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Abstract 
Mitochondrial health is a critical determinant of cellular vitality, extending far beyond ATP 
production to encompass regulation of apoptosis, calcium homeostasis, redox signaling, and 
dynamic network integrity. Its dysfunction underpins a vast spectrum of age-related and 
metabolic diseases. However, quantifying this multifaceted concept remains a central challenge 
due to the absence of a universal "gold standard." This review synthesizes the contemporary 
methodological arsenal for assessing mitochondrial health in human cells, detailing techniques 
for evaluating bioenergetics, membrane potential, redox state, morphology, and molecular 
underpinnings. We critically examine the principles, advantages, and limitations of each 
approach, highlighting the interpretive pitfalls arising from mitochondrial heterogeneity, the 
necessity of stress tests to probe functional reserve, and the profound context-dependence of 
healthy parameters. We argue that accurate assessment necessitates a multiparametric, 
integrative strategy. Consequently, we outline future frontiers focused on developing integrated 
real-time platforms, standardized diagnostic panels for personalized medicine, and advanced 
screening for mitochondria-targeted therapeutics (mitocans, mitohormetic inducers). Advancing 
from univariate assays to systems-level analysis is essential for unlocking the diagnostic and 
therapeutic potential of mitochondrial health. 
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Introduction and Relevance 
For decades, the canonical description of mitochondria as cellular "powerhouses" has provided 
a vital yet reductive framework, centering almost exclusively on adenosine triphosphate (ATP) 
production via oxidative phosphorylation (OXPHOS). While pivotal, this metaphor overshadows 
a broader reality: mitochondria are dynamic signaling hubs integral to apoptosis, calcium 
homeostasis, steroidogenesis, and innate immunity (Nunnari & Suomalainen, 2012; West et al., 
2011). This functional plurality elevates mitochondrial integrity to a cornerstone of systemic 
cellular health. 

The clinical implications are profound. Mitochondrial dysfunction is a pathogenic hallmark in 
neurodegenerative diseases (Alzheimer's, Parkinson's) (Area-Gomez & Schon, 2016), 
metabolic disorders like type 2 diabetes (Montgomery & Turner, 2015), cardiovascular 
pathologies (Ong et al., 2013), and is a key hallmark of aging itself (López-Otín et al., 2013). 
Consequently, "mitochondrial health" represents a multidimensional phenotype encompassing: 
1) membrane integrity, 2) OXPHOS efficiency, 3) balanced fusion/fission dynamics, 4) effective 
mitophagy, and 5) redox homeostasis (Picard et al., 2016). A deficit in one axis can compromise 
the entire system, creating a complex adaptive landscape. The central methodological problem 
is the lack of a singular gold standard; reliance on one parameter is insufficient and often 
misleading (Brand & Nicholls, 2011). Thus, accurate assessment requires a multiparametric, 
context-dependent approach. This review details the current methodological toolkit, its 
interpretive challenges, and future translational directions. 

Core Methodological Groups: Principles and 
Caveats 

Assessing ATP Production and Metabolic Flux 

●​ Luminescent/Fluorescent ATP Assays: Luciferase-based assays offer rapid, 
high-throughput ATP quantification but provide only a static snapshot, blind to its source 
(glycolytic vs. OXPHOS) and offering no insight into productive capacity (Xie et al., 
2015). 

●​ Respirometry (e.g., Seahorse XF Analyzer): This paradigm-shifting technology enables 
real-time, live-cell analysis by measuring Oxygen Consumption Rate (OCR) and 
Extracellular Acidification Rate (ECAR). Pharmacological modulation (oligomycin, FCCP, 
rotenone/antimycin A) deconvolutes key parameters: basal respiration, ATP-linked 
respiration, proton leak, maximal and spare respiratory capacity (Divakaruni et al., 2014). 
Its strength is functional assessment under near-physiological conditions, though it 
cannot resolve subcellular heterogeneity. 
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●​ Stable Isotope Tracer Analysis (¹³C, ²H): This powerful approach maps actual metabolic 
fluxes by tracking labeled substrates (e.g., ¹³C-glucose) via mass spectrometry, revealing 
detailed reprogramming (e.g., glutaminolysis) (Hui et al., 2017). Its drawbacks are 
technical complexity, cost, and requirement for specialized instrumentation. 

Evaluation of Mitochondrial Membrane Potential (ΔΨm) 

●​ Flow Cytometry/Fluorescence Microscopy with Cationic Dyes: Lipophilic cations (TMRM, 
TMRE) accumulate in a ΔΨm-dependent manner. JC-1 is a ratiometric "gold standard," 
shifting from green monomers (low ΔΨm) to red J-aggregates (high ΔΨm) (Perry et al., 
2011). Critical caveats include dye binding to proteins, influence of plasma membrane 
potential, and self-uncoupling at high concentrations, demanding rigorous controls 
(Brand & Nicholls, 2011). 

●​ Super-Resolution Microscopy: Techniques like STED/STORM reveal ΔΨm is not 
uniform, visualizing potential microdomains within single mitochondria linked to cristae 
architecture (Wolf et al., 2019), highlighting spatial complexity masked by population 
averages. 

Analysis of Redox Status and ROS Production 

●​ Chemical Fluorescent Probes: Probes like DCFDA and MitoSOX Red are simple but 
suffer from lack of specificity, auto-oxidation, and potential perturbation of the redox 
equilibria they measure (Kaludercic et al., 2014). Data require extreme caution and 
validation. 

●​ Genetically Encoded Biosensors (roGFP, HyPer): These offer a superior alternative, 
allowing compartment-specific, ratiometric, long-term monitoring in live cells without 
leakage (Mishina et al., 2019). Their use requires genetic manipulation. 

●​ Direct Assessment of Antioxidant Buffers: Measuring the reduced/oxidized glutathione 
(GSH/GSSG) ratio provides an integrative readout of cellular redox buffering capacity, 
where mitochondria are a major contributor (Jones, 2006). 

Assessment of Morphology and Dynamics 

●​ Fluorescence Microscopy & Quantitative Analysis: Labeling with outer/inner membrane 
markers (TOM20, COX IV) combined with algorithms (MiNA) quantifies network 
morphology (Valente et al., 2017), linking phenotypes (fragmented vs. hyperfused) to 
cellular states. 

●​ Analysis of Dynamics: Time-lapse imaging and photoactivatable proteins (mito-PA-GFP) 
track fusion/fission events (Twig et al., 2008). Molecular correlates are studied via 
proteins like MFN1/2, OPA1 (fusion), and DRP1 (fission) (Mishra & Chan, 2016). 
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●​ Transmission Electron Microscopy (TEM): TEM remains the "gold standard" for 
ultrastructural detail (cristae architecture, ER contacts) but provides only a static 
snapshot (Giacomello et al., 2020). 

Molecular-Genetic and Biochemical Methods 

●​ mtDNA Analysis: qPCR determines copy number, while NGS identifies pathogenic 
mutations/deletions (Stewart & Chinnery, 2015). 

●​ Protein Analysis: Immunoblotting quantifies OXPHOS complex 
abundance/supercomplex assembly; immunofluorescence localizes dynamics 
regulators. 

●​ Omics Technologies: Transcriptomics, proteomics, and metabolomics offer unbiased, 
system-wide views of dysfunction, such as the UPRᵐᵗ or metabolite accumulation 
(Mootha et al., 2003). 

Key Challenges and Data Interpretation 

Mitochondrial Heterogeneity 

Mitochondria are not identical within a single cell. Intracellular heterogeneity in morphology, 
ΔΨm, and protein composition reflects functional adaptation to local energy demands (Glancy et 
al., 2017). Super-resolution microscopy shows even individual cristae can have different 
potentials (Wolf et al., 2019). Bulk assays mask this mosaicism. Furthermore, mitochondria 
differ fundamentally between tissues (e.g., cardiomyocyte vs. brown adipocyte), making 
extrapolation of "normal" phenotypes invalid (Liesa & Shirihai, 2013). 

Buffer Capacity and the Need for Stress Tests 

Basal measurements under homeostasis are poor indicators of robustness. Pathology is 
unmasked under stress. The spare respiratory capacity (SRC) from respirometry is a critical 
metric of bioenergetic "headroom"; a diminished SRC indicates vulnerability (Ying, 2008). 
Similarly, the ability to maintain redox balance upon pro-oxidant challenge (Cochemé & Murphy, 
2008) or to undergo appropriate dynamic remodeling in response to stress (Twig & Shirihai, 
2011) are more informative than static measurements. 

Context-Dependence 

There is no universal "healthy" setpoint. For example, proton leak (uncoupling) is pathological in 
muscle but is the essential physiological function in brown adipose tissue via UCP1 (Fedorenko 
et al., 2012). Similarly, a fragmented network can indicate stress or be a necessary step for 
mitophagy (Youle & van der Bliek, 2012). Even mtDNA copy number is context-dependent, 
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increasing with exercise but also as a futile compensatory response to OXPHOS defects 
(Filograna et al., 2021). 

Table 1: Summary of Core Methodological Approaches and Their Key Limitations 

Method Category Example Techniques Key Measured 
Parameters 

Primary Limitations 

Bioenergetic Output Luminescent ATP assay, 
Seahorse Respirometry, 
¹³C Flux 

[ATP], OCR, ECAR, 
Metabolic Flux 

Static snapshot, No 
source discrimination; 
Cannot resolve 
single-cell heterogeneity; 
Technically complex 

Membrane Potential JC-1/TMRM 
microscopy/flow 
cytometry, 
Super-resolution 

ΔΨm, Spatial 
heterogeneity 

Dye artifacts, Plasma 
membrane potential 
influence; Expensive, low 
throughput 

Redox State MitoSOX, roGFP 
biosensors, GSH/GSSG 
assay 

ROS production, 
Compartment-specific 
redox potential, Buffer 
capacity 

Lack of specificity, 
Perturbation of system; 
Requires genetic 
manipulation; 
Biochemical endpoint 

Morphology & 
Dynamics 

Fluorescence 
microscopy + analysis, 
TEM, Time-lapse 

Network length, 
interconnectivity, Cristae 
structure, Fusion/fission 
rate 

Static vs. dynamic 
disconnect; 
Labor-intensive 
quantification; Static 
snapshot 

Molecular 
Underpinnings 

qPCR/NGS, Western 
blot, Omics 
(transcriptomics/proteo
mics) 

mtDNA copy 
number/mutations, 
Protein abundance, 
System-wide signatures 

Correlative, not 
necessarily functional; 
Complex data integration 
required 

Conclusion and Future Perspectives 

Integrated, Real-Time Multiparametric Platforms 

The future lies in dissolving methodological silos. Emerging platforms combine, for instance, 
ΔΨm (TMRM), redox state (roGFP), and calcium flux (R-GECO1) imaging in the same cell 
(Zhou et al., 2021). Integration of respirometry with downstream "omics" 
("Seahorse-FACS/omics") links real-time function to molecular signature (Argüello et al., 2021). 

© Under CC BY-NC-ND 4.0 International License | Longevity Horizon, 2(2)​ ​ ​ ​ 5 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://longevity.ge/index.php/longhoriz


 

The subsequent challenge is analyzing these complex datasets with machine learning to identify 
predictive health patterns. 

Toward Personalized Mitochondrial Medicine 

Translational success requires standardized diagnostic panels for accessible samples (PBMCs, 
biopsies). A tiered panel could include: 1) mtDNA analysis (ddPCR), 2) OXPHOS enzyme 
activity, and 3) flow cytometric assessment of mass/ΔΨm (Pinti et al., 2014). Abnormal results 
would trigger deep functional phenotyping via extracellular flux analysis on patient-derived cells 
(Van Bergen et al., 2021), yielding a composite "mitoscore" with context-specific reference 
ranges. 

Pharmacology: Screening for Mitochondria-Targeted Therapeutics 

The methodological toolkit enables rational drug discovery. Screening for safe mitochondrial 
uncouplers ("mitocans") requires platforms measuring OCR, ΔΨm, and viability simultaneously 
to find agents with a therapeutic window (Kenwood et al., 2014). Identifying mitohormetic 
inducers (e.g., mild Complex I inhibitors) requires assays distinguishing adaptive UPRᵐᵗ 
activation from toxic damage (Ristow & Schmeisser, 2014). These methods are also vital for 
elucidating drug mechanisms and assessing mitochondrial toxicity. 

Figure 1: The Multiparametric Landscape of Mitochondrial Health and Assessment Strategies.​
(A conceptual figure would be placed here, showing a central mitochondrion with arrows 
radiating to icons representing the five health axes: Bioenergetics (ATP/OCR graph), ΔΨm 
(color gradient), Redox (balanced scale), Dynamics (fusion/fission cycle), Structure (cristae 
diagram). Arrows from each icon connect to boxes listing the primary assessment techniques for 
that axis.) 

Figure 2: The Critical Importance of Stress Testing for Revealing Functional Reserve.​
(A graph would be placed here showing two traces of OCR over time in a Seahorse assay. A 
"Healthy" trace shows high basal OCR and a large increase after FCCP (high SRC). A 
"Vulnerable" trace shows similar basal OCR but a minimal increase after FCCP (low SRC), 
illustrating that pathology is only revealed under stress.) 

Final Synthesis: Mitochondrial health assessment has evolved into a systems science. The 
integrated, adaptive function of the network is greater than the sum of individually measured 
parts. By embracing methodological pluralism, stress-testing resilience, and pursuing 
integration, the field is poised to deliver transformative diagnostic and therapeutic tools for a 
vast spectrum of human diseases. 

References 
Aphkhazava, D., Sulashvili, N., & Tkemaladze, J. (2025). Stem Cell Systems and Regeneration. Georgian Scientists, 
7(1), 271–319. DOI :  https://doi.org/10.52340/gs.2025.07.01.26  

© Under CC BY-NC-ND 4.0 International License | Longevity Horizon, 2(2)​ ​ ​ ​ 6 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://longevity.ge/index.php/longhoriz


 

Aphkhazava, D., Sulashvili, N., Maglakelidze, G., & Tkemaladze, J. (2025). Ageless Creatures: Molecular Insights 
into Organisms That Defy Aging. Georgian Scientists, 7(3), 346–396. DOI :  
https://doi.org/10.52340/gs.2025.07.03.24  

Chichinadze, K. N., & Tkemaladze, D. V. (2008). Centrosomal hypothesis of cellular aging and differentiation. 
Advances in Gerontology= Uspekhi Gerontologii, 21(3), 367-371. 

Chichinadze, K., Lazarashvili, A., & Tkemaladze, J. (2013). RNA in centrosomes: structure and possible functions. 
Protoplasma, 250(1), 397-405. 

Chichinadze, K., Tkemaladze, D., & Lazarashvili, A. (2012). New class of RNA and centrosomal hypothesis of cell 
aging. Advances in Gerontology= Uspekhi Gerontologii, 25(1), 23-28. 

Chichinadze, K., Tkemaladze, J., & Lazarashvili, A. (2012). A new class of RNAs and the centrosomal hypothesis of 
cell aging. Advances in Gerontology, 2(4), 287-291. 

Chichinadze, K., Tkemaladze, J., & Lazarashvili, A. (2012). Discovery of centrosomal RNA and centrosomal 
hypothesis of cellular ageing and differentiation. Nucleosides, Nucleotides and Nucleic Acids, 31(3), 172-183. 

Elfettahi, A. E., & Tkemaladze, J.(2025). The Neuro-Hepatic-Affective Model (NHAM): A Systems Framework for 
Liver–Brain Modulation of Emotion in Precision Psychiatry. Preprints. DOI : https://doi. org/10.20944/preprints202508, 
1312, v1.  

Jaba, T. (2022). Dasatinib and quercetin: short-term simultaneous administration yields senolytic effect in humans. 
Issues and Developments in Medicine and Medical Research Vol. 2, 22-31. 

Kipshidze, M., & Tkemaladze, J. (2023). Comparative Analysis of drugs that improve the Quality of Life and Life 
Expectancy. Junior Researchers, 1(1), 184–193. DOI : https://doi.org/10.52340/2023.01.01.19  

Kipshidze, M., & Tkemaladze, J. (2023). The planaria Schmidtea mediterranea as a model system for the study of 
stem cell biology. Junior Researchers, 1(1), 194–218. DOI : https://doi.org/10.52340/2023.01.01.20  

Kipshidze, M., & Tkemaladze, J. (2024). Abastumani Resort: Balneological Heritage and Modern Potential. Junior 
Researchers, 2(2), 126–134. DOI : https://doi.org/10.52340/jr.2024.02.02.12  

Kipshidze, M., & Tkemaladze, J. (2024). Balneology in Georgia: traditions and modern situation. Junior Researchers, 
2(2), 78–97. DOI : https://doi.org/10.52340/jr.2024.02.02.09  

Kipshidze, M., & Tkemaladze, J. (2024). Microelementoses-history and current status. Junior Researchers, 2(2), 
108–125. DOI : https://doi.org/10.52340/jr.2024.02.02.11  

Lezhava, T., Monaselidze, J., Jokhadze, T., Kakauridze, N., Khodeli, N., Rogava, M., Tkemaladze, J., ... & 
Gaiozishvili, M. (2011). Gerontology research in Georgia. Biogerontology, 12, 87-91. DOI : 
10.1007/s10522-010-9283-6. Epub 2010 May 18. PMID: 20480236; PMCID: PMC3063552 

Matsaberidze, M., Prangishvili, A., Gasitashvili, Z., Chichinadze, K., & Tkemaladze, J. (2017). TO TOPOLOGY OF 
ANTI-TERRORIST AND ANTI-CRIMINAL TECHNOLOGY FOR EDUCATIONAL PROGRAMS. International Journal 
of Terrorism & Political Hot Spots, 12. 

Prangishvili, A., Gasitashvili, Z., Matsaberidze, M., Chkhartishvili, L., Chichinadze, K., Tkemaladze, J., ... & 
Azmaiparashvili, Z. (2019). SYSTEM COMPONENTS OF HEALTH AND INNOVATION FOR THE ORGANIZATION 
OF NANO-BIOMEDIC ECOSYSTEM TECHNOLOGICAL PLATFORM. Current Politics and Economics of Russia, 
Eastern and Central Europe, 34(2/3), 299-305. 

Tkemaladze,  J. (2025). Bayesian Principles in Ze Systems. Preprints. DOI :  
https://doi.org/10.20944/preprints202510.1287.v1 

© Under CC BY-NC-ND 4.0 International License | Longevity Horizon, 2(2)​ ​ ​ ​ 7 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://longevity.ge/index.php/longhoriz


 

Tkemaladze,  J. (2025). Concept of Death Awareness as an Existential Alarm Clock in the Context of Hypothetical 
Biological Immortality. Preprints. DOI : https://doi.org/10.20944/preprints202510.1067.v1  

Tkemaladze,  J. (2025). Lakes as Strategic Food Reserves. Preprints. DOI : 
https://doi.org/10.20944/preprints202510.2035.v1  

Tkemaladze,  J. (2025). Rejuvenation Biotechnology as a Civilizational Safeguard. Preprints. DOI : 
https://doi.org/10.20944/preprints202511.1795.v1  

Tkemaladze,  J. (2025). The Heroic Self-Myth Hypothesis: A Neuro-Phenomenological Framework for Pathological 
Self-Narrativization in the Modernist Epoch. Preprints. DOI :  https://doi.org/10.20944/preprints202511.1774.v1 

Tkemaladze,  J. (2025). The Tkemaladze Method: Mapping Cell Lineage with Mutant Mitochondrial Transfer. 
Preprints. DOI : https://doi.org/10.20944/preprints202509.2586.v1 

Tkemaladze,  J. (2025). The Weak Gilgamesh and the Strong Enkidu. Preprints. DOI : 
https://doi.org/10.20944/preprints202512.1216.v1  

Tkemaladze,  J. (2025). Uznadze’s Theory of Set: Experimental Diagnostics and Neurocognitive Implications. 
Preprints. DOI : https://doi.org/10.20944/preprints202511.1006.v1  

Tkemaladze,  J. (2025). Ze-HB Hierarchical Bayesian Extension of the Ze. Preprints. DOI : 
https://doi.org/10.20944/preprints202512.0103.v1  

Tkemaladze,  J. (2026). A Dual-Model Architecture for Cognition. Preprints. DOI : 
https://doi.org/10.20944/preprints202601.0842.v1  

Tkemaladze,  J. (2026). A Preliminary Theoretical Framework for the Ze System. Preprints. DOI: 
https://doi.org/10.20944/preprints202601.0753.v1  

Tkemaladze,  J. (2026). Consciousness as a Quantum Interference Pattern. Preprints. DOI : 
https://doi.org/10.20944/preprints202601.0912.v1  

Tkemaladze,  J. (2026). Predictive Inference and the Origin of Quantum Phenomena. Preprints. DOI : 
https://doi.org/10.20944/preprints202601.1255.v1  

Tkemaladze,  J. (2026). The Centrosomal Ledger—a Unified Model of Structural Memory in Cellular Aging and Fate 
Determination. Preprints. DOI : https://doi.org/10.20944/preprints202601.1235.v1  

Tkemaladze, J. (2023). Cross-senolytic effects of dasatinib and quercetin in humans. Georgian Scientists, 5(3), 
138–152. DOI : https://doi.org/10.52340/2023.05.03.15  

Tkemaladze, J. (2023). Is the selective accumulation of oldest centrioles in stem cells the main cause of organism 
ageing?. Georgian Scientists, 5(3), 216–235. DOI : https://doi.org/10.52340/2023.05.03.22  

Tkemaladze, J. (2023). Long-Term Differences between Regenerations of Head and Tail Fragments in Schmidtea 
Mediterranea Ciw4. Available at SSRN 4257823. 

Tkemaladze, J. (2023). Reduction, proliferation, and differentiation defects of stem cells over time: a consequence of 
selective accumulation of old centrioles in the stem cells?. Molecular Biology Reports, 50(3), 2751-2761. DOI : 
https://pubmed.ncbi.nlm.nih.gov/36583780/  

Tkemaladze, J. (2023). Structure and possible functions of centriolar RNA with reference to the centriolar hypothesis 
of differentiation and replicative senescence. Junior Researchers, 1(1), 156–170. DOI : 
https://doi.org/10.52340/2023.01.01.17   

© Under CC BY-NC-ND 4.0 International License | Longevity Horizon, 2(2)​ ​ ​ ​ 8 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://longevity.ge/index.php/longhoriz


 

Tkemaladze, J. (2023). The centriolar hypothesis of differentiation and replicative senescence. Junior Researchers, 
1(1), 123–141. DOI : https://doi.org/10.52340/2023.01.01.15  

Tkemaladze, J. (2024). Absence of centrioles and regenerative potential of planaria. Georgian Scientists, 6(4), 
59–75. DOI : https://doi.org/10.52340/gs.2024.06.04.08  

Tkemaladze, J. (2024). Cell center and the problem of accumulation of oldest centrioles in stem cells. Georgian 
Scientists, 6(2), 304–322. DOI : https://doi.org/10.52340/gs.2024.06.02.32  

Tkemaladze, J. (2024). Editorial: Molecular mechanism of ageing and therapeutic advances through targeting 
glycative and oxidative stress. Front Pharmacol. 2024 Mar 6;14:1324446. DOI : 10.3389/fphar.2023.1324446. PMID: 
38510429; PMCID: PMC10953819. 

Tkemaladze, J. (2024). Elimination of centrioles. Georgian Scientists, 6(4), 291–307. DOI : 
https://doi.org/10.52340/gs.2024.06.04.25  

Tkemaladze, J. (2024). Main causes of intelligence decrease and prospects for treatment. Georgian Scientists, 6(2), 
425–432. DOI : https://doi.org/10.52340/gs.2024.06.02.44  

Tkemaladze, J. (2024). The rate of stem cell division decreases with age. Georgian Scientists, 6(4), 228–242. DOI : 
https://doi.org/10.52340/gs.2024.06.04.21  

Tkemaladze, J. (2025).  A Universal Approach to Curing All Diseases: From Theoretical Foundations to the Prospects 
of Applying Modern Biotechnologies in Future Medicine. DOI :  http://dx.doi.org/10.13140/RG.2.2.24481.11366  

Tkemaladze, J. (2025).  Adaptive Systems and World Models. DOI : http://dx.doi.org/10.13140/RG.2.2.13617.90720  

Tkemaladze, J. (2025).  Allotransplantation Between Adult Drosophila of Different Ages and Sexes. DOI : 
http://dx.doi.org/10.13140/RG.2.2.27711.62884  

Tkemaladze, J. (2025).  Anti-Blastomic Substances in the Blood Plasma of Schizophrenia Patients. DOI : 
http://dx.doi.org/10.13140/RG.2.2.12721.08807  

Tkemaladze, J. (2025).  Centriole Elimination as a Mechanism for Restoring Cellular Order. DOI : 
http://dx.doi.org/10.13140/RG.2.2.12890.66248/1  

Tkemaladze, J. (2025).  Hypotheses on the Role of Centrioles in Aging Processes. DOI : 
http://dx.doi.org/10.13140/RG.2.2.15014.02887/1  

Tkemaladze, J. (2025).  Limits of Cellular Division: The Hayflick Phenomenon. DOI : 
http://dx.doi.org/10.13140/RG.2.2.25803.30249  

Tkemaladze, J. (2025).  Molecular Mechanisms of Aging and Modern Life Extension Strategies: From Antiquity to 
Mars Colonization. DOI : http://dx.doi.org/10.13140/RG.2.2.13208.51204  

Tkemaladze, J. (2025).  Pathways of Somatic Cell Specialization in Multicellular Organisms. DOI : 
http://dx.doi.org/10.13140/RG.2.2.23348.97929/1  

Tkemaladze, J. (2025).  Strategic Importance of the Caucasian Bridge and Global Power Rivalries. DOI :  
http://dx.doi.org/10.13140/RG.2.2.19153.03680  

Tkemaladze, J. (2025).  The Epistemological Reconfiguration and Transubstantial Reinterpretation of Eucharistic 
Practices Established by the Divine Figure of Jesus Christ in Relation to Theological Paradigms. DOI : 
https://doi.org/10.13140/RG.2.2.28347.73769/1 

Tkemaladze, J. (2025).  Transforming the psyche with phoneme frequencies "Habere aliam linguam est possidere 
secundam animam". DOI :  http://dx.doi.org/10.13140/RG.2.2.16105.61286  

© Under CC BY-NC-ND 4.0 International License | Longevity Horizon, 2(2)​ ​ ​ ​ 9 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://longevity.ge/index.php/longhoriz


 

Tkemaladze, J. (2025).  Uneven Centrosome Inheritance and Its Impact on Cell Fate. DOI : 
http://dx.doi.org/10.13140/RG.2.2.34917.31206  

Tkemaladze, J. (2025).  Ze World Model with Predicate Actualization and Filtering. DOI : 
http://dx.doi.org/10.13140/RG.2.2.15218.62407  

Tkemaladze, J. (2025).  Ze метод создания пластичного счетчика хронотропных частот чисел бесконечного 
потока информации. DOI : http://dx.doi.org/10.13140/RG.2.2.29162.43207  

Tkemaladze, J. (2025). A Novel Integrated Bioprocessing Strategy for the Manufacturing of Shelf-Stable, Nutritionally 
Upgraded Activated Wheat: Development of a Comprehensive Protocol, In-Depth Nutritional Characterization, and 
Evaluation of Biofunctional Properties. Longevity Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.16950787  

Tkemaladze, J. (2025). Achieving Perpetual Vitality Through Innovation. DOI : 
http://dx.doi.org/10.13140/RG.2.2.31113.35685  

Tkemaladze, J. (2025). Activated Wheat: The Power of Super Grains. Preprints. DOI : 
https://doi.org/10.20944/preprints202508.1724.v1  

Tkemaladze, J. (2025). Adaptive Cognitive System Ze. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.15309162  

Tkemaladze, J. (2025). Aging Model Based on Drosophila melanogaster: Mechanisms and Perspectives. Longevity 
Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.14955643  

Tkemaladze, J. (2025). Aging Model-Drosophila Melanogaster. DOI : http://dx.doi.org/10.13140/RG.2.2.16706.49607  

Tkemaladze, J. (2025). An Interdisciplinary Study on the Causes of Antediluvian Longevity, the Postdiluvian Decline 
in Lifespan, and the Phenomenon of Job’s Life Extension. Preprints. DOI : 
https://doi.org/10.20944/preprints202509.1476.v1  

Tkemaladze, J. (2025). Anatomy, Biogenesis, and Role in Cell Biology of Centrioles. Longevity Horizon, 1(2). DOI : 
https://doi.org/10.5281/zenodo.15051749 

Tkemaladze, J. (2025). Anti-Blastomic Substances in the Plasma of Schizophrenia Patients: A Dual Role of 
Complement C4 in Synaptic Pruning and Tumor Suppression. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.15042448  

Tkemaladze, J. (2025). Asymmetry in the Inheritance of Centrosomes/Centrioles and Its Consequences. Longevity 
Horizon, 1(2). DOI :  https://doi.org/10.5281/zenodo.15053349  

Tkemaladze, J. (2025). Bayesian Order in Ze. Longevity Horizon, 1(4). DOI : 
https://doi.org/10.5281/zenodo.17359987 

Tkemaladze, J. (2025). Bayesian Priors Prediction in Ze. Longevity Horizon, 1(4). DOI : 
https://doi.org/10.5281/zenodo.17769150 

Tkemaladze, J. (2025). Centriole Elimination: A Mechanism for Resetting Entropy in the Cell. Longevity Horizon, 1(2). 
DOI : https://doi.org/10.5281/zenodo.15053431 

Tkemaladze, J. (2025). Concept of Death Awareness as an Existential Regulator in the Age of Biological Immortality. 
Longevity Horizon, 1(4). DOI : https://doi.org/10.5281/zenodo.17340207 

Tkemaladze, J. (2025). Concept to The Alive Language. Longevity Horizon, 1(1). DOI : 
https://doi.org/10.5281/zenodo.14688792  

© Under CC BY-NC-ND 4.0 International License | Longevity Horizon, 2(2)​ ​ ​ ​ 10 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://longevity.ge/index.php/longhoriz


 

Tkemaladze, J. (2025). Concept to The Caucasian Bridge. Longevity Horizon, 1(1). DOI : 
https://doi.org/10.5281/zenodo.17643013  

Tkemaladze, J. (2025). Concept to The Curing All Diseases. Longevity Horizon, 1(1). DOI : 
https://doi.org/10.5281/zenodo.15048639  

Tkemaladze, J. (2025). Concept to The Eternal Youth. Longevity Horizon, 1(1). DOI :  
https://doi.org/10.5281/zenodo.15048562 

Tkemaladze, J. (2025). Concept to The Food Security. Longevity Horizon, 1(1). DOI :  
https://doi.org/10.5281/zenodo.15048716 

Tkemaladze, J. (2025). Concept to the Living Space. Longevity Horizon, 1(1). DOI : 
https://doi.org/10.5281/zenodo.17208472 

Tkemaladze, J. (2025). Concept to The Restoring Dogmas. Longevity Horizon, 1(1).  DOI : 
https://doi.org/10.5281/zenodo.17175865 

Tkemaladze, J. (2025). Differentiation of Somatic Cells in Multicellular Organisms. Longevity Horizon, 1(2). DOI : 
https://doi.org/10.5281/zenodo.15052436 

Tkemaladze, J. (2025). Direct Reprogramming of Somatic Cells to Functional Gametes in Planarians via a Novel In 
Vitro Gametogenesis Protocol. Preprints. DOI : https://doi.org/10.20944/preprints202509.1071.v1  

Tkemaladze, J. (2025). Heroic Self-Myth Hypothesis. Longevity Horizon, 1(4).  DOI : 
https://doi.org/10.5281/zenodo.17711334  

Tkemaladze, J. (2025). Induction of germline-like cells (PGCLCs). Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.16414775  

Tkemaladze, J. (2025). Lake Aquaculture for Catastrophic Food Security. Longevity Horizon, 1(4). DOI : 
https://doi.org/10.5281/zenodo.17454164 

Tkemaladze, J. (2025). Long-Lived Non-Renewable Structures in the Human Body. DOI : 
http://dx.doi.org/10.13140/RG.2.2.14826.43206  

Tkemaladze, J. (2025). Mechanisms of Learning Through the Actualization of Discrepancies. Longevity Horizon, 1(3). 
DOI : https://doi.org/10.5281/zenodo.15200612  

Tkemaladze, J. (2025). Memorizing an Infinite Stream of Information in a Limited Memory Space: The Ze Method of a 
Plastic Counter of Chronotropic Number Frequencies. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.15170931 

Tkemaladze, J. (2025). Molecular Insights and Radical Longevity from Ancient Elixirs to Mars Colonies. Longevity 
Horizon, 1(2). DOI : https://doi.org/10.5281/zenodo.15053947 

Tkemaladze, J. (2025). Ontogenetic Permanence of Non-Renewable Biomechanical Configurations in Homo Sapiens 
Anatomy. Longevity Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.15086387  

Tkemaladze, J. (2025). Protocol for Transplantation of Healthy Cells Between Adult Drosophila of Different Ages and 
Sexes. Longevity Horizon, 1(2). DOI : https://doi.org/10.5281/zenodo.15053943 

Tkemaladze, J. (2025). Replicative Hayflick Limit. Longevity Horizon, 1(2). DOI : 
https://doi.org/10.5281/zenodo.15052029 

Tkemaladze, J. (2025). Solutions to the Living Space Problem to Overcome the Fear of Resurrection from the Dead. 
DOI : http://dx.doi.org/10.13140/RG.2.2.34655.57768  

© Under CC BY-NC-ND 4.0 International License | Longevity Horizon, 2(2)​ ​ ​ ​ 11 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://longevity.ge/index.php/longhoriz


 

Tkemaladze, J. (2025). The Centriolar Theory of Differentiation Explains the Biological Meaning of the Centriolar 
Theory of Organismal Aging. Longevity Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.15057288 

Tkemaladze, J. (2025). The Centriolar Theory of Differentiation Explains the Biological Meaning of the. 

Tkemaladze, J. (2025). The Concept of Data-Driven Automated Governance. Georgian Scientists, 6(4), 399–410. 
DOI : https://doi.org/10.52340/gs.2024.06.04.38  

Tkemaladze, J. (2025). The Stage of Differentiation Into Mature Gametes During Gametogenesis in Vitro. Longevity 
Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.16808827  

Tkemaladze, J. (2025). The Tkemaladze Method Maps Cell Lineage with Mutant Mitochondrial Transfer. Longevity 
Horizon, 1(4). DOI : https://doi.org/10.5281/zenodo.17236869 

Tkemaladze, J. (2025). The Tkemaladze Method: A Modernized Caucasian Technology for the Production of 
Shelf-Stable Activated Wheat with Enhanced Nutritional Properties. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.16905079 

Tkemaladze, J. (2025). Theory of Lifespan Decline. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.17142909  

Tkemaladze, J. (2025). Through In Vitro Gametogenesis — Young Stem Cells. Longevity Horizon, 1(3). DOI : 
https://doi.org/10.5281/zenodo.15873113 

Tkemaladze, J. (2025). Tkemaladze,  J. (2025). The Centriole Paradox in Planarian Biology: Why Acentriolar Stem 
Cells Divide and Centriolar Somatic Cells Do Not. Preprints. DOI : https://doi.org/10.20944/preprints202509.0382.v1  

Tkemaladze, J. (2025). Unlocking the Voynich Cipher via the New Algorithmic Coding Hypothesis. Longevity Horizon, 
1(3). DOI : https://doi.org/10.5281/zenodo.17054312  

Tkemaladze, J. (2025). Uznadze Set Revisited. Longevity Horizon, 1(4).  DOI : 
https://doi.org/10.5281/zenodo.17609772 

Tkemaladze, J. (2025). Voynich Manuscript Decryption: A Novel Compression-Based Hypothesis and Computational 
Framework. Preprints. https://doi.org/10.20944/preprints202509.0403.v1 

Tkemaladze, J. (2025). Why do planarian cells without centrioles divide and cells with centrioles do not divide?. 
Longevity Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.17054142  

Tkemaladze, J. (2025). Гаметогенез In Vitro: современное состояние, технологии и перспективы применения. 
Research Gate. DOI : http://dx.doi.org/10.13140/RG.2.2.28647.36000  

Tkemaladze, J. (2026). Mathematical formalism of Ze. Longevity Horizon, 2(2). DOI : 
https://doi.org/10.65649/kzj86888 

Tkemaladze, J. (2026). Old Centrioles Make Old Bodies. Annals of Rejuvenation Science, 1(1). DOI : 
https://doi.org/10.65649/yx9sn772 

Tkemaladze, J. (2026). Sleep as Suspension of Localization. Longevity Horizon, 2(1). DOI : 
https://doi.org/10.65649/xz8vte24 

Tkemaladze, J. (2026). The Double-Slit Experiment Is Already Happening in the Brain. Longevity Horizon, 2(1). DOI : 
https://doi.org/10.65649/nwcw7m47 

Tkemaladze, J. (2026). The Strength of Clay, The Weakness of Gods. Longevity Horizon, 2(1). DOI : 
https://doi.org/10.65649/2neyxv38 

© Under CC BY-NC-ND 4.0 International License | Longevity Horizon, 2(2)​ ​ ​ ​ 12 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://longevity.ge/index.php/longhoriz


 

Tkemaladze, J. (2026). Visions of the Future. Longevity Horizon, 2(1). DOI : https://doi.org/10.65649/8be27s21 

Tkemaladze, J. (2026). Ze System Manifesto. Longevity Horizon, 2(1). DOI : https://doi.org/10.65649/3hm9b025 

Tkemaladze, J. (2026). Ze, decoherence, and the quantum eraser. Longevity Horizon, 2(1). DOI : 
https://doi.org/10.65649/39hf1h41 

Tkemaladze, J. Systemic Resilience and Sustainable Nutritional Paradigms in Anthropogenic Ecosystems. DOI : 
http://dx.doi.org/10.13140/RG.2.2.18943.32169/1  

Tkemaladze, J. V., & Chichinadze, K. N. (2005). Centriolar mechanisms of differentiation and replicative aging of 
higher animal cells. Biochemistry (Moscow), 70, 1288-1303. 

Tkemaladze, J., & Apkhazava, D. (2019). Dasatinib and quercetin: short-term simultaneous administration improves 
physical capacity in human. J Biomedical Sci, 8(3), 3. 

Tkemaladze, J., & Chichinadze, K. (2005). Potential role of centrioles in determining the morphogenetic status of 
animal somatic cells. Cell biology international, 29(5), 370-374. 

Tkemaladze, J., & Chichinadze, K. (2010). Centriole, differentiation, and senescence. Rejuvenation research, 
13(2-3), 339-342. 

Tkemaladze, J., & Gakely, G. (2025). A Novel Biotechnological Approach for the Production of Shelf-Stable, 
Nutritionally Enhanced Activated Wheat: Protocol Development, Nutritional Profiling, and Bioactivity Assessment. DOI 
: https://doi.org/10.20944/preprints202508.1997.v1  

Tkemaladze, J., & Gakely, G. (2025). Induction of de novo centriole biogenesis in planarian stem cells. Longevity 
Horizon, 1(4). DOI : https://doi.org/10.5281/zenodo.17283229 

Tkemaladze, J., & Samanishvili, T. (2024). Mineral ice cream improves recovery of muscle functions after exercise. 
Georgian Scientists, 6(2), 36–50. DOI : https://doi.org/10.52340/gs.2024.06.02.04  

Tkemaladze, J., Gakely, G., Gegelia, L., Papadopulo, I., Taktakidze, A., Metreveli, N., ... & Maglakelidze, U. (2025). 
Production of Functional Gametes from Somatic Cells of the Planarian Schmidtea Mediterranea Via in Vitro 
Gametogenesis. Longevity Horizon, 1(3). DOI : https://doi.org/10.5281/zenodo.17131291 

Tkemaladze, J., Tavartkiladze, A., & Chichinadze, K. (2012). Programming and Implementation of Age-Related 
Changes. In Senescence. IntechOpen. 

Tkemaladze, Jaba and Kipshidze, Mariam, Regeneration Potential of the Schmidtea Mediterranea CIW4 Planarian. 
Available at SSRN: https://ssrn.com/abstract=4633202 or http://dx.doi.org/10.2139/ssrn.4633202  

Прангишвили, А. И., Гаситашвили, З. А., Мацаберидзе, М. И., Чичинадзе, К. Н., Ткемаладзе, Д. В., & 
Азмайпарашвили, З. А. (2017). К топологии антитеррористических и антикриминальных технологии для 
образовательных программ. В научном издании представлены материалы Десятой международной 
научно-технической конфе-ренции «Управление развитием крупномасштабных систем (MLSD’2016)» по 
следующим направле-ниям:• Проблемы управления развитием крупномасштабных систем, включая ТНК, 
Госхолдин-ги и Гос-корпорации., 284. 

Прангишвили, А. И., Гаситашвили, З. А., Мацаберидзе, М. И., Чхартишвили, Л. С., Чичинадзе, К. Н., & 
Ткемаладзе, Д. В. (2017). & Азмайпарашвили, ЗА (2017). Системные составляющие здравоохранения и 
инноваций для организации европейской нано-биомедицинской екосистемной технологической платформы. 
Управление развитием крупномасштабных систем MLSD, 365-368. 

Ткемаладзе, Д. (2025). Асимметрия в наследовании центросом/центриолей и ее последствия. DOI : 
http://dx.doi.org/110.13140/RG.2.2.34917.31206  

© Under CC BY-NC-ND 4.0 International License | Longevity Horizon, 2(2)​ ​ ​ ​ 13 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://longevity.ge/index.php/longhoriz


 

Ткемаладзе, Д. (2025). Гаметогенез in vitro (IVG)-Этап дифференцировки в зрелые гаметы. DOI : 
http://dx.doi.org/10.13140/RG.2.2.20429.96482  

Ткемаладзе, Д. (2025). Дифференциация соматических клеток многоклеточных животных. DOI : 
http://dx.doi.org/10.13140/RG.2.2.23348.97929/1  

Ткемаладзе, Д. (2025). Индукция примордиальных клеток, подобных зародышевым клеткам (PGCLCs) 
современные достижения, механизмы и перспективы применения. DOI : 
http://dx.doi.org/10.13140/RG.2.2.27152.32004  

Ткемаладзе, Д. (2025). Репликативный Лимит Хейфлика. DOI : http://dx.doi.org/10.13140/RG.2.2.25803.30249  

Ткемаладзе, Д. (2025). Элиминация Центриолей: Механизм Обнуления Энтропии в Клетке. DOI : 
http://dx.doi.org/10.13140/RG.2.2.12890.66248/1  

Ткемаладзе, Д. В., & Чичинадзе, К. Н. (2005). Центриолярные механизмы дифференцировки и репликативного 
старения клеток высших животных. Биохимия, 70(11), 1566-1584. 

Ткемаладзе, Д., Цомаиа, Г., & Жоржолиани, И. (2001). Создание искусственных самоадаптирующихся систем 
на основе Теории Прогноза. Искусственный интеллект. УДК 004.89. Искусственный интеллект. УДК 004.89. 

Чичинадзе, К. Н., & Ткемаладзе, Д. В. (2008). Центросомная гипотеза клеточного старения и дифференциации. 
Успехи геронтологии, 21(3), 367-371. 

Чичинадзе, К., Ткемаладзе, Д., & Лазарашвили, А. (2012). Новый класс рнк и центросомная гипотеза старения 
клеток. Успехи геронтологии, 25(1), 23-28 

 

© Under CC BY-NC-ND 4.0 International License | Longevity Horizon, 2(2)​ ​ ​ ​ 14 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://longevity.ge/index.php/longhoriz

	Multiparametric Paradigm from Molecular Assessment to Clinical Translation 
	Abstract 
	 
	Introduction and Relevance 
	Core Methodological Groups: Principles and Caveats 
	Assessing ATP Production and Metabolic Flux 
	Evaluation of Mitochondrial Membrane Potential (ΔΨm) 
	Analysis of Redox Status and ROS Production 
	Assessment of Morphology and Dynamics 
	Molecular-Genetic and Biochemical Methods 

	Key Challenges and Data Interpretation 
	Mitochondrial Heterogeneity 
	Buffer Capacity and the Need for Stress Tests 
	Context-Dependence 
	Table 1: Summary of Core Methodological Approaches and Their Key Limitations 


	Conclusion and Future Perspectives 
	Integrated, Real-Time Multiparametric Platforms 
	Toward Personalized Mitochondrial Medicine 
	Pharmacology: Screening for Mitochondria-Targeted Therapeutics 

	References 

