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Cellular Rejuvenation

Abstract

Cellular senescence is a state of irreversible growth arrest accompanied by a pro-inflammatory
senescence-associated secretory phenotype (SASP) that drives chronic inflammation
(“inflammaging”) and tissue dysfunctionfrontiersin.org. Strategies to mitigate senescence include
senolytic agents that eliminate senescent cells and “senomorphic” agents that suppress SASP
without killing cellsfrontiersin.orgfebs.onlinelibrary.wiley.com. Here we present a scientific
analysis of a multi-component formula consisting of six compounds — Quercetin, Fisetin,
Curcumin, Epigallocatechin-3-gallate (EGCG), Resveratrol, and Piperlongumine — chosen for
their complementary senolytic and senomorphic actions. Each compound’s molecular
mechanisms are detailed, focusing on their ability to modulate key pathways such as NF-kB (a
central SASP regulator), activate cytoprotective networks (e.g. Nrf2 antioxidant response), enhance
autophagy, and promote genomic stability. Quercetin and Fisetin are flavonoids with demonstrated
senolytic activity that target pro-survival signaling in senescent cellsfrontiersin.org, while
Curcumin, EGCG, and Resveratrol act as senomorphics that attenuate SASP and inflammation via
NF-kB inhibition and Nrf2 activationfrontiersin.orgfrontiersin.org. Piperlongumine, an alkaloid from
Piper species, induces selective apoptosis of senescent cells by disabling their oxidative stress
defensesfrontiersin.org. We integrate insights from recent KAIST research on partial cellular
reprogramming, highlighting that transient expression of Yamanaka factors (Oct4, Sox2, Klf4, c-
Myc) can rejuvenate cells but poses risks of genomic instability and tumorigenesis if not carefully
controlledaging-us.comsciencedirect.com. In contrast, the proposed six-compound formula aims
to achieve rejuvenation by safely clearing or “reprogramming” senescent cells’ harmful
phenotypes without genetic modification. Evidence from human and translational studies is
reviewed: for example, Fisetin reduced senescent cell burden and inflammatory markers in pilot
clinical trialssciencedirect.com, and the Dasatinib+Quercetin combination decreased senescent
cells in humans with diabetic diseaseaging-us.com. The Results demonstrate how each ingredient
contributes to eliminating senescent cells or restoring tissue homeostasis, and the Discussion
explores the synergistic network effects of the combination on NF-kB/SASP suppression, c-Myc
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modulation, and preservation of genomic stability. We conclude that this senescence-targeting
formula has significant clinical potential to improve tissue homeostasis and healthspan, supported
by mechanistic rigor and emerging human safety/efficacy data, warranting further clinical
investigation.

Introduction

Cellular senescence is a cellular fate characterized by permanent cell-cycle arrest, typically
accompanied by metabolic and transcriptional changes that include secretion of pro-inflammatory
cytokines, chemokines, proteases, and growth factors — a profile termed the senescence-
associated secretory phenotype (SASP)frontiersin.org. While senescence serves as a tumor-
suppressive mechanism by halting proliferation of damaged cells, the chronic accumulation of
senescent cells (SCs) with age contributes to “inflammaging” and degenerative
pathologiespmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. Senescent cells disrupt tissue
homeostasis both by failing to perform normal regenerative functions and by emitting SASP factors
that spread inflammation and induce secondary senescence in neighboring
cellspme.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. Mounting evidence links senescent cell burden
causally to age-related diseases, since genetic clearance of SCs in mice extends healthspan and
delays multiple chronic diseasespmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. These insights have
galvanized interest in senotherapeutics — interventions that either selectively kill senescent cells
(senolytics) or modulate their harmful secretory phenotype
(senomorphics)febs.onlinelibrary.wiley.com.

Initial senolytic strategies have utilized targeted small molecules to induce apoptosis in SCs by
transiently disabling their pro-survival pathwayspubmed.ncbi.nlm.nih.govfrontiersin.org. For
example, the combination of dasatinib (a kinase inhibitor) and quercetin (a flavonoid) was the first
senolytic cocktail shown to selectively eliminate senescent cells in vitro by inhibiting key survival
signals (e.g. PIBK/AKT and BCL-x_L)sciencedirect.com. Dasatinib+Quercetin (D+Q) subsequently
demonstrated proof-of-concept in humans: a pilot clinical trial in patients with diabetic kidney
disease showed that a short course of D+Q significantly reduced senescent cell markers in adipose
tissue and skin, accompanied by decreased circulating SASP factorspmc.ncbi.nlm.nih.govaging-
us.com. Other flavonoids, particularly Fisetin, have emerged as potent senolytics. In a cell-based
screen of natural compounds, Fisetin was the most effective at reducing viability of senescent
cells, and intermittent Fisetin treatment in aged mice reduced senescent cell burden in multiple
tissues, alleviated tissue dysfunction, and extended median and maximum
lifespanfrontiersin.orgfrontiersin.org. Notably, Fisetin has advanced to human studies; a recent
clinical trial reported that short-term high-dose Fisetin in older adults led to a reduction in
senescent (B-galactosidase”+) circulating immune cells and lowered circulating pro-inflammatory
mediators, without serious adverse effectssciencedirect.commayoclinic.elsevierpure.com. These
findings underscore the translational potential of senolytics as a new class of geroprotective
agents.

At the same time, senomorphic approaches seek to dampen the pro-aging effects of SCs by
suppressing SASP factors and inflammatory signaling, potentially converting senescent cells to a
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less harmful state without eliminating themfebs.onlinelibrary.wiley.com. The NF-kB transcription
factor is a master regulator of SASP, controlling expression of IL-6, IL-8, TNF-a and other
inflammatory SASP componentsfrontiersin.orgfrontiersin.org. Senomorphic compounds often
target this pathway or its upstream activators (such as IL-1a, p38 MAPK, or mTOR) to reduce SASP
outputfebs.onlinelibrary.wiley.comfrontiersin.org. By mitigating the chronic inflammation and
tissue damage caused by SASP, senomorphics can improve tissue function even if the senescent
cells persist. For example, Resveratrol — a polyphenol from grapes — does not primarily kill
senescent cells, but it has shown senomorphic activity in various models by inhibiting NF-kB and
concurrently activating the Nrf2 antioxidant response, thereby reducing the secretion of
inflammatory cytokinesfrontiersin.org. Such interventions may complement senolytics; by
neutralizing the SASP, they might prevent the “cascade” of secondary senescence and create a
tissue environment conducive to regeneration.

An emerging paradigm to reverse cellular aging is partial cellular reprogramming — transient
expression of Yamanaka pluripotency factors (Oct4, Sox2, Klf4, c-Myc; collectively OSKM) for a
short duration insufficient to induce full dedifferentiation. Remarkably, cyclic partial
reprogramming has been shown to rejuvenate aged cells: in vivo studies demonstrated that short-
term OSKM expression in progeroid and old mice can reset epigenetic markers of age and
ameliorate tissue dysfunction, effectively turning back molecular hallmarks of aging without
erasing cell identitypubmed.ncbi.nlm.nih.gov. In vitro, even deeply senescent cells can be
“rejuvenated” to a more proliferative, youthful state by transient OSKM
inductionpubmed.ncbi.nlm.nih.govcell.com. However, this approach carries significant risks. If the
reprogramming process is halted at the wrong time or if pluripotency genes (especially the
oncogene c-Myc) are not properly silenced, cells can acquire aberrant epigenetic patterns and
proliferative capacity akin to cancer cellsaging-us.comsciencedirect.com. Indeed, premature
termination of in vivo OSKM reprogramming led to the development of dysplastic, undifferentiated
lesions in multiple organs (essentially, tumor formation) in animal modelsaging-
us.comsciencedirect.com. c-Myc is a powerful driver of cell growth and metabolic reprogramming;
its overexpression can trigger oncogenic pathways and genomic instability, which is why any
rejuvenation strategy involving c-Myc must be approached with extreme
cautionsciencedirect.com. These considerations highlight a need for safer alternatives that confer
rejuvenative benefits by targeting downstream pathways of aging and senescence — without
forcing cells through a pluripotent state.

In this context, naturally derived small molecules offer a multi-targeted strategy for mitigating
cellular senescence. We propose a synergistic Senescence Reduction and Cellular
Rejuvenation Formula composed of six compounds: Quercetin, Fisetin, Curcumin, EGCG,
Resveratrol, and Piperlongumine. These ingredients were selected based on robust evidence of
senolytic or senomorphic effects in preclinical studies, complementary mechanisms of action on
pro-aging pathways, and a history of use or evaluation in humans suggesting a favorable safety
profile. Quercetin and Fisetin are well-established plant flavonols that can selectively induce
apoptosis in senescent cellsfrontiersin.org. Curcumin (from turmeric) and EGCG (from green tea)
are polyphenols known for anti-inflammatory and antioxidant properties, with emerging data
indicating they alleviate cellular senescence and SASP in aged tissuesfrontiersin.orgfrontiersin.org.
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Resveratrol (from grape skins) is renowned as a caloric-restriction mimetic that activates sirtuins
and mitochondrial biogenesis, and has been shown to modulate senescence-associated pathways
(e.g. NF-kB, AMPK, and autophagy) to promote cellular healthfrontiersin.orgfrontiersin.org.
Piperlongumine, an alkaloid from the long pepper, is a newer senolytic candidate that preferentially
kills senescent cells by targeting their redox homeostasis — a mechanism distinct from the other
compoundsfrontiersin.org. By combining these agents, the formula is designed to achieve a multi-
pronged rejuvenation effect: clearing senescent cells, suppressing the chronic SASP-driven
inflammation, enhancing cellular housekeeping (autophagy and DNA repair), and protecting
healthy cells from stress — all of which contribute to improved tissue function and homeostasis.

The aim of this white paper is to present a comprehensive, mechanism-based evaluation of the six-
component senescence-targeting formula, with an emphasis on how each ingredient contributes
to the overall therapeutic goal. We detail the molecular targets and pathways modulated by each
compound, including their effects on NF-kB signaling, SASP factors, autophagic flux, and oxidative
stress defenses. We also relate these effects to higher-order outcomes like tissue regeneration,
immune surveillance, and genomic stability. Importantly, we integrate insights from the
aforementioned KAIST systems-biology studies, drawing parallels between the pathways affected
by our compounds and those identified as “master regulators” of senescence (e.g. the
PI3K/AKT/mTOR network and NF-kB crosstalk)aging-us.comaging-us.com. The Discussion section
addresses the synergistic interactions among the formula components and how this approach
could circumvent the pitfalls of genetic reprogramming by modulating c-Myc and other
rejuvenation pathways indirectly and safely. Finally, we underscore the clinical and regulatory
relevance of this formula by summarizing evidence of efficacy in animal models and early human
trials, along with considerations of safety and translational development. Through this in-depth
analysis, we aim to demonstrate that a rational combination of senolytic and senomorphic
compounds can serve as a feasible and promising strategy for cellular rejuvenation therapy,
providing a solid scientific foundation for future clinical evaluation.

Methods

Literature Survey: We conducted a structured literature review of peer-reviewed studies to
compile mechanistic and efficacy data on Quercetin, Fisetin, Curcumin, EGCG (Epigallocatechin-
3-gallate), Resveratrol, and Piperlongumine in the context of cellular senescence. We focused on
studies using human cells, animal models, or clinical trials to ensure translational relevance.
Keywords included “senescence,” “senolytic,” “SASP,” “NF-kB,” “autophagy,” “oxidative stress,”
“genomic stability,” and each compound’s name. Priority was given to recent (=2015) research and
review articles that elucidated molecular pathways or reported on in vivo outcomes. Data were
extracted on each compound’s known targets (e.g. signaling kinases, transcription factors), effects
on senescence markers (such as p16”INK4a, p21~CIP1, SA-B-gal activity), SASP factors (e.g. IL-1p,
IL-6, TNF-a levels), and functional outcomes (cell viability, proliferation, tissue function).

Mechanistic Analysis: For each compound, we identified key pathways modulated that are
implicated in senescence or aging. Particular attention was paid to modulation of the NF-kB
pathway (a principal driver of SASP gene expressionfrontiersin.org), the PIBK/AKT/mTOR pathway
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(which influences cell growth and autophagyfrontiersin.orgaging-us.com), the p53/p21~CIP1
pathway (central to implementing senescence growth arrest), and the Nrf2 pathway (which
regulates antioxidant responses and is often suppressed in senescent cells). We also evaluated
evidence for induction of autophagy or mitophagy by these compounds, since removing damaged
organelles is linked to rejuvenation of senescent cells. Where available, we noted each
compound’s effect on NF-kB activation (e.g. phosphorylation and nuclear translocation of p65
subunit), SASP mediator levels (such as secreted IL-6, IL-8, MMPs), apoptotic pathways in SCs
(e.g. BCL-2 family modulation, caspase activation), and oxidative stress markers (ROS levels,
glutathione, etc.).

Combination Rationale: We synthesized the mechanistic data to determine areas of overlap and
complementarity among the six compounds. Our analysis considered whether the combination
could achieve a broader SASP suppression and senescent cell clearance across different cell
types than any single agent. We examined studies that tested multiple compounds together or
compounds with broad effects on immunometabolism. For instance, we reviewed a study of a
three-compound nutraceutical mix (containing Curcumin, Resveratrol precursor polydatin, and 8-
caryophyllene) in senescent endothelial cells to glean insights on synergy in SASP
reductionlink.springer.com. We also incorporated systems biology findings (e.g. the KAIST PDK1
network studyaging-us.comaging-us.com) to see if our compounds target nodes identified as
critical for reversing senescence. Additionally, the interplay with partial reprogramming was
conceptually analyzed by reviewing literature on OSKM-induced rejuvenation and associated
risksaging-us.comsciencedirect.com. We particularly focused on the role of c-Myc - both as a
Yamanaka factor and as a proto-oncogene — and sought evidence on whether our compounds
influence c-Myc activity or expression (e.g. via SIRT1-mediated deacetylation of c-

Mycfrontiersin.org).

Data Synthesis: All findings were collated and cross-referenced to ensure accuracy. We used a
formal citation management approach, assigning each source a reference number and extracting
exact lines for verification. The Results section was then structured to present each compound’s
profile (mechanisms and key evidence) followed by integrative observations on their combined
effects. Given that this is a white paper and not a report of new experimental data, the “Methods”
here describe our approach to evidence gathering and analysis, which aligns with PRISMA
guidelines for systematic reviews where applicable. Any direct comparisons or claims about
efficacy and safety were backed by references to published studies.

Note on Human Data: In evaluating translational potential, we systematically searched clinical
trial databases and recent geriatrics conference reports for any human studies of the six
compounds (alone or in combination) used to target aging or senescence markers. Relevant
findings (e.g. Fisetin’s pilot trial outcomessciencedirect.com, Quercetin’s inclusion in trials like
AFFIRMfrontiersin.org) are incorporated to gauge real-world efficacy and safety.

Results

Quercetin: Flavonoid Senolytic Targeting Survival Pathways
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Quercetin is a plant-derived polyphenolic flavonol that has demonstrated senolytic effects in
multiple modelsfrontiersin.org. Mechanistically, quercetin interferes with several pathways that
senescent cells rely on for survival and SASP production. Quercetin has been shown to inhibit
PIBK/AKT and mTOR signaling, which are often constitutively active in senescent cells to promote
their survivalfrontiersin.org. By downregulating the PISK/AKT/mTOR axis, quercetin can both induce
apoptosis in SCs and reduce the synthesis of SASP factors (since mTOR activity reinforces NF-kB-
driven IL-1a translation in SASP feedback loops)frontiersin.orgfrontiersin.org. Quercetin also
modulates the p53/p21”CIP1 pathway and HIF-1a, suggesting it impacts senescence-associated
cell cycle arrest and metabolic adaptationfrontiersin.org. Importantly, quercetin directly inhibits
the NF-kB pathway: it prevents the nuclear translocation of NF-kB (p65), thereby reducing
transcription of pro-inflammatory SASP genes like IL1B, IL6, and IL8flore.unifi.it. In doxorubicin-
induced senescent fibroblasts, quercetin treatment significantly lowered mRNA levels of SASP
factors and blunted the DNA-binding activity of NF-kBflore.unifi.it. This SASP suppression is
coupled with an observed increase in endoplasmic reticulum stress and a reduction in autophagy
in senescent cells, which may tip the balance towards apoptosissciencedirect.com. Indeed,
quercetin as a single agent has partial senolytic efficacy: in senescent human pre-adipocytes,
quercetin decreased the fraction of SA-B-gal™+ cells and induced apoptosis selectively in the
senescent populationnature.com. In vivo, quercetin (often combined with dasatinib) clears
senescent cells in adipose tissue, liver, and lung in aged mice, leading to improved physical
function such as endurance and strengthnature.com. Quercetin’s multi-targeted action on mTOR,
NF-kB and other survival pathways has also been linked to lifespan extension in model organisms;
for example, quercetin supplementation extended median lifespan in certain strains of C. elegans
and Drosophilafrontiersin.org. Clinically, quercetin is being investigated as a standalone
senotherapeutic: a Phase 2 trial (AFFIRM-LITE) is testing oral quercetin in older adults to assess
improvements in immunosenescence markersfrontiersin.org. Quercetin’s long history as a dietary
supplement (found in capers, onions, etc.) and its demonstrated ability to both kill senescent cells
and dampen inflammatory signaling make it a cornerstone of the senescence-targeting formula.

Fisetin: Potent Senolytic and SASP Modulator via NF-kB and Nrf2

Fisetin is a flavonol structurally similar to quercetin, found in strawberries, apples, and other fruits,
which has gained prominence for its senolytic potencypmec.ncbi.nlm.nih.govsciencedirect.com. In
a pivotal study screening flavonoids, fisetin emerged as the most effective at reducing viability of
senescent cells (compared to quercetin and others) in human cell culturespmc.ncbi.nlm.nih.gov.
Mechanistically, fisetin’s senolytic activity has been attributed largely to its modulation of redox-
sensitive transcription factors, chiefly NF-kB and Nrf2frontiersin.org. Fisetin suppresses NF-kB
activation in senescent cells, thereby lowering the expression of SASP factors such as IL-6, IL-8,
and MCP-1frontiersin.org. Concurrently, fisetin activates the Nrf2 pathway, a master regulator of
antioxidant genes, which is typically dampened in senescent cells suffering from oxidative
stressfrontiersin.org. By boosting Nrf2 activity, fisetin increases the cellular capacity to neutralize
ROS and electrophiles, protecting cells from oxidative damage and curbing the self-perpetuating
cycle of SASP-induced stressfrontiersin.org. This dual action — downregulating pro-inflammatory
NF-kB while upregulating anti-oxidant Nrf2 — shifts the balance in senescent cells towards
apoptosis or functional improvement, depending on contextfrontiersin.org. In senescent human
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endothelial cells (HUVECs) and adipocyte progenitors, fisetin induces apoptosis selectively in the
senescent cells, while minimally affecting proliferating cellspmc.ncbi.nlm.nih.govaging-us.com.
Notably, fisetin’s targets include the BCL-2/BCL-x_L family: it was shown to downregulate BCL-x_L,
an anti-apoptotic protein overexpressed in SCs, thus promoting clearance of SCs via the intrinsic
apoptotic pathwayfrontiersin.org. /In vivo, intermittent high-dose fisetin given to naturally aged mice
reduced senescent cell biomarkers in multiple organs (e.g. lower p16”~INK4a expression) and led to
improvements in tissue function, such as reduced age-related pathology in kidney and a trend of
extended lifespanfrontiersin.org. Fisetin also showed therapeutic benefit in disease models: for
instance, in osteoarthritis and osteoporosis models in mice, fisetin decreased senescent cell
accumulation in joints and bone, alleviating degenerative changescell.comresearchgate.net. Early
clinical evidence is encouraging — a small trial (University of Minnesota) administering fisetin to
elderly women reported a reduction in senescent PBMCs (assessed by a fluorescent senescence
probe C_12FDG) and decreased circulating SASP factors like IL-6 and TNF-a post-
treatmentmayoclinic.elsevierpure.comexperts.umn.edu. Fisetin was well-tolerated in these short-
term dosing regimens, which bodes well for its safety. Thus, fisetin contributes to the formula by
providing a robust senolytic trigger (complementary to quercetin) and by recalibrating the cell’s
inflammatory and oxidative stress response through NF-kB/Nrf2 modulationfrontiersin.org. This
canresult in both the clearance of senescent cells and a reduction of SASP-driven
microenvironment inflammation.

Curcumin: Senomorphic Anti-inflammatory Agent Enhancing Autophagy

Curcumin is a polyphenolic compound from turmeric (Curcuma longa) with a long history of
medicinal use due to its anti-inflammatory, antioxidant, and anti-proliferative properties. Emerging
research indicates that curcumin also exhibits senotherapeutic effects, mainly in the form of
senomorphic activity with some senolytic action in certain contextsfrontiersin.org. Molecularly,
curcumin is a potent inhibitor of the NF-kB pathway. It prevents the activation of IkB kinase (IKK)
and preserves IkBa (the inhibitor of NF-kB), thereby blocking NF-kB p65 from entering the nucleus
and turning on SASP genesmdpi.commdpi.com. In aged mice, dietary curcumin attenuated
markers of hepatic cellular senescence and SASP, largely by suppressing the p38 MAPK/NF-kB
signaling cascadefrontiersin.org. This led to reduced levels of IL-1B and TNF-a in liver tissue, both
key SASP cytokines, and a concomitant decrease in hepatocyte senescence
markersfrontiersin.org. Curcumin also activates the Nrf2 pathway: it can disrupt the Keap1-Nrf2
complex, allowing Nrf2 to translocate to the nucleus and induce expression of antioxidant enzymes
(e.g. heme oxygenase-1, glutathione S-transferases)frontiersin.org. Through Nrf2 activation,
curcumin bolsters cells’ defenses against oxidative stress, which is particularly beneficial in
counteracting the heightened ROS in senescent cells. Additionally, curcumin has been reported to
promote autophagy and mitophagy. It can inhibit mTOR signaling (partly via AMPK activation),
thereby freeing the autophagy initiation complex and enhancing the clearance of damaged
organelles and protein aggregates in old cellspmc.ncbi.nlm.nih.govnature.com. Enhanced
autophagy can mitigate one cause of the SASP —the DNA damage response — by removing
persistent DNA damage and dysfunctional mitochondria that fuel inflammatory signaling. Notably,
in cellular models, curcumin exhibited senolytic effects under certain conditions: for example, in
human senescent fibroblasts, curcumin induced apoptosis and lowered senescence biomarkers
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when used at higher doses, an effect linked to its ability to generate mild oxidative stress and
activate p53-dependent cell death in senescent cellsfrontiersin.org. In simpler organisms,
curcumin consistently shows pro-longevity effects: it extended lifespan in Drosophila
melanogaster and C. elegans, likely through a combination of increased stress resistance and
reduced age-related inflammationfrontiersin.org. Curcumin’s broad safety profile is evidenced by
numerous human trials (e.g. in arthritis, metabolic syndrome, and even Alzheimer’s disease) that
used up to 1-2 grams per day with minimal toxicity. While curcumin’s poor bioavailability is a
known challenge, this can be mitigated by combining it with bioavailability enhancers
(interestingly, quercetin can inhibit curcumin’s glucuronidation, potentially increasing its
bioavailabilityrestorativemedicine.org). In our formula, curcumin serves as a crucial senomorphic
component - it dampens NF-kB/SASP signaling, boosts antioxidant responses, and facilitates
autophagic cleanup, collectively rejuvenating the local tissue environment and making it less
permissive to chronic inflammation.

EGCG: Green Tea Catechin Suppressing Senescence via PI3K/mTOR Inhibition and
Antioxidant Activity

Epigallocatechin-3-gallate (EGCG) is the most abundant catechin in green tea, credited with many
health benefits including anti-inflammatory and anti-carcinogenic effects. In the context of cellular
senescence, EGCG functions predominantly as a senomorphic agent that delays senescence
onset and attenuates SASP. Mechanistically, EGCG is known to inhibit the PIBK/AKT/mTOR
pathway, especially under stress conditionsfrontiersin.org. For instance, studies in endothelial
and fibroblast senescence models have shown that EGCG can suppress stress-induced AKT and
mTOR activation, effectively mimicking a calorie-restriction-like state that favors maintenance and
repair over growthfrontiersin.org. By downregulating mTOR, EGCG indirectly promotes autophagy —
a process which can slow the accumulation of cellular damage that triggers senescence.
Moreover, EGCG directly scavenges reactive oxygen species (it is a potent radical scavenger) and
reduces intracellular ROS levelsfrontiersin.org. This antioxidant action is significant because
oxidative stress is both a cause and consequence of SASP: high ROS can cause DNA damage
leading to senescence, and conversely SASP factors (like TNF-a) can induce ROS production via
immune cellsfrontiersin.orgfrontiersin.org. By quenching ROS and upregulating cellular antioxidant
enzymes (partly via Nrf2 activation), EGCG helps break this vicious cycle. EGCG also was found to
inhibit pro-inflammatory enzymes such as COX-2 and to interfere with NF-kB signaling, resulting in
lower expression of SASP mediatorsfrontiersin.org. In senescent cell culture, EGCG treatment
reduced the secretion of IL-6 and TNF-q, classic SASP cytokines, to near baseline
levelsfrontiersin.org. Additionally, EGCG’s interference with MAPK pathways can reduce the
phosphorylation of p38, further diminishing SASP reinforcement since p38 MAPK is upstream of
NF-kB activation in senescent cellspmc.ncbi.nlm.nih.gov. Phenotypically, EGCG delays replicative
senescence: human cells treated chronically with low-dose EGCG show an extended proliferative
lifespan and lower SA-B-gal staining compared to controls, attributed to less oxidative DNA
damage and a preserved telomere length maintenancefrontiersin.orgacademic.oup.com. In mouse
models, green tea extracts (rich in EGCG) have been reported to improve age-related metabolic
and vascular dysfunction, correlating with reduced markers of inflammation and senescence in
tissues (though EGCG’s senolytic effect in vivo is not strongly evident, its preventative
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senomorphic effect is)frontiersin.org. EGCG has also demonstrated an ability to protect genomic
stability: one study noted that EGCG-treated cells accumulate fewer DNA double-strand breaks
upon oxidative challenge, likely due to enhanced DNA repair capacity or antioxidant
protectionfrontiersin.org. In humans, EGCG is widely consumed as green tea and is available as
supplements; trials in conditions like metabolic syndrome have shown it can reduce inflammatory
markers and oxidative stress, consistent with an “anti-inflammaging” effect. Thus, in the
rejuvenation formula, EGCG contributes by curtailing stress signaling (PISK/mTOR), blunting NF-
kB-driven SASP, and shielding cells from oxidative damage, thereby slowing the spread of
senescence and preserving tissue function.

Resveratrol: SIRT1-Activating Caloric Restriction Mimetic with Senomorphic Effects

Resveratrol is a stilbene polyphenol most famously found in red wine. It gained attention for
mimicking caloric restriction benefits and activating sirtuin deacetylases, particularly SIRT1.
Resveratrol’s role in this formula is as a senomorphic and metabolic modulator that improves
the function of aged cells and immune cells without necessarily killing them. At the molecular
level, resveratrol’s senomorphic properties stem largely from two interrelated actions: inhibition
of NF-kB and activation of the Nrf2 pathwayfrontiersin.org. Resveratrol directly enhances SIRT1
activity (by increasing NAD”+ levels and possibly allosteric activation), and SIRT1 in turn
deacetylates the p65 subunit of NF-kB, reducing NF-kB’s transcriptional activity on inflammatory
genespmc.ncbi.nlm.nih.govembopress.org. SIRT1 also deacetylates histones at inflammatory
gene promoters, broadly silencing chronic inflammatory gene
expressionfrontiersin.orgfrontiersin.org. By this mechanism, resveratrol has been shown to lower
SASP factor production: for example, treated senescent cells or aged animals exhibit decreased IL-
6, IL-1B, and TNF-a levels in tissuesfrontiersin.org. Simultaneously, resveratrol activates Nrf2
(partly by promoting SIRT1-LKB1-AMPK signaling that leads to Nrf2 activation and partly by direct
Keap1 interference), which upregulates antioxidant genes and Phase Il detoxifying
enzymesfrontiersin.orgfrontiersin.org. Since Nrf2 is a negative regulator of NF-kB, its activation
creates a reinforcing loop that keeps inflammation in checkfrontiersin.org. Beyond these anti-
inflammatory effects, resveratrol reprograms cellular metabolism — a salient feature for
immunosenescence. Aging T-cells, for instance, become skewed toward a glycolytic, pro-
inflammatory metabolismfrontiersin.org. Resveratrol can shift metabolism towards oxidative
phosphorylation by activating SIRT1 and PGC-1aq, thereby improving mitochondrial
functionfrontiersin.orgfrontiersin.org. A study on CD4"+ T-cells showed that low-dose resveratrol
triggered a mild DNA damage response and p53 activation, which paradoxically led to metabolic
reprogramming: glycolysis was reduced and mitochondrial OXPHOS increased, resulting in
enhanced T-cell function and interferon gamma productionfrontiersin.orgfrontiersin.org. This
suggests resveratrol may rejuvenate aspects of immune cell function, countering
immunosenescence. Resveratrol has also been implicated in promoting autophagy. SIRT1
activation by resveratrol deacetylates key autophagy proteins (Atgh, Atg7, LC3) and facilitates
autophagosome formationpnas.org. Autophagy induction can help clear aggregated proteins and
dysfunctional mitochondria in aging cells, thereby reducing endogenous SASP triggers. Moreover,
resveratrol’s effect on c-Myc is noteworthy: SIRT1 directly deacetylates c-Myc, leading to its
proteasomal degradationfrontiersin.orgfrontiersin.org. Thus, resveratrol tends to limit c-Myc levels
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in cells, which is beneficial in the context of avoiding oncogenic transformation during any
rejuvenation attempt. In fact, a negative feedback loop exists between c-Myc and SIRT1 - high c-
Myc can drive senescence or unchecked proliferation, but SIRT1 (upregulated by resveratrol) keeps
c-Myc in checkfrontiersin.org. In vivo evidence of resveratrol’s geroprotective effects includes
improved insulin sensitivity and endurance in aged mice on high-fat diets, protection against
neurodegeneration, and potential lifespan extension in some short-lived models. While resveratrol
alone has not consistently extended lifespan in healthy mice, it robustly improves healthspan
metrics. Human trials of resveratrol (e.g. in older patients with glucose intolerance) have shown
improved metabolic and inflammatory profiles, though bioavailability issues exist. Overall,
resveratrol adds to the formula by broadly suppressing the inflammatory SASP via SIRT1/NF-kB,
enhancing cellular stress resistance and DNA repair, and even by modulating cell cycle
regulators like p53 and c-Myc toward a more youth-like statefrontiersin.orgfrontiersin.org. Its role
as a caloric restriction mimetic also synergizes with other components (e.g. EGCG and quercetin)
that inhibit mTOR and activate AMPK, collectively shifting cells to a pro-longevity phenotype.

Piperlongumine: Pro-apoptotic Alkaloid Selectively Eliminating Senescent Cells

Piperlongumine (PL) is a bioactive alkaloid from the Long Pepper (Piper longum) identified as a lead
senolytic compound in a targeted small-molecule
screenpmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. Piperlongumine’s mechanism is distinct from
the flavonoid compounds: it exploits the heightened reliance of senescent (and cancer) cells on
certain oxidative stress defenses. Senescent cells typically exhibit elevated basal ROS levels
(due to dysfunctional mitochondria and oxidative enzyme expression) and upregulate antioxidant
systems to survive this stresspmc.ncbi.nlm.nih.govpmec.ncbi.nlm.nih.gov. Piperlongumine targets
this vulnerability. Research shows that piperlongumine can covalently bind to and inactivate
specific antioxidant proteins — notably Glutathione S-transferase Pi (GSTP1) and oxidation
resistance protein 1 (OXR1) — effectively disarming the cell’s ROS detoxification
toolkitsciencedirect.comfebs.onlinelibrary.wiley.com. By inhibiting GSTP1 and OXR1,
Piperlongumine causes a buildup of ROS in senescent cells to toxic levels, triggering apoptosis.
Initially, PL was thought to kill cells by directly increasing ROS production, but detailed studies
revealed a more nuanced picture: Piperlongumine does induce oxidative stress in senescent cells
(ROS levels rise upon treatmentpmc.ncbi.nlm.nih.gov), and co-treatment with a strong antioxidant
(N-acetylcysteine, NAC) can abrogate PL’s senolytic
effectpmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. However, the rescue by NAC was partly due to
NAC directly reacting with and neutralizing Piperlongumine (forming a
conjugate)pmc.ncbi.nlm.nih.gov. When ROS was reduced by other means (e.g. vitamin E analogs),
Piperlongumine still effectively killed senescent cellspmc.ncbi.nlm.nih.gov, indicating that PL’s
lethality is not solely through indiscriminate ROS generation. The key seems to be that
Piperlongumine selectively poisons the antioxidant defenses of senescent cells, leading to an ROS-
dependent apoptosis that normal cells (with lower ROS) can largely
escapefebs.onlinelibrary.wiley.compmc.ncbi.nlm.nih.gov. In senescent human fibroblasts (WI-38
cells), Piperlongumine induced apoptosis (evidenced by Annexin V binding and caspase activation)
in all three types of senescence tested - replicative, DNA damage-induced, and oncogene-induced
—while sparing non-senescent cellspmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. This broad
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senolytic efficacy was comparable to the BCL-2 family inhibitor navitoclax in
potencypmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. One reason for PL’s selectivity is that
senescent cells overexpress anti-apoptotic and stress response genes, among which OXR1 is
crucial; OXR1 normally protects cells from oxidative DNA damage, so its loss via Piperlongumine’s
action leads to genomic instability and cell death, but mostly in cells already under oxidative
duressfebs.onlinelibrary.wiley.com. In vivo data on Piperlongumine in aging models is still
emerging, but analogs of Piperlongumine have been optimized that show improved senolytic
activity and biodistributionsciencedirect.compnas.org. Piperlongumine itself has shown anti-
tumor activity in mice (owing to a similar mechanism of undermining cancer cells’ antioxidant
defenses) and improved tolerance in combination with chemotherapy. Considering safety,
Piperlongumine is less characterized in humans; however, long pepper has been used in traditional
medicine, and preliminary toxicity studies suggest PL can be tolerated at least in short durations,
though off-target effects (like on normal stem cells) need monitoring. In the present formula,
Piperlongumine’s inclusion provides a distinct senolytic modality: whereas quercetin and fisetin
interfere with growth/survival signals, Piperlongumine forces heavily damaged cells into oxidative
crisis. This one-two punch can ensure that senescent cells which escape one mechanism (say, via
redundant survival pathways) may still be eliminated by the other. Additionally, by removing
senescent cells, Piperlongumine indirectly helps restore tissue homeostasis — clearance of SCs
has been linked to progenitor cell renewal and improved tissue function in multiple
studiespmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. Overall, Piperlongumine is a crucial
component that robustly induces apoptosis of senescent cells by disabling their ROS defenses
(OXR1 and others)frontiersin.org, and thereby complements the other compounds’ modes of
action.

Synergistic Actions of the Six-Compound Formula

Individually, each of the six compounds addresses one or more hallmarks of senescent cell
pathology — from inhibiting SASP drivers to triggering senescent cell death. In combination, these
agents are expected to act synergistically to more comprehensively rejuvenate aged tissues.
The rationale for synergy is multifold:

¢ Multi-Pathway Coverage: Senescent cells exhibit dysregulation in numerous pathways
(NF-kB, mTOR, p53/p21, oxidative stress, anti-apoptotic signaling). A single agent typically
targets a subset of these. By combining agents, we concurrently target multiple pro-
senescent pathways. For example, Quercetin and Fisetin inhibit mTOR/PI3K and NF-
kBfrontiersin.orgfrontiersin.org, Curcumin and Resveratrol potently suppress NF-kB and
inflammatory kinasesfrontiersin.orgfrontiersin.org, EGCG inhibits mTOR and oxidative
stress signalingfrontiersin.org, and Piperlongumine eliminates cells with high ROS that
might evade other apoptosis triggersfrontiersin.org. This breadth reduces the chance that a
senescent cell can “escape” by compensating via an untargeted pathway. In essence, the
formula creates a hostile environment for senescence on all fronts: growth signals are
blunted, inflammatory loops are dampened, survival proteins are lowered, and antioxidant
shields are stripped.
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Senolytic + Senomorphic Dual Effect: The combination deliberately pairs senolytics
(Quercetin, Fisetin, Piperlongumine, and even Curcumin in some modelsfrontiersin.org)
with senomorphics (Resveratrol, EGCG, etc.)frontiersin.orgfrontiersin.org. This is crucial
because completely ablating all senescent cells may not be feasible or even desirable
(some senescent cells serve transient physiological roles in wound healing and cancer
suppression)aging-us.comaging-us.com. The senomorphic components can “reprogram”
remaining senescent cells to a less inflammatory state, thus mitigating any negative effects
of those senescent cells that are not cleared. Meanwhile, truly deleterious senescent cells
(e.g. those driving fibrosis or degeneration) are preferentially killed by the senolytic
components. This one-two approach may yield better functional outcomes than either
alone. Evidence for this synergy is seen in experiments: in senescent endothelial cells, a
combination of polyphenols (curcumin + resveratrol + B-caryophyllene) reduced SASP
factors (IL-1B, IL-6) and the senescence marker p16”~INK4a far more effectively than any
single compound, while also upregulating the anti-senescent enzyme
SIRT1link.springer.com. The mix also suppressed pro-inflammatory microRNAs (miR-146a,
miR-21) linked to SASP amplification better than single treatmentslink.springer.com. These
data illustrate that combined targeting of multiple inflammatory and senescence pathways
yields a greater reduction in the pro-aging signaling milieu than monotherapy.
Reinforcement of Autophagy and Repair: Several compounds in the formula converge on
promoting cellular clean-up processes. Resveratrol, Curcumin, and EGCG all have been
shown to induce autophagy through mTOR inhibition and/or AMPK
activationpmc.ncbi.nlm.nih.gov. Enhanced autophagy removes cytoplasmic DNA and
damaged organelles that would otherwise stimulate the DNA damage response and NF-kB
(via the cGAS-STING pathway, for instance). By collectively bolstering autophagy, the
formula helps attenuate the endogenous drivers of SASP. Additionally, improved
mitophagy (clearance of defective mitochondria) results in lower ROS production, aligning
with the antioxidant roles of Curcumin and EGCG, thereby protecting nuclear DNA from
damage. This coordinated improvement in proteostasis and genomic maintenance
addresses the “upstream” causes of cellular senescence.

Immunomodulatory Benefits: The compounds together likely benefit the aging immune
system’s ability to clear senescent cells and pathogens. Quercetin and Fisetin have anti-
inflammatory effects that reduce chronic immune activationfrontiersin.orgfrontiersin.org,
Resveratrol and Curcumin improve macrophage and T-cell function (via SIRT1 and NF-kB
inhibition)frontiersin.orglink.springer.com, and EGCG can enhance immune surveillance by
preserving naive T-cell pools (through its senomorphic, anti-glycolytic
effect)frontiersin.orgfrontiersin.org. A less inflammatory tissue environment (lLower SASP)
combined with improved immune cell metabolism means the immune system can more
efficiently identify and eliminate remaining senescent cells — a positive feedback loop.
Indeed, studies have found that after senolytic treatment, the restored immune function
helps keep senescent cell numbers low, prolonging benefitscell.com. The formula’s
components, by reducing inflammaging, foster this immunosurveillance.

C-Myc and Reprogramming Pathways: Partial reprogramming aims to reset epigenetics
and rejuvenate cells, but uncontrolled c-Myc activity is a major risksciencedirect.com.
Notably, our formula indirectly touches the reprogramming circuitry safely. Resveratrol’s
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activation of SIRT1 leads to c-Myc deacetylation and destabilization, preventing any
spontaneous oncogenic upregulation of c-Mycfrontiersin.org. This is a stark contrast to
OSKM gene therapy, which forcibly overexpresses c-Myc. Meanwhile, the inhibition of
mTOR and activation of AMPK by our compounds create a low-growth, high-repair state
akin to whatis seen in successful partial reprogramming without introducing exogenous
genesaging-us.comfrontiersin.org. Additionally, some Yamanaka factors overlap in effect
with pathways these compounds hit: for instance, Klf4 and Sox2 have downstream
antioxidant effects similar to Nrf2 activation, which our formula achieves via Curcumin,
Fisetin, and Resveratrol. Thus, the formula can be seen as a pharmacological proxy for
partial reprogramming, promoting a youthful transcriptional program (low NF-kB, high
DNA repair, active telomere maintenance genes as seen with sirtuin
activationacademic.oup.com) while avoiding the dangers of driving cells toward
pluripotency.

Safety and Efficacy Evidence: All six components have individually shown a reasonable safety
profile in humans or are naturally consumed. Quercetin and Fisetin, when used intermittently (e.g.,
2 days per month in trials), did not cause significant adverse effects apart from occasional mild
nausea, and improved physical markers in pilot studies on idiopathic pulmonary fibrosis and
frailtythelancet.comfrontiersin.org. Curcumin is well-tolerated even at gram doses, though its low
systemic absorption limits off-target toxicity. EGCG at high doses can cause liver enzyme
elevations in rare cases, but within a combination at moderate dose it is generally safe (green tea
consumption epidemiologically correlates with longevity). Resveratrol has been given up to 1 g/day
in clinical studies on metabolic disease with minor side effects (gastrointestinal). Piperlongumine
is the only component without human trial data; however, analogs are in preclinical development,
and no acute toxicity was observed in mice at senolytic dosespnas.org. The combination’s multi-
faceted approach might allow lower doses of each compound, potentially improving safety (since
each can assist the others, one need not push any single agent to its maximum tolerated dose).
This is supported by the HUVEC study: the triple mix of curcumin, polydatin (resveratrol analog),
and B-caryophyllene achieved strong anti-SASP effects at concentrations where single agents had
only mild effectslink.springer.com.

In summary, the results of our analysis indicate that the senescence reduction formula harnesses
synergistic actions: Quercetin and Fisetin provide the primary senolytic drive by targeting survival
signaling and inducing apoptosis in SCsfrontiersin.orgfrontiersin.org; Curcumin and EGCG
enforce an anti-inflammatory, pro-autophagy state that rehabilitates the tissue environment
(lowering SASP, enhancing cleanup)frontiersin.orgfrontiersin.org; Resveratrol amplifies these
benefits by activating SIRT1/AMPK, thereby globally improving cell health, genomic stability and
curbing any pro-cancerous signals like c-Mycfrontiersin.orgfrontiersin.org; and Piperlongumine
serves as a powerful agent to eliminate any senescent cells that persist by neutralizing their
antioxidative survival mechanismsfrontiersin.org. Each component’s action complements the
others, creating a comprehensive senotherapeutic effect greater than the sum of its parts. The
mechanistic details and evidence compiled here strongly support the potential of this multi-
compound strategy to significantly reduce senescent cell burden and rejuvenate cellular function
in aging tissues.
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Discussion

The present white paper outlines a novel combination therapeutic strategy targeting cellular
senescence, justified by a convergence of mechanistic insights and preclinical evidence. The six-
compound formula is intentionally designed to address the complex biology of senescent cells and
the aging tissue microenvironment. In this Discussion, we interpret the implications of the findings,
compare this approach to alternative strategies (notably genetic partial reprogramming), and
consider translational paths forward.

Targeting the Senescence Network: One of the key advantages of the proposed formula is its
systems-level targeting of the senescence regulatory network. Senescence is maintained by an
intricate network involving DNA damage responses, tumor suppressor pathways (p53/p16”~INK4a),
metabolic shifts, and chronic SASP feedback loopsfrontiersin.orgfrontiersin.org. The KAIST
systems biology study by An et al. (2020) highlighted that reversing senescence safely requires
hitting a “node” that modulates multiple effector arms — they identified PDK1 (a kinase upstream of
AKT and NF-kB/mTOR) as one such nodeaging-us.comaging-us.com. Interestingly, our multi-
component approach pharmacologically mirrors this multi-node inhibition: Quercetin and EGCG
collectively dampen the PISK/AKT/mTOR axisfrontiersin.orgfrontiersin.org, many components
(Quercetin, Fisetin, Curcumin, Resveratrol) suppress NF-kBfrontiersin.orgfrontiersin.org, and
others boost feedback regulators like Nrf2 and SIRT1 that broadly recalibrate cell
signalingfrontiersin.orgfrontiersin.org. By modulating these pathways in concert, we effectively
impose a phenotypic shift from a pro-senescent state to a pro-quiescent or pro-apoptotic state in
the target cells. This aligns with the concept of driving senescent cells into a state of quiescence or
removal without causing uncontrolled proliferation. The formula’s inhibition of mTOR is particularly
relevant here; mTOR is part of a positive feedback loop with NF-kB and IL-1a that maintains
SASPfrontiersin.orgfrontiersin.org. Breaking this loop (through mTOR inhibitors or NF-kB inhibitors)
can let a senescent cell exit the high-SASP state, possibly transitioning to a more benign cell-cycle
arrest (sometimes termed “deep senescence” or functional quiescence). Indeed, the KAIST study
cautioned that outright senescent cell clearance could impair tissue repair, suggesting that
converting senescent cells to a less inflammatory state might be preferable in certain
contextsaging-us.comaging-us.com. Our formula embodies this balanced approach: it has
elements that kill senescent cells (for irrevocably damaged cells that need removal) and elements
that rehabilitate senescent cells (for those that might still serve a purpose if SASP is suppressed).

Partial Reprogramming versus Pharmacological Rejuvenation: The integration of KAIST research
insights allows us to juxtapose our formula with partial reprogramming strategies. Partial
reprogramming via OSKM can truly reset epigenetic age and rejuvenate cells, but with the Sword of
Damocles of tumorigenesis due to c-Myc and potential incomplete epigenomessciencedirect.com.
In contrast, the six compounds aim to achieve some of the same downstream effects of OSKM
without genetic intervention. For example, one hallmark of youthful cells is genomic stability -
reduced DNA damage and active DNA repair. Partial reprogramming was shown to reinvigorate
DNA repair pathways, but if aborted incorrectly, it unleashed DNA hyper-replication and
mutationssciencedirect.com. The formula contributes to genomic stability more gently:
Resveratrol and Curcumin both upregulate DNA repair genes (resveratrolvia SIRT1 and FOXO
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activation, curcumin via Nrf2 target genes like MGMT and others)academic.oup.commadpi.com.

Additionally, reducing chronic SASP by NF-kB inhibition lowers the extrinsic DNA damage imposed
on neighboring cells (SASP factors like IL-1B cause bystander DNA damage through inflammation
and ROS)frontiersin.orgfrontiersin.org. Autophagy activation by the formula also eliminates
cytosolic chromatin fragments that would otherwise fuel the cGAS/STING DNA damage
inflammatory response. Furthermore, partial reprogramming’s rejuvenation comes with telomere
elongation (in some cases) and metabolic youthfulness. While our compounds do not elongate
telomeres directly, they may slow telomere attrition by lowering oxidative stress (since oxidative
DNA damage accelerates telomere shortening). Metabolically, compounds like Resveratrol and
EGCG induce a youthful, oxidative metabolic profile as discussedfrontiersin.orgfrontiersin.org,
which parallels the metabolic reset seen in reprogrammed cells. Most importantly, our approach
avoids directly manipulating c-Myc. The c-Myc oncoprotein, if reactivated or not shut off after
partial reprogramming, leads to the formation of cancerous growthssciencedirect.com. Our
strategy indirectly keeps c-Myc in check: SIRT1 activation (via Resveratrol) and AMPK activation (via
EGCG/Resveratrol) both are known to inhibit c-Myc-driven transcriptionfrontiersin.org. Indeed,
SIRT1-c-Myc forms a feedback loop where SIRT1 restrains c-Mycfrontiersin.org. Thus, any
rejuvenation effected by our formula would inherently have a tumor-suppressive guardrail —it’s
unlikely to drive a cell into a de-differentiated, proliferative state because the formula is
consistently nudging cells towards either quiescence or apoptosis, not self-renewal. In essence,
pharmacological rejuvenation via our senescence-targeting compounds offers a potentially
safer albeit incremental rejuvenation compared to the dramatic but risky reset of partial
reprogramming. This may make it more suitable for clinical translation in the near-term, as
regulators are understandably wary of therapies involving gene insertion or oncogene activation.

Clinical Relevance and Translational Potential: The evidence compiled suggests that each
ingredient has individually shown benefits in preclinical aging models, and some have early clinical
data. A natural question is: can we translate this multi-agent approach into a therapeutic
intervention for humans? From a regulatory perspective, combining six active compounds can be
challenging — there are complexities in quality control, dosing, and interaction assessment.
However, it’s worth noting that all six are either dietary components or derivatives thereof, and
some combinations already co-exist in diets (for instance, a person consuming a plant-rich diet
might ingest low levels of each). There is precedent for combination therapies in other fields (e.g.
the anti-cancer regimen R-CHOP has five drugs, HAART for HIV combines three or more antivirals).
The key is demonstrating that the combination is both safe and provides a unique benefit that
single agents do not. Our Results showed a clear rationale for synergy, supported by the example of
the curcumin-resveratrol-BCP mix outperforming single agents in suppressing
SASPlink.springer.com. We can envisage a stepwise clinical development: first testing pairs (e.g.,
Quercetin+Dasatinib was an initial pair; similarly Fisetin+Quercetin could be tried to see if additive
senolysis occurs), or testing a triple like Fisetin+tCurcumin+Resveratrol for anti-inflammatory
effects in an aging population. Some trials are already heading in this direction: a registered trial
(NCT04994561) plans to test a combination of Resveratrol, Quercetin, and Fisetin in
humansfrontiersin.org, indicating that the field is recognizing multi-nutrient interventions as
plausible. Our full six-component formula would ideally be tested in a phase 1 trial to evaluate
safety and bioactivity — measuring endpoints like circulating SASP factors, tissue senescent cell
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p16”+ counts (if biopsies are feasible), and functional outcomes (e.g. walking speed, muscle
strength in elderly subjects). Given that each ingredient is available as a supplement, a preliminary
approach could be dietary supplementation studies where people take all six in a pill combination
(with appropriate pharmacokinetic standardization) and are monitored for inflammation markers
and any adverse effects. We predict minimal toxicity based on current knowledge: Quercetin and
Fisetin might lower blood pressure slightly via their vasoactive properties, Curcumin and EGCG
might cause mild gastrointestinal upset in some, Resveratrol can rarely cause headaches, and
Piperlongumine at effective senolytic doses is the biggest unknown - careful dose escalation
would be needed for PL.

Potential Indications: The formula could be positioned for conditions of accelerated senescence
or high senescent cell burden. Candidates include idiopathic pulmonary fibrosis (IPF) (where
senescent alveolar cells and fibroblasts drive fibrosis), osteoarthritis (senescent chondrocytes
contribute to cartilage breakdown), frailty and sarcopenia (where muscle stem cells become
senescent and systemic SASP causes muscle catabolism), and metabolic disorders with
inflammatory components (like diabetic complications). In IPF, a small trial of D+Q showed
improved physical functionthelancet.com - a next step could test our broader formula for possibly
greater efficacy, given Curcumin’s anti-fibrotic and EGCG’s lung-protective effects, for example.
Similarly, in osteoarthritis, Fisetin was reported to reduce cartilage degeneration in micecell.com;
combining it with Curcumin (known to aid joint inflammation) and Resveratrol (reported to reduce
IL-1B induced cartilage damage) might yield a holistic disease-modifying approach for
osteoarthritis. Another exciting area is cognitive aging: neuroinflammation and senescent glial
cells are implicated in age-related cognitive decline. Fisetin, Curcumin, and EGCG all cross the
blood-brain barrier to some extent and have neuroprotective, anti-inflammatory actions. Thus, the
formula might attenuate “brain inflammaging” — an indication like early Alzheimer’s could be
considered, especially since fisetin has shown to reduce senescent astrocytes in mice and
improve memorycell.com. Of course, each indication will require tailored dosing and careful
monitoring.

Safety Considerations: While generally safe, combining antioxidants and anti-inflammatories can
sometimes blunt too much of the necessary inflammatory response. For instance, immune cells
rely on some ROS to fight infections, and complete NF-kB blockade can impair immunity. We must
ensure that the senomorphic aspect of the therapy does not lead to immunosuppression. The
formula, however, is not as potent as pharmaceutical immunosuppressants - it likely brings down
chronic, sterile inflammation (from senescence) rather than hampering acute immune responses
(short-term NF-kB activation in infections). Animal studies of combined polyphenols have not
noted increased infection risk, but this should be explicitly examined in long-term studies. Another
consideration is off-target effects: Piperlongumine could potentially harm highly proliferative
healthy cells if they have elevated ROS (e.g. activated T-cells or stem cells under stress). This risk
might be mitigated by dosing (intermittent dosing gives normal cells time to recover and rely on
their robust antioxidant systems). Indeed, senolytic protocols often use a “hit-and-run” dosing
schedule (a few days of drug, then a long break) to minimize effects on normal cells while wiping
out senescentsfrontiersin.orgfrontiersin.org. Our formula would presumably be administered in a

16



PHYTOVERSE

similar intermittent fashion, which aligns with the concept that you don’t need daily senescence
suppression — periodic purging and resetting of the inflammatory environment might suffice.

Future Directions: The discussion would be incomplete without acknowledging the heterogeneity
of senescent cells. Different cell types and senescence triggers may respond differently to each
compound. For example, Fisetin was senolytic in endothelial cells but not in preadipocytes in one
studyaging-us.com, whereas quercetin had efficacy in preadipocytesnature.com. Piperlongumine
might excel in fibroblastic cells with high OXR1 but be less effective in senescent immune cells.
Therefore, the combination covers multiple cell-target scenarios: quercetin/fisetin for adipose,
endothelial, and fibroblasts; piperlongumine for fibroblasts and perhaps epithelial senescent cells;
curcumin/resveratrol for immune cell senescence (like senescent T cells and macrophages where
they reduce inflammatory secretionsfrontiersin.orglink.springer.com). This breadth is a strength,
but more research is needed to map which senescent cell populations are cleared by which
agents.

Additionally, as research evolves, we may consider adding or substituting compounds (e.g.,
Dasatinib is very potent for certain senescent cell types like adipocyte progenitors, but as a drug, it
has more side effects and isn’t a nutraceutical, so we omitted it for a supplement-like formulation).
Another interesting avenue is geroprotective adjuvants like melatonin or metformin that, while not
senolytic, can enhance the internal environment against senescence; these could theoretically be
combined if safety allows. However, each addition increases regulatory complexity, so our six
compounds are an ambitious but, we argue, justifiable scope given their interlocking mechanisms.

Finally, tying back to the KAIST insight on genomic stability and safe rejuvenation: An et al.
showed that inhibiting PDK1 could revert senescence without causing cancer, partly because it
controlled NF-kB and mTOR simultaneouslyaging-us.comaging-us.com. Our formula essentially
provides a distributed inhibition of the same network (AKT/IKK/mTOR/NF-kB). We anticipate that,
like PDK1 inhibition, this could revert some cells from senescent to a quiescent state. It’s
notable that PDK1 is an oncogene, yet its inhibition was safe in their modelaging-us.com - a
reassuring parallel, because many of our compounds have mild AKT/mTOR inhibitory effects; it
suggests that partial inhibition of growth signals in already senescent cells does not lead to
neoplasia, but rather restores balance. Indeed, our compounds all have some anti-cancer
properties (curcumin, resveratrol, EGCG are widely studied in oncology as adjuncts), implying they
generally push cells away from malignant transformation, not toward it. This is a reassuring point
for regulators: the formula components individually have been considered for cancer prevention or
therapy due to their pro-apoptotic, anti-proliferative effects on damaged
cellsfrontiersin.orgfrontiersin.org.

Limitations: It is important to temper expectations — this formula is grounded in strong biology, but
outcomes in living organisms can be complex. Bioavailability and pharmacokinetics of each
component differ; achieving effective concentrations of all six simultaneously in target tissuesis a
challenge. For example, quercetin and curcumin have limited oral bioavailability, but interestingly
quercetin can inhibit enzymes that metabolize curcumin and resveratrol, possibly improving their
levelsrestorativemedicine.org. Piperlongumine’s pharmacokinetics are not well-characterized yet.
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A potential solution is advanced delivery systems (e.g. nanoparticle encapsulation) to ensure all
compounds reach their targets. Another limitation is the measurement of success: biomarkers of
senescence (like circulating SASP factors or epigenetic clocks) will be critical in early trials to
gauge efficacy, since waiting for hard outcomes (like reduced incidence of chronic diseases) would
take years. Fortunately, recent studies show promise in epigenetic clocks as surrogate endpoints
—-e.g., certain senolytic regimens reduced DNA methylation age in human cell
culturesresearchgate.net. It would be fascinating to see if this six-compound treatment can slow or
reverse epigenetic aging in humans, which would strongly indicate a true rejuvenating effect.

In conclusion, the discussion affirms that a polytherapeutic strategy targeting senescent cells and
their harmful secretions is scientifically sound and potentially transformative for age-related
clinical disorders. By learning from both nutraceutical research and cutting-edge reprogramming
science, we have crafted a composite intervention that maximizes benefits (senescence
alleviation, tissue rejuvenation) while minimizing risks (genomic instability, oncogenesis). The path
forward will involve iterative refinement through preclinical and clinical testing, but this formula
stands on a robust conceptual foundation that justifies that effort.

Conclusion

Aging biology has entered an era where interventions at the cellular level - particularly targeting
senescent cells — are recognized as a viable route to enhance healthspan. In this white paper, we
presented a comprehensive analysis of a Senescence Reduction and Cellular Rejuvenation
Formula composed of Quercetin, Fisetin, Curcumin, EGCG, Resveratrol, and Piperlongumine.
Grounded in peer-reviewed research, the formula is designed to synergistically engage
senescence’s key mechanisms: clearing senescent cells through apoptosis induction and
reprogramming the senescent phenotype via SASP suppression, NF-kB inhibition, autophagy
activation, and antioxidant protection. Each compound brings a unique but complementary action
—from Quercetin’s and Fisetin’s inhibition of pro-survival pathways and demonstrated senolytic
effectsfrontiersin.orgfrontiersin.org, to Curcumin’s and EGCG’s potent anti-inflammatory and
autophagy-enhancing activitiesfrontiersin.orgfrontiersin.org, Resveratrol’s metabolic and
epigenetic re-tuning of aged cells (through SIRT1 and Nrf2)frontiersin.org, and Piperlongumine’s
targeted eradication of oxidatively stressed senescent cellsfrontiersin.org.

Our integrated review of mechanistic data and translational studies suggests that this multi-agent
approach can improve tissue homeostasis in ways unattainable by single compounds. By
concurrently reducing the burden of senescent cells and mitigating the chronic inflammation they
cause, the formula addresses both the “seed” and “soil” of age-related tissue degeneration. We
highlighted that in experimental models, combining such compounds yielded a greater reduction in
senescence markers and inflammatory factors than monotherapieslink.springer.com. This
indicates a true pharmacological synergy that could translate into noticeable clinical benefits -
such as improved organ function, enhanced physical performance, and resistance to age-related
diseases - if implemented in humans.
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Crucially, the formula’s design incorporates safety considerations informed by KAIST’s partial
reprogramming research and other studies: it avoids risky oncogenic drives (like uncontrolled c-
Myc activity)sciencedirect.com, instead leveraging the body’s own repair pathways (e.g. Nrf2,
sirtuins, autophagy) to achieve rejuvenation. By modulating c-Myc indirectly and promoting
genomic stability (through reduced ROS and persistent DNA damage signaling), the approach aims
for slow, steady rejuvenation without crossing into tumorigenesis. In effect, itis a strategy of
harnessing the cell’s natural anti-aging defenses while eliminating the negative legacies of aging
cells.

From a clinical and regulatory standpoint, all six components have existing safety records, and
some (Quercetin, Fisetin, Resveratrol) are already in clinical trials for age-related
indicationsfrontiersin.org. This accelerates the pathway to translation. The evidence of efficacy -
such as Fisetin extending murine lifespanfrontiersin.org and D+Q reducing senescent cells in
human patientsaging-us.com - provides a strong rationale for further testing the full combination.
The formula could be delivered as a defined nutraceutical or adjuvant therapy, with an initial focus
on conditions like fibrosis, osteoarthritis, or frailty where senescence is known to play a role.
Endpoints would include not only symptomatic improvement but also biomarker validation (e.g.
reduction in p16”INK4a-positive cells in tissues, lower circulating SASP factors, and epigenetic age
reversal).

In conclusion, we propose that the Senescence Reduction and Cellular Rejuvenation Formula
represents a holistic gerotherapeutic approach - one that simultaneously cleans up “old cells”
and revitalizes “old tissues.” The convergence of data from molecular biology, animal models, and
early human studies paints an optimistic picture: such multi-modalinterventions can be both safe
and profoundly beneficial. If successfully developed, this formula could become a valuable tool for
clinicians and a cornerstone in preventive geriatrics, potentially enabling people to enjoy not just
longer lives, but healthier, more resilient lives in their later years. The next steps will involve
rigorous clinical evaluation, but the solid scientific foundation laid out here warrants this effort. By
targeting senescence at its roots, we move closer to the long-sought goal of treating aging itself
and preventing a host of chronic diseases with a single, well-crafted therapeutic strategy.
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