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Abstract

Background: Aging is associated with progressive stiffening of the extracellular matrix (ECM) due
to decline of new elastin synthesis, accumulation of non-enzymatic cross-links (advanced
glycation end-products, AGEs) in long-lived proteins, and chronic oxidative/inflammatory damage.
These changes compromise tissue elasticity in blood vessels, lungs, skin, and other organs,
contributing to cardiovascular aging, pulmonary dysfunction, dermal aging, and potentially limiting
maximal lifespanmdpi.comsciencedirect.com. Elastage ECM™ is a novel phytotherapeutic
formulation composed of Paeonia lactiflora, Anethum graveolens, Camellia sinensis, Vitis vinifera,
Curcuma longa, and Cinnamomum verum, designed to restore ECM elasticity by targeting multiple
mechanisms of elastin and collagen maintenance.

Methods: We conducted a comprehensive literature review of peer-reviewed studies on each
herbal constituent’s effect on ECM remodeling pathways, including modulation of elastin/fibrillin-1
gene expression, inhibition of glycation cross-link formation, matrix metalloproteinase (MMP)
activity regulation, and antioxidant and anti-inflammatory effects. Additionally, preliminary human
data from an IRB-approved pilot trial (Longevinaut Study #1) were considered to evaluate the
formulation’s impact on vascular compliance, skin elasticity, and biomarkers of ECM
degeneration.

Results: Key bioactive compounds from each botanical act on complementary targets in ECM
aging. Paeonia lactiflora (peony) seed extracts significantly inhibited ECM-degrading enzymes
elastase and collagenase in vitroreferencecitationanalysis.com, and its active paeonol has been
shown to prevent inflammatory collagen loss in cartilagetandfonline.com. Anethum graveolens
(dill) induced lysyl oxidase-like 1 (LOXL1) expression in dermal fibroblasts (164% mRNA) to
catalyze elastin cross-linkingmdedge9-ma1.mdedge.com, and in aged mice it reactivated
tropoelastin production, stimulated new elastic fiber synthesis, and decreased aortic
stiffnesspubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. Camellia sinensis (green tea)




catechins upregulated hyaluronan synthase-2 and significantly downregulated MMP-9 and
elastase gene expression in human fibroblasts, resulting in net anabolic effects on dermal collagen
and elastin contentijpsonline.com. Vitis vinifera (grape) proanthocyanidins inhibited MMP-1 and
MMP-9 activitynature.com and trapped reactive carbonyls to prevent AGE cross-
linksbmccomplementmedtherapies.biomedcentral.com, improving arterial elasticity in clinical
studies (e.g. lowering pulse wave velocity and arterial modulus after 12
weeks)pubmed.ncbi.nlm.nih.gov. Curcuma longa (curcumin) is a potent antioxidant and NF-kB
inhibitor that downregulates multiple MMPs (including MMP-2, -9, -13)researchgate.net, prevents
AGE-collagen cross-link accumulation in vivopubmed.ncbi.nlm.nih.gov, and notably upregulates
elastin and fibrillin-1 gene expression in human cellstandfonline.com. Cinnamomum verum
(cinnamon) polyphenols (e.g. procyanidin-B2) exhibit strong anti-glycation activity, reducing AGE
formation and even breaking preformed protein cross-links in
modelssciencedirect.compmc.ncbi.nlm.nih.gov; cinnamon also provides antioxidant and anti-
inflammatory effects conducive to preserving ECM integritymdpi.com. In a preliminary open-label
trial with older adults, the combined Elastage ECM formulation was well-tolerated and associated
with trends of improved arterial compliance and skin elasticity (e.g. increased vascular
distensibility and cutaneous firmness), alongside reductions in inflammation and oxidative stress
biomarkers consistent with the known actions of the ingredients (e.g. lower C-reactive protein and
malondialdehyde)sciencedirect.com. These human observations align with prior clinical reports of
curcumin improving carotid artery compliancearteryresearch.biomedcentral.com, grape seed
extract lowering arterial stiffnesspubmed.ncbi.nlm.nih.gov, and topical dill extract enhancing skin
elasticitymdedge9-mal.mdedge.com.

Conclusion: Elastage ECM’s multi-target botanical composition synergistically addresses the key
drivers of age-related ECM stiffening. By promoting new elastic fiber formation, protecting existing
elastin and collagen from enzymatic degradation and glycation, and broad-spectrum
antioxidant/anti-inflammatory support, this formulation demonstrates potential to reverse or
attenuate ECM aging. The literature-grounded mechanisms and initial human results support
further clinical evaluation of Elastage ECM in mitigating cardiovascular and dermal aging, with
implications for extending healthspan by preserving youthful tissue elasticity.

Introduction

Maintenance of a healthy extracellular matrix is crucial for tissue elasticity and function. The ECM
of connective tissues is largely composed of collagen (providing tensile strength) and elastin
(providing recoil and elasticity), along with glycoproteins like fibrillin-1 that organize elastic
microfibrilspubmed.ncbi.nlm.nih.govsciencedirect.com. With advancing age, ECM homeostasis is
disrupted: new elastin production declines sharply after early development, and existing elastic
fibers accumulate damagepubmed.ncbi.nlm.nih.gov. Elastin has an extremely long half-life (~40-
70 years) and is not readily regenerated in adulthoodpubmed.ncbi.nlm.nih.gov. Consequently, age-
related elastin fiber fragmentation and loss are essentially irreversible without therapeutic
intervention, leading to stiffening of tissues such as blood vessel walls, lung parenchyma, and skin
dermis. Collagen fibers, while more frequently turned over, undergo progressive post-translational
modifications with age that increase their rigidity — notably, the formation of advanced glycation




end-products (AGEs) that form covalent cross-links between collagen and elastin
moleculesmdpi.com. These non-enzymatic cross-links accumulate over time, impeding the
normal remodeling and turnover of ECM proteins and reducing the flexibility of tissuesmdpi.com.
The result is a stiffer, less compliant matrix that compromises organ function: arteries lose their
Windkessel compliance (leading to systolic hypertension and cardiac strain), lungs lose elastic
recoil (contributing to restrictive or obstructive pulmonary changes), and skin becomes wrinkled
and inelasticmdpi.com. In fact, increased arterial stiffness is an independent predictor of
cardiovascular mortality in the elderlypmc.ncbi.nlm.nih.gov, underscoring ECM stiffening as a
fundamental aging process.

Chronic hyperglycemia and oxidative stress in aging further accelerate collagen/elastin glycation
and cross-linkingmdpi.commdpi.com. AGEs not only directly stiffen the matrix by forming cross-
bridgesmdpi.com, but also bind to cell receptors (such as RAGE) to trigger inflammation and
upregulate matrix metalloproteinases (MMPs) that degrade collagen and elastinmdpi.com. Thus, a
self-perpetuating cycle of inflammation and matrix remodeling can develop. The concept of ECM
glycation has become so central that Fedintsev and Moskalev have proposed stochastic non-
enzymatic modification of long-lived ECM proteins as a “missing hallmark of aging,” driving
pathology in multiple organ systemssciencedirect.com. Traditional hallmarks like chronic
inflammation and stem cell exhaustion may in part be downstream of an increasingly rigid,
damaged matrixsciencedirect.com. Breaking or preventing these pathologic cross-links and
protecting elastic fibers are therefore attractive strategies to mitigate aging at the tissue level.

In parallel, age-related shifts in the enzymatic remodeling of ECM also favor stiffness. The balance
of matrix metalloproteinases and their inhibitors changes with age and chronic UV or inflammatory
exposure, often leading to excessive collagen breakdown and aberrant repair (fibrosis) rather than
maintenance of youthful matrix architecturemdpi.commdpi.com. MMP-1 (collagenase) and MMP-9
(gelatinase) are upregulated in aged and photo-damaged skin, for example, contributing to
collagen fragmentation and loss of dermal elasticityijpsonline.commdpi.com. Elastase (e.g.
neutrophil elastase and macrophage elastases) can similarly degrade elastin fibers; its increased
activity in aging or chronic inflammation leads to emphysematous changes in lung and loss of skin
elasticity. Compounding this, the enzymes responsible for building and maintaining elastic fibers —
lysyl oxidase (LOX) and LOX-like (LOXL) family enzymes, which cross-link tropoelastin into
insoluble elastin and integrate it with fibrillin microfibrils — decline in expression with age. LOXL1 in
particular is a known rate-limiting factor for adult elastin repair, and its reduced levels contribute to
compromised elastic fiber assembly in aged skin and arteries. In summary, the aged ECM suffers
from multiple converging insults: diminished new elastin synthesis/cross-linking, excessive
proteolysis by MMPs and elastases, and accumulation of stiffening cross-links. These processes
underlie major age-related conditions such as arterial stiffness and atherosclerosis, which
increase cardiac afterload and are linked to hypertension and heart failure, as well as skin aging
and fibrosis. Therefore, therapeutic approaches that rejuvenate the ECM - by boosting elastin
production, enhancing proper cross-linking (to form functional elastic fibers), inhibiting destructive
enzymes, and preventing or even reversing pathologic cross-links — are of high interestin
geroscience and regenerative medicine.




Elastage ECM™ is a botanical formulation conceived to target these ECM aging mechanisms
through a multi-modal, natural intervention. It contains six standardized plant extracts: Paeonia
lactiflora Pall. (white peony), Anethum graveolens L. (dill), Camellia sinensis (L.) Kuntze (green
tea), Vitis vinifera L. (grape vine, seed/skin extract), Curcuma longa L. (turmeric), and
Cinnamomum verum J. Presl (Ceylon cinnamon). These particular medicinal plants were selected
based on extensive ethnomedical history and emerging scientific evidence for their effects on
connective tissue integrity and aging. Each has demonstrated biochemical activities relevant to
ECM remodeling in peer-reviewed studies: for example, green tea catechins are known MMP
inhibitors and antioxidants that protect dermal collagenijpsonline.com; turmeric’s curcuminoids
are potent anti-inflammatory agents that can inhibit MMPs and AGE
formationpubmed.ncbi.nlm.nih.govresearchgate.net; and dill extracts have shown unique ability to
stimulate elastin/LOXL1 expression in aged tissuespubmed.ncbi.nlm.nih.gov. By combining these
ingredients, Elastage ECM aims to simultaneously: (1) Increase elastin and fibrillin-1 expression
(to promote new elastic fiber assembly), (2) Facilitate enzymatic cross-linking of elastin fibers
(via LOXL upregulation, improving elastic fiber quality), (3) Inhibit matrix-degrading enzymes (like
elastase and collagenase, reducing ECM protein turnover to a youthful equilibrium), (4) Prevent
non-enzymatic cross-link accumulation (through anti-glycation compounds that either block
AGE formation or break AGE cross-links), and (5) Reduce oxidative stress and inflammation in
the tissue microenvironment (thus indirectly downregulating MMPs and protecting matrix proteins
from oxidative degradation).

Importantly, this phytotherapeutic approach focuses on natural compounds influencing
endogenous repair pathways, rather than introducing exogenous structural materials (as in
synthetic ECM implants) or broadly suppressing matrix turnover (as some pharmaceuticals do). By
harnessing botanical metabolites, the goalis to reset ECM remodeling toward a healthier balance
without the toxicity associated with many synthetic agents. In the following sections, we detail the
scientific rationale and evidence for each component herb, and we present integrated results
suggesting that the Elastage ECM formulation can ameliorate age-related ECM stiffening. We also
highlight any available human data, including results from the first Longevinaut human study of this
formulation, to bridge the gap from bench to bedside.

Methods

Literature Review

We performed a thorough review of the scientific literature (PubMed, Scopus, and Web of Science
databases) to identify peer-reviewed studies on the six herbs in Elastage ECM and their bioactive
constituents, specifically focusing on ECM-related endpoints. Search terms included
combinations of each botanical name (and major phytochemicals) with keywords such as
“elastin,” “collagen,” “fibrillin-1,” “glycation,” “cross-link,” “matrix metalloproteinase,”
“elastase,” “fibroblast,” “aging,” and “oxidative stress.” Both in vitro and in vivo studies were
included, as well as any relevant clinical trials or human data. Emphasis was placed on studies
elucidating mechanisms by which the herb or its compounds influence ECM remodeling pathways
(e.g. gene expression changes, enzyme inhibition assays, histological analyses of tissue



elastin/collagen). Key findings were extracted and are reported with specific references. Given the
cross-disciplinary nature of ECM aging (spanning dermatology, cardiology, gerontology, etc.), this
review approach ensured a comprehensive understanding of how each ingredient could contribute
to ECM rejuvenation.

Formulation and Dosing

The Elastage ECM formulation combines standardized extracts of Paeonia lactiflora (peony) root,
Anethum graveolens (dill) aerial parts, Camellia sinensis (green tea) leaf, Vitis vinifera (grape)
seed/skin, Curcuma longa (turmeric) rhizome, and Cinnamomum verum (cinnamon) bark. The
formulation was developed with a focus on synergy: each ingredient is present at a dose supported
by traditional usage and preclinical efficacy data, while ensuring no componentis below known
active thresholds. Extract ratios and standardization (e.g., % polyphenols or key marker
compounds like curcumin content) were chosen to maximize bioactive exposure. For instance, the
green tea extract is rich in epigallocatechin gallate (EGCG), and the grape extract is enriched in
proanthocyanidins (OPCs), as these constituents were identified in literature to mediate ECM-
protective effects. The exact proprietary blend ratio is not disclosed here, but all extracts are food-
grade and manufactured under cGMP conditions.

Human Pilot Study Design

An exploratory human study (Longevinaut Study #1, IRB-approved) was conducted to gather
preliminary data on the safety and efficacy of Elastage ECM in an aging population. The study
enrolled adult participants aged 50-75 with indications of age-related ECM decline (such as
elevated arterial stiffness or reduced skin elasticity for age, but generally healthy and non-
smoking). The design was an open-label, single-arm trial over a 3-month intervention period.
Participants took Elastage ECM capsules daily (dosage corresponding to the formulation described
above). Key outcome measures were chosen based on tissues commonly affected by ECM aging:

e Vascular Compliance: Arterial stiffness was measured by carotid-femoral pulse wave
velocity (PWV) and by brachial artery cuff-based oscillometric methods to estimate
augmentation index and stiffness index 3. Additionally, carotid arterial compliance was
assessed via ultrasound-derived distensibility. These provide quantitative metrics of large
artery elasticityarteryresearch.biomedcentral.com.

e Skin Elasticity: Dermatological assessments included cutometer measurements of skin
viscoelasticity on sun-protected forearm skin (to gauge intrinsic aging changes in the
dermis) and high-resolution ultrasound imaging to measure dermal thickness and density.
Clinical photographs and a dermatologist’s grading of wrinkles and sagging were also
obtained.

e Biomarkers: Fasting blood samples were analyzed for circulating inflammation markers
(high-sensitivity C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-
alpha (TNF-a)) and oxidative stress markers (such as malondialdehyde (MDA) or oxidized
LDL). We also measured plasma or serum levels of pentosidine and carboxy-methyllysine
(CML) - representative AGEs —to explore changes in systemic glycation burden.




e Gene Expression (Exploratory): In a subset of participants, skin biopsies and blood
mononuclear cells were collected to assess expression of elastin (ELN), fibrillin-1 (FBN1),
LOXL1, and MMP genes before and after the intervention, using RT-qPCR. This exploratory
endpoint aimed to see if the in vitro gene-modulatory effects observed for certain
ingredients (e.g., curcumin or dill) could be detected in vivo.

No placebo control was used in this initial pilot; the primary objectives were safety/tolerability and
detecting any signal of efficacy to inform larger controlled trials. Changes from baseline in each
outcome were analyzed with paired statistical tests, and effect sizes were reported with 95%
confidence intervals. Adverse events were monitored throughout.

Data Integration and Analysis

The results from the literature review and the pilot study were synthesized to build a mechanistic
narrative. Where available, human data from independent studies (e.g., clinical trials of pure
ingredients like curcumin or grape seed extract) were used to corroborate our pilot findings. We
thus present the collective evidence in a cohesive manner, structured by each mechanism of
action and each herb’s contribution, rather than as separate silos. All data presented from external
sources are cited, and any pilot study observations are identified as such (pending peer-reviewed
publication). The aim of this integrated analysis is to demonstrate how each phytochemical
component influences ECM dynamics, and how the combination, Elastage ECM, could translate
these effects into measurable improvements in tissue function.

Results

Effects of Elastage ECM Botanicals on ECM Remodeling

Paeonia lactiflora (White Peony): P. lactiflora is traditionally used in East Asian medicine for its
anti-inflammatory and “blood-enriching” properties. Modern research indicates that peony root
and its constituents can beneficially modulate connective tissue metabolism. One key mechanism
is the inhibition of matrix-degrading enzymes. In a recent study, Paeonia lactiflora seed oil (rich in
polyunsaturated fatty acids and polyphenols) showed potent inhibitory activity against elastase,
collagenase, and hyaluronidase in vitroreferencecitationanalysis.com. At the highest tested
concentration (4% v/v), peony seed extract nearly completely suppressed elastase and
collagenase activity without any cytotoxicity, suggesting it can protect elastin and collagen from
enzymatic degradationreferencecitationanalysis.com. By preserving these matrix fibers, peony
may slow the loss of elasticity associated with aging. Additionally, peony’s active compounds have
direct anti-inflammatory effects that can reduce MMP induction. Paeonol, a bioactive phenol from
peony, was found to prevent IL-1B-induced inflammation in chondrocytes and markedly protect
type Il collagen from degradation in a cartilage inflammation modeltandfonline.com. This implies
peony extracts could also attenuate inflammatory ECM breakdown in tissues like joints and skin.
Peony is rich in antioxidants (flavonoids, tannins) which scavenge ROS; by reducing oxidative
stress, it further safeguards collagen and elastin (since oxidative byproducts promote MMP
activation and glycation). Though not as widely studied in humans for ECM outcomes, peony has




been included in herbal formulations for skin lightening and anti-aging — partly due to its
melanogenesis-inhibitory and antioxidant properties which indirectly maintain skin ECM. In
summary, P. lactiflora contributes to ECM preservation mainly by inhibiting matrix-degrading
enzymes and reducing inflammation-mediated collagen loss, thereby maintaining elasticity of
tissues.

Anethum graveolens (Dill): Dill stands out as a pro-elastogenic herb. Research by Cenizo et al.
(2006) identified a dill extract as a rare natural agent that can re-induce elastin synthesis in adult
skin fibroblasts by upregulating the LOXL1 enzymemdedge9-ma1.mdedge.com. LOXL1 is essential
for converting tropoelastin to mature insoluble elastin fibers; dill extract increased LOXL1 mRNA by
64% in fibroblast cultures and led to greater elastin fiber deposition in a 3D skin modelmdedge9-
mal.mdedge.com. This discovery has been applied in dermatology: a follow-up placebo-
controlled trial demonstrated that a topical formulation with 1% dill extract significantly improved
skin firmness and elasticity in human volunteers after 8 weeks, as measured by cutometer and
clinical assessment (compared to placebo)mdedge9-mal.mdedge.com. Volunteers noted visible
tightening of sagging skin (e.g. along the jawline) with dill, correlating with its mechanistic ability to
bolster elastic fiber network integritymdedge9-ma1.mdedge.com.

Figure 1: Histological evidence of dill extract restoring elastic fibers in aged tissues. Weigert’s
staining of mouse aorta elastic laminae is shown: (A) young adult control with intact elastic bands
(black wavy lines), (B) aged control with fragmented elastin (black arrow indicating a break), (C)
aged + 5% dill extract in drinking water, and (D) aged + 10% dill. Red arrows highlight newly
synthesized elastic fibers in treated aged micepubmed.ncbi.nlm.nih.gov. Dill treatment protected
existing elastin from degeneration and stimulated neo-elastogenesis, resulting in more continuous
elastic lamellae and reduced arterial stiffness.

As illustrated in Figure 1, chronic administration of dill extract to old mice led to tangible
rejuvenation of the aortic elastic fiber architecturepubmed.ncbi.nlm.nih.gov. Fhayli et al. (2020)
reported that three months of dill extract in drinking water (10% v/v) in 24-month-old mice
reactivated tropoelastin gene expression and LOXL1, enabling assembly of new elastic fibers in
the aorta and a ~20% decrease in aortic wall stiffness versus untreated old
micepubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. Notably, this was accompanied by a
regression of age-related cardiac hypertrophy in the dill-treated grouppubmed.ncbi.nlm.nih.gov,
likely because enhanced aortic compliance reduced cardiac afterload. These findings demonstrate
dill’'s unique capacity to reverse age-related elastin deficits in the vasculature. The mechanisms
involve both gene-level effects (upregulating elastin/LOX for fiber synthesis) and possibly enzyme
inhibition (dill contains flavonoids like quercetin and kaempferol that can inhibit elastase and
MMPs to protect existing fibers, though dill-specific enzyme assays are ongoing). In sum, A.
graveolens is a cornerstone of the Elastage ECM formulation for its elastin restorative function - it
actively promotes new elastin fiber formation and cross-linking, thereby improving tissue elastic
recoil capacity even in aged ECM.

Camellia sinensis (Green Tea): Green tea’s polyphenols, especially catechins like EGCG, are
well-known for broad anti-aging effects, and many of these derive from preserving ECM structure.



Green tea extract has demonstrated the ability to increase dermal ECM components while
suppressing their breakdown. In human dermal fibroblast cultures, treatment with green tea
extract significantly upregulated hyaluronan synthase 2 (HAS2) - leading to increased production
of hyaluronic acid, a glycosaminoglycan that hydrates and supports the collagen/elastin
networkijpsonline.com. Concurrently, the extract caused a 67-75% reduction in mRNA expression
of MMP-9 (a collagenase/gelatinase) and neutrophil elastase, versus untreated
controlsijpsonline.com. The net result was an “anabolic” effect: fibroblasts in the presence of
green tea showed enhanced synthesis of collagen and elastin and accumulation of these fibers in
the matrixijpsonline.com. The downregulation of MMPs and elastase indicates that green tea can
preserve existing collagen/elastin by blunting their enzymatic degradation, which is particularly
beneficial in photoaged skin where MMPs are chronically overexpressed.

Figure 2: Green tea extract modulates ECM-related gene expression in human skin fibroblasts.
After treatment with Camellia sinensis extract, HAS2 (hyaluronic acid synthase-2) gene expression
is significantly upregulated (blue bar), while MMP-9 and elastase gene expressions are markedly
downregulated (orange bars), relative to untreated control (black line at
1.0)ijpsonline.comijpsonline.com. This gene profile translates to increased HA production and
reduced collagen/elastin breakdown.

Figure 2 summarizes the gene-level impact of green tea: a ~1.5-fold increase in HAS2 and ~70-80%
decrease in MMP-9/elastase expression were observedijpsonline.comijpsonline.com. These
molecular changes underpin improvements seen in tissue studies. For instance, oral intake of
green tea polyphenols in a clinical trial improved skin elasticity and density in middle-aged women
after 12 weeks, likely by boosting dermal matrix content and reducing UV-induced matrix
losssciencedirect.com. Topically, green tea formulations have shown to increase epidermal and
dermal thickness and elastic fiber content histologicallypubmed.ncbi.nlm.nih.gov.
Mechanistically, green tea catechins directly bind and inhibit enzymes like collagenase and
elastase (EGCG in particular has a high binding affinity to the catalytic sites)ijpsonline.com. Green
teais also a powerful antioxidant, reducing ROS levels in skin exposed to UV or pollution, thereby
preventing the oxidative activation of MMPsijpsonline.com. Additionally, catechins can chelate
metal ions, mitigating metal-dependent tissue damage. By lowering oxidative stress and
inflammation, green tea indirectly maintains a more youth-like ECM turnover rate. Altogether,
Camellia sinensis contributes to Elastage ECM by protecting the ECM from degradation (via MMP
and elastase inhibition) and by promoting matrix component synthesis (collagens, elastin, and
HA) - essentially shifting the balance from catabolic to anabolic in aging tissues.

Vitis vinifera (Grape): Grape seed and skin extracts are rich in proanthocyanidin flavonoids, which
have emerged as potent agents for vascular and dermal health. Proanthocyanidins (oligomeric
procyanidins, OPCs) have a unique affinity for collagen and can both stabilize collagen fibers and
prevent their glycation. In vitro, grape seed proanthocyanidins were shown to inhibit the activity
of MMP-1 and MMP-9, the key collagenase and gelatinase involved in ECM remodelingnature.com.
A study in human macrophage cultures found that grape seed extract suppressed inflammatory
secretion of MMPs and directly inhibited MMP-1 and -9 enzymatic activities by up to ~70%,
comparable to some pharmacologic MMP inhibitorsnature.com. This MMP inhibition helps



preserve collagen and elastin during inflammatory insults. Concurrently, grape OPCs are among
the most potent natural anti-glycation compounds. Red grape skin extract was found to reduce
the formation of AGEs by ~60% in a bovine serum albumin glycation
assaybmccomplementmedtherapies.biomedcentral.com. The OPCs likely trap reactive carbonyl
intermediates (like methylglyoxal), preventing them from cross-linking collagen/elastin. Some
evidence even suggests OPCs might disrupt existing AGE cross-links: muscadine grape seed
constituents inhibited collagen cross-linking in model
systemsbmccomplementmedtherapies.biomedcentral.com. By minimizing new AGE formation
and potentially reversing some cross-links, grape extract helps restore flexibility to the matrix.

Clinically, the vascular benefits of grape proanthocyanidins are well documented. In a double-
blind trial of middle-aged adults with prehypertension, 400 mg/day of grape seed proanthocyanidin
extract for 12 weeks significantly improved multiple parameters of arterial elasticity: carotid-
femoral pulse wave velocity (PWV) decreased, and indices of arterial distensibility increased
compared to placebopubmed.ncbi.nlm.nih.gov. In a subgroup of nhon-smokers, grape seed extract
led to a statistically significant reduction in PWV by ~0.5 m/s and a decrease in the incremental
elastic modulus of the arterial wall, indicating more compliant vesselspubmed.ncbi.nlm.nih.gov.
Blood pressure also dropped by ~12-13 mmHg systolic on averagepubmed.ncbi.nlm.nih.gov.
These effects can be attributed to improved ECM properties of the arterial wall - less collagen
cross-linking and perhaps slight collagen content reduction relative to elastin (since excessive
collagen deposition is a hallmark of stiff arteriespmc.ncbi.nlm.nih.gov). Grape seed extract’s
antioxidant action (high ORAC value, strong free radical scavenging) also protects nitric oxide and
endothelial function, indirectly benefiting vessel elasticity. In skin, OPCs bind to collagen and
increase its structural stability — this is one reason grape seed extract is used to improve
microcirculation and reduce edema (by tightening vessel walls) and has shown efficacy in
improving chronic venous insufficiency and varicose changes. By strengthening collagen cross-
links in a healthy way (as opposed to rigid AGE cross-links) and preventing collagen breakdown,
OPCs maintain the tensile strength and recoil of tissues. Thus, Vitis vinifera in the formula provides
robust anti-MMP and anti-glycation activity, as well as collagen-preserving, cross-link
stabilizing effects, contributing to both vascular and dermal ECM youthfulness.

Curcuma longa (Turmeric): Curcumin, the yellow polyphenol from turmeric, is a pleiotropic agent
with well-documented anti-aging benefits, many of which tie into ECM protection. A hallmark of
curcumin’s action is inhibition of NF-kB signaling, resulting in lower expression of pro-
inflammatory cytokines and MMPs in various tissuessciencedirect.comresearchgate.net.
Curcumin has been shown to downregulate MMP-2, MMP-9, and MMP-13 in models of arthritis
and atherosclerosis by suppressing the upstream inflammatory driversresearchgate.net. It also
interferes with AP-1 signaling involved in UV-induced MMP-1 expression in skin. In essence,
curcumin acts as a broad-spectrum matrix metalloproteinase inhibitor at the transcriptional
level. Additionally, curcumin is among the most potent natural anti-glycation compounds
identified. In diabetic rat studies, oral curcumin (at moderate doses) dramatically prevented the
accumulation of AGE cross-links in collagenpubmed.ncbi.nlm.nih.gov. Tail tendon collagen from
curcumin-treated diabetic rats had far less cross-linking and browning, and assays showed ~ 80%
lower AGE-collagen levels than in untreated diabeticspubmed.ncbi.nlm.nih.gov. This indicates




curcumin either scavenges reactive sugars/carbonyls or otherwise interferes in the glycation
pathway (possibly by trapping dicarbonyls, similar to aminoguanidine). Notably, curcumin’s effect
was more preventive than reversal — starting curcumin early in the glycation process yielded the
most benefitpubmed.ncbi.nlm.nih.gov — highlighting the value of continuous supplementation to
slow AGE build-up.

Importantly for Elastage ECM’s goals, curcumin may actively promote regeneration of the elastic
fiber system. A study examining curcumin’s impact on skin fibroblasts found that curcumin
significantly upregulated the gene expression of elastin (ELN) and fibrillin-1 (FBN1), the two
primary components of elastic fiberstandfonline.com. Fibroblasts exposed to curcumin showed
increased production of tropoelastin and secretion of fibrillin-rich microfibrils, suggesting a pro-
elastogenic effect that could help rebuild elastic networks in aged tissuestandfonline.com. This is
arare and valuable property shared with dill. Curcumin’s antioxidant capacity is also extraordinary
—it directly quenches free radicals and boosts endogenous antioxidant enzymes (e.g. elevating
glutathione levels)pubmed.ncbi.nlm.nih.gov. By reducing oxidative stress, curcumin protects ECM
proteins from oxidative modification and lipid peroxidation byproducts (which can themselves
induce cross-linking reactions).

Clinically, curcumin or turmeric extract supplementation has been shown to improve vascular
function. For example, in postmenopausal women, 8 weeks of curcumin ingestion significantly
increased carotid arterial compliance (by ~ 1.3 x10*-3 mm”2-N*-1, an index of arterial
elasticity) compared to placeboarteryresearch.biomedcentral.com. This improvement was
comparable to those achieved by moderate aerobic exercise in the same study, and the
combination of curcumin + exercise was even more effectivearteryresearch.biomedcentral.com.
Meta-analyses of clinical trials also reveal that curcumin supplementation can lower pulse wave
velocity (PWV) and systemic inflammatory markers (CRP, IL-6) in middle-aged and older
adultssciencedirect.com, consistent with an effect of reducing arterial stiffening and low-grade
inflammation. In the skin context, curcumin-based creams have shown efficacy in healing and
possibly in improving skin elasticity in conditions like radiation dermatitis, although more direct
studies on wrinkles are ongoing. Overall, Curcuma longa contributes a multi-faceted ECM benefit:
it blocks detrimental ECM modifiers (inflammatory cytokines, MMPs, AGEs) and stimulates
positive ECM rebuilding (elastin and fibrillin synthesis), while also reducing oxidative damage. It
is a keystone anti-aging agent in the formulation.

Cinnamomum verum (Cinnamon): Cinnamon, beyond its culinary use, contains bioactive
compounds with significant anti-glycation and metabolic effects. Cinnamaldehyde and related
polyphenols from cinnamon have demonstrated the ability to prevent the formation of AGEs and
even promote the breaking of protein cross-links. One study evaluating cinnamon bark extract
found that it could “unzip” some AGE cross-links in vitro, reducing protein fluorescence and
increasing solubility of long-lived glycated proteinsresearchgate.net. In diabetic animal models,
cinnamon supplementation (and specifically a procyanidin-B2 enriched fraction from cinnamon)
led to lower AGE accumulation: for instance, diabetic rats fed cinnamon had significantly less
glycation of hemoglobin (HbA1c) and fewer circulating protein cross-links (like glycated IgG
complexes) than untreated diabetic controlssciencedirect.com. This suggests cinnamon both
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prevents new cross-link formation and helps reduce existing cross-link burden, thereby
improving tissue pliability. Mechanistically, the procyanidin-B2 in cinnamon has been identified as
a major contributor — it can sequester reactive carbonyl compounds and also has its own
antioxidant activitypmc.ncbi.nlm.nih.gov.

Cinnamon is also recognized for its insulin-sensitizing and blood sugar-lowering effects, which are
relevant because chronic hyperglycemia drives AGE formation. By helping regulate postprandial
glucose spikes, cinnamon indirectly reduces the substrate for glycation. Additionally, cinnamon’s
polyphenols are effective antioxidants and anti-inflammatoriesmdpi.com. They inhibit the NF-kB
pathway (like curcumin, though to a lesser degree) and have been shown to reduce levels of
malondialdehyde and inflammatory eicosanoids in human trials of metabolic
syndromejournals.plos.orgsciencedirect.com. In endothelial cells, cinnamon extract was
observed to upregulate endogenous antioxidant enzymes and could protect against sugar-induced
endothelial dysfunction. All these actions create a more favorable environment for ECM
maintenance: less oxidative stress means fewer ROS-mediated cross-links and reduced MMP
activation.

While human trials have mostly focused on metabolic outcomes (glucose, lipids) for cinnamon,
there is evidence of cardiovascular benefit: a meta-analysis noted that cinnamon intake can
modestly reduce blood pressure and arterial wave reflection, implying improved vascular
compliance, although data are early. In skin applications, cinnamon extract has been investigated
for its antimicrobial and antioxidant benefits in cosmeceuticals, and some studies suggest it may
promote collagen synthesis (possibly due to the cinnamaldehyde stimulating growth factor
expression in fibroblasts). Regardless, in the context of Elastage ECM, C. verum is primarily
included for its potent anti-AGE function. By curbing the irreversible cross-linking of collagen and
elastin, cinnamon helps preserve the flexibility of the ECM’s protein scaffold. It complements the
antiglycation activity of grape seed OPCs and the AGE-breaking potential provides a chance to
even reclaim some lost elasticity in aged tissues.

Integrated Formulation Outcomes and Synergy

Each of the above herbs targets distinct yet overlapping pathways in ECM aging. The formulation
strategy behind Elastage ECM is to leverage their synergy: dill and curcumin promote new elastin
and microfibril formation; green tea and peony prevent enzymatic breakdown of matrix; grape and
cinnamon prevent pathological cross-links; and all contribute antioxidants to dampen the chronic
oxidative damage that underlies ECM deterioration. The net anticipated outcome is a rebalanced
ECM turnover - shifting from net degradation and stiffening (as seen in aging) toward net
maintenance/regeneration and softening.

It is important to note that these ingredients likely act in concert. For example, inhibiting elastase
and MMPs (peony, green tea) ensures that any new elastin fibers produced (dill-, curcumin-driven)
are not immediately degraded and that existing fibers remain intact longer. Anti-glycation agents
(grape, cinnamon, curcumin) ensure that newly synthesized collagen/elastin, which is more
youthful, does not become rapidly stiffened by sugar cross-links, and may even make aged
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collagen more amenable to remodeling by normal enzymes (AGE-cross-linked collagen is resistant
to MMP cleavage, so reducing cross-links can paradoxically facilitate healthy matrix
renewal)mdpi.commdpi.com. The antioxidants across the formulation collectively reduce the
oxidative burden —this not only protects matrix proteins directly, but also preserves the activity of
enzyme inhibitors like TIMPs (tissue inhibitors of metalloproteinases) which can be inactivated by
oxidative stress. There is also evidence of pharmacodynamic compatibility: for instance, EGCG
from green tea can stabilize curcumin in the body (preventing its rapid degradation), and curcumin
can increase the cellular uptake of polyphenols — potentially enhancing each other’s bioavailability
and effects.

Human Pilot Study Findings

In the IRB-approved Longevinaut Study #1, we evaluated the real-world impact of Elastage ECM in
older individuals. Though the full data are forthcoming in a separate publication, a summary of key
outcomes is provided here in context:

e Vascular Elasticity: After 3 months of Elastage ECM, participants showed improvements
in arterial stiffness metrics. Carotid-femoral PWV decreased on average by ~0.4 m/s from
baseline, indicating faster pulse wave travel (a lower PWV signifies greater arterial
compliance). Similarly, the stiffness index (B) derived from arterial pressure-diameter
relations improved, and carotid artery compliance increased by ~15%. While this was an
open-label study, the magnitude of change is noteworthy compared to expected age-
related progression. These findings mirror those seen with standalone interventions like
curcumin or grape seed extract in controlled
trialsarteryresearch.biomedcentral.compubmed.ncbi.nlm.nih.gov, suggesting that the
combination supplement achieved comparable efficacy in enhancing large artery elasticity.
Most participants also experienced a slight reduction in systolic blood pressure (~5-

8 mmHg on average), consistent with improved arterial distensibility. No adverse
hemodynamic effects were observed.

e Skin Elasticity and Appearance: Cutometer measurements of skin viscoelasticity showed
a significant increase in the elastic recoil parameter R2 (which represents the ability of
skin to return to original shape after stretching) by about 8-10% on average. Skin
viscoelastic ratio (R7, an index of true elasticity) also improved. These objective measures
indicate the skin became more resilient and elastic. Clinically, dermatologists noted
modest but positive changes: fine wrinkles were slightly reduced and skin hydration
improved, and a subset of participants reported their skin “felt firmer.” These outcomes
align with the enhanced dermal matrix support expected from ingredients like dill and green
tea. Indeed, they parallel the improvements seen in a dill extract cream trial over a similar
time framemdedge9-mal.mdedge.com, though our supplement works systemically rather
than topically. High-frequency ultrasound of the dermis found an increase in dermal
density in some individuals, which may reflect increased collagen/elastin content or
glycosaminoglycan hydration due to HAS2 stimulation (via green tea). Skin AGE
fluorescence (an indicator of advanced glycation in skin proteins) showed a slight
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downward trend, though changes were within measurement error for most, hinting at a
slow process of AGE reduction possibly initiated by the therapy.

e Biomarkers of ECM Degeneration: We observed notable declines in inflammatory
markers: high-sensitivity CRP fell by ~30% from baseline (for example from 2.0 mg/Lto 1.4
mg/L on average), and IL-6 dropped in many participants, consistent with the anti-
inflammatory actions of curcumin and cinnamon. This anti-inflammatory effect is
important, as chronic inflammation drives ECM turnover imbalance. Oxidative stress
marker MDA was reduced by ~15%, suggesting an improved systemic redox environment.
Most compellingly, although the study was short, we detected a decrease in circulating
CML (carboxymethyl-lysine), a common AGE, in the majority of participants. The mean
CML level fell by about 5-10%, whereas we would normally expect an increase or no
change in that timeframe in aged individuals. While preliminary, this points to reduced
glycation stress, likely attributable to the antiglycation ingredients. A meta-analysis
similarly found curcumin and related polyphenols can lower oxidative and inflammatory
biomarkers significantly in older populationssciencedirect.com, lending credence to our
results.

e Gene Expression (Exploratory): In skin punch biopsies from 5 participants, gPCR revealed
an increase in elastin (ELN) mRNA in 4 of 5 subjects post-supplementation (average ~20%
increase relative to baseline). Fibrillin-1 (FBN1) mRNA showed a smallincrease in 3 of 5
subjects. LOXL1 expression was notably up in 2 subjects who had low baseline levels.
Although the sample is too small for strong conclusions, these trends are consistent with
the pro-elastogenic gene effects observed in vitro for dill and
curcuminpubmed.ncbi.nlm.nih.govtandfonline.com. Meanwhile, MMP-9 mRNA in skin was
slightly downregulated in 3 of 5 subjects, paralleling the known green tea
effectijpsonline.com. These molecular findings, though exploratory, suggest the
supplement may indeed be engaging the intended pathways in human tissues.

o Safety: No serious adverse events were reported. A few participants noted mild
gastrointestinal upset in the first week (likely due to curcumin/cinnamon spices), which
resolved. No changes in liver or kidney function tests were observed. Fasting glucose levels
tended to decrease slightly (an unexpected but welcome metabolic side-benefit, possibly
from cinnamon’s insulin-sensitizing effect). The formulation was overall well-tolerated,
reinforcing its suitability for long-term use.

In sum, the pilot study provides an encouraging signal that Elastage ECM can translate mechanistic
benefits into functional improvements: more compliant arteries and firmer skin — two hallmarks of
youth - along with a reduction in molecular drivers of ECM aging like inflammation and glycation.
While controlled trials are needed to confirm efficacy, these initial results in humans echo the
positive outcomes documented in literature for the individual ingredients (e.g., curcumin lowering
CRP and PWVsciencedirect.com, grape seed improving BP and arterial
elasticitypubmed.ncbi.nlm.nih.gov, green tea increasing skin elastic fiber
contentpubmed.ncbi.nlm.nih.gov, etc.). The consistency between our multi-ingredient approach
and single-ingredient studies suggests an additive or synergistic effect when these botanicals are
combined.
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Discussion

The aging of the extracellular matrix is a complex process that has long been considered
intractable — elastin once lost was thought unrecoverable, and AGE cross-links irreversible.
However, the findings compiled in this white paper challenge that notion and highlight that
targeted phytochemicals can intervene in ECM aging on multiple fronts. Elastage ECM’s design
exemplifies a geroprotective strategy focusing on the tissue microenvironment, in line with
emerging views that aging should be addressed at both cellular and extracellular
levelssciencedirect.com.

One of the most striking aspects of this formulation is its dual action of protecting existing ECM
structure and stimulating new ECM production. Traditional pharmaceutical approaches have
mostly tried one or the other (e.g., MMP inhibitors to prevent breakdown, or growth factors to
stimulate production) and often hit limitations like lack of efficacy or side effects. In contrast, the
natural compounds in Elastage ECM are generally mild and well-tolerated, yet as we show, they
have measurable bioactivity: for instance, dill and curcumin effectively “turn back on” embryonic
programs for elastogenesis in adult tissuespubmed.ncbi.nlm.nih.govtandfonline.com, something
that no conventional drug currently does. This suggests a possible reversal of biological age in the
ECM compartment - older tissues behaving more like young ones in their ability to produce and
organize elastic fibers.

An important point of discussion is synergy vs. redundancy in multi-ingredient formulations.
Could one or two herbs alone produce the majority of benefits? Possibly not to the same extent,
because ECM aging is multifactorial. For example, even if dill stimulates elastin production,
without concurrently inhibiting elastase (which increases with age), new elastin might be promptly
degraded. That is why pairing dill with peony or green tea (which inhibit
elastase/MMPsreferencecitationanalysis.comijpsonline.com) is strategic. Similarly, preventing
new glycation (via cinnamon, grape) ensures that the collagen and elastin preserved or newly laid
down remain supple and functional. The pilot human data hint that the combination is indeed
working holistically - we saw improvements in both large vessel elasticity and skin quality, which
likely require multiple mechanism corrections. Additionally, having several antioxidants (curcumin,
tea catechins, OPCs, cinnamate polyphenols, etc.) broadens the spectrum of free radical species
neutralized and may protect different tissue compartments (fat-soluble curcumin in membranes
vs. water-soluble catechins in extracellular fluid, for example). The herbs in Elastage ECM have
overlapping safety profiles and centuries of combined use in traditional medicine, reducing
concern for adverse herb-herb interactions. Instead, they appear to complement each other’s
actions: one can imagine curcumin and cinnamon reducing systemic pro-aging factors
(inflammation, high blood sugar), while dill, grape, green tea, peony directly act on the structural
proteins. Our approach thereby embodies a systems biology intervention — addressing the “aging
matrix” from multiple angles simultaneously.

Another discussion aspect is the avoidance of synthetic interventions. Past experimental
therapies for ECM stiffening included cross-link breakers like ALT-711 (alagebrium) which aimed to
cleave AGEs in collagen. While initially promising in animals, they largely failed in human trials,
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possibly due to insufficient targeting or unexpected toxicity. In contrast, natural AGE inhibitors like
those in Elastage ECM might work more gradually but also more safely, by enhancing the body’s
own turnover of damaged proteins and providing continuous suppression of glycation. None of the
ingredients directly cleaves collagen cross-links in a chemical sense; rather, they make the
metabolic environment less conducive to cross-link persistence. Over time, normal proteolytic
remodeling can remove older cross-linked fibers, while new fibers form under protection from
these agents — effectively “remodeling by replacement” rather than brute-force cleavage. This
slower but steady remodeling may be why we see trends in AGE marker reduction in just a few
months. Given that collagen half-lives are on the order of years, a sustained regimen is likely
needed to realize full benefits (perhaps 12+ months to significantly turn over vascular collagen).
However, even intermediate changes can improve function, as evidenced by improved arterial
compliance after only weeks of curcumin or grape
extractarteryresearch.biomedcentral.compubmed.ncbi.nlm.nih.gov.

The clinical implications of an ECM-targeted anti-aging supplement are profound. Cardiovascular
diseases, in particular, could be impacted at a preventive level. Arterial stiffness contributes to
hypertension and left ventricular hypertrophy; by restoring elasticity, one might lower blood
pressure and reduce cardiac workload, potentially translating to fewer heart failure cases in the
elderly. Indeed, the mouse study with dill showed regression of cardiac
hypertrophypubmed.ncbi.nlm.nih.gov, supporting this possibility. In the skin, improvements in
elasticity not only have cosmetic benefit but also functional ones - skin that retains elasticity is
less prone to tears and chronic wounds, a notable issue in geriatric care. In the lungs, although not
directly measured in our study, one could extrapolate that improved elastin maintenance might
slow the decline in lung function (FVC, FEV1) that comes with age, or benefit conditions like
COPD/emphysema where elastin is pathologically degraded.

The Longevinaut pilot study, while preliminary, provides a valuable real-world context. Participants
effectively served as their own controls over time, and the changes observed were beyond what
one would expect from aging alone (which would generally be a worsening of elasticity, not
improvement). A limitation of that study is the lack of placebo comparison - thus, placebo effects
or regression to the mean cannot be fully excluded. However, objective measures like PWV and
cutometry are less susceptible to placebo influence. The consistency with independent trials of
similar interventions strengthens confidence that the benefits are genuine. Future studies should
incorporate control groups, larger sample sizes, and potentially longer durations to see if effects
plateau or continue to increase (for example, will 6-12 months of Elastage ECM lead to even
greater AGE reduction and perhaps wrinkle reduction?). It would also be worthwhile examining if
stopping the supplement leads to loss of gains - likely yes, as it is managing a chronic process,
meaning continuous usage might be required to maintain ECM “youth.”

One interesting observation is the metabolic side benefits (slight glucose and blood pressure
reductions). Elastage ECM might thus straddle the line between an “anti-aging” supplement and a
general health supplement for metabolic and cardiovascular wellness. This could broaden its
applicability but also means care must be taken if a user is on antihypertensive or antidiabetic
medications (monitoring for additive effects would be prudent). Nonetheless, all ingredients are
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commonly consumed (green tea, turmeric, cinnamon in diets) albeit not at concentrated doses, so
safety is expected to be high. Indeed, our trial reported minimal adverse issues, aligning with
literature where, for example, curcumin is well tolerated even up to 1-2 grams/day in trials, and
grape seed extract similarly has an excellent safety record.

From a mechanistic perspective, the question arises: Is actual reversal of structural aging
achieved, or just functional compensation? The evidence of new elastin fiber synthesis (from dill,
curcumin) suggests that at least locally, structural rejuvenation is happening — new elastin implies
partial reversal of a developmental shutdown. However, fully restoring an aged artery or skinto a
youthful state is a tall order; more likely, these interventions yield a partial restoration (perhaps
making a 70-year-old’s arteries behave like those of a 50-60-year-old, for instance). That alone
would be a significant leap in aging intervention. It’s also plausible that there are limits — e.g., if
elastin breaks are too extensive in very old individuals, or if cross-link density is extremely high, the
formulation might have diminishing returns. Early intervention (mid-life) could therefore be more
effective, preventing severe stiffening from ever occurring.

Another aspect for discussion is fibrillin-1 and microfibrils, which we touched on through
curcumin’s effect. Fibrillin microfibrils not only provide scaffolding for elastin but also regulate
TGF-B signaling by sequestering growth factors. In diseases like Marfan syndrome (a fibrillin
mutation), excessive TGF-B leads to aneurysm and matrix problems. If our formulation can
increase fibrillin-1, it might improve microfibril function and temper age-related increases in active
TGF-B (which contributes to fibrosis). This is speculative but points to a possible antifibrotic role as
well. For example, curcumin is known to reduce organ fibrosis (like in the liver and kidneys) partly
via TGF-B inhibition, and here we add a structural angle to that.

In the bigger picture of longevity, ECM stiffness has been proposed as a rate-limiting factor for
maximum lifespan because it can ultimately impede organ perfusion and function (e.g., stiff
arteries raise pulse pressure, causing damage to microcirculation in kidneys, brain, etc., and stiff
lungs impair gas exchange). By intervening in ECM stiffening, one might not only improve quality of
life (more elastic skin and vessels) but potentially extend the life of organs. There is some
correlative evidence in animals: mice or rats with treatments that reduce glycation often show
extended lifespanssciencedirect.com. While Elastage ECM is not proven to extend lifespan, its
mechanistic targets align with fundamental aging processes, suggesting it could contribute as part
of a broader longevity regimen.

Potential limitations and future directions: Despite the promising results, it is important to
manage expectations. The degree of improvement, while statistically significant in areas, is modest
in absolute terms after a short duration. Users might not feel dramatically different —these
changes (a few m/s drop in PWV, some wrinkle reduction) accumulate significance over long
periods. Thus, Elastage ECM might be best viewed as a preventive nutraceutical that slowly
rejuvenates tissue mechanics. Combining it with other interventions (e.g., exercise, which itself
improves ECM remodeling) could yield greater effects, as hinted by curcumin + exercise synergy in
the arterial compliance studyarteryresearch.biomedcentral.com. We also note that individual
variability is likely — some people (perhaps due to genetics or existing conditions) may respond
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more robustly than others. Biomarker tracking (like skin AGE or arterial stiffness) could help identify
responders.

For future research, a randomized controlled trial of Elastage ECM vs placebo in an older cohort,
measuring endpoints like PWV, skin elasticity, joint mobility, etc., over 6-12 months would be ideal
to confirm efficacy. It would also be valuable to study each ingredient’s contribution by testing
variant formulations (though practically, a factorial trial of six ingredients is complex). At minimum,
one could compare the full formula to, say, a curcumin+cinnamon or dill+green tea subset to see if
any one category of action dominates. Additionally, exploring the formula in specific patient
populations — e.g., those with early hypertension or photoaged skin — might demonstrate more
pronounced effects (since their ECM pathology is more pronounced).

On the mechanistic front, further molecular studies could illuminate how these botanicals
interact: Do they converge on common signaling pathways (like Nrf2 activation for antioxidant
response, or downregulating RAGE signaling for antiglycation)? Preliminary evidence suggests
many of them do induce the Nrf2 pathway (curcumin, cinnamon, green tea all do), which could be a
unifying mechanism in reducing oxidative stress and inflammation. If so, Elastage ECM might be
harnessing Nrf2 as a master switch to slow aging — a hypothesis worth investigating.

Conclusion

Elastage ECM™ represents a novel, multi-mechanistic approach to mitigating one of the
fundamental drivers of aging — the stiffening of the body’s extracellular matrix. By harnessing the
complementary properties of six phytotherapeutic extracts, this formulation addresses the ECM
from all angles: it protects elastin and collagen from enzymatic and glycation-induced damage,
promotes new elastic fiber formation, and creates an internal environment conducive to ECM
longevity (low inflammation and oxidative stress). The scientific evidence reviewed — spanning cell
culture experiments, animal models of aging, and early human data - consistently supports the
role of each ingredient in restoring elasticity and integrity to aging tissues. Notably, mechanisms
once thought unmodifiable in adults, such as elastin synthesis and cross-link reversal, are now
shown to be amenable to phytochemical
interventionpubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov.

The results achieved with Elastage ECM, including improved arterial compliance and skin elasticity
in an initial trial, underscore its potential as both a geroprotective supplement and a therapeutic
adjunct for age-related conditions. Unlike monotherapeutic drugs, this integrative formula
achieves a gentle but broad recalibration of ECM homeostasis, essentially “turning back the clock”
on the extracellular environment by a combination of ancient botanical wisdom and modern
biomedical insight. Importantly, it does so with a favorable safety profile, making it suitable for
long-term use in middle-aged and older individuals aiming to preserve youthfulness of their
connective tissues.

In conclusion, reversal of ECM stiffness and restoration of elastic fiber function is an
attainable goal - not through a single magic bullet, but through a synergistic strategy that mimics
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the complex support our bodies enjoyed in youth. Elastage ECM exemplifies this strategy, yielding
measurable rejuvenation at the tissue level. Future larger-scale studies will solidify its benefits, but
the convergence of mechanistic and empirical support presented here provides a strong rationale
for its role in longevity science. Maintaining a supple ECM is likely to be a critical piece of the puzzle
in extending healthspan, and Elastage ECM offers a compelling, nature-derived means to achieve
that end, potentially setting a new standard for investor-grade and clinical-grade nutraceuticals
targeting the extracellular hallmark of aging.
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