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Abstract 
With the increasing aging population around the world as a result of birth 
rates and advances in medical technologies, there is an urgent need to unravel 
the primary cause of aging, in the hope of developing a rational approach to 
retard the aging process. This is crucial to reduce the societal impact of aging. 
Although modern medicine and traditional Chinese medicine view the 
process of aging from different perspectives, this article aims to develop a 
common understanding between these two distinct medical systems in rela-
tion to the aging process. As such, a unified approach can hopefully be de-
veloped to effectively slow down the aging process. Modern medicine has 
proposed the “mitochondrial theory” of aging, which implicates a causal rela-
tionship between the rate of mitochondrial reactive oxygen species generation 
and lifespan as noted in a wide spectrum of primate species, while traditional 
Chinese medicine views aging as the result of a gradual depletion of conge-
nital primordial Qi, which can be spared by the sufficient generation of post-
natal pectoral Qi. By amalgamating the knowledge of modern medicine with 
that of traditional Chinese medicine in relation to aging, it is suggested that 
while Chinese tonifying herbs can be used to restore the balance of body 
functions enabling the generation of sufficient pectoral Qi, active ingredients 
isolated from Chinese tonifying herbs or other plant sources capable of in-
ducing mitohormesis and mitophagy, as well as senolysis, can be used to re-
tard the aging process. 
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1. Introduction 

The increasing aging population remains an impending problem in modern so-
ciety. This increasing number of the elderly in the population will not only result 
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in a much greater proportion of health care services needed for the management 
of aging-associated degenerative diseases, but the increasing elderly dependency 
ratio (i.e. the number of elderly persons aged 65 or above raised by every 1000 
employed persons) would also strain the labor force and pose a financial bur-
den to governments. Therefore, identifying the primary cause of aging and ef-
forts to develop effective approaches to retarding the inevitable process of ag-
ing has become an area of considerable interest in biomedical research and so-
cietal health. 

To unify the concept of aging in relation to both modern medicine and tradi-
tional Chinese medicine, reliable theories and potential interventions to slow 
down the process of aging may be discovered. The “mitochondrial theory” of 
aging in modern medicine is, by far, more viable than other theories of aging, 
such as endocrine, immunological, telomere, or other theories [1]. Reactive oxy-
gen species (ROS) generated from mitochondria is considered to be a primary 
cause of aging because this appears to correlate with differences in lifespan 
across a wide spectrum of primate species. Accordingly, several approaches to 
reducing the rate of mitochondrial ROS production (mtROSp) or safeguarding 
mitochondrial function have been proposed, including dietary restriction and 
the induction of mitophagy or mitohormesis. On the other hand, traditional 
Chinese medicine theory emphasizes the importance of the balance of organ 
functions in terms of Yin, Yang, Qi, and Blood, in retarding the aging process 
[2]. A more effective and feasible approach in the prevention of age-associated 
diseases and slowing the process of aging can hopefully be developed by the 
combination of traditional Chinese medicine and modern medicine approaches. 

2. Mitochondrial Theory of Aging 

As a result of almost half a century of scientific debate in modern medicine, it is 
now generally accepted that the primary cause of aging is the rate of mtROSp 
[3]. During the aging process, the increase in the production of ROS, which is 
inevitably caused by mitochondrial electron transport chain activity during ATP 
generation, is known to impose oxidative stress on mitochondria and other cel-
lular organelles, resulting in the oxidation of membrane lipids and other ma-
cromolecules such as DNA, causing the disruption of cellular and structural in-
tegrity, and ultimately cell death. This aging hypothesis is consistent with the 
observation that there is a negative correlation between the rate of mtROSp and 
lifespan across species, i.e. long-lived mammals and birds typically have lower 
values of mtROSp, and vice versa [3].  

Oxidative stress within mitochondria can have a detrimental effect on nuclear 
DNA, contributing to aging. DNA damage, manifesting as severe double-strand 
breaks, can occur within mitochondrial DNA (mtDNA), which may result in 
impaired function of mtDNA-encoded electron transport chain or mitochondri-
al ribosome subunits in a certain tissue [3] [4]. However, what drives the process 
of aging more directly is the generation of mtDNA fragments from ROS-induced 
double-strand breakage, which can insert themselves into the nuclear DNA. Stu-
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dies in yeast and rat livers and brains have demonstrated that mtDNA fragments 
accumulate within nuclear DNA with increasing age [5]. As these mtDNA frag-
ments migrate from mitochondria to the nuclear DNA, they can accumulate at 
the pericentromeric regions of chromosomes, likely producing a marked inter-
ference of the mtDNA fragments with mitotic components [3] [6]. The resultant 
nuclear genome is susceptible to aneuploidy, which is defined by an abnormal 
number of chromosomes in a cell, and genetic instability. The insertion of 
mtDNA into nuclear DNA can, therefore, lead to mitotic decline and aneuploi-
dy-driven senescence in cells [6]. 

3. Modern Medical Approaches to Delaying the Aging  
Process 

Based on the aforementioned “mitochondrial theory” of aging, several modern 
medicine approaches to delaying the aging process and extend the lifespan and 
healthspan of humans have been proposed. Experimental studies have shown a 
correlation between the restriction of caloric intake (or even protein intake) and 
the decrease in the rate of mtROSp. Studies using rats and mice have shown that 
protein restriction results in an increase in lifespan, which accounts for about 
50% of the life-prolonging effect of caloric restriction [7]. More specifically, the 
substitution of L-methionine in the diet with L-glutamate achieving an 80% me-
thionine restriction was found to decrease the rate of mtROSp in mice. While 
the biochemical mechanism underlying this experimental observation remains 
unclear, adopting caloric or protein restriction would seem to be an effective 
method for reducing the rate of mtROSp and hence the oxidative stress in mito-
chondria and cells generally. 

Given that mitochondria play a crucial role in the aging process, interventions 
that preserve the integrity of mitochondrial function should be effective in re-
tarding the aging process. Autophagy, which is a cellular process involving a de-
gradation system that delivers certain targeted materials to lysosomes for degra-
dation, is found to be an important determinant of the longevity of animals, as 
evidenced by the observation that long-lived animals typically show elevated le-
vels of autophagic activity [8]. Mitophagy, selective degradation of mitochondria 
by autophagy, is responsible for removing dysfunctional mitochondria and sa-
feguarding overall mitochondrial function [9]. Given the beneficial effect of au-
tophagy and mitophagy in maintaining cellular and mitochondrial function, 
therapeutic interventions that activate autophagy and/or mitophagy may provide 
a promising approach to delaying the process of aging. 

Another approach to maintaining mitochondrial function is the activation of 
mitohormesis. Mitohormesis is a response to mitochondrial oxidative stress in-
duced by ROS and other mitochondrial metabolites [10]. The activation of mi-
tohormesis has been found to increase lifespan as well as healthspan in various 
animal models, with the latter being associated with improved metabolic status 
and immune function. When cells are exposed to sub-lethal levels of mitochon-
drial oxidative stress, a retrograde signaling pathway involving nuclear gene ex-
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pression is activated. The altered gene expression elicits adaptive responses in-
cluding biogenesis of mitochondria and increased antioxidant defenses that can 
lead to the extension of lifespan [11]. Therefore, the activation of mitohormesis 
is vital in safeguarding mitochondrial and cellular structural and functional in-
tegrity. 

One phenomenon associated with the process of aging is the presence of an 
increased number of senescent cells in tissues [12]. DNA damage, telomere 
shortening, or exposure to ROS are possible causes of cellular senescence, which 
potentially threatens the functional integrity of neighbouring normal cells by se-
creting high levels of inflammatory cytokines or immune modulators. One re-
cent approach to slowing down aging involves the use of senolytic drugs that can 
induce apoptosis specifically in senescent cells (these being otherwise resistant to 
apoptosis). Senolytic drugs, such as dasatinib, quercetin and fisetin, have been 
found to reduce the number of senescent cells in mice and humans, thereby 
protecting normal cells against the inflammatory stress imposed by senescent 
cells [13] [14]. The use of senolytic agents to deal with the aging-related cellular 
senescence could provide an alternative approach to retarding the aging process. 

Apart from the aforementioned approach in retarding the aging process, there 
is an on-going debate on whether or not the current approach of dietary anti-
oxidant intake can effectively increase lifespan and slow down aging. Theoreti-
cally, taking exogenous antioxidants could neutralize the excessive amount of 
mtROS, thereby decreasing the rate of mtROSp production and retard the aging 
process. However, studies have shown that the induction of an endogenous an-
tioxidant response by exogenous agents is more effective than dietary antioxi-
dants in counteracting oxidative stress. A study on rat brain has shown that the 
endogenous antioxidants, bilirubin, and biliverdin, exhibited greater antioxidant 
activity than alpha-tocopherol (which is a popular antioxidant supplement) in 
terms of preventing oxidative damage in vitro [15]. Another study using adult 
male houseflies suggested that the administration of exogenous antioxidants can 
lead to compensatory depression in endogenous antioxidant defenses [16]. Be-
cause of this, approaches, such as mitohormesis, that elicit endogenous antioxi-
dant responses may be more effective than exogenous antioxidant ingestion in 
slowing down aging. 

4. Approaches to Delaying the Aging Process in Traditional  
Chinese Medicine 

According to Chinese medicine theory, the complete deprivation of zheng Qi 
leads to death [17], and accelerated aging is caused by the high rate of usage of 
primordial Qi, which constitutes zheng Qi together with pectoral Qi. As a con-
genital essence, primordial Qi cannot be replenished, but it can be spared by ge-
nerating sufficient pectoral Qi derived from air and food intake to a certain ex-
tent [18]. The sustained generation of zheng Qi necessitates the presence of pri-
mordial Qi and pectoral Qi. 
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From the perspective of traditional Chinese medicine, one approach to in-
creasing lifespan and/or health span would be ensuring the balance of organ 
functions to safeguard the generation of pectoral Qi. With sufficient pectoral Qi 
generated, primordial Qi can be spared for prolonged usage rather than being 
utilized at a higher rate. The formation of pectoral Qi is achieved by combining 
air from the “Lung” and grain Qi transformed from food and water from the 
“Spleen” [18]. The balance between Zeng (i.e., organ) functions can have benefi-
cial effects on the formation of pectoral Qi, which is generated by interrelated 
organs in the body, in particular, the “Lung” and the “Spleen”. 

Another approach to increasing lifespan and maintaining health is using Chi-
nese tonifying herbs to remediate the deficiencies in Yin, Yang, Qi, and Blood in 
the body caused by prenatal and/or postnatal factors. According to traditional 
Chinese medicine theory, the imbalance of Yin and Yang is the root cause of 
disease, and zheng Qi is formed from the interaction between Yin (pectoral Qi) 
and Yang (primordial Qi). The generation of Blood from Qi is essential in nou-
rishing internal organs in order to sustain their physiological function within the 
body. Hence, remediating the deficiencies in Yin, Yang, Qi, and Blood is crucial 
in achieving a healthy body status. To achieve this goal, functional subgroups of 
tonifying herbs, including Yang-invigorating, Qi-invigorating, Yin-nourishing, 
and Blood-enriching herbs, can be used. 

Adopting a mindful lifestyle is also vital to extend the healthspan. According 
to the holistic theory of traditional Chinese medicine, the body as a whole is 
functionally connected to the mind, which implies that an imbalance of organ 
functions can influence the mind, and vice versa. Overly sensitive reactions or 
emotional fluctuations can increase the rate of primordial Qi consumption, 
which could in turn accelerate the rate of aging. Therefore, one key factor in 
maintaining physical health is ensuring an optimal balance of body-mind func-
tion. This can often be achieved by meditation, regular exercise, and quality rest 
periods in order to create a feeling of calm and harmony. 

5. A Unified Holistic Approach in Retarding the Aging  
Process 

After considering the aging process from modern medicine and traditional Chi-
nese medicine perspectives, the generation and utilization of energy usually 
emerge as the primary causes of aging. Modern medicine emphasizes the role of 
mitochondrial dysfunction, which is determined by the rate of mtROSp in aging, 
while traditional Chinese medicine views aging and death as the deprivation of 
Qi. By integrating these two conceptual theories, the biochemical unit of Qi at 
the cellular level is ATP, and its generation relies on the optimal function of mi-
tochondria. To retard the aging process, the aforementioned approach in safe-
guarding mitochondrial function through autophagy and/or mitophagy is con-
sistent with the use of Yang- and Qi-invigorating Chinese tonifying herbs. Not 
only can Yang- and Qi-invigorating herbs increase mitochondrial membrane 
fluidity and a glutathione-dependent antioxidant response that can eventually  
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Figure 1. A unified holistic approach in retarding the aging process. 

 
increase mitochondrial ATP generating capacity, they are also able to maintain a 
sustained low level of mtROS that triggers mitohormesis in vitro and ex vivo 
[18]. Therefore, naturally-occurring agents, such as active ingredients from 
Chinese tonifying herbs or their synthetic analogs, can be used to induce mito-
phagy and mitohormesis, with a resultant preservation of mitochondrial func-
tional integrity. Furthermore, these herbs are also capable of maintaining an in-
ternal balance of body functions in terms of Yin, Yang, Qi, and Blood. A unify-
ing theory of aging between modern medicine and traditional Chinese medicine 
could thereby culminate in an effective approach in retarding the aging process 
(Figure 1). 

6. Conclusion 

In conclusion, both modern medicine and traditional Chinese medicine regard 
the generation and utilization of energy as the primary cause of aging. Natural-
ly-occurring or synthetic active ingredients from Chinese tonifying herbs can be 
used to preserve the structural and functional integrity of mitochondrial func-
tion and retard the aging process. 
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