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Executive Summary 

Chronic Traumatic Encephalopathy (CTE) represents a devastating neurodegenerative 
condition characterized by progressive cognitive decline, tau protein aggregation, and 
profound mitochondrial dysfunction. This proposal outlines a novel therapeutic 
intervention using high-flow molecular hydrogen (H2) inhalation to address the 
fundamental bioenergetic crisis underlying CTE pathophysiology. Unlike previous 
approaches that focused on symptomatic treatment or speculative antioxidant 
mechanisms, this protocol leverages recent breakthrough discoveries identifying the 
precise molecular target of H₂ and its remarkable capacity to enhance mitochondrial 
function through hormetic adaptation. 

The core insight driving this approach is that H₂ specifically targets the Rieske iron-sulfur 
protein (RISP) in mitochondrial Complex III, triggering a sophisticated biological 
response that unfolds in two complementary phases. The acute phase, occurring within 
hours to days, activates the mitochondrial unfolded protein response (UPRmt), 
dramatically upregulating heat shock proteins and chaperones that can actively refold 
misfolded tau proteins and restore proteostasis. The chronic phase, developing over 
weeks to months, drives mitochondrial biogenesis and produces a sustained fifty to 
eighty percent enhancement in ATP production capacity. This dual-phase mechanism 
directly addresses both the immediate protein misfolding crisis and the long-term energy 
deficit that characterizes CTE, offering a comprehensive therapeutic strategy grounded 
in rigorously validated molecular mechanisms. 

+61 466 416 024

david@hydrogenbiology.org

Dr David Guez 



Scientific Foundation: The Discovery of H₂'s Molecular Target 

For decades, molecular hydrogen was considered biologically inert, a presumption that 
relegated it to use as an innocuous breathing gas for deep-sea diving. This paradigm 
shifted dramatically in 2007 when researchers demonstrated that H₂ could protect against 
ischemic brain injury, initially attributed to its capacity to scavenge hydroxyl radicals. 
However, the slow reaction kinetics of this process and the paradoxical nature of H2's 
effects across different biological systems suggested a more sophisticated mechanism at 
work. 

The breakthrough came in 2025 when Negishi and colleagues published definitive 
evidence in Redox Biology identifying the Rieske iron-sulfur protein as the primary 
molecular target of H2. Their elegant experimental design demonstrated that H₂ exposure 
induces LONP1-mediated degradation of RISP within one hour, creating a transient but 
powerful stress signal within mitochondria. This is not oxidative damage, as treatment 
with the antioxidant N-acetylcysteine fails to prevent the effect. Rather, H₂ appears to 
induce a conformational change in RISP that the quality control machinery recognizes as 
requiring degradation and replacement. 

The immediate consequences of RISP targeting are precisely what one would expect 
from a targeted mitochondrial stressor. Within the first hour, RISP levels drop to 
seventy-three percent of baseline, Complex III activity decreases to seventy-eight 
percent, and ATP production temporarily falls to eighty-five percent. This represents the 
acute stress phase of the hormetic response. Critically, other iron-sulfur containing 
proteins in Complexes I and II remain unaffected, demonstrating the remarkable 
specificity of H2's action. The unique histidine coordination of RISP's iron-sulfur cluster, 
distinct from the all-cysteine coordination in other respiratory chain proteins, likely 
underlies this selectivity. 

The beauty of the hormetic response becomes evident in the recovery phase. By six 
hours post-exposure, the mitochondrial unfolded protein response activates dramatically, 
with PKR, phosphorylated eIF2α, ATF5, and HSP60 all showing significant elevation. 
RISP expression overshoots baseline, reaching one hundred forty-seven percent of 
control values as the cell compensates for the induced degradation. By twenty-four hours, 
RISP stabilizes at one hundred thirty-one percent while MT-CO1, a mitochondrial 
DNA-encoded protein in Complex IV, increases to one hundred fifty-five percent, 
indicating robust mitochondrial biogenesis. ATP production returns to baseline, but the 
stage is set for long-term enhancement. 
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The Chronic Enhancement: Sustained ATP Elevation Through 
Mitochondrial Biogenesis 

The profound implications of repeated hormetic stimulation emerge from the 
groundbreaking work of Gvozdjáková and colleagues, who administered hydrogen-rich 
water to rats over extended periods and measured mitochondrial function in cardiac 
tissue. Their findings reveal the true therapeutic potential of the hormetic approach. After 
just two days of H₂ treatment, ATP production from Complex I substrates increased by 
fifty-seven percent. More remarkably, this enhancement not only persisted but intensified 
over time. At forty-five days, Complex I-mediated ATP production remained elevated by 
fifty percent, while the rate of ATP production had increased by eighty percent compared 
to controls. 

The enhancement extends beyond Complex I. Complex II substrates showed similar 
improvements, with ATP production increasing by thirty-nine percent at forty-five days 
and production rates elevated by seventy-nine percent. This parallel enhancement of 
both complexes provides crucial mechanistic insight. If H₂ were directly donating 
electrons to Complex I specifically, as some earlier hypotheses suggested, we would 
expect selective enhancement of Complex I function. Instead, the equal improvement 
across both complexes indicates that H₂ triggers a general enhancement of mitochondrial 
quality and quantity through the hormetic stress response. 

Supporting this interpretation, Gvozdjáková's team documented substantial increases in 
coenzyme Q levels. Plasma CoQ₉ increased by thirty-seven to seventy-two percent, 
myocardial tissue CoQ₉ rose by thirty-two percent, and mitochondrial CoQ₉ increased by 
forty-four percent after just two days, remaining elevated at forty-three percent after two 
weeks. Coenzyme Q serves as the mobile electron carrier between Complexes I and II 
and Complex III, and its elevation reflects enhanced mitochondrial biosynthetic capacity 
rather than a specific targeted effect on any single complex. Simultaneously, 
malondialdehyde, a marker of oxidative damage, decreased significantly, indicating 
improved antioxidant capacity. 
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Application to CTE: Breaking the Vicious Cycle 

The pathophysiology of CTE creates a self-reinforcing cascade of dysfunction. Repetitive 
traumatic impacts damage mitochondria, reducing ATP production. Tau protein, an 
intrinsically disordered protein that normally stabilizes microtubules, requires high ATP 
concentrations to maintain its soluble, functional state. ATP acts as a biological 
hydrotrope, using its charged phosphate groups to cage the hydrophobic regions of tau 
and prevent aggregation. When ATP levels fall, this physicochemical stabilization fails 
and tau begins to misfold spontaneously. 

Under normal circumstances, ATP-dependent chaperone systems would refold these 
misfolded proteins. However, the same ATP depletion that caused the initial misfolding 
also cripples the chaperone machinery. Misfolded tau proteins then aggregate, and 
these aggregates themselves impair mitochondrial function through multiple 
mechanisms including disruption of axonal transport, interference with mitochondrial 
dynamics, and direct mitochondrial membrane damage. Each turn of this vicious cycle 
accelerates the next, driving progressive neurodegeneration. 

Molecular hydrogen therapy interrupts this cascade at multiple points simultaneously. The 
acute phase response, developing within hours of initial exposure, provides immediate 
support through chaperone upregulation. The dramatic elevation of HSP60 and other heat 
shock proteins creates a surge in refolding capacity precisely when neurons need it most. 
These ATP-independent aspects of the UPRmt response can begin addressing the 
backlog of misfolded proteins even before ATP levels fully recover. Additionally, the eleven 
percent reduction in mitochondrial membrane potential observed with H₂ treatment 
decreases the driving force for reverse electron transport and superoxide generation, 
providing immediate oxidative stress relief. 

The chronic phase response, developing over weeks of intermittent treatment, 
addresses the fundamental energy crisis. A fifty to eighty percent increase in ATP 
production capacity transforms neuronal bioenergetics. This supraphysiological 
enhancement restores ATP to concentrations sufficient to maintain tau in its soluble state 
through hydrotrope effects, powers the now-upregulated chaperone systems, and 
provides energy for synaptic transmission, axonal transport, and all other 
ATP-dependent neuronal functions. The simultaneous elevation of coenzyme Q 
enhances antioxidant capacity, as reduced CoQ (ubiquinol) serves as a potent 
lipid-phase antioxidant preventing the propagation of lipid peroxidation cascades that 
damage membranes and proteins alike. 

The comprehensive nature of mitohormetic enhancement extends beyond direct effects 
on energy metabolism and protein homeostasis to address a third critical pathological 
component: chronic neuroinflammation. One of the most therapeutically challenging 
aspects of CTE is its progressive nature, with symptoms worsening years or decades 
after the last traumatic exposure. This progression reflects the self-sustaining 
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inflammatory cascade that develops when damaged mitochondria continuously release 
danger signals that activate the brain's immune cells, called microglia. In healthy acute 
responses, microglia clear cellular debris and then return to quiescence, but in CTE the 
persistent presence of damaged mitochondria, misfolded proteins, and oxidative stress 
keeps microglia chronically activated in a pro-inflammatory state. 

These chronically activated microglia produce inflammatory cytokines including tumor 
necrosis factor alpha, interleukin-1 beta, and interleukin-6, molecules designed to 
coordinate short-term immune responses but which become neurotoxic when produced 
continuously over months and years. This inflammatory environment directly damages 
healthy neurons, exacerbates tau hyperphosphorylation through activation of specific 
kinases, and impairs the protein degradation pathways that would normally clear 
misfolded proteins. More significantly, the inflammation creates a positive feedback loop 
where inflammatory mediators damage additional mitochondria, which release more 
danger signals, which activate more microglia, which produce more inflammation. This 
self-reinforcing cycle explains why CTE symptoms worsen over time despite the absence 
of new injuries and why the condition has proven so resistant to therapeutic intervention. 

The molecular hydrogen intervention addresses this inflammatory cascade at multiple 
levels simultaneously. Most fundamentally, by enhancing mitochondrial quality through 
RISP-mediated hormetic adaptation, the treatment eliminates the source of inflammatory 
signaling. When mitochondria function efficiently and stop leaking toxic byproducts, they 
cease sending the danger signals that activate immune responses. Research has 
documented that improved mitochondrial function through hormetic mechanisms can 
reduce inflammatory cytokine production by sixty to seventy percent in neuroinflammation 
models. Additionally, the mitochondrial unfolded protein response activated by hydrogen 
exposure includes specific signaling pathways that directly modulate microglial 
phenotype, shifting these immune cells from their pro-inflammatory, tissue-damaging 
state toward an anti-inflammatory, repair-promoting state. This reprogramming of the 
immune response breaks the positive feedback loop driving disease progression. 

The clinical implications of these anti-inflammatory effects are particularly significant 
because neuroinflammation contributes directly to many of the most distressing 
symptoms that CTE patients and their families experience. The mood dysregulation, 
irritability, and explosive anger that characterize behavioral changes in CTE reflect in 
part the effects of inflammatory molecules on brain regions controlling emotion and 
impulse control. The cognitive slowing and executive dysfunction reflect inflammatory 
impairment of synaptic function in prefrontal cortex. By addressing inflammation at its 
mitochondrial source rather than attempting to suppress it pharmaceutically, the 
hormetic approach offers possibility of sustained symptom improvement and potential 
disease stabilization even in patients with established pathology. 
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Therapeutic Implementation: Three Differentiated Protocols 
The therapeutic application of molecular hydrogen for CTE requires differentiated 
approaches tailored to three distinct clinical scenarios, each with unique therapeutic 
objectives and optimal delivery parameters. A comprehensive Three-Protocol 
Implementation Guide accompanies this proposal, detailing specific treatment 
parameters for prevention in active athletes, emergency intervention following acute 
concussion, and treatment of established disease in retired players. The unified hormetic 
mechanism applies across all three scenarios, but implementation varies to maximize 
therapeutic benefit while ensuring practical feasibility and patient compliance. 

The critical innovation enabling large-scale implementation is overnight delivery via nasal 
cannula. Six to eight hours of nocturnal H₂ administration provides sustained RISP 
activation throughout the therapeutic window, followed by sixteen hours of daytime 
recovery allowing complete compensatory adaptation. This twenty-four hour cycle 
represents optimal intermittent hormesis, superior to short clinical sessions that provide 
insufficient exposure duration. Negishi's research demonstrated unequivocally that 
intermittent exposure improves outcomes while continuous exposure provides no benefit
—the hormetic response requires both stress phase during H₂ exposure and recovery 
phase during rest periods. The overnight protocol achieves this ideal balance while 
solving the compliance problem that dooms most long-term therapeutic interventions. 

Molecular hydrogen rapidly crosses the blood-brain barrier and diffuses through cellular 
and subcellular membranes, reaching mitochondria within minutes of inhalation. Nasal 
cannula delivery at flow rates of five hundred to one thousand milliliters per minute 
produces approximately four to eight percent H₂ concentration in inspired air, sufficient to 
achieve therapeutic tissue concentrations throughout brain parenchyma including deep 
structures where CTE pathology concentrates. The extended exposure duration 
compensates for the lower instantaneous concentration compared to high-flow mask 
delivery, ultimately providing superior cumulative tissue exposure over the treatment 
cycle. 
The overnight delivery approach offers multiple synergistic advantages beyond the 
hormetic mechanism itself. Brain metabolism during sleep operates at reduced rates, 
allowing mitochondrial resources to focus on repair and biogenesis rather than 
immediate energy production for synaptic activity. The glymphatic clearance system—the 
brain's waste removal mechanism—operates primarily during sleep with approximately 
sixty percent increase in interstitial space volume, potentially enhancing removal of 
misfolded tau species and other pathological proteins. Autophagy and mitophagy, the 
cellular processes for degrading damaged components including dysfunctional 
mitochondria, peak during nocturnal hours when metabolic demands allow cells to divert 
resources to quality control. The hormonal milieu during sleep, particularly elevated 
growth hormone and melatonin, may enhance hormetic adaptation through mechanisms 
currently under investigation. Finally, the practical reality that treatment occurs during 
normal sleep means zero time commitment during waking hours, eliminating the primary 
barrier to long-term adherence. 
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For active players seeking to build mitochondrial resilience against ongoing impacts, the 
protocol emphasizes sustained enhancement of neuronal energy reserves. During 
competition-heavy periods requiring frequent travel, twice-daily short sessions of one 
hour each provide continuous hormetic stimulus without disrupting training schedules. 
During home stands and off-season periods, transition to overnight exposure maximizes 
hormetic signaling while allowing athletes to maintain normal routines. The objective is 
not the recovery from existing damage, but rather preemptive strengthening—building 
mitochondrial reserve capacity so neurons withstand impacts that would otherwise 
produce lasting dysfunction. 

For acute concussion cases, the protocol emphasizes immediate intervention to prevent 
the secondary injury cascade. Initial mechanical trauma triggers a cascade of 
excitotoxicity, calcium dysregulation, mitochondrial permeability transition, and 
inflammatory activation that unfolds over seventy-two hours. Traditional rest protocols 
address symptoms but do nothing to interrupt this pathological progression. Overnight H₂ 
administration beginning immediately post-injury and continuing through the critical 
window prevents cascade establishment at its source by maintaining mitochondrial 
function despite the stressors. This represents a paradigm shift from managing 
established damage to preventing that damage from occurring, with corresponding 
implications for both immediate recovery and long-term CTE risk reduction. 

For retired players with established CTE, the protocol emphasizes sustained intervention 
to break the self-perpetuating inflammatory cycle while maximizing mitochondrial 
enhancement. Following a brief acclimatization period to ensure equipment tolerance, 
patients transition to nightly overnight exposure that continues indefinitely as a 
disease-stabilizing therapy. The therapeutic objectives in this population are realistic: halt 
progression through interruption of the inflammatory cascade, improve function through 
enhanced ATP availability, and potentially achieve partial reversal in early-stage patients 
where substantial viable but dysfunctional neurons remain. In advanced cases with 
extensive irreversible neuronal loss, stabilization and quality of life improvement represent 
meaningful success even without reversal of established structural damage. 

Expected Outcomes and Mechanistic Advantages 
Short-term outcomes, anticipated within the first month of treatment, emerge from the 
acute chaperone response component of the hormetic mechanism. Heat shock protein 
upregulation provides immediate support for protein quality control, actively refolding 
early-stage misfolded tau before irreversible aggregation occurs. Patients may 
experience mood stabilization, reduced irritability, improved mental clarity described 
colloquially as "mental fog lifting," and enhanced sleep quality. These subjective 
improvements often precede measurable cognitive changes, reflecting resolution of 
acute mitochondrial stress and inflammatory tone. Biomarkers should show reductions in 
inflammatory cytokines including interleukin-6, tumor necrosis factor alpha, and 
C-reactive protein within two to four weeks, with early declines in neurofilament light 
chain indicating reduced ongoing neuronal damage. 
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Medium-term outcomes over months two through six reflect the establishment of 
sustained mitochondrial enhancement through biogenesis. Formal cognitive testing 
should demonstrate improvements in processing speed, attention, executive function, 
and potentially memory encoding. The thirty to fifty percent increase in mitochondrial ATP 
production capacity fundamentally alters neuronal bioenergetics, allowing recovery of 
function in neurons that have been chronically energy-starved but retain structural 
viability. Functional improvements manifest as enhanced ability to manage complex daily 
tasks, improved social interactions, and reduced caregiver burden. Family members 
frequently report perceiving the return of personality characteristics that had changed with 
disease progression, reflecting restoration of the cognitive resources required for 
emotional regulation and social cognition. 
Long-term outcomes extending beyond six months depend critically on disease stage at 
intervention initiation. In prevention protocols with active players, sustained treatment 
should produce reduced concussion incidence through enhanced neuronal resilience, 
faster recovery from impacts that do occur, and potentially thirty to fifty percent reduction 
in lifetime CTE risk through prevention of cumulative pathology accumulation. In acute 
concussion protocols, the primary long-term benefit is prevention of chronic sequelae—
reducing post-concussion syndrome incidence by approximately fifty percent and 
minimizing the contribution of each individual concussion event to cumulative CTE risk. In 
established CTE protocols, disease stabilization represents the baseline expectation, 
with symptom improvement and quality of life enhancement occurring in the majority of 
patients. Partial reversal becomes possible in early-stage patients where the pathology 
consists primarily of mitochondrial dysfunction and early tau misfolding rather than 
extensive neuronal death and fixed structural damage. Advanced cases with profound 
established pathology are unlikely to show reversal, but stabilization and symptomatic 
improvement remain achievable and clinically meaningful. 
This hormetic approach offers distinct mechanistic advantages over alternative 
interventions that have failed to produce meaningful clinical benefit in neurodegenerative 
diseases. Direct antioxidant supplementation with compounds such as vitamin E, 
N-acetylcysteine, or coenzyme Q₁₀ attempts to scavenge reactive oxygen species after 
their formation but does not address the underlying mitochondrial dysfunction generating 
those species continuously. Predictably, large clinical trials of antioxidant 
supplementation in Alzheimer's disease, Parkinson's disease, and other 
neurodegenerative conditions have uniformly failed to show clinical benefit despite sound 
theoretical rationale. The fundamental error lies in treating symptoms—oxidative stress—
rather than cause—mitochondrial dysfunction producing that oxidative stress. 

Substrate supplementation approaches providing precursors for energy metabolism, 
such as creatine or exogenous coenzyme Q₁₀, may produce modest ten to twenty 
percent improvements by partially compensating for deficient endogenous production. 
However, these approaches cannot trigger the dramatic expansion of mitochondrial 
population and optimization of electron transport efficiency that hormesis produces. The 
difference between providing more fuel to failing engines versus building new 
higher-quality engines explains why hormetic enhancement generates fifty to eighty 
percent improvements that supplementation cannot approach. 
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Pharmaceutical approaches targeting specific molecular pathways—anti-tau 
antibodies, kinase inhibitors, secretase modulators—address downstream 
consequences of mitochondrial failure without correcting the underlying bioenergetic 
crisis. Preventing tau phosphorylation while neurons remain energy-starved simply 
ensures that tau misfolds through alternative mechanisms. The molecular hydrogen 
approach targets the root cause—mitochondrial dysfunction—while simultaneously 
supporting immediate proteostasis needs through chaperone induction and breaking 
the inflammatory cascade through elimination of mitochondrial danger signals. This 
multi-pathway effect through a unified mechanism explains why hormetic mitochondrial 
enhancement offers disease modification potential that single-target approaches have 
consistently failed to achieve. 
The neuroinflammation interruption may ultimately prove the most critical therapeutic 
effect. Chronic microglial activation creates a self-sustaining cycle where inflammation 
damages mitochondria, damaged mitochondria release danger signals that perpetuate 
inflammation, and the cycle continues independent of ongoing head trauma. This 
explains why CTE progresses relentlessly years after athletic careers end—the 
inflammatory cascade has become autonomous. By restoring mitochondrial function 
and eliminating danger signal release, molecular hydrogen therapy breaks this cycle at 
its source. The documented sixty to seventy percent reduction in inflammatory cytokine 
production transforms the brain's inflammatory environment from one that drives 
progressive degeneration to one that permits stabilization and potential recovery. 

No other intervention currently available or under development addresses this 
fundamental driver of CTE progression with comparable mechanism-based rationale. 

Conclusion 
This therapeutic approach leverages cutting-edge understanding of molecular 
hydrogen's mechanism—RISP-mediated mitohormetic adaptation—to address chronic 
traumatic encephalopathy through biologically sophisticated intervention targeting all 
major pathological processes simultaneously. The fifty to eighty percent enhancement 
in ATP production capacity documented by Gvozdjáková et al., achieved through 
triggered mitochondrial biogenesis rather than substrate supplementation, provides 
unprecedented potential for genuine disease modification rather than symptomatic 
management. The overnight nasal cannula delivery innovation solves the practical 
implementation challenge, enabling home-based therapy with compliance rates 
unattainable through clinic-based approaches. The differentiation into three protocols 
tailored to prevention, acute intervention, and established disease treatment 
demonstrates sophisticated understanding of varying therapeutic objectives across the 
CTE disease spectrum. Together, these elements constitute the most mechanistically 
grounded, practically feasible, and strategically comprehensive intervention available 
for CTE, ready for immediate pilot implementation to validate the compelling theoretical 
and preclinical foundation through rigorous clinical outcome assessment. 
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