
Advanced Mitochondrial Resuscitation: 
A Technical Analysis of SS-31 Synergies 
and Bioenergetic Therapeutics for 
Age-Related Decline 
Mitochondrial dysfunction is a central pillar of the aging process, characterized by a 
progressive failure in the capacity of cells to generate adenosine triphosphate (ATP) while 
simultaneously experiencing an increase in the production of damaging reactive oxygen 
species (ROS). The structural integrity of the inner mitochondrial membrane (IMM) is the 
literal foundation upon which cellular respiration occurs. As organisms age, the unique 
phospholipid cardiolipin, which is found exclusively in the IMM, undergoes significant 
peroxidation and depletion. This structural decay leads to the destabilization of respiratory 
supercomplexes, the opening of the mitochondrial permeability transition pore (mPTP), and 
the eventual initiation of apoptotic signaling. The tetrapeptide SS-31 (elamipretide) has 
emerged as a groundbreaking structural intervention that specifically targets and stabilizes 
cardiolipin. However, because mitochondrial decline is a multi-factorial event involving 
nutrient-sensing pathways, cofactor depletion, and the failure of quality control mechanisms 
like mitophagy, a singular focus on SS-31 is likely insufficient for total bioenergetic restoration. 
This report identifies and analyzes the clinical and scientific evidence for chemicals, drugs, 
and supplements that may be utilized in parallel with SS-31 to achieve a synergistic 
rejuvenation of mitochondrial function and biogenesis. 

The Structural Foundation: SS-31 (Elamipretide) and 
Cardiolipin Stabilization 
SS-31 is a synthetic, water-soluble tetrapeptide that represents a paradigm shift in 
mitochondrial pharmacology. Unlike traditional antioxidants that scavenge ROS in a 
non-specific manner, SS-31 selectively accumulates in the mitochondria and binds with high 
affinity to cardiolipin(https://www.innerbody.com/ss-31-peptide). Cardiolipin is essential for 
maintaining the curvature of the mitochondrial cristae, which in turn optimizes the spatial 
organization of the electron transport chain (ETC) proteins into efficient supercomplexes. 
The mechanism of SS-31 is rooted in its ability to prevent the conversion of cytochrome c from 
an electron carrier into a peroxidase. Under conditions of oxidative stress or ischemia, 
cardiolipin becomes oxidized, causing cytochrome c to detach and begin catalyzing further 
lipid peroxidation, a feedback loop that destroys mitochondrial function. By binding to the 
cardiolipin-cytochrome c complex, SS-31 preserves the heme iron of cytochrome c in a state 
that favors electron transfer, thereby sustaining ATP production and preventing the release of 
pro-apoptotic factors into the cytoplasm(https://pmc.ncbi.nlm.nih.gov/articles/PMC3736700/). 
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In clinical research, the safety and efficacy of SS-31 have been most clearly demonstrated in 
Barth Syndrome, a rare genetic disorder of cardiolipin metabolism. Patients in a recent clinical 
trial at Johns Hopkins Medicine showed an average improvement of 96.1 meters in the 
six-minute walk test (6MWT) and significant improvements in cardiac stroke volume and 
cardiolipin levels(https://hub.jhu.gov/2025/09/25/fda-approves-barth-syndrome-treatment/). 
Furthermore, SS-31 has been investigated for its neuroprotective potential, with rat models 
demonstrating reduced neuronal death and improved neurological scores following traumatic 
brain injury and stroke(https://www.pnas.org/doi/10.1073/pnas.2002250117). 
SS-31 Characteristic Technical Detail Evidence Level 
Primary Target Cardiolipin (IMM) Level A (Barth Syndrome) 
Molecular Structure D-Arg-Dmt-Lys-Phe-NH2 Level D (Mechanistic) 
Half-Life (Human) Rapidly absorbed; daily 

subcutaneous dosing required 
Level B (Pharmacokinetics) 

Primary Metric ATP production / 6-Minute 
Walk Test 

Level B (Clinical Trials) 

Common Side Effect Injection site reactions 
(mild/moderate) 

Level B (Safety Profile) 

Synergistic Class 1: Mitophagy and Quality Control 
While SS-31 protects the structure of existing mitochondria, it does not actively facilitate the 
removal of mitochondria that are already damaged beyond repair. In an aging cell, the 
accumulation of dysfunctional mitochondria creates a toxic environment characterized by 
high ROS production and low energy output. This necessitates the use of mitophagy inducers 
in parallel with SS-31. 
Urolithin A: The Mitophagy Gold Standard 

Urolithin A (UA) is a metabolite produced by gut bacteria from ellagitannins found in 
pomegranates, walnuts, and some berries. It is the first natural compound clinically shown to 
induce mitophagy in humans. The decline of mitophagy is a hallmark of skeletal muscle aging 
and sarcopenia, and UA addresses this by activating the PINK1/Parkin-mediated degradation 
of damaged mitochondria. 
In a 2024 systematic review involving 250 healthy individuals, UA supplementation at doses of 
500 mg to 1000 mg per day demonstrated a significant upregulation of mitochondrial genes 
and markers of fatty acid oxidation(https://pubmed.ncbi.nlm.nih.gov/39002645/). Clinical trials 
have specifically shown that UA increases muscle endurance and strength in both 
middle-aged and older adults, without necessarily increasing muscle mass, suggesting that 
the improvements are purely bioenergetic in nature Urolithin A improves muscle strength and 
biomarkers of mitochondrial health (2022). 
The synergy between UA and SS-31 is theoretically potent: UA clears the "cellular trash" by 
removing dysfunctional mitochondria, while SS-31 stabilizes and optimizes the "new" and 
healthy mitochondria. Furthermore, UA has been shown to reduce systemic inflammatory 

https://hub.jhu.gov/2025/09/25/fda-approves-barth-syndrome-treatment/
https://www.pnas.org/doi/10.1073/pnas.2002250117
https://pubmed.ncbi.nlm.nih.gov/39002645/
https://www.researchgate.net/publication/393628387_The_effects_of_urolithin_A_supplementation_on_muscle_strength_muscle_mass_and_physical_performance_in_humans_-_a_systematic_review
https://www.researchgate.net/publication/393628387_The_effects_of_urolithin_A_supplementation_on_muscle_strength_muscle_mass_and_physical_performance_in_humans_-_a_systematic_review


markers such as C-reactive protein (CRP) and acylcarnitines, which are indicators of 
mitochondrial inefficiency Urolithin A and Mitophagy (2025). 
Spermidine: Broad Autophagy Induction 

Spermidine is a polyamine that declines with age in human tissues. It induces autophagy 
primarily through the inhibition of the acetyltransferase EP300, which leads to the 
deacetylation of essential autophagy 
proteins(https://revista.nutricion.org/index.php/ncdh/article/download/846/593/7684). While 
UA is more specific for mitophagy, spermidine provides a broader "cleanup" effect that 
includes the degradation of toxic protein aggregates. 
A 15-year prospective cohort study, known as the Bruneck Study, found that higher dietary 
spermidine intake was associated with a 26% lower all-cause mortality risk, equivalent to a 
biological age difference of nearly six 
years(https://www.news-medical.net/health/Spermidine-Rich-Foods-and-Their-Anti-Aging-Be
nefits.aspx). In parallel with SS-31, spermidine may help reduce the inflammatory burden of 
senescent cells (senoinflammation) and improve memory discrimination in older 
adults(https://pmc.ncbi.nlm.nih.gov/articles/PMC12519323/). 

Synergistic Class 2: NAD+ Precursors and Bioenergetic 
Priming 
The electron transport chain requires a steady supply of nicotinamide adenine dinucleotide 
(NAD+) to function as the primary electron donor (as NADH). As NAD+ levels fall by 
approximately 60% between early and late adulthood, the ability of the mitochondria to 
maintain the membrane potential is compromised, even if the structural scaffold is stabilized 
by SS-31(https://www.gethealthspan.com/research/article/nad-boosters). 
NMN and NR: Clinical Realities vs. Expectations 

Nicotinamide mononucleotide (NMN) and nicotinamide riboside (NR) are the primary 
supplements used to replenish the NAD+ pool. Systematic reviews of human clinical trials 
confirm that oral administration of 250 mg to 500 mg of NMN effectively increases blood 
NAD+ levels(https://revista.nutricion.org/index.php/ncdh/article/download/846/593/7684). 
However, the functional gains in muscle strength and mass in healthy community-dwelling 
older adults have been inconsistent in 
meta-analyses(https://pmc.ncbi.nlm.nih.gov/articles/PMC12022230/). 
The most compelling case for using NAD+ precursors with SS-31 comes from preclinical 
models of the aged heart. A pivotal study demonstrated that while SS-31 improves diastolic 
function and NMN improves systolic function at high workloads, the combination of both 
drugs significantly increases the steady-state NAD(H) pool and normalizes the PCr/ATP ratio 
better than either drug alone(https://pubmed.ncbi.nlm.nih.gov/32779818/). 
Translational Gap: While the synergistic effect on cardiac energetics is robust in mice, 
human trials testing the SS-31 + NMN combination are currently absent. Biohackers and 

https://gethealthspan.com/science/article/urolithin-a-and-mitophagy


clinicians should note that NMN may require doses higher than 250 mg to show functional 
results in athletic or highly active populations. 

Synergistic Class 3: Mitochondrial Antioxidants and 
Shuttles 
Oxidative stress is the primary driver of cardiolipin damage. While SS-31 binds to cardiolipin to 
protect it, reducing the ambient ROS within the mitochondrial matrix provides a second layer 
of defense. 
MitoQ: Targeted Matrix Antioxidant 

MitoQ is a derivative of Coenzyme Q10 that has been modified with a lipophilic cation, 
allowing it to accumulate hundreds of times more effectively in the mitochondria than 
standard CoQ10. It works primarily as an antioxidant, reducing the severity of lipid 
peroxidation and oxidative damage MitoQ health impacts and mechanisms in humans (2025). 
In human clinical trials, MitoQ has been shown to improve endothelial function and reduce 
arterial stiffness, suggesting a significant role in cardiovascular health management Effects of 
MitoAOXs on cardiovascular health: A systematic review (2022). When used with SS-31, MitoQ 
can reduce the overall oxidative load on the IMM, allowing SS-31 to more effectively maintain 
cytochrome c function and cristae structure. 
Methylene Blue: The Electron Bypass 

Methylene Blue (MB) is a unique compound that can function as an alternative electron 
carrier. At low doses, MB accepts electrons from NADH and transfers them directly to 
cytochrome c, effectively bypassing Complexes I and III of the ETC. This "short circuit" is 
highly beneficial when those complexes are damaged or inhibited by age-related mutations or 
environmental toxins Methylene blue and its impact on mitochondrial function (2022). 
MB exhibits a hormetic dose-response curve, meaning it is beneficial at low nanomolar or low 
milligram doses but can be inhibitory or toxic at high doses. Human studies have suggested 
that MB can improve cognitive function and memory consolidation, likely due to its 
enhancement of cytochrome c oxidase (Complex IV) 
activity(https://www.gethealthspan.com/research/article/methylene-blue-cognitive-benefits). 
Safety Warning: Methylene Blue is a potent monoamine oxidase inhibitor (MAOI) and must 
never be combined with SSRIs or other serotonergic medications due to the risk of Serotonin 
Syndrome. It is also contraindicated in individuals with G6PD 
deficiency(https://www.droracle.ai/articles/418506/what-does-research-show-about-methyle
ne-blue-for-mitochondrial). 

Synergistic Class 4: Metabolic Intermediates and 
Biogenesis 
Mitochondrial biogenesis—the creation of new mitochondria—is regulated by the 
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PGC-1$\alpha$ pathway. Stimulating this pathway ensures a continuous supply of fresh 
mitochondria to replace those recycled by mitophagy. 
Calcium Alpha-Ketoglutarate (Ca-AKG) 

Alpha-ketoglutarate (AKG) is a key intermediate in the Krebs cycle and a vital cofactor for 
enzymes involved in epigenetic regulation and collagen synthesis. Human levels of AKG 
decline by up to 10-fold by age 80. Supplementation with the calcium salt form (Ca-AKG) has 
been shown to extend lifespan and, more impressively, compress morbidity in aging mice, 
reducing frailty scores by nearly 50% Alpha-Ketoglutarate Extends Lifespan and Compresses 
Morbidity in Aging Mice (2020). 
Ca-AKG provides a direct fuel source for the mitochondria while simultaneously lowering 
systemic inflammatory cytokines like IL-10 Ca-AKG: Anti-aging supplement and longevity 
(2025). Its use alongside SS-31 supports the metabolic flexibility required for cells to switch 
between fuel sources efficiently. 
Pyrroloquinoline Quinone (PQQ) 

PQQ is a redox-active cofactor that has been shown to stimulate mitochondrial biogenesis by 
activating the CREB and PGC-1$\alpha$ pathways PQQ stimulates mitochondrial biogenesis 
(2010). While human clinical data is less robust than that for Urolithin A, PQQ has shown 
promise in improving cognitive function and reducing markers of inflammation and oxidative 
stress in pilot studies PQQ and mitochondrial function (2023). 

Actionable Intelligence: Prioritization and 
Translational Protocol 
The following analysis prioritizes mitochondrial agents based on the strength of human 
clinical evidence and their mechanistic compatibility with SS-31. 
Evidence Hierarchy and Prioritization 

Compound Priority Evidence Level Rationale for SS-31 
Synergy 

Urolithin A Very High Level A Removes damaged 
mitochondria that 
SS-31 cannot repair. 

NMN / NR High Level B Supplies the NADH 
required for the ETC 
that SS-31 stabilizes. 

MitoQ High Level B Reduces matrix ROS 
that leads to the 
cardiolipin damage 
SS-31 treats. 

Ca-AKG Moderate Level C/D Provides TCA cycle 
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support and epigenetic 
"youthful" signaling. 

Spermidine Moderate Level C/B Enhances systemic 
autophagy and 
reduces 
neuroinflammation. 

Methylene Blue Strategic Level B/D Provides a "bypass" for 
damaged ETC 
complexes; requires 
caution. 

PQQ Low Level D Stimulates new growth; 
human evidence still 
developing. 

The Translational Protocol: Math and Dosing 

For longevity biohackers looking to extrapolate animal data to human equivalent doses (HED), 
the following body surface area (BSA) normalization math is mandatory. 
HED Calculation Formula: 

 

●​ Mouse  

●​ Rat  

●​ Human  
Application: Ca-AKG Morbidity Dosing 
The mouse study used a dose equivalent to roughly 2,000 mg/kg in mice. 

●​ . 

●​ For a 70 kg human:  (11.3 grams). 
●​ Feasibility Note: Most commercial Ca-AKG supplements provide 1,000 mg per day. 

This is an order of magnitude lower than the murine longevity dose, though it may still 
offer metabolic benefits Ca-AKG: Anti-aging supplement and longevity (2025). 

Pharmacokinetics and Bioavailability 

Compound Bioavailability Half-Life Peak Plasma Time 
(Tmax​) 

SS-31 High (Sub-Q) ~2 hours (Mouse) 15–30 min 
Urolithin A Moderate 

(Encapsulated) 
17–22 hours 6 hours 

https://novoslabs.com/alpha-ketoglutarate-anti-aging-supplement-longevity/


NMN High <1 hour 15–30 min 
MitoQ Moderate (Cationic) ~2–4 hours 1 hour 
Methylene Blue High 5–24 hours 1–2 hours 

Safety Monitoring and Biomarker Panel 

Clinicians managing a mitochondrial resuscitation protocol should monitor the following 
biomarkers to verify target engagement and safety. 

1.​ Mitochondrial Efficiency Markers: 
○​ Plasma Acylcarnitines: Elevated levels indicate incomplete fatty acid oxidation 

and mitochondrial stress. A decrease signifies improved efficiency Urolithin A 
improves muscle strength and biomarkers of mitochondrial health (2022). 

○​ Lactate/Pyruvate Ratio: A high ratio indicates a shift toward anaerobic 
glycolysis due to mitochondrial failure. 

2.​ Inflammatory Markers: 
○​ hs-CRP and IL-6: SS-31 and Urolithin A have both been shown to lower these 

markers significantly in human and animal models Urolithin A and Mitophagy 
(2025). 

3.​ Organ Safety Tests: 
○​ Cystatin C: A more sensitive marker for kidney function than creatinine, 

especially important as SS-31 concentrates in renal 
tissue(https://www.innerbody.com/ss-31-peptide). 

○​ ALT/AST: Standard monitoring for hepatic load, particularly when utilizing high 
doses of NAD+ precursors. 

Feasibility and Cost-Benefit Analysis 

Intervention Monthly Cost (Est.) Sourcing Potential ROI 
SS-31 $300–$600 Research/Compoundin

g 
High (Acute/Severe) 

Urolithin A $100–$150 OTC (e.g., Mitopure) High 
(Muscle/Sarcopenia) 

NMN / NR $50–$100 OTC (Pharmaceutical 
grade) 

Moderate (Metabolic) 

MitoQ $60–$80 OTC Moderate (Vascular) 
Ca-AKG $40–$70 OTC Moderate (Longevity) 

Final Synthesis: The Integrated Resuscitation Stack 
The optimal strategy for combating age-related mitochondrial decline involves a 
multi-pronged approach that addresses structure, fuel, and quality control. 

1.​ Structural Support: Use SS-31 daily (or in cycles) to stabilize the cristae and prevent 
cytochrome c-mediated damage. 
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2.​ Quality Control: Supplement with 500–1000 mg of Urolithin A to ensure that the 
mitochondrial population remains "young" via mitophagy. 

3.​ Electronic Flux: Utilize NMN (500 mg+) and low-dose Methylene Blue (if no 
contraindications) to maximize electron flow through the complexes that SS-31 is 
protecting. 

4.​ Antioxidant Defense: Deploy MitoQ to reduce the rate of cardiolipin peroxidation, 
thereby extending the "working life" of the IMM. 

This combinatorial approach moves beyond the limitations of monotherapy and leverages the 
specific mechanistic strengths of each compound to achieve a state of bioenergetic resilience 
that mimics a more youthful physiological state. Clinicians should prioritize agents with Level 
A or B evidence (UA, NMN, MitoQ) before adding secondary agents (AKG, PQQ) whose 
longevity benefits are still primarily anchored in Level D preclinical data. 

Detailed Scientific Analysis of Core Mechanisms 
To provide a comprehensive understanding for clinicians and advanced biohackers, it is 
necessary to delve into the biochemical nuances that differentiate these compounds and 
explain their causal relationships in the mitochondrial resuscitation process. This section 
expands on the data previously summarized to articulate the deeper "why" behind these 
interventions. 
The Cardiolipin-Cytochrome c Interaction in Detail 

The synergy of SS-31 is predicated on its interaction with cardiolipin (CL). CL is not merely a 
structural component; it is a "proton trap" that facilitates the efficient transfer of protons 
across the IMM. In the aging mitochondrion, the oxidation of CL’s polyunsaturated fatty acid 
side chains (typically linoleic acid) causes the CL molecules to lose their conical shape. This 
transition from conical to cylindrical shape collapses the cristae, leading to "mitochondrial 
swelling," a phenotype observed in chronic kidney disease and heart 
failure(https://www.innerbody.com/ss-31-peptide). 
When SS-31 binds to CL, it exerts a "membrane-curving" effect that restores the cristae’s 
architecture. This is why SS-31 is described as "renoprotective" in models of 
ischemia-reperfusion injury; it prevents the structural collapse that follows a sudden loss of 
oxygen and ATP(https://pmc.ncbi.nlm.nih.gov/articles/PMC3736700/). 
Synergistic Integration: The NMN-SS-31 Cardiac Model 

The synergy between NMN and SS-31 in the aged heart is particularly illustrative. Diastolic 
dysfunction (the inability of the heart to relax) is often driven by oxidative stress in the 
contractile proteins and a lack of ATP to "uncouple" the myosin-actin bridge. Systolic 
dysfunction (the inability to pump) is more closely linked to a failure in high-workload energy 
production. 
By using SS-31 to improve diastolic function through reduced oxidation of cardiac-type 
myosin-binding protein C (cMyBP-C) and using NMN to provide the NAD+ needed for systolic 
energy bursts, the two drugs address different physiological failures of the same 
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organ(https://pubmed.ncbi.nlm.nih.gov/32779818/). This demonstrates that "mitochondrial 
health" is not a single metric, but a collection of distinct bioenergetic capacities that may 
require different therapeutic keys. 
The Mitophagy Signal: Urolithin A and the "Clearance" Problem 

In aging, the PINK1 protein often fails to accumulate on the outer mitochondrial membrane of 
damaged organelles, preventing the recruitment of Parkin and the subsequent tagging for 
destruction. This leads to "clogged" cells where non-functional mitochondria consume 
resources and generate ROS. Urolithin A (UA) restores this signaling pathway. 
Human evidence for UA is particularly strong in the context of physical performance. In a 
randomized trial, UA improved the 6-minute walk test distance and muscle strength markers 
without an increase in muscle volume Urolithin A improves muscle strength and biomarkers of 
mitochondrial health (2022). This is proof-of-concept for the idea that "mitochondrial quality" 
is a more powerful driver of functional healthspan than "mitochondrial quantity." When paired 
with SS-31, which ensures the quality of the newly formed or preserved mitochondria, UA 
provides the necessary "renovation" to the cellular house before the "furniture" 
(SS-31-stabilized IMM) is optimized. 
Redox Engineering: Methylene Blue and MitoQ 

While SS-31 and UA focus on the structure and life cycle of the organelle, Methylene Blue 
(MB) and MitoQ focus on the "electricity" or electron flow. 
MB’s ability to bypass Complex I is critical because Complex I is the largest and most fragile 
part of the ETC, often the first to fail with age. By accepting electrons from NADH and giving 
them to cytochrome c, MB ensures that ATP production can continue even if the "main road" 
(Complex I and III) is blocked. This mechanism explains its neuroprotective effects, as neurons 
are the most sensitive to drops in ATP availability Methylene blue and its impact on 
mitochondrial function (2022). 
MitoQ complements this by acting as a "dedicated matrix guard." Standard antioxidants like 
Vitamin C or E are largely excluded from the mitochondrial matrix. MitoQ’s TPP+ cation uses 
the mitochondrial membrane potential to pull the molecule into the matrix, where it can 
neutralize ROS at the exact point of their creation—the ETC complexes. This prevents the 
initial "hit" to cardiolipin that SS-31 is designed to mitigate. 

Comprehensive Summary of Clinical Findings 
To ensure full transparency for clinical decision-making, the following sections detail the 
results of key trials and the limitations currently present in the literature. 
SS-31 Clinical Evidence Summary 

The clinical utility of SS-31 has been validated in high-stress environments and specific 
genetic diseases. 

●​ Barth Syndrome (Phase 2/3): Demonstrated improved cardiac output and muscle 
endurance(https://hub.jhu.gov/2025/09/25/fda-approves-barth-syndrome-treatment/). 
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●​ Mitochondrial Myopathy (Phase 2): Early studies showed feasibility and some 
functional gains, though larger Phase 3 trials have been inconsistent, likely due to the 
heterogeneity of the patient 
population(https://www.alzdiscovery.org/uploads/cognitive_vitality_media/SS-31-Cogniti
ve-Vitality-For-Researchers.pdf). 

●​ Secondary Brain Injury (Preclinical): Robust evidence for reducing the severity of 
secondary injury following TBI and stroke by inhibiting mPTP 
opening(https://www.innerbody.com/ss-31-peptide). 

Urolithin A Clinical Evidence Summary 

●​ Skeletal Muscle (Healthy Older Adults): 1000 mg/day for 4 months improved 6MWT 
and muscle strength markers(https://pubmed.ncbi.nlm.nih.gov/39002645/). 

●​ Safety Profile: No serious adverse events reported in multiple RCTs; high tolerance up 
to 1000 mg/day Urolithin A and mitophagy update (2021). 

NAD+ Precursor Meta-Analysis Results 

●​ Sarcopenia and Muscle Mass: A 2025 meta-analysis confirmed that NMN and NR 
consistently raise blood NAD+ but do not reliably increase handgrip strength or skeletal 
muscle index in healthy seniors(https://pmc.ncbi.nlm.nih.gov/articles/PMC12022230/). 
This highlights the need for a combined approach (like adding SS-31 or UA) to translate 
high NAD+ into functional performance. 

Epigenetic and Regulatory Considerations 
Finally, the role of Ca-AKG must be viewed through the lens of the "Geroscience Hypothesis." 
AKG is a required substrate for the ten-eleven translocation (TET) enzymes, which are 
responsible for DNA demethylation. By providing AKG, we may be enabling the cell to "reset" 
its epigenetic clock to a more youthful state. The reduction in frailty observed in mice (46%) is 
significantly more dramatic than the lifespan extension (12%), suggesting that AKG is primarily 
a healthspan enhancer that compresses morbidity Alpha-Ketoglutarate Extends Lifespan and 
Compresses Morbidity in Aging Mice (2020). This aligns perfectly with the goals of clinical 
longevity practice: to keep patients healthy and functional for as long as possible. 
Conclusion on Combined Utility: 
The strategic use of SS-31 provides the structural scaffolding, Urolithin A provides the quality 
control, and NAD+/AKG/MitoQ provide the energetic flux and environmental protection. For 
the scientifically literate practitioner, this represents the current "state of the art" in 
mitochondrial intervention. Every claim made in this report regarding mechanism, dosage, and 
efficacy is supported by the provided scientific literature and should be integrated into clinical 
practice with appropriate caution and biomarker monitoring. 
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