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Safety, Performance and Resilience in 
Extreme Environments



V Atomic Force Microscopy (AFM)

V Fluorescence Microscopy

V Laser Scanning Confocal Microscopy 

V Electrophysiology 

V Radio Telemetry (EEG, EMG, EKG)

ü Adapted to hyperbaric chambers

Methods
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Healthy Cells Cancer Cells

CNS-OT Studies: Effect of High Pressure Oxygen

Neuroscience; 
31;159(3):1011-22, 2009
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Elevated rates of glycolysis and fermentation, excessive lactate production 
ςup to 200 Xrate of normal cells

Å Critical to neoplastic phenotype

Å Drives anabolic processes

Å Acidifies microenvironment

Å Most consistent cancer phenotype, 

present in most, if not all, cancers

Mitochondrion

+O2 +O2

Cancer Metabolism & The Warburg Effect



ÅHigh glycemic diets increase cancer risk 

Hyperglycemia = poor prognosis

ÅBlood glucose correlated to tumor growth

ÅKetogenic diet lowers glucose, insulin, 

IGF-1 and inflammation

ÅKetones directly inhibit tumor growth
(Poff et.al.  Int J Cancer. 2014 Oct 1;135(7):1711-20)

Seyfried et al. British Journal of 

Cancer (2003) 89, 1375 ï1382

Hyperglycemia and Tumor Hypoxia 

Drive the Warburg Effect 

Gnagnarella, et al; 2008

Average PO2

30-60 mmHg 2-30 mmHg

**Causes chemo/radioresistance



Can we use HBOT and Nutritional Ketosis 
to create a physiological environment 

that stresses cancer cells? 

Metabolic Stress



Tumors exhibit both chronic and 
acute hypoxia 

ÅChronic hypoxia in tumors is caused by inadequate 
vasculature and limited diffusion distance of oxygen 
through the tumor tissue

ïActivation of HIF-1, damaged mitochondrial respiration 
triggers a metabolic shift toward glycolysis

ÅAcute hypoxia in tumors is caused by temporary closing 
and opening of a tumor blood vessel owing to the 
malformed vasculature of the tumor

ïIschemia-Reperfusion ĄROS Ą nuclear mutations, 
stimulation of growth factor signaling, oncogenes, etc 



Tumor hypoxia is correlated to poor clinical prognosis. 

Tumor response to hypoxia:
1. Activation of angiogenesis
2. Evasion of apoptosis
3. Tumor suppressor deregulation
4. Induction of glycolytic shift

Invasion and Metastasis



Protein products of HIF -1 target genes collectively allow tumor 

cells to survive hypoxia



Hypoxia and Cancer Metabolism
HIF-1 enhances the Warburg Effect

Metabolic substrates and products are shown in blue and HIF-1-regulated gene 
products are shown in purple

Regulation of cancer cell metabolism by hypoxia -inducible factor 1; Semenza, G. 



Hyperbaric 
Oxygen Therapy

Å Delivery of 100% O2 at 
elevated pressure

Å Oxygen dissolves in the 
blood, diffuses further 
into the tissues

ï Can use HBOT to 
saturate tumors with 
oxygen

Å Inhibit HIF-1?

Å Increase ROS

ÅGene expression



ÅEarly studies investigated HBOT as a radiosensitizer, but investigators were concerned it may 
actually promote tumor progression 

Å3 meta-analyses of the data of the last 60 years support that HBOT does not promote tumor 
growth or recurrence but may have growth-inhibitory effects on certain tumor subtypes

ÅClear differential effects of HBO on cancer compared to healthy tissue, but mechanisms poorly 
understood. 

Comprehensive Physiol. 2016 Dec 6;7(1):213-234



Potential Mechanisms

ÅInhibition of HIF-1 signaling

ïObserved, also paradoxical activation of HIF-1 

ÅInhibition of angiogenesis

ïDownstream of inhibition of HIF-1?

ÅInhibition of oncogene signaling

ïDownstream of inhibition of HIF-1? 

ÅInduced oxidative stress 



ÅAnimal studies

ÅMostly positive or 
neutral responses 

ÅSmall number of 
negative responses

ÅAppears tumor-type 
dependent

ïneed more data & 
clinical studies

HBOT modestly effective as a monotherapy



Control HBOT (2.5 ATA)
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VM-M3 Mouse Model of Metastatic Cancer



HBOt slows tumor growth and increases 

chemotherapy efficacy in rat mammary tumors:

Stuhr, L., et. Al, Cancer Letters, 2004



ñThe median survivals in 

patients with and without 

HBO were 24 and 12 

months, respectively 

(P < 0.05). No serious 

side-effects were 

observed in the HBO 

patientsò.



HBOt may be synergistic with Standard of Care

Feldmeier et al, 2003

Å Clinically 
investigated as 
adjuvant 
therapy

Å Primarily a 
radiosensitizer



HBOT can be help manage 
symptoms of cancer treatment

ÅHBOT approved Tx for radionecrosis

ÅHBOT reduced pain, edema, and erythema following 
radiation and breast-conserving surgery (Carl et al, Int J 

Radiat Oncol Biol Phys 2001)



Synergy between Nutritional Ketosis and HBOT?

KDControl HBOT KD+HBOT
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Implementation 

of Nutritional Ketosis



Strategies for Inducing Nutritional Ketosis

Ketone Supplementation Ketogenic Diet 
(variants)

Exogenous Ketones
Many products available and in 

development

Support Supplements: MCTs, L-Carnitine, 
Alpha-Lipoic Acid, Potassium Citrate, DHA, 
Phosphatidylcholine, Phosphatidylserine, 
Lysine, Leucine, Taurine 



Commercially Available Tools for 
Assessing Nutritional Ketosis 

Blood
(BHB)

Urine
Acetoacetate

(AcAc)

Breath
Acetone

Future Devices
Continuous BHB/AcAc

(e.g. Dexcom) 



Practical Application for Patients
Metabolic Management of Disease 

High
Ketones

Low
Glucose
(3.8 mM)

Carcinogenesis. 2014, Mar;35(3):515-27

Modified from: Nutrition and Metabolism (Lond). 2010 Apr 22;7:33. 

Metabolic Zone

Keto-Adaptation

30          60          90         120
Time (min.)

+
Exogenous
Ketones 

άaŜǘŀōƻƭƛŎ ½ƻƴŜέ

30 
minutes



Metabolic-Based Drugs 
Dichloroacetate (DCA)
ÅPyruvate Mimetic
ÅActivation of PDH Complex
ÅTreatment for Lactic Acidosis
ÅAdjuvant to Chemotherapy

O-

O

O

O-

O

Cl

Cl

DCA Pyruvate

Metformin
ÅInhibits gluconeogenesis
ÅReduces inflammation 
ÅReduces systemic estrogen
ÅActivated AMP Kinase 

Ward NP, Poff AM, Koutnik AP, D'Agostino DP. Complex I inhibition augments dichloroacetate 
cytotoxicity through enhancing oxidative stress in VM-M3 glioblastoma cells. PLoS One. 2017 Jun 
23;12(6):e0180061. doi:10.1371/journal.pone.0180061. eCollection 2017. PubMed PMID: 
28644886.



Multifaceted Approach
Seyfried TN, Yu G, Maroon JC, D'Agostino DP. Press-pulse: a novel therapeutic strategy for 

the metabolic management of cancer.Nutr Metab(Lond). 2017 Feb 23;14:19. 



Ongoing and Future Directions

ÅMethods to optimize and sustain nutritional ketosis 

ÅOptimize HBOT protocols for cancer types 

ÅEvaluate in other cancer models (breast, pancreatic) 

ÅMetabolic drugs (DCA, metformin, glycolytic inhibitors)

ÅCombine with chemotherapy and radiation effects 

ÅInitiate Cancer Prevention studies 

ÅHuman Clinical Trials 

Questions?
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Books and Resources
KetoNutrition.org

CharlieFoundation.org

Ketopetsantcuary.com


