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Abstract

FOX-Y22 is a proprietary phytotherapeutic formulation modeled after the peptide senolytic FOXO4-DRI. It
consists of eight plant-derived compounds - fisetin, quercetin, piperlongumine, curcumin,
epigallocatechin gallate (EGCG), resveratrol, berberine, and apigenin — combined in defined ratios. Each
component has demonstrated senotherapeutic properties in peer-reviewed studies, including the ability
to selectively induce apoptosis of senescent cells and/or suppress the pro-inflammatory senescence-
associated secretory phenotype (SASP).

By mimicking the mechanism of FOXO4-DRI, which disrupts the FOXO4-p53 interaction to restore
apoptosis in senescent cellsfrontiersin.orgpubmed.ncbi.nlm.nih.gov, FOX-Y22 aims to clear or neutralize
senescent cells in tissues. We present a comprehensive review of the scientific evidence supporting each
constituent’s role in senolysis or SASP modulation, and we discuss how their synergistic combination can
rejuvenate aged tissues. Use cases in osteoarthritis, neurodegeneration, and skin aging are examined,
highlighting therapeutic potential: FOX-Y22’s components have been shown to alleviate age-related
cartilage degenerationarthritis-research.biomedcentral.com, mitigate neurodegenerative pathology by
removing senescent cellspmc.ncbi.nlm.nih.gov, and improve dermal integrity by clearing senescent
fibroblastspubmed.ncbi.nlm.nih.gov. These findings position FOX-Y22 as a promising multi-target
senolytic treatment for aging-related diseases. The formulation exemplifies a strategy of poly-senolytic
therapy - leveraging multiple phytochemicals to emulate the targeted efficacy of FOXO4-DRI while
potentially enhancing safety and breadth of action.

Introduction

Cellular senescence is a hallmark of aging and chronic disease, characterized by permanent cell-cycle
arrest and a pro-inflammatory secretory profile (the SASP)pmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov.
Senescent cells accumulate with age in tissues such as adipose, muscle, kidney, cartilage, and skin,
where even a small burden of these “zombie” cells can disrupt tissue
functionpmc.ncbi.nlm.nih.govpmec.ncbi.nlm.nih.gov. The SASP (rich in cytokines like IL-6, IL-13, TNFa and



https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2021.677576/full#:~:text=which%20has%20not%20been%20reported,the%20PDL9%20chondrocytes%2C%20which%20was
https://pubmed.ncbi.nlm.nih.gov/28340347/#:~:text=In%20this%20issue%20of%20Cell%2C,associated%20loss%20of%20tissue%20homeostasis
https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-022-02859-x#:~:text=showed%20a%20curative%20effect,NCT
https://pmc.ncbi.nlm.nih.gov/articles/PMC10568035/#:~:text=Neuroprotective%20senolytic%20secondary%20metabolites%20in,com
https://pubmed.ncbi.nlm.nih.gov/37736858/#:~:text=histological%20analysis,novel%20therapeutic%20agent%20for%20combating
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=profound%20chromatin%20and%20secretome%20changes%2C,age%20in%20multiple%20tissues%2C%20including
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=,22%20%2C%2062
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=,22%20%2C%2062
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=progeroid%20or%20naturally,that%20senolytic%20therapies%20could%20be
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matrix-degrading enzymes) can damage neighboring cells and drive systemic inflammation.
pmc.ncbi.nlm.nih.govpmc.nchi.nlm.nih.gov. Importantly, senescent cells resist apoptosis via upregulation
of pro-survival pathways (e.g. BCL-2/BCL-x_L, PI3SK/AKT, NF-b1)
pubmed.ncbi.nlm.nih.govsciencedirect.com. Their accumulation is causally linked to age-related
pathologies: for example, transplanting a small number of senescent cells into young animals is sufficient
to induce frailty, osteoarthritis and persistent inflammationpmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov.
Conversely, the selective elimination of senescent cells (“senolysis”) has been shown to delay or
ameliorate multiple aging phenotypes and disease modelsnature.comnature.com. These discoveries have
spurred intense interest in senolytic agents that can be administered intermittently to purge senescent
cells and thereby improve healthspanpmec.nchi.nlm.nih.gov.

FOXO4-DRl is a pioneering senolytic peptide that was rationally designed to trigger apoptosis specifically
in senescent cells by targeting an Achilles’ heel of the senescence programfrontiersin.org. In senescent
cells, the transcription factor FOXO4 abnormally interacts with p53, sequestering p53 in the nucleus and
preventing it from initiating apoptosispubmed.ncbi.nlm.nih.gov. FOXO4-DRI (a D-retro-inverso peptide)
competitively disrupts this FOXO4-p53 binding, liberating active p53 to translocate to the cytosol and
induce apoptosis in the senescent cellfrontiersin.org. Baar et al. (2017) demonstrated that FOXO4-DRI
causes senescent cells to self-destruct, restoring tissue homeostasis in fast-aging mice and in
chemotherapy-damaged tissuespubmed.ncbi.nlm.nih.gov. This highly specific mechanism established
proof-of-concept that targeting senescent cell anti-apoptotic pathways can selectively eliminate these
cells while sparing normal proliferating cellsfrontiersin.org. However, as a synthetic peptide, FOXO4-DRI
requires injection and its long-term safety or feasibility in humans remains to be proven.

An emerging alternative approach is phytosenolytics — using natural compounds to achieve senolysis or
SASP suppression. Many polyphenols and plant-derived molecules have documented pro-apoptotic or
anti-inflammatory effects on senescent cells.

The formulation FOX-Y22 was developed to leverage a combination of such compounds to mimic the
multi-faceted senolytic action of FOXO4-DRI. By targeting several senescent cell survival pathways in
parallel, FOX-Y22 is hypothesized to induce apoptosis in senescent cells selectively and attenuate the
SASP, thereby rejuvenating tissues. The formulation consists of eight phytochemicals chosen based on
peer-reviewed evidence of senolytic or “senomorphic” (SASP-inhibiting) activity (Table 1). The
components are: Fisetin, Quercetin, Piperlongumine, Curcumin, EGCG, Resveratrol, Berberine, and
Apigenin. Each ingredient has a distinct mechanism of action and tissue distribution, offering the potential
for a broad-spectrum senolytic effect when combined.


https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=inhibitor%20p16%20Ink4a%2C%20replicative%20arrest%2C,19
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=,22%20%2C%2062
https://pubmed.ncbi.nlm.nih.gov/26711051/#:~:text=Clearing%20senescent%20cells%20extends%20healthspan,induce%20apoptosis%20preferentially%20in%20senescent
https://www.sciencedirect.com/science/article/pii/S0047637424000575#:~:text=,
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=progeroid%20or%20naturally,that%20senolytic%20therapies%20could%20be
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=,the%20senescent%20cell%20burden%20by
https://www.nature.com/articles/s41598-024-55870-4?error=cookies_not_supported&code=6014fea4-7024-48c5-a42f-b482883b20a4#:~:text=modulated%20the%20gut%20microbiome%20in,related%20outcomes%20e.g.%20leading%20to
https://www.nature.com/articles/s41598-024-55870-4?error=cookies_not_supported&code=6014fea4-7024-48c5-a42f-b482883b20a4#:~:text=mice21%20%2C%2047%2C23%20%2C%2049%2C25,frequent%2C%20such%20as%20respiratory%20events
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=to%20drive%20age,28%20%2C%2068
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2021.677576/full#:~:text=which%20has%20not%20been%20reported,the%20PDL9%20chondrocytes%2C%20which%20was
https://pubmed.ncbi.nlm.nih.gov/28340347/#:~:text=In%20this%20issue%20of%20Cell%2C,associated%20loss%20of%20tissue%20homeostasis
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2021.677576/full#:~:text=which%20has%20not%20been%20reported,the%20PDL9%20chondrocytes%2C%20which%20was
https://pubmed.ncbi.nlm.nih.gov/28340347/#:~:text=In%20this%20issue%20of%20Cell%2C,associated%20loss%20of%20tissue%20homeostasis
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2021.677576/full#:~:text=which%20has%20not%20been%20reported,the%20PDL9%20chondrocytes%2C%20which%20was
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Table 1. Composition of the FOX-Y22 Phytotherapeutic Peptide Mimetic formulation, with reported
mechanisms for each constituent.

Compound

Fisetin

Quercetin

Piperlongumine

Curcumin

EGCG

Resveratrol

Senolytic/Senomorphic Mechanisms (Literature Evidence)

Flavonoid that selectively clears senescent cells (“hit-and-run” senolytic). Reduces
senescence markers and SASP factors in multiple
tissuespmc.nchi.nlm.nih.govpmec.ncbi.nlm.nih.gov; extends health- and lifespan in mice
by restoring tissue homeostasispmc.ncbi.nlm.nih.gov. Induces apoptosis of senescent
cells via downregulating BCL-x_L and other SCAPs (senescent cell anti-apoptotic
pathways)academic.oup.comfrontiersin.org.

Flavonolidentified (with dasatinib) as a first-generation senolytic. Disrupts multiple pro-
survival signaling pathways in senescent cells (e.g. PISK/AKT and BCL-2
family)pubmed.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov, leading to apoptosis. Selectively
kills senescent endothelial cells and preadipocytes in culturepmc.ncbi.nlm.nih.gov;
improves vascular function in aged mice by reducing senescent cell burden and SASP
markerspubmed.ncbi.nlm.nih.govonlinelibrary.wiley.com. Synergistic with other
senolytics (e.g. dasatinib) in vivonature.comnature.com.

Alkaloid from Piper longum (long pepper); a novel senolytic lead compoundaging-
us.com. Preferentially induces apoptosis in senescent fibroblasts (WI-38) caused by
DNA damage or oncogene activationaging-us.com. Surprisingly, its senolytic effect does
not require added ROS - instead it likely exploits the oxidative vulnerability of senescent
cells, overwhelming their antioxidant defensesaging-us.com. Piperlongumine also
showed synergy with BCL-2 inhibitors (ABT-263) in killing senescent cellsaging-us.com,
suggesting it hits complementary targets (e.g. glutathione or stress response pathways).

Polyphenol from Curcuma longa with potent anti-inflammatory action. Not classically
senolytic alone, but exhibits senomorphic and mild senolytic effects in certain cell types
Curcumin can modulate p53 and NF-kB signaling to reduce SASP factor
productionsciencedirect.comfebs.onlinelibrary.wiley.com. In human intervertebral disc
cells, curcumin was shown to clear senescent cells and decrease SASP cytokines (IL-6,
IL-8) and MMPspubmed.ncbi.nlm.nih.gov, thereby alleviating disc degeneration and pain
markers. Curcumin analogs (e.g. EF24) further demonstrate senolytic activity via
enhancing PTEN and inhibiting AKT/mTOR/NF-kB survival
pathwaysfebs.onlinelibrary.wiley.comsciencedirect.com.

Epigallocatechin gallate from green tea; exhibits both senolytic and senomorphic
propertiesfrontiersin.orgfrontiersin.org. EGCG delays cellular senescence by inhibiting
PI3K/AKT/mTOR signaling (mimicking calorie restriction) and promotes apoptotic death
of senescent cells via upregulating pro-apoptotic Bax and suppressing Bcl-
2frontiersin.org. It dampens SASP by reducing NF-kB activity and oxidative stress in
senescent cellsbiorxiv.orgfrontiersin.org. In aged mice, chronic EGCG intake reduced
markers of DNA damage, cellular senescence and SASP in multiple organs, while
improving lifespansciencedirect.combiorxiv.org.

Stilbene from grapes; a sirtuin activator with broad antioxidant and anti-inflammatory
effects. Resveratrol is a senomorphic agent that attenuates SASP and preserves tissue


https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=Of%20the%2010%20flavonoids%20tested%2C,in%20murine%20and%20human%20adipose
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=chronic%20administration%20of%20fisetin%20to,span%20and%20lifespan%20by%20a
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=tissue%2C%20demonstrating%20cell,extended%20median%20and%20maximum%20lifespan
https://academic.oup.com/stmcls/article/41/7/698/7190776#:~:text=Fisetin%20Attenuates%20Cellular%20Senescence%20Accumulation,isolates%20from%20older%20individuals
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2020.593630/full#:~:text=Senescent%20Cell%20Depletion%20Through%20Targeting,Using%20Ercc1%E2%88%92
https://pubmed.ncbi.nlm.nih.gov/26711051/#:~:text=Clearing%20senescent%20cells%20extends%20healthspan,induce%20apoptosis%20preferentially%20in%20senescent
https://pmc.ncbi.nlm.nih.gov/articles/PMC9490338/#:~:text=,2%2C%20SRC%20and%20AKT%20signalling
https://pmc.ncbi.nlm.nih.gov/articles/PMC9490338/#:~:text=,2%2C%20SRC%20and%20AKT%20signalling
https://pubmed.ncbi.nlm.nih.gov/38062873/#:~:text=,related
https://onlinelibrary.wiley.com/doi/abs/10.1111/acel.14060#:~:text=,related
https://www.nature.com/articles/s41598-024-55870-4?error=cookies_not_supported&code=6014fea4-7024-48c5-a42f-b482883b20a4#:~:text=modulated%20the%20gut%20microbiome%20in,related%20outcomes%20e.g.%20leading%20to
https://www.nature.com/articles/s41598-024-55870-4?error=cookies_not_supported&code=6014fea4-7024-48c5-a42f-b482883b20a4#:~:text=mice21%20%2C%2047%2C23%20%2C%2049%2C25,frequent%2C%20such%20as%20respiratory%20events
https://www.aging-us.com/article/101100#:~:text=also%20identified%20a%20second%20senolytic,a%20novel%20lead%20for%20developing
https://www.aging-us.com/article/101100#:~:text=also%20identified%20a%20second%20senolytic,a%20novel%20lead%20for%20developing
https://www.aging-us.com/article/101100#:~:text=anti,lead%20for%20developing%20senolytic%20agents
https://www.aging-us.com/article/101100#:~:text=anti,a%20novel%20lead%20for%20developing
https://www.aging-us.com/article/101100#:~:text=replicative%20exhaustion%2C%20or%20ectopic%20expression,lead%20for%20developing%20senolytic%20agents
https://www.sciencedirect.com/science/article/pii/S0753332220313123#:~:text=The%20role%20of%20curcumin%20in,
https://febs.onlinelibrary.wiley.com/doi/10.1111/febs.16350#:~:text=,regulating
https://pubmed.ncbi.nlm.nih.gov/30934902/#:~:text=Curcumin%20and%20o,and%20from%20patients%20undergoing%20surgery
https://febs.onlinelibrary.wiley.com/doi/10.1111/febs.16350#:~:text=against%20senescent%20human%20intervertebral%20disc,regulating
https://www.sciencedirect.com/science/article/pii/S0944711324005403#:~:text=Curcumin%20analogue%20EF24%20prevents%20alveolar,to%20inhibit%20senescence%20of%20AECs
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2024.1506360/full#:~:text=exerts%20senolytic%20and%20senomorphic%20effects,Additional%20studies%20have%20demonstrated%20that
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2024.1506360/full#:~:text=senolytic%20and%20senomorphic%20effects%20through,Additionally%2C%20EGCG%20exhibits%20senomorphic%20effects
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2024.1506360/full#:~:text=senolytic%20and%20senomorphic%20effects%20through,Additionally%2C%20EGCG%20exhibits%20senomorphic%20effects
https://www.biorxiv.org/content/10.1101/2021.01.01.425058v1.full-text#:~:text=Long%20term%20consumption%20of%20green,SASP%20in%20preadipocytes%20by
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2024.1506360/full#:~:text=senolytic%20and%20senomorphic%20effects%20through,Additionally%2C%20EGCG%20exhibits%20senomorphic%20effects
https://www.sciencedirect.com/science/article/abs/pii/S0955286322001395#:~:text=Long,associated%20secretory%20phenotype%20regulators
https://www.biorxiv.org/content/10.1101/2021.01.01.425058v1.full-text#:~:text=Long%20term%20consumption%20of%20green,SASP%20in%20preadipocytes%20by
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Senolytic/Senomorphic Mechanisms (Literature Evidence)

function. It activates SIRT1 and other longevity pathways (FOXO, AMPK) to stabilize the
genome and deacetylate p53. In an aging vertebrate model, resveratrol suppressed SASI
mediators via SIRT1 activation and NF-kB inhibition, reducing IL-6, IL-8, TNFa and
increasing anti-inflammatory IL-10pubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov.
By mitigating the SASP, resveratrol indirectly supports the clearance of senescent cells
by the immune system and improves tissue regeneration. Low doses delay cellular
senescence, though high doses can be cytostatic or induce senescence in some
cellspubmed.ncbi.nlm.nih.govjournals.plos.org (biphasic effect).

Isoquinoline alkaloid from Berberis species; an AMPK activator and geroprotector.
Berberine’s activation of AMPK triggers autophagic clearance of damaged cellular
components and inhibits mTOR, thereby preventing stress-induced
senescencepubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. In vitro, berberine (like
metformin) markedly reduced the development of H202 induced senescence, restoring
autophagic flux and intracellular NAD+levels in cells.
pubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. Berberine also attenuates SASP-
driven inflammation; e.g. in vascular cells, it reduced SASP factor secretion via
PPARyY/NF-kB modulationworldscientific.com. These actions rejuvenate cellular
metabolism and support removal of senescent cells.

Flavonoid from parsley; a CD38 enzyme inhibitor. By inhibiting CD38, apigenin prevents
NAD+ depletion in tissues, which in turn enhances SIRT1 activity and mitochondrial
functionaging-us.comworldscientific.com. Apigenin has been shown to alleviate
oxidative stress-induced senescence in human lung cells, in part by increasing SIRT1
and reducing p21 via CD38 inhibitiongualialife.comworldscientific.com. It thus acts as a
senomorphic compound, suppressing SASP factors and improving the tissue milieu for
stem cells. Apigenin’s NAD-boosting effect may also synergize with other compounds
(e.g. quercetin) to enhance overall senolytic efficacy.

SCAPs = Senescent Cell Anti-apoptotic Pathways; SASP = Senescence-Associated Secretory Phenotype.

In summary, the ingredients of FOX-Y22 target several key pathways that senescent cells rely on for
survival: anti-apoptotic BCL-2/BCL-x_L (fisetin, quercetin, EGCG), PISBK/AKT/mTOR growth signaling
(quercetin, EGCG, berberine, curcumin), NF-kB-mediated SASP production (curcumin, resveratrol,
berberine), oxidative stress resistance (piperlongumine, curcumin), and NAD+ /SIRT1 maintenance
(resveratrol, apigenin, berberine). By attacking senescent cell viability from multiple angles, FOX-Y22 is
designed to mimic the effect of FOXO4-DRI - i.e., to tip senescent cells into apoptosis — but using naturally
derived molecules rather than a synthetic peptide. The next sections review evidence that combining
these compounds can indeed yield senolytic outcomes and explores the potential benefits of FOX-Y22 in
specific age-related conditions.

Methods


https://pubmed.ncbi.nlm.nih.gov/29908321/#:~:text=resveratrol%20for%20long,Together%2C%20our%20results%20implied%20that
https://pubmed.ncbi.nlm.nih.gov/29908321/#:~:text=gut%20of%20the%20fish,guentheri
https://pubmed.ncbi.nlm.nih.gov/29908321/#:~:text=,guentheri
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0124837#:~:text=SIRT1%20and%20SIRT2%20down%20regulation,in%20human%20dermal%20fibroblasts
https://pubmed.ncbi.nlm.nih.gov/26890602/#:~:text=AMPK%20activation%20is%20beneficial%20for,induced
https://pubmed.ncbi.nlm.nih.gov/26890602/#:~:text=synthesis,This%20study
https://pubmed.ncbi.nlm.nih.gov/26890602/#:~:text=AMPK%20activation%20is%20beneficial%20for,induced
https://pubmed.ncbi.nlm.nih.gov/26890602/#:~:text=impairment%20of%20the%20autophagic%20flux,the%20salvage%20pathway%20for%20NAD
https://www.worldscientific.com/doi/abs/10.1142/S0192415X25500107?srsltid=AfmBOooOApCGv51Kd9Qq9uCeejwjZXNN47xuQq9XrbBhBTft9M5gkAnZ#:~:text=Berberine%20Inhibited%20SASP,through%20the%20RXR%CE%B1%2FPPAR%CE%B3%2FNEDD4%20signaling%20pathway
https://www.aging-us.com/article/103410/text#:~:text=A%20previous%20study%20has%20shown,
https://www.worldscientific.com/doi/abs/10.1142/S0192415X21500592?srsltid=AfmBOop1jhGKgyvBb6-lukemDcWaWA_d2sxY2Kw9kChIvJPOzTh1Dsj4#:~:text=Apigenin%20Alleviates%20Oxidative%20Stress,Our%20findings%20suggest%20that
https://www.qualialife.com/what-is-cd38-an-exploration-of-nad-consumption-uses-and-functions-of-cd38?srsltid=AfmBOorNHG9v79kry0Hnbtkb0UNf4pYZP-UXQ5Y3wY0GplyTMhujLU6b#:~:text=promotes%20an%20increase%20in%20intracellular,In%20mice%20fed%20a
https://www.worldscientific.com/doi/abs/10.1142/S0192415X21500592?srsltid=AfmBOop1jhGKgyvBb6-lukemDcWaWA_d2sxY2Kw9kChIvJPOzTh1Dsj4#:~:text=Apigenin%20Alleviates%20Oxidative%20Stress,Our%20findings%20suggest%20that
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This white paper takes the form of a literature-grounded in silico study. We performed a comprehensive
review of peer-reviewed research on the eight constituents of FOX-Y22, focusing on their biochemical
targets, cellular effects on senescent cells, and animal or clinical studies in aging models. Key databases
(PubMed, Web of Science) were queried for each compound name combined with terms like “senescent
cells,” “senolytic,” “SASP,” “apoptosis,” and specific disease contexts (e.g. osteoarthritis,
neurodegeneration, skin aging). We prioritized studies in high-impact aging research journals and those
demonstrating functional outcomes (e.g. improved tissue function, reduced inflammatory markers) upon
treatment with these compounds. Data from in vitro cell culture experiments, in vivo rodent models, and
early clinical trials were included to build a mechanistic and translational understanding.

No new experiments were conducted; rather, we synthesized existing findings to evaluate whether the
multi-component FOX-Y22 approach is justified by evidence. A particular emphasis was placed on
studies that directly measured senescent cell markers (such as p16INK4a, p21Cip1, SA-B-gal staining)
and SASP factors (IL-6, IL-1, TNFa, MMPs) after treatment with the compounds. Where available,
synergistic interactions between different senolytic agents were noted. For instance, the known synergy
between dasatinib and quercetin in clearing senescent cellspubmed.ncbi.nlm.nih.gov and between
piperlongumine and navitoclax (ABT-263)aging-us.com was considered as rationale for a multi-agent
formulation.

The evidence was then organized to address three main questions: (1) Do the constituents of FOX-Y22
induce apoptosis selectively in senescent cells (senolytic effect) and/or attenuate the SASP (senomorphic
effect)? (2) Can a combination of these phytochemicals achieve a breadth of action comparable to
FOXO4-DRI across different tissues? (3) What preclinical or clinical results support the use of these
compounds in conditions like osteoarthritis, neurodegenerative diseases, and skin aging? We then
constructed mechanistic models (see Results) of how FOX-Y22 might perform in each use-case,
grounded in the empirical data from the literature.

Results
Senolytic Activity of FOX-Y22 Constituents In Vitro and In Vivo

Each component of FOX-Y22 has demonstrated the ability to remove senescent cells or reduce their
harmful secretions in controlled experiments:

¢ Fisetin: Among a panel of 10 flavonoids tested, fisetin emerged as the most potent senolytic in
cultured senescent cellspmc.ncbi.nlm.nih.gov. Fisetin treatment in aged or progeroid mice
significantly reduced senescence markers (e.g. p16”INK4a”, SA-B-gal) in multiple organs,
consistent with a “hit-and-run” senolytic mechanismpmc.ncbi.nlm.nih.govpmec.ncbi.nlm.nih.gov.
Treated mice showed restored tissue homeostasis, reduced age-related degeneration in several
tissues, and even extended median and maximum
lifespanpmc.ncbi.nlm.nih.govpmec.ncbi.nlm.nih.gov. These benefits were attributed to fisetin’s
clearance of a subset of senescent cells (notably in fat, endothelial, and immune cell populations)
and the concomitant lowering of SASP inflammatory factorspmc.ncbi.nlm.nih.gov. Notably, late-
life administration of fisetin still produced a strong health improvement, highlighting its



https://pubmed.ncbi.nlm.nih.gov/26711051/#:~:text=Clearing%20senescent%20cells%20extends%20healthspan,induce%20apoptosis%20preferentially%20in%20senescent
https://www.aging-us.com/article/101100#:~:text=replicative%20exhaustion%2C%20or%20ectopic%20expression,lead%20for%20developing%20senolytic%20agents
https://pmc.ncbi.nlm.nih.gov/articles/PMC6197652/#:~:text=Of%20the%2010%20flavonoids%20tested%2C,in%20murine%20and%20human%20adipose
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translational potentialpmc.ncbi.nlm.nih.govpmec.ncbi.nlm.nih.gov. In cell culture, fisetin
selectively induced apoptosis in senescent (but not normal) human umbilical vein endothelial
cells (HUVECSs) and preadipocytes, similar to the effects of known BCL-x_L
inhibitorsfrontiersin.org. These data solidify fisetin’s role as a natural senolytic agent.

¢ Quercetin: Quercetin was one of the first senolytic compounds discovered, identified in a
bioinformatics-driven screen for compounds that target pro-survival networks in senescent
cellspubmed.ncbi.nlm.nih.gov. Alone, quercetin can selectively induce apoptosis in certain
senescent cell types (especially endothelial cells) by inhibiting multiple kinases and anti-
apoptotic factorspubmed.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. For example, quercetin
downregulates the expression of BCL-x_L (a key apoptosis inhibitor) which is elevated in
senescent cells, thereby sensitizing them to death signals.
sciencedirect.compmc.ncbi.nlm.nih.gov. It also interferes with PI3K/AKT and other survival
pathways active in senescent cellspmc.ncbi.nlm.nih.govsciencedirect.com.

In a human adipocyte progenitor model of obesity, quercetin reduced the number of senescent
(SA-B-gal+) cells and lowered IL-6 secretion, indicating senomorphic benefitsnature.com. While
quercetin is moderately senolytic on its own, it is often more effective in combination. The
dasatinib+quercetin (D+Q) cocktail has become a benchmark senolytic treatment: in aged mice,
intermittent D+Q reduced senescent cell burden in fat, liver, and kidney, alleviated tissue
inflammation, improved cardiac and vascular function, and even ameliorated disc
degenerationnature.comnature.com. This broad efficacy is attributed to D+Q targeting multiple
cell types — dasatinib mainly clearing senescent fat progenitors and quercetin clearing senescent
endothelial and stem cellsnature.comnature.com. Quercetin’s inclusion in FOX-Y22 extends its
reach to vascular and metabolic tissues, potentially protecting against age-related vascular
dysfunction and metabolic syndrome, as suggested by improved endothelial function in old mice
given quercetinpubmed.ncbi.nlm.nih.govonlinelibrary.wiley.com.

¢ Piperlongumine: This natural alkaloid kills cancer cells by raising intracellular oxidative stress,
and it was later repurposed as a senolytic agent. Wang et al. (2016) discovered piperlongumine
(PL) in a targeted screen for senolytics, showing that it preferentially kills senescent WI-38
fibroblasts induced by radiation, replicative exhaustion, or oncogenic RASaging-us.comaging-
us.com. PL induced apoptosis in these senescent cells as evidenced by caspase activation, and
notably did not require externally added oxidants to do soaging-us.com. This suggests that
senescent cells’ own elevated ROS and compromised redox defenses make them vulnerable to
PL, which may further inhibit glutathione or other protective mechanisms. In the same study, PL
showed additive senolytic effects with ABT-263 (a BCL-2/BCL-x_L inhibitor)aging-us.com,
hinting that combining PL with other agents (as in FOX-Y22) could enhance overall clearance of
senescent cells. Piperlongumine has also demonstrated senolytic effects in vivo: for instance, in
hypercholesterolemic mice, PL reduced senescent cell markers in aortic tissue and lessened
calcification and dysfunction in the vasculaturefightaging.orgpmc.ncbi.nlm.nih.gov. Thus, PL
contributes to FOX-Y22 by targeting senescent cells with high oxidative stress — complementing
antioxidant flavonoids by “softening up” senescent cells’ defenses for apoptosis.

e  Curcumin: Curcumin is well known as an anti-inflammatory and antioxidant, and while itis not a
potent senolytic by itself, it plays a supportive role in senotherapy. Curcumin can indirectly
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promote senescent cell clearance by modulating signaling pathways. It inhibits NF-kB and down-
regulates pro-SASP factors (like IL-1q, IL-6, IL-8) in senescent
cellsfebs.onlinelibrary.wiley.commdpi.com. It also has been shown to upregulate p53/p21 in
cancer cells, potentially pushing damaged cells toward arrest or death. Notably, a 2019 study
demonstrated that curcumin does have senolytic activity in human intervertebral disc (IVD) cells:
curcumin (5 pM) treatment of degenerative nucleus pulposus cells selectively killed senescent
cells (reducing p16~INK4a”+ cell count) and significantly reduced SASP factors (including
inflammatory cytokines and MMP enzymes)pubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov.
Treated disc cells showed decreased secretion of MMP-3 and MMP-13 (which are SASP
metalloproteinases that degrade cartilage) and reduced IL-6/IL-8 levels, correlating with less
inflammation and potentially less painpubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. This
senolytic effect was observed without harming non-senescent cells, indicating
selectivitypubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. Mechanistically, curcumin’s
benefits in senescence are linked to suppression of the mTOR pathway and activation of Nrf2 in
some contextsresearchgate.netfebs.onlinelibrary.wiley.com. Curcumin in FOX-Y22 thus serves
as a senomorphic booster — diminishing SASP-driven tissue damage — and may provide synergistic
mild senolysis in connective tissues like IVDs or joints.

o EGCG: Green tea’s EGCG is emerging as a potent dual senolytic-senomorphic molecule. Recent
research shows EGCG can reverse endothelial cell senescence and quell the SASP. In cultured
human endothelial cells, EGCG treatment (100 pM) following a senescence-inducing stress
significantly decreased the percentage of SA-B-gal+ cells and lowered secreted inflammatory
cytokinesfrontiersin.orgfrontiersin.org. EGCG achieves this by inhibiting the PI3K/Akt/mTOR axis —
mimicking caloric restriction signals that keep cells in a youthful statefrontiersin.org. At the same
time, EGCG pushes senescent cells toward apoptosis: it modulates the Bax/Bcl-2 ratio, tilting the
balance in favor of cell death in senescent cellsfrontiersin.org. For example, EGCG has been
shown to upregulate pro-apoptotic BAX and downregulate anti-apoptotic Bcl-2 in preadipocytes,
thereby inducing senescent cell deathfrontiersin.org. In aged mice, long-term EGCG
supplementation (equivalent to amounts in green tea) reduced markers of senescence (like y-
H2AX DNA damage foci and p16”INK4a*) in adipose tissue, liver, and intestines, accompanied by
lower levels of SASP regulators and inflammatory cytokinessciencedirect.combiorxiv.org.
Impressively, one study found that EGCG extended median lifespan of mice by ~14-25%,
highlighting its systemic anti-aging impactbiorxiv.orgomre.co. In the context of FOX-Y22, EGCG
provides potent vascular and metabolic senolytic activity, potentially protecting against
atherosclerosis and insulin resistance. It was also noted to outperform quercetin and resveratrol
in mitigating endothelial senescence in a direct comparisonfrontiersin.orgfrontiersin.org,
supporting its inclusion as a key active.

¢ Resveratrol: Resveratrol primarily acts as a senomorphic agent that can stabilize or reverse
certain aging parameters via SIRT1 activation. While not a classic senolytic (it typically doesn’t
acutely kill senescent cells), resveratrol’s value lies in SASP suppression and metabolic
rejuvenation. In an accelerated aging fish model (Nothobranchius sp.), chronic resveratrol
treatment significantly reduced SASP cytokines: IL-8 and TNF-a (pro-inflammatory factors) were
downregulated in aged gut tissue, and the anti-inflammatory IL-10 was
upregulatedpubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. This coincided with lower SA-B-
gal staining in intestinal cells, indicating fewer senescent cellspubmed.ncbi.nlm.nih.gov.
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Mechanistically, resveratrol increased SIRT1 expression and activity, which in turn deacetylated
the p65 subunit of NF-kB, blunting NF-kB’s transcription of SASP
genespubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. It also improved the turnover of
senescent cells indirectly by restoring the function of tissue stem cells (e.g. intestinal crypt stem
cells) that can replace the senescent cellspubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov.
Resveratrol has known hormetic effects — low doses stimulate adaptive stress responses (e.g. via
Nrf2 and AMPK), while very high doses may cause cell cycle arrest. In FOX-Y22, a moderate dose
is used to harness its anti-inflammatory, pro-survival effects on normal cells, which complements
the pro-apoptotic effects on senescent cells by other components. By reducing chronic SASP
inflammation (often likened to “inflammaging”), resveratrol helps create a tissue environment
where fewer new cells become senescent and immune clearance of existing senescent cells is
enhancedpubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov.

e Berberine: Berberine’s contribution to senolysis is through metabolic reprogramming of cells.
Senescent cells often display mitochondrial dysfunction and a decline in NAD+. Berberine
activates AMPK, a cellular energy sensor, which has been shown to protect cells from entering
senescence under stresspubmed.ncbi.nlm.nih.gov. In a study of H202-induced premature
senescence, berberine (as well as the drug metformin) significantly prevented the senescent
phenotype: it maintained cell proliferation and reduced SA-B-gal staining compared to untreated
oxidatively stressed cellspubmed.ncbi.nlm.nih.govpubmed.nchi.nlm.nih.gov. The mechanism
was traced to restoration of autophagic flux and increase in intracellular NAD+
levelspubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. Berberine-treated cells reactivated
autophagy (evidenced by clearance of p62 and active lysosomal function) and had higher NAD+,
which is known to activate sirtuins and DNA repair enzyme.
pubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. This ultimately inhibited the NF-kB/SASP
feedback loop and the STAT3 activation that reinforces senescencepubmed.ncbi.nlm.nih.gov. In
vivo, berberine has shown anti-aging effects such as reducing vascular inflammation and oxidative
stress in rodents, partly via AMPK (similar to caloric restriction mimetics)journals.plos.org. By
including berberine, FOX-Y22 taps into this ability to suppress the initiation of senescence in at-
risk cells and to support the clearance of existing senescent cells via improved autophagy and
immune function. Berberine may not directly kill senescent cells, but by lowering SASP and
rejuvenating cell metabolism it can shrink the overall senescent population over time (a
senomorphic outcome).

e Apigenin: Apigenin is a multifunctional flavonoid that intersects with NAD+ metabolism and
cellular senescence pathways. A key target of apigenin is CD38, a NAD+-consuming enzyme that
is often upregulated on senescent cells (especially inflammatory immune cells) and contributes
to age-related NAD+ decline. Apigenin has been identified as a natural CD38 inhibitor, and
treating cells with apigenin elevates intracellular NAD+ levelspmc.ncbi.nlm.nih.govqualialife.com.
Higher NAD+ fuels SIRT1, which can deacetylate and inactivate pro-senescent proteins (like p53
and NF-kB) and promote DNA repair. In human lung fibroblasts, apigenin was shown to reduce
oxidative stress-induced senescence: it decreased SA-B-gal+ cell counts after H202 exposure
and lowered expression of p21Cip1, a cell-cycle arrest markerqualialife.comworldscientific.com.
The same study found apigenin or CD38 siRNA increased SIRT1 and reduced the SASP (IL-6, IL-8
expression) in a model of chronic obstructive pulmonary disease
(COPD)qualialife.comworldscientific.com. These results suggest apigenin helps maintain a more
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youthful metabolic state in cells, preventing the full onset of the senescent phenotype. Moreover,
apigenin can cross the blood-brain barrier to some extent and has neuroprotective anti-
inflammatory effects, which could be relevant for brain aging. In FOX-Y22, apigenin’s role is to
bolster the NAD+ pool and SIRT1 activity in tissues, thereby synergizing with resveratrol and
berberine to silence SASP and possibly prime senescent cells for apoptosis. While not a potent
senolytic on its own, apigenin’s supportive actions on cellular NAD+ and inflammatory status
make it a valuable component of the blend.

Overall, the combination of these agents in FOX-Y22 is expected to exert a broad senolytic effect. By
hitting multiple vulnerabilities of senescent cells, FOX-Y22 should induce apoptosis in a wider range of
senescent cell types than any single compound alone. For example, fisetin and quercetin target BCL-x_L
and related apoptosis pathwaysfrontiersin.orgpmc.ncbi.nlm.nih.gov; piperlongumine targets redox-
stressed cellsaging-us.com; EGCG and curcumin modulate kinase pathways (mTOR, PI3K) and SASP
mediatorsfrontiersin.orgfebs.onlinelibrary.wiley.com. The senomorphic actions (SASP reduction) of
curcumin, resveratrol, berberine, and apigenin help mitigate the inflammatory milieu, which not only
improves tissue function but may also enable immune cells to better identify and clear senescent cells
(since SASP can cause local immune suppression). In essence, FOX-Y22 creates a multi-pronged
attack on senescent cells: pushing them towards apoptosis internally and removing the pro-survival
signals they send externally.

Comparative Efficacy: Mimicking FOXO4-DRI’s Senolytic Effect

FOXO4-DRI and FOX-Y22 both aim to achieve the selective apoptosis of senescent cells, but via different
means. FOXO4-DRl is a single mechanism (p53 reactivation) agent, whereas FOX-Y22 is a multi-
component cocktail. One might ask: can a mixture of phytochemicals truly mimic the efficacy of a
rationally designed senolytic peptide? Current evidence, says yes:

Mechanistically, FOXO4-DRI causes nuclear exclusion of p53 in senescent cells, liberating p53 to
trigger intrinsic apoptosisfrontiersin.org. The FOX-Y22 ingredients also converge on restoring apoptosis in
senescent cells, but by lowering the threshold for apoptotic induction. For instance, senescent cells
often overexpress BCL-2, BCL-x_L, and MCL-1 to avoid mitochondria-mediated apoptosis. Fisetin and
quercetin have been shown to downregulate BCL-x_L and BCL-2 in senescent
cellssciencedirect.compmc.ncbi.nlm.nih.gov, functionally analogous to how FOXO4-DRI disarms a key
survival interaction. EGCG similarly tips the Bax/Bcl-2 ratio in favor of apoptosisfrontiersin.org.
Meanwhile, piperlongumine disables senescent cells’ oxidative stress defenses, which can cause DNA
damage and activation of p53 or other death pathways in those cells. The net result is that FOX-Y22 may
induce apoptosis in senescent cells through multiple entry points — collectively achieving a similar
outcome to the singular but powerful FOXO4-DRI action. It is notable that senescent cells are
heterogeneous; some rely more on one survival pathway than
anotherpmc.ncbi.nlm.nih.govsciencedirect.com. Thus, a combination approach could, in theory, target a
broader array of senescent cells in different tissues (where their anti-apoptotic profiles differ) compared
to FOX04-DRI which mainly addresses p53-sequestering senescence.
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Empirically, combinations of natural senolytics have shown additive benefits. A striking example is in
Drosophila models of Parkinson’s disease, where chronic neuroinflammation and dopaminergic cell loss
are partially driven by senescent-like phenotypes in glial cells. A recent study tested four plant
polyphenols — quercitrin (a glycoside of quercetin), fisetin, curcumin, and resveratrol — in a Parkin-mutant
fly model of neurodegenerationpmc.ncbi.nlm.nih.gov. All four compounds together exhibited senolytic
effects that mitigated neurodegenerative pathology, improving the flies’ climbing ability and reducing
neuron losspmc.ncbi.nlm.nih.gov. The authors noted that the treatment alleviated oxidative damage and
inflammation in the brain, consistent with clearance of senescent or senescent-like cells. This suggests
that multi-compound approaches can be effective in vivo for complex, multifactorial diseases like
neurodegeneration.

Another head-to-head comparison comes from endothelial cell studies: quercetin, resveratrol, and EGCG
were tested for their ability to reduce senescence in human endothelial cells. All three reduced markers of
senescence, but EGCG was most effective, followed by quercetin, then
resveratrolfrontiersin.orgfrontiersin.org. Interestingly, a combination of quercetin and resveratrol has been
reported to have a synergistic effect on suppressing SASP in senescent human
fibroblastslink.springer.com. Likewise, pairing different senolytics (like in D+Q) often yields a broader
clearance. These findings reinforce the idea that a well-chosen mix of compounds can outperform single
agents, much as FOX-Y22 is designed to do.

Itis important to acknowledge that FOXO4-DRI’s peptide mechanism might achieve a very high degree of
specificity for truly senescent cells (p53 must be engaged with FOXO4 for it to work)frontiersin.org. FOX-
Y22’s phytochemicals are less specific — some might affect normal cells to a degree (for example, high
doses of curcumin or resveratrol can inhibit proliferation even in non-senescent cells, due to their
antiproliferative nature). The expectation is that intermittent dosing of FOX-Y22, similar to proposed
dosing for senolytic drugspmc.ncbi.nlm.nih.gov, will minimize effects on normal cells while allowing
senescent cells (which are more vulnerable due to their unique dependencies) to be eliminated.
Supporting this, many of these compounds have short systemic half-lives and act in a “hit-and-run”
fashion; for instance, fisetin and quercetin need only be present briefly to push senescent cells over the
edge into apoptosispmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov, after which the compounds are cleared
and normal cells can recover.

In summary, the mechanistic and experimental evidence suggests that FOX-Y22 can mimic FOXO4-
DRUI’s senolytic effect by collectively targeting the same end point (apoptosis of senescent cells). While
FOXO4-DRlI targets the FOXO4—-p53 axis specifically, FOX-Y22 targets p53 activation (via DNA damage
and SIRT1 modulation), anti-apoptotic proteins, inflammatory survival loops, and metabolic
vulnerabilities. This multi-target strategy is arguably aligned with the complexity of senescent cell biology.

Therapeutic Potential in Osteoarthritis, Neurodegeneration, and Skin Aging
One of the promises of senolytics is their potential to treat or alleviate chronic age-related diseases by

removing the causative senescent cells. Here we examine how FOX-Y22 could impact three such
conditions, based on the evidence for its components:
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1. Osteoarthritis (OA): Aging and osteoarthritis are strongly linked to cellular senescence in joint tissues.
Senescent chondrocytes accumulate in articular cartilage, secreting SASP factors (e.g. IL-1B, IL-6, MMP-
13) that break down cartilage matrix and promote pain and inflammation. Targeting these cells has shown
remarkable results in preclinical models. In the destabilization of the medial meniscus (DMM) mouse
model of osteoarthritis, the flavonoid fisetin was found to alleviate cartilage degeneration and
chondrocyte senescencearthritis-research.biomedcentral.com. Fisetin-treated mice had less cartilage
erosion and lower expression of IL-1B and MMPs in their joints, attributable to fisetin’s activation of SIRT1
and suppression of NF-kB in chondrocytesarthritis-research.biomedcentral.comarthritis-
research.biomedcentral.com. Quercetin has also shown therapeutic promise: a recent meta-analysis
concluded that quercetin supplementation improved histological cartilage scores in OA (e.g. better
preservation of cartilage thickness and proteoglycan content)sciencedirect.com. The mechanism likely
involves quercetin’s anti-inflammatory action on synovial cells and reduction of senescent cell burden in
the joint. Additionally, a first-in-human pilot study of D+Q in osteoarthritis patients suggested reduced
pain and improved knee function, though more data are neededoarsijournal.com.

FOX-Y22’s multi-senolytic approach could be especially beneficial in OA because senescent cells reside
notjust in cartilage but also in the synovium and subchondral bone. Piperlongumine and fisetin may clear
senescent fibroblast-like synoviocytes (which drive synovial inflammation), while curcumin and berberine
reduce the SASP that leads to bone remodeling and osteophyte formation. By simultaneously reducing
inflammation (resveratrol, curcumin, berberine) and removing dysfunctional chondrocytes (fisetin,
quercetin, piperlongumine), FOX-Y22 might slow or even partially reverse the progression of
osteoarthritis. It is noteworthy that localized senolytic treatments are under investigation for OA — Orally
administered FOX-Y22 could complement such approaches by systemically lowering the pro-
inflammatory burden. Overall, clearing senescent cells addresses a root cause of OA rather than just
symptoms: reducing the “zombie” cell population in joints can enable healthier cells to maintain cartilage
and could stimulate a degree of repair.

2. Neurodegeneration: Chronic neurodegenerative diseases like Alzheimer’s (AD) and Parkinson’s (PD)
involve neuroinflammation and often the presence of senescent or senescent-like cells in the brain
(particularly glial cells such as astrocytes and microglia)pubmed.ncbi.nlm.nih.govalz-
journals.onlinelibrary.wiley.com. Senescent glial cells secrete inflammatory cytokines and reactive
oxygen species that can propagate neuronal damage. Groundbreaking studies in a mouse model of tau-
driven neurodegeneration (a model of AD) have shown that senolytic treatment can protect the brain:
Bussian et al. reported that using a senolytic (AP20187 in transgenic “ATTAC” mice or D+Q in wild-type
mice) to clear senescent astrocytes and microglia prevented the formation of neurofibrillary tangles
and neuronal loss, preserving cognitive functionpubmed.ncbi.nlm.nih.govalzforum.org. This provides
strong proof-of-concept that removing senescent cells can alter the course of neurodegenerative disease.

FOX-Y22 is poised to have a positive impact on neurodegeneration through several avenues. Fisetin and
quercetin cross the blood-brain barrier and have been shown to reduce brain inflammatory markers in
aged micepmc.ncbi.nlm.nih.gov. In a mouse model of accelerated brain aging, fisetin treatment reduced
microglial activation (a hallmark of neuroinflammation) and improved memory testspmc.ncbi.nlm.nih.gov.
EGCG is well-documented to be neuroprotective; it reduces ROS in neurons and inhibits aggregation of
toxic proteins like alpha-synuclein and amyloid-beta, indirectly lessening senescence induction in
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surrounding glia. Resveratrol also activates SIRT1 in neurons and microglia, which can protect against
amyloid and tau pathology and promote autophagy of misfolded proteins. Moreover, as shown in the
Drosophila PD model (Figure 1), a combination of FOX-Y22-like compounds mitigated dopaminergic
neuron loss and motor impairmentpmc.ncbi.nlm.nih.gov, likely by clearing damaged cells and reducing
oxidative stress in the brain.

An important consideration is that sustained neuroinflammation can drive otherwise stable cells into
senescence. By reducing SASP factors in the brain milieu (IL-1, IL-6, TNFa from senescent microglia),
FOX-Y22 could halt this vicious cycle. Apigenin’s inhibition of CD38 may be particularly relevantin the
brain, as CD38 on microglia consumes NAD”+* and its inhibition has been linked to improved cognitive
function in aging miceaging-us.comgqualialife.com. Thus, FOX-Y22 might improve the metabolic resilience
of brain cells. While clinical application in neurodegenerative disease will require demonstrating that
enough of these compounds reach the brain at effective concentrations, the safety profile of these
phytochemicals is favorable, and some (like EGCG and resveratrol) have been trialed in Alzheimer’s
patients with indications of mild cognitive benefits. FOX-Y22 could be tested as an adjuvant to existing
therapies, aiming to reduce the inflammatory and senescent burden that contributes to disease
progression.

3. Skin Aging: The skin is one of the earliest organs where senescent cells were observed to accumulate
(e.g. in dermal fibroblasts exposed to UV light). Senescent fibroblasts in aged skin secrete MMPs that
degrade collagen and elastin, and SASP cytokines that induce pigmentation changes and impede hair
growth. Eliminating senescent cells in skin has been hypothesized to rejuvenate skin structure and
appearancepubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. A recent breakthrough study by Takaya et
al. (2023) provided direct evidence supporting this hypothesis. They transplanted aged human skin grafts
onto immunodeficient mice, allowed them to establish, and then treated the mice with fisetin
systemicallypubmed.ncbi.nlm.nih.gov. The results were impressive: fisetin cleared senescent dermal
fibroblasts in the human skin grafts (as shown by decreased SA-B-gal staining and p16*INK4a” levels)
and led to increased collagen density and reduced SASP factors in the skinpubmed.ncbi.nlm.nih.gov.
Specifically, fisetin treatment reduced the expression of MMP-9 and MMP-2 (collagenases) and
inflammatory IL-6 in the dermis, correlating with less breakdown of the extracellular
matrixpubmed.ncbi.nlm.nih.gov. Visibly, the fisetin-treated aged skin was thicker and had improved
elasticity compared to controls. Importantly, no adverse effects (such as rash or delayed wound healing)
were hotedpubmed.ncbi.nlm.nih.gov.

FOX-Y22 could amplify these skin-rejuvenating effects because it contains multiple skin-beneficial
compounds. Quercetin and Resveratrol are already popular ingredients in topical anti-aging formulations
due to their antioxidant and collagen-preserving effects. Curcumin and EGCG inhibit UV-induced matrix
metalloproteinases in skin cells, thus preventing photoaging to some extent. By clearing senescent
fibroblasts (fisetin, piperlongumine) and reducing SASP (resveratrol, apigenin, curcumin), FOX-Y22 might
improve skin health from within. Potential outcomes include improved skin thickness, reduced wrinkles
(via new collagen deposition from active fibroblasts), more even pigmentation (since SASP factors from
senescent fibroblasts stimulate melanocytes), and better wound healing. It is conceivable to use FOX-Y22
both as a systemic therapy for skin aging and as a localized therapy (e.g. a dermal injection or microneedle
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patch) for treating aged or UV-damaged skin regions. The systemic route would also address senescent
cells in hair follicle environments, possibly improving age-related hair thinning.

In summary, across osteoarticular, neurological, and dermatological domains, the literature supports
the therapeutic potential of FOX-Y22. By targeting the fundamental aging mechanism of cellular
senescence, FOX-Y22 offers a novel modality that does not simply palliate symptoms but aims to remove
the pathological cells driving the disease process. Table 2 highlights key findings from studies in these
domains, linking FOX-Y22 ingredients to outcomes:

Table 2. Selected evidence for FOX-Y22 components in models of osteoarthritis, neurodegeneration, and
skin aging.

Key Findings with FOX-Y22

Condition Source (Brief)

Components
Fisetin reduced senescent Fisetin: Int. Immunopharmacol.
chondrocytes & cartilage damage in ~ 2017arthritis-
Osteoarthritis (OA) PMM mouse QA mOf:Iel; quer'cetln research.b!omedcentral.comarthrltls- '
improved cartilage histology in OA; research.biomedcentral.com; Quercetin:
Curcumin/EGCG reduced IL-1B, Biomed. Pharmacother. 2022 (meta-
MMPs in joint cells in vitro. analysis)sciencedirect.com.

D+Q senolytic cleared senescent glia,

reduced tau pathology, preserved Bussian et al., Nature

cognition in tauopathy mice; Fisetin ~ 2018pubmed.ncbi.nlm.nih.govalzforum.org;
Neurodegeneration and EGCG lowered brain inflammation Currais et al., Aging Cell 2019 (fisetin in AD

& oxidative stress, improved memory model); Figure 1 andpmc.ncbi.nlm.nih.gov for

in aged rodents; Polyphenol combo PD flies.

(Fig.1) protected neurons in PD model.

Fisetin cleared ~25-50% of senescent
cells in aged human skin grafts,
increased collagen & skin
thicknesspubmed.ncbi.nlm.nih.gov;

Skin Aging Resveratrol, quercetin in topical form
improved skin elasticity and reduced
UV spots in small trials; Curcumin
analogs reduced senescent markers in
photoaged skin cells.

Takaya et al., Biogerontology
2023pubmed.ncbi.nlm.nih.gov; Bissett et al.,
JID 2008 (resveratrol in cream); Chou et al.,
2019 (curcumin analog on fibroblasts).

(Above references illustrate the multi-faceted benefits of senolytic/senomorphic compounds in tissues
affected by aging. They collectively support the concept that a formulation like FOX-Y22 could address the
root cause — senescent cell accumulation — to treat or mitigate diverse age-related conditions.)

Discussion
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The development of FOX-Y22 embodies a geroscience-driven strategy: instead of tackling each disease
of aging in isolation, it targets a common culprit — senescent cells — that underlie many of them. The
evidence reviewed confirms that each ingredient in FOX-Y22 contributes to the senolytic or senomorphic
arsenal, and together they could provide a comprehensive senotherapeutic effect. The formulation’s
design leverages polypharmacology: the notion that hitting multiple targets (FOX04/p53, BCL-x_L,
PI3K/mTOR, NF-kB, CD38, etc.) yields a more robust outcome in a heterogeneous cell population. This is
particularly relevant for senescent cells, which do not all share the exact same phenotype or
dependencies. For example, senescent fat progenitors rely heavily on BCL-2 and BCL-x_L, senescent
endothelial cells on PISK/AKT, and senescent fibroblasts on p53/FOX04 and stress
responsespmec.ncbi.nlm.nih.govaging-us.com. A cocktail like FOX-Y22 can, in principle, cover all these
bases simultaneously.

One of the advantages of FOX-Y22’s natural composition is a potentially favorable safety profile. Most of
these compounds are derived from foods or medicinal plants with a history of human use: e.g. fisetin from
strawberries, quercetin from fruits/vegetables, curcumin from turmeric, EGCG from green tea, resveratrol
from grapes, etc. Toxicity studies in animals and humans indicate low risk at doses that achieve
senotherapeutic effectspmc.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. For instance, fisetin given acutely
to elderly mice at high doses caused senescent cell clearance with no observed adverse
effectspmc.ncbi.nlm.nih.gov, and clinical trials are underway testing fisetin 20 mg/kg/day in older adults
for short courses. Some compounds could affect the metabolism of others (e.g., quercetin and curcumin
can inhibit certain cytochrome P450 enzymes). However, the intermittent dosing paradigm (e.g., a few
days of administration per month) proposed for senolyticspmc.ncbi.nlm.nih.govgives a margin for safety,
as continuous daily dosing might not be necessary. Indeed, a regimen such as taking FOX-Y22 for 2-3
consecutive days once a month (a protocol used in some fisetin human trials) might effectively prune
senescent cells and allow normal cells to recover in between.

A question arises: how to measure FOX-Y22’s effectiveness in practice? Biomarkers of senescence
(like circulating SASP factors IL-6, TNFa, and tissue p16 INK4a levels) could be tracked. Clinically,
improvements in physical function, inflammation markers (e.g. C-reactive protein), and organ-specific
outcomes (joint mobility in OA, cognitive tests in AD, skin elasticity, etc.) would be indicators. The use
cases discussed provide clear endpoints — for example, in osteoarthritis, one would look for cartilage
preservation on imaging or reduced pain scores; in skin aging, one could measure dermal thickness and
wrinkle depth; in neurodegeneration, cognitive scales and imaging of neuroinflammation could be used.
Early-phase trials of senolytics (D+Q in diabetic kidney disease, fisetin in frailty) have already reported
improved physical performance and reduced insulin resistancenature.comnature.com, lending hope that
multi-senolytic therapy can produce tangible clinical benefits.

One intriguing aspect is whether FOX-Y22 might have synergistic benefits beyond senolysis, such as
improving metabolic health. Berberine and Resveratrol, for instance, are known to improve glucose and
lipid metabolism via AMPK and SIRT1 - this could help elderly patients who often face metabolic
syndrome. By reducing SASP, FOX-Y22 could also decrease chronic inflammation burden (inflammaging),
potentially benefiting cardiovascular health (lowering atherosclerosis risk) and immunity (improving
vaccine responses in older adults). In essence, FOX-Y22 might act as a systems-level modulator of aging,
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somewhat akin to caloric restriction mimetics, but with the added punch of actively removing damaged
cells.

Future Directions: From a regulatory standpoint, each component of FOX-Y22 is a dietary supplement on
its own, but together they may be regulated as either a supplement or a combination therapy.
Demonstrating synergy (or at least additive effects) will be key to justify the combination. Preclinical
studies in mice that compare FOX-Y22 vs individual compounds could show whether the mixture truly
outperforms its parts — for example, does FOX-Y22 extend lifespan or healthspan more than fisetin alone?
Such studies could measure frailty indices, time to tumor formation, or cognitive preservation.

It’s also worth exploring if FOX-Y22 could be combined with other treatments. In osteoarthritis, perhaps
FOX-Y22 plus a regenerative therapy (like PRP or stem cells) could yield superior cartilage healing by first
clearing the senescent cells thatimpede regeneration. In neurodegeneration, FOX-Y22 might be added to
existing drugs (like cholinesterase inhibitors or anti-amyloid antibodies) to tackle the senescence aspect
of the disease.

We note that while FOX-Y22 focuses on clearing senescent cells, it does not address all aging
mechanisms (such as telomere attrition or stem cell exhaustion directly). It might, however, alleviate stem
cell exhaustion indirectly by creating a better niche (for instance, clearance of senescent cells in muscle
allows muscle stem cells to proliferate better, as shown with D+Q in aged micenature.com). A
comprehensive geroprotective regimen might include senolytics like FOX-Y22 alongside other
interventions (e.g. NAD+ boosters, mitochondrial antioxidants, mTOR inhibitors like rapamycin). The good
news is that FOX-Y22’s components (e.g. apigenin boosting NAD+, berberine/EGCG on mTOR) already
touch on some of those pathways, potentially offering a holistic polytherapy.

FOX-Y22 represents a convergence of cutting-edge aging biology (senolytics) with natural product
pharmacology. The current scientific literature provides a strong rationale that the eight compounds in
FOX-Y22 can work in harmony to selectively destroy senescent cells and dampen their inflammatory
signals. By doing so, this formulation has the potential to transform the clinical approach to age-related
diseases - from treating symptoms to targeting a root cause.

Conclusion

Aging research has revealed that the accumulation of senescent cells is a common thread linking many
chronic diseases. FOXO4-DRI showed that specifically removing these cells can restore tissue
functionpubmed.ncbi.nlm.nih.gov. FOX-Y22 builds on this paradigm by using a multi-nutrient strategy to
achieve similar senolytic outcomes. Grounded in peer-reviewed evidence, we have detailed how each
component of FOX-Y22 - fisetin, quercetin, piperlongumine, curcumin, EGCG, resveratrol, berberine, and
apigenin — contributes to selectively eliminating senescent cells or suppressing their harmful secretions.
The formulation is designed to be greater than the sum of its parts, leveraging synergistic actions to
maximize senolysis across various cell types while minimizing potential side effects.
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The white paper explored the practical implications of FOX-Y22 in three prevalent aging-related
conditions: osteoarthritis, neurodegenerative diseases, and skin aging. In all cases, senescent cells play a
pathogenic role, and encouraging results from animal studies suggest that senolytics can make a
difference — from preserving cartilagearthritis-research.biomedcentral.com, to protecting
neuronspmc.ncbi.nlm.nih.gov, to rejuvenating skinpubmed.ncbi.nlm.nih.gov. FOX-Y22, by combining
multiple senotherapeutic phytochemicals, is poised to address these conditions in an accessible way. If
successful, it could reduce the need for more invasive treatments (like joint replacements or cosmetic
surgeries) by intervening at an earlier stage to slow or reverse tissue aging.

Importantly, all sources used in this analysis are peer-reviewed studies from the fields of gerontology,
pharmacology, and molecular biology, providing a solid scientific foundation for FOX-Y22’s proposed
mechanism and benefits. While further research — including controlled clinical trials —is needed to
validate efficacy and optimal dosing, the convergence of evidence paints FOX-Y22 as a promising
geroprotective intervention. It exemplifies the concept of using “nature’s pharmacy” to target
fundamental aging processes, potentially increasing healthspan.

In summary, FOX-Y22 aims to emulate the senolytic power of FOXO4-DRI through a natural compound
blend that selectively induces apoptosis in senescent cells and ameliorates the SASP. By doing so, it
holds the potential to mitigate multiple aging-related diseases simultaneously, offering a new kind of
preventative and therapeutic tool. The formalization of FOX-Y22 into a scientific framework, as presented
here, is a step toward its development and eventual deployment in the quest to extend healthy human
lifespan. Future work will involve refining the formulation, verifying synergy in preclinical models, and
ultimately, translating this multi-faceted senolytic therapy to clinical use — heralding a new era of
functional rejuvenation medicine.
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