. The result of the detection to take a change in the mammography system

Mass Microcalcifications| Total
TP(%) 84.4%(27/32) 89.5(17/19) 86.3%(44/51)
FP/image 0.35(18/52) 0.46(24/52) 0.80(42/52)

Undetected case

0

0

0
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(a) First interpretation

#

(c) First result of CAD system

(c) Second interpretation

(c) Second result of CAD system

Fig. 3 The example which CAD system detected earlier than a doctor
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ABSTRACT

We have been developing a computer-aided diagnosis (CAD) system for detecting clustered microcalcifications on
mammograms with various contrasts and many evaluation studies have been reported. This study proposes a new method to
correct image contrast by using a phantom image with 10 different material density of steps. In one piece of mammogram, the
breast and phantom are taken at the same time so that optical densities of the 10 steps are varied dependent on the breast. The
pixel values are converted to a density by the function derived from the relation between the density of steps and the pixel
value. The sensitivity of new method was 86% with 0.39 false-positive per image (0.54 false-positive per image without this
method at the same sensitivity) in database of 171 mammograms. As a result, when the technique proposes with this thesis

is useful in the Microcalcification image detection in the future, the conclusion is put.
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Table 1 . Density of Step Wedge.

Number | Density
of step | [g/cm?]
1 1.061
1.0853
1.1096
1.1339
1.1582
1.1825
1.2068
1.2311
1.2554
1.2797
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and same mAs



I BEEARR R REALE 395 2009

b, HEEE, mAsHO AL BT, A aSticLha
YA NRPWMBMBICHEN L ONS Z EHHERTE
720

3. 2 WEDAEN
3. LIZ/RLZ2X ) ICHB I &R MEArZEILd 272
O, RRFFETIE, Fig. 31IRT &9 U ZHRET 5,
ARG CHEM L 72 E, CEGTHDAUET

Image Digitization

Extraction of Breast Region

v

Extraction of High-density Area

Get Profile Curve of StepWedge

Approximation of profile curve
Contrast Correction (a)

Contrast Correction (b)

v

Signal Enhancement

Density Gradient Calculation

Triple-ring Filter Analysis

Variable-ring Filter Analysis

v

Feature Analysis

v

Analysis of Clustered Areas

v

Re-analysis

Annotated Clustered microcalcification

Fig. 3 Flowchart of this method.
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(b) Inverse function of Step Wedge Profile.
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A Difference of the Recognition for the Domain of “Body Functions and the Body
Structures” in ICF among Nurse and Care Worker
— Analysis of the Interview Investigation of the Care Staff of the Nursing Home —

Kanako OGISO '"*  Satoe ANDO *’

"Chubu Gakuin college of social welfare  *’Part-time Lecturer Gifu University of medical science

*'Gifu University of medical science

B =

[Purpose] The Japanese geriatric medical care, it becomes important that it affects residents from many aspects. In 2001,
the World Health Organization (WHO) proposed “International Classification of Functioning, Disability and Health” as a
common components for all people. Therfore, we analyze the recognition in care for the elderly among nurse and care worker
in a viewpoint of “Body Functions and the Body Structures” in International Classification of Functioning, Disability and
Health.

[Method] We carried out inventory survey by a interview investigation for nurse and care worker. This study took ethic
examination of the Gifu University Medical Science.

[Result] Vocabulary to fall under “Body Functions and the Body Structures”-nurse was 429, care worker was 190. Nurse
had much vocabulary for functions of the cardiovascular, haematological, immunological and respiratory systems and
structures of the cardiovascular, immunological and respiratory systems. Care worker had much vocabulary for functions of
the digestive, metabolic and endocrine systems and structures related to the digestive, metabolic and endocrine systems.

[Conclusion] Nurse and care worker of the nursing home have a different viewpoint. For the improvement of the quality

of the care, it is necessary to deepen cooperation of nurse and care woreker.

Keywords : [EIFSAERRAE MR, (DA BRRE, BrifeE, e MrfEhaax
International Classification of Functioning, Disability and Health body Functions body Structures

nursing home
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A Difference of the Recognition for the Domain of “Activities and Participation” in
ICF among Nurse and Care Worker
—Analysis of the Interview Investigation of the Care Staff of the Nursing Home—
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""Chubu Gakuin college of social welfare  *'Part-time Lecturer Gifu University of medical science

*)Gifu University of medical science

B =

[Purpose] The care that paid its attention to “Activities and Participation” to be able to continue life like not only the control
of the disease but also the person at the nursing home is demanded. In 2001, the World Health Organization (WHO) proposed
“International Classification of Functioning, Disability and Health” as a common components for all people. Therfore, we
analyze the recognition in care for the elderly among nurse and care worker in a viewpoint of “Activities and Participation”
in International Classification of Functioning, Disability and Health.

[Method] We carried out inventory survey by a interview investigation for nurse and care worker. This study took ethic
examination of the Gifu University Medical Science.

[Result] Vocabulary to fall under “Activities and Participation” -nurse was 541, care worker was 430. Interest was high for
self-care nurse and care worker together. The nurse performs assessment from information and the care of the nurse lets
reflecting the intention of the client. Care worker has much the number of the vocabulary for safe movement.

[Conclusion] The nurse was strong in a viewpoint of the assessment. The care worker was strong in a viewpoint of the

security.

Keywords © [EF 4GRS, WEIE 200, w7 7T, i ANRIERE#

International Classification of Functioning, Disability and Health Activities and Participation

self-care nursing home
. D) T3 L L holns, RIRER SiEkEE
HRESEFSELRERENSELL LSV, F2,
T4, RS OZIIC X o T, BIGREGHED, S 20004F 4 FIZHEAT S 72 A RE PRl FE O 72 7% SRE D
ANEEHERPEED L 2 KO L L) 12k o7, 4% 12& LT, HAVEREREOWMDT S %, JE,
T, — KW L 7213 B DGR D 7290 1295k % T, FERRE S O R TPEAFRAE DB H ), i
EHFESLFELFHT LI LRI LEAETH- 720, 4 TRERE R 1 APT L T\ 57 8 FI 2SR HIE Mt & T &
HOEGEEEROL CIITHET 5 2 DLV, £D 5V T &) RO OT, BE X2
T 1 OOBRETH HWIMEREFI, RFEOMERIZL Be, [mIEHIY NEY 7 — 2 3 ViEkE, mERER, i

WA L NRE AT ogiso@chubu-gu.ac.jp

37



Iz BB R R 3

A NI, s NfEHEGRE S LR DY 2 B
Z, SFECFRWAEELEDL LRSI ML TV 5, /N
KREDLY ORAETIE, BEOEIEIFKD S OIR)HIIE
iR NRIERIX D %, REXG 1 ThHoTd
CREEMRLE H5HkGE L CULERIGERRBAREL &0 L C
WAL ZENERPE LY, EENOEREHITTNEZ
ERHE L RSl AHRID L) REMD L DR E
HEEZHND, NEENMENZEFIHE T2 S
D% L, MMEREERLEMIETSH Y, QOL D) Lo
OIIE, EEOa P — V2T TR, FOAD
LEmDP G CE 2 X912 B el ICEH L
72T TR EN D,
EENRED T 7 EBEH T 5 EER & R
3, BOBELLIERERO, HEORELIIHFA
F o= VoORRICHE, —T7, NEL V) SRENME
bIILO7=0IE, 1963F D ANwALELREEE 2 5
NTW5, ZOEIIEEKEDR ELEFDHERIC X
ST, BEMICh Mo 20 7HLELERE D%
(o lzb V) RRE RV L, ZOL) BITOTT
Y Ak E LT, FHFE#EEANF— LD RILEND
Lol EROENTF—LEFRRY, M5 H
DT T VLR ERE TSR TR TH L7120,
MUNIFERATHLE 2> T 7 %2479 HIAETH -
72o LU, BH#EMONFARI S Z ) I L 7%
Wicw, BEBEOT T EIT) LR, BIEEE
EMMOGRFTD RNz, O EEY [l SR
otz 20K, FRRIEEEANER—LIZABTILT
WA EDEIEDS, MO POHEMY T THLETH D,
FNEFTE OB TE 2T & AERE S UG
D720 FIREEDOZIZ L > T, S 2DOEMBT T
MLERERE L, HARWE=—X0EE ) b
HME->T, N#EOEMLOLEMDELTEL, 2D
72 D 1987AF \Z th sttt L B OV ARtk ik ASH a7 L,
OB MEDEHE IR 572 L L, fri#
fafkt & v ) BHPRAEY SN2 b b, —
HCTEEGEN S EEREDFE R ANARED DT
TEHo TWRHENE L, MEFEMBETRITIUT
REBRVWEVIED IRV, HELY 1, AERKICIE
SRRt R — LAV S — R 7 ESIRAE L
TWVED, HEPHEMHEzLEL LTWwaD, &%
FURTHEFMEMICH D ERIERHL TV D, S
TR, BRPRTNIMAHENTELVE W) 2 LT
370, [FEATLTELBMH#] LVIEZNLLAY

38

2009

— ML72OWRFETHLH, BEEEOH Y oKk E
R TR TV b B RBRHIEE & FI 3 5 R
BRI IS BT, mEE 7 7123 L [ Bk O R
2 [HITE] R EOERBENIGHLONTEY, &
W7 7BV, EREVHMEZT TR, F
ABExRFLE LS ST 2 H» O AN %38 -
B EBTH2EANNLr T 0LEE 57, 2001
4, IFLAERERE (WHO) 139 XTOAZIZ 2HD
SEIEMMEOIMBHEL LT, [EERAIGEKRES
#H (International Classification of Functioning Disability
and Health) (LLF ICF)® | % f#EHEIRAE & e R IR
ERFERTHO0MEEFHLE LTEE L, MiEE
MNEAESE% D 7 7 % ICF OIS SET 5 2 &1,
R L VM2 T, FIHEZRLE LS E
SELRFHED» SO T ORMEME T 5 L THERT
HbHLEZD, @EET T OEOMEDODIZIE, &
WG A NI o727 0H ) FofbiTBy, &
N7 r 7THEBE LT, [TA4 D4 S LR, [ 2S5k
ORI, THEDOZ b o727 7 %52 AR,
PR 7 22 R REETH Y, ZOFEBI
(&, EEEOATGREICEH Lz NES) & 2] %2304
BT EEEL D, COERDOLOICH, K
FERL L N ER ORI OENEHS 2 LT, Wk
WL RDLLEN D D,

ZIT, L NRERZD T TEEREDA FE
2—NEESPNTHI LI oT, R N %
2B 5 ICEFOREICBIT 2 [EEE 2] or T2
x5 B RER & AR ORI OENTT e AT 5 —
ol T ZITHET B,

FAATHIR © 20074:11~20084F 2 H o

AR | 1R EAGEE NG S R
WA L ONHER A RS Lz, NBIIEE
NIRAERERR D F AR KT L7z,

7= FE L HHRIEERE O EET, ko —%
THEM L 720 B NRERZICBIT 27 THEIZD
W, 1 A30~450 ORI 2 175 72, TH
HENEL, HREORE 2572 L TiE LEERIZER
iz L7z,

HHEMEE . A REofEREICE, roTE,
TIANY —DEEIZOWTIIEFH & TEE D > T
THAEE . AEGE I LT b 8 & OE O



IR - REEE
ICF 2B % [THE) &S] OIS 2 BHHER & A ER OO E N

ZROBEEAHHAL, MABPIFES N BN L, %k
PAMCER LA 23 LI 2 KE L, [
#2EE, B, AEBICEIAI VIV —RICBVT
bEBEOMEBIOA MRS L5 EOMNFE Lz, £72, A
NOBRTr 7 EREBADFFETE RV L HICTR
U720 ABFFEIE, BREREMNF KA MEZAE SO
ARG TER_L 72,

GWHE: A v a— ko THLNENES, 1
DOEKRE LT LIRTKYIY 1fF& L, 20 11%
—X—FL L, ICFD [LULEHRE - L] [HE) L
2] [BRERT-| 0 3 IS5 L7z RIFFEIE, [
BB CHST AR E GG LT 5, ICFD
(GBI 2N 1SRG T A 3OE T LAV (H 7 T
=) WiFo THHEL, KB T 7 a7 T —1k
LA—=3I T %47o7 7T —fbIZH 72> TIZ,
MoE 2 4Tk LEB LR H#D T,

- # S

NEHEDORME LT, Hi#340URA % <, i
W20 % 0 o 720 il I3 i N DRI R 12
WA, WINRbLREWRETOMBEREL b -
TWwb, — iR, 1E Lo TORGPBED N
ENRIERGHE Td - 720 [NEE) & NS T bRk
B, BEWSALFERE, i Rd30REHTH - 70

1. [ MO ]

S0 (14.8%), M i#Wk27 (6.3%) 75344 L7,
TH T T = LTI, REOEA] 13 F#58
(10.7%), Fri#W25 (5.8%) THY, K\ CTHEMRKIE
[BEAERLT L] & [Z—X%F5 T 25 B 1211
(20%) TH b, Hi#ERIE [FEHOKE] 2 (05%)
Th o7z, AEME [FEHOBR] TN RE#1
Ldroiz, iR [BEREEERT 2], [=—X%7]
ST TS T AREREIEI R o T,

2. MG R & B

FER 8 (15%), Mi#M6 (14%) 7554 L7z,
Y7HaraT) -k LT, [(FIHEOEAEDOHR] I3F
8 (15%), M6 (14%) THhoiz,

3. [A32z=24—2v 3]
W73 (13.5%), MiElk67 (15.6%) H53%4 L7z,
FTHTTY - LT, HERE (FIHEO X v &

39

—VEZIMA] 33 (6.1%) THY, Kk\wT [FIHE
ANA Y=V EEZATHR] 1T 31%) THhotze —
Hhd#ERE [FIAE~NA v =V % (n 2 5 LK) 43
(10.0%) THYH, KT [FIHEHED A v =TV %Z1F
BA) 14 33%) THolzo FilWIE [0 EE2
2], [a3a=/r—33 V2L baihE~DEE
LI BRERIE Do T2 MR [BUEMZ2EDLY ],
[232=r—2aroBao< ) ST 585

Brolz,

125

4. [E% - BE]

FER20 (3.7%), RS0 (11.6%) A% L7z,
FiWd [ZesBiElh] & Mr##Efoik] »°
EH1Z5 (09%) Tholzo —HNHERIE [HHTT
D] 19 (44%) THY, KT [RELBIEY]
18 (4.2%) THholzo FHilWld [T TORBRE] &
[EHE B 225G ) 2343 5 Esid a5 72,
IR THEREICX 28], [freh#if o)
ZREM T HRER T Lo T,

5 [®I7457]

FiEM181 (33%), /ri#Mk136 (31.6%) A%i%4 L7z
BT T =L LTROENNE 17201, [V 7
FTICHoteo YT HT T LT, [EXDZ
L] T EERS6 (15.9%), Mri#EWkiz42 (98%) TH
D, KT [HEE] (TFERSL (94%), SriERkid38
(8.8%) TH -7z

V7 7 TIXICF D5 I - Tt &4t -
726

[Gthzdk) L] OFRATTY —E LTIE, il
BhiZ “ABL TV 200 THK 139 (50%) T
HY, NERMTIIEEIED FTE & BEL AR
WTT AL DHIC6 (33%) THorzo HillMIE
“WETOREMR, “REWED ", “BL AWK
BalTg”, “RE~OFEE" SN T DrhHIE 2 h
5720 NHERIE “ABL TV 720D TR, “F
FTANY —~OFRE” 24T SERE L o7,

[GAREEHOFAN] OTFMA 7T —& LTI,
“BEEOER RO IFER 6 (3.3%), /i#ERS
(37%) Thotzo HillWIT “AF 77", “HE
\ZREM T HRERIT R Do T,

[HEM] OTFREH 7 ) —& LTI, BH#ERKIEE “h 1
LVHEBED S A 32277 1320 (11.0%) Thotze —J



Iz B EERE R LR 35 2009

#£ 1 fE) & S HEE
FrElaEa 541 SREN RS R 430
BT T — (%) FTHT T — Filbl FRNE (%) il FRNE (%)
FEEHRDIE | vk s CHFEIRFIIIRC DL 2 LT E | 58 CFEPLORI155F G LER | 25
i PRRDIRR B % R (10.7) | 1BIb 2 (58)
Fo oot - CWVHNALZ—AEFEINTIE |1
80 (148) 27 | AE5[sly bR Lo (2.0) 0
63) P B C E RS 3o = DR | 11
HEREENTS S hd D (20) 0
N Y z
B DML 0 LEEZéﬂt%%m%%wﬁc ém
el 7 SEE
g IR T OB & | | - BORRAT, S ALLS M |
A FIH#ES OB ErEw) I Lasnasrsiea L #%:5w7_kﬁ%bi¢t#ﬁ
Bl i cing L) |5 (14)
8 (15): 6 (14)
G323 | FHBEOA Y =V % | iz z0wDrhin) Tt | 33 ca3a=Zr—varyTLRLTY | 14
. SIS E2EHBLHLEIIELTS (6.1) |22k, HEAE - Toer |33
Eo s fra | T IBLEPVLVAB LR LD C A ETOEFENE) DTZED);
7 (135) 167 | r i T | BRI R LRI 5 E | | 20K0borEpTEpERES [
(15.6) 8 BFTTL S Vo pLcurnnviinuonisk |
. D L ICHIHA ICfFo T T | 11
BERNZHDY REE->TWVA (2.0) 0
322 —2aro | - HRZTLORRIIREENDEER | 9 0
Hao<h bHLOTEITHMELFET (1.7)
TIa=F—Tarh| - DELEEFBLEVI LICER| 3 CIBELDEoTWATZENELR | 4
LR TLEIo»TW3 06) |WZEbdHb (0.9)
R BELTHLELZOBIC %M | 4
LLEERS 0 vz rzoiis 0.9)
T3azr—varic 0 MEOADSFEHBKEL TR EL | 2
X B AhE DR WEWI)HEEL (D (0.5)
Pe— - - XK
gzj?z el e TR RSB TENF | § ﬂiﬁivwégijﬁﬁ ddd v
i L IAE : :
20 (3.7) 150 | oghan Bbo TSI HLIZEAEAADL| 5 CHMBT ZERIR T T4 T O 2
(11.6) TREEOLR BT A 09) | BFEELTY 5 (05)
e CEEDOHIALECAIINTHS | 4
BREECE2BR | 5 Db vr TR (0.7) 0
JE CFEFHETCVDLORLZFDEFET| 3
TR BN TWEDTTIRE (0.6) 0
s TRYYaZ T ELohNfFoT | 2 HOMEENBLHE v a sk | 3
FEUR P R 5
ERLEROREE |4 (04) | FUB Uiz T 5 0.7)
JE— THATHANDHE [VWoTho | 1 R BNETELLTHLAITC | 4
o L] Toncd iy (02) | HEIIELTuET (0.9)
- R TE B z
BT COBR 0 Liﬁ%ai@ﬁ%$kakﬁﬁo g@
N s SUNEY ORI AL 7TT | 4
il JH RO 2 O | —omsmmhicss (0.9)
LT T SR . ) c BIREADTE 72D bk il
s - A OBO MRS N7z v | 15 o 27
Fo s i Gty 2k e - BV EW)FIHBE DRSS 2 K
181 (33.5) 1136 LV I LTIV TET 5 | (2.8) L CHboT D (6.3)
(31.6) o - BEER VRS A AT O 6 CHOTAF V7R TEL LRS- | 11
SREROFAN | | sy & 9 (14) | Tureszs Tk 26)
. Bt & & 3o Nz 2 CHD
.l 2 =3 . N
il RS2 TR AV Lvs e s Kbt aoT | B
Wy 25 i HJ K ;E\%Oﬁ’é .
i ADN T T RIS SIS | 3 CRBETIH2 ~3E/NY VAR | 6
) LR 2 &9 H T 5 06) | % (14)
fap e ~w%&w&wikf%muﬁof 86 CERMEL 2V XD ICA T — v ] | 42
- FIFERZADVD (15.9) | h/hEVWLDIZT B 9.8)
fetr = b m‘%@bf% AT | 13 CHENBVHIEIRARLT VWD - | 7
ST WERVBRL LWV (24) K AhETLERT S (1.6)
s N s cHhrolwOb EWTBNLY
A H B L L) LTHIIEA | T - X 5
= el V) R ITEE VAR z
RRIHET 228 pogerir picie< (13) | PEVIOBRBEELEERLI G| ()

HirTns

40




IR - REEE

ICF 2B % [IGE) & SN OB 2 Bl & i

RORMBOE

HFT)— (%) FTHT T — FilRe TR (%) W EeNAE (%)
RGEIE I T &Y DFEAR < LY OFFIRRASEY) T D H | 23 ALV EFHLTWAFOF 2y | 1
Fil ik Frv7LT05 (4.3) | 7 (0.2)
46(8.5):27(6.3) | i BVREZER | - CCORTFREBEC VI b0 | 11 | - AHEIRLCELEHO V% | 5
DLV (20 |35 (1.2)
L) 7Ny IR 4RO EEME )~y MZL | 10 0
7 (1.8)
KRS DR TlE O % e X Twiz | 2 - BEEORAEYT AL, RIZZ | 10
L7 04) | OHDbETVNE VLRSS HEL | (23)
72 LTw5b
B 0 S BRO T TAY Y IOEETS |5
(1.2)
A== DI H 0 CHUNIZESOREENL L) L] 2
VLN E S (0.5)
WRRBELEZ D 0 S WK D I AR T | 4
FiH DY IS T F A4V EFH N | (0.9)
D ENTHRT A
ot JIEB) FHE EFAHEOMR | - 0L ST NEHMEICZLL | 25 | - AHER LSS WEVIC R BRI | 33
Lot © i PIEE D HE S TR 2T 2 hRBANE | (46) | BLoEMIZAL LI ITIL TS | (77)
80 (14.8) * 55 BaWHHELFELED
(12.8) FEAEROMRIED AR E TR LAHZEO=—-ZXD 3 | 19 S T TR E & oETEBEE | 3
D4DFI VYRR EATHOFIZE W | (35) | O THD S 0.7)
FPRTHD
FT7F—LELTOE | - 5 TAY Y 7OETEELEDS | 17 CHSORWEZARMBO T AS | 1
oY FIfHEEb D (31) | v 7DHFATERLTRLWY (0.2)
FAELEDBEDY FD | - FIHEDFIHro TWiziZl7z| 7 CARBICFIHE S AL OBBRIZE A | 5
iy DIZEIRH>TEHILAZBWWES) | (13) |#E) L Z2EELTWAES (1.2)
L5 7z
Kl & FI A& O BIfR CKROFHRBERTETHITL | 7 S FTOFAE EREOBBRE D | 4
FThrL W) DG hoTws | (13) |HLWItbdhb 0.9)
BIGs A D BILRIE D R DPRBEORD Y I D K| 4 CFOFHOFLHO D &£\ D | 6
VBV TEDL LWL LR ST (07) | bR EORY LEE 2O | (14)
RV 9
FIHE L OBRIED A | - EH TSN TLE->TWS 1 T TAE Y ZIICL R AT | 3
A i 02) | THr7aTELRN 0.7)
Jou A R4 | BUEOHHE CHEMASHE VD E W) RTAL |9 S EATHEY > T2 AL | 18
B A FToOFEEPIT Vo TTEL 17 |[#LCw2 (4.2)
21(3.9):27(6.3) | BED 5 DOREFENE KRR O O THECRE| 8 TR ) B A E 5 | 4
L TWehaws L7 (15) |#L7=hEnLTE (0.9)
FRERLOT T CFAEICTL, HOWKAKRY bS] 4 CFIHES AP LTHELATH | 5
HizoTWnBHERE L THLW 0.7) | b2EEENDLLHICETTEL | (1.2)
w5
3255 | V)= arRs | - AV v 7 LIRS | 25 CRESADVBINTERSAPELD | 33
47 - HamEE| 77 bLTwb (46) | LAV ZEFFHRICL Y % | (1.7)
ik il ERTeD
32(5.9):35(8.1) | BRI Z 2T BN E o W) FIET T | 5 0
T—=TLIA b ELTWVS (0.9)
AEYFT VT A CAIHE TR OS2 KON TS | 2 CHTERELEEOLEDNLR-oT | 2
04) [ V5 0.5)

NERE “TIANY—%FE" 19 (140%) THo
Too BHERIE “TIANY—%FD" (YT bk
W otze NERIE “AN—<7 T ICHN4T HEE
I H o 720

[H4] OFMATFT) —E LTI, HERE “EH
B 72 IR DZH” 5320 (11.0%) TH o720 —H ik
Wi, “EW R KROZH”, “REI L B KIRDOEE

o f:o
[BExBZE]DOTFMATFTY) — & LTIE, GERIZ
YPLTHERLNS L H 127 2523 (12.7%) Th o 77,

—FHNERIE, “AONLEHDANS" 11 (8.1%)

Tholz, Fillid “THE” IS4 T 2RI 2>
720 NEERIE “NFEZON— AL D EFEN 12
Bg DERRII R o 72,

W “BEORED-DORIROER 7L 122
(15%) THh o720 BERIT L2 L BKIRDOZTHE”,
“REJE DIRED 72O OKIROAE 124 T S iEREIT R

41

[fhtrz &] OTFATTY— & LTI, FERKIZ
Pty Z EADIEER AT (39%) THorlze — I
BRI, “BRATW72 20Tk 255 (3.7%) T



Iz BB R R 3

Hotro NMHERIT “BRtr 2 E~DOIEER" 12HY4T 575
I LD o7,
[MEEICEETAIZ L] OTATT)—L LTIE
WL HHEOTR” 255 (28%) THho7o —h
R BB %4 (29%) Tholz, Nk
13 EERESROEM IS T ARERE o7,

6. [RELEE]

F k46 (85%), /ri#lk27 (6.3%) HV#44 L7z,
PTHTFT) = LT, HERKEE [+ 2y 0%k
23 (4.3%) TH Y, RAT [FoHo R EEZER]
11 (20%) Tholzo —HriRE TRKIREH] 10
(23%) THYH, KT [JFLiho BV EEZEE] &
[BRY] b5 (12%) Thotz, HEBII (B
B l, = —ffny], BEREE®ER 2]
SN T BRERII o 7o, ik [Ny K
DFAR] \FENT BRI Do 72,

7. T3t N3%BH]

FEWS0 (14.8%), MiMks5 (12.8%) »%#%4 L7z,
FTHT T - LT, BERE RIS RIS
DRFR] 25 (4.6%) TH DV, /ri#Rki333 (7.7%) Th
RATHEERIT [BAEROBKRED] 19
(35%) THVY, —HiERIE [BI%ADOERIED ]
6 (14%) TH-7z,

272,

8. [EEHHEEHEH]

FiEW21 (3.9%), Mri#M27 (6.3%) %4 L7z,
YT HTIT) - LTI, FEWE [BE0%RE] 9
(1.7%) THY, MERMIZIS (4.2%) THhHhol2o KW
THEEWR [BEEH»S oMl 8 (1.5%) TH 1,
—J iR [FIAE R Lor 7] 5 (12%) Tho
726

9. [TI2=7 17147 - HH5EE]

FHEM32 (5.9%), /ri#Ek35 (8.1%) A%R44 L 72
Y7AhTFTY)—LLTE, FERIE L2V T—v 3
Y%7 57] 25 (46%) THY, MERKIE33 (7.7%)
Tholo ROTHEERIL [BELELT] 5 (09%)
ThHY), —HAERIITAEC)FT LT 4] 2 (05%)
Tho7z,

42

2009

v = =

1. 28 MBI

I MMAERR ICBVTIE, &3 SF 2EEIH
DANBENTVEZEDNHLENE ol [REOR
K TF L TIIHEERD S BAEH LT b, il
BEIT A OLASEWC L IE, EREOBED b
REZ MERY - I S B0 DBEANOMfFE LTEL
bNb, TNDOEEIIFRHE R EE O LITH) %
LS EL72DICBFEHENTWLE I LNEC, &
FBEICHLTR TBVEVnDbRbDIERATLRS]
LV FHEROZTE,NS L, LLTHIHERICIL) X
IBNLTCBENHY, HRICESZZE(REEET
VOBENMZ D, T72, [2—A%FI&HT] & [E
BERB¥2] L) fIHFEOERRE LT, A
ERIIAEE LTV 205, iR e SRR B 0o 72,
il NARERRE T, AR 7 0% { &9,
Z00, HERIFINED [EEORFE] 2 THL
TR R SVHICE X RS T T EERT AR b
VETH D, WHEDD 2 HMATTEIE, AFTED
fige TOAEMEIZRZLL, WMEENESL 25712597,
Z0720, EiEET TIF L [EEofes] 2 [THZ
PR FOHAMEEERT S0, FIHZED=—
A il L, FIBOBER Y KM S¢727 7 &2 £k
LI EVHLETH L,

2. [—MrGREEEXK]

HREOFER A b L AT A7 &5 [0
R L R ICRENS T A%, BARRICRIHENH
RARZTZY, FHEEIT) OIMNEROEE L LT, W
AR IZFRRE L T\ B0 BBAVEDZII 2 WEES,
ICL AN DEFE L TWAZ ENELL, 0
72, FIHBICEDL L L IFH 2 2 TCROFEERE
ATWh, LaL, AL AITKLSSHNEE, Wik
fili4 FEEBUI R o7z, Mk DR TOFHBEBHIC
MbN2EER TV v vy =7 EW5ET 2 el
JERIAR L, BBICRZ 2EMReIEwFER &L, |
B LTIV, Bi#SNTWiRWnwDZs ),

3. [332=4—->3]

FEWL, [FIHBED A Y =V %Z A ] Hcd
BEENL {, BERPFIHE O = — AL B EIE %
KUNIEZTWL I L EDRN D, T, BEHIZO



IR - REEE
ICF 2B % [THE) &S] OIS 2 BHHER & A ER OO E N

22— aryoEaEol Y L TWwW5E, I,
FHERIFIHE 2 S DIFRINEL TE L7201V, £
DIEFRIC & o TRIHZEO B % U 727 7 % FEik
LEH W) —#HDOLD) 25T ATHL, —
B, iR TRIRAEANA v 2=V %Rz 5 THR] »
b RERBNE L, HEWG 77 D% { OYH THIH
FHIWB U W E T THEBERTE RV E W) BKE I
LTWb, 7 70% IINi#ERANE D 720, FIHE
ZRALRELTOAFLVOMELLETHA) . &
Y, (232 —vavid, HANERBREE
LI Llcky, ZoOREOR TS ST Rm bz
HTZEWZEHT, F/ET) 7T HTLIZEST,
I3IaF—aryAFLymbElLTwn] &RRT
Vo, miE LMD 2L, FTEEBEHOR
Bra B35 LIi28Dh, BIZAFLVT v 725
ZENTEDESL D,

HROBES LW EORBELTWBEDh, F
ERE TRERN DY ] 25 EIfToTnHI L
WCEHZ LTWh, MR, THENZREDY ] 133
Mg LR, [Rhrfrz bl R [a3a=F—
Va v IZ KB MBEANOPE] SEERIIT 4 CRERIE
iro 125, NERTIE, Bb D IR TR & YL
TELEIICEMWIZII 2= —Yaryzl->Tw
B2 EDMAR B

BRI, CLVWRHOPTERMIZZ I 227 —
varokaroLh, FHAZEOHERIEZIT> TW
5o iR, HADESL LOWT, FIFEDILE
b o THEENTE, FIHEDOEFIENAEL 2V
£, LDELFWEEZAZEDNTEL LTI
Z—varETRLTWS, EEZLNA,

4. [EE - %]

ik, [E-B%] (ST 28R -
72hs, EONEIE, BERTREE - SIEREESE - KV Y
=V TR ELIEICES — iR, [Reh
i, THETcoBE] OfEEEL»SL <, [HEH)-
Bl L TE, AIAHEOLEHEI RO EETH
BEZEZTOA, N ORETIE, #ELEOHFD
DL, EHE - EEIRLSENA VTN T
yYFEYRTHY, ERELTE, WIEERED KD
%<, ROTRIIEN L W L AL TV, /i
ENRMEERE TR 2 FIHE O % < 1N R 72
HE & PR HE o TV A IS ISHE D B HREEEOILT,

43

B, BELECOFMABMOFEERN L, 77 DEE
FEREE FOENZ S F &F 2B/ ISER
LS, HULZEDNLZWD, VAT AV
MIWT 2 T3 G HEPLETH LY, Hin 70,
B TR IS 2 8RB E 7 7 ORI ER L
TV ZEPEEE LY, BELY 3 [HE - %
DfEEEIZ OV THEMBCOT I RaIa=r—v
3 v EHE, BEOMMEOIE R, ADL DI
PR L, PUEL72BEMma i L v 2 Las
HETH L] LTV D, N#EENREERRIZB W
TIE, Bl & MR ESE 2RO, VA7 IS
DLLEDNH L, 72, FIHFEDOS ZHHE ) 2753
IEITm <, EEPREREE TR D 256

HHILEQHIIBE, REGER 2B LI LNVE
BEThb,

il NG C BV 5 MR 13 4E 4 B L
TWh 70, FEREEOKTICLY [ED-BE] (&,
LB LML EE D, NA ) A7 RFHE
I2IE, ey 7 7usr sy =% E0FETLRETERN
WETH DY,

5. T HT

[BRZDE) 2 L) ICB LT, fikic B 2 %80
EbHD, MERIE, FIHEPAGT S TOLHE
CEICEZEBNTED, “ABLTWwEEL o0
TR R “TIANT—~DORE” BEB SN Tnh,
—INEERL, B EBLEEC R, BRETO
WA, ek HE", “EL ARRHZ 8D
T B EORARN L NEHEICEZE BT WA,
[HAREEOTFAN] ICBLTIE, Fil#RIE, "Bk
DFEBERD” TEIHEHELTWD, iRk
CAX T CTIETS T AR L THREEL D L, 15
72& D) OEIGEIIEESE LR T Ww, CIENHTE
DAY A= LVDLETHLY, FIHEIBWLLE
FPENTE S L)1, HFERIFL T, OkEr 7
(T % Bk 2 AL T 2 LD B

[HEMED ICRIL CUE, BREMkIE, T& 5725 L T
DO HAFTEL LI M LFED Y A I 07
ICEEE2BVTW5E, —HAERE, PRiHEE) T 7
TANY =D “TEWKYYTH B EEZTWVD,
FiHERI, PRl 7ICB BT IANY =D D E
X El ol FEICBIT L 7T 43 —Ffg
T, F7TOHRTERERT S L) EH#OITAZ LRYT



Iz B EERE R LR 35 2009

F2 VI FTIIBULSHE

FENR S 181 Ak RE 2 136
FThTFT) = (%) ThiA T T — Bk FRNE (%) il ERNE (%)
YRR & . e | T ABLTORZE DI oL
Fa ;;;T”tt<tb DD 55T & &m 0
15(8.3):27(8.1) I & ERAE & '
o TG ORAED MR S 7z | 6
TIAN OB LSy v o chIET S (33) 0
" ABFHTZEINTWDL I 5% | 4
7= Gl
2= T ORI 0 N N 2.9)
Y TNVTHEERZTORVE)IC 9
&k Jik 0 FTHLIENTTAY Y 7IZRELT
x (6.6)
L < AR 208 & 0 CREOTCE AN LTHELWE | 9
£l PRALED i 5 (6.6)
B~ DR 0| RBEESEVEI RIS | o
HIREBOTA | pmorism 2 o TR £ 6 T 1H 1 A0k & CREESE17 | 5
n TR BHOBENEEET 33) | >Twa (3.7)
T ok CAFTRAVTL TR AHLT |,
6 (33):11(20) | AF¥7 T 0 AFX T TIEFEPRVT W h o7 (2.2)
panig )
" CARBIZBOFEDRPIIE->TD | 3
T O |53 r3udicvs (2.2)
el SO | REDDDIRIRILTE L9 TH CMALVIEEEL, MM LIS E
wwoam | 0T i eoEei s LR aﬁ)Q%@E@&@#WRﬁéé%A# .
50 (27.6) : 38 THELETRETS Y g :
(27.9) CEIES DD D AT 1 ATHE 19 - BUOLMTIIHS Tl & 2% 3
T Ly S AT, 2ATBGOLHBT LI LN mw)ﬂéﬁ@fé«<&ﬁﬁ %ﬁ%# 2.2)
L N BEILDNTB ‘
FIAECHREEE T | - MM UABNCEAL T S L%k | 6 CRRAVEDS WA, PEIATENER | 7
w5 b idbnwbDT (33) |HEZEZZILHEETWA (5.1)
_ S LOMHETIEA =< EFLA| 3
AbemwTT BB ETHIETVD (17) 0
e, YR T R AT O BEE R o1 E ) AL | 19
TIANT RS 0 2T TANY—%5FD (14.0)
2ot S THIOEFE Lo HEENS | 2 - HEMEB O AR A KU L723EE) | 2
PEIET 5 (1.1) | =015 % (1.5)
A et e SAEDINY Y FIG TSI | 3 CHATHELIETERW WD | 2
FE i IR ZEROZR 125 LIPS 17) | DT 7 HLE (15)
3(17):6 (33) | s s REEOTERT L (I 2
KA & B ARz O lgrzs5 02 (L5)
P2 ORED T2 DA 0 ROV Ty =Y —%D | 2
kD% H FTREL TS (1.5)
BRLEE BPLTOANLND L | - AETANLGEFAN%IES | 23 CRERTVWEET RV Lok | 4
Fi I HMETEDODELEND (12.7) | 8Tz 55 (2.9)
86 (475) 142 | N ux%(?)f\ A& % | KBS LOT, E)LTHAS | 18
(30.9) HZH rBhELCLED (9.9)
ﬁ&ahé%m%ﬁ& CEHEFEPIRE P o7 BIRS | 13 CENLNBE VA IRMO L o~NE | 11
% ADNES 72T 1 AR (72) [118€2 (8.1)
. e CREHEERPTV L) IR | 12 e CF R S Al 3
R T WhHE O3 2 6.6) ERPLTVENICFFIEIITS (22)
BARLER=AZEDE | - FAHEOERLR—AIZHbEL | 6 CHEBWTARTHL ) AN |3
% Lok ) (3.3) | aR—2IZEDES (2.2)
FEENEEOIIED | - HEDANARTH ) T I3 | 6 VA VATRELTLAEOLELZ | 3
PEE 7w b2 (33) | OO AEFITFHD D (2.2)
. . . CHATHEND Z LA LENE
- TCTEBLZITHASTEXRTLLZ25 |5 A . 7
i t hal 9125 B
o THNL K& E3 BN LT 28) 4;&?%%7 & ERARMIE) & 5.1)
R e c AT = VNS IUEIRINITIC A
SR 11> T 5 SIS R SEASRAOUA S o nuns huTRNTORETS | O
S D oswninn 66
T 0 CEHHPED 725 T ANDTHTRE | 2
#LTND (1.5)

44




IR - REEE

ICF (25135 [&8) L B0 OIS 5 B H#M L AEROZHROE
#THFIN - (%) | FhRAF T - FEW ERNE (%) MEW RN (%)
fhir o & - - CKGETTOTH S5 FRAZH | 7
Fi ¢ fra Wb = ENORE LwbzvEVwbRTLE) (39) ’
13(7.7):7 (5.1) A FE o e oL e Ro 7z b o T
MATORLEIOD | ) cnxwdind siaTin | S | ey —emuTkomigsss |2
Tk SN (1.7) (3.7)
5 Z L%
BRI 0B ) ERHLETR] )
KGR AR OG5 B ERKGEMT | (| o | - A E T (15)
REFEPTET S ' '
WEEET S | b AEEDSBHHELH) LTHI I A |5 . P 1
- H HED TR W20 o & AT D 2.8) HIREEZ 7 (i) H79 0.7)
B g o RTRIER BN E S R EOT S | | 0
7(3.9):5 (3.7) (0.5)
J— HEAEZ 720 L e sy | 1 Hrolvob LATHBALY |4
s % 05 | brVIKEROORIEET S (2.9)

oo HARY L, [HEBERIEROEHA S v 71%, BE
MHEB) % 520 F 5 SlknE OIS H 21, Eilko s
WHEIHEB 2 T 2 BB B | LR T D, F
72, NWERIE, A N—<FT T T BRERIEL R
Mo 72, BHAEMNERTH /S FNIE F - 7295
DhEEEFERTE L% L, BAIAIELLEWT TN
BNEL o TWhD, TNSDEFN: T T HNE
WZOWTHFE L TBLLENH S, 44 V3CHRITH
W R LR DR BEMTH Y, HER - AR
EL RN ZFTELTEEL TV AEMNTH 5,
UL, M MR BT, NRED N
RERECH L0, BEICEAZHEDL) PEEL &
%9,

M) CRIL CTid, BHERIE, “EMNRKkos
o ZEH STV, gL, KEREOKIRO
D TR EREICET 2 KMoBH Y Ji% L1
HLTwA,

[ExZZE]ICHLTIE, BEREZ, tO%EE
HRTE 2L, RNOERTRELEOEELZHZ
EERMFELTWED “DLTHOAERLNS LH IV
SFSFLRTLRETT> TS, BRI X, tV7 77T
TIREFIFTTLEHENL W E2BERHL WL, Z
DL BRBRIS, VT TON T T) —OHRTIE
N5 L] PlRSFEERBDL o720 ALY IR
AP E O HEEGTENC T 2 HECH) T L &
LT, BFHICETLIE, ABICETLZ L, HEHiC
22 Lneaiifil Cnd, M=K
IR TV AEDY, TSR —FE2E2 % 1
TRLEZENTERWT T TH b,

[fcte 2 L] ICBIL Tid, BRI, Bl MmN
WOWP S, BAKICKHD T VeV 2L 8L
TWh7zD, “REr 2 ENOIG" 120 L TR E %

45

D, “BRATWE L 2D T R KRGS
ZERLPIT TS, ‘BRI 2 EANOIEE" I3 LT
M OFEED RN &L, BFEIE, EE OKSH
WIS T 230, MERICT LT H B0, ik
AT N L ZRL TV A,

[ I cgEssZ ] L TlE, BERIZ, “5
HOTR” Db, HEEITV Db OEECHEIRE
BT 5720, ZHREAICRD 2T, —HTEPO
W PEMBRREAN T 22 LAY o C, Y OFEERA
HBELLRTWY, 2020, HERIREI 751
T ADHERE - M EPLETH D EEZTND, G
D%, BERHIHHD 720, NHEROFHIIKL %
S TWh, LML, MERkIFIAELEbLLPRT, &
RIS BT 24T TB Y, FIAEOREICK
DLEH LT T D, L OFIHBIEEREE D
STHBY, WROBELZF 720, ETDORAY v 713,
TTOHRTERMNICEDD L LETH B,

6. REEEE

FEWIE, HAMHTZ2 “FT 40K 12K LT
F LY OFRIRELEH LT+ 40 5#EYTh b
MNE) DTS ) Y e FERL, Ml L TWwb,
F7o, W RNy FORF L LT, BEFHDOD
DIEEI I~y M baksa EVHL - 72, Bk
&, FIHBOBAEDRI E LT, 4[H LT b iEht
AR 2 Y TH LN )BT AR Y
LD, FT7HEBEEIToTWAI LM S, —
TiNi#ERL, T L) T EAX Y OB ILE <,
HEAEOFTOEDLYICEE 2BV TWAHED D
%



Iz BB R R 3

7. X AEBR

MRAE & b2, “FIHE EFHEOMR” 1ZEH % L
TWh, At MR C oA, ERAEHTH
D, SEIELHHORTHHER LD N F TV onf
RETE D B\ FRICERAVE s O, BLITE)D
WOFHENHEFE I N2 W R EOMELEL L, 20
TZODNANEETHL MBS L ICHBELTE
D, “BMAEROEKOLCD”, “r7F -2 LTOH
FRYED T 12550 T, FIHEM A PEDECTZEDS LAY
TE5E)IL, SESERHHEDPSENEZIT> TV,

8. EEL4IEMER

NFERE, BHERE L~FIHEO “BUEOXKE” (12
LT, EWIICED > TWBLEDPRR S, FOkE
R DTN OBIBEDORT VT4 T ENE WV, B
1, SWHEOEENCER [HREIEE L7201
B HY, MifETh), £EXHILICHTIN
B TEBH R EEOEIC L) EEIND | Lk~
TWb, TEL2, 4TEL I LEHREL TV Y
K= PFLHEETH D, MEIHT 2 LERLEHMOESR
LAY ZLid, HHANONE Y, & X BERIC
DN b, “BEDS OGN 2 RFFL DS, S F
SELWREMELERTLLENERL 55,

9. A2 7147147 - 1tx4EE

WAL B, ‘LY T—2aryRer 777 14
2L TWb, FHOPIL, [M#ERE EOEIC BT 5
TITAET AT OHBEEINT RO TS I
W, FHEWATE L, PTONEROE LR E L,
AFER ST L O L & 2 ) B R & SEE L 2 A5 S i
LTBY, FlBIERREOF = v 7 B X OEEdh
DS OHBE G T o722 Eh s, EEkE LT
DO E A LRSI D 5 5B 2 72 LTn»
B Do IR RT WD, RIFFEIZBWTYH,
MDA BED Doz, TELIZTHHED
EERRICER LT, @skeErLzL 7)) - ay
R0 TTEERTHENRITH L,

\VAR 1 B

L [H&ghesml or7e LT, [N aiiEs
K, [a3a=r—yar], [rv7r7], [REE
W, TXPARERY]), TEZERAEFEE], [23a=7+1
T4 7 - AERAET] (3 FER L HEROF S AN -

46

2009

7oo ZONE, [%8 LMo ], ER-#BHEl &
RS o7z, [FHEMBOIH oA T T)—L L
T, BEBIPEDO—BRE L THERER S RIES
o TVAEVIRBI BN L2 ERT S, %
7o, BRI “BEEARLTL &R “=—X%5]
ST r7ICHLTCORBESI STV, [EH)- B
|l ohTT) =L LT, MEMRIT RehBEED
2 CHIETTOBRE LY oE - BEETHICET S
R0 72 NEBENRERX BT S [EE) -
BE| 0% 1L, MEROTIZOERALNTVS L
BRI ELY G2 Twh,

2. w7 7] \SHEER- NERIE [AXD 2 L]
Wb <, KT [HRIE] Tho7ehs, Thhra
) — 38 L DA STz, TS ZE 3T LT
&, HHERIIDLTHEZCARLNL L) IZTERTS
7 EOAFEINEOMERICEET 5 NELE o 72,
— TN, WELT A B L 7 AL O AR R A T B
e EOREL L REICENDL LT - EICBE T 2 NE
W% hotze [HER] 126 LT3, Hillkid b1 Lipu
DIA IV TRF LYW OBED TR 7% L Hifi 12 B
TENEDNLIr o720 —IT R, PREATZI2HE S
TIANY = %FL TRy T EBEEOLHZ I
TLHNEDNL -7,

3. NEB &) O TNEE, /i MR 12
B2 BEER L AERIT I L 2o & B s
o EWGH ol NHELNRERR DN Y P A
R TISE#ERE N RS 239, BERE,
HZEOERIEE S HHP 517, TRAAY MEFR
ESEFHEOBEME L L7 T2EKRLE) L L
TWh, ik, FINBEOH 4 DEIEILETEL
WL DIZH D EHIZ, EFEDDHW B L CHEENZ
MbYIBO T L, WS ZORMMEL L)l
L, TNENOBMOKEZ G2 720121, Bffilc
L BB DI T EAHEITEZHL T A L LR
Ll b WMET T OEON EIZO %055 X9 %k
D L) ROEEE LR IR—E - Eid 25 2 EHPLET
H5

ABFZEIL 20074 E 1 = N — )V [ HIfF 78 B B D BF 78 ik
%@#%K-@Zf)%o



IR - REEE
ICF 2B % [THE) &S] OIS 2 BHHER & A ER OO E N

z £ X #k

1) WENENEARGH S, EREAOBM2007F 5554446 9
7, W NE ARG 2, p38 - 68, 2007.

2) INKREIMET, WEEMTAM, MEEEREICB 88
D FEREMAT, 55380 H AT i & LB — Bk —,
pp199-201, 2008.

3) ANKREINET, EFohoNEE 10 BHFHFTLA -
ENB N, BHEHBI = 2 — 2 3 B, SRS EA
7243, p 5-8, 2007

4) BRHME, R, MEEHL S E RS L
BT 2 —%%, HEERENRENIELESLSS, p35-
46, 2008.

5) ZREEE, NREMET, BEBEEEHMIELERONE
W & FRE—ICF O EiD 5% 2 5 Fi#EDEH—, %380 H A
Tl i U B —, 278-280, 2008.

6) BEEZRALNIIE M, ICF EFAIGHEED 8, HRd#l
p3, 2003.

7) fRHET, JSTAL, AiEE NG O AT S RS &
FEiE - AR O HE AT AR 2 Ao M
HARFHERFE MRS, 10545 1%, 44-54, 2008.

8) BT, Mik—H, NEFHEFHICBITILZII =T
— VA AFANRRLVT T4 A= ISR, K
EAES, 1255 25, p75-81, 2008.

9) JIKET, ex) - vy M1, 000FflicL s T—<y T
e, REEHERE, 88-91, 2003.

10) /MREINZE T, H1EREZBICBI2F4E0) A7 4T
AV MZOWT, RERFE R TS 25, 1-6, 2008.

1) FEHHET, % 3 70, KBRS FEE I b o fss 12
BT 2at L, HARFMRFF A, H2T5% 45, phi-
62, 2007.

12) BRI T, S, i ok 5 RS
HUEHE] - TR ORI R - B O TR T

47

—, $538[n] B ARG 5 i U E— A EF i—, p49-51, 2008.

13) ZMEFL, /NbED, EEEEHEEORE & B~ 7
TH—F—E T 28 - REEEOME N —, &
RS, 4655 8 5, p871-874, 2008.

14) HATTHESE, =V IHm2E, Bz &) BE o eI
BT TORY A—Er 7T~ 2 7V EFH L7y
7 DORR—, §38I0] H ARG A U — B A E—, p20-
22, 2008.

15) HAKIME, Hiak CHEMIRDY % 5% \) 2 m e O KB, EBEF
BRI 1 5, pb7-64, 2008.

16) FLILIME, EiABEZ 1T 5 B L OSB3
MEEMOBD Y, BEF#EFHEI25E5 15, 55-62, 2007.

17) BRI, B oAe kT 2 milEmaEo v 7 s
T O L FHED, BEREFEIEE 1S, plo-
48, 2008.

18) At FH Ay, WAL T, Midk AFrEing O B LS T8 125
TOELRWY T L OMINER, BEFEFHIIES 17,
p49-56, 2008.

19) BT HERL, ElEE O, SBEERE LIl ERT 2
ODJER, BAEFES, 54655 4 5, p317-321, 2008.
20) AARFEILY- AT, HEZEDHLZEL RTINS
EE OREREOFE &L BWHEIBEROMEIC LY AL T
WA EME R RI—, BEREFEI2EE 15, 109-

116, 2007

BT, (B0 E 25 OBEASH, HARE @RS

SREEE, 2T 45, p61-66, 2005.

22) MAFEW, miEo s ay s 547 - 7774 ET 1124
WY BER—A S, KENB X ORES OB E O
3HIMIC B BB L oME—, HARBELSRSS, $29
55 4 %, p526-537, 2008.

23) BT, MM, EAdsRE e IR e LT 774
EF 47 7TICB T AHELEE O T L WikE| 5 EoME,
IR, KB R AR AL BRI 5, 43-49, 2008.

21

~



AFEICHE T ERFENDI L E 21— 24FEEE T DEBBICEET 2 ZER DR

JNHRME™ - BERES - BHEH - FHER"

* Ui B R K SR R AR R Bt R
* 2 B PR R AR R A Bty 2R
(20094F 1 H12H5#1)

Research on the connection between computer literacy and several factors of
acquirement for freshmen at a medical university
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Abstract

In this study, we examined the contribution of three factors, the achievement test results in major high school subjects,
experience of using personal computer (PC), and environment condition such as usability of PC, on computer literacy
acquisition. We predicted that these factors enhance the computer literacy acquisition. Participants were 255 freshmen of
paramedical course of medical university. As relations between computer literacy and three factors, the results showed that
computer literacy acquisition was enhanced by high level of achievement of Japanese language and the experience of using
PC. The influence of environment conditions such as usability, easiness to access personal computer on computer literacy

acquisition was rather weak.
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Quantification of bone marrow-derived cell rates using
green fluorescent protein in atherosclerotic plaques.

Tamikazu NIWA

Department of Medical Technology, Division of Health Care Science, Gifu University of Medical Science,

Abstract

Green fluorescent protein (GFP)-tagging is widely used as a useful molecular tool to localize and visualize the trafficking
of cells and proteins. The development of atherosclerotic lesions is caused by an interaction among four major cell types,
endothelial cells (ECs), vascular smooth muscle cells(SMCs), macrophages and lymphocytes. Among these cells,
macrophages and lymphocytes derived from bone marrow play a crucial role to early stage atherogenesis. In this study, we
generated the chimera mice reconstituted with GFP-positive bone marrow using bone marrow transplantation (BMT), and
GFP-positive leukocyte fractional areas expressed as the percentage of total area was quantified from the microscope with
fluorescence system. Identification of GFP cells provided for direct identification of donor-derived cells within lesions. After
6 weeks of high fat feeding (HFD) , the chimera mice developed 68.7+8.7 % GFP-positive lesions throughout the proximal
aortas. In summary, this work indicates that bone marrow-derived cells play an important role in atherosclerotic lesion

formation in early phase.

Keywords . Atherosclerosis, Green fluorescent protein (GFP), LDLR” mouse, Bone marrow transplantation (BMT)
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Dielectric properties of amorphous polyamide (61/6T) blends.
(1) Blends with m-xylenediamine/adipic acid polyamide (MXD6)

Kenji TADANO
Gifu University of Medical Science School of Health Sciences Department of Medical Technology
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ABSTRACT

Dielectric properties were studied for blends of amorphous polyamide 6I/6T [copolymer consisting of 1,6-
hexamethylenediamine and isophthalic acid (61) (70 wt%) and terephthalic acid (6T) (30 wt%)] with MXD6 (polyamide
of m-xylenediamine and adipic acid). In all the quenched samples, there were observed three relaxations, y below 200 K, 3
around 280 K, and « above 370 K, which were attributed to an internal motion of hydrocarbon chains, a rotational motion of
amide groups in amorphous region, and a reorientational motion of long segments above the glass transition temperature (T,)
respectively. It was found that the dielectric strength (A ¢ ) for y and /3 relaxations were depended on the MXD6 content.
From these dielectric behaviors, it was recognized that 6I/6T and MXD6 were miscible. Above the « relaxation
temperature, MXD6 was recrystallized by the micro-Brownian molecular motion, and the values of dielectric constant and the
loss were affected by the crystallization. In more higher temperature region, another relaxation ( ;) was found around 490
K below the melting of MXD6 crystallites. It was suggested that the «: relaxation was attributed to the dissociation of

hydrogen bonds between amide groups.
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1.1 U & I

FTAB OB TEICAMONTWEKRY T I NI,
HHECTIE L OMEEPHE SN, =927 0T
TIAF v 7 E LTRKFIHENTW S, BIFE LD,
KYT7 I FOMBE, ~— & LCTRIENRY # VRS
BBLUOYT I VFIH SN TWIzRs, et T
SRR b, RENE R S o skt E HIg L TN
CE VB LVIE Y s aAFF UBREEBALLZRYT
IFPRHFESN TS, —J7, WY, G
DRI =% RAELTH LWL oma T
(RV~=—=704) OMFESEFELSBI b TH
D, %L OFEEFHMENTVE Y, K)x—704
D—4rEE LT, MEED L IZIEHEEE S T 2R
ELEBSREmS T (R)~—=TL Y F) "0,
7Ly FIZ X M, WHEEYE R E o,
AN Y=, FFEME R & ORREVER S-S BHSS I 5E
ENTWAESY, £LDOER) T I Fi—fkickat%
RYDS, ZOMWERRY) 7 I FOREE D> Tz,
CORERMRL T2, BT AGRIREOEH T LT
7 A (GEEME) R 7 I FAEABRESNY, o
SFETOAT A K ) IHEEOMNS, Kt
O] - BRI SN TV 5B,

RHE T FY 7 3 FOIBTIEAFHF X FL Y
TIVEAVTINVEEPLEAE) T IR (61) 70 %
EAFHRFLYITIVETF LIV VENOES K
D7 IR (6T)30%DHEEAAERT, TELT 7 AKRY
TIFO—=D2ThHb, —F, *FTLrIv7IvE
TIPS ARY) T I N MXD6IERER MR 7
INTHED, BEHRENSEGTAI EITL )R
ENBEETLRETHFELELRT I LM ENT
WA BI6T & MXD67 L > KOMEMEIZ DWW TR
BugMEE, X WO, EFREBEEBISIC LY, MEL

TWAIZENFEIrOLNTEBY, 7L ke T T
AR EE (T, OBFRIE Gordon-Taylor 3 T & < FiHH
ENDLZENFREINTNDLY, F72, 61/6T & MXD
67 Ly RiE7Ly FEMECHMFEELRT A
RSN TBY, RESBHT I FEBMOKERHKEG

CBELTWa 2GS Twn5,

R TII6I/6T & MXD67 L~ FIZBIT 5 FEM
MWE % LVIRERIPH (100~500K) THlEL, Z0#%
BRES L ORMICRERT 20 TEB 2K L, 7L
Y ROMBHEHRT A L HIE L,

W

2. A M & B E

HAEELIHRE L2 D EFRLETHAEY, RT3
FOI6T IE=H: - FTa R RUTF I AL (Bk) O Sealer
PA3426TC, NFHAF L IT IV /AT FIVERR
JT73IF (B) ENFHAFLIYT IV FLT¥
VEERY 7 2 F (6T) 7570 wt % /30 wt % D FLEAK
TdHb, ANVIMA Ty 7 A (M) 13503 K, 2160g 1
W C35TH b, K1 7 I FMXD6IE =ZZEH XL+
(Bk) @ MX Nylon 6001T, m-F¥ LI TIET
DEVEEPLEAR) T I FTHE, IO MIIF503
K,2160g T 7 ThH b, TNODLFMEEH 112
NGRS

| P f ¥ e o8
1 1
(a) —EN—(CHz)s—N—c-©—cHN—(CHz)s—N—C—@—c}
e}

i 'R 1
(b) —EN—CHz CHz—N—C—(CH2)4—C+
< ,,

M1 U7 3 ol (a) 61/6T,

INLDOT Ly FElkHE, 553 K TR D 4,
FRHI B EIRR X ) 24905 mm o 2 — MRICHI LT L,
WHIFZ 4 ECERNRW L THE Lz, 7L 2 PR
FHE MXD6% #2530, 50, 70 wt% TH %, T b D

(b) MXD6

£1 HABBILTERSOEREE

DSC data Dielectric data

content of Ty Te T Tmax(y)  Tmax () Tmax (a) Te Tmax (@) Tmax (ai)

Sample Abb. MXD6 (K) (K) (K) (K) (K) (K) (K) (K) (K)
(wt%) at 1kHz at1kHz at1kHz at100Hz at100kHz at1kHz

61/6T 0 397.6 197.5 297.5 419.0 497.7
61/6T-MXD6 (30) 30 374.4 419.9 503.6 188.7 277.5 405.8 435.8
61/6T-MXD6 (50) 50 366.9 420.9 504.4 190.7 277.0 396.8 426.9
61/6T-MXD6 (70) 70 363.4 418.2 504.4 184.7 281.3 382.4 394.7 420.0
MXD6 100 358.6 422.1 507.5 176.4 283.9 374.3 385.5 403.0 484.0

Ty glass transition temperature, Te: crystallization temperature, Tm: melting point of MXD6 crystallites, Tmax' relaxation temperature
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SEHE, EIIWRLZ X D IZ6I6T-MXD6(x) & 3T,
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B LU 6I/6T-MXD6(100) 13 ZILZIHIZ6I6T B L O
MXD6 & BEEE 3 % 6

IREEEBREIECHO NI NS OBNIEBE
B, T ABRE (T), fafbiRE (T), BLO
Al (T.) 2RIICE LD,

BOlE I3 A o =8+ (Bk) 0 SSC50007R77E A2k
5l (DSC) # M\, 10 mg Dtk £ 10 K-min D5
i, PEREECHE L, BREREL Ly VL E—%
bl In & Sn & HVTHEIE L 72,

FEMEE, VI L) AEEIE L~ v T
) =4~ ¥ LCR A — % — (Hewlett-Packard type 4274A)
eHWTBI ol ABOWER, $k- a5
S UBBEBNEHVWTCT Y IV T A —F —
(ADVANTEST TR6847) 12X W EHAI L 720 KimFEICH
WTLCR A — % — ClllE SN A HEN LRI, HER
& (C) BLIUHELE (tan o) TH2, ZNHDME
Z, XX (1) BV (2) ORBREMAAATZNY
IYNOTOT T ALY FEE (1) BLUOFHER
Je (") IBEL, SThoDHlEEZ 7Ty EF 1 A
JIRIEL, fEATICH W72,

e’=C/C (1)
ZIT, G ERMART, ClpFl=1/47x) (10/9) AMd
(A BEAREFE [em’], d:#EEA [em]) 2L D FE
LERCTH S,

e’=¢’ X tan & (2)
727201, tan 81K (3) TREND LI IT, BHER
= (C), BEE (G), BLUAREYE (o) ZBFRT
5o

tan 6 =G/ (w - C) (3)

%€ 1%, 100 Hz ~100 kHz D11 9k %, i FE
100~500 K, #J 1 K/min O F-i##E TH 2 K H 17
o7z, BEIIZN T2 WY, BREE I EmRD
50mm ¢, EEMA 37T mmg THb, WEIZHW7ZH
FHIE 0.5 mm O 2 — T, 3 & BAROHEAZ B
TFCT 5720 BMEMFICIL L2 BERmIC T VI =
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.HER & EE

F1 73 F6I6T

B2—1 (a) BLY (b) ITRENZFEBEFHIZOV
T, 66T DFEH (') BLUHEEL (¢7) DK
IRIBI B B IRERAE ZNZIURT,
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- o 10 kHz
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0.05[
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iR ) 7 I FTHBE SN T L2 ZEE LFAKETH
D2,y BHNEA T ABIERE (T) UTOREERT
#e & B MEE IR B A BT TEEC, BRI
RYT7 I FICEAELT I NEORFSFER I2RE T
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TWwa, M2—2 (a) BLU (b) 1TCFEN W
WZOWT, 6I/6TD e’ BLWe” OFEIRBICIBIT AR
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1 kHz I2BWT419 K FHE I o« BRI BIE S N D, &
DFFFNFE €7 135 2 H50REEANZAWICH L Tw
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Ty EBIREENL, M2 -3 (@ BLO
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Z2\itan 6 T/RLTH B, 1kHz IZBWVT498 K fiF3T 12
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) BRI TOBMIIOWTIE, EF2rDRY 7 I FIC
BWTOHOHESINTEY, AL IESHOT I CTE
L % Maxwell-Wagner 731 d % W 3 A 4 > 235§ %
SRR T 5 LHEEE STV A,

F1 73 FMXD6

M3—1 (a) BLO (b) IZRFENREWIKIZOW
T, MXD6D ¢’ BLU e’ DORIRISIZBIT B IRERK
%2 ZNEIURT

1 kHz I2BWTI768 L U284 K il E#n iy B
LU RSN, —kyeAR) 7 I ek
FEAZE 2R LTV 561/6T &[Akk, MXD6IZEBIT S
y BLUORHEME A 7 ABIRE (T.) LLTORE
TiHe & 2 WETHBUC B 2R THE# B L7 2

4. 5m : I . :
[ (a)
- s 100Hz MXD6
40L-_ 2 1kHz
. - o 10 kHz B
A | 100 kHz
3.5
0.10
=t0
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BIRIE S NS o« IV SN L, ORI EN

e’ 13100 Hz T52* H60FE FENZHUS I L T 5,
:@%%D IR ALBOKNETT == v 7T 5 &,

WA 2o THET == ¥ 712 L BRI &
DAIEETZEIBANHA L, o AN RS 2 Mg a6
IBFAI AT Ty VEBPHRT S EEIRLT
Wbk, 37077y VEFNEL S o« BFIRE LD &
D386 K (T.) FHETe’ BLWe” OEME KD
BRON, NS OELEEEBIAKTE L Ty,
Z DZALIE MXD6D#EILIZIK - THB Y, HHSDH

HFY L —FHLTWb, LI X 2RO I EE
v, 100 kHz T403 K ¥ IS5 iR (o) AT TY
%,

M3 —3 (a) BEY (b) ITEEWEEIIONT,

MXD6D &’ 5 & Ftan 6 D o FBHERFELL F O RIIC
BU BIREMRGEM % Z N EIURT,

BI/6T & JAlkE, 1kHz 2B\ T484 KA o FBEHIASH
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60}

(@)

MXD6

° 100 Hz
- ° 120 Hz
4 300 Hz

tan 6

400 420 440 460 480 500
T/K
3—3 o BEMEED FLOERIEICBIT S MXD6D 7R

() BLUFEIESE (tan 0) ORI

BNb, 2D o #EHIEDSC THRIEEN TV LD
AT (Ta = 5075 K) £ DR CHAL TV

K73 K7L > F6I6T-MXD6 (x)

4—1() BILU (b) IZRK)T7 I K7L K616
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e’ BLUe” OREMRENE (IRIRE) 2 Z2hZIUR
¥
61/6T B & U° MXD6 & [a£k\Z, AT 73§ EB) | R $ 5
y BEUBHBHPRONL, ¢” OKRE ST MXD6E
&= (x) OBty BT L, gRERITIIZ
IT—EDLHICEREND,
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EENEINRT,

RVT7 I R7 Ly FTIEEICIRR7261/6T 3 & OF MXD
6DFEFZE B OMEA, T %28 % /R LT 5,61/6
T-MXD6(30) TII6I/6T & 1FIF[FAEL o« A Z /R L,
X 4 — 2 O LKHIT/R L 72 MXD6D 5 S AL (T
DI 0) BRI 5 B D%, K EhARA (a.) 13#1Z
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A 61/6T-MXD6 (30)
- 0 61/6T-MXD6 (50)
v 61/6T-MXD6 (70)
© MXD6

—_
o

o

In (f/Hz)

(2]
T
8

T7'-10° K

M5—2 HKUYT73IKTL Y F6IET-MXD6(x) Da, a.B&
O«  FEA D Arrhenius 71 v b



HEpsE
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RNV EO PG IEF OEICITITEE L WS, X5
— 2 EHREOBEM (a, a, BX o FEM O
Arrhenius 7’2 v F 2R,
o FEFIREE 13 MXD6 & & DRI AL W IR A~ 7
FLTW5, it,Mmmwum%ﬂt%x%ném
FEANOIREEIIE MXD6 & & DA & & b ITE iR
T hLTWD, 2O EIF6I6T A5 MXD6D # b %
FHELTWA I EZ2RLTWA, 6I/6T-MXD6(50) L
MoORETIE, «BRHOTOY MEH—T7TLTHEDY,
WLF % /R L TWb, WLEF /ST X — 4% — (Cy, Cu)

BLUOT BT 5 HHAEES 3 (f,) £ Vogel-Tammann
DX (5) BLOWLF X & 0fRA (6) ~ (8) %
FHALTRD, ROICT LD,

logf =B —A/ (T — Ty (5)

22T, ABXUBIEER, Told Vogel infE & I1F1E
Nb, 6) ALY TOBLIVAZREL, C,, CBE
U, 2 KD 72,

{(I)m-

FULYITIVITVEVBAY T I F(MXDE) DT LV F

— Mz 12 C, =17.44, C,, =516, f, =0.02491FE & 72 5 =
EDHBENTWS

—F, aBMOTOy MIEHERL, TN5DA
H (13140 kJ/mol F2fETH » 720 —fxIZ TS D5 1EH)
AL iR, REICE ) ERT A7 20 b
DREEDEALL, ZDFEF Arrthenius 710 v M A —
7L, WLFEIZ/RT DB —fINTH B, L L&D
b, aiffflo 7oy MIEME LY, S HIIEMED
6I/6T B LR ZHT 5 MXD6WVTNICBWT D IT
ERECREEDAHZRL TS, TORE S,

W B 72 IR FEAHE A O T F L F —20 kI/mol D 7 FEFEE &
o TWh, a fEAIE, K5satH & IR O S o1 <2
A I E D EIERFEHINTETVWEY, &L
AR T I FETER SN TV KERE OO IR
WLTwaeEROLNL, FE REHLHLZLE LT,
C D a A BIE DRI BT, ORI, X
BORBARE 2,

FMIZ 1 kHz OFEFREEIZB 1S 5 Cole-Cole 7 1 v
NV B RDIEFINT A —F —% T LD,

To= T, — Cs (6) 6 — 112y BEORRANIBIT AREMME (A e)
D MXD6E® (x) (ST HZEMERT, ¥y BT
A =C, - Cy (7) X DEINIFECA e 3 LT E, M1 DiEXT
B K2, 66T TlEAFH AF L v H-(CH)4,
fg =1/ (2303 Cu) 8) MXD6TIZF F T AF L ¥ H-(CH) -2 4 L, 5 A
KT BHMOFEHELT ¥V E— (AH) BELUWLE /87 X —%
AH(y) AH(B) AH(a) WLF parameter AH(a )
Sample Abb. (kJ/mol) (kJ/mol) (kJ/mol) To (K) Cig Cag fo (kJ/mol)
61/6T 38.1 64.4 WLF 364 12.9 33.6 0.034 144.0
61/6T-MXD6 (30) 34.9 59.9 WLF 343 17.3 31.4 0.025
61/6T-MXD6 (50) 29.5 58.2 395.2
61/6T-MXD6 (70) 34.0 59.4 WLF 294 16.1 69.4 0.027
MXD6 30.5 59.2 WLF 244 19.2 114.6 0.023 138.7
£ 1 kHz OFFAIRE (T) 2B 250FESR (o). FEBERKFESR (o).
KEAIGRIE (A.) B XU Cole-Cole 534175 X —% ()
Sample Abb. v relaxation B relaxation a relaxation
T(K) € € A€ B TEK € €. A€ B TEK € €. A B
61/6T 1975 3.753 3.471 0.282 0.52 2975 4.306 3.960 0.346 052 419.0 59.95 7.40 52.55 0.58
6I/6T-MXD6 (30) 188.7 3.609 3.399 0210 0.50 277.5 4.121 3.764 0.357 0.53 405.8 73.25 6.20 67.05 0.45
6I/6T-MXD6 (50) 190.7 3.505 3.318 0.187 0.49 277.0 4.008 3.609 0.399 0.45
61/6T-MXD6 (70) 184.7 3.477 3.311 0.166 0.46 281.3 3.977 3.567 0.410 0.40 3824 4533 500 40.33 0.55
MXD6 176.4 3280 3.152 0.128 0.37 2839 3.812 3.362 0.450 0.40 374.3 6942 595 6347 0.69
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The Influenza Virus Persistent Infection System and
Live-Attenuated Vaccine

Yoshinobu KIMURA
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ABSTRACT

The establishment of influenza virus persistent infection in vitro is one possible route to cultivate a live-attenuated virus.

During the course of persistent infection the infected cells remain alive and virus genes replicate continuously, leading to the

inevitable emergence and accumulation of gene mutations, including point mutations and deletions. Virus recovered from cells

infected persistently displays frequently growth properties which are distinct from the parental virus, including slower growth

rate, decreased cytopathology, altered virus enzymatic activity and temperature-sensitivity. Among viruses derived from the

virus carrier culture, an avirulent temperature-sensitive mutant virus is unable to replicate in the lower respiratory tract of

animals, but still retains the ability to elicit protective virus-specific immune responses. Such a temperature-sensitive mutant

virus is a promising candidate for clinical use as a live-attenuated vaccine.

Keywords: Influenza virus persistent infection, Genome mutation, Avirulent mutant, Temperature-sensitive mutant, Live-

attenuated vaccine

INTRODUCTION

Modes of virus infection in the in vitro cell culture
system are classified into three major categories in
manners appropriate to their combination (Figure 1). The
first group is a cytocidal infection. The virus-infected cells

produce a large number of progeny virus and degenerate

(A) Cytocidal infection

[ ]
ALl
Progeny virus
ﬂ Death

Virus (B) Persistent infection

OC go 0 %o
Cell Survival Normal cell growth

% (C) Oncogenic infection

Transformation Pile-up

Figure 1. Schematic presentation of virus-cell interaction illustrating
three typical modes of virus infection. See details in the text.

due to induction of apoptosis. Most of virus infectious
diseases are caused through this type of cytolysis, such as
poliomyelitis and Japanese encephalitis. The second one is
classified as a persistent non-cytocidal infection on a single
cell level. All cells in the culture contain the virus genome
and produce virus progeny. It should be noted that the cells
show the morphology similar to that of normal non-
infected cells and further are able to divide and grow
without losing virus genome. Clinical virus infections with
hepatitis B virus and hepatitis C virus are typical of the
persistent infection in vivo. Hepatitis is merely followed by
the virus-specific immune reaction. The last one is an
oncogenic infection with tumor viruses. The virus-infected
cells become transformed by virus oncogene expression
and also by suppression of tumor suppressor gene
expression. Cancer cells multiply more quickly making
piling-up structure and are capable of growing even in soft
agar medium three-dimensionally. Human cervical cancer
caused by infection with human papilloma virus is a
pattern.

The present communication deals with the characterization
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of progeny viruses derived from cells infected persistently
and its clinical application, focusing on recent advance on

the influenza virus persistent infection system'”.

ESTABLISHMEMT OF PERSISTENT INFECTION
IN VITRO

Even cytocidal viruses like influenza virus are capable
of establishing a persistent infection in vitro*”. At first,
cultured cells are infected with the original wild-type
influenza A virus and incubated in maintenance medium.
Most of cells succumb, with very few cells surviving. The
surviving cells are successively cultured in freshly
prepared growth medium until cells grow to a confluent.
Thereafter, the cells are routinely subcultured like normal
cells. Cytopathic crisis of the cell culture is often evident
during the early cell passages with a large scaled
production of progeny virus. From the 40" cell passage,
virus-infected cells enter on a stationary stage, showing the
morphology, and cell growth rate similar to those of
normal uninfected cells. Although virus production
appears to be decreased, each cell population bears a full-
set of complete virus gene.

Several factors might be involved in controlling the
cytopathogenicity of virus. Influenza virus-induced death
of the cells occurs through apoptosis®™". Viral gene-coded
proteins, such as the neuraminidase, non-structural 1
protein and basic polymerase 1-F1 protein, are responsible

> In order to

for operation in induction of apoptosis
reduce the occurrence of apoptosis, it is essential to
suppress the expression of virus genome and the
production of virus proteins in infected cells. From this
point of view, defective interfering virus genome and
temperature-sensitive nature of virus play an important
role for establishment and maintenance of persistent
infection*”. Virally encoded antiapoptosis proteins that
inhibit virus-induced apoptosis might also be functioned
for it'"™'”. Furthermore, a cellular oncogene product of Bcl-
2 acts as a suppressor of apoptosis''”. Thus, overexpression
of these antiapoptotic proteins may facilitate establishment

of persistent infection.
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PATHOGENICITY OF THE PROGENY VIRUS
DERIVED FROM PERSISTENTLY VIRUS-
INFECTED CELLS

During the early cell passages of the 10" to the 20"
subculture, the virus carrier culture encounters severe
cytopathic effect with concomitant production of a high
titer of progeny virus, taking much longer time for
recovery. The virus released from the culture at this time
point holds characteristics similar to the parental wild-type
virus that is used for establishment of persistent infection.

Later than the 40" cell passage, endogenous virus
growth in the cells is greatly suppressed and no more cell
crisis becomes demonstrable. This stationary state of
infection is inferred to be controlled by generation of
defective interfering viruses and/or mutant viruses with
less cytocidal activity. Infectious progeny virus isolated
from the first step of the stationary virus carrier culture (at
the 43" subculture) exhibits impaired activity of the virus
neuraminidase molecule with two amino acid substitutions,
the molecule being considered to operate in induction of
apoptosis, and a more attenuated nature in cytopathology
when infected freshly prepared cultured cells, forming tiny
plaques (Figure 2B). The first-step mutant virus is able to
easily cause persistent infection and virus-infected cells
continue to produce a large number of progeny virus for a
longer period of time. However, no appreciable evidence
of temperature-sensitivity in the replication cycle is
detected. In contrast to the in vitro phenotype, the first-step
mutant virus proves highly virulent in mice (Figure 3B).
The delayed and faint appearance of apoptosis in virus-
infected respiratory cells makes it possible for the virus to
replicate for a longer period and to spread to a broader area
of the lungs. Abundant numbers of the virus-infected lung
cells are killed within a short period by the subsequently
induced virus-specific

immune responses, leading to

unrecoverable serious pneumonia. In addition, it is
conceivable as another pathological factor that prolonged
and abundant virus loading in the lungs causes infiltration
of inflammatory cells and production of inflammatory
cytokines. These findings on the first-step mutant virus are
a warning against the idea that the virus strain defective in

induction of apoptosis in vitro is generally avirulent for
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(A) Original wild-type virus
[

=

Cytocidal infection

(B) First-step mutant virus
O

(C) Second-step ts-mutant virus O

O

(No virus production)

Non-cytocidal infection

at32°C

at 38 °C

Non-cytocidal infection

Figure 2. Cytopathic effects on cultured cells of the mutant viruses
derived from cells infected persistently with influenza A
virus at the different cell passage. The parental wild-type
virus (@). The first-step mutant virus (O) and the second-
step temperature-sensitive  (ts)-mutant () are
isolated from the 43" and the 189" cell passage of the virus

virus

carrier culture, respectively. It should be noted that the
second-step ts-mutant virus is unable to replicate at higher
incubation temperatures, 38C.

animals.

The second-step temperature-sensitive (ts) mutant virus
can be possibly recovered from the virus carrier cell
culture at the later stage of cell passages (the 189" passage).
The second-step ts-mutant bears additional point mutations
in the virus matrix gene with two amino acid changes that
are responsible for the inability to replicate at higher
incubation temperature, 38 C (Figure 2C). At the
permissive temperature of 32°C, the ts-mutant grows well
and still preserves attenuated cytotoxicity in vitro. The
virus matrix 1 protein is an essential component of a virion

and participates in virus replication™*”

. The interrupted
nuclear import of the matrix 1 protein at non-permissive
temperatures is the reason for the impaired nuclear export
of the virus ribonuclear protein, resulting in an inhibition
of ts-mutnat virus replication at 38 ‘C. When mice are
inoculated intranasally with the ts-mutant virus, virus
growth in the lungs is restrained and terminates rapidly in a
sub-clinical course (Figure 3C). This is because the ts-

mutant virus is unable to replicate in the lower respiratory

tract where the temperature is much higher than is
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(A) Original wild-type virus

o TP

Lethal infection

Bronchoalveolitis

(B) First-step mutant virus

T o T

Lethal infection Bronchoalveolitis
(C) Second-step ts-mutant virus
O
Non-symptomatic No lesion

infection

Figure 3. Virulence of the mutant viruses for animals. Noticeably the
second-step temperature-sensitive (ts)-mutant virus causes
no pathologic with high body
temperatures. @, the parental wild-type virus; O, the first
step mutant virus; [, the second step (ts)-mutant virus.

lesion in animals

favorable for its growth.

Replication of carried virus in persistently virus-infected
cells corresponds to the state of acute infection with virus
that has been grown continually by undiluted inoculum

condition at a high-input multiplicity of infection®

. During
the course of persistent infection, various events of virus
gene mutations, including point mutation and deletion
mutation, inevitably emerge and accumulate, since the
infected cells remain alive and virus genes continuously
replicate in the cells. In particular, the presence of
interfering genomes exerts a definite influence on virus
replication in cells, involving the defective interfering

RNA system™, short interfering RNA system™ and

mutated preextinction RNA system™.

APPLICATION OF THE TEMPERATURE-
SENSITIVE MUTANT VIRUS AS A LIVE-
ATTENUATED VACCINE

The second-step ts-mutant virus acquires genetically
attenuated characteristics with growth restriction at higher
temperatures in animals. Furthermore, it retains the ability
to induce virus-specific humoral and cellular immune
responses. In mice inoculated intranasally with the ts-
mutant virus, virus-specific IgG2a and IgG1 antibodies are
well produced. The virus-specific cytotoxic T lymphocyte
activity of the spleen cells is also substantially enhanced.

Intranasal vaccination with only a small dose of the

avirulent ts-mutant virus protects mice against subsequent
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Wild-type virus

Vaccination challenge infection Protection
@A)
mock °
AR W
Lethal pneumonia
B) ts-mutant virus
U °
Yy, = )= b

No symptom

Figure 4. Prophylaxis induced by the second-step temperature-
sensitive (ts)-mutant virus vaccine. [, the second step (ts)-
mutant virus; @, the parental wild-type virus.

virulent virus challenge (Figure 4). Even after the lethal
challenge, vaccinated mice shows neither histopathological
lesions nor virus-specific antigens in the lungs including
the bronchus, bronchial and alveolar areas. Thus, virus-
specific antibodies as well as cytotoxic T lymphocyte
activity play a major role in the protective efficacy of the

attenuated ts-mutant virus.
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Abstract

Prior to the fertilization in Ciona intestinalis, the sperm mitochondrion translocates through the tail and is released.
Mitochondrial shape change occurs by means of fine filaments (about 7 nm in diameter) and tubular structures (about 20 nm
in diameter), in the mitochondrial matrix just inside of the inner mitochondrial membrane. Each tubular structure consists of
5-6 fine filaments.

Electron-dense structures are observed in a fairly regular pattern along the axoneme in the tail. They may be motor proteins
that are responsible for mitochondrial translocation.

During sperm-egg interaction, the mitochondrial region makes contact with the follicle cells followed by its translocation
down the tail which might, in turn, generate the driving force allowing the head to pass through the chorion (vitelline coat).
The sperm mitochondrion is discarded outside of the egg prior to gamete fusion. This might be one reason why ascidian sperm
have a relatively large single mitochondrion lateral to the nucleus; this adaptive change would make it easier to contact or to

be trapped by the follicle cells.
Key words: Urochordata, Ascidiacea, Fertilization, Spermatozoa, Mitochondrial Translocation.

aspersa®'®. In the perivitelline space between the chorion

Introduction
(vitelline coat) and the egg surface, test cells are locate. It
The subphylum Tunicata (Urochordata), located in the has been proposed that the test cells make the larval tunic
base of the evolutional lineage of the chordates, consists of hydrophilic during development'’. However, any role of
three classes: Ascidiacea, Appendicularia and Thaliacea. the test cells in fertilization is enigmatic.
Both Appendiculalians and Thaliaceans are exclusively The characteristics of ascidian spermatozoa are their
pelagic, while Ascidians are benthic. The ascidian egg is elongated head, greatly reduced acrosome and a single
enclosed by a relatively thick and tough chorion (vitelline mitochondrion laterally applied to the head™'”. Fertilization
coat) composed of a thick network of interwoven is the result of series of well-choreographed interactions
microfibrils, to which spermatozoa bind as a prerequisite between sperm and egg. In C. intestinalis, it has been
for fertilization” and which might participate in self and confirmed that the sperm-activating and attracting factor
non-self recognition in Halocynthia roretzi*. The chorion (SAAF) is released from the vegetal pole region of the egg,
(vitelline coat) is decorated externally by a single layer of not from follicle cells, chorion (vitelline coat) and test
highly vacuolated follicle cells. The follicle cells are cells. The factor, determined as a sort of disulfated steroid,
thought to be involved in sperm attraction in Ciona has a dual function of sperm activation and attraction'™"".
intestinalis™, in egg flotation in Corella willmeriana®, in One of the unique events in ascidian fertilization
sperm penetration through the chorion (vitelline coat) in involves the translocation of the sperm mitochondrion
Halocynthia roretzi® and in Ciona intestinalis” and in through the tail and its dehiscence from the sperm outside
block to the interspecific fertilization in Ascidiella the chorion (vitelline coat) during the process of

?Professor Emeritus, Graduate School of Natural Sciences,
Nagoya City University, Mizuho-ku, Nagoya 467-5801, Japan
e-mail . fukumoto@nsc.nagoya-cu.ac.jp 101
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fertilization*". This process can be induced experimen-
tally™. In this paper, I describe morphological observations
on sperm mitochondrial translocation (paternal mitochon
drial translocation) along the sperm axoneme in C.
intestinalis and propose a possible explanation for the role

of this process in ascidian fertilization.
Materials and Methods

Ciona intestinalis were collected on the coast near the
Port of Nagoya, Aichi Pref. Japan.

For TEM observations, the sperm were suspended in the
Ca ionophore A 23187 (Calbiochem Corp.,Lot 901359) in
seawater (2 m/ml) for 5 min. The sperm were then fixed
in 3% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4)
for 30 min at room temperature and pelletted via cen-
trifugation. These specimens were prepared for electron
microscopy according to a method described by Fukumoto™.
Electron micrographs were taken on a Hitachi H-7100
electron microscope operated at 75 kV.

For SEM observations, a drop of Ca ionophore-activated
sperm suspension was added to a cover slips. After 5 min,
excessive seawater was sucked off with blotting paper. The
cover slips were fixed in OsO, seawater, dehydrated in an
ethanol series and transferred to isoamylacetate. They were
then dried using a critical point drier (HCP-2, Hitachi) and
coated with gold. SEM micrographs were taken on a JSM-
T 100 JEOL) scanning electron microscope operated at 25
kV.

Results

A spermatozoon of Ciona intestinalis has the typical
characteristics of ascidian sperm; an elongated nucleus, a
single mitochondrion applied laterally to the nucleus and it
lacks a mid piece (Fig. 1, A and B). A small acrosome is
located at the anteriormost region of the head (Fig. 1, B
arrow). Mitochondrial translocation begins with the
rounding up of the mitochondrion (Fig. 1, C and D).
Transverse section through the head at the level of the
mitochondrion in the sperm corresponding to Fig. 1 B
reveals that fine filaments are present just inside of the
inner mitochondrial membrane (Fig.1, E in square).
Furthermore, tubular structures are observed in a fairly

regular arrangement at the peripheral region just inside of
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the inner mitochondrial membrane (Fig. 1, E white
arrows). Higher magnification reveals that the tubular
structure consists of several fine filaments (Fig. 1, F
arrows). The mitochondrion translocates along the tail
axoneme (Fig. 2, A). During this process, a bundle of fine
filaments is observed just inside the inner mitochondrial
membrane (Fig. 2, B,C and D). Several subunits make up
each tubular structure (Fig. 2, D arrows). The mitochon-
drion slides down the sperm tail (Fig. 3, A) and is shed
(Fig. 3, B). During mitochondrial translocation along the
axoneme, regularly arranged electron-dense structures are
observed between the axoneme and the sliding mitochon-
drion (Fig. 3, C and D arrows). The average distance
between the electron-dense structure is 100 nm. Glycogen

granules(g) are present around the mitochondrion (Fig. 3, D).
Discussion

Sperm mitochondrial translocation (paternal mitochon-
drial translocation) can be induced by low Na" or high pH
9.5 seawater and by isolated chorion (vitelline coat) in
Ascidia ceratodes™”. The Calcium ionophore A 23187
also induces mitochondrial translocation in Ciona
intestinalis. Lambert and Epel™ designated these distinctive
sperm morphologies; fusiform, knob, migratory and
amitochondrial. In the fusiform and migratory mitochondria,
fine filaments are observed (Fig.1, E, F and Fig.2, B, C).
These filaments run antero-posteriorly (Fig.2, B). They are
7 nm in diameter which suggests that they may be actin
filament. In this context, it is worth mentioning that actin
has been detected in the sperm mitochondrion of Ascidia

25)

ceratodes™. Mitochondrial shape change may be caused by
the actin filaments in the mitochondrion (Fig.2, B).

Tubular structures are observed in the mitochondria just
inside of the mitochondrial inner membrane in fairly
regular pattern (Fig. 1, E and Fig. 2, C). In Ciona intestinalis,
I have reported similar tubular structures in the sperm
mitochondrion®?”. High magnification reveals that these
tubular structures consist of circular arrangement of
several fine filaments which might run parallel to each
other (Fig.1, F arrows and Fig. 2, D arrows).

The filamentous structures in the sperm mitochondria
in Perophora formosana™, P.

have been reported

annectens™, and Diplosoma listerianum™. In P. formosana,
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D

Figure 1. A, SEM image of Ciona intestinalis sperm. A single fusiform mitochondrion (m) is applied laterally to the nucleus(n). Bar: 1 . m (This

is also applicable to C). B, Sagittal section through the sperm head. A small acrosome (arrow) is observed at the anterior region of the

head. A single ovoid mitochondrion (m) is applied laterally to the nucleus (n). Bar: 1 x m (This is also applicable to D). C, SEM image

of a sperm head where the mitochondrion is rounding up. D, Sagittal section through the head. (a),acrosome ; (m) mitochondrion ;(n)

nucleus. E, Transeverse section through the head. Fine filaments and tubular structures (arrows) are observed just inside of the

mitochondrial inner membrane. Tubular structures locate in fairly regular pattern just inside of the mitochondrial inner membrane (white

arrows). Bar: 1 g m. F, Enlargement of the square in E. Tubular structure consists of 5 to 6 fine filaments (arrows). The filaments are

approximately 7 nm in diameter. Bar: 100 nm.

filamentous structures (approximately 10 nm in diameter)
are observed exclusively in the mitochondrial matrix. They
are arranged parallel to one another along the long axis of
the mitochondrion. During spermiogenesis, they appear in
the mitochondrial matrix just inside and along the inner
mitochondrial membrane of spermatids as the mitochondrion
begins to elongate into the lateral body. Similar structures
have been also recognized in mitochondria in some other
compound ascidians:

Clavelina picta, C. huntsmani,

Distaplia  occidentalis and  Aplidium  californicum
(Fukumoto, unpublished). These structures are thought to
be necessary for mitochondrial elongation.

The regular pattern of electron-dense structures along
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the axoneme may play an important role in mitochondrial
translocation (Fig.3, C, D). These structures presumably
correspond to the same as the electron-dense structures
reported in Ascidia ceratodes by Koch and Lambert™.
These structures (Fig. 3, A, B) might be motor proteins
which transport mitochondrion along the length of the
tail’*”. Mitochondrial translocation in Ascidia ceratodes is
inhibited by cytochalasin B and the calmodulin inhibitors
trifluoperadine (TFP) and N-4 aminobutyl 5-chloro-2-
naphthalene-sulfonamide (W-13) suggesting that the
process is powered by actin-myosin interactions which are
modulated by calmodulin®.

It has been proposed that the sperm stick to the chorion
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Figure 2. A, Mitochondrial translocation through the connecting region between the nucleus and the tail axoneme. Bar: 1 x m. B, Mitochondrial

2009

elongation. Fine filaments(f) are observed running antero-posteriorly just inside of the mitochondrial inner membrane. (g) glycogen

granule, (m) mitochondrion, (n) nucleus. Bar: 0.5 x m (This is applicable to C). C, Cross section through the translocating mitochondrion

(m). Fine filaments and tubular structures are observed (arrows). D, Enlargement of the square in C. The fine filaments are approximately

7 nm in diameter. The tubular structure consists of 5-6 fibers (arrows).

(vitelline coat) by their tips of the head, thereafter the
attachment region to the chorion (vitelline coat) shifts to
the membrane overlying the mitochondrion that would
result in the sperm head and tail being transported across
the perivitelline space as mitochondrial translocation
progresses

on the chorion (vitelline coat) during

25.35) t22)

fertilization”””. However, Lambert™ observed sperm-egg
interactions mainly on defolliculated eggs with a light
microscope. Under natural conditions, however, eggs are
spawned enclosed with intact follicle cells.

Based on EM observations, I have never seen that sperm
mitochondria make contact with the chorion (vitelline

coat) but they do make contact with follicle cells (Fig.6 in
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Fukumoto® ; Fig.1, E,G and Fig.2, A in Fukumoto and
Numakunai®). Removal of the follicle cells dramatically
inhibits the rate of fertilization in Ascidia nigra® and in
Ciona intestinalis”. They are necessary for the sperm
penetration through the chorion in Halocynthia roretzi*’. In
H. roretzi, defolliculated eggs could not be fertilized, even
though the sperm were pretreated by follicle cells.
However, if the defolliculated eggs had follicle cells added
back to them, they recovered the capacity to be fertilized*.
This strongly suggests that physical contact of sperm with
follicle cells is indispensable for fertilization in H.roretzi* .
The thickness of the chorion is about 200 nm in Ciona

intestinalis (Fig.2 and Fig. 3 in Fukumoto™) and is about
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Figure 3. A, An SEM image of sperm with a translocating mitochondrion moving through the tail. m, mitochondrion n, nucleus;. Bar:

1 pm. B, Cross section through a shed mitochondrion. Bar: 0.5 xm. C, Longitudinal section through the translocating

mitochondrion(m). Bar: 1 g m. D, Enlargement of the square in C. Note the regularly arranged electron-dense structures

(arrows) on the axoneme adjacent to the translocating mitochondrion. g,glycogen granules; m, mitochondrion; mi,

mitochondrial inner membrane; mo, mitochondrial outer membrane. Bar: 100 nm.

2 pm in Halocynthia roretzi (Fig.2, A,B in Fukumoto and
Numakunai®). The chorion (vitelline coat) of H. roretzi
consist of many layers of interwoven fibers (Fig.1, E and
Fig.2, B in Fukumoto and Numakunai”). The thick chorion
(vitelline coat) in H. roretzi makes it necessary for the
sperm to make perpendicular contact with the chorion

(vitelline coat). In the H. roretzi, I have often observed that
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spermatozoa lie horizontally in the chorion (vitelline coat)
where follicle cells are absent (Fukumoto, unpublished).
Ascidian sperm approach the egg through the cleft between
follicle cells and make contact with the chorion (vitelline
coat) at their tips. During this process, the sperm
mitochondrial region makes contact with the follicle cells.
translocation the tail

Sperm  mitochondrial through
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provides the driving force for the sperm passing through
the chorion (vitelline coat). This supposition is reasonable
because the chorion lysins may be intercalated, in a non-
diffusible state, into the plasma membrane enclosing the
apical region of the sperm head™ *. I have observed that
sperm have passed through the chorion (vitelline coat)
perpendicularly leaving a hole with sharp boundary in
Halocynthia roretzi (Fig.2, A,B and C in Fukumoto and
Numakunai”). Actually, a cell surfacebound chymotrypsin-
like enzyme has been detected in Ascidia ceratodes,

Ascidia callosa and Ascidia paratoropa™ .

This supposition
explains why defolliculation of ascidian egg lowers the
percentage of fertilization in Ascidia nigra™, in Ciona

intestinalis” and completely blocks fertilization in
Halocynthia roretzi®.

In other animal species, sperm mitochondria (paternal
mitochondria) enter the egg at fertilization. These paternal
mitochondria are digested by lysosomes in the egg
cytoplasm after fertilization'”. In ascidians, the sperm
mitochondrion (paternal mitochondrion) is trapped by
follicle cells and discarded outside of the chorion (vitelline
coat), prior to the gamete fusion. This might be one reason
why ascidian sperm have a relatively large single
mitochondrion lateral to the nucleus; this adaptive change
would make it easier to contact or to be trapped by the
follicle cells.

Ascidian fertilization can be summarized as follows:

Ascidian spermatozoa have a greatly reduced acrosome
and the chorion (vitelline coat) lysins are intercalated into
the plasma membrane enclosing the anterior region of

sperm headl****",

Ascidian sperm approach the egg
through the cleft between follicle cells and make contact
with the chorion (vitelline coat) at their tips. During this
process, the sperm mitochondrial region makes contact
with the follicle cells. Sperm mitochondrial translocation
through the tail in contact with the follicle cells, in turn,
provides the driving force for the sperm passing through
the chorion (vitelline coat). After passage through the
chorion (vitelline coat), the acrosome reaction occurs via
vesiculation in the perivitelline space between the chorion

(vitelline coat) and egg surface™

. Vesiculation takes place
through membrane fusion between acrosomal outer

membrane and the plasma membrane overlying the
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Tail Discarded

Mitochondrion

Folhcle Cell ‘

Chorion (Vitelline Coat)

chondrion

Nucleus

O

N
Acrosome
Acrosome Reaction O

Perivitelline Space

(5)

Apical Process——

Membrane Fu{mn

Egg

Figure 4. The egg is enclosed by a chorion (vitelline coat). A single
layer of highly vacuolated follicle cells adheres to the
outside of the chorion (vitelline coat). Test cells are
located in the perivitelline space between the chorion
(vitelline coat) and the egg. (1) The spermatozoon binds to
the surface of the chorion (vitelline coat) by the anterior
tip of its head. The sperm mitochondrion becomes knob-
shaped which makes its attachment to the follicle cells
easier. (2) The sperm mitochondrion translocates along the
tail axoneme which generates the driving force (arrow)
that allows the sperm head to pass through the chorion
(vitelline coat). (3) The acrosome reaction occurs by

(4) The

apical processes protrude only from the apex of the

means of vesiculation in the perivitelline space.

acrosome-reacted sperm. (5) Gamete fusion takes place

between some of the apical processes and egg plasma
membrane, resulting in the incorporation of the sperm into

the egg from the anterior tip of its head.

acrosome along the peripheral margin of the acrosome,
which results in the formation of a vesicle”™. After the
acrosome reaction, apical processes protrude at the
peripheral margin of the sperm apex, by which membrane
fusion between sperm and egg occurs™’*", These steps are

summarized and illustrated in Figure 4.
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ABSTRACT

Special suits have been designed to simulate physical functions of the elderly. However, it has been suggested that these

suits do not simulate the postural instability that is actually observed in elderly subjects. We consider that postural instability

in the elderly is principally caused by anomalous signals in vestibules. In this study, we verify this hypothesis by using

galvanic vestibular stimulation that can mask regular signals until they reach vestibular nuclei. We simulate the deterioration

in the equilibrium function with advancing age to a certain extent. We also show that postural instability in the elderly may be

improved by the presence of visual information.

I. INTRODUCTION

In humans, the standing posture is maintained by the

body’s balance function, which is an involuntary

physiological adjustment mechanism"”. Aging causes
deterioration in visual, auditory, and vestibular functions
and in proprioceptive inputs from the skin, muscles, and
joints*”. The information received by these sensory
receptors reduces with advancing age. There is ample
evidence of deterioration in many sensorimotor systems
responsible for postural control, even in elderly people
without any obvious signs of disease”. Postural sway in
static and dynamic posturography is correlated with age
and functional parameters of balance™, and there is an
increased heterogeneity of postural control abilities in
healthy adults”.

The risk of falling increases with increasing age, and
falls in the elderly are an important health problem. The
frequencies of dizziness and balance problems increase

with advancing age, and therefore, they are the most

common complaints in patients older than 75 years®.

Dizziness and postural imbalance in the elderly are
frequently caused by vestibular, other sensory, or central
nervous system disorders. In a retrospective study of more
than 1000 cases of patients aged 70 years or older who
visited a dizziness clinic, 40% had benign paroxysmal
positioning vertigo, which was followed by other
vestibular or neurological disorders such as Meniere’s
disease, vestibular neuritis, cerebral vascular episodes, and
tumors”. Sensory vestibular hair cells and central
vestibular neurons are differentiated cells that undergo
continuing attrition from birth to old age, senescence that
varies anatomically by region'”. Quantitative vestibular
testing in humans has also shown alterations with age;
however, a decline with aging is not a prominent feature of
all parameters”.

Special suits have been designed to simulate physical
functions of the elderly(Fig.1). They comprise glasses with
narrow visual fields to simulate poor eyesight, earplugs
that reduce hearing ability, and weight loads that reduce
movement ability. However, it has been suggested that

these suits do not simulate postural instability that is

JLAESE ¢ Hiroki Takada takada@u-gifu-ms.ac.jp

109



Iz B EERE R LR 35 2009

Fig. 1. Special suit for simulating physical functions of the elderly.

actually observed in elderly subjects (Fig.2). We consider
that postural instability in the elderly is caused mostly by
anomalous signals in vestibules. As mentioned above, this
hypothesis appears to be consistent with published data on
ocular and postural responses in the elderly. In this study,
we verify this hypothesis by using galvanic vestibular
stimulation (GVS) that can mask regular signals until they

reach vestibular nuclei.

(a)

v [em]

14

(b)

v [em]

14

Fig. 2. Typical stabilograms’ recorded when (a) subject’s eyes were
closed and (b) subject wore the special suit.
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The term ‘galvanic’ refers to electric current. Luigi
Galvani (1737-1798), an Italian physiologist, observed that
the leg muscles of a frog contracted when stimulated with
an electric current produced by dissimilar metals'.
Although Allessandro Volta (1745-1827), an Italian
physicist, disputed Galvani’s experimental results and
hypothesis on the origin of ‘animal electricity’, Volta
became the first person to report dizziness when he applied
electric current across his own head using a voltaic pile.
The technique remains unchanged; however, in recent
decades, GVS has become increasingly popular as a
research, and occasionally, clinical tool. The origin of
GVS-evoked reflex, which would aid the understanding of
the aetiology of the human response to GVS, has not been
explicated thus far.

According to previous researches on the brain, the entire
labyrinth with the semicircular canals and otoliths is
affected by GVS™'?. Functional magnetic resonance
imaging (f-MRI) during the GVS shows three different
sensory systems—vestibular,

auditory, and nociceptive

14)

systems'’—that are activated in the insula-thalamic region.

GVS has been widely used as a tool for eliciting the

vestibular perception of roll motion'*'.

Providing a
vestibular motion stimulus through GVS may reduce the
conflict between the perceptions of static (vestibular) and
dynamic (visual) stimulations, resulting in reductions in
the simulator adaptation syndrome (SAS), which includes
one or more of the following symptoms: nausea,
disorientation, dizziness, headache, and/or difficulty in
focussing'”. SAS is particularly prevalent in studies that
involve static in fixed-base simulators, which are often
selected because they are less expensive than dynamic
(moving-base) simulators. One theory is that SAS occurs
due to a conflict between the perception of a static
situation from the vestibular system'™ and the visual
perception of self-motion, induced by a virtual environment
(VE). Jones et al. (2007) evaluated the effects of GVS on
simulator sickness scores measured by the simulator

19)

sickness questionnaire (SSQ)” and observed reductions in

SSQ scores due to the application of GVS while gradual

20)

curves. The use of GVS during simulated driving may

create a highly realistic experience to support the

contention that the application of GVS during simulations
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in a VE reduces SAS. Further, noisy GVS has been used to
improve motor and autonomic responsiveness and is
effective for ameliorating the symptoms in patients with
multiple system atrophy or Parkinson’s disease. This
technique is based on the nonlinear phenomenon of
stochastic resonance in which the detection of small
afferent signals can be enhanced by the addition of an

Y Furthermore, this mechanism

appropriate amount of noise
would facilitate behavioural, perceptive, and autonomic
responses in animals and humans, for instance, information
transfer in crayfish mechanoreceptors™, tactile sensation in

23)

rats™’, availability of electrosensory information for prey

capture™, human hearing™, vibrotactile sensitivity in the

¥ gpatial vision of amblyopes™, and impaired

elderly
neural transmission associated with neural disease. The
addition of external noise to baroreceptor signalling could
improve blunted autonomic efferent responses to a postural
change in patients with primary autonomic failure (Shy-
Drager syndrome)™.

GVS at a small stimulus current (0.25-2 mA) can result
in prolonged galvanic body sway” and transient
electromyographic response in the leg muscles of a
standing human™ *". The onset of GVS-evoked body sway
is rapid and appears to be almost complete within 1 or 2 s
of stimulus onset. The sway is in the direction of the anode

and affects all body segments™.

This mechanism is
explained as follows: GVS suppresses the firing rate in the
output of afferent nerves from the vestibular apparatus on

33)

the anode side™, and the subject has an illusion that the

human body moves in the direction of the cathode™.
Stabilometry is employed to evaluate the abovementioned
equilibrium function both qualitatively and quantitatively.
The projection of a subject’s centre of gravity onto a
detection stand is measured as an average of the centre of
pressure (COP) of both feet. The COP is traced for each
time step, and the time series of the projections is traced on
the xy plane. By connecting the points in the temporal
vicinity, a stabilogram is formed, as shown in Fig.2.
Several parameters such as the area of sway (S) and total
locus length (L) have been proposed to quantify instability
in the standing posture, and these parameters are widely
used in clinical studies. However, by measuring the

stabilogram patterns, it is difficult to clinically diagnose
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balance function disorders and identify the reduction in the
equilibrium function using the abovementioned parameters.
Large interindividual differences might cause difficulty in
understanding the results in multiple comparisons.
Mathematically, the sway in the COP is described by a
stochastic process™””. We examine the adequacy of using a
stochastic differential equation (SDE) and investigate the
most suitable SDE for our research. In the SDE as a
mathematical model of sway, the distribution G(x) of the
observed points x has the following correspondence with

the temporal averaged potential function V(x).
V(x) = —In G(x)/2 + const.

The value of V(x) can be obtained from a stabilogram
and must be approximated to a fourth-degree polynomial™.
The potential curved surface has multiple minimal points.
In the neighbourhood of these points, the SDE shows a
stable local movement with a high-frequency component
(fine variations in posture control), and therefore, we can
expect a high density of observed points (COPs) in this
neighbourhood on the stabilogram. Sparse density (SPD)
depends on the dispersion of COPs as well as L/S, which is
regarded as a gauge to evaluate the function of the
proprioceptive control of standing in human beings. The
SPD (see Appendix) is used as an index to evaluate the
postural instability in stabilometry™.

The nonlinear property of SDEs is important. They are
affected by electric current during periodic GVS. It is
considered that a periodic function s(t) is added to the SDE
as a forcing term, and the form of the potential function

40)

V(x) changes™. The effective potential is expressed as

Ver(X) = V(X) + s(H)x,

where x is a space variable in the lateral direction, that is,
the direction of the GVS-evoked body sway. Using the
SPD in the analysis of stabilograms, we investigate the
metamorphosis of the potential function V(x) in this study.
By comparing the stabilograms, we study the effects of

aging and GVS on the sway of the COP.
II. MATERIALS AND METHODS

Thirty-two healthy subjects voluntarily participated in

the study; all of them were Japanese and lived in Nagoya
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and its environs. They were divided into two groups: a
group of young people aged less than 22 years (20 *+ 1

year) and a group of elderly people aged more than 65
+

years (70 4 years). Each group included the same
number of subjects (Table.1). The following were the
exclusion criteria for subjects: subjects working in a night
shift, subjects with dependence on alcohol, subjects who
consumed alcohol and caffeine-containing beverages after
waking up and meals within two hours, subjects who may
have had any otorhinolaryngologic or neurological disease
in the past, except for conductive hearing impairment,

which is commonly found in the elderly. The subjects were

not prescribed drugs for any disease by doctors.

Table 1 Number of subjects

Age Number Male Female
Young subjects|19-20 8 4 4
21-22 8 6 2
65-66 3 2 1
Elderly subject467-68 3 3 0
S‘69+ 10 9 1

In the subsequent stabilometric analysis, we recorded
the COP at rest and during GVS. We ensured that the body
sway was not affected by environmental conditions; using
an air conditioner, we adjusted the temperature to 25C in
the exercise room, which was large, quiet, and bright. All
subjects were tested from 10 am to 5 pm in the room of
Nagoya University; they were positioned facing a wall on
which a visual target was placed; the distance between the
wall and subjects was 2 m.

The local ethics committee of the Nagoya University
School of Health Science approved this study (approval
number 7-129), and the subjects gave their informed

consent prior to participation.

A. Stabilometry

Before the sway was recorded, the subjects stood still
for 1 min in the Romberg posture with their feet together
on the detection stand of a stabilometer (G5500, Anima
Co., Ltd.). The COP sway was recorded (sampling
frequency: 20 Hz) when the subjects stood with their eyes

open (1 min) and looked at a visual target placed at a

distance of 3 m or when their eyes were closed (subsequent
1 min). The stabilograms were simultaneously recorded

using the stabilometer.

B. GVS

Every second, rectangular current impulses were output
from an electronic stimulator (SEN-3301, Nihon Kohden
Co., Ltd.). The duration of the current was set to 0.5 s
(Fig.3a). A small electric current (0.6-2.0 mA) was
percutaneously applied to both sides of the mastoid
processes through Ag/AgCl electrodes of an isolator (SS-
104J, Nihon Kohden Co., Ltd.) (Fig.3b). We set the
amplitude of the electric current to the maximum value
obtained in the following anti-GVS test; this value varied

among subjects.

C. Anti-GVS test
The initial current was set to 0.6 mA. The current was
increased by 0.2 mA every 20 s. Conversely, after the

stimulus current became 2.0 mA, it was decreased by 0.2

(a)

g b, 05sec , 05sec |
g1 i : i
=
=
(@]
2
&
2
m
0 Time [s]
V¥ Cathode
Fig. 3. Bilateral monopolar GVS. (a) Rectangular current impulses

and (b) two electrodes connected to two mastoid processes
(cathode: left; anode: right).
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mA every 20 s. We performed the anti-GVS test with the
proviso that the test would be stopped whenever the
subject would request for it, when the systolic blood
pressure (SBP) would decrease to 90 mm of Hg or less, or
we when would observe a sudden drop in the SBP; the
difference between the sudden drop and the stationary

blood pressure was larger than 40 mm of Hg*".

D. Statistics

We analyzed the following indices from the stabilograms:
the area of sway (S), total locus length (L), total magnitude
of acceleration (A), A/L, SPD Sk (k = 2, 3), and total locus
length in the chain (LC)™ in order to measure the postural
instability caused by the effects of factors of aging and
GVS. With regard to these factors, we tested two
arrangements having two levels. The abovementioned six
indices were calculated from a stabilogram observed when

the subjects’ eyes were open or closed. We then carried out
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Fig. 4. Typical recorded stabilograms of a young subject (20-year-
old male) whose eyes were closed. The stabilogram was
observed (a) atrestand (b) during the GVS.

a two-way analysis of variance (ANOVA) with repeated
measures for each index and visual condition (presence or
absence of visual information). The number of repetitions
was set to 16 (number of subjects). We examined the null
hypothesis such that there was no interaction between the
two factors and no difference between the population
means at various levels. Further, multiple comparisons
were performed by Tukey’s method. In both these
statistical tests, a value of p < 0.05 was considered to be

significant.
III. RESULTS

Figures 4 and 5 show typical stabilograms recorded
when each subject’s eyes were closed. Figures 4b and 5b
show the results during the GVS. In these figures, the
vertical axis shows the anterior and posterior movements
of the COP, and the horizontal axis shows the right and left

movements of the COP. The amplitudes of the sway that
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Fig. 5. Typical recorded stabilograms of an elderly subject (68-year-
old male) whose eyes were closed. The stabilogram was
observed (a) atrestand (b) during the GVS.
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was observed in the elderly subjects (Fig.5) tended to be
larger than those of the sway that was observed in the
young subjects (Fig.4). Furthermore, the lateral movement
of the COP was often observed during the GVS shown in
Figs.4b and 5b.

As mentioned earlier, we carried out a two-way ANOVA
with repeated measures to analyze the indices from
stabilograms recorded when the subjects stood with their
eyes closed. No interaction between the factors (aging/
presence or absence of GVS) could be detected in the
statistical analyses. All indices except S and SPD were
affected by the aging factor. Further, postural instability
was found to increase significantly with age, irrespective
of the visual conditions. The parameters L, A, SPD, and
LC also increased during GVS regardless of the visual
conditions (p < 0.05). GVS tended to cause an increase in
the A/L observed when the subjects’ eyes were open.
Furthermore, we performed multiple comparisons among
the following groups: a) group of young subjects at rest, b)
group of elderly subjects at rest, c) group of young subjects

with a GVS load, and d) group of elderly subjects with a

(a) | o 1 ® Young

400 R
350 = Elderly

300
5250
S900
=150

100

50
0

Rest GVS

(b)

1600
1400
1200
1000
800
600
400
200

A [em/s?]

Rest GVS

GVS load. There was no difference between the results of

groups b) and ¢) (Fig.6).
IV. DISCUSSION

It has been pointed out that posture tends to be
maintained for the duration of the stimulus, and reversed
sway is often observed when the stimulus is removed™.
Lateral oscillations shown in Figs.4b and 5b were therefore
observed during GVS. The two-way ANOVA of SPD with
repeated measures showed that GVS had a significant main
effect on SPD. We considered that the metamorphosis of
the potential function V(x) was caused by GVS, and the
mathematical model was suitable for the stochastic
resonance in the SDEs. It was reported that the stochastic
resonance in the heart rate variability was caused by
GVS¥.

SPD is known to be an indicator of deterioration in the
vestibular cerebellum®. There was no significant effect of
the aging factor on SPD (Fig.6c). Postural instability might
be caused by the deterioration of pathways in some

vestibular nuclei except those of the vestibular cerebellum.

(c)

2

Rest GVS

12
10

LC [em]

O Nk O ®

Rest GVS

Fig. 6 Results of multiple comparisons among all the groups; there was no difference between the results of groups b) and c)
with respect to (a) total locus length L, (b) acceleration A, (¢) SPD S., (d) and LC.
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The two-way ANOVA with repeated measures for all
indices except S and SPD showed that GVS and aging had
significant effects on the indices. No effect of GVS and
aging on S could be detected in this study. Further, there
was no difference among the SPDs of all the
abovementioned groups a)-d). Moreover, there was no
difference between the obtained results of groups b) and c)
by the multiple comparison performed by Tukey’s method
(Fig.6). Using the GVS, we could simulate the
deterioration in the equilibrium function with advancing
age to a certain extent. Therefore, we can conclude that
postural instability in the elderly is caused mainly by
anomalous signals in vestibules, although there is ample
evidence of deterioration in many sensorimotor systems
underlying postural control, even in elderly populations

*) There is an increased

without obvious signs of disease
heterogeneity of postural control ability in healthy older
adults®™.

On the other hand, it has been repeatedly shown that the
sensorial weight of vision for postural control increases

with increasing age, which makes an elderly person

All

particularly susceptible to altered visual cues*™.

senses show age-related degradation, but the consequences
of postural control differ. The loss of proprioception in the
legs may contribute to increased body sway in the elderly;
however, despite impaired visual function, it is the visual
input that plays a dominant role in old age for not only
postural control but also spatial orientational and
perception of self-motion™.

In order to compare the stabilograms recorded when the
subjects stood with their eyes open with those recorded
when the subjects stood with their eyes closed, we
calculated the Romberg ratio for the indices for the
abovementioned groups a)-d). From the results of the
Friedman tests, it was found that the Romberg ratio was
not affected by the GVS load. However, L, A, and LC
were found to increase significantly with advancing age.
We conclude that postural instability in the elderly can be

improved by the presence of visual information.
V. CONCLUSION

In this study, we confirmed the following:

1) Metamorphosis in the temporally averaged potential
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function in the SDEs was caused by GVS.

2) Postural instability in the elderly could be improved by
the presence of visual information.

3) Using GVS, we could simulate the deterioration in the
equilibrium function with advancing age to a certain
extent.

In Japan, GVS has been integrated into a machine for

enhanced virtual reality. This technique has been widely

used for eliciting the vestibular perception of roll motion.

Providing a vestibular motion stimulus through GVS

reduces the conflict between the perceptions of vestibular

and visual stimulations, resulting in reductions in the SAS.

Furthermore, this technique can be applied to special suits

(Fig.1). It can also be useful in nursing education because

methods for caring for the elderly would be improved by

understanding their physical functions. The utilization of
the abovementioned technique would be beneficial because
the risk of falls increases with increasing age. As the next
step, we intend to examine a curative effect of GVS on the
deterioration in the equilibrium function with advancing
age, because effective balance training studies have
employed the principle of overload to improve stability in

50)

young adults™, although noisy GVS has been applied to
improve motor and autonomic responsiveness, and it
ameliorates the symptoms in patients with multiple system

atrophy or Parkinson’s disease.
APPENDIX

Here, we describe the new quantification indices ‘SPD’

and ‘Chain’®.

A. Sparse density (SPD)

SPD was defined by a scaling average of the ratio
Gi(1)/Gi(k), where Gj(k) is the number of divisions having
more than k measured points; a stabilogram was divided
into quadrates whose latus was j times longer than the
resolution. If the centre of gravity is stationary, the SPD
value becomes 1. If there are variations in the
stabilograms, the SPD value becomes greater than 1. In
this manner, SPD depends on the characteristics of the

stabilogram and the motion process of the COP.
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B. Chain

The force acting on the centre of gravity of the body was
defined in terms of the difference in the displacement
vectors. In particular, we focussed on singular points at
which statistically large forces were exerted. On the basis
of these forces, chains were eliminated from the
stabilogram in the form of a consecutive time series™. If
the times measured at these points were in the temporal
vicinity, these points were connected by segments
(sequences). Figures formed by these sequences were
called ‘chains’ because of the shape of the connections.
The figures of sequences of points at which large forces

were exerted show that the chain had a cusp pattern.
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Abstract

Electrogastrography (EGG) is an abdominal surface measurement of the electrical activity of the stomach. It is very
important clinically to record and analyze multichannel EGGs, which provide more information on the propagation and co-
ordination of gastric contractions. This study measured the gastrointestinal motility with an aim to obtain a mathematical
model of EGG and to speculate factors to describe the diseases resulting from constipation and erosive gastritis. The
waveform of the electric potential in interstitial cells of Cajal is similar to the graphs of numerical solutions to the van der Pol
equation. Hence, we added the van der Pol equation to a periodic function and random white noises, which represented the
intestinal motility and other biosignals, respectively. We rewrote the stochastic differential equations (SDEs) into difference
equations, and the numerical solutions to the SDEs were obtained by the Runge-Kutta-Gill formula as the numerical calculus,
where we set the time step and initial values to be 0.05 and (0, 0.5), respectively. Pseudorandom numbers were substituted in
the white noise terms. In this study, the pseudorandom numbers were generated by the Mersenne Twister method. These
numerical calculations were divided into 12000 time steps. The numerical solutions and EGG were extracted after every 20

steps. The EGG was well described by the stochastic resonance in the SDEs.
Keywords: Electrogastrography (EGG), numerical analysis, Stochastic Resonance

It is well known that the empirical threshold (translation
L. Introduction
error = 0.5) is used to classify mathematical models as

It is known that attractors can be reconstructed by being either deterministic or stochastic generators";
dynamical equation systems (DESs) such as the Duffing however, the estimated translation error is generally not the
equation, Henon map, and Lorenz differential equation. It same as that in the case of smaller signal-to-noise (S/N)
is very interesting to note that the structure of an attractor ratios. Takada (2008)” quoted an example of analyzing
is also derived from time series data in a phase space. numerical solutions to the nonlinear stochastic differential

The DESs were obtained as mathematical models that equations (SDEs):
regenerated time series data. Anomalous signals are )

) ] ] x =y — agradfix) + pwi(t) (1.1)
introduced by nonstationary processes, for instance, the
degeneration of singular points in the potential function Yy == x T pwr) (1.2)
involved in the DESs; their degree of freedom increases or 1 b

st flx) =75 x* 5 X, )
stochastic factors are added to them. The visible
determinism in the latter case would be different from that where wi(f) and wy(f) were independent white noise terms
in the case where random variables do not exist. (x=0,1, --- ,20). By enhancing x in eq.(1), we can

JLAESE ¢ Hiroki Takada takada@u-gifu-ms.ac.jp
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obtain numerical solutions for smaller S/N ratios.
Percutaneous electrogastrography (EGG) is a simple
method to examine gastrointestinal activity without
constraint. EGG is a term generally applied to the
measurement of human gastric electrical activity. In 1921,
Walter C. Alvarez reported performing EGG for the first
time in humans”. In EGG, the electrical activity of the
stomach is recorded by placing the electrodes on the
surface of the abdominal wall’. In the stomach, a
pacemaker on the side of the greater curvature generates
electrical activity at a rate of 3 cycles per minute (3 cpm);
the electrical signal is then transferred to the pyloric side™.
Previously, it was difficult to measure this electrical
activity because the EGG signal was composed of low-
frequency components and high-frequency noise caused by
the electrical activity of the diaphragm and heart.
However, the accuracy of EGG measurements has
improved recently, and gastroenteric motility can be
evaluated by spectrum analysis of the EGG signals*”.
Many previous studies on EGG have been reported, and
most of these studies pertain to the clinical setting'”, e.g.,
evaluation of the effects of hormones and drugs on EGG
and the relationship between EGG and kinesia. EGG has
been used to study the effects of warm compresses (for the
improvement of constipation) on gastrointestinal activity'’,
the usefulness of warm compresses in the epigastric region
for the improvement of constipation'”, and characterization
of intestinal activity in patients with chronic constipation".
Gastric electrical potential is generated by interstitial
cells of Cajal (ICCs)™. ICCs are pacemaker cells that
spontaneously depolarize and repolarize at a rate of 3 cpm.
They demonstrate low-amplitude, rhythmic, and circular
contractions only if the electrical potential is over a
threshold. Human gastric pacemaker potential migrates
around the stomach very quickly and moves distally
through the antrum in approximately 20 seconds, resulting
in the normal gastric electrical frequency of 3 cpm. This
moving electrical wavefront is recorded in EGG, in which
the gastric myoelectrical activity is recorded using
electrodes placed on the surface of the epigastrium.
However, electrogastrogram also contains other biological

signals, for instance, electrical activity of the heart,

intestinal movements, and myenteric potential oscillations
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in general.

In the present study, the gastrointestinal motility was
measured with an aim to obtain a mathematical model of
EGG and to speculate factors to describe the diseases

resulting from constipation and erosive gastritis.
I1. Methods

A. Mathematical Model and the Numerical Simulations
As a mathematical model of the EGG during supine
position, we propose the following SDEs in which the

periodic function s(#) is added to eq.(1.1).

x =y — a(gradfix) + s(2)) + pwi(t) 3.1

y="x"+ pw() (3.2)

The function s(f) and the white noise wi(f) represent
intestinal movements and other biosignals, for instance,
myenteric potential oscillations that are weak and random,
respectively (i = 1,2).

In most cases, there is an optimum for noise amplitude,
which has motivated the name stochastic resonance (SR)
for this rather counterintuitive phenomenon. In other
words, the SR occurs when the S/N ratio (SNR) of a
nonlinear system is maximized for a moderate value of
noise intensity'”. In this study, we numerically solve eq.(3)
and verify the SR in the SDEs. We also investigate the
effect of the SR and evaluate the SDEs as a mathematical

model of the EGG.

B. Physiological Procedure

The subjects were 14 healthy people (7 M & 7 F) aged
21-25 years. Sufficient explanation of the experiment was
provided to all subjects, and a written consent was
obtained from them.

EGGs were obtained for 60 min in the supine position at
1 kHz by using an A/D converter (AD16-16U (PCI) EH;
CONTEC, Japan).
-amplifier (MT11; NEC Medical, Japan) and recorded
(PC216Ax;

EGGs were amplified using a bio

using a tape recorder Sony Precision
Technology, Japan).

To remove the noise from the time series of EGG data
obtained at 1 kHz, resampling was performed at 0.5 Hz.

For analysis, we then obtained a resampled time series x; as
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follows;

1999

1 o
%= 3500 j:ZO ¥(2000i + j). (i = 0,1,-+,1799)

In this experiment, 9 disposable electrodes (Blue Sensor;
Medicotest Co. Ltd., Denmark) were affixed on chl-ch8
and e, as shown in Fig. 1. The electrode affixed on e was a
reference electrode. Prior to the application of electrodes,
the skin resistance was sufficiently reduced using SkinPure
(Nihon Kohden Inc., Japan). Several methods have been
proposed for analyzing the EGG data. The EGG data
obtained at ch5, which is the position closest to the
pacemaker of gastrointestinal motility, were analyzed in

this study.

Fig. 1

Positions of electrode

C. Calculation Procedure

1) We rewrote eq.(3) as difference equations and obtained
numerical solutions to them by the Runge-Kutta-Gill
formula as the numerical calculus; the initial values were
(0, 0.5). Pseudorandom numbers were substituted for
wi(t)(i = 1,2). The pseudorandom numbers were generated
using the Mersenne Twister'”. These numerical
calculations were performed in N = 12000 time steps. The
unit of the time step is 0.05. Coefficients (a, b) was set to
be (5,1).

2) Values in the numerical solutions were recorded every
40 time step, which is related to a signal sampling rate of
0.5 Hz.

3) The autocorrelation function was calculated for each

component of the numerical solution.
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II1. Results and Discussion

In the 12000 time steps, there was no exception wherein
the numerical solutions did not diverge. For » =0,1,--20,
the value of ¢ derived from the first component of the
numerical solution was not different from that derived
from the second component.

With regard to eq.(3), the SR occurred under the condition
of an appropriate coefficient . Some biosystems are
based on the nonlinear phenomenon of SR, in which the
detection of small afferent signals can be enhanced by the

" Furthermore,

addition of an appropriate amount of noise
this mechanism would facilitate behavioral, perceptive,
and autonomic responses in animals and humans, for
information transfer

instance, in crayfish mechano-

18)

receptors'”, tactile sensation in rats'¥, availability of

electrosensory information for prey capture'”, human

21)

hearing®, vibrotactile sensitivity in the elderly’”, and

*» Here, we examined whether

spatial vision of amblyopes
the SR generated by eq.(3) can describe the EGG time
series.

Fig. 2 shows cross-correlation coefficient p. between the
numerical solutions x(#) and the periodic function in
eq.(3.1). The crosscorrelation coefficient was maximized
for a moderate value of noise intensity x=12(Fig. 2).
Thus, the SR could be generated by eq.(3) with x =12,
which is regarded as a mathematical model of the EGG in
this study. We then compared this numerical solution with
the EGG data (Fig. 3). Temporal variations in the

numerical solutions were similar to those in the EGG data

(Fig.4).

Numerical solutions involved in the SR highly
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Fig. 2 The autocorrelation function for a component of the numerical
solution
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correlated  with function which

s(0),
(6 cpm).

the periodic

represented intestinal movements Gastric
electrical activity in a healthy person might synchronize
with the intestinal one.

In the next step, we would quantitatively evaluate the

affinity by using translation errors™ and Lyapunov

exponents™”

in embedding space. Translation error (Eius)
measures the smoothness of flow in an attractor, which is
assumed to generate the time series data. In general, the
threshold of the translation error for classifying the time
series data as deterministic or stochastic is 0.5, which is
half of the translation error resulting from a random walk.
The chaos processes are sensitively dependent on initial
conditions and can be quantified using the Lyapunov

exponent™. If the Lyapunov exponent has a positive value,

the dynamics are regarded as a chaos process.
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Examination of antibacterial activity against various pathogenic
microorganism of a leaf constituent of Magnolia obovata Thunb.
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Yukie TAKEI', Kumi YOKOYAMA’, Mami TSUKIJT’, Toshie TOYODA' and Seiki TAZUME'

ABSTRACT

This study investigated lipid- and water-solubility constituents obtained from leaf of Magnolia Obovata Thunb and

antibacterial activity against various pathogenic microorganisms.

The antibacterial activity of lipid-solubility constituent was not found in each level of Gram-negative bacteria of

Enterobacteriaceae including P. aeruginosa or E. coli. However, the lipid-solubility constituents responsible for antibacterial

activity were found only in S. aureus at a level of Img/ml. From this result, the antibacterial substances were expected to be

included in the lipid-solubility constituents. In addition, the antibacterial activity against various pathogenic microorganisms

were found in water-soluble constituents. Furthermore, as for the lipid-solubility / the antibacterial active material contained

by a water-solubility materials extracted from leaf of Magnolia Obovata Thunb, the thing that was different from the dried

bark of Magnolia Obovata was suggested.

Keywords: Magnolia obovata Thunb, Leaf constituent, lipid-solubility constituent, water-solubility constituent, Antibacterial

activity, Infection control
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Animated teaching simulations made by Mathematica
for studying functions of complex variable

Yasuko FUJIGAKI,

Masashi FUJIGAKI and Yoshiko FUJIIGAKI

Synopsis

We made the animated teaching materials in order to display the functions of complex variable graphically with

Mathematica, for example we dealt with simple cases such as w :% s

w = z'and w =z . As it is impossible to plot the

plane graph like real valued functions in the case of functions of complex variable, we made the animation in which colored

coordinate points move on the z-plane and the w-plane matching the independent variable with the dependent variable at the

same time. As a result, it is easy to understand the behavior of the complex functions visually.
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1821 Bfw=1(Cko>T s PAOEXEE 5 w FAOHRERN 1> N 51T £ HE TH 707 4

1
Clear[w];w[x_,y ] :i= ——; u[x_, y_] :=ComplexExpand[Re[w[x, y]]]/
x+yid

v[x_, y_] :=ComplexExpand[Im[w[x, y]]]/

1 2xy x2 v?
we[x_, y ] :is-—————;wyx[x_,y ]is-————iwyylx_,y ]:=- T 7
(x+yi) (% +y?) (x? + y?) (x% +y?)

xygr[a ,b_] := Module[{ten, tenb, tenst, zxsen, zxsenb, zxsenst, senb, sen, xj, yj, txt},
ten = {PointSize[0.02], Point[{a, b}]};
tenb = {PointSize[0.02], Table[{Hue[0.2s +0.4], Point[{s, b}]}, {s, -2, a, 0.2}]};
tenst = {PointSize[0.02],
Table[Table[{Hue[0.2s +0.4], Point[{s, t}]}, (s, -2, 2, 0.2}], {t, -2, b-0.1, 0.2}]};
zxsen = {Thickness[0.001], Line[{{a, b} -0.1 {0, 1}, {a, b} +0.1 {0, 1}}]1}:
zxsenb = {Thickness[0.001],
Table[{Hue[0.2s +0.4], Line[{{s, b} -0.1 {0, 1}, {s, b} +0.1 {0, 1}}]}, {s, -2.0001, a, 0.2}]1};
zxsenst = {Thickness[0.001], Table[Table[{Hue[0.2s+ 0.4], Line[
{{s, £t} -0.1{0, 1}, {s, £t} +0.1 (0, 1}}]1}, {s, -2.0001, 2, 0.2}], {t, -2, b-0.1, 0.2}]};

9
senb = {Thickness[0.005] , RGBColor[0.5-0.2b, 1~ b?, 0.5+0.2b],

Line[Table[{s, b}, {s, -2.001, a, 0.1}]1};

9
sen = {Table[{Thickness[0.005], RGBColor[0.5-0.2¢c, 1- c?,0.5+0.2¢],

Line[{{-2, ¢}, {2, ¢}}1}, {e, -2, b-0.1, 0.2}]};
xj = {Thickness[0.008], Line[{{-2.1, 0}, {2.1, 0}}]1}:
yJj = {Thickness[0.008], Line[{{0, -2.1}, {0, 2.1}}]1}:
txt = Text[StyleForm["|z", FontSize » 18, FontWeight -» Bold], {1.9, 1.9}];
Show[Graphics[{ten, tenb, tenst, zxsen, zxsenb, zxsenst, senb, sen, xj, yj, txt}],
AspectRatio -+ Automatic, Axes -> True, PlotRange -> {{-2.1, 2.1}, {-2.1, 2.1}},
AxesLabel - {StyleForm["x", FontFamily -> "Times", FontWeight - Bold,
FontSlant -» Italic, FontSize » 18], StyleForm["iy", FontFamily -> "Times",
FontWeight - Bold, FontSlant -+ Italic, FontSize -» 18]},
Ticks - {Automatic, Automatic}, DisplayFunction - Identity] ] 5

wgr[a , b ] :=Module[(ten, tenb, tenst, wxsen, wxsenb, wxsenst, senb, sen, xj, yj, txt},
ten = {PointSize[0.02], Point[{u[a, b], v[a, b]}]}:
tenb =

{PointSize[0.015], Table[{Hue[0.2s+0.4], Point[{u[s, b], v[s, b]l}]}, {s, -2.0001, a, 0.2}]};
tenst = {PointSize[0.015], Table[Table[{Hue[0.2s + 0.4], Point[{u[s, t], v[s, t]1}]},
{s, -2.0001, 2, 0.2}], {t, -2, b-0.1, 0.2}]};
wxsen = {Thickness[0.001], Hue[0.2a +0.4], Line[{{u[a, b], v[a, b]} -0.2 {wyx[a, b], wyy[a, b]},
{u[a, b], v[a, b]} +0.2 {wyx[a, b], wyy[a, b]}}]}/
wxsenb = {Thickness[0.001], Table[{Hue[0.2s+0.4],
Line[{{u[s, b], v[s, b]} -0.07 {wyx[s, b], wyy[s, b]},
{u[s, b], v[s, b]} +0.07 {wyx[s, b], wyy[s, b]}}1}, {s, -2.0001, a, 0.2}]};
wxsenst = {Thickness[0.001], Table[Table[{Hue[0.2s + 0.4],
Line[{{u[s, t], v[s, t]} -0.07 {wyx[s, t], wyy[s, t]}, {u[s, t], v[s, t]} +
0.07 {wyx[s, t], wyyl[s, t]1}}1}, {s, -2.0001, 2, 0.2}], {t, -2, b-0.1, 0.2}]};
0.99

senb = {Thickness[0.005] , RGBColor[0.5+0.2b, 1~ b*, 0.5-0.2b],

Line[Table[{u[s, b], v[s, b]}, {s, -2.001, a, 0.1}]]};
0.99
sen = {Table[{Thickness[0.00S] , RGBColor[O.S -0.2¢, 1- — b%, 0.5+0.2 c] ,
Line[Table[{u[s, c], v[s, cl}, {s, -2, 2, 0.1}11}, {ec, -2, b-0.1, 0.2}]};
xj = {Thickness[0.008], Line[{{-2.1, 0}, {2.1, 0}}1}:
yj = {Thickness[0.008], Line[{{O0, -2}, {0, 2}}]1};
txt = Text[StyleForm["|w", FontSize - 18, FontWeight - Bold], {1.9, 1.9}];
Show[Graphics[{ten, tenb, tenst, wxsen, wxsenb, wxsenst, senb, sen, xj, yj, txt}],
AspectRatio - Automatic, Axes -> True, PlotRange -> {{-2.1, 2.1}, {-2.1, 2.1}},
AxesLabel » {StyleForm["u", FontFamily -> "Times", FontWeight - Bold,
FontSlant - Italic, FontSize » 18], StyleForm["iv", FontFamily -> "Times",
FontWeight -» Bold, FontSlant » Italic, FontSize -» 18]},
Ticks » {Automatic, Automatic}, DisplayFunction - Identity]] g

164



BRIEHE T - PRAETER] - PRIEET
FaULEE ~ 7 b Mathematica |12 & 5 77T 73R8 & H Ve 7 8 G B O B Il bt

setumeifa , b_] := Module[{txtl, txt2, txt3, txtd, txt5, txt6, txt7, txt8},
txtl = Text[StyleForm["{x,y}=", FontFamily - "Times",
FontSize -+ 16, FontSlant - "Italic" , FontWeight -» "Bold"], {-2, -2}]:
txt2 = Text[StyleForm[{N[a, 4], N[b, 4]}, FontFamily - "Times", FontSize - 16,
FontSlant -» "Italic" , FontWeight - "Bold"], {-1.3, -2}];
txt3 = Text[StyleForm["{u,v}=", FontFamily - "Times", FontSize - 16,
FontSlant -+ "Italic" , FontWeight -» "Bold"], {0.8, -2}];
txtd = Text[StyleForm[0.0001 Round[10* {N[u[a, b]], N[v[a, b]]}], FontFamily - "Times",
FontSize -» 16, FontSlant -» "Italic" , FontWeight - "Bold"], (1.7, -2}];

1
txt5 = Text[StyleForm["w = —", FontSize - 18, FontWeight - "Bold"] ., {0, 2)] =
= ;

txt6 = Text[StyleForm["z=x+iy", FontSize » 16, FontWeight -» "Bold"], {-2, 2}]:
txt7 = Text[StyleForm["w=u+iv", FontSize -» 16, FontWeight -» "Bold"], {1.5, 2}];
txt8 = Text[StyleForm["----5", FontSize » 20, FontWeight -» "Bold"], {0, -2}];
Show[ Graphics|[ {}],
Axes -> False, AspectRatio-» 0.1,
PlotRange -> {{-3, 3}, {-4, 5}},
Epilog - {txtl, txt2, txt3, txt4, txt5, txt6, txt7, txt8}, DisplayFunction - Identity]] 5
function[a_, b_] :=Module[{inxygr, inwgr, insetumei},
inxygr = xygr[a, b]; inwgr = wgr[a, b] ; insetumei = setumei[a, b];
Show[Graphics[{}], Axes -> False, AspectRatio-» 3/4, PlotRange ->All,
Epilog - {Rectangle[{0, 0}, {22, 45}, inxygr], Rectangle[{(23, 0}, {60, 45}, inwgr],
Rectangle[{0, 45}, {60, 60}, insetumei]}, DisplayFunction - $DisplayFunction]];

1822 B w= % IC& 5 Tz FEDEBEED 5 w FEDHGEZENEFONZHTFEBETH TOT I 4

z[r_, 6_] :=re*®; w[r_, 6_] := (rei®)™?; zr[r_, 6_] :=e'®; wr[r_, 6_] :=-r2e?;
x[r_, 6_] :=ComplexExpand[Re[z[r, €]]]; y[r_, 6_] := ComplexExpand[Im[z[r, 6]]];
zrx[r_, 6_] := ComplexExpand[Re[zr[r, €]]]; zry[r_, 6_] := ComplexExpand[Im[zr[r, 6]]];
u[r_, 6_] := ComplexExpand[Re[w[r, €]]]; v[r_, 6_] := ComplexExpand[Im[w[r, 6]]];
wrx[r_, 6_] :=ComplexExpand[Re[wr[r, €]]]; wry[r_, 6_] := ComplexExpand[Im[wr[r, €]]];
zgrfa_, b_] :=Module[(ten, tena, tenst, senb, sen, zrsen, zrsena, zrsenst, xj, yj, txt},

ten = {PointSize[0.02], Point[{x[a, b], y[a, bl}]}’

tena = {PointSize[0.02], Table[{Hue[—ZL" t], Point[{x[a, t], y[a, t]}1}, {t, 0, b, %}]}

tenst = {PointSize[0.02], Table[Table[{Hue[;l—— t], Point[{x[s, t], y[s, t]}1}, {t, 0, 2, %}]
s

{s, 0.001, a-0.24, 0.25}]}; zrsen = {Thickness[0.001],
Line[{{x[a, b], y[a, b]} - 0.1 {zrx[a, b], zry[a, b]}, {x[a, b], y[a, b]} +0.1 {zrx[a, b], zry[a, b]}}]}:

1

zrsena = {Thickness[0.00l] 7 Table[Table[{Hue[z— t;] , Line[{{x[s, t], y[s, t]} -0.1 {zrx[s, t], zry[s, t]},
T

PAs
{x[s, t], y[s, t]1} +0.1 {zrx[s, t], zry[s, t]1}}1}, {s, a, a}], {t, 0, b, b

1

zrsenst = {Thickness[0.001], Table[‘l‘able[{ﬂue[;— t], Line[{{x[s, t], y[s, t]} - 0.1 {zrx[s, t], zry[s, t]},
n

{x[s, t1, y[s, t]1} +0.1 {zrx[s, t], zry[s, t]}}1}, {t, 0, 2, lLz}] {s, 0.001, a-0.24, 0.25}]};

senb = {Thickness[0.005],

T
RGBColor[l1-0.4a, 1-0.99 (a-1)?, 0.4a], Line[Table[{x[a, s], y[a, s]}, {s, O, b, -g}]]};

sen = {Table[{Thickness[0.005], RGBColor[1-0.4c, 1-0.99 (c-1)?, 0.4¢c],
T
-32}]]} {c, 0.001, a-0.24, 0.25}]};
xj = {Thickness[0.005], Line[{{-2.1, 0}, {2.1, 0}}1}; yj = {Thickness[0.005], Line[{{0, -2.1}, {0, 2.1}}1};
txt = Text[StyleForm["|z", FontSize -» 18, FontWeight - Bold], {1.9, 1.9}];
Show|[Graphics[{Thickness[0.001], ten, tena, tenst, senb, sen, zrsen, zrsena, zrsenst, xj, yj, txt}],
AspectRatio - Automatic, Axes -> True, PlotRange -> {{-2.1, 2.1}, {-2.1, 2.1}},
AxesLabel » {StyleForm["x", FontFamily -> "Times", FontWeight - Bold, FontSlant - Italic, FontSize - 18],
StyleForm["iy", FontFamily -> "Times", FontWeight -» Bold, FontSlant - Italic, FontSize -» 18]},

Line[Table[{x[c, s], y[c, sl}, {s, 0, 2,

Ticks - {Automatic, Automatic}, DisplayFunction - Identity] ] ;
wgra_, b__] 863 Module[{ten, tena, tenst, senb, sen, wrsen, wrsena, wrsenst, xj, yj, txt},

ten = {PointSize[0.02], Point[{u[a, b], v[a, b]}]};

tena = {PointSize[0.0Z], Table[{Hue[?l——— t], Point[{u[a, t], v[a, t])]}, {t, 0, b, %}]},
Tt
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1 7
tenst = {PointSize[0.02], Table[Table[{Hue[z— t], Point[{u[s, t], v[s, t]}1}, {t, 0, 2, E}]
7T

{s, 0.001, a-0.24, 0.25}]}; wrsen = {Thickness[0.001],
Line[{{u[a, b], v[a, b]} -0.05 {wrx[a, b], wry[a, b]}, {u[a, b], v[a, b]} +0.05 {wrx[a, b], wry[a, b]}}]}:

1

wrsena = {Thickness[0.001], Table[Table[{Hue[z—- t], Line[{{u[s, t], v[s, t]} - 0.1 {wrx[s, t], wry[s, t]},
e

w
{ufs, t], v[s, t]} +0.1 {wrx[s, t], wry[s, t]})]}, {s, a, a}], {t, 0, b, E}]},

1

wrsenst = {Thickness[0.001], Table[Table[{Hue[E—— t], Line[{{u[s, t], v[s, t]} - 0.1 {wrx[s, t], wry[s, t]},
s

{uls, t], v[s, t]} +0.1 {wrx[s, t], wry[s, t1}}1}, {t, 0, 2, 1—"2}] {s, 0.25, a-0.24, 0.25}]};
senb = {Thickness[0.00S], RGBColor[l1-0.4a, 1-0.99 (a—1)2, 0.4aj,
. T
LJ.ne[Table[(u[a, s], v[a, s]}, {s, 0, b, —3—6—}]]},
sen = {Table[{Thickness[0.005], RGBColor[l-0.4c, 1-0.99 (c-1)?, 0.4¢c],
s
Line[Table[{u[c, s], vic, s]}, {s, 0, 2, ?5}]” {c, 0.001, a-0.24, 0.25}]};

xj = {Thickness[0.005], Line[{{-2.1, 0}, {2.1, 0}}]}; yj = {Thickness[0.005], Line[{{0, -2.1}, {0, 2.1}}1}:
txt = Text[StyleForm["|w", FontSize - 18, FontWeight - Bold], {1.9, 1.9}];
Show [Graphics[{Thickness[0.001], ten, tena, tenst, senb, sen, wrsen, wrsena, wrsenst, xj, yj, txt}],
AspectRatio - Automatic, Axes -> True, PlotRange -> {{-2.1, 2.1}, {-2.1, 2.1}},
AxesLabel » {StyleForm["x", FontFamily -> "Times", FontWeight -» Bold, FontSlant -» Italic, FontSize - 18],
StyleForm["iy", FontFamily -> "Times", FontWeight - Bold, FontSlant - Italic, FontSize -» 18]},
Ticks » {Automatic, Automatic}, DisplayFunction - Identity] ] 3
setumeifa_, b_] := Module[(txtl, txt2, txt3, txtd4, txt5, txt6, txt7, txt8, txt9, txtl0, txtll, txtl2},
txtl = Text[StyleForm["{x,y}=", FontFamily - "Times",
FontSize -» 16, FontSlant - "Italic" , FontWeight - "Bold"], {-2, -1.5}];
txt2 = Text[StyleForm[0.0001 Round[10* {N[x[a, b]], N[y[a, b]]}], FontFamily - "Times", FontSize - 16,
FontSlant - "Italic" , FontWeight - "Bold"], {-1.3, -1.5}]; txt3 = Text[StyleForm["{u,v}=",
FontFamily - "Times", FontSize - 16, FontSlant - "Italic" , FontWeight - "Bold"], {1, -1.5}];
txtd = Text[StyleForm[0.0001 Round[10* {N[u[a, b]], N[v[a, b]]}], FontFamily -+ "Times",
FontSize -» 16, FontSlant - "Italic" , FontWeight - "Bold"], {1.9, -1.5}];

1
txt5 = Text[StyleFom["w = —", FontSize - 20, FontWeight - "Bold"] , {0, 2)] ;
z
txt6 = Text[StyleForm["z=x+iy=re'®", FontSize -» 20, FontWeight » "Bold"], {-2, 2}];
1 .
txt7 = Text[styleFom["w=u+iv=Rei°=—e"° ", FontSize - 20, FontWeight - “Bold"] , {1.5, 2}] ;
r

txt8 = Text[StyleForm["-----", FontSize -+ 20, FontWeight - "Bold"], {0, -2}]; txt9 = Text[StyleForm|[
"{r,6}=", FontFamily - "Times", FontSize -+ 16, FontSlant - "Italic" , FontWeight - "Bold"], {-2, -4}];
txt10 = Text[StyleForm[0.0001 Round[10* {N[a], N[b]}], FontFamily - "Times",
FontSize - 16, FontSlant -» "Italic" , FontWeight - "Bold"], {-1.3, -4}];

1
txtll = Text[stylaFom[“{R,e}:(— ,=6}=", FontFamily - "Times", FontSize - 16,
r
FontSlant -» "Italic" , FontWeight - "Bold"] , {1, —4)] )
1
txt12 = Text[StyleForm[0.0001 Round[10* {N[ =], N[-b]}], FontFamily » "Times",
a

FontSize - 16, FontSlant » "Italic" , FontWeight - "Bold"] , 2.1, -4)] ;
Show[ Graphics|[ {}],
Axes -> False, AspectRatio- 0.2,
PlotRange -> {{-3, 3}, {-5.5, 5}},
Epilog - {txtl, txt2, txt3, txt4, txt5, txt6, txt7, txt8, txt9, txtl0, txtll, txtl2},
DisplayFunction - Identity] ] ;
function[a_, b_] :=Module[{inzgr, inwgr, insetumei},
inzgr = zgr[a, b]; inwgr = wgr[a, b]; insetumei = setumei[a, b];
Show[Graphics[{}], Axes -> False, AspectRatio- 3/4, PlotRange ->All,
Epilog - {Rectangle[{0, 0}, {29, 44}, inzgr], Rectangle[{31, 0}, {60, 44}, inwgr],
Rectangle[{0, 45}, {60, 60}, insetumei]}, DisplayFunction - $DisplayFunction]];
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1323 B¥w =12 L& > Tz FEOEREREN 5 w FEDMREZIESL W 2#FEBETH 7O I A

<< Graphics Arrow';

x[x_,y ]:=x;y[x_,y_ ]:=y;

z[x_,y ]:=x+yi;

wix_, y_] := (x+yi)?; wy[x_, y_] := 9y w[x, yl;
wyx[x_, y ]:=-2y;wyylx_, y_]:=2x;

zgr[a__, b_] :=Module[{ten, tenb, tenst, senb, sen, zxsen, zxsenb, zxsenst, xj, yj, ﬁxt},
ten = {PointSize[0.02], Point[{x[a, b], y[a, b]}]}:
tenb = {PointSize[0.02], Table[{Hue[0.2s+0.4], Point[{x[s, b], y[s, b]}]}, {s, -2.001, a, 0.25}]};
tenst = {PointSize[0.02], Table|[

Table[{Hue[0.2s+0.4], Point[{x[s, t], y[s, t]1}]}, {s, -2.001, 2, 0.25}], {t, 2.001, b+0.1, -0.25}]};
zxsen = {Thickness[0.005], Line[{{x[a, b], y[a, b]} -0.1 {0, 1}, {x[a, b], y[a, b]} +0.1 {0, 1}}1};
zxsenb = {Thickness[0.005],

Table[Table[{Hue[0.2s+0.4], Line[{{x[s, t], y[s, £]}-0.1{0, 1}, {x[s, t], y[s, ]} +0.1 {0, 1}}1},
{t, b, b}], {s, -2.001, a, 0.25}]};
zxsenst = {Thickness[0.005], Table[Table[{Hue[0.2s+0.4], Line[{{x[s, t], y[s, t]} -0.1 {0, 1},
{x[s, t], y[s, ]} +0.1 {0, 1}}]}, {s, -2.001, 2, 0.25}], {t, 2.001, b+0.1, -0.25}]};

9
senb = {Thickness[0.005], RGBColor[0.5-0.24b, 1 - b?, 0.24b+0.5],

Line[Table[{x[s, b], y[s, bl}, {s, -2, a, 0.1}]1]};
0.99

sen = {Table[{’l‘hickness[0,00S] 5 RGBColor[O.S -0.24¢c, 1- c?,0.24c+ 0.5] 7

Line[Table[{x[s, ¢, y[s, ¢]}, {s, -2, 2, 0.1}11}, {c, 2.001, b+0.1, -0.25}]};
txt = Text[StyleForm["|z", FontSize - 16], {1.9, 1.9}]; xj = Line[{{-2.1, 0}, {2.1, 0}}];,
yj = Line[{{0, -2.1}, {0, 2.1}}];
Show[Graphics[{Thickness[0.001], ten, tenb, tenst, senb, sen, zxsen, zxsenb, zxsenst, xj, yj, txt}],
AspectRatio - Automatic, Axes -> True, PlotRange -> {{-2.1, 2.1}, {-2.1, 2.1}},
AxesLabel - {StyleForm["x", FontFamily -> "Times", FontWeight - Bold, FontSlant » Italic, FontSize -» 18],
StyleForm["iy", FontFamily -> "Times", FontWeight - Bold, FontSlant -» Italic, FontSize - 18]},
Ticks - {Automatic, Automatic}, DisplayFunction - Identity] ];
wlgr[a_, b_] :=Module[{ten, tenb, tenst, wysen, wysenb, wysenst, senb, sen, xj, yj, txtl, txt2},
ten = If[b2 0, {PointSize[0.02], Point[{u[a, b], v[a, b]}]}, Point[{6, 6}]];
tenb = If[b 2 0, {PointSize[0.02],
Table[{Hue[0.2s +0.4], Point[{u[s, b], v[s, b]}]}, {s, -2.001, a, 0.25}]}, Point[{6, 6}]1];
tenst = If[b 2 0, {PointSize[0.02], Table[{Hue[0.2s +0.4], Point /@Table[ {u[s, t], v[s, tl},
{t, 2.001, b+0.1, -0.25}]}, {s, -2.001, 2, 0.25}]}, {PointSize[0.02], Table|
{Hue[0.2s+0.4], Point /@Table[ {u[s, t], v[s, t]}, {t, 2.001, 0, -0.25}]}, {s, -2.001, 2, 0.25}1}];
wysen = If [b 2 0, {Thickness[0.005], Line[{{u[a, b], v[a, b]} -0.07 {wyx[a, b], wyy[a, bl},
{uf[a, b], v[a, b]} +0.07 {wyx[a, b], wyy[a, b]}}]}, Point[{6, 6}]];
wysenb = If[b 2 0, {Thickness[0.005], Table[Table[{Hue[0.2 s+ 0.4], Line[
{{uls, t], v[s, t]} - 0.07 {wyx[s, t], wyy[s, t]}, {uls, t], v[s, £]} +0.07 {wyx[s, t], wyy[s, t1}}1},
{t, b, b}], {s, -2, a, 0.25}]}, Point[{6, 6}]1];
wysenst = If[b 2 0, {Thickness[0.005], Table[Table[{Hue[0.2s+0.4], Line|[
{{uls, t], v[s, ]} -0.07 {wyx[s, t], wyy[s, t]}, {u[s, t], v[s, t]} +0.07 {wyx[s, t], wyy[s, t]}}]},
{t, 2.001, b+0.1, -0.25}], {s, -2, 2, 0.25}]}, {Thickness[0.005],
Table[Table[{Hue[0.2s+0.4], Line[{{u[s, t], v[s, t]} -0.07 {wyx[s, t], wyy[s, t]},
{u[s, t], v[s, t]} +0.07 {wyx[s, t], wyy([s, t]}}1}, {t, 2.001, 0, -0.25}], {s, -2, 2, 0.25}]1}1;
senb = If[b 2 0, {Thickness[0.005], RGBColor[0.5-0.24b, 1 - —'42 b%, 0.24b+0.5],
Line[Table[{u[s, b], v[s, bl}, {s, -2, a, 0.1}]]}, Point[{6, 6}]];
sen=If[b20,

0.99

{rable[{Thickness[0.005], RGBColor[0.5-0.24¢c, 1 - c?, 0.24c+0.5],

Line[Table[{u[s, <], v[s, cl}, {s, -2, 2, 0.1}1]}, {c, 2.001, b+0.1, -0.25}]},

0.99 ,
c?,0.24c+0.5],

{rable[{Thickness[0.005], RGBColor[0.5-0.24c, 1-

Line[Table[{u[s, ], v[s, c]}, {s, -2, 2, 0.1}1]}, {e, 2.001, 0, -0.25}]}];
txtl = Text[StyleForm["1lst sheet", FontColor ->Hue[0], FontFamily - "Times",
FontSize -+ 16, FontSlant - "Italic" , FontWeight - "Bold"], {-3.1, 3.9}];
txt2 =Text[StyleForm["|w", FontSize » 16], {3.6, 3.9}]; xj =Line[{{-2.1, 0}, {2.1, 0}}]:
yj =Line[{{0, -2.1}, {0, 2.1}}];
Show[Graphics[{Thickness[0.001], ten, tenb, tenst, wysen, wysenb, wysenst, senb, sen, xj, yj, txtl, txt2}],
AspectRatio - Automatic, Axes -> True, PlotRange -> {{-4.1, 4.1}, {-4.1, 4.1}},
AxesLabel -+ {StyleForm["u", FontFamily -> "Times", !’ohtWeight-v Bold, FontSlant - Italic, FontSize - 18],
StyleForm["iv", FontFamily -> "Times", FontWeight - Bold, FontSlant - Italic, FontSize - 18]},
Ticks » {Automatic, Automatic}, Epilog - {txtl, txt2}, DisplayFunction » Identity]] ;
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w2grfa_, b_] :=Module[{ten, tenb, tenst, wysen, wysenb, wysenst, senb, sen, txtl, txt2},
ten = If[b <0, {PointSize[0.02], Point[{u[a, b], v[a, b]}]}, Point[{5, 5}]]:
tenb = If[b < 0, {PointSize[0.02],
Table[{Hue[0.2s+0.4], Point[{u[s, b], v[s, b]}1}, {s, -2.001, a, 0.25}]}, Point[{5, 5}]];
tenst = If[b <0, {PointSize[0.02], Table[{Hue[0.2s+0.4],
Point /@ Table[ {u[s, t], v[s, t]}, {t, 0.001, b+0.1, -0.25}]}, {s, -2.001, 2, 0.25}]}, Point[{6, 6}1];
wysen = If [b < 0, {Thickness[0.005], Line[{{u[a, b], v[a, b]} -0.07 {wyx[a, b], wyy[a, b]},
{u[a, b], v[a, b]} +0.07 {wyx[a, b], wyy[a, b]}}]}, Point[{6, 6}]];
wysenb = If[b < 0, {Thickness[0.005], Table[Table[{Hue[0.2 s+ 0.4], Line|[
{{uls, t], v[s, ]} -0.07 {wyx[s, t], wyy[s, t]}, {uls, t], v[s, t]} +0.07 {wyx[s, t], wyy[s, t]1}}]1},
{t, b, b}], {s, -2, a, 0.25}]}, Point[{6, 6}]];
wysenst = If[b < 0, {Thickness[0.005], Table[Table[{Hue[0.2 s+ 0.4], Line|[
{{uls, t], v[s, t]} -0.07 {wyx[s, t], wyy[s, t]1}, {uls, t], v[s, ]} +0.07 {wyx[s, t], wyy[s, t]}}1},
{t, 0.001, b+0.1, -0.25}], (s, -2, 2, 0.25}]}, Point[{6, 6}]];

0.99
b?, 0.24b+0.5],

senb = If[b <0, {Thickness[0.00S] ; RGBColor[O.S -0.24b, 1 -

Line[Table[{u[s, b], v[s, bl}, {s, -2, a, 0.1}]1}, Point[{6, 6}]];
sen:If[b<O,

9
c?,0.24c+0.5],

0
{rable[{Thickness[0.005], RGBColor[0.5-0.24c, 1-

Line[Table[{u[s, c], v[s, c]}, {s, -2, 2, 0.1}]1}, {c, 0.001, b+ 0.1, -0.25}]}, Point[{6, 6}1]:
txtl = Text[StyleForm["2nd sheet", FontColor ->Hue[0], FontFamily - "Times",
FontSize - 16, FontSlant - "Italic" , FontWeight - "Bold"], {-3.1, 3.9}];
txt2 = Text[StyleForm["|w", FontSize - 16], {3.6, 3.9}]; xj = Line[{{-2.1, 0}, {2.1, 0}}];
yj = Line[{{0, -2.1}, {0, 2.1}}];
Show[Graphics[{Thickness[0.001], ten, tenb, tenst, wysen, wysenb, wysenst, senb, sen, txtl, txt2}],
AspectRatio - Automatic, Axes -> True, PlotRange -> {{-4.1, 4.1}, {-4.1, 4.1}},
AxesLabel - {StyleForm["u", FontFamily -> "Times", FontWeight - Bold, FontSlant -+ Italic, FontSize - 18],
StyleForm["iv", FontFamily -> "Times", FontWeight - Bold, FontSlant - Italic, FontSize - 18]},
Ticks - {Automatic, Automatic}, Epilog - {txtl, txt2}, DisplayFunction - Identity] ] H
setumei[a , b_] :=Module[(ya, txtl, txt2, txt3, txt4, txt5, txt6, txt7, txt9, txtl0, txtll, txtl2},
ya = {Arrow[{-1.5, 0}, {-1.5, -0.7}1};
txtl = Text[StyleForm["{x,y}=", FontFamily - "Times",
FontSize - 16, FontSlant -» "Italic" , FontWeight - "Bold"], {-1.5, 0.6}];
txt2 = Text[StyleForm[0.0001 Round[10* {N[x[a, b]], N[y[a, b]]}], FontFamily - "Times",
FontSize - 16, FontSlant - "Italic" , FontWeight - "Bold"], {-0.1, 0.6}];
txt3 = Text[StyleForm["{u,v}=", FontFamily -+ "Times", FontSize - 16,
FontSlant -» "Italic" , FontWeight - "Bold"], {-1.5, -1}];
txtd = Text[StyleForm[0.0001 Round[10* {N[x[a, b]? - y[a, b]?], N[2x[a, b] y[a, bl]}],
FontFamily - "Times", FontSize -» 16, FontSlant » "Italic" , FontWeight -» "Bold"], {0.2, -1}];
txt5 = Text[StyleForm["w = z?", FontSize -» 20, FontWeight -» "Bold"], {-1.3, 1.8}];
txt6 = Text[StyleForm["z=x+iy=re'®", FontSize - 20, FontWeight -» "Bold"], {-0.5, 1.5}];
txt7 = Text[StyleForm["w=u+iv=Re'®=r?e!?®" FontSize » 20, FontWeight -+ "Bold"], {-0., 1.2}];
txt9 = Text[StyleForm["{r,6}=", FontFamily - "Times", FontSize - 16,
FontSlant -» "Italic" , FontWeight - "Bold"], {-1.5, 0.2}];

£xt10 = Text [StyleForm[0.0001 Round[10¢ {N[/x[a, b]? +y[a, b]?], N[ArcTan[%”}] .

FontFamily - "Times", FontSize - 16, FontSlant - "Italic" , FontWeight - "Bold"] , {0.2, 0.2}] A
txtll = Text[StyleForm["{R,8}={r?,26}=", FontFamily - "Times", FontSize - 16,
FontSlant -» "Italic" , FontWeight - "Bold"], {-1., -1.5}];

txt12 = Text [StyleForm[0.0001 Round[10* { N[x[a, b]? +y[a, b]?], N[2 ArcTan[%]]}] ,

FontFamily - "Times", FontSize - 16, FontSlant - "Italic" , FontWeight - "Bold“] , {1, -1.5}] ;)
Show[ Graphics|[ {ya}],
Axes -> False, AspectRatio-1,
PlotRange -> {{-2, 2}, {-2, 2}},
Epilog - {txtl, txt2, txt3, txt4, txt5, txt6, txt7, txt9, txtl0, txtll, txtl2},
DisplayFunction -» Identity] ] ;

function[a_, b_] :=Module[{inzgr, inwlgr, inw2gr, insetumei},
inzgr = zgr[a, b]; inwlgr = wlgr[a, b]; inw2gr = w2gr[a, b]; insetumei = setumei[a, b];
Show[Graphics[{}], Axes -> False, AspectRatio- 3/4, PlotRange ->All,
Epilog - {Rectangle[{0, 35}, {30, 60}, inzgr], Rectangle[{0, 0}, {30, 34}, inwlgr], Rectangle[{30, 0},
{60, 34}, inw2gr], Rectangle[{30, 35}, {60, 60}, insetumei] }, DisplayFunction - $DisplayFunction]];
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<< Graphics 'Arrow';

z[r_,6_] :=re'®; w[r_, 0_] := (rei®)?; zr[r_, 6_] :=e*®; wr[r_, 6_] :=2re?t?;

x[r_, 6_] := ComplexExpand[Re[z[r, €]]]; y[r_, 6_] := ComplexExpand[Im[z[r, 6]]];
zrx[r_, 6_] := ComplexExpand[Re[zr[r, 6]]]; zry[r_, 6_] := ComplexExpand[Im[zr[r, 6]]];
u[r_, 6_] :=ComplexExpand[Re[w[r, ©]]]; v[r_, 6_] := ComplexExpand[Im[w[r, 6]]];
wrx[r_, 6_] :=ComplexExpand[Re[wr[r, 6]]]; wry[r_, 6_] := ComplexExpand[Im[wr[r, 6]]];
zgr[a_, b_] :=Module[{ten, tena, tenst, senb, sen, zrsen, zrsena, zrsenst},

ten = {PointSize[0.02], Point[{x[a, b], y[a, b]}]}:

tena = {PointSize[0.0Z], Table[{Hue[—z—l—; t], Point[{x[a, t], y[a, t]}]}, {t, 0, b, —%}]},

1 s
tenst = {PointSize[0.02], Table['rable[{aue[E t], Point[{x[s, t], y[s, t]}1}, {t, 0, 2, 'i?”’

{s, 0.001, a-0.24, 0.25}]}; zrsen= {Thickness[0.005],
Line[{{x[a, b], y[a, b]} - 0.1 {zrx[a, b], zry[a, b]}, {x[a, b], y[a, b]} +0.1 {zrx[a, b], zry[a, b]}}]};

1
zZrsena = {Thickness[0.00S], Table[Table[{Hue[—z——— t], Line[{{x[s, t], y[s, t]} -0.1 {zrx[s, t], zry[s, t]},
n
pAY
{x[s, t], y[s, €]} +0.1 {zrx[s, t], zry[s, t1}}1}, {s, a, a}], {t, 0, b, E}]};
1
zrsenst = {Thickness[0.00S], Table[Table[{Hue[—z—— t], Line[{{x[s, t], y[s, t]1} - 0.1 {zrx[s, t], zry[s, t]},
T
{x[s, t], y[s, £]} +0.1 {zrx[s, t], zry[s, t]1}}1}, {t, 0, 2, %}], {s, 0.001, a-0.24, 0.25}]};

w
senb = {Thickness[0.005], RGBColor[1-0.4a, 0, 0.4a], Line[Table[{x[a, s], y[a, s]}, {s, 0, b, 3—6}]]};
sen = {Table[{Thickness[0.005], RGBColor[1-0.4¢c, 0, 0.4c],
Line[Table[{x[c, s], ylc, s]}, {s, 0, 2, gng}]]}, {c, 0.001, a-0.24, 0.25}]}:

txt = Text[StyleForm["|z", FontSize -» 16], {1.9, 1.9}]; xj = Line[{{-2.1, 0O}, {2.1, 0}}];

yj = Line[{{0, -2.1}, {0, 2.1}}];
Show [Graphics[{Thickness[0.001], ten, tena, tenst, senb, sen, zrsen, zrsena, zrsenst, txt}],
AspectRatio - Automatic, Axes -> True, PlotRange -> {{-2.1, 2.1}, {-2.1, 2.1}},
AxesLabel -» {StyleForm["x", FontFamily -> "Times", FontWeight - Bold, FontSlant - Italic, FontSize - 18],
StyleForm["iy", FontFamily -> "Times", FontWeight - Bold, FontSlant -+ Italic, FontSize - 18]},
Ticks -» {Automatic, Automatic}, DisplayFunction - Identity] ] ;

wlgr[a_, b_] :=Module[(ten, tena, tenst, senb, sen, wrsen, wrsena, wrsenst, txtl, txt2},

b b
ten = If[z— —Round[;——] 20, {PointSize[0.02], Point[{u[a, b], v[a, b]}]}, Point[{5, 5}]];
7w n
b b
tena:If[—-Round[—] 20,
2r 2r
1
{Pointsize[0.02], Table[{Hue[z— t], point[{u[a, t], v[a, t]}1}, {t, 0, b, -1%}]}, Point[{5, 5}1]:
T
tenst = {PointSize[0.02], Table[{ﬂue[;t—], Point /@Table[ {u[s, t], v[s, t]},
T
b b T
{s. 0.001, If[2—7r -Round[z—"] 20,a-0.24, a+0.001], 0.25}]}, {t, 0, x-0.01, E}]}
b
wrsen = If[zi -Round[z—] 20, {Thickness[0.005], Line[{{u[a, b], v[a, b]} -0.07 {wrx[a, b], wry[a, b]},
bis bis
{u[a, b], v[a, b]} +0.07 {wrx[a, b], wry[a, b]}}]1}, Point[{5, 5)]];
-Ifb Rodb 0, {Thick 0.005], Table[Table|{H lt
wrsena = [E_ un [2—;12 ,{ ickness|[O0. ], Tal e[ al e[{ ue[; ],
Line[{{u[s, t], v[s, t]} -0.07 {wrx([s, t], wry[s, t]}, {ul[s, t], v[s, t]} +0.07 {wrx([s, t], wry[s, t]})]},
(s, 2, 2], {£. 0, b, —}]}, pointi(s, 5}1];
wrsenst = {Thickness[0.005], Table[Table[{Hue[z—l— t], Line[{{u[s, t], v[s, t]} - 0.07 {wrx[s, t], wry[s, t]},
T
{uls, £], vls, €]} +0.07 (wex[s, €], wry[s, t1}}1}, {£, 0, x-0.01, }],
b b
{s. 0.25, If[-z—n- —Round[Z] 20,a-0.24, a+0.001], 0.25}]};

senb = {Thickness[0,00S], RGBColor[1-0.4a, 0, 0.4a], Line[‘l‘able[{u[a, s], v[a, s]}, {s, 0, b, —3"—6}]]},
sen = {Table[{Thickness[0.00S] ., RGBColor[1-0.4¢c, 0, 0.4c],
Line[Table[{u[c, s1, v[c, sl}, {s, 0, 2, 3%}]]}, {c, 0.001, a-0.24, 0.25}]};

txtl = Text[StyleForm["1lst sheet", FontColor -> Hue[0], FontFamily - "Times",
FontSize - 16, FontSlant - "Italic" , FontWeight - "Bold"], {-1.1, 1.9}];
txt2 = Text[StyleForm[" |w", FontSize - 16], {1.9, 1.9}]; xj = Line[{{-2.1, 0}, {2.1, 0}}];/
yj =Line[{{0, -2.1}, {0, 2.1}}];
Show[Graphics[{Thickness[0.001], ten, tena, tenst
, senb, sen, wrsen, wrsena, wrsenst}],
AspectRatio - Automatic, Axes -> True, PlotRange -> {{-2.1, 2.1}, {-2.1, 2.1}},
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AxesLabel - {StyleForm["u", FontFamily -> "Times", FontWeight -+ Bold, FontSlant - Italic, FontSize - 18],
StyleForm["iv", FontFamily -> "Times", FontWeight - Bold, FontSlant - Italic, FontSize - 18]},
Ticks -» {Automatic, Automatic}, Epilog - {txtl, txt2}, DisplayFunction - Identity] ] ;

w2gr[a_, b_] :=Module[(ten, tena, tenst, senb, sen, wrsen, wrsena, wrsenst, txtl, txt2},

ten = If[-;- -Round[zb—] <0, {PointSize[0.02], Point[{u[a, b], v[a, b]}]}, Point[{5, 5}]];
T VA
b b
tena:If[—-Round[——-] <0,
2r 2r
{Pointsize[0.02], Table[{aue[——zl t], Point[{u[a, t], v(a, t1}1}, {t, =, b, 1—”2}]}, Point[{5, 5}]]:
7T
tenst = {PointSize[0.02], Table[{nue[zi], Point /@Table[ {u[s, t], v[s, t]}, {s, 0.001, a-0.24, 0.25}]},
7
s
, 7, 27-0.01, — ;
{t, =, 27-0.01 12}]}

b b
wrsen = If[—z— —Round[z—] < 0, {Thickness[0.005], Line[{{u[a, b], v[a, b]} -0.07 {wrx[a, b], wry[a, b]},
g b
{u[a, b], v[a, b]} +0.07 {wrx[a, b], wry[a, b]}}]}, Point[{5, 5}]]:
b b . 1
wrsena = If[; —Round[;—;] <0, {Thickness[0.005], Table[Table[{Hue[z—; t],
Line[{{u[s, t], v[s, t]} -0.07 {wrx[s, t], wry[s, t]}, {u[s, t], v[s, ]} +0.07 {wrx[s, t], wry[s, t]}}]},

7t
{s, a, a}], {t, =, b, E}]} Point[{5, 5}1]:

1
wrsenst = {Thickness[0.005], Table[Table[{Hue{;—— t], Line[
s
{{u[s, t], v[s, t]1} -0.07 {wrx[s, t], wry[s, t]}, {u[s, t], v[s, t]} +0.07 {wrx[s, t], wry[s, t])}]},

{t, n, 2x-0.01, %}] {s, 0.25, a-0.24, 0.25}]};
b b
senb:If[z— -Round[E] <0, {Thickness[0.005], RGBColor[1-0.4a, 0, 0.4a],
e

Line[Table[{u[a, s], v[a, sl}, {s, n, b, %}]]}, Point[{5, 5}1];
sen = {Table[{Thickness[0.005], RGBColozr(1-0.4¢c, 0, 0.4¢c],
Line[Table[{u[c, s], vc, s]}, {s.0,2m, —3%}]]} {c, 0.001, a-0.24, 0.25}]};

txtl = Text[StyleForm["2nd sheet", FontColor -> Hue[0], FontFamily - "Times",
FontSize » 16, FontSlant -» "Italic" , FontWeight -» "Bold"], {-1.1, 1.9}];
txt2 = Text[StyleForm["|w", FontSize » 16], {1.9, 1.9}]; xj = Line[{{-2.1, 0}, {2.1, 0}}]~
vj = Line[{{0, -2.1}, {0, 2.1}}];
Show [Graphics[{Thickness[0.001], ten, tena, tenst
, senb, sen, wrsen, wrsena, wrsenst}],
AspectRatio - Automatic, Axes -> True, PlotRange -> {{-2.1, 2.1}, {-2.1, 2.1}},
AxesLabel » {StyleForm["u", FontFamily -> "Times", FontWeight - Bold, FontSlant - Italic, FontSize - 18],
StyleForm["iv", FontFamily -> "Times", FontWeight -» Bold, FontSlant - Italic, FontSize - 18]},
Ticks -» {Automatic, Automatic}, Epilog - {txtl, txt2}, DisplayFunction - Identity]] i
setumei[a_, b_] :=Module[{ya, txtl, txt2, txt3, txtd, txt5, txt6, txt7, txt9, txtl0, txtll, txtl2},
ya = {Arrow[{-1.5, 0}, {-1.5, -0.7}]};
txtl = Text[StyleForm["{x,y}=", FontFamily - "Times", FontSize - 16,
FontSlant -» "Italic" , FontWeight - "Bold"], {-1.5, 0.6}];
txt2 = Text[StyleForm[0.0001 Round[10* {N[x[a, b]], N[y[a, b]]}], FontFamily - "Times",
FontSize -» 16, FontSlant -» "Italic" , FontWeight - "Bold"], {-0.3, 0.6}];
txt3 = Text[StyleForm["{u,v}=", FontFamily -+ "Times", FontSize - 16,
FontSlant -» "Italic" , FontWeight - "Bold"], {-1.5, -1}];
txt4 = Text[StyleForm[0.0001 Round[10* {N[u[a, b]], N[v[a, b]]}], FontFamily - "Times",
FontSize - 16, FontSlant » "Italic" , FontWeight - "Bold"], {-0.3, -1}];
txt5 = Text[StyleForm["w = z2", FontSize - 20, FontWeight -» "Bold"], {-1.5, 1.8}];
txt6 = Text[StyleFom["z=x+iy=tei°" , FontSize -» 20, FontWeight -» "Bold"], {-1, 1.5}];
txt7 = Text[StyleForm["w=u+iv=Rei°=r2e"2°" , FontSize -» 20, FontWeight » "Bold"], {-0.6, 1.2}];
txt9 = Text[StyleForm["{r,6}=", FontFamily - "Times", FontSize - 16,
FontSlant -» "Italic" , FontWeight - "Bold"], {-1.5, 0.2}];
txt1l0 = Text[StyleForm[{0.0001 Round[10% N[a]], b}, FontFamily - "Times", FontSize - 16,
FontSlant -» "Italic" , FontWeight - "Bold"], {-0.5, 0.2}];
txtll = Text[StyleForm["{R,8}={r?,26}=", FontFamily -+ "Times", FontSize - 16,
FontSlant -» "Italic" , FontWeight - "Bold"], {-1., -1.5}]1;
txtl2 = Text[StyleForm[{0.0001 Round[10* N[a?]], 2b}, FontFamily - "Times", FontSize - 16,
FontSlant -» "Italic" , FontWeight - "Bold"], {0.6, -1.5}];
Show[ Graphics[ {ya}], Axes -> False, AspectRatio- 1, PlotRange -> {{-2, 2}, {-2, 2}},
Epilog - {txtl, txt2, txt3, txtd4, txt5, txt6, txt7, txt9, txt10, txtll, txtl2}, DisplayFunction - Identity]];

function[a_, b_] :=Module[{inzgr, inwlgr, inw2gr, insetumei},
inzgr = zgr[a, b]; inwlgr = wlgr[a, b]; inw2gr = w2gr[a, b] ; insetumei = setumei[a, b];
Show[Graphics[{}], Axes -> False, AspectRatio- 3/4, PlotRange ->All,
Epilog - {Rectangle[{0, 31}, {30, 60}, inzgr], Rectangle[{0, 0}, {30, 30}, inwlgr], Rectangle[{30, 0},
{60, 30}, inw2gr], Rectangle[{30, 31}, {60, 60}, insetumei]}, DisplayFunction - $DisplayFunction]];
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The trends of CCNE’s opinions on ethical problems, related to genetic medicine (I)
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Because of the variances in the nature of genetic information and other information, ethical problems in genetic medicine

sometimes reveal aspects different from general ethical issues in medical practice. Four principles of bioethics — autonomy,

beneficence, non-malficence, and justice — might not be applied to the ethical problems in genetic medicine. Thus genetic

counseling has become prominent in the field of bioethics.

In 1983, French National Consultative Ethics Committee on Health and Life Sciences was established. To date it has

produced 105 opinions. This essay will review the trends in the opinions that refer to genetic medicine or genetic counseling.

Keywords : National Consultative Ethics Committee on Health and Life Sciences, genetic medicine, ELSI

& U & (2

EEEERCEE I Y ) Y 7B S R T
DORE] OHIZIE, BEOEKEICHEIT S [MEHETO
MIRE | B MM CTEZ LLENREZHFOLONH 5,
HHEOERICBIT A MHEHERCOMENL, LIZLIETH
B B (G48) EaE - B oBlaroEish
5o Lo LBIREEREZI Y v ) v 71285
MEE CORE] 1L, 728 2IETHMZ [ 2 HEH)] 12
LT S BWTWAER], [FER] 1L T
[MENDIEMBRER | L) L)1, EamEEo
(9) JE R & BACHBNC IR 2 & Ofsbiic s % g
5L720, B ko TiddafmHEEo () EHjo
FMPEICOWTHWE LAE-720) 32 X9 2D
oo

MIZERCHEEA Y ) v 7 I2BT A [HHET
DIE] DRSO Z ) L72kie @HIZBE & 2D, Kia
37 7 v AEFRMHFBMEZRE XL L CE 2 /A#o
I HIRZEEEMED L D2 WL ORIy FIF, 75~
A ERfHHFEMZE S CONE Y ASE4EM 2 fiE & LT
RBETLCE 72, ZOMELBIET L0 TH 5,

1. CCNE ORLED 1t

CCNE 28} L 7 A 2 Mt ¥ 2 i1, ZORESR
DRBSIFIZONT, T2 CTHMICERT %, CCNE
($19834E 2 H23H 123 v 7 F Y KIEFEDIREIZ L 5 T
FRL7:, MRMOERICL ) ZFE SN HHEEES
Th, fHE - EMFETE ORI TEL S
BIZDOWTKRIHE, R, WHEO X 23—, BUGHH,
KEFZ DO FFEHE B AL 2 & OB M % B
Hooz, AEART MM TCH L, EFREAS,
HE T =% 77— TOEFMIC X W E R
TWwhb, T—=F 277 )V—TIXCCNE D A ¥ IN—=721F
T2 REIE L THHBOHEMER S G TR S I,
ETOMBERRIICT —F 77V —TTilmIh
Bo HMERIZI2HD A Y N—= 57 ), HHEARE S
N7-RIEIC T EHENICEZ 2R L, EmIC X ) L
F MR RIEICE LTI, &REEA SRS
RY A EVolkE ), 2RERERE, HII—E
SN 2B BTHRAPOFELZERT 5, &
REEE L EMIZIEAR TR SN, RERICENY
VLR &S ITRERESE RIS NS, BED

A LK BT kato@u-gifu-ms.ac.jp

171



Iz BB R R 3

NFEIE CCNE D EEEHTH 505, KIKHESLHEE DS
DFEMNIE TR EZ AEKT B2 TR, ML
T HOHEICR) MARLREANRTHIENTES
EWVIO A AT o 9 L7z CCNE DML & BfE IS
DWW, [HEMMmEICE S 2200445 8 H 6 HEHSS
2004—8007%5 * IZB W CTHIfEICRIE & 7z, CCNE IX
KN & AIERETIR L7285, AT L TH A
B L THIEE NV E VI FE#E >, 4H
(20094 1 H10H) £ T2, AF SN LMHIZLI0512D
2%, CCNE D RIFED 9 &, MEHFMEDOFHEICE
FLTWELDIFER1IDEY THDL, TOLEEEEZD
GO BB IZIE L, CCNE DS & Ol 2 {xHis LT & 72
ZEEGRANDLZENTE L,

2. 1994FEanfRIBEEIELIFIO CCNE O REEDOHE

RfpdD 5% [MAERTZW, HEMBNICL > TR
U AREMBEICE S 2 i, Hidd ] 1, (19854 HiFIC

2009

BIFA) ZOI0ET, Bk e BAERTBRHEMICE > T
L DORBRBREPRRIND L) 5722 LIk
vy, RIS ~OETH &) EER Y L Y AR
FFEEMIICH 720 SNz 8L T b, N LARR
MY HESCODHLTOHED & HIZH LWl tdH
BH, ZOPMHILME A NDEfRe AT A2 &1
WIS 2D DTH Y, el 2 gLl 235 RHIARIL L T
WVELRDIZBWTERNEAFTIEZ Y, Ll Tw
55, EHICRMSFIL, 197D VDYWL Y = 1 1
OIS LCRIBEIEIC X B IR g ST T
HHIL I I TUDTHERL T,

SRR 522% [RIZTHEICOWT] I2BWw T,
HIEFIHEROFGIIAMILI R E SN ERETH L
&, BEELH-BRTHREICHRo TEBINLRET
HDHIEPHERENTWDS,

SR 25% [BIRF0MAT & B Ao, RIEWi%,
ERFZRIEH T2 2 EIZoOWTORMR] 1L, FEFEHF

#1

SRR FIATO AT ZA b

SRS 19854E 5 A 13 B | HZERT, JEEMBWNC L o TA U 5B IRICRIY 5 R, b3

VLA 17 1988 4F 12 A 5 H | DNA #ELED IR D IZDUW T O LLfF

FLfiE 22 1990 4F 12 A 13 B | BISFIBRFIC OV T O WL

FLfiE 25 1991 4F 6 A 24 H | MR FIOMRA 2RI, FROFE, EEFRIEHAT 2 2 IOV TORME (DNA N2,
M Sy 7 & R — o)

FLAiR 27 1914E 12 A2 B | & b7/ 20 EICET 2 B, WEE. b b7 SO M AR REIC B 2 —i%
522,

5L 30 199241 270 | TAR—LEL (AU By 7)) IZBOTHEEZ5 & T 0 BEFENRE DRSS ITICX
DA U7t LRI E

S 33 1993 1 H 19 A | 77 AZBT HFkNERE & HREE O REKDAEICRET 2 iLiE

SR 36 199346 A 22 H | KM (IR EAT 5 BE O TS ICBIT 2 g, i

FLAR 46 1995410 A 30 B | DEARF L EF © TAD T~ (2O TORME S, @isEH

FLAR 70 2001 F 12 H 13 H | H=FHOTZHDFRE

LA 72 200247 4 H HIRATEAR T2 W OILDI VD IZ DN T D ELE

SLfg 76 20034F 4 H 24 B | EFIILEVEDR B 558 ICEROBIRIE A R 285 Con T

FLAiR 83 2004 43 H 25 B | ZERSMERRAERE o H AR AT AR 00 3 K

FLAiE 86 2004 F 11 H4 A | HIV EEEHEEBOBZE OO DL 7T A FOHHBHIZ OV T ORI

FLAE 90 20054F 11 H24 B | HHEZMD Z L, BlrBRICEIT DB &R

SR 97 20074E5 4 10 H | 5 FREAZ ) —=0 75O FAEROBBEEHR HAE U5 L EofE

SAE100 | 20074210 H 9 B | SBISTFAOMRAIC X 2B Bk, BochiER

172




IR =T
FEEEHIC T Db M EORIEIZ DWW T CCNE O RIFOH)H (—)

FEEICHIIZE E DX HREETH S Z L ICREL, H
HUE - AR - BEREE T I AN —BEE L W
SR AR E 2 RS, e TR L N AR
2 BIEERBOBWIIEH L Twv L LEHIZOW
TIHRRTW 5,

RRES2THRGBET, 2% 2T 2128 - 724%
HrBRTWb, $74bbH, CCNE D5 &, 177,
227, BFXRITHIIBLCE, T—F 77—
FIZBWTERRD T —~< LAY L OREIZOWT
FEENZ L, CCNE D1IEDEREETIEZD
M (BEFLOME) PR ENDTFENH L &
WA T, 77 Y AMBEOEFHEIILZA AT b
J ATy s b OMGEMIEIZOWTOLEIFEER
ENBEFENH LD, TTTCCNEDRGE T L0
BYLBENHTEZEBRTWE, Fimlidsy 4 M voil
DTHY, NMEFHEFHSNERETIEZVEWV)
BT_po /M5, CCNElde b7/ Axtd
BHIFRFHFEE ROV ERRTWV S,

IR 533% [ 79 v ACBIT AiEAEEE L I
RB(L T ORI EIZBIT 5 W] 1E, 1988412
A7 L 72 Fet R R IS E R LoD, RRNBES X
OB EIC BT, ERSEAN LM IE - &
DLTBLTAEDLLRINTVWARVWDT, HEDOZEZ
oW TC, IRBHER, &R - 0 FEYY - EFOFM
EOWMN%ET, I T4 V=R ERERDIEFA -
BIZFHFETHELRES LR EINDLIRETHDL LE)
HLTW5,

3. 1994 FEdfRIRARIER D CCNE DR AR

CCNE % B D HAETH 519844F 12, CCNE 13 7IHE
5 2% ([H LWIBEED ANOERIZDWTORR])
IZBWTC, Edafmil EoME L BRI FEonE
MEIRST L TWD, 19864 121X M (Jacques Chirac)
1ZE % (Conseil d’Etat) 2, AEAnf¥E oo [ 4k
WZOWTHEZAT) L Lz, 2OMmIZIEL AT
E P ATI9884E IZHR I L 72 D25, bW b 7 LN v
Y THL, TUNVIREER S LICEFEIZAICE T
Fex S H R EDT Lz v CEMREICE T 2
WG 7 BAOEEAI98MEIMER SN TOHE
Z19914E IC MG S, ANOBIZIEE 0%, EET
FRAEDHHNZ DOV TDONEI AL T NIz, 199245 D
AT & BRI DWW COBENINZ BT, %IC
19944127 7 >~ A1E, 19864E 1 HH R % & 8 4, CCNE

173

DI S 2 B L 104D T2 B e & Bt OREF &
LTI ANROBEEICE S 2 8] [ MEDOER LY O
TRt EAH, AR K N ARSI B S B ik
] RO SIS B U 205842 B & T 2 il A lEHR-
WENZEET A3 O =8, Wb B 19944E A fi i HEL
(Z) FEERBTL &2, TRERBC, & X2 L
TW/AFge R RGEDRY bYUE S hiz,

[ NRD R (2RI S % 19944F 7 H 29 H #4594 — 653
T 2B B EEEEMEOBIEIIRD L9 IR T
Wb, [ NOFED RS IMAT I, REH I F 72138}
FIFE EOHBLUSNTEF L TE RS BV, KRADK
L, MMROERANICHZTNE RS W], 7,
[COEMF o 7RG R 5D Z e K EF EOHW
TADBIZFEEDORA ZAT ) AT, 1 FDOEERE R
CI0H 7 7 v OFEIUTE] LEhTwh,

I TOEI, FEAIEDIE CONE 2o S/
ik % BEBLS %6

RRF 546 [THRIZT L = T2 S TR~ 12
DWT DR i, WiE] 1, APk FFEmTo
LAR— b, BEPHHEETOLR—F&vI) T,
BEHAEIC R ST 2 HMEHE TH 5, &1, Emfi
HoO—RFANZE K LoD, MADOFRYFHIII LT
ED L) HAFHEFEHIR RS E R 5N L NIZONT,
BRI L COLEERHEEDDH O )7, BRENDEHR
BIR, RRMEICBIT 5504, T offiHEvwoi:
25 D7 70 —F %2 RA TV 5, BIGEHEL B
By k) 7 THEICZE Y ) ANEICOWTIE—il
DHBEEINTWEEWVZ LI,

RFZ10% [E=F0-0o0RE] 1, EEER
R@IEH T R T OFEIETFTIE %L, W R
2B TEER & RO CEEE ORISR DA AN 2
S 12E R, JLIREED 720 OFBHBR & Vv o i
CHFERL TS, BIREEHEOMEL LTIE, A
M OFERIZ D % 57 < & B MFE D7 DIZ#E
FIREOMRRRE TA2HEE2 L VI, SEOR
[ 5467 2 SR L O OMEf 2 A T b,

S TI1994FE i Bl C, AIRFIZINE [T L0203
FrE DEEEZIFEICE SN 5D TRV e D 5
Ba] 2ok, mLIHIBRS Tz, Lo L20014F
2, oL ER L Re WEE, TabbREN
77 Y AZEMIFRANDERH N — 123 5720, ik
DEET 2 F 729, BHICHE LS 2 BT 5 2
CETTRED & ORI VA DED CONE 12 Eiz, €5



Iz BB R R 3

WZE4E, N F v N UIRORERFEO N v TIVIC, 4
ANOEZE LT ARSI E L TS Lwp
EDOFWEDLED R ENTZ, TNHIZEZDT-OITH
ENT-0N, RRFEST2E [ERARETZHOILDS

DIZOVWTOELEY | Thb, ML) bAEFNTLS
TELOFREE VI BENEETH D Z LAWY EL
RSN TV,

W TT6% [RFNLENED D 555G 1K IEDE
ZEIEMEBRT AHEHICONWT] X, HEH 7% EEH,
D NIEZFOMEMD D D LW Sz N4 05, IGHI,
FHHFED» OB ZBEELZ TG RRIIMET S
BEWNEBEZHETADENIIOVT, Vv v 750
7R T A OREIR A TH Iz, BEICAREST0
FTEIZBWTCONE 1, 20N EFTE—IZFO5NR
TR S B WRMENOERD O CTEETH L
LERER L7278, ERICET 2R TOE=FOFL
WZDOWTIIHRICRIEE L o7zs 204, MAD
FUALE B 2 B (85T T 5 2 L IR A O BLE % otk
IZE5FTDT, TNHRFEDIRIIIBIT 5 EHE Lo
B OWTOMEE RESLENH S, &£ CCNE &
L T b, ERRICBWTAKREHRIEFR I NS X
ELOTHLD, PRI LT, AV KLERHIIO
WCOREMBRE 2 LIEZ L9 &35 2 L ILEHEBIE
HECET AL, BEORRICHERE(RA S LD FHMHT
KRB OE T % L WIEROREE S, B 2 K0
ZHET B 7202 2 DIERALEE L SN DYEITITFRIC
JEEIMET 5, LORMITRENT WA,

LR 583% [ FERMEMERE O AR AT AT O K
1%, CFTR (ZENaM:MiHEE IR B m P& ) R FA
BAWAERAZ ) -0 7552812, wWE2bD
AHEEENDEF L o TWAEIYD, ERELEAERD
) BIEklEE SUEICBWTBLENH D LEELT
Wb,

4. 2004 F £ fmIBANIE &, ZDHED CCNE D RE

19944F A i L, [AamaIC B9 % 20044F 8
H 6 HEAEE2004—800% | (RE2 ICHifE) & LCehik
EN7zo ZD20044F D A EREIS BT B 72 %
ELT, [ROMFEFMA] L v ) BEPEITF L, 2
MIX19984E D ES MM L 1ok > TH U 7ZHETH -
72720, 1994FETIZE o2 at s T w7
METH D, TORIT, REWITIE, EHEB L OEER
BRSO E I D B iR T AN E S b L T

174

2009

HIZHEBE Tz, MIZEROFEIIZOWTIE, 19944F
A ERER SN A, BEIZ20024E 3 A 4 H 452002 —
3035 HWEE R BLE &R TV A DS, HIZ20044F 4
B, EEFNRAEOREIZOWT, FHEIZEL
B [FEOLENE, FEORMBITREME, AHEHEICOWT
Lwof ZOMPVEIEE L7,

SRR 5867 [HIV L BRREDBM D20 Dt
V75 A N OHHALICOWTORME] (&, 20044E 1 H
DERMENRE S CCNE W03 2 BT LT, SkAE
RO & 2 B FAAEILT ISR SN Tnd, &
V77 A b Fy MIFMNIEFERH Z OV FRTIlRGER
BECHY, 77 v AEEGHUF (AFSSAPS) ~DJE i
RHFUELEE LV, OO BIZHELS D
MEIDERETLI2E V) OPGEDMNE DT TH
bo BNVTTFANEY MICIE, BOY Y IVEIEHD
BAEMED ), HCY Y FVEOFIRIMER, DI
Lo TIIMER 2RI L THMARHANEDL Z L1k 5,
fERIIEAAL S N AEF S 2@ L TERR TR,
BAHETH - A I E S ICEFITHALCH S %
RKDBEVIETH S, ZHIIxH L THOHMAERZ,
P TVRWIZT TR L, BRIRDHREOHRAE I A D
HHEEEITEO THS THMRL 2T ER S Bk
W, L OHEENFELATH L LRI TV, AD
(AR L WO BT HL—HT, EVTTAMF
v M, BECARE 5467 767 e S -
HBIRAELTEY, [RERIPARIEM] TR A NS
WX o TREDTFIERZ SN 2 I[A+H5 %A% T
Mo ET D] Lol R emED b LIRS
nTwa,

SO0 B L 1007131/ U7 —~ 249 2%, FHU#H90
X E 4 B (L accouchement sous X) =0 % - #% .,
B B\ ITATEMHBIER B A HE & WSRO W
TODLDTH b, HHMERIZOWTIE, IREET
BA DTN & 2 b D TH B 560N OH6
THEIZ IR TWh, flimmihs T, F& b OFEs
AR SN AERETH D EERENT VD, &
M L CRRLI00%E 1L, BRAREXFOFE S,
BB % DNA g CRE S &5 & v ) BIRIEICH
LTHENZDDTH D, WFELI00F L, HIZT- DA%
BTHEROELTLRBREOEZ TFESTBY, BT
BILR & IIWRER SIS 2 O TH o TRHEEITHKIL
THOTIERV, HELTWA, (LUFR%)



IR =T
FEEEHIC T Db M EORIEIZ DWW T CCNE O RIFOH)H (—)

Eil &

AHFTEIE, P B204F BEIE B B R AL 7 R 222 P AR
FEIZ L P E ST 7,

1)

(e}
~—

—_

X ik

Ji & 1 Comité Consultatif National d'Ethique pour les sciences
de la vie et de la santé T2 4 728, French National Consultative
Ethics Committee on Health and Life Sciences & FLaR & L7210,
77 v AEFMEHMER S, &5\ EmiRER IR
THERMHBMERER LR INDL I L H DD, B
TIXLIF CONE £ 5L Y %0 AR TR CCNE 2DV T O
1&H 1242 T, CCNE DH 1 b http://www.ccne-ethique.fr/ (2009
£ 1 AIOHBUE) o372 DTh b,
RFENZOWTORMNE, HERER, N [7 7 > 21281
B SEI IR AN B O FR A ] TStudies A= dy - AR -+
=] 585, 20054, 1-89H % &M,

JE7E (3 interruption volantaire de grossesse GH; IVG & &R &
N5) THAHDOT, KKIFEFEHYN T HE & FKiL T
XLTATHDH, RO BRI E R L7z,

Z ZTHWw ST W A5 EE T interruption de grossesse C &
%o IVG & avortement DfEVIFITIZOWTIE, &)l A
[7 72228 DIEIRPHICE T 2 EHIEZ D CBIER
B EAE—JLIR L2 & &AL, & L THS—E#EIA]
[ &SRR R ZE A ) 45 5%, 20004F, 201-215H %%
M, R 225, mBESBY [N OLIEEATNS]
KT T4k, 20084, T3-139EHDFLBOEE L kb,
ZOERSIE, WHO 2RI SN TRIRFERICHET 27
A FTA4 2] 2B AR L OIS BV TRRE &P
Thb, WHO O [EIEEFRICHT AT 4 P74 2] 120w
T, EIHEET [EROMERERE (WHO) 12X 5 M fRLERE
BT 204 8T 4 v & AR MEINKFER I E
MRS ALE] 552375, 19974, 37-61H B & UK E 3%
[WHO 0 <feeffe > msg ] [BULEAE] 5528%107, 2000
4E, 153-169H % 2,

EHEIZIZ19754E 1 BITHE TS 585, IERIERICRIIL 72
MEFORERE Y E—X - T2 A 2OZEE LY = A L3k
EMEND REOHTIZOWTIE ENEE [75 220
IR | TR 48 545 15, 1988, 1-64H &%
Mo %3, 20014F O i GIEHIROE R C 2 W T HIEA
T TT AT IR A & AT 2 B 3 5 ] odiE—Ztko Y
TUFTTAT ANVASTAYOE ] TIkZER] 519
77, 41-51F, 200145 & OEA AT [ AR
B MEmowE] & THH]] I LFH [77 22
OFEHIBI] F10HE, 20024, 79-86H & B,

Jx A AETIR, ZHOEMPZE 0%, IEIROMG AT
ORI ER RS2 RITT LR L7246, £7203m
B REFHBWO L SITAHERD 5N B EE LB
WAoo TWBLUREED RN Z & 2 FEH L7284, wOoTh
IRPHET A5 2 LA TEH L ENTWE,

77— % 2 7 7 )v— THEE Guy Braibant [l B A, T LN
W EEND, TLNVHEEFIIOWTE, MRELT7
7 v A A f i BB O J5 B — 19884 s BE e i | [ RF 4%

175

9)

fiiogsE L PUCH ST | SWEETHSR [Ed - 55

Rh A i FLAE 75 BB e ] T3 K5 SU BB AT SR
19964, 72-798, /WHEL [7 7 v AL mHlEok o H
Z02—[7VNViREE] 2B 5 [AMOEGH] 128
T AHEME] TR oFGE L BRAEA T AEEE A
aim [y - B - RHPEB i Erge 1] T3 3073
YRR, 199748, 128-1428E, 79 v AR S (75
Y ARG E O AR (—) ] TEERELSE] 536%
2%, 19984, B7-79H % B,

FEAEORFIELLTOMY o KAFERR [AROEEICH
T2 19944F 7 H29 1 #:4 4594 — 6537 | [4FE D] 4533

%20, 19944F, 9-16H ., A FEHR [ AMMERORERZEE LT
FEY OB T OFIH, A O EF A B IR O M AT
W 2B 3 % 19944F 7 H29H A 594 — 6545 | [HFE o0 3733
55334 2 5, 19944F, 16-33F . AN FEHK [R5 E 12
B HNE T 24 HROLMIZET S, 260
IEHAILE, 1EHR T 7 A VKO HICET 5197841 H 6

HBE 5781775 2 2 IE T A 19944F 7 J1 1 H 4594 —548
51 ThME O 3] 8833% 2 5, 19944, 33-35E,

—H DY IEDFAEIZDWTIE, BEXIF [ 75 & [Hdy
i) oaikig] [MEoT] 6633% 2 5, 19944, 1-
8 H, MhESRER [ NARSEER & e~ 7 T » Ak i
D4 Hi~ ] [Studies A dy - AR - #L4x] 45 3 %5, 19954,
1-54H % B MW, EGHEEOMESITZD L DIZDNT
X, BEEANT [79 0 AXBT 5 EGHRE & &ik—4
AL O R & BTN O W [EEEE] 5157,
19964F, 55-94F B X OWEIRIE [7 7 ¥ A28 5 i
Pl T ks ] 5543555 4 5, 20004F, 9-361 % &
iE08
B, TNIEBR LRSI NP ER LT R
121, 79 Y AENIZBU B ERERO L — VEY O A
59, 79 VA0, ExRELTOEREY, \EES%#
577 A E VS HICOEFHTRETH D &
DIHEN D B o WERER [ 75 ¥ A DS ERBLH O
(R ] 4568%%10%, 19964E, 48-55H B & UF LFF A
[7F v 2wl o] T TR EE] B3VEE
1%, 19974, 117-191EZMH,

10) SE SN R B REE IC OV L, BRI 75~

ATFGeat G B IR O 2 TCE - #5 ) TERREHI] #5325
1%, 20054, 271-295H & £,

i

11) ARl OFIRDY, EIEILTIROF — L R_—= T2 TR

SINTWnWi,
http://square.umin.ac.jp/ mtamai/PGD/CCNE72.htm (20094 1
H10HHAE)

12) REOHFEIZOWTRINEZH [7 5 ¥ 2B 55T

FEREEIL I oW T [ b R R B i 7E ) 5544
T8 37, 20034F, 41-65HZHH,



X#RCT ICH T 2RHBFOIENERERRICH T 21T 7 — X EDICERET

LB, ANSFER

AR e oy N o 0 e o A = Nl e
(20094F 1 A15H s #)

Response analysis of projection data about sampling interval
of an x-ray CT detector
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Future Midwifery Education in Colleges and Universities

Izumi KARASAWA", Ritsuko OHMURO”

" Gifu college of Medical Technology
?) Center for Education and Research in Nursing Practice, School of Nursing, Chiba-University

ABSTRACT

Purpose;

In this paper I would like to consider a future Midwifery education by Midwifery teachers.

Method;
I used following questionnaire from one hundred thirty-six in college and university teachers in Midwifery school. They
consisted of twenty-four professors, twenty-two associate and assistant professors, thirty-three research associates in a

university and thirty-seven teachers in a technical college.

Results;
1. There were significant differences of opinion about Midwifery course between titles. Professor has opinion that
Midwifery education should be teach on postgraduate school better than post-graduate Diploma Course.

2 . Midwifery teachers (54.2%) thought that Midwifery students need practice during more than ten weeks.

Conclusion;
1. Midwifery education should be teach at postgraduate school during two years. Professors thought most strongly of
Midwifery teachers.

2 . Teachers stressed the need for ten of birth attendant practice by Midwifery students during more than ten weeks.
Keywords: Midwife, Midwifery teachers, Midwifery education, future Midwifery education
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Childcare function of mothers and fathers with children under the age of 2 in
nuclear family households:
Comparison of cooperation regarding housework and childcare

Kimie FUJIU, Kazue KIKKAWA, Junko KAMINIWA,
Akiko YAMAGUTI, Hideko NAKAMURA

Abstract

We conducted a survey using ‘Childcare Assessment Tool II' in order to elucidate childcare function in families with
children under the age of 2 through the level of parental cooperation in specific housework and childcare activities. The mean
value for both mothers and fathers was favorably high for each childcare function factor, but the sense of childcare stress was
high.

For all activities, more fathers (husbands) reported greater cooperation from the mothers (wives). From the mothers’ point-
of-view, the reported level of cooperation from the father was low for housework activities such as ‘cooking’, ‘washing’, and
‘cleaning’, and childcare activities such as ‘feeding’, and ‘putting the baby to sleep’. There were differences in the level of
cooperation by fathers in housework and childcare activities such as ‘cooking’, ‘washing’ and ‘cleaning’ and the childcare
activity ‘changing diapers’, and fathers who cooperated with mothers on these activities had a higher childcare support
function than fathers who did not.

Mothers who had cooperation from the fathers in housework and childcare activities had a higher childcare support function
than those without in all activities with the exception of ‘cooking’ and also had a better affective function regarding ‘feeding’,
‘changing clothes’ and ‘changing diapers’. Mothers who had the cooperation of the fathers in regard to ‘cooking’ gave a
negative response and showed lower childcare satisfaction than those without. This is believed to show the degree of
childcare stress of mothers with children under the age of 2. When bringing up a child, good husband-wife and mother-child

relationships are important and it may be necessary to intentionally create a role for the father.

Keywords: nuclear family, children under the age of 2, mothers and fathers, childcare function, cooperation with housework

and childcare
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An influence on how to squeeze towels factor as the Art of Nursing
— Pay its attention to the efficiency of squeezing out water from water-soaked towels by
measuring arm muscle activity, used the time required / out water from water-soaked towels /

a surface EMG for; and —

Takaka KOBAYASHI "'*’,  Kaori ITO *’, Kyouko KANAE *’, Mikako ARAKIDA *’

Abstract

In this experiment, I have paid attention to the efficiency of squeezing out water from water-soaked towels by measuring
arm muscle activity, area of palm, strength of grip and method of squeezing. The manipulated variables in this experiment are
as following: the method of squeezing the towel, the area of palm used, the strength of grip and the activities performed by the
arm muscle. The dependent variable measured was the efficiency of water being removed from the towel. 14 subjects were
used to determine the influence of rarying the manipulated variable.

The effects of varying the squeezing methods were negligible on the efficiency, as with the varying of arm muscle activity.

1) Personal differences of the 14 subjects in strength of grip were negligible, however personal differences on standard
methods of squeezing did have negative effects on the efficiency. 2) The varying of the area of the palm used in a vertical
squeeze of the towel showed a negative correlation with the efficiency. 3) The varying of arm muscle activity showed a
negative correlation with efficiency too. However, squeezing the towel firmly in different methods of squeezing showed
negligible results.

In this experiment, the most significant variable/factor for efficiency in vertical squeezing methods was the area of the

palm, while in other methods of squeezing the arm muscle activity seemed prominent in effectiveness.

Keywords : how to squeeze towels, out water from water-soaked towels, the activities performed by the arm muscle
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The effect of the burnout prevention program for a nurse working in a hospital

Masanobu MIZUNO'’, Takako KOBAYASHI', Katsuhiko UEMURA*’

! Gifu University of Medical Science
) Aichi Shukutoku University

ABSTRACT

The purpose of this study is to gain knowledge to prevent burnout of nurses who work in hospitals. I conducted a
questionnaire survey from 2006 to 2007 and analyzed the answers from 886 nurses at 37 hospitals, which form a core of
medical service in Tokai area. The first hypothesis is that burnout inhibits the will to continue working. The second
hypothesis is that the three factors of “psychological sense of community,” “level of satisfaction with work,” and “social
support,” which I selected as factors that buffer against burnout in this study, alleviate burnout. As an analysis method, I used
multiple linear regression analysis. The result revealed that “emotional exhaustion,” which is one of the three factors of
burnout, was significantly alleviated by one factor of psychological sense of community and three factors of occupational
satisfaction. Furthermore, “depersonalization” was found to be significantly alleviated by two factors of psychological sense
of community, two factors of occupational satisfaction, and “a superior’s support.” Also, “personal sense of achievement”
was found to be significantly alleviated by one factor of psychological sense of community and one factor of occupational
satisfaction. The factor that requires special attention here is “psychological sense of community.” This analysis revealed that
psychological sense of community was not greatly affected by time effects, so it is important to develop a program to improve
psychological sense of community and implement measures to prevent nurses’ burnout.

Furthermore, it was recognized that “a burnout prevention program” tended to improve sense of community. This is

regarded as an effect by communication increase between the staff.

Keywords : Psychological sense of community, burnout, job satisfaction, social support, a burnout prevention program
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ABSTRUCT

Physiological effects and metabolic fate of ethyl a-D-glucoside (a-EG) were investigated using Wistar rats. Rats were

received tap water, 10% o-EG, 10% glucose, 10% ethanol or 10% glucose plus 10% ethanol solution as drinking solution

for 30 days, respectively. Drink intake of the rats fed &-EG and glucose solution was significantly higher. Body weight gain

in the rats fed @-EG solution showed significant lower value. @-EG was detected from serum and urine of the rats fed a-EG.

Serum concentration of HDL- and total cholesterol and hepatic cholesterol level in the rats fed ®-EG were higher than those of

the other groups. In conclusion, orally ingested ®-EG was absorbed into blood as its intact form, and was excreted in urine

without complete re-absorption in renal tubule. Furthermore this study suggested that a-EG increased might affect cholesterol

metabolism.

Key words: Ethyl a-D-Glucoside, rat, metabolism, glucose, ethanol, physiological effect

INTRODUCTION

Sake, Japanese traditional alcoholic beverage, which is a
fermentation product of rice, has been consumed widely in
Japan. Ethyl o-D-glucoside (-EG) has been known not
only as the 4th major component (1-7 mg/ml) of Sake next
to water, ethanol and glucose but also as a peculiar

1-3)

component adding unique taste to Sake”. ®-EG was
formed by the trans-glucosidation of glucose moiety in Q-
1,4-glucan to ethanol by fungal glucosidase on
manufacturing process of Sake, but it was not a simple
condensation product of D-glucose and ethanol®.

Some glucosides are available as nutrients after
hydrolysis by glucosidase localized in animal tissues”. For
example, pyridoxine «-glucoside was hydrolyzed in rat
liver and provided pyridoxine and glucose as nutrients™”.
Riboflavin-5’-a-D-glucoside can be effectively taken up
and fully metabolized by isolated liver cells when orally

administered to rats, thus riboflavin-5’-a-D-glucoside and

riboflavin exhibit comparable bioavailability”. Ascorbyl-2-
a-D-glucoside exhibits essentially full bioavailability as a
source of vitamin C because of its feasible hydrolysis by
intestinal brush border a-glucosidase”. On the contrary,
methyl «-glucoside was used for the determination of
kinetic constants of glucose transporter localized in small
intestine, because it was non-metabolizable glucoside that
was caught by glucose transporter'”'”. It was speculated
that glucose and ethanol liberated after hydrolysis from «-
EG were used as energy component and would show
physiological effects of each component. For example, it

was observed that HDL-cholesterol level in plasma

elevated by moderate volume of alcohol intake"™'*.

Some specific functions of a-EG have been reported™'*'.
Instantaneous sweet taste like glucose with slow-acting
bitter taste of @-EG brings characteristic taste for Sake”.
When application of «-EG to mouse skin lowered

transepidermal water loss levels after ultraviolet B (UVB)

irradiation, and accelerated formation of cornified envelopes
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differentiated type keratine in human keratinocytes'™.
Hirotsune et al. reported that transepidermal water loss
levels in murine skin were significantly decreased by a-EG
topical application'”. Our previous study suggested topical
application of a-EG brought about a improvement in the
levels of intercellular lipids after ultraviolet B irradiation'.
Izu et al. reported that a-EG suppressed D-galactosamine
(GalN)-induced liver injury by inhibiting IL-6 production
in mice".

Japanese probably have been ingesting a-EG from Sake
since ancient time. The aim of this work is to investigate -
EG metabolism and to reveal physiological effects of «-

EG.
MATERIALS AND METHODS

Materials

a-EG sample solution for feeding experiment was
supplied from Ozeki Co. (Hyogo, Japan). Glucose, ethanol
and assay kits for glucose and cholesterol analysis were
purchased from Wako Pure chemicals Co. Ltd. and other
reagents were purchased from Nakalai Tesuque Inc.
(Kyoto, Japan), unless otherwise indicated.
HPLC apparatus and analytical conditions

The chromatographic system supplied by Gilson
Medical Electonics Inc. (Middletown, WI, USA) equipped
with SZ5532 sugar column manufactured by Showa Denko
K K (Kawasaki, Japan) and Sedex model 55 evaporative
light scattering detector manufactured by SEDERE
(Alfortville, Cedex, French). The column was eluted with a
linear gradient from 80% CH:CN and 20% H.O to 70%
CH:CN and 30% H,O in 10 min. The elution was then
maintained at 70% CH3CN and 30% H.O from 10min to
20 min.
Animals and preliminary feeding

Male Wistar rats, 4 wks old, weighing 80- 100 g,
purchased from Japan SLC Inc. (Hamamatsu, Japan) were
individually housed in a wire-bottomed stainless cage, in a
temperature-controlled room (23+ 1 C) with 12 h light-
dark cycle. Rats were preliminarily fed the powder MF diet
(Oriental Yeast Co., Tokyo, Japan) and tap water ad
libitum for 3 days.

The experiments were performed in accordance with the

guideline of governmental legislation in Japan on the
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proper use of laboratory animals (1980), and our
experiments were approved by the ethical committee of the
Faculty of Applied Biological Sciences in Gifu University.
Conditions for experimental feeding

After preliminary feeding, rats were divided into 5
groups (n = 6) and were given free access to MF diet and
each test solution as follow. Five test groups were
designated: tap water for Water group, 10% (W/V) a-EG
solution for a-EG group, 10% (W/V) glucose for Glc
group, 10% (W/V) ethanol for EtOH group and 10%
(W/V) glucose plus 10% (W/V) ethanol for Glc+ EtOH
group, respectively. During the feeding period (30 day),
body weight, food intake and drink intake were measured
every day and 24-h urine was collected at the last day of
feeding period. ®-EG in urine was kindly analyzed by
HPLC method in General Res. Lab. Ozeki Co. as described
above. Creatinine in urine was measured by the method

*» and the excretion rate

described by Clark and Tompson
of a-EG was expressed as mg per mg creatinine. On the
last day of feeding period, blood was withdrawn from
abdominal aorta with a syringe under ester anesthesia, and
the liver and the kidney was excised immediately, and
these weights were measured. Blood was stood for 1 h at a
room temperature, and then serum was obtained after
centrifugation at 1,500xg for 20 min at 4 C. For the
determination of each compound in serum, each test kit
was used as indicated in parenthesis, respectively, for
glucose (Glucose B-Test Wako), HDL-cholesterol (HDL-
cholesterol-Test Wako) and total cholesterol (Cholesterol E-
Test Wako). a-EG concentration in serum was analyzed by
HPLC method described above. Hepatic lipid was
extracted with chloroform and methanol mixture (2: 1),
and content of cholesterol was measured by the Zak-Henly
method™.
Statistical analysis

Statistical significance among means was estimated at
p<0.05 according to ANOVA and Duncan’s multiple range

test™.

RESULTS

Table 1 summarizes body weight gain, food intake,
drink intake, liver weight, kidney weight, serum glucose

concentration, serum Q-EG concentration and urinary Q-
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EG excretion of the rats. Ingested volume of test solutions
in the a-EG group and the Glc group were significantly
larger than those of the other groups. Amounts of food
consumption in the @-EG group, the Glc group, the EtOH
group and the GIc+EtOH group were significantly less
than that of the Water group. Although amounts of food
and test solution consumed in the ®-EG group were
approximately equal compared to those of the Glc group,
the growth rate in the ®-EG group showed the lowest value
among 5 groups. Liver weight showed no significant
difference among 5 groups, whereas kidney weight in the
o-EG group showed significantly higher than those of the
other groups. Serum concentration of glucose did not show
statistical differences among the all groups. a-EG was
detected in serum and urine in the ®-EG group alone. As

shown in Table 2, serum concentration of HDL- and total

cholesterol, and hepatic cholesterol content in the ®-EG
group were significantly higher than those of the other

groups.
DISCUSSION

Bioavailability of vitamin-glucosides has been reported
by some researchers®, for example, pyridoxine-, riboflavin-
and ascorbyl-glucoside were effectively hydrolyzed in
mammalian tissues. These vitamin-glucosides will provide
corresponding vitamin as well as glucose as nutrients.

o-EG is a constitutive glucoside and characteristic
component in Sake”. Functions of a-EG for animals have
been already described in some papers'™'™"”. In this study,
the physiological effects and metabolic fate of ®-EG on
rats were investigated.

In this study, intact a-EG was detected in serum and

Table 1 Body Weight Gain, Food Intake, Drink Intake, Liver Weight, Kidney Weight, Glucose Concentration in Serum, &-EG Concentration in

Serum and ®-EG Excretion in Urine of the Rats

Group
Water a-EG Glc EtOH Glc+ EtOH

Body weight gain (g) 1914 180+5° 199+7 184+5 189+5
Food intake (g) 617+8 ° 459+14° 454+10° 486+9 ° 477+11°
Drink intake (g) 1149+£52° 1955+176 ° 2173+123% 627+24°¢ 755+42°¢
Liver (g/ 100 g Body Weight) 3.70+0.09 3.8120.11 3.74+0.03 3.70+0.06 3.71+0.09
Kidney (g/ 100 g Body Weight) 0.65+0.01° 0.76+0.02° 0.68+0.01° 0.63+0.02° 0.65+0.01°
Serum Glucose (mg/ 100 ml) 132+4 128+4 151+16 14445 144+10
a-EG concentration

Serum (mg/ 100 ml) ND * 48.2+0.8 ND * ND * ND *

Urine (mg/ mg creatinine) ND * 354+7 ND * ND * ND *

Values are means + SE for six rats. Means in the same column not sharing the same superscript letters are significantly

different at p< 0.05.

Test drinks in each group were shown in parenthesis as follow: Water (tap water), a-EG (10% a-EG), Glc (10% glucose),
EtOH (10% ethanol) and Glc+EtOH(10% ethanol plus 10% glucose).

* ND, a-EG was not detected under our experimental conditions.

Table 2 Cholesterol Concentration in Serum and Content of Cholesterol in Liver of the Rats

Group
Water a-EG Glc EtOH Glc+ EtOH
Serum
HDL-cholesterol (mg/ 100ml) 41.7+1.0° 56.7+4.4° 46.0+3.4° 44.8+2.5° 44.8+2.8"
Total cholesterol (mg/ 100ml) 57.9+1.7° 83.545.4° 62.1£3.9° 63.5+4.7° 59.743.2°
Liver cholesterol (mg/ g liver) 3.90+0.39°  458+0.51% 3.54+047°  3.57+032°  3.74+0.46°

Values are means + SE for six rats. Means in the same column not sharing the same superscript letters are significantly

different at p< 0.05.

See the legends to Table 1 for detailed experimental procedures.
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urine of the rats fed this compound. Landau et al. showed
in their investigation using an everted sac from hamster
intestine that &-EG was transported against a concentration

gradient'”

. Our previous study suggested that a-EG was
absorbed by sodium dependent glucose transporter 1
(SGLT1) in rat small intestine™. Furthermore, &-EG was
detected in urine of the rats fed «-EG**. Imanari and
Tamura reported that ®-EG was found in urine of a man
who had taken Sake”. These data suggested that a-EG was
actively absorbed into blood stream through the small
intestinal membrane and excreted into urine without
complete reabsorpton in renal tubule. This property of a-
EG was similar to that of methyl a-glucoside'*".

a-EG comprises a part of taste on Sake on account of its
instantaneous sweet taste like glucose and slow-acting
bitter taste. Oka and Sato estimated that sweetness-
threshold value of a-EG was about 1.2 g/100 ml that
corresponded about 70% of glucose”. Taste was very
important factor for animals to ingest energy from food.
Some reports showed that feeding-restricted rats ingested
larger volume of glucose and saccharine solution than
water. So rats preferred to a sweet solution attempting
more energy intake. However the body weight of rats fed
saccharine solution decreased gradually because saccharine
is non-nutritive component for animals®*”. These reports
suggested that not only the nutritional states, for example,
change of glucose concentration in blood, but also
gustatory sensation was important factor when animals
ingest food. Our results showed that o-EG and glucose
promoted these solution intakes, and in turn reduced the
food intake. As for glucose, the elevating of plasma
glucose level might be affected to impulse for food and
solution intake. However the effects of ®-EG on impulse to
appestat might differ from glucose because a-EG had less
effect on changes of plasma glucose level. It was supposed
that retardation of growth resulted from the paradox
between taste and nutritional states.

0-EG intake brought about changes of physiological
conditions. Plasma HDL- and total cholesterol concentration
with elevation of hepatic cholesterol content increased
only in rats fed a-EG. Some reports showed that HDL-
cholesterol concentration in plasma was elevated by

13,14)

moderate intake of alcoholic-beverages However
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cholesterol level was not increased in the rats fed ethanol
(the EtOH group and the Glc+EtOH group) under our
experimental conditions (Table 2). Cholesterol level was
affected by changes of cholesterol synthesis in liver,
intestinal absorption of cholesterol and/or excretion as bile
acid®*”. The high serum cholesterol level in rats fed a-EG
was not caused by excess calorie and cholesterol intake,
because they did not intake a large amount of food. So we
would have to investigate hepatic synthesis of cholesterol
and excretion of bile acid.

As shown in table 1, kidney weight was increased by «-
EG ingestion. Our previous report suggested that cause of
increasing kidneys weight was dilating renal tubules
without any detectable histopathological damage on renal
cells™.

In conclusion, @-EG ingested was absorbed into blood
stream and excreted into urine. Furthermore, ingestion of
a-EG caused changes of cholesterol level in serum and
liver. These results were not observed in ethanol and

glucose ingestion.
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Effect of the air press treatment at low temperature on the delay of
apoptosis to living cell in the storage.

Makoto NAGAI ",
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Summary

This study was carried out to develop the method for preserving the freshness of extracted organs and to contribute to the

prosperity of the organ transplantation.. In this experiment, The cornea of rat was used as a specimen and its several factors of

the amount of ATP and lactic acid, and the activity of Succinate dehydrogenase, which were reported as an index of the

biological activity, were measured under the conditions of oxygen atmosphere and the pressurization. As the result, it might

be the best, under the pressurization of 3atm in the 20% oxygen atmosphere.

In the next study, the cornea will be also studied to in order to investigate the further excellent method.
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Evaluation of the effect of motion sickness induced by watching various
images on a head-mounted display
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Abstract

It has been reported that even users of virtual environments and entertainment systems experience motion sickness. This
visually induced motion sickness (VIMS) is known to be caused by sensory conflict, for instance, the disagreement between
vergence and visual accommodation while viewing stereoscopic images. The equilibrium function in humans deteriorates
when viewing 3-dimensional (3D) movies. It has been considered that this visually induced motion sickness (VIMS)is caused
by the disagreement between vergence and visual accommodation while viewing 3D images. Thus, Power-3D images have
been devised to reduce this disagreement. The simulator sickness questionnaire (SSQ) is a well-known psychological tool
that is used herein for verifying the occurrence of VIMS. We used the SSQ and also quantitatively measured head
acceleration and sway of the center of gravity of the human body before and during the exposure to various images on a head-
mounted display. As a result, there was no significant difference between sub-score of the SSQ after the exposure to the
Power-3D and that to the conventional 3D movie. On stabilometry, however, the toatal locus length of chain2 measured

during exposure to the Power-3D movie was significantly larger than that to the conventional movies.

Keywords: visually induced motion sickness (VIMS), head-mounted display, Stabilometry,

Simulator Sickness Questionnaire (SSQ), Sparse Density
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1 A scene in the movie

# 1 Experimental order

No. image order note
I 2D(still) 1 control
I 2D(movie) 2
il conventional3D 3
0 random
v power3D 4
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2 The setup of the experiment

3 The look of experiment.
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A Study of Medical-Information Training with the Integrating the Healthcare
Enterprise Integration Profile in an Educational Facility
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Abstract

In this study, new medical-information training system and program, which considered the Scheduled Workflow (SWF)
in the Integrating the Healthcare Enterprise (IHE) integration profile, were developed in an educational facility. The model
case was evaluated in an educational environment for cultivating radiological technologists who correspond to the digitized
medical information. The training system could utilize the information obtained from the images, patient, and examination. It
achieved the reproducing part of the SWF. The program involved 10 processes from the enrollment of a patient to the
preparation of the report. This represents routine radiological work. The training elicited considerably good reactions from the
students. However, there were many problems: the system was complex and the training program was difficult. These
drawbacks were due to the presence of a non-Modality Worklist Management (MWM) -compliant equipment in some part of
the system. After the termination of the training program, training system-based education could be distinctly explained from
the reactions of the participants. The IHE integration profile was effective in understanding routine radiological work

considering medical facilities. Thus, we were able to establish a new application of the IHE integrated profile.

Keywords: Integrating the Healthcare Enterprise (IHE), Scheduled Workflow (SWF), Radiology Information System (RIS),

Picture Archiving and Communication System (PACS), Medical-information training
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The medical-information training system, which considered the SWF in the IHE integration profile.
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CR systems (Supplementary DICOM information)

Information inputted in CR systems
* Name
* Study date
* Body part etc.

Send images and the supplementary DICOM
information to the iRad EV Station.

iRad-EV Station

2009

RIS (Actual DICOM information)

Information inputted in RIS
* Name
* Body part
* Study date
* Accession No etc.

The information (patient ID, study No, accestion
No, study date, etc) saved in the RIS were used
for serching for the appropriate DICOM information.

Query/Retrive

Revise the supplementary DICOM information

to the actual DICOM information.

Send the images and the actual DICOM information to the DICOM server.

Fig.2 Revising supplementary DICOM information using iRad-EV Station

Using the information such as patient name, ID and accession number in the RIS, the images combined the right DICOM information by the

iRad-EV station. Thus, searching for the images and making the reports obtained increase of convenience.
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Training System

Training Processes

1. Draw up a simulated-patient
using student's name and number.

2. Issue examination order.

(98]

. Accept the order and patient.

4. Take x-ray images of a phantom with the order .

5. Read the images into CR systems.

6. Convert the images into DICOM formats using DICOM
gateway, and send the images to the iRad-EV station.

Image Quality Assurance System
(iRad-EV Station)

7. Load the patient and examination information
from the RIS, and revise the DICOM information.

8. Send the images to the DICOM Server.

RIS Client

9. Input examination termination.

e;grt Aided System
(iRad-RW)

Drawing up Clin

10.Load appropriate images from the DICOM server, and
draw up clinical reports with the images.

Fig. 3 The training workflow and system flow chart

The steps completed to learn the routine radiological technician’s work model were described. The model case

was evaluated in an educational environment for corresponding to the digitized information.
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