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Editorial

Healthy aging: Cellular insights
Aging is a multifactorial process characterized by deterio-
rations of functional capacity of various organs and the whole
body performance. Exogenous mechanism for aging includes
onset and progress of various degenerative diseases, whereas
intrinsic mechanism is governed by cellular events wherein
catabolic processes exceed the capacity for repair and reju-
venation.1 Oxygen and nitrogen centered reactive species
(ROS) have been identified to play a key role in both the
intrinsic and extrinsic development of aging processes, termed
“free radical theory of aging”.2 During the past half of century
major progresses have been made in both the research of aging
mechanism and clinical practices in age-related disease
treatment and elderly care, resulting a steady improvement of
longevity and an impressive expansion of the elderly pop-
ulation among industrialized country and some developing
countries. This trend will likely grow in the current century.

One of the major findings of aging research during the past
50 years is that lack of physical activity (commonly called
exercise) underscores a main reason for developing degen-
erative diseases. Evidence now accumulates that some of the
most prevalent health threats toward aging individuals, such
as cancer, cardiopulmonary disease, sarcopenia, diabetes,
Alzheimer disease, and Parkinson disease, has an etiological
root of being sedentary. In this special issue of “healthy
aging: role of exercise and reactive oxygen species”, we have
invited several groups of researchers in the world who have
been actively involved in aging research and made major
contributions to this field to review the progress of a special
area. The emphasis will be laid on cellular and molecular
events underlying biological aging. Thus, it is not surprising
that most evidence will be brought to light through animal
work, although whenever possible the authors have made an
attempt to quote or relate their findings to human implication.
Regardless of their research paradigm, the highlights of their
work have been the role of exercise in modulating and
ameliorating cellular aging. It is noteworthy that all authors
address the role of ROS and exercise in regulating the gene
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expression of bioactive materials in the cell that have “anti-
aging” effects, namely, they can either reduce ROS genera-
tion, increase ROS removal, repair damage caused by ROS,
or turn ROS into constructive function, through the activation
of signal transduction pathways that show sensitively to
oxidoreductive (redox) mechanisms. None of these mecha-
nisms will prevent aging, nevertheless, they will increase cell
functionality during aging. Translated into whole body or
into human, this means “healthier aging”. Despite of their
highly specialized topic, we hope that audience from various
fields of health professions could gain knowledge and
inspiration from these contributions.

The article of Bo et al.3 will address one of the fundamental
questions in age, i.e., why ROS can cause organisms to age,
and where ROS come from. This research group has for many
year focused on mitochondria, the major cellular site of ROS
generation. It highlighted the multifaceted rule of mitochondria
in regulating metabolism, antioxidant defense, and morpho-
logical adjustment (dynamics) through redox sensitive path-
ways. Since changes in protein and DNA at old age play
a critical role in causing cells to deteriorate and eventually die,
we have invited Sataro Goto, an expert in protein and DNA
research, to review the evidence that aging results in accu-
mulation of damaged protein and DNA and deterioration of
the repair and clearance capacity.4 His career-long work
clearly indicated that physical activity and caloric restriction in
rodents can intervene with progressive alterations at old age in
several organs and tissues. The third article in this series by
Kang and Ji5 will focus on a specific redox signaling pathway
PGC-1a that has demonstrated a critical function and versa-
tility in regulating a wide range of metabolic, antioxidant, and
anti-inflammatory pathways thus termed a “master transcrip-
tion co-factor”. Research during the past decades has clearly
pointed out the role of PGC-1a in regulating many age-related
degenerative processes and diseases. Luckily, exercise has been
found to be a powerful upregulater of PGC-1a. As a traditional
view, exercise is regarded to mostly benefit skeletal muscle and
heart, but the innovative work by Radak et al.6 provided new
and compelling evidence that a healthy brain is reliant on
homeostasis of ROS and antioxidants and that exercise can
improve not only brain metabolic but also cognitive function
at older age. Finally, a question receiving wide interest and
skepticism from the general public, as to whether older
people and physically active people should take antioxidant
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supplementation, was addressed by Gomez-Cabrera et al.7 Their
research and others they critically reviewed indicate that among
healthy people with proper nutrition, antioxidant supplementa-
tion, especially in large dosage, is not necessary and in fact could
cause adverse effects, because it interferes with the operation of
cellular redox governed adaptive processes. However, this
position does not preclude carefully considered supplement of
selective antioxidants for older people, patients under oxidative
stress and athletes facing extreme physical challenge.
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