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EXECUTIVE SUMMARY

The ergothioneine whitepaper is provided as an accompanying document because, although
EGT functions synergistically with all biomarkers in the OSB (Oxidative Stress Burden) panel and the
OSBI (Oxidative Stress Burden Index), its role as LOW ERGOTHIONEINE (EGT) AS
THE GLYCOLYTIC  METABOLISM  AND FERROPTOSIS LINK requires  dedicated
mechanistic expansion and deeper quantification than can be accommodated within the
primary diagnostic guide.

This presents a paradigm-shifting discovery with immediate applications across human, canine, and equine
medicine: ergothioneine (EGT) depletion is the molecular switch that simultaneously triggers
ferroptosis and forces cells into glycolytic metabolism. This single mechanism explains why these two
phenomena—previously studied in isolation—co-occur across seemingly unrelated diseases including cancer,
Alzheimer's disease, Parkinson's disease, heart failure, sepsis, and their veterinary equivalents: canine
cognitive dysfunction, equine metabolic syndrome, laminitis, and exercise-induced pulmonary hemorrhage.

The Evidence is Compelling. In 2025, two landmark studies published in Cell Metabolism independently
demonstrated that EGT directly activates mitochondrial enzymes (MPST and CSE) that protect iron-sulfur
clusters and maintain oxidative phosphorylation. When researchers knocked out these pathways, all
protective effects were abolished—proving causality, not mere correlation.

Sprenger et al. (Cell Metabolism, 2025): EGT accumulates in muscle mitochondria during exercise training.
Proteome-wide thermal stability studies identified 3-mercaptopyruvate sulfurtransferase (MPST) as EGT's
direct molecular target. Isothermal titration calorimetry confirmed direct binding (n=4.1+/-0.2,
DeltaH=0.204+/-0.011 kcalxmol-1). EGT supplementation improved exercise endurance by 41% in wild-type
mice. MPST knockout COMPLETELY abolished all EGT benefits—this proves MPST is the essential
mediator.

Petrovic et al. (Cell Metabolism, 2025): EGT acts as an alternative substrate for cystathionine y-lyase (CSE),
stimulating H2S production and increasing protein persulfidation in >300 targets. In aged rats (9 months old),
EGT treatment for three weeks improved endurance by approximately 100%, increased muscle mass, enhanced
vascularization, and elevated muscle stem cell populations. Young rats showed significant endurance
increases after just 5 days of treatment. In C. elegans, EGT extended median lifespan by 20% with improved
mobility and reduced age-associated biomarkers. CSE knockout eliminated all EGT effects.

Barayeu et al. (Nature Chemical Biology, 2023): Enzymatically-produced persulfides—the same molecules
generated by MPST and CSE activation—directly suppress lipid peroxidation and ferroptosis by scavenging
radicals. Persulfides terminate radical chain reactions through formation and self-recombination of perthiyl
radicals, with rate constants of 3.5-6.0x105 M-1s-1 for scavenging peroxyl radicals. This operates independently
of the canonical GPX4 pathway.



Clinical Implications Across Species

Epidemiological Evidence (Human Cohorts >20,000 Subjects):

Wu et al. (Antioxidants, 2022) — Singapore Cohort (n=470, 5-year longitudinal): Low plasma EGT at
baseline predicted cognitive and functional decline over five years. Lower EGT levels were associated with
poorer baseline performance and faster rates of decline in multiple cognitive domains including memory,
executive function, attention, visuomotor speed, and language. Causal mediation analyses showed that brain
atrophy and white matter hyperintensities partially mediated EGT's effects on cognition.

Smith et al. (Heart, 2020) — Swedish Malmo Diet and Cancer Study (n=3,236, median 21.4-year
follow-up): During follow-up, 603 participants developed cardiovascular disease, 362 developed diabetes, and
843 died. EGT was the metabolite most strongly connected to a health-conscious food pattern. Per standard
deviation increase in plasma EGT:

. 15% lower coronary disease risk (HR=0.85, p=0.01)

. 21% lower cardiovascular mortality (HR=0.79, p=0.002)

. 14% lower all-cause mortality (HR=0.86, p<0.0001)

Zhang et al. (Journal of the American Geriatrics Society, 2017) — Japanese Ohsaki Cohort (n=13,230):
Mushroom consumption—the primary dietary source of ergothioneine—was inversely associated with dementia
incidence. Participants consuming mushrooms =3 times per week demonstrated a 92% reduction in dementia
risk compared to those consuming mushrooms <1 time per week, after adjusting for confounders.

VETERINARY APPLICATIONS: The same mechanism explains age-related cognitive decline in senior
dogs (canine cognitive dysfunction affecting 28% of dogs 11-12 years old, 68% at 15-16 years),
metabolic syndrome in horses (affecting 20-30% of domestic horses), exercise intolerance in
performance animals, and shortened athletic careers. The 41-100% improvement in endurance
documented in rodent studies translates to extraordinary potential for sport horses, working dogs, and
racing animals.

IF THIS FRAMEWORK IS CORRECT, WE HAVE IDENTIFIED THE FIRST UNIVERSAL BIOMARKER
AND THERAPEUTIC TARGET FOR METABOLIC DISEASE PREVENTION ACROSS HUMAN AND
VETERINARY MEDICINE. Salutarii LLC holds patent-pending technology (USPTO 63/885,662) and has
achieved FDA/CVM clearance for veterinary applications utilizing uMDA-Vet as a non-invasive starting
point.




1. THE UNSOLVED PROBLEM

1.1 The Warburg Effect (1924)

In 1924, Otto Warburg observed that cancer cells preferentially use inefficient glycolysis even when oxygen is
abundant—producing only 2 ATP per glucose instead of 36 from oxidative phosphorylation. This ‘aerobic
glycolysis' has since been documented in neurodegeneration, heart failure, sepsis, and metabolic syndrome.

Why This Matters at the Cellular Level: The shift from oxidative phosphorylation to glycolysis represents
fundamental metabolic reprogramming. Cells operating under the Warburg effect must increase glucose uptake
dramatically to meet ATP demands—this manifests clinically as intense fluorodeoxyglucose (FDG) uptake on
PET imaging. While inefficient for energy production, glycolysis generates metabolic intermediates essential for
rapid cell proliferation: ribose-5-phosphate for nucleotide synthesis, glycerol-3-phosphate for membrane lipid
production, and amino acid precursors.

The Upstream Question: For a century, one question has remained unanswered: Why do cells abandon their
most efficient energy source? What upstream signal or molecular event triggers this metabolic switch across
cancer, neurodegeneration, heart failure, and sepsis—diseases that appear clinically unrelated?

VETERINARY PARALLEL: The Warburg effect appears in canine hemangiosarcoma (glycolytic shift
documented on FDG-PET), equine metabolic syndrome (insulin resistance with mitochondrial
dysfunction), and laminitis (glucose metabolism dysregulation in hoof laminae). Senior dogs with
cognitive dysfunction show reduced brain glucose metabolism on FDG-PET—identical to human
Alzheimer's disease patterns.




1.2 Ferroptosis (2012)

In 2012, Dixon and colleagues discovered a distinct form of cell death driven by iron-catalyzed lipid
peroxidation— distinct from apoptosis, necrosis, or autophagy. Ferroptosis has emerged as a critical
mechanism in neurodegeneration (iron deposits in Alzheimer's and Parkinson's), ischemia-reperfusion injury,
and cancer cell death.

The Molecular Cascade—Understanding Iron-Catalyzed Destruction: Ferroptosis begins when iron
accumulates in its labile (free) form within cells. This free Fe?* catalyzes production of hydroxyl radicals through
Fenton chemistry:

Fe”" + H,0, -> Fe®" + OHe + OH

The hydroxyl radical (OHe) is the most reactive oxygen species known. When it encounters polyunsaturated
fatty acids (PUFAS) in cellular membranes, it initiates a self-propagating chain reaction:

LH + OHe -> Le + H20 (lipid radical formation)
Le + O2 -> LOOe (peroxyl radical formation)
LOOe + LH -> LOOH + Le (propagation)

This cascade generates lipid hydroperoxides (LOOH) that disrupt membrane integrity. As peroxidation
propagates through membrane bilayers, cells lose selective permeability, ion gradients collapse, and cellular
death ensues.

The GPX4 Defense System: Under normal circumstances, cells protect against lipid peroxidation through
glutathione peroxidase 4 (GPX4), which reduces lipid hydroperoxides using glutathione (GSH) as a cofactor:

LOOH + 2 GSH -> LOH + GSSG + H20
GPX4 represents the primary cellular defense against ferroptosis. When GPX4 activity falls below a critical

threshold—whether through direct inhibition, GSH depletion, or cysteine availability limitations—ferroptosis
proceeds.

VETERINARY FERROPTOSIS: Iron dysregulation drives equine exercise-induced pulmonary
hemorrhage (EIPH affecting 80% of racehorses), canine ischemic stroke (similar pathology to human
stroke), and hepatic iron overload in certain breeds. Reperfusion injury following colic surgery in horses
involves massive ferroptotic cell death. The mechanism is identical across species.

1.3 The Missing Link

Both phenomena involve mitochondrial dysfunction. Both involve oxidative stress. Both appear across the same
diseases in humans AND animals. Yet they have been studied in separate scientific silos. We propose they
share a common upstream trigger: ergothioneine depletion leading to failure of persulfide production
through MPST and CSE enzyme systems.



2. THE DISCOVERY: EGT AS THE MOLECULAR SWITCH

2.1 Why Ergothioneine Matters

Ergothioneine is a sulfur-containing amino acid that mammals cannot synthesize but actively concentrate
through a dedicated transporter (OCTN1/SLC22A4). This is remarkable: mammals evolved a specific uptake
mechanism for a compound they cannot make. Evolution does not maintain such transporters unless the
compound is essential for survival.

The Evolutionary Argument: The OCTN1 gene (SLC22A4) shares >90% sequence homology across dogs,
horses, cats, and humans. This extraordinary conservation across species separated by tens of millions of
years demonstrates that ergothioneine transport represents a fundamental mammalian requirement, not a
vestigial remnant.

EGT's Unique Properties That Distinguish It From Other Antioxidants:

1. Mitochondrial Concentration: EGT accumulates in mitochondria at 100-1000x plasma levels, precisely
where iron-sulfur clusters require protection and where respiratory chain activity generates reactive oxygen
species.

2. Exceptional Stability: Unlike glutathione, which is rapidly oxidized under stress, EGT exists predominantly
in its thione tautomer (C=S double bond), conferring remarkable stability. EGT does not auto-oxidize and can
be regenerated after scavenging reactive oxygen species. This allows EGT to persist in tissues for weeks,
unlike glutathione which turns over in hours.

3. Iron Chelation Without Depletion: EGT forms redox-inactive complexes with iron and copper, preventing
Fenton chemistry without depleting essential metal pools. Unlike deferoxamine or other iron chelators used
therapeutically, EGT's chelation maintains iron in a redox-inactive state while remaining bioavailable for
incorporation into enzymes when needed.

4. Direct Enzymatic Activation (The 2025 Breakthrough): EGT directly binds and activates MPST and
CSE—enzymes that produce persulfides essential for mitochondrial function. This represents the first identified
molecular targets for EGT after decades of research.

CROSS-SPECIES RELEVANCE: The OCTN1 transporter is highly conserved across mammals. Dogs,
horses, and humans share >90% sequence homology in the OCTN1 gene. This means the EGT
transport mechanism—and therefore EGT's protective functions—operates identically across species. A
discovery in mice translates directly to clinical applications in veterinary and human medicine.




2.2 The 2025 Breakthrough: MPST and CSE Activation

Sprenger et al., Cell Metabolism (2025): Ergothioneine Controls Mitochondrial Function via Direct MPST
Activation

Methodological Approach: Researchers employed an unbiased metabolomics approach to identify molecules
that accumulate in skeletal muscle mitochondria during endurance exercise training. Among hundreds of
metabolites analyzed, ergothioneine showed the most dramatic training-induced increase in mitochondrial
content.

Identifying the Molecular Target: Using Proteome Integral Solubility Alteration (PISA) assay—which detects
protein-ligand binding through changes in thermal stability—researchers screened EGT against the entire
muscle mitochondrial proteome. A single protein demonstrated dose-dependent thermal stabilization:
3-mercaptopyruvate sulfurtransferase (MPST).

Confirming Direct Physical Interaction: Isothermal Titration Calorimetry (ITC) using purified recombinant human
MPST confirmed direct binding with thermodynamic parameters:

. Stoichiometry (n): 4.1 +/- 0.2 (approximately 4 EGT molecules per MPST protein)

. Binding enthalpy (DeltaH): 0.204 +/- 0.011 kcalxmol-*

. Binding entropy (DeltaS): 25.83 kcalxmol-1xK-1

These values confirm direct, specific binding of ergothioneine to MPST.

Functional Validation: Activity assays demonstrated that EGT binding enhances MPST enzymatic activity. In
the presence of 3-mercaptopyruvate (MPST's physiological substrate), EGT increases sulfide production in a
dose-dependent manner. The specific MPST inhibitor I3MT-3 blocks this effect.

The Definitive Proof—Genetic Knockout: When researchers generated mice lacking functional MPST,
ergothioneine supplementation provided ZERO performance benefit—no improvement in exercise
endurance, no enhancement of mitochondrial respiration. The complete absence of benefit in MPST knockout
mice proves that MPST is not merely associated with EGT's effects; it is the essential mediator. This
represents the gold standard for establishing causality in biological research.

Performance Results: EGT supplementation improved exercise endurance by 41% in wild-type mice. Mice were
able to run significantly longer to exhaustion. This performance enhancement was completely dependent on
MPST.



Petrovic et al., Cell Metabolism (2025): Ergothioneine Enhances Healthspan via CSE-Dependent
Persulfidation

The Discovery: EGT acts as an alternative substrate for cystathionine y-lyase (CSE), stimulating hydrogen
sulfide (H2S) production, which increases protein persulfidation (PSSH) of more than 300 protein targets.
Nuclear magnetic resonance spectroscopy showed that the sulfur atom of EGT forms a covalent
enzyme-substrate intermediate with Cys248 of CSE, accompanied by generation of hercynine.

The CSE-Specific Mechanism: Unlike natural substrates like cysteine, EGT's reaction with CSE exhibits
substrate selectivity. The trimethylammonium group of EGT forms specific electrostatic interactions with the
negatively charged region of the CSE active pocket. This reduces H2S production efficiency by 40% compared
to cysteine while significantly inhibiting by-product thiosulfate formation.

Results in Aging C. elegans: 5 mM EGT treatment extended median lifespan by 20%, improved motility,
reduced age-related lipofuscin accumulation, and enhanced stress resistance. As animals aged, the contrast
with the control group became more significant.

Results in Aged Rats (9 months old, 3-week treatment): Compared to controls, EGT-treated rats demonstrated:
. Approximately 100% improvement in endurance (near doubling of performance)

. Increased muscle mass

. Enhanced vascularization (formation of new small blood vessels in muscle tissue)

. Elevated numbers of muscle stem cells

. Higher NAD+ levels in muscle

Results in Young Rats (5-day treatment): Even short-term treatment led to significant endurance increase plus
elevated NAD+ levels in blood serum.

The Mechanism—Persulfidation of cGPDH: EGT treatment resulted in increased mitochondrial respiration, ATP
production, and cell growth, accompanied by elevated NAD+ levels. These changes occurred through
persulfidation and activation of cytosolic glycerol-3-phosphate dehydrogenase (cGPDH), which increased
NAD+ levels.

Genetic Validation: EGT's effects were completely abolished in CSE knockout models, highlighting the
essential role of H2S signaling and protein persulfidation. When CSE was genetically deleted, no changes in
protein persulfidation were observed with EGT treatment, in stark contrast to wild-type cells.

PERFORMANCE IMPLICATIONS FOR WORKING ANIMALS: The 41-100% endurance improvement
documented in rodent studies translates to extraordinary potential for: Sport Horses (enhanced stamina
in endurance racing, eventing, show jumping), Working Dogs (extended operational capacity for police
K9s, military working dogs, search and rescue), Racing Greyhounds (improved recovery between races,
delayed lactate accumulation), and Agility Dogs (sustained performance in multi-run competitions). The
mechanism is identical across species.




3. THE MECHANISTIC CASCADE: FROM EGT DEPLETION TO DISEASE

3.1 The MPST-Ferroptosis Connection

Barayeu et al., Nature Chemical Biology (2023): Hydropersulfides Inhibit Ferroptosis by Scavenging
Radicals

This landmark study demonstrated that enzymatically-produced persulfides—the same molecules generated by
MPST and CSE activation—directly suppress lipid peroxidation and ferroptosis. The researchers showed that
persulfides efficiently scavenge endogenously generated free radicals, thereby suppressing lipid peroxidation
and ferroptosis.

The Mechanism—Radical Termination: Hydropersulfides (RSSH) scavenge lipid peroxyl radicals (LOOe) that
propagate the lipid peroxidation chain reaction. When a persulfide encounters a peroxyl radical, it donates a
hydrogen atom, forming a perthiyl radical (RSSe):

RSSH + LOQOe -> RSSe + LOOH

The critical discovery: the perthiyl radical is extremely stable and does not propagate lipid peroxidation.
Instead, perthiyl radicals preferentially self-recombine to form polysulfides:

2 RSSe -> RSSSSR
These polysulfides can then be reduced by glutathione back to persulfides:

RSSSSR + 2 GSH -> 2 RSSH + GSSG

Autocatalytic Regeneration: This creates an autocatalytic cycle where persulfides are regenerated after
scavenging radicals. This explains why low micromolar concentrations of persulfides suffice to produce potent
cytoprotective effects despite millimolar concentrations of glutathione.

Rate Constants: Disodium disulfide, trisulfide, and tetrasulfide acted as potent peroxyl radical scavengers, with
rate constants of 3.5x105, 4.0x105, and 6.0x10° M-1s-! respectively in PBS at pH 7.4, 37 degreesC. These rate
constants demonstrate extremely efficient radical scavenging.

GPX4-Independent Protection: Importantly, cysteine can support ferroptosis resistance independently of the
canonical GPX4 pathway by providing sulfur for persulfide biosynthesis. This represents a parallel,
GPX4-independent defense system against ferroptosis.

THE UNIFIED MECHANISM: This directly connects the EGT-MPST pathway to ferroptosis protection.
EGT activates MPST (and CSE), which produce persulfides. These persulfides simultaneously: (1)
protect Fe-S clusters in respiratory complexes, maintaining oxidative metabolism; AND (2) scavenge
lipid peroxyl radicals, preventing ferroptosis. Thus, EGT depletion triggers BOTH the Warburg effect
AND ferroptosis vulnerability through a SINGLE molecular pathway— MPST/CSE inactivation leading to
persulfide deficiency.




3.2 From EGT Depletion to the Warburg Effect

The Sequential Cascade:

Stage 1 - EGT Depletion: Reduced dietary intake (low mushroom consumption), impaired OCTN1 function
(genetic variants, age-related decline in transporter expression), or increased oxidative demand (exercise,
illness, aging) depletes cellular ergothioneine stores.

Stage 2 - MPST/CSE Inactivation: Without EGT binding, MPST and CSE lose their activating ligand.
Persulfide production decreases dramatically. The protective persulfide shield against oxidative damage
dissipates.

Stage 3 - Iron-Sulfur Cluster Vulnerability: Iron-sulfur (Fe-S) clusters in mitochondrial respiratory chain
Complexes |, 1l, and Ill become oxidatively damaged. These clusters are exquisitely sensitive to reactive
oxygen species. Without persulfide protection, superoxide and hydroxyl radicals attack the Fe-S centers,
causing iron release.

Stage 4 - Respiratory Chain Failure: Damage to Fe-S clusters impairs electron transfer through the
respiratory chain. Oxygen consumption drops 40-60%. ATP production falls approximately 50%. Paradoxically,
ROS production increases 200-300% as damaged respiratory complexes leak electrons to oxygen, forming
superoxide.

Stage 5 - Pseudo-Hypoxia and HIF-1a Stabilization: Despite adequate oxygen availability, the cell
experiences 'pseudo-hypoxia'—impaired oxygen utilization due to respiratory chain dysfunction. This stabilizes
Hypoxia-Inducible Factor 1-alpha (HIF-1a), a transcription factor normally degraded under normoxic conditions.
HIF-1a activates expression of glycolytic enzymes (hexokinase, phosphofructokinase, pyruvate kinase) and
glucose transporters (GLUT1, GLUT3).

Stage 6 - Metabolic Reprogramming (Warburg Effect): Increased glycolytic capacity combined with impaired
oxidative phosphorylation forces glucose metabolism through glycolysis. Pyruvate, rather than entering
mitochondria for oxidation, converts to lactate via lactate dehydrogenase. The cell has transitioned to aerobic
glycolysis—the Warburg effect.

Why This Explains Cross-Disease Manifestations: This cascade operates identically whether the initial
trigger is cancer (increased proliferative demand), neurodegeneration (age-related EGT decline), heart failure
(chronic oxidative stress), or metabolic syndrome (nutritional deficiency). The upstream cause differs, but once
EGT depletion reaches a critical threshold, the downstream cascade proceeds uniformly.

SPECIES-SPECIFIC MANIFESTATIONS:

Humans: Cancer (aerobic glycolysis), Alzheimer's (glucose hypometabolism), heart failure (shift from
fatty acid oxidation to glycolysis)

Canines: Hemangiosarcoma (highly glycolytic), cognitive dysfunction (reduced brain glucose utilization),
dilated cardiomyopathy (metabolic shift)

Equines: Metabolic syndrome (insulin resistance with mitochondrial dysfunction), laminitis (glucose
dysregulation), EIPH (oxidative damage in pulmonary capillaries)




3.3 The Ferroptosis Pathway

Iron Dysregulation: The iron released from damaged Fe-S clusters enters the labile iron pool (LIP). Normal
LIP is 0.5-2 uM; in EGT-depleted cells, LIP rises to 5-10 uM. EGT normally chelates this excess iron into
redox-inactive complexes. Without EGT, free Fe2* catalyzes Fenton chemistry generating hydroxyl radicals.

Lipid Peroxidation Cascade: Hydroxyl radicals attack polyunsaturated fatty acids (PUFASs) in cellular
membranes, initiating the chain reaction described earlier. EGT, through activation of MPST/CSE and
persulfide generation, would normally scavenge lipid peroxyl radicals and terminate these chains. Without
persulfides, lipid peroxidation propagates unchecked, generating toxic aldehydes including malondialdehyde
(MDA) and 4-hydroxynonenal (4-HNE).

GPX4 System Overwhelmed: The oxidative stress from EGT depletion depletes GSH faster than it can be
regenerated. When GPX4 activity falls below its critical threshold, ferroptosis execution proceeds. The
persulfide system, now inactive due to EGT depletion, cannot compensate.

FERROPTOSIS ACROSS SPECIES:

. Equine EIPH: Iron-catalyzed lipid peroxidation damages pulmonary capillary endothelium, causing
hemorrhage during intense exercise

. Canine Stroke: Ischemia-reperfusion injury triggers ferroptotic death in penumbra neurons

. Human Neurodegeneration: Iron accumulation in substantia nigra (Parkinson's) and hippocampus
(Alzheimer's) drives ferroptotic neuronal loss

. All Species: Cardiac ischemia-reperfusion, acute kidney injury, sepsis-induced organ failure




4. THE UNIFIED DISEASE FRAMEWORK

This framework explains why Warburg metabolism and ferroptosis co-occur across diseases that appear
unrelated. The common denominator is EGT depletion creating dual vulnerability. We present parallel examples
across human and veterinary medicine:

4.1 Neurodegeneration

HUMAN—AIzheimer's and Parkinson's Disease: FDG-PET imaging shows glucose hypometabolism in
affected brain regions years before clinical symptoms—indicating mitochondrial failure and the Warburg effect.
Iron accumulates in disease-specific regions: hippocampus in Alzheimer's, substantia nigra in Parkinson's. Lipid
peroxidation markers are consistently elevated. The Singapore studies (Wu et al., 2022) found that lower
baseline plasma EGT predicted faster decline in memory, executive function, attention, visuomotor speed, and
language over 5 years.

CANINE COGNITIVE DYSFUNCTION (CCD): Affects 28% of dogs aged 11-12 years and 68% of dogs aged
15-16 years. Clinical signs include disorientation, altered sleep-wake cycles, house soiling, and decreased
interaction with family members. FDG-PET in dogs with CCD shows patterns identical to human Alzheimer's:
reduced glucose utilization in frontal and temporal cortices. Beta-amyloid deposits documented in senior dogs
mirror human pathology. The mechanism is identical— EGT depletion drives mitochondrial failure (Warburg
effect) and ferroptosis in neurons.

Why This Matters for Prevention: If EGT depletion precedes clinical symptoms, plasma EGT measurement
could identify at-risk individuals (human and canine) years before cognitive decline becomes apparent, enabling
early intervention.

4.2 Cardiovascular Disease

HUMAN HEART FAILURE: Failing hearts shift from fatty acid oxidation to glycolysis—a metabolic signature
that precedes clinical heart failure. This shift represents the cardiac Warburg effect. The Swedish cohort study
(Smith et al., 2020; n=3,236) found that higher plasma EGT was associated with 15% lower coronary disease
risk, 21% lower cardiovascular mortality, and 14% lower all-cause mortality per standard deviation increase.

CANINE DILATED CARDIOMYOPATHY (DCM): DCM affects large breed dogs, particularly Dobermans,
Boxers, and Great Danes. Metabolic studies show glycolytic shift in failing canine myocardium—identical to the
human pattern. Recent DCM cases linked to grain-free diets may involve taurine deficiency. Notably, taurine is
a substrate for CSE, the same enzyme activated by EGT, suggesting interconnected sulfur amino acid
metabolism. Mitochondrial dysfunction is well-documented in canine DCM.

Mechanistic Connection: In both species, chronic oxidative stress depletes EGT, leading to MPST/CSE
inactivation. Fe-S cluster damage in cardiac mitochondria forces metabolic shift to glycolysis. Simultaneously,
iron accumulation and lipid peroxidation drive cardiomyocyte ferroptosis, contributing to progressive cardiac
dysfunction.



4.3 Equine Metabolic Syndrome & Laminitis

EQUINE METABOLIC SYNDROME (EMS): Affects 20-30% of domestic horses, characterized by insulin
resistance, regional adiposity, and predisposition to laminitis. EMS horses show mitochondrial dysfunction in
skeletal muscle with reduced oxidative capacity. The metabolic profile mirrors human metabolic
syndrome—insulin resistance combined with glycolytic dependence (Warburg effect).

LAMINITIS: Laminitis involves glucose dysregulation in hoof laminae with documented oxidative stress and
inflammatory damage. The lamellar tissue connecting the hoof wall to the coffin bone undergoes destructive
changes. Iron dysregulation may contribute to lamellar failure through ferroptotic mechanisms.

The EGT Framework Prediction: Measuring plasma EGT in horses could predict laminitis risk before clinical
signs appear. Horses with low EGT would be identified as high-risk, enabling preventive interventions (EGT
supplementation, dietary modifications, metabolic management) before irreversible lamellar damage occurs.

Clinical Significance: Laminitis causes severe pain, permanent lameness, and often necessitates euthanasia.
If EGT depletion contributes to laminitis pathogenesis, this represents an actionable prevention target.

4.4 Athletic Performance & Exercise Intolerance

EXERCISE-INDUCED METABOLIC CHANGES: The 41-100% endurance improvement with EGT
supplementation in rodent studies directly translates to athletic performance optimization in horses and dogs.
The mechanism is conserved: EGT accumulates in muscle mitochondria during exercise training, activates
MPST/CSE, enhances persulfide production, protects respiratory chain function, and maintains oxidative
metabolism.

AGE-RELATED PERFORMANCE DECLINE: Working dogs lose operational capacity with age. Sport horses
show declining performance in their teens. Both species demonstrate the same pattern: age-related EGT
decline -> MPST/CSE inactivation -> mitochondrial dysfunction -> exercise intolerance.

EQUINE EXERCISE-INDUCED PULMONARY HEMORRHAGE (EIPH): Affects approximately 80% of
racehorses. During maximal exercise, pulmonary capillaries experience extreme oxidative stress. EIPH may
involve ferroptotic damage to capillary endothelium under conditions of EGT depletion and iron dysregulation.
The hemorrhage results from membrane failure due to uncontrolled lipid peroxidation.

Performance Enhancement Applications:

. Sport horses: Enhanced stamina in endurance racing, eventing, show jumping

. Working dogs: Extended operational capacity for police K9s, military working dogs, search and rescue
. Racing greyhounds: Improved recovery between races, delayed lactate accumulation

. Agility dogs: Sustained performance across multiple runs in competition



5. THE EVIDENCE BASE: COMPREHENSIVE VALIDATION

5.1 Animal and Preclinical Evidence

Exercise Performance Studies Across Multiple Species:

Fovet et al. (Frontiers in Physiology, 2022): Female C57BL/6J mice supplemented with 70 mg
ergothioneine/kg/day for one week showed 41.22% longer time-to-exhaustion (p<0.01) compared to controls
when running at 70% of maximal aerobic speed. Two hours after exercise, the EGT group showed higher
activation of protein synthesis and satellite cells despite their longer effort, while expression of metabolic stress
and inflammation markers decreased.

Sprenger et al. (Cell Metabolism, 2025): Wild-type mice showed 41% improvement in exercise endurance
with EGT supplementation. MPST knockout mice showed ZERO improvement, proving MPST-dependence.

Petrovic et al. (Cell Metabolism, 2025): Aged rats (9 months) treated with ~10 mg/day EGT for 3 weeks
showed approximately 100% (near doubling) of endurance capacity. Young rats showed significant endurance
increases after just 5 days of treatment with elevated NAD+ levels.

Performance Translation: The 41-100% endurance improvements are unprecedented for any nutritional
intervention. For comparison: Creatine supplementation improves performance by 5-15%, Beta-alanine by
2-15%, Caffeine by 3-7%. EGT's mechanism is fundamentally different—it restores mitochondrial function
rather than providing substrate or stimulation.

Genetic Validation Studies:

Pfeiffer et al. (Free Radical Biology & Medicine, 2015) — Zebrafish ETT Knockout: Genetic ablation of the
ergothioneine transporter (ETT) resulted in increased 8-oxo-guanine (mitochondrial DNA damage marker),
reduced Complex | activity, elevated systemic oxidative stress, and shortened lifespan. This proves EGT
transport is essential for mitochondrial health and organismal survival.

VETERINARY STUDIES URGENTLY NEEDED: While mouse, rat, and zebrafish data prove the
mechanism exists, we need species-specific validation in dogs and horses:

. Canine Studies: EGT supplementation trials in senior dogs with CCD, working dogs with declining
performance, breeds at risk for DCM or hemangiosarcoma

. Equine Studies: EGT in horses with EMS, laminitis-prone animals, racehorses with EIPH, aged
performance horses

. Dosing Studies: Optimal EGT doses for different species based on metabolic rate and body mass
. Biomarker Validation: Establish reference ranges for plasma EGT in healthy vs. diseased animals




5.2 Human Epidemiological Evidence

Wu et al. (Antioxidants, 2022) — Singapore Memory Clinic Cohort:

Study Design: 470 elderly subjects (mean age 73) attending memory clinics underwent baseline plasma EGT
measurement and neuroimaging (MRI for brain atrophy and white matter hyperintensities). Neuropsychological
tests assessed cognition and function at baseline and follow-up visits for up to 5 years.

Results: Lower plasma EGT levels were associated with:

. Poorer baseline cognitive performance across multiple domains

. Faster rates of decline in functional abilities

. Accelerated decline in memory, executive function, attention, visuomotor speed, and language
. Greater brain atrophy and white matter disease

Causal Mediation Analysis: Brain imaging markers (white matter hyperintensities, global cortical thickness,
hippocampus volume) partially mediated the relationship between low EGT and cognitive decline, suggesting
EGT protects cognition through preservation of brain structure.

Smith et al. (Heart, 2020) — Swedish Malm¢ Diet and Cancer Study:

Study Design: Population-based prospective cohort of 3,236 individuals without cardiovascular disease or
diabetes at baseline. Fasting plasma samples analyzed for 112 metabolites using liquid chromatography-mass
spectrometry. Median follow-up: 21.4 years.

Outcomes: During follow-up, 603 developed CVD, 362 developed diabetes, 843 died from all causes.

Results: Ergothioneine was the metabolite most strongly associated with a health-conscious food pattern. Per
standard deviation increase in plasma EGT (after adjusting for age, sex, BMI, fasting glucose, lipids, blood
pressure, antihypertensive medication, smoking, education, leisure time physical activity):

. HR =0.85 (95% CI: 0.75-0.97, p=0.01) for coronary disease (15% risk reduction)

.HR =0.79 (95% CI: 0.68-0.92, p=0.002) for cardiovascular mortality (21% risk reduction)

. HR =0.86 (95% CI: 0.79-0.94, p<0.0001) for all-cause mortality (14% risk reduction)

Zhang et al. (Journal of the American Geriatrics Society, 2017) — Japanese Ohsaki Cohort:

Study Design: Community-based prospective cohort of 13,230 Japanese individuals aged 65+ years followed
from 2006. Mushroom consumption (primary dietary source of ergothioneine) assessed by validated food
frequency questionnaire.

Results: Participants consuming mushrooms >3 times per week had 92% lower dementia incidence compared
to those consuming mushrooms <1 time per week (multivariable-adjusted HR = 0.08, 95% CI: 0.01-0.61,
p=0.01). This effect remained significant after adjusting for demographics, medical conditions, diet quality, and
lifestyle factors.



The Halliwell Hypothesis (Free Radical Biology & Medicine, 2024): Professor Barry Halliwell and Dr.
Irwin Cheah—the world's leading EGT researchers—stated: "Low body ergothioneine levels predispose
humans to significantly increased risks of neurodegenerative diseases. Hence, restoring ergothioneine
levels could assist in mitigating these risks, which are rapidly increasing due to aging populations
globally. Prevention of neurodegeneration is especially important since by the time dementia is usually
diagnosed, damage to the brain is extensive and likely irreversible."




6. CONCLUSION: A NEW PARADIGM FOR PREVENTIVE MEDICINE

6.1 Summary of Evidence

We have presented evidence that ergothioneine depletion functions as the molecular switch triggering both
ferroptosis and glycolytic metabolism across diverse disease states in humans AND animals. This framework is
supported by:

1. Validated Molecular Mechanisms (2025): Studies prove EGT directly activates MPST and CSE, protecting
Fe-S clusters and generating persulfides that suppress ferroptosis. Genetic knockouts abolish all effects,
establishing causality.

2. Convergent Epidemiology (>20,000 Human Subjects): Multiple independent cohorts show consistent
inverse associations between EGT levels and disease outcomes across neurodegeneration, cardiovascular
disease, and mortality.

3. Mechanistic Coherence: The framework explains why Warburg metabolism and ferroptosis co-occur across
cancer, neurodegeneration, heart failure, and metabolic disease. A single upstream deficiency (EGT depletion)
creates dual vulnerability through loss of Fe-S cluster protection and persulfide-mediated radical scavenging.

4. Cross-Species Conservation: OCTNL1 transporter (>90% sequence homology), MPST/CSE enzymes, and
Fe-S cluster protection mechanisms are highly conserved across mammals. Discoveries in model organisms
translate directly to clinical applications in humans, dogs, and horses.

5. Therapeutic Actionability: Unlike genetic mutations, EGT status is modifiable through dietary intervention,
supplementation, or enhancement of endogenous transport/metabolism.

IF VALIDATED BY PROSPECTIVE INTERVENTIONAL TRIALS AND THE PROPOSED
BIOREPOSITORY STUDIES, THIS REPRESENTS THE FIRST UNIVERSAL TARGET FOR
METABOLIC DISEASE PREVENTION—ADDRESSING ROOT CAUSES OF DISEASES THAT
ACCOUNT FOR THE MAJORITY OF HUMAN AND ANIMAL MORBIDITY AND MORTALITY.

6.2 Veterinary Medicine Impact

The EGT-switch framework positions veterinary medicine at the forefront of preventive metabolic health. Dogs
and horses provide ideal clinical validation platforms: shorter lifespans enable faster study completion, higher
disease incidence in certain breeds provides enriched populations, strong owner motivation for preventive
interventions exists, and there is less regulatory complexity than human clinical trials. Success in veterinary
trials will accelerate human translation. Salutarii LLC's dual-species platform enables simultaneous
advancement in both markets.



6.3 Path Forward

Immediate Priorities and Mid-Term
Goals:(0-12 months):

« Initiate biorepository study enroliment (human and veterinary)

» Establish veterinary EGT reference ranges (first-ever publication)
» Complete dose-finding studies in dogs and horses

* File full patent application (currently provisional)

 Secure research partnerships with academic medical centers

» Complete biorepository primary analysis

* Publish validation results in high-impact journals

« Initiate Phase 2 interventional trial if biorepository validates framework
 Launch veterinary diagnostic testing (leveraging FDA/CVM clearance)

Long-Term Vision (12-24 months):

» Phase 3 RCT demonstrating disease prevention with EGT supplementation

* Preventive indication (if human trials successful). This falls within Human
Wellness with NO: FDA oversight

» Widespread adoption in veterinary preventive medicine and Human
Wellness

* Integration into routine health screening (uUMDA-Vet and Oxidative Stress
Burden Panel as standard)

» Expansion to additional species (feline, livestock)

6.4 Intellectual Property and Commercialization

PATENT PROTECTION: Salutarii LLC holds USPTO Provisional Patent No. 63/885,662 covering
Sequential ROS Biomarker Algorithms including ergothioneine measurement for disease prediction and
prevention.

FDA/CVM CLEARANCE: Our uMDA-Vet platform is cleared for veterinary oxidative stress
measurement, enabling immediate commercial deployment in companion animal and performance
animal medicine.

DUAL-MARKET STRATEGY: Simultaneous development in human and veterinary markets with K9
Alpha Science brand for animal applications. Human diagnostic partnerships in active discussion for
commercial translation.
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