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The sleep onset period is the sleep-wake transition. The mental phenomenon of “hypnagogic
imagery,” which occurs in the sleep onset period, was focused on in this study. Hypnagogic
imagery is defined as the apparent perception of sensory stimuli that are not physically present.
The visual imagery is the most common although any of the sense modalities are experienced. The
purpose of this study is to examine the brain functional state of the sleep onset period with event-
related potentials (ERP) which reflect information processing of external stimuli.

In chapter 1, previous studies concerning with the sleep onset period were reviewed and the
outline of this study was explained. It is difficult to judge whether the sleep onset period is the
state of waking or of sleeping. The standard sleep criteria (Rechtschaffen & Kales, 1968) are
unsuitable for precise judgment of the arousal level during the sleep onset period in which physical
and mental condition changes irregularly in a shot time. Therefore, in this study, a certain
criterion, named the EEG stages (Hori et al., 1994), was used to determine the arousal level during
the sleep onset period. Many previous studies have objectively investigated the information
processing during the sleep onset period with changes of ERP according to the decline in the
arousal level. However, there are two problems in these studies: rough judgment of the arousal
level by the polysomnogram and insufficient description of the change of ERP scalp distribution.
On the other hand, although there are several reports on the relationship between brain functional
activities and mental activities just before waking using spectral analysis of EEG records, these
studies do not show a common view corresponding to the presence of imagery. Far from that, the
presence of imagery itself is uncertain. In order to obtain the evidence of the imagery processing if
indirect, it is useful to examine the influence of hypnagogic imagery on the information processes
of external stimuli with the use of ERP.

In chapter 2, the sleep onset period was divided into the five EEG stages so that the temporal
and the spatial changes of ERP scalp distribution could be examined with the single tone stimulus
reaction paradigm. This enabled to describe the relationship between the brain functional state
and the ERP changes during the sleep onset period in more detail than before. The decrease of
N100 and P300 amplitude suggested that the ability of active attention declined at EEG stage 3
which was characterized by the appearance of 8 waves train. In contrast to their attenuation,
P200, N300, and P400 appeared at EEG stage 3, N650 at EEG stage 4, responding to stimuli. The
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stage 4 was characterized by the appearance of vertex sharp wave. As EEG stages advanced, P200,
N300, and N550 increased their amplitude around anterior of the scalp. P400 amplitude was the
greatest at EEG stage 4 and dominant on posterior. It was thought that these components
emerged in high amplitude on a release from restraint as arousal level lowered. Besides, it is
known that these amplitudes increase under the same arousal level when stimuli are more salient.
In sum, the appearance of these components shows that the evaluation process of stimulus
prominence is maintained even when the cortical activity level becomes lower.

In chapter 3, the influence of hypnagogic imagery on the information processes of external
tone stimuli was examined. ERPs to single tone stimuli at EEG stage 4 were calculated in
conditions with and without the experience of hypnagogic imagery. N550 is thought as an
endogenous component, whereas the others are regarded as components reflecting automatic
process. Only N5650 amplitude was lower in the with-imagery condition than in the without-
imagery condition although the others did not show the difference between the two conditions. It
showed that experiences of hypnagogic imagery exert some influence on the information
processes of external tone stimuli. That is, the circumstantial evidence of the perceptual
information processing of hypnagogic imagery was obtained. On the other hand, P400 which was
dominant at the posterior area had a tendency to show larger amplitude with imagery than without
imagery. Looking at the change of experience rate of hypnagogic imagery corresponding to the
shift of five EEG stages, EEG stage 3 and 4 showed higher rate than the other stages (Hayashi et
al., 1999; Hori et al., 1994). Comparing it with the characteristics of the ERP distribution change
obtained in chapter 2, P400 increased its amplitude at the posterior area in the stages which
showed the higher experience rate of hypnagogic imagery. Since the posterior area of cortex is
involved in visual information processing, it could be thought that the appearance of the occipital
P400 reflected the posterior area activation concerning with generation of hypnagogic imagery.

In chapter 4, on the assumption that the appearance of P400 is related to the brain functional
state underlying imagery generation, the origin of P400 was examined by LORETA (Low resolution
brain electromagnetic tomography). The result of the analysis suggested that the generator of the
occipital P400 was located at the occipital visual cortex and the temporal association cortex which
have important roles to perceive visual imagery. Because the occipital dominant P400 appeared at
the EEG stages where the experience rate of visual imagery were higher, it was suggested that
there was the activation of the region related to visual imagery generation as the background of
hypnagogic imagery emergence. In addition, the existence of the central dominant P400 which
made a complex with N300 was revealed. N300 reflects the cerebral system activity concerning
with the preparation of K-complex which is related to the mechanism to determine whether sleep
is interrupted or maintained. Cingulate gyrus, medial frontal gyrus, and superior frontal gyrus were
identified as the origin of the central P400. These regions are involved in concentration and shift of
attention. Therefore, it can be thought that the central P400, as with N300, reflects the activity of
the environment monitoring system in NREM sleep. As mentioned above, inconsistency in the
previous studies about P400 properties was able to be rationalized. That is to say, P400 was not
delayed P300 rather the occipital P400 changed place with P300 at EEG stage 3 where the
function of attention in arousal state decreased. Besides, the central P400, which amplitude
corresponded to N300, appeared at EEG stage 4.

As is discussed in chapter 3 and 4, the activation of the region which related to visual imagery
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processing underlay experiences of hypnagogic imagery. In chapter 5, based on this result, a
process model of the hypnagogic imagery generation was hypothesized. In order to frame the
model, the hypotheses of dream process in REM sleep, an activation-synthesis hypothesis (Hobson
& McCarley, 1977) and a sensory image - free association hypothesis (Okuma, 1992), were
referred to. The content of the model is as follows: as a factor of emergence of hypnagogic
imagery, there is the activation of the region which is involved in visual imagery processing. And

then, input from some phasic activities draws sources of hypnagogic imagery from memory.

Key wards: hypnagogic imagery, sleep onset period, event-related potentials, brain functional

state
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Aiming to stimulate and encourage the business companies to voluntarily devote themselves
in protecting the environment, this doctoral thesis explores and provides academic guidance for
impartially implementing feasible and meaningful corporate environmental performance (CEP)
evaluation and empirically examines the effects of corporate environmental management (CEM)
on economic performance in Japan and clarifies the mechanism of the effects.

Chapter 1 describes the evolution of environmental issues, the importance of CEM to the
sustainable development of the world, the historical development of the CEM in the United States
and Europe, and the current situation of the CEM in Japan. Subsequently, the above-mentioned
overall objective of this thesis is identified.

To make clear the state of art and identify the limitations existing in the pervious studies, in
Chapter 2, [ make an extensive review on the previous studies regarding CEM. The review
reveals: 1) theoretically and context based environmental performance measurement (EPM)
models should be developed, validated and compared with the existing models to clarify the
foundation of EPM and the evaluation criteria should be standardized to make CEP evaluation
comparable across the companies from different sectors; 2) it is necessary to examine the effects
of CEM/CEP on economic performance in different context and clarify the mechanism that CEM
invokes to affect economic performance.

In Chapter 3, I evaluate the environmental performance of a business office by applying the
method of life cycle analysis and examine whether the feedback together with introductory
prompts can lead to behavioural changes. The evaluation on the environmental performance in
using copy paper indicates that the evaluated office has made some efforts in using the single-
sided paper (SSP) but great improvement room has left for using the recycled paper and disposing
the recyclable paper as resource waste. Setting up the SSP-boxes, as one of prompts, has led to
the actions of always setting up the SSP-boxes and using SSP, and the immediate feedback
together with introductory prompts has led to the behavioural changes in saving electricity.

In order to impartially evaluate the environmental performance of a group companies and
provide the stakeholders with meaningful guidelines and a uniform basis for comparison, Chapter
4 develops a theoretically based, standardized and aggregated EPM model and propose to use the

environmental intensity change index (EICI) as a basic evaluation criterion of environmental
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operational performance. Based on the survey data collected from 58 companies operating in the
electrical machinery and instrument manufacturing sector, I empirically test the comparability of
the EICI across the companies from different sub-sectors and the construct reliability of the EPM
model. The results confirm that the EICI and the evaluation based on it are comparable across the
companies from different sub-sectors, even though the sub-sectors are different in
resources/energy consumption. This implies that the EICI is prior to the criteria used by the
previous studies in eliminating the influence of process type. The reliability of the management
performance indicators and operational performance indicators constructed in the EPM model is
also proved. Furthermore, it is found that CEP consists of environmental management
performance and environmental operational performance.

In chapter 5, to fill up the gap that so far, the effects of CEM/CEP on economic performance
have not been empirically examined in the context of Japan, I make an empirical examination on
the effects of CEM on economic performance by using the archive data of Japanese manufacturing
companies. Based on a sample of 1538 company-year observations from the period of 2000 to
2002, and using the ordered probit regression taking sample selection bias into account, I found a
positive relationship between the proactiveness of CEM (in terms of Nikkei’s environmental
management score) and economic performance (in terms of R&I’s senior long-term credit rating)
existing in the current context of Japan; this is consistent with most of the previous studies
conducted in the United States and Europe. However, the results did not support the moderating
effect of company size on this relationship; this is contrary to the theoretical proposition but a
favorable implication for the smaller companies since it may be plausible for them to reduce the
risk of being small by implementing environmental management.

Chapter 6 presents the empirical results of a further and deeper analysis on how the best
CEM practices affect corporate competitive advantages. It distinguishes between process-focused
pollution prevention practice (PROCESS PRACTICE) and product-focused pollution prevention
practice (PRODUCT PRACTICE) and examines if they affect different competitive advantages
through different paths. Results obtained with the survey data collected from 256 manufacturing
companies publicly traded in the first section of Tokyo Stock Exchange and by using the structural
equation modelling suggest that PROCESS PRACTICE affect cost advantage through enhancing
the development of organizational capability for continuous process innovation, whereas
PRODUCT PRACTICE affect market advantage through enhancing the development of
organizational capabilities for continuous product innovation and higher-order learning. These
results provide empirical evidence for the theoretical argument that different CEM practices have
effects on different competitive advantages through different paths.

In chapter 7, I conclude this thesis by summarizing the main findings and identifying the
theoretical and practical implications. The limitations of this study and the directions of future
studies are also discussed. Even though, there are certain important limitations, this thesis is a
constructive move to provide theoretical guidance for evaluating CEP and examining the “win-win”

hypothesis.

Key words: Corporate environmental management, Corporate environmental performance
evaluation, Environmental performance measurement model, Environmental intensity

change index, Effects of corporate environmental management on economic performance
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The mechanism of dreaming was investigated through brain potentials related to rapid eye
movements during rapid eye movement (REM) sleep.

Chapter 1 introduces the relationship between dreaming and rapid eye movements during
REM sleep. It is well known that the experience of dreaming is more frequent, more vivid, and
clearer during REM sleep than during non-REM sleep (Dement & Kleitman, 1957). A number of
studies have investigated the relationship between dreaming and rapid eye movements (e.g.
Dement & Kleitman, 1957; Hobson & McCarley, 1977) and have proposed several hypotheses. The
‘scanning hypothesis’ suggests that rapid eye movements are indicative of the dreamer voluntary
watching images during dreaming (Dement & Kleitman, 1957), whereas the ‘activation-synthesis
hypothesis,” and the ‘sensory image-free association hypothesis,” both suggest that rapid eye
movements occur spontaneously without voluntary control and generate a dream image via the
activation of relevant cortical areas (Hobson & McCarley, 1977; Okuma, 1992).

Rapid eye movements during REM sleep are analogous in shape to saccades, which are fast
ocular movements between visual fixations that occur during wakefulness (e.g. Dement &
Kleitman, 1957). The investigations of brain activity associated with rapid eye movements may
possible reveal how dreams occur during REM sleep. Therefore, we compared cerebral cortex
activities during REM sleep and wakefulness by using event-related potentials associated with eye
movements. The presaccadic negativity (PSN) and the postsaccadic potenstial (lambda response)
were examined. It was assumed that the PSN reflects activity associated with voluntary readiness
before eye movements (Moster & Goldberg, 1990) and that the lambda response reflects visual
information processing following saccades that occur during wakefulness (Scott & Bickford, 1967).

In Chapter 2, studies investigating whether the PSN occurs before during REM sleep are
described. PSN reflects the activity associated with voluntary readiness of eye movements. Results
of these investigations showed no PSN during REM sleep, indicating that rapid eye movements
during REM sleep occurs spontaneously without voluntary control or attention, suggesting that
rapid eye movements generated during REM sleep are different from saccades that occur during
wakefulness.

Chapter 3 describes studies on visual information processing after rapid eye movements

during REM sleep. We investigated the lambda response, which reflects visual information
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processing after saccades during wakefulness. Results indicated that the lambda-like response
(P1r, P2r) over the parieto-occipital site, also occurred in synchrony with the offset of REM during
sleep. The sources of the electric current of the lambda-like response were estimated to be in the
occipital visual cortices [P1r: a higher order visual area (precuneus; BA 7, 31), P2r: the primary
and secondary visual cortices (BA 17, 18)]. A study of wakefulness has suggested that the
activation of the higher levels of the visual processing hierarchy is related to visual imagery
(Roland & Gulyas, 1995). Taken together, these findings suggest that visual imagery related to
dreaming may be generated after REM during sleep.

Chapter 4 describes investigations of brain activities related to the onset of rapid eye
movements. Mean brain potentials that were synchronized to the onset of rapid eye movements
were analyed. Results of these studies indicated that a positive potential (P200r) with the maximal
amplitude over the central region occurred about 200 ms after rapid eye movements. It was
estimated that the sources of the electric current of P200r were in the cingulate gyrus related to
emotional imagery (Rainville et al., 1997) and attention (Grosbras et al., 2005), and in the
premotor region related to motor imagery (Grosbras et al., 2005). These findings suggest that the
emotional and motor imagery of dreams may be generated in synchrony with the onset of rapid
eye movements during REM sleep.

Chapter 5 describes investigations on the relationship between dreaming and brain potentials
related to rapid eye movements (P200r, lambda-like response). Results of these studies indicated
that the density of rapid eye movements were higher when dreaming than not, and that they
correlated positively with the impression of dreaming (p<.01). The amplitude of P200r correlated
positively with the activity and bizarreness of the dream (p<.05). These findings suggest that rapid
eye movements make dreaming more frequent and impressive. Moreover, the brain activities
reflected by P200r make dreaming more active and bizarre.

Chapter 6 summarizes the findings of this series of studies and suggests some conclusions
regarding the mechanism of dreaming during REM sleep. Rapid eye movenets are initiated during
REM sleep by a different mechanism from that of saccades during wakefulness. Moreover, it is
concluded that REM makes dreams more vivid. This finding lends support to the ‘activation-
synthesis hypothesis’ and to the ‘sensory image-free association hypothesis’. Although rapid eye
movements are initiated during sleep without any voluntary control, they elicited certain
emotional and motor imagery that were then integrated with the visual imagery that occurred at
the termination of rapid eye movements. This may result in more vivid and clear dreams during
REM sleep.

In the future, we intend to investigate the cognitive properties of dreaming by focusing on the
role of cerebral cortical activities to answer the following questions: What is dreaming? What is the

consciousness of dreaming?

Key words: dreaming, REM sleep, rapid eye movements, saccades, event-related potential,
imagery, topography
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We measured event-related potentials (ERPs) in order to determine how the monitoring
system during rapid eye movement (REM) sleep checks the surrounding auditory environment.
During sleep, our awareness of the surroundings is lower than when awake. However, even when
asleep, a certain level of interaction takes place with the environment as evidenced by the fact that
we awake in response to nocturnal danger, or in response to birds singing in the morning. Thus,
perception of slight changes in the environment when sleeping and taking an action against danger
for the purpose of protecting the organism, or not taking an action in order to protect the sleep,
appears to be a basic human ability.

Chapter 1. Auditory monitoring system during sleep

In this chapter, previous studies on auditory monitoring during sleep are reviewed and the
hypothesis, as well as the purpose of current study is presented. The auditory monitoring system
during sleep is regarded as “a systems for observing the surroundings during sleep in order to
maintain sleep functions effectively.” Observations of P300 (Cote & Campbell, 1999a) and
Mismatch Negativity (Loewy et al., 1996), both of which are considered ERP that represent
wakefulness, have been reported during REM sleep in response to external auditory stimuli.
Williams (1967) has shown that a remarkable improvement in correct behavioral response was
observed for REM sleep, but not for other stages of sleep. However, the high level of
responsiveness during REM sleep does not necessarily suggest that the same type of information
processing is occurring in the sleeping brain as during wakefulness: processing specific to sleep
might occur during REM and non-rapid eye movement (NREM) sleep.

Chapter 2. ERPs during REM sleep

The purpose of the study was to examine auditory processing during REM sleep by measuring
ERPs. In Experiment 1, a two-tone oddball stimulus was presented throughout the night and ERPs
were compared between wakefulness, REM sleep and NREM sleep (sleep stage 2 without K-
complexes). In Experiment 2, ERPs were measured using the same oddball paradigm in the sleep
onset period that resembles the electroencephalography (EEG) of REM sleep. According to Hori’s
EEG stages of the sleep onset period (1994), the EEG features during REM sleep resemble those
during the EEG Stage 2 (EEG flattening) and EEG Stage 3 (theta waves).

Results indicated that during REM sleep, fronto-central P200 and occipital P400 were

observed that were different from parietal P300 observed during wakefulness. The auditory
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processing during REM sleep was similar to that in the sleep onset period, rather than to that
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during REM sleep. During the phasic period of REM sleep with phasic activity (typically rapid eye
movements), responsiveness to external stimuli was lower than during the tonic period. It is
speculated that the monitoring system during this state might protect internal cognitive processes,

such as dreaming and memory consolidation, that are known to occur during REM sleep.

Key words: rapid eye movement sleep, event-related potentials, environmental monitoring,

voluntary attention.
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Carbon has various forms such as diamond, graphite, many types of fullerenes and carbon
nanotubes which show interesting properties. These properties of carbon systems mainly come
from the various bonding states with sp-, sp?- and sp3- hybrid orbitals. While the crystalline phases
of carbon are well known, disordered carbon systems such as liquid carbon and amorphous-like
carbon are little known. These disordered carbon systems have structures in which the sp-, sp?-
and sp?- bonding states coexist.

Recently, diamond/liquid melting curve has been investigated theoretically and it has been
reported that the slope of the melting curve changes from positive to negative value. However, the
structural and electronic properties of liquid carbon at high pressures remain unclear because of
the difficulty of carrying out experiments at the extremely high temperatures and pressures. It is
also interesting to investigate the systematic structural change of the liquid state of group 14,
carbon, silicon, germanium, tin and lead, since carbon is the lightest element of group 14.

The amorphous-like carbon produced by mechanical milling of graphite, which is called
“nanostructured graphite”, is important for the application fields as well as for the academic
interest. For example, it is reported that the nanostructured graphite prepared by mechanical
milling under a hydrogen atmosphere has the hydrogen storage capacity of 7.4 wt.% (CHogs). The
adsorbed hydrogen atoms are desorbed with increasing temperature, and two desorption peaks at
about 750 and 1000 K have been observed from experiments. From x-ray diffraction
measurements, it is suggested that the desorption peak at about 1000 K is given by the desorption
of hydrogen atoms bonding chemically with carbon atoms and is related to a recrystallization of
the nanostructured graphite. However, microscopic mechanisms of the desorption of hydrogen
atoms has not been clarified yet.

Ab initio molecular-dynamics (MD) simulation based on the density-functional theory (DFT)
can describe various types of bonding states accurately. Therefore the ab initio MD method plays
a fundamental role for studying the disordered carbon systems including the sp-, sp?- and sp3-
bonding states. In this thesis, we concern ourselves with the structural and electronic properties of
disordered carbon systems, especially the liquid carbon and the nanostructured graphite with
adsorbed hydrogen atoms.

The purposes of this thesis are

1. to investigate the structures and bonding characters of liquid carbon using the ab wnitio MD
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simulations at various densities. We are particularly concerned with the pressure-induced
structural change of liquid carbon and the systematic trend of the structural change in group 14
liquid,

2. to investigate the bonding states of hydrogen atoms adsorbed in the nanostructured graphite
using the ab initio MD simulations. We also investigate the effects of recrystallization of the
nanostructured graphite on the bonding states of the hydrogen atoms, and a desorption

mechanism of the hydrogen atoms adsorbed on a graphite layer.

Our results are as follows:

We have applied the ab initto MD simulations to liquid carbon at densities of 2.9, 5.8, 8.7, and
11.6 g/cm3 at a constant temperature of 9000 K. The calculated pressures for each density are 16,
300, 1000 and 2000 GPa, respectively. We have shown that the structure of liquid carbon changes
drastically with increasing density or pressure.

e [ The structure factor, S(k) changes its shape qualitatively and, at 11.6 g/cm3, becomes similar
to that of liquid Si and Ge at ambient pressure, which is characterized by a shoulder of S(k).

e [1The average coordination numbers increase from three to eight with increasing density
(pressure). Since the region we have investigated in this thesis corresponds to the diamond
phase with the coordination number of four for solid state, these results predict that the slope
of the diamond/liquid melting curve changes from positive to negative value at about 300 GPa
from the Clausius-Clapeyron equation.

e [1 From the electronic density distributions and the population analysis it is shown that there
are sp- and sp?- covalent bonds between carbon atoms at 2.9 g/cm3. At 5.8 g/cm3, the sp3-
bonds increase. As a result of further compression, the electron density distribute over the
whole system. We have shown that, with increasing density, the bonding character changes

from covalent bonding to metallic bonding.

We have applied the ab initio MD simulations to the model systems of hydrogen-adsorbed
nanostructured graphite.

e [1 The recrystallization of the nanostructured graphite is successfully simulated at 1000 K. As a
result of the recrystallization, the hydrogen atoms adsorbed at edge of graphite are pushed
out both sides of the graphite layer and the bonding state of the carbon atoms bond with the
hydrogen atoms changes from threefold coordinate to fourfold-like coordinate.

e [1 We have found for the first time that two hydrogen atoms desorb from the graphite layer and
form a hydrogen dimer at 2000 K. The dimer is stable, though the H-H bond length is slightly
longer than that of the isolated dimer, and moves almost freely between the graphite layers.

e [] From the population analysis, we have clarified that the dimerization occurs through the
intermediate ‘bridge’ state, -C-H-H-C-, in which the strength of the C-H, H-H and H-C covalent
bonds is almost same. We conclude that the desorption of the hydrogen atoms from the
nanostructured graphite found in this study is one of the possible mechanisms of the

experimentally observed hydrogen desorption from the nanostructured graphite.

Key words: carbon, disorder phases, liquid, graphite, ab initio molecular-dynamics simulation
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Chapter 1. Review of uneasiness and stresses derived from parenting

People living in modern societies are exposed to a variety of stresses, not a few of them are
suffered from stress-derived psychosomatic, difficulties, such as neurosis, depression, and sleep
disorder, in particular. Chapter 1 describes the types of stresses that current child-rearing mothers
are facing. Parenting, or child care, is essentially an enjoyable activity in nature to develop
maternity and humanity. However, not a few child-rearing mothers in reality sometimes feel
irritated, nervous, and uneasy, or even regretful for having had children, collectively termed as
“baby blue” (maternity blue) or postpartum depression (postnatal depression). Most of the
currently child-rearing mothers are stressed. Chapter 1 also defines the parenting-derived
uneasiness and stresses defined. In this context, concepts of pregnancy and delivery are briefly
reviewed from the perinatal, as well as medical and psychological, points of view in previous
studies. Then, results of questionnaire and open-ended description survey on the relationships
between parenting stresses and mental health (Chapter 2); perfectionism and rationalism
(Chapter 3); perfectionism and social supports (Chapter 4); and child-oriented attitudes and
marital bonds (Chapter 5), of child-rearing mothers are reported. Finally, Chapter 6 discusses
significance of the surveyed relationships and proposes focused subjects in the future directions of
studies on child care-derived uneasiness and stresses.

Chapter 2. Relationship between parenting stress and mental health of child-rearing
mothers

Relationships between parenting stress and mental health (self-esteem and fulfillment) of
child-rearing mothers were analyzed. A questionnaire and open-ended description survey was
conducted with 55 mothers participated in a city-hosted childcare event. Results of qualitative
analyses of open-ended description showed that parenting stresses were categorized into direct
and indirect ones; and mothers having more direct stresses tend to have less self-esteem and

fulfillment. This study is based on a simple classification of stressed and non-stressed, and
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quantitative aspects of stresses should be considered in future studies.

Chapter 3. Relationship between mental and behavioral tendencies in perfectionism and

rationalism of child-rearing mothers

Parenting has originally a major role in developing maternity but is now regarded as a stress
factor for child-caring mothers. Partial childcare has recently been proposed to reduce childcare
burden and facilitate maternity development of mothers. However, partial and scrupulous
childcares are contrasted, and acceptance of partial childcare varies among mothers. This chapter
focuses perfectionism and non-perfectionism or anti-perfectionism (realistic rationalism) as
psychological subjects related to the acceptance of partial childcare, and reports the results of the
questionnaire survey with 121 child-caring mothers. The survey revealed that perfectionist
mothers tend to perform thorough childcare. In contrast, non-perfectionist mothers tend to choose
partial childcare when parenting emerges stressful. Thus it is concluded that non-perfectionist
mothers may control their responses to parenting stresses by choosing opportune partial
childcare, while perfectionist mothers react to occasional parenting stresses less flexibly according

to their low acceptance of partial parenting,.

Chapter 4. Relationship between perfectionism tendency and social supports of child-

rearing mothers

While degrees of parenting stresses were positively correlated to perfectionism personality of
child-rearing mothers, the perfectionism personality was reversely correlated to receptive support,
i.e., understanding for parenting stresses and acceptance for realistic rationalism, by husbands and
other supporting members. This chapter focuses on the husbands receptive supports and reports
the results of the questionnaire survey with 118 child-caring mothers. The survey revealed that
child-caring mothers tend to be more perfectionism when they feel less understood regarding
parenting stresses. That is, child-caring mothers tend to be less perfectionism with less parenting
stresses when husbands and other supporting members are accepting. Receptive and accepting
social supports are thus recommended to improve parenting stresses that perfectionism mothers

have.

Chapter 5. Relationship between child-oriented attitudes and marital bonds of child-

rearing couples

Parenting does not exclusively belong to mothers but requires supports of associated
members, particularly husbands. This chapter deals with the relationship between marital bonds
and maternal attitudes to children, and reports the results of the questionnaire survey with 218
marital couples during perinatal periods from pregnancy to post-delivery of their first children.
The survey revealed that: 1) wives (to-be-mothers) who recognized stronger marital bonds during
pregnancy recognized also more receptive supports of husbands and more smoothness in
communication with their husbands; 2) maternal attitude to newborn babies are improved by

receptive supports, not customary supports, by their husbands; 3) post-delivery uneasiness is
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improved by good martial bonds during pre-delivery bonds, not by post-delivery receptive
supports of their husbands.

Chapter 6. Significance of the surveyed relationships and future subjects

This chapter discusses the survey results reported in previous chapters to develop effective
measures for improving mental health relevant to uneasiness and stresses of child-caring mothers,
from viewpoints of personal and social factors. Results from Chapters 2 to 4 showed that parenting
stresses and uneasiness would be improved by more concrete advice according to various
personalities of mothers, as well as acceptance by their husbands and other supporting members.
Results from Chapter 5 showed that pre-delivery instruction to both to-be-mothers and to-be-
fathers should be effective to help improving their marital bonds and maternal attitude to their
newborns. This chapter also discusses biological significance of childcare in the life cycle of a
female. Finally, the limit and extent of this study for practical applications are analyzed, and

subjects to be done in future studies are proposed.

Key words: parenting stress, perfectionism, mental health, rationalistic behavior, social

acceptance
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Drought is one of the serious natural disasters for aquatic chironomid larvae. Larval life is
influenced by rising and falling of water level. Once a habitat was dried up, the population suffers
from a critical damage. It has been considered that some species have a certain degree of
resistance to drought. Chironomids are an important organism to link primary producers and
carnivores in aquatic ecosystem. Therefore, investigation of chironomid larvae on survival time and
desiccation tolerance under dry condition is important to understand the role of chironomid
communities in water edge.

Most studies on drought and desiccation tolerance of chironomid larvae have been focused on
tropical species from a viewpoint of environmental adaptation. As for temperate species, there are
a few studies. This dissertation including three chapters aims to clarify the survival ability of
chironomids under dry condition.

Chapter 1. Survival and density of chironomid larvae in dried-up zone

Survival periods, species composition and density of chironomid communities in dried-up
zone were investigated for Yachiyo and Yasaka Lakes in Hiroshima Prefecture. In this study, I
defined “dried-up zone” as one that had been exposed to drought due to drawdown by evaporation
and/or drainage. Chironomid larvae could survive in the sediment for up to 31days. The mean
density in the dried-up zone of Yachiyo and Yasaka Lakes were estimated as 351 and 886 indiv./m2,
respectively. Tanytarus oyamas in Yachiyo Lake and Tanytarsus unagiseptimus in Yasaka Lake
emerged from the 7-day and 31-day dry sediment, respectively. The proportions of the two species
in the communities increased with dry period, indicating that they have a comparatively strong

drought tolerance.

Chapter 2. Comparison of desiccation tolerance among 12 species of chironomid larvae
under low humidity condition

Under hypothetical sediment-surface condition in summer (250 and 60% in relative

humidity, RH), desiccation tolerance, dehydration tolerance and dehydration resistance were

compared among 12 Japanese species. These abilities were assessed as time to 50% survival (Tso),

water loss at 50% survival (WLso) and water loss rate (WLR), respectively. The longest Tso was 872

minutes for Propsilocerus akamust and the second was 142 minutes for Chironomus
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salinarius, while the shortest was 64.4 minutes for Chironomus kiiensis. Whsos were 60.6 to
82.4% in all species. WLR of P. akamusi (0.0664% body water/minute) was much lower than

other species, suggesting that a long survival of P. akamusi is due to high dehydration resistance.

Chapter 3. Comparison of desiccation tolerance among 7 pecies of chironomid larvae
under high humidity condition

In hypothetical under-sediment condition in summer (250,100 to 95% in RH), humidity to
50% survival (RHso), water loss to 50% survival (WLso) and water loss at survival limit (WLy,) were
compared among seven Japanese species. The lowest RHso was 97.9% in P. akamust which lives
at profundal. In dehydration tolerance (WLso and WLi,), however, Glyptotendipes tokunagati and
C. kiiensis which mainly live in rice paddies had high dehydration tolerances than P. akamust.
[WLsoO G. tokunagai (43.56%) O P. akamusi (41.2%)0 WLpLO C. kiiensis (80.2%) and G.
tokunagaz (656.5%) O P. akamusi (47.8%)]

General Discussion

Comparing the result in field research with that in high humidity experiment, it was estimated
that the 7-day larvae left in dried-up zone lost 60 to 80% of body water. In comparison of the
results between strong drought stress in short time and week drought stress in long time, drought
tolerance of each species was variable with humidity condition.

Aquatic chironomid larvae can survive in dried-up zone, suggesting that dried-up zone plays a
role as a temporal stock of chironomid larvae. Larval biomass is usually estimated only with the
samples of underwater sediment. The results in this study suggest that the biomass is likely to be
highly underestimated for the entire ecosystem.

There have been some observations that terrestrial animals forage aquatic animal in dried-up
zone. Chironomid larvae are an important member in aquatic material circulation. In addition, the
results in this study also suggest that the larvae can constitute one of the direct pathways from

aquatic to terrestrial ecosystem.

Key words: chironomid, drought, desiccation, tolerance, survival
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Microsomal cytochrome P450 catalyzes monooxygenase reactions of variety of endogenous

and exogenous hydrophobic molecules with the consumption of molecular oxygen and two



85

(ER3), AA1-142 (ER4) and AA172-280 (ER5) for mAbl, mAb2, mAb3, mAb4 and mAb5,
respectively.

mAbl, mAb2 and mAb3 inhibited bindings of autoantibodies from Addison’s disease patients
to P450C21, while mAb4 and mAb5 had no effect on autoantibodies binding. ER2 and ER3 are
parts of two distinct major epitopes recognized by autoantibodies from Addison’s disease patients’
sera while ER1 is a part of a minor epitope. In our experiments, mAb3 inhibited P450C21 activity
showing that the ER3 was located in the interaction region of P450 to CPR. The epitope region of
the mAb3 was located near or on the putative CPR binding site of the P450s.

The interaction region of adrenal microsomal P450s with CPR was confirmed by another
experimental method. Another P450 in adrenal microsomes is cytochrome P450 1% which must
interact with CPR in the same way as P450C21. By using the chemical modification and peptide
mass finger printing the interaction region of P450 171 with CPR was investigated. The
importance of lysines and arginines of P450 in the interaction with CPR have been already
reported by other scientists.

Lysine residues of recombinant guinea pig P450 1%t in DLPC (L-a -phosphatidyl choline
dilauroyl) micelles were acetylated by acetic anhydride in the absence and presence of CPR.
Acetylated P450 1"t was separated from CPR by SDS-PAGE and peptides were prepared by in-gel
digestion. Molecular weights of peptide fragments were determined by MALDI-TOF mass
spectrometry (AXIMA-CFR plus). Activity of acetylated P450 1@ was measured in the conversion
of [3H] progesterone to [3H] Androstenedione and [3H] 17-OH-progesterone.

Dithionite-reduced CO difference spectra of P450 1 showed no peak at 420nm after
acetylation in the absence or presence of CPR, showing that acetylation did not make significant
conformational change around heme. Eight acetylated peptides were identified clearly with the
increase of 42 m/z in the molecular mass of modified peptides in P450 1% acetylated without
CPR. The acetylated positions in those eight modified peptides were detected as K58, K59, K91,
K227, K234, K326, and K327. After acetylation in the presence of CPR one acetylated peptide at
1884 m/z was disappeared that has double acetylations at K326 and K327 in J-helix of P450 1%x.
The activity of P450 1%t acetylated in the absence of CPR was decreased to 30%, but almost no
inactivation was detected in P450 1@ after acetylation in the presence of CPR. The protection of
enzyme from inactivation shows the importance of K326 and K327 of P450 1% in interaction with
CPR. Our results provided the first experimental proof for the importance of J-helix of P450 in the
interaction with CPR.

In this study it was clearly shown that interruption of electron transfer from CPR to P450C21
is the most possible inhibitory mechanism for autoantibodies in AD patients to inhibit P450C21
activity. Also the comparison of the results of two different methods showed that the interaction

region of microsomal P450s to CPR is located near to J-helix in the proximal site of P450.

Key words: Adrenal, microsomal P450s, CPR, interaction
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Wheat protein is considered an important material for the development of new seasoning
liquids with fine taste characteristics, because the Glx (glutamine + glutamic acid (Glu)) content
of wheat protein is about 35%.

This study was conducted to find the best conditions for the fermentation of wheat protein, to
investigate the characteristics of the peptides that influence the taste of seasoning liquids, and to
develop new fermented seasoning liquids in accordance with these findings.

In chapter 1, we show how we produced fermented seasoning liquids by using koji from
wheat protein, various concentrations of NaCl solution, lactic acid bacteria, and yeast under
various temperature conditions. Then we followed the changes in chemical components in
association with the taste (especially umami) characteristics during fermentation and investigated
the best fermentation conditions by sensory testing of the seasoning liquids. Seasoning liquid
prepared with 22% (w/v) NaCl solution and fermented at 10 °C for 1 month, then at 20 °C for 1
month, and subsequently at 25 °C for 1 month gave the strongest umami intensity. On the other
hand, seasoning liquid prepared with 22% (w/v) NaCl solution and fermented at 10 °C for 3 months
had the highest content of Glu but had a weaker umami taste than the seasoning liquid described
above. This suggested that other components besides Glu that produced during the fermentation
contributed to improvement of the umami taste.

Chapter 2 describes how peptides contribute the taste of the seasoning liquid described in
Chapter 1. We extracted the peptide fractions from the seasoning liquid fermented from wheat
protein, analyzed their amino acid compositions, and evaluated their taste characteristics and their
effects on the basic taste solutions. In the three fractions separated by ultrafiltration-MW < 500,
MW 500-1000, and MW > 1000- , Glx was the major amino acid in the peptides. The MW > 1000
peptide fraction suppressed sour taste and enhanced umami taste. These results suggested that
the peptides contribute to the formation of a pleasant taste in the seasoning liquid fermented from
wheat protein by enhancing the umami taste of Glu and by controlling the sour taste of such
components as lactic acid. From the results of a protein homology search, we concluded that the
main peptides isolated from the MW > 1000 peptide fraction were derived from wheat glutenin or
wheat gliadin.

Chapter 3 describes how we tried to develop two types of new seasoning liquid fermented

from wheat protein. First, we tried to develop a seasoning liquid with a high peptide content in
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order to produce a seasoning liquid with a strengthened umami taste and body. We were able to
obtain a seasoning liquid containing about 4.5% (w/v) total nitrogen and with a peptide ratio (the
ratio of bound amino acids to the total amino acid content) of about 50% by using seasoning liquid
fermented from wheat protein instead of NaCl solution to make moromi mash. This new seasoning
liquid had a stronger umami taste and body than did seasoning liquid fermented from wheat
protein kojz and NaCl solution.

Second, we tried applying wheat protein koj7 to the production of fermented fish sauce.
Fermented fish sauce produced from wheat protein and salmon flesh had a stronger umami taste
and better odor than fermented fish sauce produced from soy sauce ko077 (made from whole wheat
and soybean) and salmon flesh. The peptides in the fermented fish sauces that we developed
consisted mainly of Glx. These peptides derived from wheat protein probably also contributed to
improve the taste of the fermented fish sauces.

We therefore elucidated the characteristics of the peptides that contribute to the taste of
seasoning liquids fermented from wheat protein and succeeded in developing new types of
fermented seasoning liquid. We expect that the results of this study will contribute to practical

studies in the fields of food science and cooking science.

Key words: new seasoning liquids, wheat protein, umami, peptides, fermented fish sauce
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The black rockfish Sebastes inermais Cuvier, 1829 (Scorpaeniformes: Sebastidae) is widely
distributed in coastal waters of southern Hokkaido southward to Kyushu in Japan and off the
southern coast of the Korean Peninsula. This species feeds on small fish and invertebrates in rocky
and Zostera (eelgrass) areas. It is important in commercial fisheries and popular in recreational
angling in the Seto Inland Sea, central Japan. The Hiroshima Prefectural Fisheries and Marine
Technology Center (HPFMTC) succeeded in mass production of S. inermsas for the first time in
Japan, but its effective stocking techniques have not been established for the species. In the
present study, effective release size, usefulness of two markers (fin deformity and DNA
polymorphism) to discriminate stocked fish from wild ones, and mating of hatchery-reared black
rockfish were investigated.

1. Relationship between fish size at release and survival

Three different size-groups (2, 3 and 5 cm in total length [TL]) of hatchery-reared juveniles
were released in a Zostera belt around Ikuno Island in the Seto Inland Sea after ventral fin clipping
and marking with a fluorescent marker (alizarin complexon: ALC). When the released juveniles
were larger, their survival rate was higher and the fish were recaptured in more distant waters
from release sites. Most of the 2 cm juveniles disappeared about one month after release. The
redfin velvetfish Hypodytes rubripinnis was predominant among potential predators at release
sites and significantly preyed on more released fish of 2 cm size fish than those of 3 cm size, which
was experimentally confirmed using a terrestrial tank. By examining changes in content of
triglyceride in the muscle of released fish, it was found that they took almost one month to
acclimate them with natural conditions. These results indicate that the fish need to be larger than
3 cm TL for the efficient stock enhancement in the study area.

The fish released as juveniles at 3 cm TL were monitored around Ikuno Island after stocking.
They were recaptured for 4 years (total recapture rate: 1.0%), but their size at age 0-4 was smaller
than that of wild fish. The percentages of released fish in black rockfish catch of respective age-
groups around release site were as high as 79.5%, 51.0%, 62.3% and 50.6% for age 0, 1, 2, 3, and 4
(68.8% for all ages combined), indicating that the fish did not move far away from release site and

stocking of 3 cm juveniles was effective in stock enhancement for the species.
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2. Simultaneous release of juveniles of different sizes and their survival

Hatchery-reared juveniles ranging from 21 to 36 mm TL were released at the same time and
monitored for 9 months in a Zostera belt around Ikuno Island in the Seto Inland Sea. The otoliths
of the fish were marked with ALC before stocking. The size at release of recaptured fish was
estimated using a relationship of fluorescent mark diameter to total length, and their survival,
movement and predators were examined. Starvation test was also conducted in the laboratory
using juveniles of the same sizes. The juveniles that were released at less than 25 mm TL did not
move but disappeared, while those fish that were stocked at larger than 30 mm TL showed a
higher survival rate. The redfin velvetfish was abundant at release site, suggesting that this species
is a significant predator of the juveniles. Resistance to starvation apparently increased with
increasing fish size. These results indicate that disappearance of small juveniles from release site is
not due to their movement but caused by predation, which might be related to fish size because
smaller fish showed lower resistance to starvation. This study also confirmed that juveniles larger

than 30 mm TL are appropriate as released fish for stock enhancement in the area.

3. Deformity of agglutinated pelvic fin membrane in hatchery-reared fish and
application for stock separation

Agglutinated membrane deformity of the pelvic fins was found among juveniles produced at
HPFMTC. Its annual percentage occurrence in juveniles ranged from 46.7 to 72.0% (mean 58.7%)
for 5 years. Only hatchery fish were found to have the deformity but no wild fish had such fins.
The origin of the fish broodstock (wild or hatchery) was not related to the occurrence. The
deformity appeared in fish ranging from 19 to 30 mm TL and was kept up to 15 cm TL. In the sea
around Ikuno Island, deformed fish showed similar growth and survival rates as did normal
hatchery-reared fish. The number of recaptured hatchery-stocked fish, estimated by deformity,
almost coincided with the actual number of recaptures confirmed by otolith tagging. These results
indicate that the deformity of the pelvic fins is useful as a tool to separate hatchery fish from wild
fish.

4. Mitochondrial DNA and microsatellite DNA as genetic tags for stocked population of
hatchery origin

Black rockfish juveniles obtained from five broodstock females in the hatchery were marked
with ALC, and a total of 81,000 marked juveniles were released in a Zostera belt around Tkuno
Island in the Seto Inland Sea. Variation of the mitochondrial DNA (mtDNA) control region
sequence and a microsatellite DNA marker were investigated on 81 individuals caught at the same
site one year later. Sixty-one mtDNA haplotypes were observed in 81 individuals and four
individuals shared identical mtDNA sequence with the broodstock females. The genotypic analysis
on a single microsatellite DNA marker also showed that the four individuals shared the same allele
with the female broodstocks, and all individuals were found to carry ALC marking. These results
indicate that the genetic tags are useful as well as ALC marking as stock separation tools of black
rockfish.

5. Paternity testing of hatchery-reared broodstock revealed by microsatellite DNA

markers
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In order to understand mating behavior of hatchery-reared black rockfish in the net pen,
paternity testing was carried out using three hyper variable microsatellite DNA markers. High
degree of polymorphism in 3 loci were revealed by the number of alleles per locus (10-14) and the
expected heterozygosity (He = 0.768) with a low value of probability of identity index (I = 3.18%
10-%). On the paternity diagnosis using 5 females and their 50 larvae, a unique male mating was
suggested for 4 of them. Although two different males copulation in one female was evidenced,
these results indicate that single couple mating was a common reproduction pattern of non-
territorial broodstock in the net pen. These results also suggest the female has physiological

mechanism of preventing from multiple insemination.

Key words: black rockfish, DNA markers, fin deformity, mating, releasing size, stock
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