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Abstract

Alzheimer’s disease (AD) is the most common form of dementia and the
cause of premature senility, resulting in progressive mental deterioration and
neurobehavioral deficits. AD is caused by the accumulation of famyloid pro-
tein, which leads to the accumulation of phosphorylated protein causing neu-
ronal death in various areas of the brain, such as the hippocampus, which is
associated with memory. This process is associated with oxidative stress caused
by excessive reactive oxygen species. Serotonin may contribute to a greater abili-
ty to manage stressful events via growth factors. Melatonin may enhance the
regeneration of tissues with the help of various growth factors. This process is
associated with epigenetic alterations. Warm-hearted maternal attitudes dur-
ing infancy and a positive lifestyle, which includes a well-balanced diet, mod-
erate aerobic exercise, purpose in life (“ikigai”), and other warm-hearted hu-
man relations, may increase the secretion of serotonin and melatonin along
with the well-balanced secretion of neurotransmitters and hormones. In-
creased secretion of serotonin and melatonin may contribute to a better abil-
ity to manage stressful events, and may enhance the prevention and treatment
of the symptoms of AD by decreasing levels of f-amyloid and facilitating the
regeneration of tissue in the hippocampus.
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1. Introduction

Alzheimer’s disease (AD) is the most common form of dementia and the cause
of premature senility, resulting in progressive mental deterioration and neuro-
behavioral deficits (Shukla, Govitrapong, Boontem, Reiter, & Satayavivad,
2017). AD is caused by the accumulation of S-amyloid protein leading to ac-
cumulation of phosphorylated protein causing the death of neurons in each
area of the brain, such as the hippocampus, which is associated with memory
(Yasuda, 2013). Reactive oxygen species, which are produced by activities of the
brain and body, cause oxidant stress, which, in turn, results in the production
of f-amyloid (Yasuda, 2013). A genetic factor, i.e., apolipoprotein E, also influ-
ences deposition of B-amyloid (Yasuda, 2013). S-amyloid is decomposed by
enzyme neprilysin (NEP), i.e., neutral endopeptidase (Yasuda, 2013; Tahira,
2014). Exercise is one of the factors that contribute to a greater ability to man-
age stressful events and is known to increase the production of neprilysin (Ya-
suda, 2013). This evidence suggests that a greater ability to manage stressful
events helps to inhibit the production of excessive reactive oxygen species that
cause oxidant stress, and then increase the production of sufficient NEP or
neutral endopeptidase, which inhibits the accumulation of S-amyloid leading to
the prevention and improvement of the symptoms of AD. The autonomic
nervous system and endocrine system respond to stressful events via neuro-
transmitters and hormones (Ishida, 2019). Recently, the generation of neurons
by stem cells has been observed in the lateral ventricle and hippocampus of
adults (Nakajima, 2013). This indicates that it may be possible to generate neu-
rons at any age. Epigenetics is the study of changes to gene expression in re-
sponse to chemicals, e.g., deoxyribonucleic acid (DNA) demethylation and his-
tone acetylation. These changes do not modify the genomic sequence, but are
inheritable and reversible (Ishida, 2019). Serotonin (5-hydroxytryptamine;
C,;H,N,0), a neurotransmitter, and melatonin (N-acetyl-5-methoxytryptamine;
C;HN,0,), a hormone, have been shown to contribute to positive epigenetic
alterations (Jenwitheesuk, Nopparat, Mukda, Wongchitrat, & Govitrapong,
2014; Ishida, 2019). This suggests that it may be possible to regenerate neurons in
a damaged hippocampus via epigenetic mechanisms. Therefore, it is possible that
AD can be prevented and improved by improving the body’s ability to manage
stressful events. Recently, positive maternal attitudes during infancy and leading
a positive lifestyle with a focus on improving the management of stressful events
have been studied (Ota, 2013; Ishida, 2019). A positive lifestyle includes purpose
in life (PIL), which is also referred to as “ikigai”, moderate aerobic exercise, and
a well-balanced diet (Ishida, 2019). The concept of PIL comes from existential-
ism in Europe, and the term ikigai has a long history of use in daily life in Japan
(Ishida, 2019). Both terms include the common sense notions that everything
changes, and everyone only has one life that should have purpose or meaning to
them (Ishida, 2019). The desire to establish a meaning in life or to live a life

worth living is natural and represents the intrinsic function of the prefrontal
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cortex (PFC) (Ishida, 2019). PIL/ikigai develops through positive experiences
and accompanying impressions including warm-hearted human relationships,
holding people in respect, succeeding in a challenging goal that a person sets by
him/herself, and spending sufficient time in beautiful natural surroundings
(Ishida, 2019). Therefore, the author proposes ways of preventing and improv-
ing the symptoms of AD based on PFC function, epigenetic alteration, seroto-
nin, and melatonin. This process may increase the quality of life (QOL) of not

only patients with AD, but also healthy people.

2. PFC Function

The PFC connects various areas of the brain via a neuronal network. The func-
tions of the PFC include the integration of information from other areas of the
brain, planning, decision-making, inference and imaging, and the establishment
of human relationships (Nolen-Hoeksema, Fredrickson, Loftus, & Luts, 2014;
Ishida, 2019). PFC function contributes to the ability to manage stressful events,
thus contributing to human prosperity. In addition, a person’s level of maturity
(i.e., whether an individual’s personality demonstrates “human nature” or “hu-
manity” contributes not only to their own happiness, but also to others” happi-
ness), is dependent on his/her PFC function and is directly related to the func-

tion of neurotransmitters and hormones.

3. Epigenetic Alteration

Generally speaking, DNA methylation contributes to gene repression, while DNA
demethylation contributes to gene expression (Ota, 2013; Obana-Koshino, Ono,
Miura, Sakai, Uchida, Nakamura et al., 2015). Histone acetylation contributes to
the transcription and translation of DNA (Ota, 2013; Obana-Koshino et al,
2015). Therefore, understanding the influence of serotonin and melatonin on
epigenetic may be an important contribution to the prevention and improve-

ment of the symptoms of AD.

4. Serotonin

Serotonin is a neurotransmitter that is involved in homeostatic regulation and it
facilitates prefrontal inhibition. Specifically, serotonin modulates emotions by
regulating the secretion of other neurotransmitters (Ota, 2013; Kabasawa, 2017).
Serotonin is synthesized from tryptophan, which is an essential amino acid that
is obtained from food, and is secreted by various organs (Ota, 2013). Serotonin
can improve resistance to stress through a process that depends on the following
chemical response (Ota, 2013). Increased levels of serotonin induce the expres-
sion of nerve growth factor (NGF)-derived protein A, which decreases the level
of DNA methylation on the promoter of the glucocorticoid (GR) receptor gene
and promotes histone acetylation. Consequently, GR receptor expression in-
creases. GR is a steroid hormone that is secreted by the adrenal cortex. It is in-

volved in the breakdown of sugar, and contributes to emotional stability. GR al-
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so acts as a stress hormone by conferring greater resistance to stress. Decreased
serotonin levels result in lower GR receptor levels, and contribute to decreased
stress tolerance. Cognition and emotion, which are associated with neurotrans-
mitters and hormones, are indicators of overall welfare, i.e., positive emotions
and cognition are associated with successes, while negative emotions and cogni-
tion are associated with failures in adapting to changing environments. In sum-
mary, well-balanced synthesis and secretion of neurotransmitters, especially suf-
ficient serotonin, may inhibit excessive reactive oxygen species that are accom-
panied by excessive oxidant stress, leading to the inhibition of the accumulation
of f-amyloid, resulting in the prevention and improvement of the symptoms of
AD.

5. Melatonin

Melatonin is a hormone that is involved in regulating the circadian rhythm, free
radical scavenging, anti-oxidation, the immune system, the inhibition of tumors,
the generation of new vascular networks and cells, DNA repair, the regulation of
body temperature, and bone induction activity (Obana-Koshino et al., 2015; Ka-
basawa, 2017). Melatonin is syntesized from serotonin. Epidermal growth factor
(EGF) is involved in regulating cell growth and proliferation, while NGF is in-
volved in the extension of the axis cylinder of nerves, the induction of neuro-
transmitter synthesis, and the maintenance of nerve cell functions, i.e., the res-
toration of cells following cell damage (Obana-Koshino et al., 2015). Certain vi-
tamins and minerals also act as enzymes that enhance chemical responses (No-
len-Hoeksema et al., 2014). Melatonin causes epigenetic effects against cancer
cells by modulating both DNA methylation and histone acetylation pathways
(Jenwitheesuk et al., 2014). When neural stem cells were treated with melatonin,
significantly increased histone acetylation and enhanced histone deacetylase
isoforms were observed in response to melatonin-induced histone hyperacetyla-
tion (Jenwitheesuk et al.,, 2014). In summary, melatonin, EGF, and NGF may

contribute to the regeneration of tissue in the hippocampus.

6. Limitations and Future Studies

The limitations of factors influencing epigenetic alterations have not yet been
clearly defined. Therefore, future studies are required to obtain more data and
empirical evidence on the relationship between experiences and epigenetic alte-
rations, the roles of neurotransmitters, hormones, vitamins, minerals, and light
catalysts, such as sunlight, and the effects of hydroxymethylcytosine on the process
of DNA demethylation and histone acetylation.

7. Conclusion

Serotonin may contribute to a greater ability to manage stressful events via
growth factors. Melatonin may enhance the regeneration of tissues with the help

of various growth factors. Warm-hearted maternal attitudes during infancy and
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a positive lifestyle, which includes a well-balanced diet, moderate aerobic exer-
cise, PIL/ikigai, and other warm-hearted human relationships, contribute to the
greater ability to manage stressful events leading to steady emotions and cogni-
tions, and may increase the secretion of serotonin and melatonin. Increased se-
cretion of serotonin and melatonin may contribute to a greater ability to manage
stressful events, and may enhance the prevention and treatment of the symp-
toms of AD by decreasing S-amyloid levels and facilitating the regeneration of
tissue in the hippocampus. All persons should know that positive maternal atti-
tudes during infancy and a positive lifestyle may influence positive epigenetic al-

teration leading to preventing and improving the symptoms of AD.
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