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Overcoming the Biological Inertia of Aging

The adult body: net tissue destruction > tissue repair. To repurpose the reproductive blueprint for
regeneration, balance intensity of RSF against capacity of tissue to receive.

THE SOLUTION
o Oxidative stress clogs receptors o H, priming clears the microenvironment
) Chronic inflammation drowns signals ) RSF delivers the youthful blueprint
J Epigenetic memory resists reprogramming J Signal stacking locks in reprogramming
o Dense/scarred tissue blocks diffusion o Vasodilation enhances delivery
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Molecular Hydrogen:
Beyond the Antioxidant Paradigm

What your patients’ mitochondria have been waiting for



THE SELECTIVE ANTIOXIDANT

H, Neutralizes the Worst, Preserves the Best

Scavenges *OH v v 4 4
Scavenges ONOO"~ v v v 4
Preserves H,0,; Signaling v X X X
Preserves NOe Signaling v X X =
Crosses All Membranes v Limited Lipid only Limited
Reaches Mitochondria v X Partial X
Activates Nrf2 v Limited Limited Limited

Oz_’).

Key Insight: H, is the only known antioxidant that eliminates ¢ OH and ONOO™ while preserving signaling ROS (H,0,, NQOe,

Source: Ohsawa et al. 2007, Nature Medicine 13(6):688—694 | DOI: 10.1038/nm1577
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MITOCHONDRIAL BIOENERGETICS

How H, Fuels the Electron Transport Chain

The Ishibashi Model (2019) THE CASCADE

H, enters Q-chamber

o Complex | shares evolutionary origins with [NiFe]-hydrogenases that g
) SQe™ reduced to QH;
metabolize H, ¢
o H> acts as electron/proton donor in Complex I's Q-chamber Electron leakage
o Reduces semiquinone radicals (SQe~) to ubiquinol (QH,) \
o Fewer SQe~ - less electron leakage - less superoxide Superoxide Z/roductlon v
o Net: more electrons complete route to Complex IV - more ATP More proton pumping
N2

ATP yield 1 per O,

Source: Ishibashi 2019, Curr Pharm Des 25:946—-955 | Cheng et al. 2023, Antioxidants PMC10740752 5/22



THE CARDIOLIPIN CONNECTION

H, Protects the Foundation of ATP Production

Cardiolipin (CL)

Unique dimeric phospholipid: 18-20% of inner mitochondrial
membrane mass. The “molecular glue” anchoring ETC complexes.

o Anchors Complexes |-V to the IMM

o Scaffolds supercomplex (respirasome) assembly
o Maintains cristae curvature for proton trapping
o Tethers cytochrome c (prevents apoptosis)

Source: Ikon & Ryan 2017, BBA PMC5426559 | Paradies et al. 2019, Cells PMC6678812

H> PROTECTION MECHANISM

*OH initiates CL peroxidation

N2
H; scavenges ¢OH first

N2
CL integrity preserved

N2
Supercomplexes remain assembled

N2
Cristae morphology intact

N

Proton gradient maximized
N2
Max ATP yield per O,
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Nrf2 Activation & NF-kB Suppression

Nrf2/KEAP1 ACTIVATION

. H, triggers mild mitochondrial ROS pulse

) . o HO-1 generates CO + biliverdin
o KEAP1 cysteines oxidized - Nrf2 released

o Both directly inhibit NF-kB activation

o Nrf2 translocates to nucleus, binds AREs .
o Downstream suppression:
o Upregulates endogenous defenses:
HO-1, SOD, Catalase, GPx, GSH, NQO1 .
. NLRP3 inflammasome suppressed

) ) o M1 - M2 macrophage polarization shift
Proven: Nrf2-KO mice lose all H, protection

The Hormetic Paradox: H, effects persist hours—days after clearance (~¥30—-60 min). H; is a signal modulator that
reprograms endogenous defense systems.

Source: Kawamura et al. 2013, Am J Physiol Lung | Cheng et al. 2023, PMC10740752 | Tian et al. 2021, PM(C8721893 7/22



VASCULAR OPTIMIZATION

H, Recouples eNOS & Restores NO Bioavailability

Dual Recoupling Mechanism

1. BH4 Preservation: H, scavenges *OH/ONOO™ (primary BH4 oxidants) > eNOS
stays coupled - produces NOe instead of O, 1 . 8 X

2. eNOS Phosphorylation: H, enhances Ser1177 phosphorylation = increased
. . 2.2x%
enzymatic activity - more NOe production

3. NO Half-Life Extension: Less O,"® - less ONOO~ formation - NOe persists longer 40%
- sustained vasodilation
2.3x

CLINICAL DATA

(Chen et al. 2025)

eNOS recovery

BH4/BH2 restored

vasodilation P

capillary density

For RSF: Enhanced microcirculation = enhanced delivery of paracrine signals to target tissues

Source: Chen et al. 2025, J Thorac Dis PMID:41376930 | Fu et al. 2018, Mol Med Rep PM(C6236306
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Placental Acellular Paracrine
Signals (RSF): The Blueprint

Direct harvest of the reproductive signaling program



THE PLACENTAL SECRETOME

Why Placental Tissue Is the Optimal Source

Soluble Growth Factors Extracellular Vesicles
Exosomes (30—150nm), microvesicles
VEGF, FGFs, HGF, EGF, PDGF,

Carrying miRNA/mRNA cargo for
TGF-B, IGF-1, GDF11

epigenetic reprogramming

Anti-Aging Analytes Immune Modulators
GDF11 (cardiac/neural renewal) HLA-G (immune tolerance)
TIMP2 (cognitive restoration) IL-10, TGF-B (anti-inflammatory)
Klotho, GDF15, Follistatin PGE2 (M2 polarization)

Key Advantage: Acellular = no immune rejection, no tumorigenic risk. Placental trophoblast secretome shows 5—35x
greater potency vs. bone marrow MSC-CM.

Source: Abumaree et al. 2013, Stem Cell Rev | Parolini et al. 2008, Stem Cells 10/ 22



YOUTHFUL ANALYTE SPOTLIGHT

GDF11: Reversing the Clock on Tissue Aging

The Parabiosis Breakthrough GDF11 IN RSF

Loffredo et al. 2013 (Cell): GDF11 in young blood reversed age-related

cardiac hypertrophy J GDF11 declines with age

. . . ) ) o Placenta = youngest, most potent source
Katsimpardi et al. 2014 (Science): GDF11 increased neurogenesis and
o Delivers youthful factors without young
cerebral blood vessel volume
donor blood
Sinha et al. 2014 (Science): GDF11 restored satellite cell function and muscle ; . : :
. Multi-organ rejuvenation: heart, brain,

regeneration
muscle, vasculature

Clinical Implication: RSF delivers GDF11 within a complete signaling milieu — the combinatorial effect exceeds isolated
recombinant protein delivery.

Source: Loffredo et al. 2013, Cell 153(4):828 | Katsimpardi et al. 2014, Science 344:630 | Sinha et al. 2014, Science 344:649 11/22



YOUTHFUL ANALYTE SPOTLIGHT

TIMP2: The Noise Canceler

The Stanford Discovery

Castellano/Wyss-Coray 2017 (Nature): TIMP2 identified as key cognitive-
enhancing factor in young blood. Systemic delivery improved hippocampal
learning and memory in aged mice.

Dual Mechanism
1. MMP Inhibition: Controls matrix metalloproteinase activity - prevents

excessive ECM degradation - stable, permissive repair microenvironment
2. Anti-Inflammatory:

Suppresses MAPK/NF-kB - reduces inflammatory “noise” = regenerative
signals can be “heard”

Source: Castellano et al. 2017, Nature 544:488-492 | DOI: 10.1038/nature22067

SIGNAL-TO-NOISE RATIO

Chronic inflammation =
biological “static”

When noise is high, regenerative signals cannot
be transduced.

TIMP2 + H, together:
H, suppresses NF-kB (noise)

TIMP2 stabilizes ECM (clarity)
RSF transmits cleanly to DNA
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DELIVERY BIOPHYSICS

Chemotaxis & Fick’s Law of Diffusion

CHEMOTAXIS

RSF paracrine signals create chemotactic gradients
that recruit endogenous stem/progenitor cells to
injury sites.

Key: SDF-1/CXCR4 Axis

SDF-1 in the secretome binds CXCR4 on circulating
progenitors, creating a “homing beacon” directing cells to

the treatment site.

Additional: VEGF, HGF, PDGF, MCP-1 contribute to multi-

layered chemotactic recruitment.

J=-D x (d:er'ak’w OF DIFFUSION

Flux proportional to concentration gradient and diffusion

coefficient.
Clinical Translation:

Scarred/aged tissue = lower D coefficient
Solution: Higher dose = steeper gradient to overcome
“back-pressure”

H, Role: Vasodilation reduces structural resistance,
effectively increasing D for the secretome.

Target: >80% receptor occupancy within 24h — high concentration outcompetes aging signals at the cell membrane
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SUSTAINED RELEASE

The Pharmacological Depot Effect & ECM Binding

Growth factors bind to heparan sulfate proteoglycans and ECM components, creating a sustained-release reservoir at the

treatment site.

ECM BINDING

VEGF, FGFs, TGF- anchor via heparin-
binding domains. AREG motif provides
~7-day retention. Creates localized

concentration zones at target tissue.

CONTROLLED RELEASE

5 release mechanisms: heparanase
cleavage, mechanical compression,
proteoglycan shedding, plasmin
proteolysis, pH changes. Dose-

metered delivery over 7-21 days.

Source: Vlodavsky et al. 2012, Matrix Biol | Beenken & Mohammadi 2009, Nat Rev Drug Discov

mRNA TRANSLATION

The “residency window” allows
exosomal mRNA to be translated by
the cell’s ribosomes — executing the
“software update” from placental

signals to the nucleus.

14 /22



EPIGENETIC PERSISTENCE

Overcoming Epigenetic Rebound via Signal Stacking

The Epigenetic Memory Problem
DNA methylation patterns encode the “aged” phenotype (Horvath

Clock)

o Epigenetic info loss drives aging; restoration reverses it (Sinclair, Cell
2023)

o Single RSF dose initiates reprogramming but cell “memory” resists

o Without reinforcement, cells revert to aged identity

Signal Stacking Protocol

. Day 0: First RSF dose initiates 280-day growth program
o Day 14: Second dose while first active “locks in” the youthful program

o H, provides ATP boost to execute and maintain reprogramming

Source: Horvath 2013, Genome Biology | Lu et al. 2020, Nature | Yang et al. 2023, Cell

THE 280-DAY PROGRAM

DAY 0

H, Priming + RSF Dose 1
{ Depot formation + ECM binding

DAY 7-21

mRNA translation window active
{ Epigenetic reprogramming initiated

DAY 14

H, Priming + RSF Dose 2
J' Signal stacking locks program

DAY 14-280
Youthful program executes
Epigenetic rebound prevented
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The Synergy:
H, Priming + RSF Delivery

Preparing the terrain before planting the seeds



RSF BIOAVAILABILITY FRAMEWORK

Five Critical Factors & How H Addresses Each

1 Saturation Threshold

>80% receptor occupancy in 24h

De-clogs receptors via selective *OH scavenging

2 Bio-Availability Decay

Immune system clears secretome ~48h

Reduces oxidative degradation, extends half-life

3 Tissue Density (Fick’s)

Scarred tissue creates back-pressure

Peak vasodilation improves diffusion coefficient

4 Epigenetic Rebound

Aged DNA resists reprogramming

ATP boost powers cellular reprogramming

5 Inflammatory Noise

Inflammation drowns signals

Nrf2/NF-kB modulation = “Genetic Silence”

Source: Based on RSF-V-H2 Bioavailability Framework
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H FLOW RATE OPTIMIZATION

Readiness Timeline by Flow Rate (200 |b Male)

(Final Readiness)

Blood Saturation 20-30 min 5—-8 min 2-4 min
(Initial ROS Cleanup)

Receptor De-clogging 30—45 min 15-20 min 8-12 min
(Analog Ready)

Peak Vasodilation 45-60 min 25-30 min 15-20 min
(Optimal Delivery)

Genetic “Silence” 60-90 min 40-45 min 25-30 min
(Digital Ready)

Mitochondrial ATP Boost 90+ min 50—-60 min 35-45 min

state.

Recommendation: High-flow H, (3,000—6,000 mL/min) for 30—60 min prior to RSF infusion achieves full “Digital Ready”
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From H, Priming to RSF Signal Acceptance

1

H, Scavenges
*OH / ONOO"

Selective ROS elimination

5

eNOS
Recoupled

Vasodilation + perfusion T

2

Receptors
De-clogged

AGE/RAGE cleared

)

ETC
Optimized

CL protected, ATP

3

NF-kB
Suppressed

Inflammatory noise silenced

7

RSF
Infusion

Into primed tissue bed

4

Nrf2
Activated

Endogenous defenses

8

NEGE]
Acceptance

Depot > mRNA - reprogram



CLINICAL DEPLOYMENT

The Four-Step H, + RSF Protocol

PRIMING Systemic De-clogging
Action: High-flow H, (3,000—6,000 mL/min) for 30—60 min pre-infusion

Outcome: Achieves “Genetic Silence”; clears receptors for 80% occupancy threshold

INFUSION Precision Dosing
Action: Titrate RSF dose based on tissue density (acoustic elastography) + interstitial pressure

Outcome: Sufficient concentration gradient (Fick’s Law) to penetrate dense tissue

ANCHORING Residency Window
Action: Maintain ECM binding for 7-21 days post-infusion

Outcome: Allows time for mRNA instructions to be fully translated by cell machinery

LOCKDOWN Overcome Rebound
Action: Secondary “Signal Stacking” dose at Day 14 with repeat H, priming

Outcome: Reinforces 280-day youthful signals; prevents reversion to aged state
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SUPPORTING EVIDENCE

Key Citations & Landmark Studies

H, Selectivity

Ohsawa et al. 2007

H, selectively scavenges ¢OH/ONOO~, not H,0,/NOe

Nature Medicine

ETC/Complex | Ishibashi 2019 H, as electron donor in Q-chamber; reduces SQe~ Curr Pharm Des
GDF11 Loffredo et al. 2013 GDF11 reverses age-related cardiac hypertrophy Cell
TIMP2 Castellano et al. 2017 TIMP2 restores hippocampal function in aged mice Nature

Nrf2 Pathway

Kawamura et al. 2013

Nrf2-KO ablates H, protection (proof of dependency)

Am J Physiol Lung

Vasodilation Chen et al. 2025 1.8x eNOS recovery, 2.2x BH4 restoration, 40% “* vasodilation J Thorac Dis
Epigenetics Yang/Sinclair 2023 Epigenetic info loss drives aging; restoration reverses it Cell
Cardiolipin Ikon & Ryan 2017 CL essential for supercomplex assembly and cristae morphology BBA Biomembr

Full citation list with DOIs and PubMed URLs available in supplementary research documents.
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SUMMARY

H, Priming: The Missing Variable

I Molecular hydrogen is not merely an antioxidant — it is a selective redox signal modulator that protects cardiolipin,
optimizes the ETC, activates Nrf2, suppresses NF-kB, and restores NO bioavailability.

I I Placental acellular paracrine signals (RSF) deliver a complete youthful milieu: GDF11, TIMP2, exosomal mRNA, and
chemotactic factors — the reproductive blueprint adapted for adult regeneration.

By priming the body with appropriate dose, concentration, and frequency of H, inhalation, we create the optimal
I I I microenvironment for RSF signal acceptance: cleared receptors, silenced inflammation, enhanced delivery, and
energized cells.

The goal is not to fight aging — it is to speak the cell’s original language, loudly and clearly enough for it to remember 22/22
who it was.



