
Advanced Geroprotective 
Pharmacology: A Systematic Evaluation 
of Rejuvenation Efficacy and Theoretical 
Bioactivity 
The biological imperative of aging research has evolved from descriptive observations of 
senescence to the rigorous identification of pharmacological agents capable of modulating 
the fundamental hallmarks of aging. This transition is underscored by the National Institute on 
Aging's Interventions Testing Program (ITP), which has established a standardized, multi-site 
paradigm for evaluating longevity-extending compounds in genetically heterogeneous mice.1 
By utilizing the UM-HET3 mouse model—a four-way cross that maintains genetic diversity akin 
to human populations—the ITP avoids the pitfalls of strain-specific artifacts that have 
historically plagued aging research.2 The pursuit of rejuvenation efficacy involves a 
hierarchical sorting of compounds based on their ability to extend lifespan, improve 
healthspan, and reverse cellular deterioration through mechanisms such as epigenetic 
reprogramming, senolysis, and telomere maintenance.4 

Tier I High-Efficacy Systemic Regulators and 
ITP-Validated Compounds 
The most reliable evidence for systemic longevity extension originates from compounds that 
have successfully passed the ITP’s rigorous screening across three independent sites: The 
Jackson Laboratory, the University of Michigan, and the University of Texas Health Science 
Center at San Antonio.1 These agents represent the current pinnacle of geroprotective 
efficacy, having demonstrated statistically significant increases in median and, in some cases, 
maximum lifespan.2 

Rapamycin and the Inhibition of mTOR Signaling 
Rapamycin, a macrolide derived from Streptomyces hygroscopicus, remains the most potent 
and reproducible lifespan-extending agent identified to date.8 Its efficacy is primarily 
attributed to the inhibition of the mechanistic target of rapamycin (mTOR), specifically the 
mTORC1 complex, which acts as a master regulator of nutrient sensing, protein synthesis, and 
autophagy.9 The ITP has demonstrated that rapamycin extends both median and maximum 
lifespan in male and female mice across various dosages and ages of initiation.7 

A critical finding in rapamycin research is its efficacy when initiated late in life. Treatment 
starting at 20 months of age (approximately 60 human years) resulted in a 14% increase in 



female lifespan and a 9% increase in male lifespan.7 This suggests that the biological 
pathways modulated by rapamycin remain plastic even in advanced age. The magnitude of 
extension is dose-dependent; for instance, higher concentrations in food (up to 42 ppm) have 
shown even greater effects, particularly in females, who typically achieve higher blood 
concentrations of the drug than males at identical dietary levels.2 The systemic effects of 
rapamycin extend beyond simple longevity, including protection against age-related cognitive 
decline, cancer, and multi-organ pathology.7 

Acarbose and Postprandial Glucose Modulation 
Acarbose, a competitive inhibitor of alpha-glucosidase, significantly extends lifespan by 
blunting the postprandial glucose spikes that contribute to glycation and oxidative stress.9 In 
ITP trials, acarbose (1000 ppm) increased median lifespan by 22% in males and 5% in 
females.3 The male-dominant effect of acarbose is a subject of intense investigation, with 
theories suggesting that males may be more sensitive to the modulation of insulin-like growth 
factor 1 (IGF-1) or that acarbose induces a more favorable shift in the male gut microbiome.3 

The synergy between acarbose and rapamycin represents a major breakthrough in 
combinatorial geroscience. When administered together, these drugs produce a lifespan 
extension that exceeds the additive effects of either agent alone.9 This synergy likely stems 
from the simultaneous targeting of glucose-mediated signaling (acarbose) and 
nutrient-sensing pathways (rapamycin), effectively mimicking a state of chronic caloric 
restriction without the associated nutritional deficiencies.2 

17-Alpha Estradiol and Non-Feminizing Hormonal Modulation 
17-alpha estradiol ($17\alpha\text{E2}$), a non-feminizing isomer of the primary female sex 
hormone, has shown remarkable efficacy in extending the lifespan of male mice.7 Unlike 
$17\beta\text{E2}$, the alpha isomer has a low affinity for classical estrogen receptors, which 
prevents feminizing side effects while retaining potent metabolic and neuroprotective 
benefits.7 

The ITP results for $17\alpha\text{E2}$ have been consistently positive in males across 
multiple cohorts. In the 2009 cohort, a dose of 4.8 ppm increased male median lifespan by 
12%, while higher doses (up to 14.4 ppm) in later cohorts extended male median lifespan by as 
much as 19%.7 Interestingly, $17\alpha\text{E2}$ has no significant effect on female lifespan, 
suggesting that its mechanism may interact with male-specific aging drivers, such as chronic 
low-grade inflammation in white adipose tissue or specific hypothalamic signaling patterns.2 

Summary of Primary ITP Efficacy Data 
The following table synthesizes the primary findings from the ITP for the most efficacious 
systemic regulators identified to date. 



Compound Concentratio
n (ppm) 

Initiation Age 
(mo) 

Male Median 
Increase (%) 

Female 
Median 
Increase (%) 

Rapamycin 14 9 10 18 

Rapamycin 14 20 9 14 

Acarbose 1000 4 22 5 

17-a-Estradiol 4.8 10 12 0 

17-a-Estradiol 14.4 16 19 0 

Canagliflozin 180 7 14 0 

NDGA 2500 9 8-10 0 

Glycine 80,000 9 4-6 4-6 

Protandim 600/1200 10 7 0 
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Tier II Senotherapeutic and Rejuvenation Agents: 
Slaying the "Zombie Cells" 
Cellular senescence is a state of permanent cell cycle arrest characterized by a 
pro-inflammatory secretory profile known as the senescence-associated secretory phenotype 
(SASP).6 Senescent cells accumulate with age and contribute to tissue dysfunction, chronic 
inflammation, and the progression of age-related diseases.13 Senotherapeutics aim to either 
selectively eliminate these cells (senolytics) or modulate their secretome (senomorphics).6 

Fisetin: The Premier Flavonoid Senolytic 
Fisetin ($3,3',4',7\text{-tetrahydroxyflavone}$), a flavonoid abundant in strawberries, apples, 
and persimmons, has emerged as a top-tier candidate for rejuvenation due to its potent 
senolytic activity.15 In comparative screens of ten flavonoids, fisetin was the most effective at 
reducing senescent cell burden in both mouse and human tissues.16 Unlike general 



antioxidants, fisetin selectively induces apoptosis in senescent cells by inhibiting pro-survival 
pathways, such as the PI3K/AKT/mTOR and p38 MAPK cascades, which senescent cells utilize 
to resist their own pro-apoptotic signals.16 

Late-life intervention with fisetin in wild-type mice has been shown to reduce age-related 
pathology and extend both median and maximum lifespan.16 This "hit-and-run" 
mechanism—where intermittent high doses are sufficient to clear the senescent cell 
burden—minimizes potential toxicity to proliferating healthy cells.13 Clinical trials are currently 
evaluating fisetin’s efficacy in humans for conditions such as knee osteoarthritis, frailty in 
older adults, and arterial stiffness.13 

Quercetin and Dasatinib: The First Senolytic Combination 
Quercetin, a flavonoid found in onions and kale, was the first natural compound identified with 
senolytic activity when combined with the chemotherapy drug Dasatinib (D+Q).13 While 
quercetin alone has relatively weak senolytic potency compared to fisetin, the D+Q 
combination targets a broader range of senescent cell anti-apoptotic pathways (SCAPs).19 

In human pilot studies, D+Q has shown the ability to reduce senescence biomarkers in 
patients with idiopathic pulmonary fibrosis and chronic kidney disease.13 Quercetin’s primary 
role in this combination is to inhibit the PI3K pathway and other survival signals in senescent 
endothelial cells, while Dasatinib targets the tyrosine kinase-dependent survival signals in 
senescent adipocytes and other cell types.15 

Piperlongumine and Piperine: Enhancing Senolytic Efficacy 
Piperlongumine, an alkaloid from the long pepper (Piper longum), acts as a potent senolytic 
by increasing oxidative stress specifically in senescent cells.13 By modulating the glutathione 
S-transferase P1 (GSTP1) pathway, piperlongumine triggers apoptosis in senescent cells while 
sparing healthy ones.13 

Piperine, the primary alkaloid of black pepper, is often used as a bioenhancer to increase the 
bioavailability of other senolytics like curcumin and quercetin.13 Recent evidence suggests 
that piperine itself may possess mild senotherapeutic properties by influencing the metabolic 
health of cells and reducing systemic inflammation.13 

Comparative Potency and Mechanism of Senotherapeutic Agents 

Compound Classification Primary Molecular 
Target 

Efficacy Context 

Fisetin Senolytic PI3K/AKT, p38 Most potent natural 



MAPK senolytic; extends 
lifespan in mice. 

Quercetin Senolytic PI3K, BCL-2 Effective primarily 
in combination 
(D+Q); 
cardiovascular 
focus. 

Piperlongumine Senolytic Oxidative Stress, 
GSTP1 

Induces apoptosis 
via ROS; 
cancer-senescence 
crossover. 

Curcumin Senomorphic NF-kB, SASP 
factors 

Modulates 
inflammation; low 
bioavailability; not a 
true senolytic. 

Apigenin Senomorphic CD38, NF-kB Inhibits SASP; 
increases NAD+ 
levels; found in 
celery/chamomile. 

Luteolin Senomorphic Pro-inflammatory 
cytokines 

Strong 
anti-inflammatory; 
supports immune 
senescence 
modulation. 

13 

Tier III Epigenetic and Genomic Rejuvenation: 
Resetting the Biological Clock 
True rejuvenation requires more than just the prevention of damage; it necessitates the 
restoration of youthful cellular function through the maintenance of telomeres and the 
resetting of epigenetic patterns.4 These interventions target the "biological clock" at the 
genomic level. 



TA-65 and Telomerase Activation 
Telomeres, the protective nucleoprotein structures at the ends of chromosomes, gradually 
shorten with age, eventually triggering cellular senescence or apoptosis once they reach a 
critically short length.5 TA-65, a small-molecule telomerase activator purified from Astragalus 
membranaceus, is designed to counteract this attrition.21 

In a randomized, double-blind, placebo-controlled study of 117 healthy subjects, TA-65 (250 
units daily) significantly increased telomere length over a 12-month period.22 The average 
increase was $530 \pm 180$ base pairs, while the placebo group lost an average of $290 \pm 
100$ base pairs.23 This suggests that TA-65 can preferentially lengthen the shortest 
telomeres, which are the primary triggers for DNA damage responses and senescence.21 
Crucially, mouse studies have shown that TA-65 increases healthspan without increasing the 
incidence of cancer, addressing a long-standing concern regarding telomerase reactivation.21 

Partial Reprogramming and the Yamanaka Factors (OSKM) 
The most theoretically potent rejuvenation strategy currently under investigation is partial 
cellular reprogramming using the Yamanaka factors: OCT4, SOX2, KLF4, and MYC (OSKM).4 
Transient overexpression of these factors can reset a cell’s epigenetic state, reversing 
aging-associated DNA methylation patterns and restoring youthful gene expression without 
erasing the cell’s identity.4 

In progeroid mouse models, cyclic induction of OSKM has been shown to increase median 
lifespan by approximately 15% and partially ameliorate premature signs of aging.4 This effect 
is mediated by the active contribution of DNA demethylases, such as TET1 and TET2, which 
facilitate the dynamic reversal of methylation marks.4 While 7-hydroxydehydro-nuciferine 
(7-HDNF) from Nelumbo nucifera is theorized to influence these pathways, direct evidence for 
its role in OSKM-like reprogramming is currently limited compared to the established 
transcription factor protocols.4 

Astragalus Polysaccharide (APS) vs. Cycloastragenol (TA-65) 
While both are derived from Astragalus, their mechanisms and rejuvenation targets differ 
significantly. 

Compound Origin Mechanism of 
Action 

Primary 
Rejuvenation 
Benefit 

TA-65 
(Cycloastragenol) 

Purified Aglycone Telomerase 
Activation 

Lengthening of 
critically short 



telomeres; stem 
cell support. 

APS Heteropolysacchari
de 

Immunomodulation, 
Antioxidant 

Enhanced innate 
immunity; 
protection against 
oxidative DNA 
damage. 

Astragaloside IV Saponin Anti-inflammatory, 
Endothelial 

Vascular 
rejuvenation; 
protection against 
atherosclerotic 
disease. 
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Tier IV Mitochondrial Bioenergetics and Metabolic 
Programming 
Mitochondrial dysfunction is a hallmark of aging that results in decreased energy production 
and increased reactive oxygen species (ROS).6 Compounds that target mitochondrial 
efficiency and metabolic flexibility are critical for maintaining tissue vitality. 

AA005: Targeting the Mitochondrial Trifunctional Protein 
AA005, a synthetic mimic of annonaceous acetogenins, represents a novel class of 
mitochondrial modulators.26 Recent chemical proteomics has identified the alpha subunit of 
the mitochondrial trifunctional protein (HADHA) as the primary target of AA005.28 By 
interacting with HADHA, AA005 increases body temperature and energy expenditure in a 
UCP1-dependent manner, effectively treating obesity and its associated metabolic disorders 
in male mice.28 

In a rejuvenation context, AA005’s ability to promote mitochondrial turnover and fatty acid 
beta-oxidation is highly significant. It induces cell death in cancer and senescent-like cells 
through the downregulation of Mcl-1 and the nuclear translocation of apoptosis-inducing 
factor (AIF), suggesting a role in clearing metabolically dysfunctional cells.26 

Berberine and AMPK Activation 
Berberine, an alkaloid from Berberis species, is a potent activator of the AMP-activated 



protein kinase (AMPK) pathway.17 AMPK acts as a metabolic switch that promotes autophagy, 
inhibits mTOR, and enhances insulin sensitivity—mimicking the effects of caloric restriction.9 

While berberine’s oral bioavailability is low, its systemic effects on glucose metabolism and 
lipid profiles are well-documented in clinical settings.31 In rejuvenation studies, berberine has 
shown the potential to reduce the senescent phenotype in endothelial cells and protect 
against oxidative damage in the liver and kidneys.32 

Sulforaphane and Nrf2-Mediated Proteostasis 
Sulforaphane, an isothiocyanate derived from cruciferous vegetables, is a potent inducer of 
the Nrf2 signaling pathway.35 Nrf2 orchestrates the cellular antioxidant response and 
promotes the expression of molecular chaperones and proteasomal subunits, thereby 
maintaining proteostasis.35 

In CITP studies (Caenorhabditis Intervention Testing Program), sulforaphane significantly 
improved reproductive healthspan and mating success in late life, demonstrating that lifespan 
and healthspan can be decoupled and independently modulated by specific 
phytochemicals.36 

Tier V Marine-Derived Geroprotectants and Novel 
Marine Alkaloids 
Marine organisms offer a unique chemical diversity for rejuvenation research, often 
possessing complex secondary metabolites with high redox potential and specific cellular 
targets.37 

Phlorotannins: Dieckol and Eckol 
Phlorotannins are polyphenolic compounds found in brown algae such as Ecklonia cava and 
Eisenia bicyclis.38 These compounds, particularly dieckol and eckol, are characterized by their 
high degree of polymerization and dibenzodioxin moieties, which facilitate faster electron 
donation than terrestrial polyphenols.39 

Dieckol has been shown to cross the blood-brain barrier and exert potent neuroprotective 
effects.39 In animal models of Alzheimer's and Parkinson's diseases, phlorotannins improve 
cognitive function, reduce microglial activation, and scavenge reactive oxygen species in the 
brain.39 Furthermore, they inhibit matrix metalloproteinase-1 (MMP-1), providing a theoretical 
basis for their use in skin rejuvenation and the prevention of photoaging.41 

Monanchocidin A and Pectenotoxin-2 
Monanchocidin A, a polycyclic guanidine alkaloid from the sponge Monanchora pulchra, has 



demonstrated significant pro-apoptotic activity against diverse cancer cell lines.37 Its 
theoretical efficacy for rejuvenation lies in its ability to induce autophagy and apoptosis in 
damaged or precancerous cells, though its systemic toxicity profile requires further 
investigation before it can be considered a safe longevity agent.37 

Pectenotoxin-2, a marine-derived macrolide, similarly targets the cytoskeleton and cell cycle 
regulators.37 Its efficacy is primarily studied in the context of selective cytotoxicity, which may 
be repurposed for senescent cell clearance if delivery can be localized to avoid systemic 
adverse effects. 

Tier VI Organ-Specific Rejuvenation and Vitality 
Certain compounds target specific physiological systems, such as the hormonal axis or the 
nervous system, providing targeted rejuvenation that enhances overall quality of life.42 

Eurycomanone and Hormonal Homeostasis 
Eurycomanone, the primary quassinoid in Eurycoma longifolia (Tongkat Ali), is renowned for 
its ability to restore youthful testosterone levels in aging men.42 By enhancing the natural 
biosynthesis of testosterone and reducing its conversion to estrogen, eurycomanone 
ameliorates symptoms of late-onset hypogonadism, including fatigue, muscle loss, and 
decreased libido.42 

Beyond its hormonal role, eurycomanone has been shown to upregulate neurotrophin-3 (NT3) 
in retinal Müller cells, suggesting a neuroprotective effect that may maintain vision and neural 
health during aging.44 Clinical trials also indicate that Tongkat Ali supplementation improves 
stress hormone profiles and enhances the "Yin-Yang balance" of sleep, characterized by 
better sleep consolidation during the rest period and increased vigilance during the active 
period.43 

Acori Tatarinowii Rhizoma (AT) and Neuroprotection 
The rhizome of Acorus tatarinowii is traditionally used in Asian medicine to treat cognitive 
disorders and epilepsy.45 Its bioactive compounds, primarily alpha- and beta-asarone, 
possess the ability to cross the blood-brain barrier and modulate GABAergic and 
glutamatergic signaling.39 AT's theoretical efficacy for rejuvenation is focused on the central 
nervous system, where it may prevent the accumulation of beta-amyloid plaques and support 
synaptic plasticity. 

Allicin and Cardiovascular Resilience 
Allicin, the organosulfur compound in garlic, provides rejuvenation benefits primarily through 
the cardiovascular system.31 It improves endothelial function, reduces arterial stiffness, and 
lowers blood pressure by increasing the bioavailability of nitric oxide.39 Its indirect longevity 



benefits are substantial, given that cardiovascular disease remains a leading cause of 
age-related mortality. 

Tier VII Hormetic Agents and the Paradox of Toxicity 
Hormesis describes a biological phenomenon where exposure to a low dose of a stressor or 
toxin induces an adaptive response that enhances an organism's resilience to subsequent, 
more severe challenges.17 This biphasic response is central to the rejuvenation potential of 
several seemingly hazardous substances.47 

Arsenic, Cadmium, and Heavy Metal Hormesis 
While chronic high-level exposure to arsenic and cadmium is unequivocally toxic, low-level 
exposure has been shown to activate cellular defense mechanisms that may slow the rate of 
aging.47 By inducing a mild state of oxidative stress, low-dose arsenic activates the Nrf2 
pathway and upregulates heat shock proteins, which assist in the refolding of damaged 
proteins and the clearance of cellular debris.46 

Colchicine and Aristolochia: The Biphasic Boundary 
Colchicine, an alkaloid from the autumn crocus, is a microtubule inhibitor with a very narrow 
therapeutic index.47 At low doses, its anti-inflammatory properties are utilized to treat gout 
and pericarditis, and some researchers suggest it may have hormetic benefits for vascular 
health by suppressing NLRP3 inflammasome activation.17 

Similarly, Aristolochia extracts, despite containing nephrotoxic and carcinogenic aristolochic 
acids, have been used in traditional medicine for their potent anti-inflammatory and 
anti-tumor effects.49 The theoretical efficacy of these compounds for rejuvenation is high due 
to their potent biological activity, but their practical utility is severely limited by their high 
toxicity at doses only slightly above the therapeutic range.48 

Mycotoxin Hormesis: Citrinin and Zearalenone 
Mycotoxins like citrinin (CIT) and zearalenone (ZEA) are generally considered food 
contaminants with detrimental effects on reproduction and lifespan.51 However, research in C. 
elegans has revealed that the zearalenone metabolite zearalenone-14-sulfate (ZEA-14-S) can 
actually prolong mean lifespan, despite its structural similarity to the toxic ZEA.51 This 
highlights the extreme specificity required when sorting compounds by rejuvenation 
efficacy—small chemical modifications can shift a compound from a toxicant to a potential 
geroprotectant. 

Tier VIII Comprehensive Phytochemical and 



Secondary Metabolite Analysis 
The vast majority of the compounds on the user's list are phytochemicals that fall into various 
chemical classes, each with distinct mechanisms for supporting cellular longevity. 

Flavonoids and Polyphenols: The Defense Network 
Polyphenols represent the most diverse class of plant-derived geroprotectants, functioning 
primarily through the modulation of inflammatory pathways and the activation of longevity 
genes like sirtuins. 

Compound Source Key Rejuvenation 
Mechanism 

Theoretical 
Efficacy 

EGCG Green Tea Activation of AMPK; 
reduction of protein 
aggregation. 

High 
(Vascular/Neuro) 

Resveratrol Red Grapes Sirtuin 1 (SIRT1) 
activator; mimics 
CR. 

Moderate 
(Metabolic) 

Genistein Soy Estrogen receptor 
modulator; 
bone/skin support. 

Moderate 
(Hormonal) 

Anthocyanidins Berries Neuroprotection; 
reduction of lipid 
peroxidation. 

Moderate 
(Cognitive) 

Baicalin Scutellaria Inhibition of SASP; 
neuroprotection. 

Moderate 
(Inflammatory) 

Hesperidin Citrus Protection of the 
microvasculature. 

Low-Moderate 

Kaempferol Leafy Greens Inhibition of 
age-related 
oxidative DNA 
damage. 

Moderate 



Morin Guava Inhibition of 
amyloid-beta 
fibrillation. 

Moderate (Neuro) 
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Terpenoids and Saponins: Membrane and Signaling Integrity 
Terpenoids are lipid-soluble compounds that often interact with nuclear receptors or cellular 
membranes to influence gene expression and structural integrity. 

Compound Source Key Rejuvenation 
Mechanism 

Theoretical 
Efficacy 

Ginsenosides Ginseng Stem cell 
proliferation; 
neuro-regeneration
. 

High (Systemic) 

Ursolic Acid Apple Peel Prevention of 
muscle atrophy 
(sarcopenia). 

High (Muscle) 

Celastrol Thunder God Vine Heat shock 
response inducer; 
potent 
anti-inflammatory. 

Moderate (Toxicity 
concerns) 

Andrographolide Andrographis Inhibition of NF-kB; 
immune 
rejuvenation. 

Moderate 

Betulinic Acid Birch Bark Induction of 
apoptosis in 
senescent-like 
tumor cells. 

Moderate 

Icariin Epimedium PDE5 inhibitor; 
mimics androgen 
effects; bone 

Moderate 



health. 
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Alkaloids and Phenylpropanoids: Specialized Bioactivity 
This group contains some of the most potent—and potentially toxic—pharmacological agents, 
many of which are already used in modern medicine. 

Compound Source Key Rejuvenation 
Mechanism 

Theoretical 
Efficacy 

Capsaicin Red Pepper TRPV1 activation; 
increased 
metabolism/thermo
genesis. 

Moderate 
(Metabolic) 

Tetramethylpyrazin
e 

Chuanxiong Improved cerebral 
blood flow; 
neuroprotection. 

Moderate (Neuro) 

Thymoquinone Black Seed Mitochondrial 
protection; 
anti-inflammatory. 

Moderate 

Oridonin Rabdosia Inhibition of the 
NLRP3 
inflammasome. 

High 
(Inflammaging) 

Shikonin Lithospermum Acceleration of 
wound healing; 
anti-tumor. 

Moderate (Tissue 
repair) 

Piperlongumine Long Pepper Selective senolytic 
via ROS induction. 

High (Senolytic) 
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Comparative Synthesis: Sorting by Theoretical and 



Empirical Efficacy 
The objective of sorting these compounds for rejuvenation requires a balance between their 
validated lifespan-extending properties and their theoretical ability to reverse aging hallmarks. 

The Rejuvenation Hierarchy (Consolidated) 
1. Primary Systemic Rejuvenators (Highest Efficacy) 

●​ Rapamycin: The gold standard for nutrient-sensing modulation and systemic lifespan 
extension.8 

●​ Acarbose: Unrivaled for metabolic rejuvenation and glucose control in males.9 

●​ Fisetin: The most potent natural agent for clearing the senescent cell burden.15 

●​ TA-65 (Cycloastragenol): The only validated oral agent for lengthening human 
telomeres.22 

2. Specialized Metabolic and Mitochondrial Modulators 

●​ AA005: Innovative targeting of fatty acid oxidation and thermogenesis.28 

●​ Canagliflozin: Validated ITP agent that mimics caloric restriction through glucose 
excretion.3 

●​ Berberine: Potent AMPK activator for metabolic homeostasis.17 

●​ 7-hydroxydehydro-nuciferine (7-HDNF): Theoretical leader in epigenetic rejuvenation 
from the lotus plant.4 

3. Vitality and Healthspan Enhancers 

●​ Eurycomanone: Superior for hormonal and sleep rejuvenation.42 

●​ Ginsenosides: Unmatched for systemic vitality and stem cell support.7 

●​ Dieckol/Phlorotannins: Top-tier marine neuroprotectors with high BBB permeability.39 

●​ Ursolic Acid: Crucial for maintaining skeletal muscle mass (anti-sarcopenia).31 

4. Context-Dependent and Hormetic Agents 

●​ Arsenic/Cadmium: High theoretical efficacy for inducing adaptive resilience but high 
practical risk.46 

●​ Piperlongumine: Potent but specialized senolytic.13 

●​ Colchicine: Potent anti-inflammatory with a narrow therapeutic window.48 

Integrative Conclusions on Geroprotective Efficacy 
The exhaustive analysis of these compounds reveals that rejuvenation is not a monolithic 
process but a multi-faceted intervention across cellular and systemic levels. The most 
effective strategy for rejuvenation involves a combination of "hit-and-run" senolytics like 
fisetin to clear cellular dysfunction, chronic systemic regulators like rapamycin to maintain 



proteostasis, and targeted genomic activators like TA-65 to support long-term stem cell 
viability. 

The data from the ITP and CITP programs emphasize that reproducibility is the greatest 
challenge in geroscience. Many compounds with high theoretical efficacy, such as resveratrol 
and curcumin, have failed to produce significant lifespan extension in rigorous animal trials, 
likely due to low bioavailability or the complexity of human aging compared to inbred models.2 
Conversely, the success of non-obvious candidates like acarbose and $17\alpha\text{E2}$ 
highlights the importance of glucose modulation and non-feminizing hormonal signaling in the 
aging process. 

Future rejuvenation protocols will likely move away from the "one-pill" solution toward 
personalized, sex-specific combinations of these agents. For instance, the synergistic 
potential of combining mitochondrial modulators like AA005 with systemic regulators like 
rapamycin could theoretically extend the human healthspan far beyond current limits. As our 
understanding of the epigenetic clock and telomere biology deepens, the integration of 
phytochemicals into standard medical practice will shift from "supplementation" to "precision 
geroprotection," aiming not just to live longer, but to live younger. 
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