Mechanistic Framework for Aortic Root Shrinkage

Core Goal

Shrink aortic root diameter by rebalancing extracellular matrix (ECM) turnover — reduce degradation (MMPs,

inflammation, senescence) while restoring elastin and collagen crosslinking (LOX, tropoelastin, ECM gene

programs).

Coordinate hemodynamic, metabolic, and oxidative contributors in a cyclical, multi-axis protocol for net diameter

reduction.

Preclinical Target: 0.1-0.3 cm | in 12 months.

1 Foundational Axes

Axis

ECM
Reconstruction

Inflammation
Control

Core
Mechanism

Stimulate
LOX, LOXLT,
tropoelastin
synthesis;
promote
crosslinking
and elastin
fiber repair

Suppress
cytokine/MMP
transcription;
normalize
VSMC
phenotype

Principal
Pathways

LOX/LOXL,
TGF-B,
SMAD,
copper
enzymes

NF-kB, AP-
1, COX-2,
TNF-a, IL-6

Primary Agent

DB-Extract (dill +
blackberry
anthocyanins)

GHK-Cu

Vitamin C
(liposomal)

Zinc bisglycinate

Silica(organic, e.qg.,

bamboo)
Trace Copper (if

GHK-Cu
insufficient)

LongVida®
Curcumin (SLCP)

Berberine

(dihydroberberine)

Pterostilbene
(pTeroPure®)

Dose

400
mg

2mg
SC

750 mg

15 mg

10-20

1-2 mg

750 mg

200
mg BID

150 mg

Key Notes /
Evidence

1 elastin
neosynthesis, |
diameter in mice

1 VSMC LOX

LOX cofactor

Tropoelastin
folding

Structural
support

Enzyme cofactor

~100x
bioavailability, |
NF-kB in aortic
tissue

3-5x 1 AMPK vs.
standard, |
inflammation

1 SIRT1, anti-
inflammatory

Alternative
(if needed)

Standard
ascorbate (1

9)

Omit if GHK-
Cu used

NovaSol®
Curcumin
(500 mg;
~185x
absorption,
Gl-friendly)

Standard
berberine
(500 mg TID)



Axis

Oxidative
Defense

Cellular Youth /
Repair

Core Principal

Mechanism Pathways
Restore redox
balance; Nrf2, HO-1,
protect new NQO1, SOD,
ECMand GPx
mitochondria
Preserve SIRTT,
contractile NAD*,
VSMC AMPK,
phenotype; FOX03
maintain mt
biogenesis
and NAD*

Primary Agent

Boswellia (AKBA-
enriched)

Omega-3s (high-
EPA algal oil)

GLP-1RAs(e.g.,
semaglutide)

Sulforaphane
(BroccoPhane®)

Lipoic acid (R-
form)

Astaxanthin
(AstaReal®
microalgae)

Co010 (ubiquinol)

POO (BioPOO®)

Melatonin

(extended-release)

NMN (Niagen®)

Pterostilbene
(pTeroPure®)

Urolithin A
(Mitopure®
liposomal)

Quercetin (with Vit
C)

Dose

500
mg

(=650
mg
EPA)

0.5-1
mg
weekly
(Rx)

30 mg

400
mg

6-12
mg

150 mg

15 mg

3 mg

300
mg

150 mg

250
mg

300
mg

Key Notes /
Evidence

| COX-2

| cytokines, |
stiffness; 2025
meta

Indirect | NF-kB

Nrf2 master
switch, | ROSin
AAA models

Antioxidant
recycling

6,000x stronger
than Vit C;
membrane + mt
protection

Mitochondrial
redox

Mitochondrial
biogenesis

Nighttime ROS |

Direct NAD*
precursor,
superior tissue
reach (2025
trials)

1 SIRT1(~80%
bioavail.),
neuromodulation

1 mitophagy 2x
vs. standard
(2025 clinical)

1 SIRT1/AMPK,
anti-glycation
synergy in
hypertensive
mice

Alternative
(if needed)

Fish oil ethyl
esters(vegan
algal
preferred)

Prostaphane®
(20-30 mg;
full
myrosinase
activation)

Krill-derived
(6 mg;
budget)

NR(Tru
Niagen®)(300
mg)

Micronized
resveratrol
(250 mg;
cost-
effective)

Standard
urolithin A



Axis

Autophagy &
Proteostasis

Hemodynamic
Relief

Fibrinolytic /
Endothelial
Support

Bioenergetic /
Optical
Modulation

Core
Mechanism

Clear
damaged
proteins and
ECM
fragments

Reduce wall
tension,
afterload,
RAAS activity

Maintain
laminar flow;
prevent
micro-
thrombotic
shear stress

Improve mt
signaling, NO,
and redox
pathways

Principal
Pathways

mTOR,
AMPK, ULK1

RAAS, NO,
eNQGS, TGF-

B

Plasmin,
Fibrin,
eNOS

PBM
(red/near-
IR),
Cytochrome
c oxidase

Primary Agent

GLP-1RAs(Rx)

Spermidine (wheat
germ)

Trehalose

Intermittent
fasting

Metformin

Losartan

Citrulline (L-form)

Beetroot nitrate
(SuperBeets®)

Omega-3s(as
above)

GLP-1RAs(Rx)

Nattokinase (NSK-
SD®)

Pycnogenol
(French maritime
pine)

L-Citrulline

Taurine

PBM (Joovv® / Mito
Red)

Co0Q10 (ubiquinol)

POQ (BioPQO®)

Astaxanthin (as
above)

Dose

Weekly

3 mg

59

16:8

500
mg
(Rx)

50 mg
(Rx)

39

500
mg

1q

Weekly

2,000
FU

150 mg

39

29
660-
850
nm, 10

Jiem?,
10 min

150 mg

15 mg

6 mg

Key Notes /
Evidence

Indirect 1 SIRT1
via AMPK

Autophagy
induction

Protein
clearance

| mTOR

1 AMPK;
conceptual

| wall tension,
Marfan RCT

1+ NO

1NO, | PWV

BP reduction

| weight/BP, |
stiffness
| PWV 8%,

fibrinolysis; gold
standard

Endothelial tone

1 NO, laminar
flow

| shear stress

1+ ATP/NO'in
VSMC

Mitochondrial
energy

Mitochondrial
biogenesis

Photo-synergist
with PBM

Alternative
(if needed)

Standard
nattokinase



2 Interaction Logic — Synergistic Reinforcement

1. NF-kB 2 mTOR 2 SIRT1Hub
| NF-kB & mTOR(LongVida® DHB) — | MMPs
1 SIRT1& AMPK (Pterostilbene, NMN) — VSMC + mt stability

2. Nrf2 & Antioxidant Axis
1 Nrf2 (BroccoPhane®/Prostaphane®) — protects new ECM, feeds SIRT1

3. LOX/LOXL Activation
DB-Extract + copper (GHK-Cu) — 1 crosslinking
Requires Phase | control

4, Metabolic-Hemodynamic Coupling
GLP-1RAs + Nattokinase — | BP, 1 flow, nutrient delivery

5. Optical-Bioenergetic Reinforcement
PBM + PQQ/Astaxanthin — 1 NO + ATP — enhanced recovery

3 Simplified Cyclic Pattern (6-8 Week Cycles)

Phase Duration Prlrr.lary Rationale Core Stack
Actions

L NF-kB/ Lower
|- Reset / Anti- 10-14 TOR. redox inflammation  LongVida® (750 mg), DHB (200 mg BID),
Inflammatory days reset +FAOX " enables ECM BroccoPhane® (30 mg), Omega-3s(1g)

repair
- B DB-Extract (400 mg), GHK-Cu (2 mg SC),
Reconstruction Ll; 231 luLOﬁ':t rEeqlTv;rYaS’c?gi Pterostilbene (150 mg), NMN (300 mg),
/ Repair y PP ) Mitopure® (250 mg), Quercetin (300 mg)
m-- VSMCtone, — Stabilize GLP-1RA (Rx), Citrulline (3 g), NSK-SD® (2,000
Optimization/ 14 days endothelial vascular .
. . FU), Omega-3s (1g), PBM (10 min)

Maintenance function health
IV-Washout/; 4, Autophagic  poot Light fasting, CoQ10 (150 mg), Melatonin (3 mg),
Re- days cleanup, signaling BroccoPhane® (10 mg)
equilibration homeostasis

Cycle every 6-8 weeks

Monitor: BP, oxidative markers (8-OHdG), liver/kidney, copper/zinc, tolerance

4 Washout Concept (Safety Logic)

Short washout windows (7-10 days) prevent:

¢ MTOR/AMPK desensitization

e chronic suppression of growth pathways



* pathway adaptation

Allows ECM and mt repair to stabilize before next cycle.

5 Conceptual Cyclic Use (General Guidance)

7. Suppression phase (NF-KB / mTOR) - 10-14 days: DHB + Quercetin main focus; DB-Extract continues.

2. Rebuild phase (LOX / SIRT1/ Nrf2) - 14 days: Pterostilbene + DB-Extract + copper cofactors; back off strong

inhibitors.

3. Washout / reset - 7 days: Only baseline antioxidants and hydration.

6 Pathway Alignment Overview (Daily Timing - Conceptual)

Time

Morning

Mid-day

Late
afternoon-
evening

Night / rest

Pathway Emphasis Theoretical Target

NF-kB / mTOR suppression — insulin = Reduces inflammation,

control, AMPK activation MMP activity

Nrf2 / antioxidant reinforcement

SIRT1/ mitochondrial activation VSMC

Autophagy & repair window detox

Redox balance,
endothelial protection

ECM gene maintenance,

phenotype

ECM crosslinking and

Compounds

DHB, Quercetin, Vitamin C,
B-complex, Cu/Zn/Se

Vitamin C, CoQ10, DB-Extract

Pterostilbene, NSK-SD®, DB-
Extract

Sleep, GHK-Cu washout,
Melatonin if tolerated

7 Mechanistic Supplement Layering Protocol

Core Molecular Axes

Pathway
NF-«kB
mTOR
Nrf2

SIRT1

Layering

Function

Drives inflammation, MMP activation, ECM
degradation

Governs growth, suppresses autophagy, linked
to senescence

Activates antioxidant genes (HO-1, NQO1, GCLM)

Promotes mitochondrial function, DNA repair,
anti-inflammatory effects

Logic

Desired
Modulation

Inhibit

Mild Inhibition
/ Cycling

Activate

Activate

Example Actives

LongVida® DHB, Omega-3s,
Boswellia

Spermidine, DHB, Fasting,
Metformin (conceptual)

BroccoPhane®, Lipoic acid,
AstaReal®

Pterostilbene, NMN, Mitopure®,
Quercetin



Layer

1
Inflammatory
Reset

2 Redox &
Detox

3
Mitochondrial
/ Longevity

4 Autophagy
Maintenance

5 Structural /
ECM

6
Hemodynamic
& Flow

Mechanistic
Focus

NF-kB & mTOR
suppression

Nrf2 activation,
ROS
neutralization

SIRTT+ AMPK
activation,
biogenesis

mTOR cycling,
proteostasis

LOX induction,
ECM
stabilization

NO modulation,
fibrinolysis,
tone

Example Cyclic Pattern

Key Supplements (Dose + Explanation)

LongVida®(750 mg), DHB (200 mg BID), Boswellia
(300 mg; short bursts prevent immune blunting)

BroccoPhane® (30 mq), Lipoic acid (400 mg),
AstaReal®(6-12 mg; 6-12 mg; bridges phases)

NMN (300 mg), Pterostilbene (150 mqg), Mitopure®
(250 mg), Quercetin (300 mg; SIRT1synergy, anti-
glycation)

Spermidine (3 mg), Trehalose (5 g), Intermittent
fasting

DB-Extract (400 mg), GHK-Cu (2 mg SC), Vitamin
C (750 mgq), Silica (15 mg; post-inflammation)

NSK-SD® (2,000 FU), Citrulline (3 g), Omega-3s (1
g), GLP-1RAs (Rx)

Timing / Integration

Morning or midday with
food; limit to 10-14 days

Late morning; continue
3-4 weeks

Early evening/fasting
window; synergistic with
mTOR |

Every few days;
intermittent

Continuous after
inflammation control

Continuous adjunct
phase

. Core Focused .
Phase Duration Targets Pathways Main Compounds

10-14 NF-kB / Inflammation+  LongVida®(750 mg), DHB (200 mg BID), BroccoPhane®
| - Reset

days mTOR autophagy (30 mq)
- 14-21 SIRT1/ LOX Mt biogenesis, Pterostilbene (150 mg), NMN (300 mg), DB-Extract (400
Rebuild  days ECM repair mg), GHK-Cu (2 mg SC), Quercetin (300 mg)

Antioxidant . .

- 14 davs Nrf2 / i\ duction. NO BroccoPhane®(30 mg), AstaReal®(6-12 mq), Citrulline
Optimize y Endothelium flow ' (3 g), NSK-SD®(2,000 FU)
V- 7-10 mTOR re- Recovery, . . .
Washout  days sensitization fasting Light fasting, CoQ10 (150 mg), Melatonin (3 mg)

Integration Highlights

1. Avoid stacking strong mTOR and SIRT1activators simultaneously — cycle between autophagy (mTOR|) and
rebuilding (SIRT1?).

g B~ NN

maintain favorable wall shear conditions.

Simplified Mechanistic Flow

. NF-kB suppression works best in short bursts — prevents blunting adaptive immune repair.
. Nrf2 activation should bridge both anti-inflammatory and repair phases for antioxidant continuity.
. ECM reconstruction (LOX) is most efficient after inflammation subsides and redox balance is restored.

. Flow-supporting and fibrinolytic agents (NSK-SD®, omega-3s, GLP-1RA) should remain consistent to



Phase I] [NF-kB/ |mTOR — |MMPs + tAutophagy

Phase I]1SIRT1/ 1LOX — ECM synthesis + mitochondrial repair

Phase IlI] 1Nrf2 + 1NO — Antioxidant defense + endothelial tone

L TP L PR IR

Phase IV] Washout/Reset — Restore homeostasis, repeat

8 Translational Research Concept: Multi-Axis Biological
Stabilization of the Ascending Aorta

10bjective

Targeted modulation of matrix turnover, inflammation, oxidative stress, and vascular cell phenotype to shrink
aortic root in non-surgical patients with early dilation.

2 Rationale

Aortic wall undergoes chronic degradation via:

¢ MMP activation from NF-kB and cytokine signaling
o Loss of elastin/crosslinking due to LOX/LOXL |
+ Oxidative/metabolic stress — VSMC senescence

Emerging data support modulation via supplements/Rx; no integrative multi-pathway study yet.

3 Hypothesis

Cyclic intervention targeting axes can influence biomarkers (MMP-2/9 |, LOX 1) and root diameter without adverse
effects.

4 Mechanistic Axes & Representative Compounds

Axis Mechanistic Target Representative Compounds
Inflammatory / MMP Suppression NF-kB, AP-1, COX-2 LongVida®, DHB, Boswellia
Oxidative Defense Nrf2, HO-1, NQO1 BroccoPhane®, AstaReal®, Lipoic acid
ECM Reconstruction LOX/LOXL, TGF-B/SMAD GHK-Cu, DB-Extract, Copper, Vitamin C
Cellular Youth / Mitochondria SIRT1, AMPK, NAD* NMN, Pterostilbene, Mitopure®, Quercetin
Autophagy / Proteostasis mTOR, ULK1 Spermidine, Trehalose, Caloric restriction
Hemodynamic / Endothelial Tone RAAS, NO, eNOS Citrulline, Omega-3

Fibrinolytic Support Plasmin, Fibrin NSK-SD®, Pycnogenol



Axis Mechanistic Target Representative Compounds

Metabolic Modulation GLP-1, AMPK GLP-1RAs (Rx-supervised)

5 Proposed Study Design (Conceptual)

o Design: 12-week open-label pilot
¢ Participants: Adults with mild dilation (<4.5 cm)
¢ Endpoints:
o Primary: MMP-2/9 |, LOX 1, oxidative markers
o Secondary: PWV, MRI wall strain/diameter, BP, safety labs

6 Safety / Ethical Logic

Agents have human exposure

Cyclic to prevent suppression

Physician oversight

Focus on plausibility, not claims

7 Anticipated Outcomes

Dataset for RCTs on non-surgical shrinkage.

8 Broader Impact

Bridge molecular biology to aortopathy management.

9 Monitoring Considerations

Blood pressure and heart rate (losartan + NSK-SD®)

Fasting glucose / lipid profile (DHB, pterostilbene)

Liver & kidney markers (Nrf2 activators, polyphenols)

Ferritin, copper, zinc ratios (critical for LOX)

10 GHK-Cu and Angiogenesis — Context Matters

¢ Pro-angiogenic: Upregulates VEGF and integrins under injury/ischemia — regulated response, not
uncontrolled sprouting

o Anti-inflammatory: Downregulates NF-kB and TGF-B1in chronic inflammation — reduces maladaptive
remodeling/fibrosis

¢ Matrix-directed: Induces collagen I/1ll, elastin, LOX, decorin for organized ECM

¢ In VSMC/endothelial cells: Restores normal morphology, not proliferation
Conclusion: Pro-reparative for aortic stabilization. Risks: Continuous use or high-oxidative environments;
cycle with low-inflammation phases.



11 Exploratory Axes in Aortic Root / Ascending-Aorta

Remodeling
Domain Mechanistic
Target(s)

Il;r:/eirg‘?ype KLF4, Notch, TGF-
Control B/SMAD, Integrins
2.ECM Cross- LOX/LOXLYT,
Link & Elastin Tropoelastin,
Restoration Copper enzymes
5 M.MP/.TlMP MMP-2/9, TIMP-1/2
Equilibrium
. Inflammation- ¢ g Nrf2, Ho-1,
Resolution IL-10
Switch
5. Metabolic / AMPK, SIRTT,
Endocrine Axis eNOS, GLP-1R

8. Fibrinolytic /
Flow Dynamics

7. Regenerative /
Biophysical
Support

8. Systemic
Environment
Optimization

Plasmin, Fibrin,
NO, Shear-stress
sensors

Cytochrome-c
oxidase, NO,
miRNA cargo

RAAS,
Homocysteine,
Glycation

Goal / Rationale

Maintain contractile
state; suppress degrading
phenotype

Rebuild lamellae, stabilize
fibers

Reduce ECM degradation

Turn off cytokine
cascade; M2 phenotype

Improve mt function and
tone

Preserve laminar flow;
prevent remodeling

Enhance perfusion and
recovery

Low wall stress, cofactor
supply

Representative Research Compounds /
Modalities

miR-145 mimics, Notch modulators,
cyclic mechanical loading, moderate
retinoids

Dill/blackberry polyphenols, GHK-Cu,
vitamin C, silica, trace Cu/Zn balance

Sub-antimicrobial doxycycline, quercetin,
luteolin, resolvins RvD1/RvE1, omega-3s

BroccoPhane®, LongVida®, boswellia,
melatonin, SPMs

DHB, metformin analogues, NMN,
pterostilbene, GLP-1/GIP analogues

NSK-SD®, lumbrokinase, L-citrulline, beet
nitrate, pycnogenol

PBM (660-850 nm), stem-cell exosomes,
focused ultrasound

Losartan, controlled BP, B-complex,
vitamin C, balanced copper/selenium,
exercise & diet

12 Appendix: Compound Categorization(A /B / C)

Compound

DB-Extract
GHK-Cu
BroccoPhane®
LongVida®
NSK-SD®
Beetroot nitrate
Vitamin C

Zinc bisglycinate

> » >» P >» P> > D

Category

Evidence / Rationale

Mice: elastin neosynthesis, diameter |

VSMC LOX 1, remodeling

MMP-9 |, Nrf2 1

NF-kB |, aortic tissue

PWV | 8%

BP |, PWV |

LOX cofactor

Tropoelastin folding



Compound Category

PBM A
GLP-1RA A
Dihydroberberine B
Pterostilbene B
NMN (Niagen®) B
Quercetin B
Mitopure® B
Omega-3s C
Boswellia c
Lipoic acid c
Astaxanthin c
Co010/ POO c
Melatonin c
Urolithin A (standard) c
Spermidine / Trehalose Cc
Pycnogenol / Taurine Cc
Silica c
Notes

e Primary =bold, Alternative =italic

e Rx = prescription only

¢ SC=subcutaneous

o BID =twice daily

* Not medical advice — physician oversight required

Evidence / Rationale
NO/ATP 1
Stiffness |
3-5x 1 AMPK
SIRT11, high bioavail.
NAD" 1, tissue reach
SIRT1/AMPK 1, anti-glycation
1 mitophagy
Redundant with high-EPA
Redundant with LongVida®
Weaker than sulforaphane
No aortic data
PBM covers
Not root-relevant
Mitopure® superior
Fasting covers
Redundant with NSK-SD®

Weak LOX link



