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Abstract. The process of aging is what everyone is experiencing during the whole life. Many 

factors contribute to the aging process, among which the changes in mitochondrial structure and 

function are one important step. in this review, we elaborated on the relationship between 

mitochondria and aging from three aspects: the structure and function of mitochondria, the 

changes of mitochondria during aging, and the relationship between mitochondria and other 

organelles, we also described the progress related to mitochondrial targeted therapy. In summary, 

The passage highlights a review that examines the connection between mitochondria and aging 

from three main angles: understanding the structure and function of mitochondria, exploring how 

mitochondria change as an individual ages, and uncovering their relationships with other cellular 

organelles. Additionally, the passage discusses the advancements in mitochondrial targeted 

therapy within the context of aging. 
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1.  Introduction 

Cells are the basic bricks of living organisms. Within each cell, many distinct intracellular compartments 

exist to keep the cells working functionally. The main organelles consist of cytosol, endoplasmic 

reticulum, Golgi apparatus, nucleus, mitochondrion, endosome, lysosome, and peroxisome. The bilayer 

membrane is the fundamental structure of these organelles and cells themselves and is also a necessary 

condition for cell survival. Among all these compartments, mitochondria are the vital organelles that 

power the cells through ATP production. In eukaryotic cells, most of the ATP that drives life processes 

is produced by mitochondria through oxidative phosphorylation, which certainly has a bilayer 

membrane structure. They regulate energy homeostasis to maintain cell function and the overall health 

of the organism. While the mitochondria’ roles in cellular metabolism and energy homeostasis were 

carefully studied, emerging studies in the past two decades have elucidated the novel functions in many 

other cellular processes, including cell death, signaling, and cell proliferation. These cellular processes 

contribute to many complex biological conditions, such as aging. 

Mitochondria are multifunctional organelles essential for energy production, metabolism, calcium 

regulation, and other cellular processes. Because of their central role in energy production, they are often 

referred to as ‘ cell power plants’. They play a role in ATP production, metabolic regulation, reactive 

oxygen species ( ROS ) production, calcium regulation, apoptosis ( programmed cell death ), energy 

homeostasis, and thermogenesis. 
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Mitochondria dysfunction refers to a condition where the mitochondria, which are the tiny structures 

within cells responsible for generating energy in the form of adenosine triphosphate (ATP), are not 

functioning properly. The ability of mitochondria to generate ATP appropriately based on their energy 

needs. Mitochondrial dysfunction can have many adverse consequences, such as energy depletion, 

muscle weakness, neurological symptoms, and organ dysfunction. Mitochondrial dysfunction may occur 

due to genetic mutations, oxidative stress, environmental factors, aging, etc. 

Cellular senescence has traditionally been considered a stress response that protects organisms by 

limiting the proliferation of damaged and unwanted cells. It is also considered a developmental force 

that is subsequently adapted to protect cells against damage [1]. This process including replication aging 

and stress-induced premature aging, represents a state of permanent cell growth arrest [2, 3]. Cellular 

senescence is believed to affect the aging process, but its specific process and mechanism are not yet 

fully understood. 

Aging is defined as the time-related deterioration of the physiological functions necessary for 

survival and fertility. Aging can be called a chronic disease engraved in genes. Aging is a complex 

biological process characterized by the gradual decline of various physiological functions, which can 

affect multiple aspects of personal health. It is related to a series of general age-related changes, 

including the accumulation of cell damage, changes in gene expression, and a decrease in tissue 

regeneration. However, the process of aging is extremely complex and changeable. Millions of 

substances interact to form this complex aging steady state, and mitochondria are part of it. 

Mitochondria play an essential role in aging. As the powerhouse of the cell, aged mitochondria lost 

the capacity to maintain general cellular energy homeostasis, leading to reduced ATP production, 

increased oxidative stress, alterations in cellular metabolism, and impaired cellular signaling. 

Senescence also drives mitochondrial dysfunction, causing dysfunction such as genomic instability, 

impairment of mechanisms involved in mitochondrial mass homeostasis, dysregulated nutrient sensing 

pathways, imbalanced NAD+/NADH ratio, and calcium overload [4].Mitochondria maintain direct 

contact with the endoplasmic reticulum [5]and nucleus [6]. These physical contacts are essential in 

regulating the structure and function of these organelles. Such regulation is disrupted with age. 

Lysosomes and other organelles also play a vital role in mitochondrial aging [7]. Studies have shown 

that interventions targeting mitochondrial-related pathways slow or reverse the age-related decline [8]. 

Understanding the role of mitochondria in aging is particularly important given the increasing aging of 

the population and the associated burden on the healthcare system. 

In this article, we will elaborate on the profound relationship between mitochondria and aging 

through the following aspects: the structure and function of mitochondria, mitochondrial dysfunction 

during aging, the relationship between mitochondria and other organelles, and targeted therapy for 

mitochondria. We will discuss some ideas for future research and development according to the current 

situation. 

2.  Mitochondrial Structure and Function 

Mitochondria are specialized organelles found in most eukaryotic cells responsible for generating ATP, 

the primary energy source for cellular activities. Mitochondria have a double membrane system, with 

the outer membrane being smooth and the inner membrane containing numerous folds called cristæ. The 

intermembrane space between the two membranes and the matrix inside the inner membrane play 

essential roles in mitochondrial function. 
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Figure 1. The structure of mitochondria 

The outer membrane of mitochondria is smooth and porous, allowing ions, small molecules, and 

some proteins to pass through. The inner membrane of mitochondria is highly folded, forming a structure 

called Cristæ. These folds significantly increase the surface area of the inner membrane, thereby 

achieving more effective ATP production. The inner membrane is impermeable to most ions and 

molecules, resulting in the proton gradient used in ATP synthesis. Intermembrane is the space between 

the outer and inner membranes of mitochondria. It contains enzymes involved in various metabolic 

reactions. Cristæ is a plethora of inner membrane folds containing proteins involved in electron transport 

chains and ATP synthesis. Most ATP is generated here. Mitochondria have their own DNA molecules, 

which encode essential proteins related to their electron transport chains and replication mechanisms. 

Mitochondria produce ATP through oxidative phosphorylation, which involves the transfer of 

electrons from electron donors (such as NADH) to electron acceptors in the electron transport chain 

(ETC) located in the inner mitochondrial membrane. This transfer of electrons generates a proton 

gradient across the inner mitochondrial membrane, which is used to power the ATP synthase enzyme to 

produce ATP from ADP and inorganic phosphate. The final electron acceptor in the ETC is oxygen, 

which combines with protons to create water [9]. This process is highly efficient and generates the vast 

majority of ATP used by cells. 

However, reactive oxygen species (ROS) can also be generated during oxidative phosphorylation as 

a byproduct of electron transfer reactions in the ETC. Specifically, electrons can leak out of the ETC 

before reaching the final acceptor (oxygen) and react with molecular oxygen to form superoxide, a 

highly reactive ROS. Superoxide can then undergo further reactions to form other ROS, such as 

hydrogen peroxide and hydroxyl radicals. Mitochondrial ROS-mediated signaling pathways can 

participate in various basic and adaptive physiological responses that control homeostasis [10]. Complex 

I and III are usually considered the main sites for Mitochondrial ROS (mtROS) production, but recent 

studies have shown that at least 10 other mitochondrial enzymes also contribute to this process, including 

complex II. The different sites that produce mtROS have different signaling effects, and the main 

production sites may change under different physiological conditions [11]. Researchers argue for the 

key correlation of mtROS signal transients as important contributors to longevity, as well as mediators 

of other signaling responses that promote health span and longevity [12]. 

Mitochondria generate the majority of ATP through oxidative phosphorylation, essential for energy-

consuming cellular processes. Mitochondria also play important roles in cellular signal transduction. 

Mitochondrial signal transduction happens in a three-step process, mitochondria (1) sense and respond 

to both endogenous and environmental inputs, like metabolism and hormone inputs, through 

morphological and functional remodeling; (2) integrate information through dynamic, network-based 
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physical interactions and diffusion mechanisms; and (3) produce output signals that tune the functions 

of other organelles and systemically regulate physiology [13], for example, punctual, localized, and 

pulsatile redox-based communication between mitochondria and the ER can propagate signals from 

single mitochondria to the ER and other mitochondria [14]. 

In summary, mitochondria are the cellular energy source in most eukaryotic cells, and play a crucial 

role in the production of ATP, the main energy source, through oxidative phosphorylation. They have a 

unique double-membrane structure with internal folds called ridges. This energy generation involves the 

transfer of electrons in the electron transport chain, resulting in a proton gradient that provides energy 

for ATP synthesis. However, this process also produces reactive oxygen species ( ROS ), affecting cell 

signal transduction and physiological responses. Mitochondria are also involved in cell signal 

transduction, sensing, and response to metabolic inputs, and produce signals that regulate various cell 

functions and physiology through dynamic interactions with other organelles. 

3.  Mitochondrial dysfunction, cell senescence, and aging 

Mitochondrial dysfunction refers to damage to the structure or function of mitochondria. This 

dysfunction may be caused by factors such as oxidative stress, DNA mutations, impaired mitochondrial 

quality control mechanisms, mitochondrial protein, and lipid damage.  

Mitochondria are key organelles for aerobic respiration and cellular energy metabolism, and some 

mitochondrial structures and functions related to energy production are closely related to aging and 

senescence. The mitochondrial membrane potential (MMP) is a critical process of mitochondrial 

function, and the two are closely interrelated. The proton gradient generated by MMP serves as the 

driving force for ATP synthesis, and healthy MMP ensures effective electron transport, and ATP 

production, and prevents excessive production of reactive oxygen species (ROS). The instantaneous 

reduction of MMP puts the electron transport chain (ETC) in a more oxidized state and can reduce the 

production of ROS, but the continuous reduction of MMP may indicate ETC dysfunction. Due to the 

oxidation of the reduced form of NADH to NAD+ by complex I in ETC, a decrease in respiratory 

capacity may contribute to a decrease in NAD+/NADH balance during aging and cellular senescence 

[15]. A decrease in MMP in a stable state may indicate impaired electron transfer chain function or 

increased proton leakage. During mitochondrial dysfunction, low MMP is usually associated with 

increased ROS production [16]. Cell senescence may be accompanied by changes in mitochondrial 

oxidative phosphorylation (OXPHOS). ROS links mitochondrial dysfunction with telomere dependence 

and pro-inflammatory aging. Damaged mitochondria with inefficient OXPHOS produce excessive ROS. 

Increased oxidative stress can lead to DNA damage, such as oxidative bases, single-strand breaks, 

double-strand breaks, and telomere shortening [17]. The production of cellular ATP in young primary 

human brain microvascular endothelial cells (HBMEC) mainly relies on glycolysis, and glutamine is 

the preferred fuel for mitochondrial OXPHOS. In contrast, HBMEC before aging contributes equally to 

the glycolysis and ATP production rate of OXPHOS and also utilizes glutamine, glucose, and fatty acids 

as mitochondrial fuels [18]. There are widely varying results regarding the importance of individual 

ETC complexes in respiratory loss. For example, complex I am usually more sensitive to age-related 

functional loss. As the largest respiratory chain complex, the function of complex I and the production 

of ROS depend on assembly fidelity, which decreases with age, while the knockdown of individual 

complex I assembly factors is sufficient to induce cell senescence [19]. The respiratory chain complex 

forms a super complex, and its stability seems to decrease with age [20].  

Mitochondria are very dynamic organelles, and maintain the continuous remodeling of mitochondrial 

structure, allowing morphological transformation from a single structure to a complex tubular network 

through fusion and fission [21]. Recent studies have shown that mitochondria interact extensively with 

the endoplasmic reticulum and the nucleus [22] [23]. Changes in these interactions may lead to 

neurodegeneration. Mitochondria have their own DNA (mtDNA) and are easily damaged. Accumulated 

mitochondrial DNA mutations or deletions can lead to mitochondrial dysfunction and senescence, and 

mtDNA mutations accumulate with age in tissues after mitosis [24]. Studies on mtDNA polymerase 

proofreading activity defects have demonstrated the mechanism of mtDNA damage and aging. Research 
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has shown that at high densities, mtDNA mutations can lead to physiological-related mitochondrial 

dysfunction and premature aging [25]. The mitochondrial genome is important in maintaining a 

functionally competent organelle. With age, there is a gradual decrease in mitochondrial function, 

leading to reduced ATP production. This decline is often accompanied by an increase in oxidative stress, 

which can damage mitochondrial DNA (mtDNA) and proteins, further impairing mitochondrial function 

[26]. 

Mitochondrial quality can be regulated through the process of mitochondrial autophagy, which 

involves the selective degradation of damaged or dysfunctional mitochondria. In senescent cells, 

mitochondrial autophagy may be damaged, leading to the accumulation of damaged mitochondria and 

changes in mitochondrial quality. This means that the efficiency of mitochondria in producing ATP 

through oxidative phosphorylation is low, leading to a decrease in energy production. Research has 

shown that reducing mitochondrial content in the body can prevent the aging of the liver in aging mice 

[27]. In vitro experiments, mitochondrial autophagy decreases during aging, leading to the accumulation 

of dysfunctional mitochondria. High expression of some proteins, such as S-nitroso glutathione 

reductase (GSNOR), may promote cell longevity by maintaining mitochondrial dynamics and 

preventing mitochondrial autophagy from being damaged [28]. 

Senescence drives mitochondrial dysfunction, while Mitochondrial dysfunction governs the 

senescent phenotype. Some material and structural changes that occur during aging and cellular 

senescence may lead to mitochondrial dysfunction. Several metabolic regulatory factors of nutritional 

sensing mechanisms, such as insulin/IGF-1, mTOR, AMPK, and sirtuins, are all associated with aging. 

Excessive cellular nutrients activate the insulin/IGF-1 and mTOR pathways, leading to the induction of 

synthetic metabolic processes and inhibition of autophagy [29]. Sirtuins are NAD+ dependent 

deacetylases and metabolic sensors that play important roles in stress and cellular metabolism. Sirtuins 

regulate the biogenesis of mitochondria and regulate their composition and function. In mammals, the 

three members of the SIRT family, SIRT3, SIRT4, and SIRT5, are located in mitochondria and regulate 

mitochondrial metabolism [30]. The decrease in NAD+ regulated by CD38 and mitochondrial 

dysfunction in senescence is at least partially mediated by SIRT3 [31].NAD+ acts as a cofactor in many 

oxygen reduction pathways and as a substrate in some redox reactions. Both ATP production and MMP 

maintenance require NAD+. Recent studies have reported the role of NAD+ consuming enzyme CD38 

in the decline of NAD+ during aging [32]. The expression and activity of CD38 are induced during the 

aging process in chronological order, and this increase in CD38+ cells is partially mediated by the SASP 

of senescent cells, indicating a strong connection between cell aging and a decrease in NAD+ during the 

aging process [33]. Mitochondrial Ca2+ influx occurs through a voltage-dependent anion channel 

(VDAC) present in the OMM, and then Ca2+ enters the mitochondrial matrix through the mitochondrial 

calcium single transporter (MCU) located in the IMM. The intracellular Ca2+ buffer is controlled by the 

interaction of 1,4,5-triphosphate inositol receptor (IP3R), Grp75, and VDAC [34]. The increase in 

cytoplasmic Ca2+ concentration leads to rapid uptake of Ca2+ by mitochondria to prevent Ca2+ overload 

in the cytoplasm but may lead to mitochondrial Ca2+ overload [35], which leads to increased ROS 

production and mitochondrial dysfunction, including reduced ATP production [36]. Mitochondrial Ca2+ 

overload causes mitochondrial metabolic damage during aging and age-related diseases [37]During 

aging, the activation of IP3R leads to the release of Ca2+ from the endoplasmic reticulum and the 

accumulation of Ca2+ through MCU channels, leading to mitochondrial Ca2+ overload [38]. The overload 

of Ca2+ in mitochondria leads to a decrease in membrane potential, an increase in ROS production, and 

senescence. 

Cell senescence and mitochondrial dysfunction are defined as classic features of the aging process. 

The relationship between them is very complicated. It is now widely believed that cellular senescence 

is a key driver of aging and many age-related diseases. Cell senescence is the central marker of aging. 

Telomere damage, epigenetic disorders, DNA damage, and mitochondrial dysfunction are the main 

drivers of damage during aging. Several of these damage drivers can induce cell senescence. Cell 

senescence can in turn drive subsequent aging characteristics to cope with damage: stem cell exhaustion 

and chronic inflammation [39]. Firstly, emerging evidence has pinpointed mitochondria as one of the 
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key modulators in the development of the senescence phenotype, particularly the pro-inflammatory 

senescence-associated secretory phenotype (SASP) [40]. Secondly, Mitochondrial dysfunction leads to 

ROS accumulation, leading to oxidative stress and damage to cellular components. Accumulated DNA 

damage, usually caused by ROS, is a well-known trigger of cellular senescence [41]. Thirdly, 

maintaining healthy mitochondria through processes such as mitophagy ( selective removal of damaged 

mitochondria ) is essential to prevent dysfunctional mitochondrial accumulation and dysregulation of 

mitophagy and mitochondrial quality control mechanisms may lead to mitochondrial dysfunction and 

may promote cell senescence. During senescence, mitophagy is disrupted, leading to mitochondrial 

accumulation and Senescence-Associated Mitochondrial Dysfunction (SAMD) [42]. 

Mitochondrial dysfunction has been widely implicated in the aging process and the development of 

aging-related diseases. Many studies have provided evidence of mitochondrial dysfunction in aging. 

Early studies on mitochondria have pointed out age-related changes in muscle mitochondria of insects 

( such as flies ), including a decrease in the number of mitochondria, accompanied by an increase in 

residual mitochondria and more irregular structures, loss of mitochondrial cristae stacking arrays, and 

destruction of crystal accumulation with the expansion of space within the cristae [43]. Mitochondrial 

dysfunction is more likely to be a part contributing to aging because aging is more like a macroscopic 

phenomenon caused by the decline in the function of multiple cells and tissues. 

 

Figure 2.The potential mechanisms of mitochondrial dysfunction during aging 

During the aging process, mitochondrial dysfunction is reflected in the following aspects: 1. Reduced 

ATP production: Aging leads to a decrease in the efficiency of ATP production through oxidative 

phosphorylation within mitochondria. This decrease helps to lower cellular energy levels, which may 

lead to fatigue and reduce body performance. 2. Increased ROS production: Mitochondria, generators, 

and targets of reactive oxygen species (ROS), have lower efficiency in electron transport chains with 

age. This leads to an increase in ROS production, leading to oxidative damage to mitochondrial 

components and further impairing their function. 3. Morphological changes: Aging can trigger changes 

in mitochondrial structure, leading to changes in size and shape. These morphological transfers can 

affect mitochondrial function and dynamics, including regulating the fusion and fission processes of 

organelle structures. 4. Decreased mitochondrial autophagy: The efficiency of mitochondrial autophagy 

(selective removal of damaged mitochondria) decreases with age. Inefficient mitochondrial autophagy 

leads to the accumulation of dysfunctional mitochondria, exacerbating mitochondrial dysfunction. 5. 

mtDNA mutation: Mitochondria contain their own DNA (mtDNA) and are susceptible to oxidative 
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damage. Over time, mtDNA accumulates mutations that hinder mitochondrial function. These mutations 

may be genetic and related to mitochondrial diseases. 

In summary, Mitochondrial dysfunction encompasses structural and functional impairments in 

mitochondria, arising from factors like oxidative stress, DNA mutations, disrupted quality control 

mechanisms, and damage to mitochondrial proteins and lipids. These crucial organelles play a pivotal 

role in cellular energy metabolism and aging processes, particularly through their membrane potential 

(MMP) and electron transport chain (ETC) functions. Altered MMP can indicate ETC dysfunction, 

contributing to reduced NAD+/NADH balance, increased ROS production, and cellular senescence. 

Mitochondrial dysfunction also links to oxidative phosphorylation (OXPHOS) changes, DNA damage, 

and pro-inflammatory aging. Additionally, the dynamics of mitochondrial structure, interactions with 

the endoplasmic reticulum and nucleus, and mitochondrial DNA mutations all play significant roles in 

aging-related mitochondrial dysfunction. Mitochondrial autophagy, vital for maintaining mitochondrial 

quality, can become impaired in senescent cells, leading to the accumulation of damaged mitochondria 

and decreased energy production. Strategies to address mitochondrial dysfunction may hold promise in 

mitigating age-related health issues. The intricate relationship between cellular senescence and 

mitochondrial dysfunction plays a central role in the aging process and age-related diseases. While 

cellular senescence is recognized as a driving force behind aging and age-related ailments, mitochondria 

emerge as pivotal modulators of the senescence phenotype, particularly the pro-inflammatory 

senescence-associated secretory phenotype (SASP). Mitochondrial dysfunction results in the 

accumulation of reactive oxygen species (ROS), oxidative stress, and damage to cellular components, 

including DNA damage, which is a known inducer of cellular senescence. Maintaining healthy 

mitochondria through processes like mitophagy is crucial to prevent dysfunctional mitochondrial 

buildup, and disturbances in mitophagy and mitochondrial quality control mechanisms can lead to 

mitochondrial dysfunction and promote cell senescence, a phenomenon referred to as Senescence-

Associated Mitochondrial Dysfunction (SAMD). Mitochondrial dysfunction is widely implicated in 

aging and age-related diseases, with studies revealing age-related changes in mitochondrial structure 

and function. Ultimately, mitochondrial dysfunction appears to be a contributing factor to the aging 

process, as aging involves the decline in the function of multiple cells and tissues, with mitochondrial 

dysfunction playing a significant role. 

4.  Inter-organelle relationship 

Mitochondria are not isolated entities within cells. They interact with various organelles in complex 

ways to shape cellular function and maintain internal balance. The organelles most closely related to 

mitochondria are mainly the nucleus and endoplasmic reticulum. Other organelles in eukaryotic cells, 

such as the Golgi apparatus, lysosomes, and peroxisomes, also have some Inter-organelle relationship 

with mitochondria. 

The close contact between the endoplasmic reticulum (ER) and mitochondria, often referred to as the 

“mitochondrial-associated membrane” or MAM is a specialized subdomain where the membranes of 

these two organelles come into proximity but do not fuse. The normal function of mitochondria requires 

the participation of other organelles, and the mitochondria endoplasmic reticulum contact site is closely 

related to lipid biosynthesis, Ca2+ signaling, mitochondrial fission and fusion, and other processes [44]. 

The mass spectrometric analysis enabled the proteins identified in MAM to be characterized and divided 

into three groups: (1) proteins localized only in MAM (‘MAM resident proteins’); (2) the protein 

localizes to mam, but is present in other regions of (‘MAM enriched proteins’); (3) temporarily present 

in MAM (‘MAM associated protein’) [45]. Mitochondria-endoplasmic reticulum contacts (MERCs) are 

a subset of MAMs and are often used when discussing the interaction and functional coordination 

between mitochondria and the endoplasmic reticulum specifically. Membrane contact sites have 

emerged in the past decade and also become key participants in the integration, regulation, and 

transmission of many intracellular signals, playing a crucial role in various pathological and 

physiological environments. Numerous studies have pointed out the role of mitochondrial endoplasmic 

reticulum contact (MERC) in regulating aging. Nevertheless, the driving cellular mechanism behind this 
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effect is still unclear. Recent evidence suggests that MERC regulates cell senescence, a permanent 

proliferative arrest state associated with pro-inflammatory secretion, which may mediate the impact of 

MERC on aging [46]. The distance between ER and mitochondria can be measured using advanced 

methods, based on the width of the cracks separating the mitochondrial outer membrane (OMM) from 

ER, and MERC can be subdivided into tight (~10 nm) and loose (~25-40 nm) structures [47]. The contact 

between mitochondria and endoplasmic reticulum is essential for mitochondrial division and fusion. The 

endoplasmic reticulum (ER) does not directly participate in mitochondrial division and fusion processes, 

but it can influence these processes indirectly through its interactions with mitochondria at 

mitochondria-associated membrane (MAM) contact sites. Mitochondrial fission(division) is the process 

of dividing a single mitochondrial into two or smaller mitochondria. This process is regulated by proteins 

such as Dynamin-related protein 1 (Drp1), which contracts and cleaves mitochondria [48].Mfn1 and 

Mfn2 are proteins on the mitochondrial inner membrane (IMM) and are associated with mitochondrial 

fusion. Studies have shown that the levels of Mfn1 and Mfn2 increase in aging skeletal muscles, 

indicating upregulation of fusion [49]. Autophagy is a tightly regulated intracellular large-scale 

degradation/recycling system that plays an important role in cellular homeostasis. Recent studies have 

shown that autophagosomes form at the endoplasmic reticulum mitochondria contact sites in 

mammalian cells. [5] Basic autophagy levels are essential for physiological quality control, but 

autophagy’s damage and decreased efficacy are related to many human pathologies and aging [50]. 

Another organelle that interacts with mitochondria is the nucleus. Mitochondria have their own DNA 

(mtDNA), which encodes the set of protein protons necessary for mitochondrial function. However, 

most mitochondrial proteins are encoded by nuclear DNA. The first step in mitochondrial nuclear 

interaction is the transcription and translation of mitochondrial proteins encoded by nDNA in the 

cytoplasm. These proteins are then input into mitochondria to support their biogenesis, maintenance, 

and function. Proteins synthesized in the cytoplasm are called mitochondrial precursor proteins, which 

are transported to mitochondria through specialized input pathways. The Translocase of the Outer 

Membrane (TOM) complex is responsible for the initial recognition and transportation of these precursor 

proteins through the mitochondrial outer membrane. Then, the protein is directed to the mitochondrial 

intima and matrix through additional transposase complexes, such as Translocase of the Inner Membrane 

(TIM) complexes [51]. Mitochondria have their own DNA(mt DNA), but many of the substances 

required for mitochondrial synthesis still come from the nucleus, and there are different feedback 

regulations between them [52]. The function of mitochondria is strictly regulated by nuclear activity. It 

requires extensive communication between these organelles, Cnm1 (contact nucleus mitochondria 1)is 

a protein on the nuclear membrane that mediates contact by interacting with Tom70 on mitochondria 

[53]. 

 

Figure 3. Inter-organelle relationship of mitochondria and other organelles. 
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Mitochondria are not isolated entities in cells, and the organelles most closely related to mitochondria 

are mainly the nucleus and endoplasmic reticulum. The Golgi apparatus, lysosomes, and peroxisomes 

also have some interactions with mitochondria. Mitochondria interact closely with endoplasmic 

reticulum ( complex membrane network in cells ). This interaction is known as mitochondrial-associated 

endoplasmic reticulum ( MAM ). It plays a vital role in lipid metabolism, calcium regulation, and the 

exchange of various molecules between two organelles. The interaction between mitochondria and the 

nucleus is mainly reflected in the synthesis of proteins and enzymes. Mitochondria contain their own 

DNA ( mitochondrial DNA or mtDNA ), which can be replicated independently of the cell cycle. 

However, most of their proteins and enzymes depend on the nucleus. The nucleus controls the synthesis 

and import of these proteins into mitochondria. 

Cells are a complex whole, and there are countless signaling pathways and material compositions 

between mitochondria and other organelles. The steady-state shift of these pathways and substances 

plays an important role in cellular aging and overall aging. 

Inter-organelle interactions profoundly impact mitochondrial function and aging. ER-mitochondria 

crosstalk influences calcium dynamics, affecting mitochondrial energy production and ROS generation. 

MCU(mitochondrial calcium uniporter) is a unidirectional transport protein for the mitochondrial uptake 

of Ca2+. The increased ER-mitochondria Ca2+ transfer was accompanied by the upregulation of the 

mitochondrial calcium uniporter (MCU) [54]. The function of this channel protein is closely related to 

the endoplasmic reticulum. Aging is often accompanied by progressive organ failure. Overexpression 

of MCU saves muscle and reverses cardiac failure by reducing Ca2+ leakage in the endoplasmic 

reticulum [55]. Sometimes mitochondria and endoplasmic reticulum form contact point, which are 

called mitochondria-ER contacts(MERCs). Research has shown that the microstructure of MERCs 

themselves, especially their thickness, is a key factor in regulating Ca2+ transport efficiency [56]. The 

knockout of MCU and inositol 1,4,5-triphosphate receptor type 2 (ITPR2) is involved in the 

accumulation of calcium in mitochondria, leading to aging escape, showing that mitochondrial calcium 

accumulation plays a role in aging induction [57]. The balance of Ca2+ is crucial for ROS, as they are 

also closely related to aging and age-related diseases [58]. 

Basic autophagy levels are essential for physiological quality control, but autophagy’s damage and 

decreased efficacy are related to many human pathologies and imaginations [59]. The lysosomal 

mitochondrial axis plays a crucial role in mitochondrial quality control through mitochondrial autophagy 

(selective degradation of damaged mitochondria). The imbalance of this process can lead to the 

accumulation of dysfunctional mitochondria, exacerbating aging-related decline [60]. Mitochondrial 

DNA (mtDNA) encodes 13 proteins crucial for electron transport, as well as genes encoding 12S and 

16S rRNAs and 22 transfer RNAs. Mutations of mtDNA accumulate with age in tissues after mitosis 

[61], and there are crosstalks between the repair of nuclear and mtDNA [62]. The nuclear-mitochondrial 

interaction regulates mitochondrial biogenesis and the expression of nuclear-encoded mitochondrial 

genes. The damage to mitochondrial function caused by mtDNA and nuclear DNA mutations may lead 

to imbalanced cellular energy homeostasis, increased vulnerability to oxidative stress, and accelerated 

cellular aging and aging [63]. 

5.  Mitochondrially targeted intervention 

The substances produced by mitochondria or the functions involved in regulation are important for both 

cellular senescence and aging, therefore, it is necessary to explore targeted interventions for 

mitochondria. Mitochondria are organelles responsible for producing energy in the form of adenosine 

triphosphate (ATP). However, as we age, mitochondria often accumulate damage, leading to dysfunction. 

The current strategies to address mitochondrial dysfunction during aging include lifestyle 

modifications, pharmaceutical interventions, antioxidants, and mitochondrial biogenesis. In early 

studies, it was found that limiting calorie intake can prolong the lifespan of experimental rats [64]. 

Calorie-restricted feeding can slow down the rate of oxidative damage, as the mitochondria of these 

animals produce superoxide at a lower rate compared to the mitochondria of the control animals [65]. 

Exercise strategies can also be used to improve/maintain mitochondrial health during the aging process 
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[66]. Some drugs, such as coenzyme Q10, have been explored for their potential to support 

mitochondrial health [67]. Antioxidants (such as vitamin C) and other compounds are used to counteract 

oxidative stress that damages mitochondria [68], the concentration of these oxidants in mitochondria is 

relatively low, so there is almost no therapeutic effect targeting mitochondria. As for mitochondrial 

biogenesis, activating pathways like PGC-1α can enhance the production of new, healthy mitochondria 

[69]. 

The structural and functional changes of mitochondria are related to many age-related diseases, and 

abnormal mitochondrial dysfunction may lead to abnormal cell proliferation and survival, which 

contributes to tumor formation. Neurodegenerative diseases such as Alzheimer’s disease and 

Parkinson’s disease are also associated with mitochondrial dysfunction. Mitochondria’s role in providing 

energy and protecting nerve cells from oxidative stress is critical. When mitochondria don’t function 

properly, it can cause nerve cell damage and death, advancing neurodegenerative diseases. In terms of 

cardiovascular disease, cardiac muscle cells require a large amount of energy to maintain the pumping 

function of the heart. Impaired mitochondrial function may lead to a decrease in cardiac muscle cell 

function, increasing the risk of cardiovascular disease, such as myocardial infarction and heart failure. 

Therefore, maintaining healthy mitochondrial function may be crucial for preventing or delaying the 

aging process associated with cancer, neurodegenerative diseases, and cardiovascular diseases. This 

includes adopting healthy lifestyle choices such as a balanced diet and moderate exercise, as well as 

possible drug interventions to support mitochondrial function. 

Improving mitochondrial function can have various benefits such as improving energy production, 

reducing oxidative stress, and protecting neurons from degeneration. However, individual specificity, 

drug safety and long-term impact, and regulatory approval may be challenges that hinder the further 

development of mitochondrial-targeted drugs and need to be carefully addressed in ongoing research 

and development work. 

6.  Conclusion 

This article delves into the complex relationship between mitochondria and the aging process. 

Mitochondria, commonly known as cellular power banks, are the foundation of energy production and 

have a significant impact on various cellular functions. Mitochondrial dysfunction may be caused by 

factors such as oxidative stress and gene mutations and is a core factor in age-related health problems. 

Although cell aging is related to the cessation of cell growth, its mechanism is still not fully understood. 

Aging is a complex process characterized by a gradual decline in the basic functions required for 

survival and reproduction. Mitochondria undergo structural and functional changes with age, and they 

interact with various cellular structures, which evolve with age. With the aging population and the 

increasing demand for healthcare, this understanding has become increasingly important. 

Mitochondrial dysfunction, characterized by injury or impairment, is a key factor in the aging process. 

It affects factors such as mitochondrial membrane potential (MMP), energy production, and reactive 

oxygen species (ROS) management. Maintaining mitochondrial quality control is crucial, and deviations 

in this process may lead to energy deficiency, leading to the aging process. In addition, mitochondrial 

dysfunction is closely related to cellular aging, which is a key aspect of aging. 

The complex interplay between mitochondrial dysfunction, aging, and organ interactions has a 

profound impact on cellular senescence and age-related diseases. Strategies to address mitochondrial 

dysfunction during aging include lifestyle changes, drug interventions, antioxidants, and promoting 

healthy mitochondrial growth. These interventions aim to enhance mitochondrial function, reduce 

oxidative stress, and prevent health issues related to aging. However, addressing individual variability 

and ensuring drug safety are the most important considerations when developing mitochondrial-targeted 

therapies for healthy aging. 
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