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Background:  Mitochondrial dysfunction associated with aging is a major contributor to cellular senescence and systemic 
decline in metabolism. The core concept behind mitochondria-targeted anti-aging therapy is to restore cellular health by 
replacing damaged mitochondria with healthy, fully functional ones. However, directly transplanting isolated mitochondria is 
challenging as they degrade rapidly outside the protective environment of a cell. Large extracellular vesicles (microvesicles 
[MVs]) may provide a protected, cell-like microenvironment that helps preserve mitochondrial integrity during extracellular 
transport. According to published data, such MVs can facilitate intercellular transfer of mitochondria and biomolecules 
involved in regulating mitochondrial functional activity. Following internalization, the transferred mitochondria integrate into 
the metabolic pathways of the recipient cell. They produce adenosine triphosphate, help rebalance mitochondrial dynamics, 
stimulate the removal of defective mitochondria from the cell (mitophagy), and generate new, functionally competent 
mitochondria (mitogenesis). Objective: The review evaluates the potential of MV-mediated mitochondrial transfer as a viable 
and immunologically adaptable strategy for restoring mitochondrial function and inhibiting cellular aging.  Mitochondria-
containing MVs (M-MVs), isolated from cells of young donors or tumor cell lines, can serve as transport vehicles for the 
intercellular transfer of mitochondria. The functional activity of transferred  mitochondria can be prolonged through both 
non-pharmacological (intermittent hypoxia, physical exercise, caloric restriction, antioxidant nutrition) and pharmacological 
interventions (rapamycin, metformin, resveratrol, and others), which support mitophagy and mitogenesis. Conclusion: MV-
mediated mitochondrial transfer can establish a physiologically grounded platform for conducting complex therapy aimed 
at preventing and treating diseases associated with cellular aging.
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1.	 Introduction 

Adenosine triphosphate (ATP) generation by oxidative 
phosphorylation (OXPHOS) involves electron transfer 
through complexes I–IV of the mitochondrial electron 
transport chain, followed by ATP synthesis by complex V. 
Electron transport establishes an electrochemical gradient 
that ATP synthase uses to produce ATP, carbon dioxide, 
and water.1 OXPHOS is remarkably efficient, generating 
approximately 36 ATP molecules per glucose molecule, 
compared with only two ATP molecules from glycolysis.2 
However, OXPHOS inevitably produces reactive oxygen 
species (ROS) as byproducts, primarily via complexes I and 
III of the electron transport chain. These ROS are normally 
neutralized by endogenous antioxidant enzymes, such as 
superoxide dismutase, glutathione peroxidase, glutaredoxins, 
thioredoxins, and catalases.3

Anaerobic unicellular organisms do not use OXPHOS 
for ATP synthesis. They meet their energy needs through 
glycolysis and therefore do not generate significant amounts 

of ROS. The evolutionary acquisition of mitochondria—
originally free-living α-proteobacteria—proved to be a pivotal 
event that enabled the evolutionary transition from unicellular 
to multicellular organisms. However, this transition also 
established a mechanism for oxidative cellular damage and 
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programmed cell death.4 Overall, the shift from cellular 
immortality to cellular death can be viewed as a transition 
from a glycolytic, low-energy mode of existence to a high-
energy, mitochondria-driven development that gave rise to 
complex life forms.

Cellular senescence determines the aging of a multicellular 
organism. Senescent cells (SnCs) gradually accumulate in 
tissues, and their accumulation contributes to the development 
of chronic diseases. Therefore, the development of strategies 
aimed at countering cellular senescence remains a central 
focus of numerous biomedical studies.

It is widely recognized that mitochondrial dysfunction is 
a key trigger of cellular senescence.5 Impaired mitochondrial 
function leads to metabolic imbalance, resulting in decreased 
ATP production and increased generation of ROS. Elevated 
ROS levels cause cumulative oxidative damage to nucleic 
acids, lipids, and proteins.6

Mitochondrial DNA (mtDNA) lacks protective histones 
and has a minimal repair capacity. Consequently, mtDNA is 
the first to accumulate oxidative damage, which disrupts its 
replication and transcription.7 ROS also cause detrimental 
effects on mitochondrial dynamics and mitogenesis.8 This 
self-reinforcing cycle that accelerates mitochondrial aging is 
referred to as the “mitochondrial vicious cycle.”9

With age, the balance between ROS production and 
antioxidant defense shifts toward oxidative overload, causing 
the proportion of defective mitochondria to gradually and 
irreversibly increase.10 SnCs attempt to compensate for 
mitochondrial inefficiency by enhancing glycolysis, but this 
metabolic shift is insufficient to meet their energy demands.6 

The resulting energy deficit may contribute to the development 
of the senescence-associated secretory phenotype (SASP), 
promoting inflammation and impaired tissue function.11

Given that age-related mitochondrial damage is largely 
irreversible, replacing defective mitochondria with new 
ones represents the most rational therapeutic strategy. This 
article discusses the microvesicle (MV)-mediated transfer 
of functional mitochondria into SnCs as a method for 
bioenergetic rejuvenation and lifespan extension of cells. 
It also examines complementary non-pharmacological and 
pharmacological approaches to sustaining mitochondrial 
function and decelerating organismal aging.

2. Microvesicle transfer of mitochondria in anti-
aging therapy

Mitochondria play a central role in maintaining cellular 
homeostasis by regulating energy production, redox 
balance, apoptosis, and immune modulation. Intercellular 
mitochondrial transfer is an adaptive process that mitigates 

the detrimental effects of cellular damage and energy deficits. 
The exchange of mitochondria between neighboring cells 
can occur via tunneling nanotubes (TNTs), structures formed 
from F-actin.12 TNTs establish transient dynamic networks 
that facilitate the intercellular exchange of bioenergetic 
and signaling components. This exchange enables cells to 
respond more effectively to stress induced by infection or 
injury.13 Notably, it has been demonstrated that the transfer 
of mitochondria from mesenchymal stem cells to damaged 
cardiomyocytes via TNTs improves cardiac function and 
enhances the bioenergetic and angiogenic potential of 
endothelial cells.14,15

Once released into the extracellular environment, 
mitochondria rapidly lose viability—typically within 
minutes—which is why the distant transfer of “naked” 
mitochondria does not play a significant role in intercellular 
bioenergetic exchange. However, nature has devised a 
transport mechanism to move mitochondria through the 
extracellular space by encapsulating them within MVs.15 
Extracellular vesicles are phospholipid bilayer-enclosed 
particles. They are secreted by virtually all cell types and 
are broadly classified into two main subtypes based on 
their biogenesis: exosomes and MVs. Exosomes are formed 
through the inward budding of endosomal membranes, 
whereas MVs are generated via the outward budding of the 
plasma membrane. Exosomes range in size from 50–150 nm, 
while MVs vary from 100 to 1,000 nm.

Cellular activation and apoptosis are potent triggers for 
the formation and secretion of these vesicles, whose primary 
functions include the transport of biomolecules and their 
protection from enzymatic degradation and other extracellular 
stresses.16

MVs, unlike exosomes, are capable of transporting 
mitochondria.17 In turn, mitochondria help maintain the 
structural integrity of MVs and preserve their negative surface 
charge.18 Compared to liposomes, MVs exhibit a longer 
circulatory half-life and more favorable biodistribution.19 
The migration pattern of MVs is determined by their surface 
receptor profile, while the reduced pH characteristic of 
inflammatory sites facilitates their fusion with recipient 
cells.20,21

MV-mediated mitochondrial transplantation is an 
innovative therapeutic strategy based on the premise that 
healthy mitochondria isolated from donor cells can replace 
defective mitochondria in recipient cells, thereby enhancing 
the energetic capacity and stress resilience of these cells.22 
This strategy represents a pathogenesis-targeted approach for 
treating both primary mitochondrial disorders and conditions 
associated with age-related mitochondrial insufficiency.

Through continuous fusion and fission, mitochondria 
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dynamically adjust their morphology, mass, and intracellular 
distribution. This phenomenon is known as mitochondrial 
dynamics. This mechanism enables cells to either repair or 
remove dysfunctional mitochondria, thereby maintaining ATP 
production.23 Fused and fragmented mitochondria can differ in 
transport chain activity; fused mitochondria are predominantly 
engaged in active ATP synthesis, whereas fragmented ones 
primarily generate ROS.24 ATP produced by transplanted 
mitochondria can support all energy-dependent cellular 
processes, enhance mitochondrial dynamics, and stimulate 
both mitophagy and mitogenesis. As schematically illustrated 
in Figure 1, donor mitochondria can fuse with the endogenous 
mitochondrial network, thereby boosting ATP synthesis and 
reducing ROS production.24 Theoretically, this effect should 
initiate a cascade of events leading to the long-term restoration 
of the bioenergetic potential of recipient cells.

The regenerative capacity of mitochondria-containing 
MVs (M-MVs) has been previously demonstrated in various 
experimental models. After a stroke, astrocytes deliver 
mitochondria to neurons via CD38-dependent mechanisms, 
thereby protecting neurons from hypoxic damage. Donor 
mitochondria enhanced the bioenergetics of recipient cells 
by modulating mitochondrial dynamics and stimulating 
mitophagy and mitogenesis.25 Intramyocardial injection 
of M-MVs derived from pluripotent stem cells improved 
post-infarction cardiac function.26 M-MVs obtained from 
mesenchymal stem cells increased ATP production in alveolar 
type II epithelial cells and improved the survival of mice 
after acute lung injury induced by lipopolysaccharide.27 
Additionally, M-MVs promoted the regeneration of damaged 
nervous tissue17 and protected myocytes from oxidative 
damage.28 Recent studies have shown that platelet-derived 
MVs can transport functional mitochondria into the vascular 
endothelium and accelerate wound healing.29 In early-phase 
clinical trials, mitochondrial transplantation improved 
myocardial function after ischemia and demonstrated its 
safety and technical feasibility.30,31 Thus, MV-mediated 
mitochondrial transplantation represents a highly promising 
medical technology aimed at restoring cellular bioenergetics, 
reducing oxidative stress, and enhancing the organism’s 
resilience to stress factors.

Allogeneic mitochondrial transplantation has demonstrated 
its therapeutic efficacy in both animals and humans. Unlike 
allogeneic immune cells, allogeneic M-MVs do not exhibit 
alloreactivity.32 Given the broad tissue specificity of 
mitochondria, M-MVs derived from the blood of young 
healthy donors could potentially be used in the treatment of 
various mitochondrial and age-related diseases.

Mitochondria-containing MVs derived from tumors 
represent a novel and intriguing subject of research in the 
field of anti-aging therapy. Proliferating tumor cells provide 

the cytoplasmic space and building materials necessary 
for active mitogenesis. It has been shown that cancer cells 
deprived of mtDNA completely lose their proliferative and 
tumorigenic potential. This indicates that tumor cells are 
compelled to maintain intracellular conditions favorable for 
mitochondrial renewal and the preservation of their functional 
activity.33 In experimental models of Parkinson’s disease and 
liver injury, donor mitochondria isolated from hepatocellular 
carcinoma HepG2 cells reduced oxidative stress, increased 
ATP production in recipient cells, and improved tissue and 
locomotor parameters in the organism.34,35

Figure 1. The role of donor mitochondria in restoring cellular bioenergetics. 
Transplanted mitochondria produce adenosine triphosphate (ATP) and 
stimulate ATP-dependent processes in the recipient cell, including 
mitophagy and mitogenesis. A portion of donor mitochondria fuses with the 
endogenous mitochondrial network, thereby enhancing ATP production and 
reducing ROS generation. Created with Above Illustrator 2025. Partially 
adapted from Zhang et al.32 

Tumor and normal tissues utilize overlapping molecular 
pathways that regulate their regeneration.36 In addition to 
mitochondria, tumor-derived MVs contain various signaling 
molecules (microRNAs, mRNAs, and growth factors) capable 
of stimulating tissue and organ regeneration. In a mouse 
model of kidney injury, tumor-derived MVs, regardless of 
their origin (L929 sarcoma, LLC carcinoma, B16 melanoma), 
exerted a pronounced nephroprotective effect.37,38 Notably, 
tumor-derived MVs improved kidney function in models of 
both chronic and acute kidney injury,37 providing the energetic 
support necessary for rapid functional recovery of the organ. 
It should be noted, however, that the direct contribution of 
microvesicular mitochondria to the regenerative processes in 
the aforementioned experiments was not investigated.

The use of tumor-derived MVs raises justifiable concerns 
due to their oncogenic risk. It has been previously shown that 
such MVs can promote tumor growth.39 Importantly, however, 
these MVs do not contain mutagenic material. They appear to 
be capable of accelerating the growth of existing cancer cells 
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rather than inducing de novo carcinogenesis. In a previous 
study, a six-month observation of mice that received tumor-
derived MVs revealed no visible signs of tumor growth.38 
Nevertheless, the safety of repeated administration of tumor-
derived MVs requires further meticulous investigation.

Another potential source of transplantable M-MVs could 
be the organs of young healthy animals. It should be borne in 
mind that xenogeneic mitochondria are highly immunogenic, 
and that normal human antibodies, including those targeting 
galactosyl epitopes, can rapidly eliminate xenogeneic 
M-MVs via phagocytic mechanisms.40 To overcome this 
immunological barrier, xenogeneic mitochondria must 
undergo “humanization,” aimed at replacing immunogenic 
xenogeneic proteins with non-immunogenic human 
counterparts. This “humanization” process is thought to 
occur through the progressive exchange and modification of 
mitochondrial membrane proteins over several cell culture 
passages, enhancing compatibility with human cellular 
machinery. Only 13 mitochondrial proteins are encoded by 
mtDNA, while over 1,100 are encoded by nuclear genes.12 
As mitochondria are passaged in human cells, along with 
the replacement of xenogeneic proteins with human analogs, 
remodeling of the outer mitochondrial membrane lipids may 
occur, adapting mitochondrial metabolism to the human 
environment.41,42 After “humanization,” mitochondria can be 
encapsulated in MVs and transplanted into humans. Such an 
approach opens a conceptually elegant path toward scalable 
production of M-MVs and their broad medical application. 
Undoubtedly, this approach remains hypothetical at present 
and requires thorough experimental investigation.

3.	 Non-pharmacological and pharmacological 
prolongation of mitochondrial functional activity

Mitochondrial transfer into recipient cells is a short-term 
intervention. Nevertheless, the transferred organelles 
can trigger a cascade of events that improve cellular 
bioenergetics.43 It is evident that measures supporting the 
enhanced energy metabolism are necessary to achieve a 
long-term effect. In this regard, preference should be given to 
natural interventions to which the organism is evolutionarily 
adapted and that do not pose a risk of serious side effects.

Hypoxia is an inducer of glycolytic activity in eukaryotic 
cells. Under hypoxic conditions, hypoxia-inducible 
factor 1-alpha triggers an energy shift from OXPHOS to 
glycolysis. This transition stimulates B-cell lymphoma 2 
protein family/adenovirus E1B 19 kDa-interacting protein 
3-mediated mitophagy, which selectively removes defective 
mitochondria, thereby reducing intracellular production of 
ROS. Hypoxia also enhances the production of erythropoietin 
and other pro-angiogenic factors.44 During reoxygenation, 
peroxisome proliferator-activated receptor gamma coactivator 

1-alpha (PGC-1α) is activated, which, along with nuclear 
respiratory factor 1, stimulates mitochondrial biogenesis. The 
replenished population of functional mitochondria enables 
cells to sustain ATP production even under conditions of 
oxygen deprivation.44,45 As illustrated in Figure 2, exercise-
induced hypoxia is accompanied by transient hyperoxia, 
which enhances the activity of antioxidant enzymes, thereby 
strengthening the body’s antioxidant defense.45,46

Figure 2. Hypoxia accompanied by transient hyperoxia enhances cellular 
protection against oxidative stress. Adapted from Seledtsov et al.45

It is important to note that hypoxia/hyperoxia-induced 
expression of antioxidant genes persists in cells after a hypoxic 
episode, providing long-lasting adaptive antioxidant effects.47 
Currently, hypoxia has become a widely accepted method 
for athletic training and a non-pharmacological strategy for 
disease prevention and treatment.46

The effects of hypoxia and physical exercise overlap with 
those of calorie-restricted nutrition. Both exercise and fasting 
activate AMP-activated serine/threonine protein kinase and 
PGC-1α, with B-cell lymphoma 2 protein family serving as 
a key regulator of these processes.48

Age-related increase in ROS production in the body 
underscores the importance of antioxidant nutrition and 
vitamin supplementation as part of a comprehensive anti-
aging strategy. In this regard, fat-soluble vitamins (D, A, E) 
offer an advantage over water-soluble vitamins, as they can 
be stored in adipose tissue and maintain their physiological 
levels in the blood for extended periods. It has been shown 
that vitamin E (α-tocopherol) directly protects mitochondrial 
membranes from lipid peroxidation, while vitamin D regulates 
mitochondrial biogenesis through the vitamin D receptor–
PGC-1α axis.49,50

It has been established that SnCs activate anti-apoptotic 
pathways and thereby ensure their survival despite extensive 
DNA and intracellular organelle damage. SnCs develop 
a SASP, characterized by increased production of pro-
inflammatory cytokines, chemokines, proteases, and 
bioactive lipids. The observed changes in SnC metabolism 
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are considered promising targets for drug therapy.51,52

Drugs used in anti-aging therapy are divided into 
two categories:  senolytics, which induce  senolysis, 
selectively eliminating SnCs, and  senomorphics, which 
induce  senostasis, suppressing the pathological expression 
of SASP components.  Senolytics  (e.g., dasatinib, fisetin, 
navitoclax) induce apoptosis in SnCs by acting on key 
enzymes, including p53, p21, B-cell lymphoma 2 protein 
family proteins, protein kinase B, phosphoinositide 3-kinase, 
and forkhead box O4, that counteract the development of 
apoptosis.51 In contrast,  senomorphics  (e.g., metformin, 
rapamycin) prolong the lifespan of SnCs, normalize their 
metabolism, and attenuate SASP production by inhibiting 
nuclear factor kappa B, mechanistic target of rapamycin, 
interleukin1α, p38 mitogen-activated protein kinase, and 
related signaling pathways.51

The therapeutic application of senolytics is significantly 
limited by the variability in the sensitivity of SnCs to their 
action, which stems from the heterogeneity in the expression 
of anti-apoptotic molecules among these cells. Furthermore, 
senolytics are likely to accelerate the growth, differentiation, 
and, consequently, the aging of the young cells that replace 
the eliminated SnCs. It also cannot be ruled out that while 
senolytics may not affect young cells under physiological 
conditions, they could reduce their adaptive potential under 
stressful or pathological conditions.52 Although experimental 
studies demonstrated the ability of senolytics to extend the 
lifespan of short-lived organisms, translating this effect 
to humans remains highly contentious. Senolytics may be 
reasonably employed for short-term interventions—for 
instance, to interrupt a chronic pathological process—whereas 
their long-term use appears questionable.

Unlike senolytics, senomorphics directly or indirectly 
support mitochondrial functional activity. Among the 
most studied senomorphics are rapamycin and metformin. 
Rapamycin (sirolimus) is an antifungal macrolide originally 
isolated from  Streptomyces hygroscopicus. Its anti-aging 
effects are primarily associated with inhibition of mechanistic 
target of rapamycin, suppression of nuclear factor kappa B, 
reduced phosphorylation of S6K and 4E-BP, and activation 
of nuclear factor erythroid 2-related factor 2.51,53,54

Metformin is a synthetic biguanide and is widely used as 
a medication for treating type 2 diabetes.55 The mechanism 
of action of metformin involves activation of AMP-activated 
serine/threonine protein kinase, inhibition of mitochondrial 
complex I, and increased expression of PGC-1α.56,57 A similar 
mechanism of action on cellular metabolism is exhibited 
by 5-aminoimidazole-4-carboxamide ribonucleoside58 and 
berberine, a natural alkaloid found in plants such as goldenseal 
and barberry.59

Nicotinamide adenine dinucleotide (NAD⁺) precursors 
(nicotinamide riboside and nicotinamide mononucleotide) 
are able to maintain NAD⁺ levels in cells and enhance DNA 
repair activity.60 It has been shown that sustained restoration 
of NAD⁺ levels enhances sirtuin family of enzymes-dependent 
mitophagy, stabilizes mitochondrial dynamics, and reduces 
the severity of chronic inflammation, both in preclinical 
models and early human studies.61,62

Senomorphic compounds such as resveratrol, quercetin, 
and urolithin A stimulate mitophagy via the PTEN-induced 
kinase 1/Parkin pathway, which is involved in the detection 
and removal of damaged mitochondria.63-65 

Theoretically, senomorphics may also include 
3-(2,2,2-trimethylhydrazinium) propionate (meldonium, 
mildronate) and trimetazidine dihydrochloride (Preductal)—
drugs widely used in treating cardiovascular diseases. These 
medications, through different mechanisms, inhibit the entry 
of fatty acids into mitochondria, enhance glycolysis, and 
reduce mitochondrial production of ROS.66,67

Pharmacological anti-aging therapy should likely be based 
on long-term intermittent use of medications with periodic 
rotation during treatment. Such therapy should not result 
in drug dependence or resistance. Combining drugs with 
different mechanisms of action should be aimed at achieving 
a combined or synergistic therapeutic effect and reducing the 
overall drug burden. As an example, a possible comprehensive 
drug therapy regimen aimed at maintaining mitochondrial 
health is presented in Table 1. 

Table 1. Comprehensive drug-based prevention and treatment of 
age-related disorders

Days Medication during the day

0, 1 Metformin 1,000 mg × 1; urolithin A 3,000 mg × 2

2–4 Metformin 500 mg × 1; urolithin A 3,000 mg × 1

5, 6 Berberine 500 mg × 4; spermidine 20 mg × 2

7–9 Berberine 500 mg × 2; spermidine 20 mg × 1

10, 11 Metformin 1,000 mg × 1; resveratrol 1,200 mg × 2

12–14 Metformin 500 mg × 1; resveratrol 1,200 mg × 1

15, 16 Berberine 500 mg × 4; quercetin 500 mg × 2

17–19 Berberine 500 mg × 2; quercetin 500 mg × 1

20, 21 Nicotinamide riboside 500 mg × 2; trimetazidine 80 mg × 2

22–24 Nicotinamide riboside 500 mg × 1; trimetazidine 80 mg × 1

25, 26 Nicotinamide riboside 500 mg × 1; meldonium 250 mg × 4

27–29 Nicotinamide riboside 500 mg × 1; meldonium 250 mg × 2

Note: Day 0 represents the start of the treatment course. 

For meaningful results, such therapy courses should be 
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conducted regularly over an extended period. Temporary 
breaks between courses can vary widely from several days 
to several months. 

The presented approach, like any other strategy for the 
prevention and treatment of age-related disorders, cannot yet 
be considered a clinical recommendation, as it is primarily 
based on experimental data that require clinical validation.

4.	 Conclusion

In addition to their fundamental role in energy metabolism, 
mitochondria are involved in numerous cellular processes 
that ensure cell viability and shape their adaptive potential. 
Mitochondrial dysfunction underlies a broad spectrum of 
age-related pathologies. Therefore, there is an acute need to 
develop new strategies aimed at improving mitochondrial 
health and sustaining their functional activity. In this context, 
extracellular MVs have emerged as a promising mechanism, 
as they can contain functional mitochondria and facilitate their 
transfer between cells. The presence of mitochondria in MVs 
has been demonstrated using flow cytometry, quantitative 
polymerase chain reaction, Western blot, and transmission 
electron microscopy.68 Compared to pharmacological and 
genetic anti-aging interventions, MV-based approaches 
offer several distinct advantages, as they: (i) enable direct 
mitochondrial replacement and can rapidly restore energetic 
function in recipient cells; (ii) can provide sustained 
bioenergetic improvement by influencing mitochondrial 
dynamics, as well as mitophagy and mitogenesis; (iii) can 
be effectively combined with nonpharmacological and 
pharmacological interventions. Overall, comprehensive 
mitochondrial therapy, which includes MV-mediated 
mitochondrial transplantation, has the potential to bring about 
a paradigm shift in anti-aging medicine—from symptomatic 
treatment to bioenergetic restoration of cells. Undoubtedly, 
translating such therapy into medical practice will require 
thorough preclinical validation and subsequent controlled 
clinical trials to validate its safety and therapeutic efficacy.

Acknowledgments

None.

Funding

None.

Conflict of interest

The author declares no conflict of interest.

Author contributions

This is a single-authored article.

Ethics approval and consent to participate 

Not applicable.

Consent for publication

Not applicable.

Data availability statement

Not applicable.

References
1.	 Gao X, Yu X, Zhang C, et al. Telomeres and mitochondrial 

metabolism: implications for cellular senescence and age-
related diseases. Stem Cell Rev Rep. 2022;18(7):2315-2327. 

	 doi: 10.1007/s12015-022-10370-8
2.	 Mookerjee SA, Gerencser AA, Nicholls DG, Brand MD. 

Quantifying intracellular rates of glycolytic and oxidative 
ATP production and consumption using extracellular flux 
measurements. J Biol Chem. 2017;292(17):7189-7207. 

	 doi: 10.1074/jbc.AAC118.004855
3.	 Trushina E, Trushin S, Hasan MF. Mitochondrial complex I as 

a therapeutic target for Alzheimer’s disease. Acta Pharm Sin B. 
2022;12(2):483-495. 

	 doi: 10.1016/j.apsb.2021.11.003 
4.	 Lane N, Martin WF. The origin of membrane bioenergetics. 

Cell. 2012;151(7):1406-1416. 
	 doi: 10.1016/j.cell.2012.11.050
5.	 Sinha JK, Jorwal K, Singh KK, Han SS, Bhaskar R, Ghosh 

S. The potential of mitochondrial therapeutics in the treatment 
of oxidative stress and inflammation in aging. Mol Neurobiol. 
2025;62(6):6748-6763. 

	 doi: 10.1007/s12035-024-04474-0
6.	 Lee YH, Park JY, Lee H, et al. Targeting mitochondrial 

metabolism as a strategy to treat senescence. Cells. 
2021;10(11):3003. 

	 doi: 10.3390/cells10113003. 
7.	 Alexeyev MF, Ledoux SP, Wilson GL. Mitochondrial DNA 

and aging. Clin Sci (Lond). 2004;107(4):355-364. 
	 doi: 10.1042/CS20040148
8.	 Youle RJ, van der Bliek AM. Mitochondrial fission, fusion, and 

stress. Science. 2012;337(6098):1062-1065. 
	 doi: 10.1126/science.1219855
9.	 Bratic A, Larsson NG. The role of mitochondria in aging. J 

Clin Invest. 2013;123(3):951-957. 
	 doi: 10.1172/JCI64125
10.	Seledtsov VI, von Delwig AA. Therapeutic stimulation of 

glycolytic ATP production for treating ROS-mediated cellular 
senescence. Metabolites. 2022;12(12):1160. 

	 doi: 10.3390/metabo12121160
11.	Sun N, Youle RJ, Finkel T. The mitochondrial basis of aging. 

Mol Cell. 2016;61(5):654-666. 
	 doi: 10.1016/j.molcel.2016.01.028
12.	Harrington JS, Ryter SW, Plataki M, Price DR, Choi AMK. 

Mitochondria in health, disease, and aging. Physiol Rev. 

6� Journal of Biological Methods  | Volume 13 | Issue 1 |

https://doi.org/10.1007/s12015-022-10370-8
https://doi.org/10.1007/s12015-022-10370-8
https://doi.org/10.1074/jbc.AAC118.004855
https://doi.org/10.1074/jbc.AAC118.004855
https://doi.org/10.1016/j.apsb.2021.11.003
https://doi.org/10.1016/j.apsb.2021.11.003
https://doi.org/10.1016/j.cell.2012.11.050
https://doi.org/10.1016/j.cell.2012.11.050
https://doi.org/10.1007/s12035-024-04474-0
https://doi.org/10.1007/s12035-024-04474-0
https://doi.org/10.3390/cells10113003
https://doi.org/10.3390/cells10113003
https://doi.org/10.1042/CS20040148
https://doi.org/10.1042/CS20040148
https://doi.org/10.1126/science.1219855
https://doi.org/10.1126/science.1219855
https://doi.org/10.1172/JCI64125
https://doi.org/10.1172/JCI64125
https://doi.org/10.3390/metabo12121160
https://doi.org/10.3390/metabo12121160
https://doi.org/10.1016/j.molcel.2016.01.028
https://doi.org/10.1016/j.molcel.2016.01.028


Seledtsov V. I.� Mitochondrial therapy in anti-aging

2023;103(4):2349-2422. 
	 doi: 10.1152/physrev.00058.2021
13.	Luchetti F, Carloni S, Nasoni MG, Reiter RJ, Balduini W. 

Melatonin, tunneling nanotubes, mesenchymal cells, and tissue 
regeneration. Neural Regen Res. 2023;18(4):760-762. 

	 doi: 10.4103/1673-5374.353480
14.	Smadja DM. Extracellular microvesicles vs. mitochondria: 

competing for the top spot in cardiovascular regenerative 
medicine. Stem Cell Rev Rep. 2024;20(7):1813-1818. 

	 doi: 10.1007/s12015-024-10758-8
15.	Manickam DS, Pinky PP, Khare P. Extracellular vesicle-

mediated mitochondria delivery: premise and promise. J Cereb 
Blood Flow Metab. 2025;11:271678X251349304. 

	 doi: 10.1177/0271678X251349304
16.	Elsharkasy OM, Nordin JZ, Hagey DW, et al. Extracellular 

vesicles as drug delivery systems: Why and how? Adv Drug 
Deliv Rev. 2020;159:332–343. 

	 doi: 10.1016/j.addr.2020.04.004
17.	Dave KM, Venna VR, Rao KS, et al. Mitochondria-containing 

extracellular vesicles from mouse vs. human brain endothelial 
cells for ischemic stroke therapy. J Control Release. 
2024;373:803-822. 

	 doi: 10.1016/j.jconrel.2024.07.065
18.	de Jong OG, Kooijmans SAA, Murphy DE, et al. Drug delivery 

with extracellular vesicles: from imagination to innovation. 
Acc Chem Res. 2019;52(7):1761-1770. 

	 doi: 10.1021/acs.accounts.9b00109
19.	Bruno S, Porta S, Bussolati B. Extracellular vesicles in 

renal tissue damage and regeneration.  Eur J Pharmacol. 
2016;790:83-91. 

	 doi: 10.1016/j.ejphar.2016.06.058
20.	Tang TT, Lv LL, Lan HY, Liu BC. Extracellular vesicles: 

opportunities and challenges for the treatment of renal diseases. 
Front Physiol. 2019;10:226. 

	 doi: 10.3389/fphys.2019.00226
21.	Bonsergent E, Lavieu G. Content release of extracellular 

vesicles in a cell-free extract. FEBS Lett. 2019;593(15):1983-
1992. 

	 doi: 10.1002/1873-3468.13472
22.	Perrier Q, Lisi V, Fisherwellman K, et al. Therapeutic 

transplantation of mitochondria and extracellular vesicles: 
Mechanistic insights into mitochondria bioenergetics, redox 
signaling, and organelle dynamics in preclinical models. Free 
Radic Biol Med. 2025;238:473-495. 

	 doi: 10.1016/j.freeradbiomed.2025.06.040
23.	She Z, Xie M, Hun M, et al. Immunoregulatory effects of 

mitochondria transferred by extracellular vesicles. Front 
Immunol. 2021;11:628576. 

	 doi: 10.3389/fimmu.2020.628576
24.	Caicedo A, Zambrano K, Sanon S, et al. The diversity and 

coexistence of extracellular mitochondria in circulation: 
a friend or foe of the immune system. Mitochondrion. 
2021;58:270-284. 

	 doi: 10.1016/j.mito.2021.02.014 
25.	Hayakawa K, Esposito E, Wang X, et al. Transfer of 

mitochondria from astrocytes to neurons after stroke. Nature. 
2016;535(7613):551-555. doi: 10.1038/nature18928. Erratum 

in: Nature. 2016;539(7627):123. 
	 doi: 10.1038/nature19805
26.	Ikeda G, Santoso MR, Tada Y, et al. Mitochondria-rich 

extracellular vesicles from autologous stem cell-derived 
cardiomyocytes restore energetics of ischemic myocardium. J 
Am Coll Cardiol. 2021;77(8):1073-1088. 

	 doi: 10.1016/j.jacc.2020.12.060
27.	Islam MN, Das SR, Emin MT, et al. Mitochondrial transfer 

from bone-marrow-derived stromal cells to pulmonary alveoli 
protects against acute lung injury. Nat Med. 2012;18(5):759-
765. 

	 doi: 10.1038/nm.2736
28.	Dong Z, Liu S, Liu X, et al. Therapeutic mitochondrial 

transfer via mesenchymal stem cell-derived microvesicles for 
macrophage modulation in myocardial infarction complicated 
by diabetes. Biomaterials. 2025;325:123563. 

	 doi: 10.1016/j.biomaterials.2025.123563
29.	Jin P, Pan Q, Lin Y, et al. Platelets facilitate wound healing 

by mitochondrial transfer and reducing oxidative stress in 
endothelial cells. Oxid Med Cell Longev. 2023;2023:2345279. 

	 doi: 10.1155/2023/2345279
30.	Hassanpour P, Sadeghsoltani F, Saghebasl S, et al. 

Mitochondrial transplantation for cardioprotection and 
induction of angiogenesis in ischemic heart disease. Stem Cell 
Res Ther. 2025;16(1):54. 

	 doi: 10.1186/s13287-025-04193-w
31.	Wang X, Liu Z, Zhang L, Hu G, Tao L, Zhang F. Mitochondrial 

transplantation for the treatment of cardiac and noncardiac 
diseases: mechanisms, prospective, and challenges. Life Med. 
2024;3(2):lnae017. 

	 doi: 10.1093/lifemedi/lnae017
32.	Zhang TG, Miao CY. Mitochondrial transplantation as a 

promising therapy for mitochondrial diseases. Acta Pharm Sin 
B. 2023;13(3):1028-1035. 

	 doi: 10.1016/j.apsb.2022.10.008
33.	Dong L, Neuzil J. Targeting mitochondria as an anticancer 

strategy. Cancer Commun (Lond). 2019;39(1):63. 
	 doi: 10.1186/s40880-019-0412-6
34.	Shi X, Zhao M, Fu C, Fu A. Intravenous administration of 

mitochondria for treating experimental Parkinson’s disease. 
Mitochondrion. 2017;34:91-100. 

	 doi: 10.1016/j.mito.2017.02.005
35.	Shi X, Bai H, Zhao M, et al. Treatment of acetaminophen-

induced liver injury with exogenous mitochondria in mice. 
Transl Res. 2018;196:31-41. 

	 doi: 10.1016/j.trsl.2018.02.003
36.	Bissell MJ, Hines WC. Why don’t we get more cancer? A 

proposed role of the microenvironment in restraining cancer 
progression. Nat Med. 2011;17(3):320-329. 

	 doi: 10.1038/nm.2328
37.	Seledtsova GV, Seledtsov VI, Dorzhieva AB, et al. Tumour-

derived, extracellular microvesicles in the treatment of 
acute renal failure: an experimental study. Med Sci (Basel). 
2025;13(2):35. 

	 doi: 10.3390/medsci13020035
38.	Seledtsova GV, Seledtsov VI, Dorzhieva AB, et al. Tumor-

derived microvesicles promote kidney regeneration and 

Journal of Biological Methods  | Volume 13 | Issue 1 |� 7

https://doi.org/10.1152/physrev.00058.2021
https://doi.org/10.1152/physrev.00058.2021
https://doi.org/10.4103/1673-5374.353480
https://doi.org/10.4103/1673-5374.353480
https://doi.org/10.1007/s12015-024-10758-8
https://doi.org/10.1007/s12015-024-10758-8
https://doi.org/10.1177/0271678X251349304
https://doi.org/10.1177/0271678X251349304
https://doi.org/10.1016/j.addr.2020.04.004
https://doi.org/10.1016/j.jconrel.2024.07.065
https://doi.org/10.1016/j.jconrel.2024.07.065
https://doi.org/10.1021/acs.accounts.9b00109
https://doi.org/10.1021/acs.accounts.9b00109
https://doi.org/10.1016/j.ejphar.2016.06.058
https://doi.org/10.3389/fphys.2019.00226
https://doi.org/10.3389/fphys.2019.00226
https://doi.org/10.1002/1873-3468.13472
https://doi.org/10.1002/1873-3468.13472
https://doi.org/10.1016/j.freeradbiomed.2025.06.040
https://doi.org/10.1016/j.freeradbiomed.2025.06.040
https://doi.org/10.3389/fimmu.2020.628576
https://doi.org/10.3389/fimmu.2020.628576
https://doi.org/10.1016/j.mito.2021.02.014
https://doi.org/10.1016/j.mito.2021.02.014
https://doi.org/10.1038/nature18928
https://doi.org/10.1038/nature19805
https://doi.org/10.1038/nature19805
https://doi.org/10.1016/j.jacc.2020.12.060
https://doi.org/10.1016/j.jacc.2020.12.060
https://doi.org/10.1038/nm.2736
https://doi.org/10.1038/nm.2736
https://doi.org/10.1016/j.biomaterials.2025.123563
https://doi.org/10.1016/j.biomaterials.2025.123563
https://doi.org/10.1155/2023/2345279
https://doi.org/10.1155/2023/2345279
https://doi.org/10.1186/s13287-025-04193-w
https://doi.org/10.1186/s13287-025-04193-w
https://doi.org/10.1093/lifemedi/lnae017
https://doi.org/10.1093/lifemedi/lnae017
https://doi.org/10.1016/j.apsb.2022.10.008
https://doi.org/10.1016/j.apsb.2022.10.008
https://doi.org/10.1186/s40880-019-0412-6
https://doi.org/10.1186/s40880-019-0412-6
https://doi.org/10.1016/j.mito.2017.02.005
https://doi.org/10.1016/j.mito.2017.02.005
https://doi.org/10.1016/j.trsl.2018.02.003
https://doi.org/10.1016/j.trsl.2018.02.003
https://doi.org/10.1038/nm.2328
https://doi.org/10.1038/nm.2328
https://doi.org/10.3390/medsci13020035
https://doi.org/10.3390/medsci13020035


Seledtsov V. I.� Mitochondrial therapy in anti-aging

cytoprotective immunomodulation. Pharmaceuticals 
2025;18:1520. 

	 doi: 10.3390/ph18101520
39.	Gregory CD, Dransfield I. Apoptotic tumor cell-derived 

extracellular vesicles as important regulators of the onco-
regenerative niche. Front Immunol. 2018;9:1111. 

	 doi: 10.3389/fimmu.2018.01111
40.	Galili U. Interaction of the natural anti-Gal antibody with alpha-

galactosyl epitopes: a major obstacle for xenotransplantation 
in humans. Immunol Today. 1993;14(10):480-482. 

	 doi: 10.1016/0167-5699(93)90261-i
41.	Kenyon L, Moraes CT. Expanding the functional human 

mitochondrial DNA database by the establishment of primate 
xenomitochondrial cybrids. Proc Natl Acad Sci U S A. 
1997;94(17):9131-9135. 

	 doi: 10.1073/pnas.94.17.9131
42.	McKenzie M, Trounce IA, Cassar CA, Pinkert CA. Production 

of homoplasmic xenomitochondrial mice. Proc Natl Acad Sci 
U S A. 2004;101(6):1685-1690. 

	 doi: 10.1073/pnas.0303184101
43.	Kidwell CU, Casalini JR, Pradeep S, et al. Transferred 

mitochondria accumulate reactive oxygen species, promoting 
proliferation. eLife. 2023;12:e85494. 

	 doi: 10.7554/eLife.85494
44.	Sprick JD, Mallet RT, Przyklenk K, Rickards CA. Ischaemic 

and hypoxic conditioning: potential for protection of vital 
organs. Exp Physiol. 2019;104(3):278-294. 

	 doi: 10.1113/EP087122
45.	Seledtsov VI, von Delwig AA. Non-pharmacological and 

pharmacological stimulation of glycolytic ATP production for 
treating ROS-mediated cellular senescence. Res Perspect Biol 
Sci. 2025;1:91-102. 

	 doi: 10.9734/bpi/rpbs/v1/4509
46.	Behrendt T, Bielitzki R, Behrens M, Herold F, Schega L. 

Effects of intermittent hypoxia-hyperoxia on performance- 
and health-related outcomes in humans: A systematic review. 
Sports Med Open. 2022;8(1):70. 

	 doi: 10.1186/s40798-022-00450-x
47.	Verges S, Chacaroun S, Godin-Ribuot D, Baillieul S. Hypoxic 

conditioning as a new therapeutic modality. Front Pediatr. 
2015;3:58. 

	 doi: 10.3389/fped.2015.00058
48.	He C, Bassik MC, Moresi V, et al. Exercise-induced 

BCL2-regulated autophagy is required for muscle glucose 
homeostasis. Nature. 2012;481(7382):511-515. 

	 doi: 10.1038/nature10758
49.	Yang C, Chen L, Guo X, Sun H, Miao D. The Vitamin D-Sirt1/

PGC1α axis regulates bone metabolism and counteracts 
osteoporosis. J Orthop Translat. 2025;50:211-222. 

	 doi: 10.1016/j.jot.2024.10.011
50.	Lauridsen C, Jensen SK. α-Tocopherol incorporation in 

mitochondria and microsomes upon supranutritional vitamin E 
supplementation. Genes Nutr. 2012;7(4):475-482. 

	 doi: 10.1007/s12263-012-0286-6
51.	Zhang L, Pitcher LE, Prahalad V, Niedernhofer LJ, Robbins 

PD. Targeting cellular senescence with senotherapeutics: 
senolytics and senomorphics. FEBS J. 2023;290(5):1362-

1383. 
	 doi: 10.1111/febs.16350
52.	Sanada F, Hayashi S, Morishita R. Targeting the hallmarks 

of aging: mechanisms and therapeutic opportunities. Front 
Cardiovasc Med. 2025;12:1631578. 

	 doi: 10.3389/fcvm.2025.1631578
53.	Weichhart T. mTOR as regulator of lifespan, aging, and cellular 

senescence: a mini-review. Gerontology. 2018;64(2):127-134. 
	 doi: 10.1159/000484629
54.	Wang R, Yu Z, Sunchu B, et al. Rapamycin inhibits the 

secretory phenotype of senescent cells by a Nrf2-independent 
mechanism. Aging Cell. 2017;16(3):564-574. 

	 doi: 10.1111/acel.12587
55.	Foretz M, Guigas B, Bertrand L, Pollak M, Viollet B. 

Metformin: from mechanisms of action to therapies. Cell 
Metab. 2014;20(6):953-966. 

	 doi: 10.1016/j.cmet.2014.09.018
56.	Kulkarni AS, Gubbi S, Barzilai N. Benefits of metformin in 

attenuating the hallmarks of aging. Cell Metab. 2020;32(1):15-
30. 

	 doi: 10.1016/j.cmet.2020.04.001
57.	Hu D, Xie F, Xiao Y, et al. Metformin: A potential candidate 

for targeting aging mechanisms. Aging Dis. 2021;12(2):480-
493. 

	 doi: 10.14336/AD.2020.0702
58.	Višnjić D, Lalić H, Dembitz V, Tomić B, Smoljo T. 

AICAr, a Widely Used AMPK Activator with important 
AMPK-independent effects: a systematic review. Cells. 
2021;10(5):1095. 

	 doi: 10.3390/cells10051095
59.	Wu Y, Yang Y, Du C, et al. Berberine attenuates obesity-

induced skeletal muscle atrophy via regulation of FUNDC1 in 
skeletal muscle of mice. Sci Rep. 2025;15(1):4918. 

	 doi: 10.1038/s41598-025-89297-2
60.	Nadeeshani H, Li J, Ying T, Zhang B, Lu J. Nicotinamide 

mononucleotide (NMN) as an anti-aging health product - 
Promises and safety concerns. J Adv Res. 2021;37:267-278. 

	 doi: 10.1016/j.jare.2021.08.003
61.	Conlon NJ. The Role of NAD+ in regenerative medicine. Plast 

Reconstr Surg. 2022;150:41S-48S. 
	 doi: 10.1097/PRS.0000000000009673
62.	Yoshino M, Yoshino J, Kayser BD, et al. Nicotinamide 

mononucleotide increases muscle insulin sensitivity in 
prediabetic women. Science. 2021;372(6547):1224-1229. 

	 doi: 10.1126/science.abe9985. 
63.	Narendra DP, Youle RJ. Targeting mitochondrial dysfunction: 

role for PINK1 and Parkin in mitochondrial quality control. 
Antioxid Redox Signal. 2011;14(10):1929-1938. 

	 doi: 10.1089/ars.2010.3799
64.	Liu T, Yang Q, Zhang X, et al. Quercetin alleviates kidney 

fibrosis by reducing renal tubular epithelial cell senescence 
through the SIRT1/PINK1/mitophagy axis. Life Sci. 
2020;257:118116. 

	 doi: 10.1016/j.lfs.2020.118116
65.	Ryu D, Mouchiroud L, Andreux PA, et al. Urolithin A induces 

mitophagy and prolongs lifespan in C. elegans and increases 
muscle function in rodents. Nat Med. 2016;22(8):879-888. 

8� Journal of Biological Methods  | Volume 13 | Issue 1 |

https://doi.org/10.3390/ph18101520
https://doi.org/10.3390/ph18101520
https://doi.org/10.3389/fimmu.2018.01111
https://doi.org/10.3389/fimmu.2018.01111
https://doi.org/10.1016/0167-5699(93)90261-i
https://doi.org/10.1016/0167-5699(93)90261-i
https://doi.org/10.1073/pnas.94.17.9131
https://doi.org/10.1073/pnas.94.17.9131
https://doi.org/10.1073/pnas.0303184101
https://doi.org/10.1073/pnas.0303184101
https://doi.org/10.7554/eLife.85494
https://doi.org/10.7554/eLife.85494
https://doi.org/10.1113/EP087122
https://doi.org/10.1113/EP087122
https://doi.org/10.9734/bpi/rpbs/v1/4509
https://doi.org/10.9734/bpi/rpbs/v1/4509
https://doi.org/10.1186/s40798-022-00450-x
https://doi.org/10.1186/s40798-022-00450-x
https://doi.org/10.3389/fped.2015.00058
https://doi.org/10.3389/fped.2015.00058
https://doi.org/10.1038/nature10758
https://doi.org/10.1038/nature10758
https://doi.org/10.1016/j.jot.2024.10.011
https://doi.org/10.1016/j.jot.2024.10.011
https://doi.org/10.1007/s12263-012-0286-6
https://doi.org/10.1007/s12263-012-0286-6
https://doi.org/10.1111/febs.16350
https://doi.org/10.1111/febs.16350
https://doi.org/10.3389/fcvm.2025.1631578
https://doi.org/10.3389/fcvm.2025.1631578
https://doi.org/10.1159/000484629
https://doi.org/10.1159/000484629
https://doi.org/10.1111/acel.12587
https://doi.org/10.1111/acel.12587
https://doi.org/10.1016/j.cmet.2014.09.018
https://doi.org/10.1016/j.cmet.2014.09.018
https://doi.org/10.1016/j.cmet.2020.04.001
https://doi.org/10.1016/j.cmet.2020.04.001
https://doi.org/10.14336/AD.2020.0702
https://doi.org/10.14336/AD.2020.0702
https://doi.org/10.3390/cells10051095
https://doi.org/10.3390/cells10051095
https://doi.org/10.1038/s41598-025-89297-2
https://doi.org/10.1038/s41598-025-89297-2
https://doi.org/10.1016/j.jare.2021.08.003
https://doi.org/10.1016/j.jare.2021.08.003
https://doi.org/10.1097/PRS.0000000000009673
https://doi.org/10.1097/PRS.0000000000009673
https://doi.org/10.1126/science.abe9985
https://doi.org/10.1126/science.abe9985
https://doi.org/10.1089/ars.2010.3799
https://doi.org/10.1089/ars.2010.3799
https://doi.org/10.1016/j.lfs.2020.118116
https://doi.org/10.1016/j.lfs.2020.118116
https://doi.org/10.1038/nm.4132


Seledtsov V. I.� Mitochondrial therapy in anti-aging

	 doi: 10.1038/nm.4132
66.	Dambrova M, Makrecka-Kuka M, Vilskersts R, Makarova E, 

Kuka J, Liepinsh E. Pharmacological effects of meldonium: 
biochemical mechanisms and biomarkers of cardiometabolic 
activity. Pharmacol Res. 2016;113(Pt B):771-780. 

	 doi: 10.1016/j.phrs.2016.01.019
67.	Zheng S, Du Y, Peng Q, Fan X, Li J, Chen M. Trimetazidine 

protects against atherosclerosis by changing energy charge and 

oxidative stress. Med Sci Monit. 2018;24:8459-8468. 
	 doi: 10.12659/MSM.911317
68.	Puhm F, Afonyushkin T, Resch U, et al. Mitochondria are a 

subset of extracellular vesicles released by activated monocytes 
and induce type I IFN and TNF responses in endothelial cells. 
Circ Res. 2019;125(1):43-52. 

	 doi: 10.1161/CIRCRESAHA.118.314601

Journal of Biological Methods  | Volume 13 | Issue 1 |� 9

https://doi.org/10.1038/nm.4132
https://doi.org/10.1016/j.phrs.2016.01.019
https://doi.org/10.1016/j.phrs.2016.01.019
https://doi.org/10.12659/MSM.911317
https://doi.org/10.12659/MSM.911317
https://doi.org/10.1161/CIRCRESAHA.118.314601
https://doi.org/10.1161/CIRCRESAHA.118.314601

	_GoBack

