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Office of Naval Research (ONR) Project: 

CNS Oxygen Toxicity  

Seizures that result from breathing O2 at 

hyperbaric pressures  

(>2.4 atmospheres O2)  

 

   

 

Diving with Re-breathers Hyperbaric Oxygen Therapy  



Central Nervous System Oxygen 
Toxicity Seizures 

2.8 atmospheres absolute in pure oxygen 



Undersea Medicine 

Hypothesis— 
The pattern of respiration that precedes onset of CNS O2 toxicity is a reliable biomarker of an 
impending seizure.   

Single-depth O2 
exposure limits used by 

USN 

Depth        Exposure 
 (fsw)  (min) 

25 or less 240 
30    80 
35    25 
40    15 
50    10 

Goal: Bottom  
time on HBO2 Rat Brain Brain slices 
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Becker et al., 1996 

   * Mulkey et al., J Appl Physiol. 2003 Sep;95(3):910-21 
** Becker et al., J Appl Physiol. 1996 Oct;81(4):1683-90 

** * 

Mulkey et al., 2003 
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Seizure onset in rats: 
tonic/clonic movements of forelimbs and head 

at rest during seizures 

Air (surface) 
 

5 ATA O2  
(132 ft; 40 m) 

 

 



What we recorded DURING THE DIVE 



 

 

Strategies to prevent CNS O2 toxicity 

seizures 

 
 

 Antioxidants   

 Anti-epileptic drugs 

 Starvation ketosis 

 
   

 

Special-Ops Diving   

Do ketone esters show any 
anticonvulsant effects against seizures? 



Body Fat 

   Glucose  
   Insulin  

Nutritional Ketosis is  

challenging to sustain! 

Sustained  

Dietary Fat 

Acetone 

AcAC 

βHB 



Page 91: The Art and Science of Low Carbohydrate Performance 
Jeff S. Volek and Stephen D. Phinney  

http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&sort=relevancerank&search-alias=books&ie=UTF8&field-author=Jeff S. Volek
http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&sort=relevancerank&search-alias=books&ie=UTF8&field-author=Jeff S. Volek
http://www.amazon.com/Stephen-D.-Phinney/e/B0035PWMIA/ref=ntt_athr_dp_pel_2
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Metabolic Benefits: 
 

Decreased Central Fatigue 

Enhanced Brain Metabolism 

Decreased ROS 

Mitochondrial biogenesis 

Anti-Catabolic/Protein sparing 

Increased insulin sensitivity 

Less lactate 

Volek et al  

Strength & Condition J. 32:42-47, 2010 



How Does Fasting Change Brain Metabolism?  

Hippocrates 

//upload.wikimedia.org/wikipedia/commons/4/45/Conklin_Fasting_-_NewYorkTimes.png


Ketones preserve brain 

metabolism extreme 

metabolic demands  

574 % increase in  

latency to seizure in 

“rat divers” 

Seizure Protection  

Conclusions: 
KE, but not BD, increased latency to seizure by 574% compared to control 



Conclusions: 
Ketone Esters: 
• induced sustained elevation of blood BHB, AcAc and acetone 
• did not modify blood glucose levels 



University of Salerno 
Director: Professor Giangennaro Coppola 



Rat model of epilepsy 

Pentylenethrazole 
Ono J, and Walson PD.  

Medical journal of Osaka University 40: 45-49, 1991 



Ketogenic diet mimics starvation 

Reported positive effects of ketosis/ketogenic 
diet: 

• Weight loss (Atkins diet) 

• Alzheimer’s disease Nutr Metabolism 2009 Aug 10;6:31 

• Parkinson’s disease  Curr Treat Options Neurol. 2008 Nov;10(6):410-9. 

• Lou Gehrig’s disease (ALS) BMC Neurosci. 2006 Apr 3;7:29 

• Traumatic brain injury J Neurotrauma. 2011 Sep;28(9):1813-25 

• Glioblastoma  Nutr Metabolism . 2007 Feb 21;4:5. 

• Epilepsy  J Child Neurol. 2009 Aug;24(8):979–88.
  

 

Neuroprotective effect of ketones 



Clinical & Nutritional Collaborations 

Dr. Stefania Pacini, MD, PhD 
Dolce Vita LLC-Gilbert, AZ, USA 

Dr. Cristina Perillo, RD 
Mrs. Marisa Gamberi 

Le Gamberi Ketogenic Foods 



Keto-Social Networking… 

Ketogenic diet 
definition & Instructions 

Glut1 Deficiency 
how to proceed 





- authorization obtained from the 
Ministry of Health according to EU 
regulations 
 

- soon will be fully covered by Public 
Health System 

Special Medical Purposes Food  



Patient 1: Marco C., 63 y.o.  
• Diagnosis: prostate cancer with multiple rib metastases 

• Treated with surgery  removal of prostate cancer and part 
of 2 ribs 

• Conventional therapy  Leuprorelin acetate (hormone 
therapy) 

• 1st month on a strict 3:1 KD  adjustment 

• KD implemented with Le Gamberi products  ease of 
compliance 

• 2nd month on a KD  Prostate Specific Antigen (PSA) from 
1.62 to below 1.00 

• > 2 years on a KD  PSA below 1.00 
– no radiotherapy 

– PET scan: no evidence of cancer recurrence 

• Stable blood glucose (75 mg/dl) and ketones (2.5 mMol) 



Patient 2: Mario C.: 66 y.o.  
• Diagnosis: Pancreatic intraductal papillary mucinous 

neoplasm with infiltrations and lymph node metastasis 

• Treated with surgery  partial removal of duodenum and 
pancreas 

• 1st month on a strict 4:1 KD  adjustment 

• KD implemented with Le Gamberi products  increase of 
compliance 

• Cancer antigen (CA) at start  43.69 U/ml 

• CA after 6 months  9.84 U/ml 

• > 2.5 years on a KD  PET scan: no evidence of cancer 
recurrence 

• Stable blood glucose (63-77 mg/dl) and ketones (1.5-2.9 
mMol) 



Patient 3: Michele M., 47 y.o.  

• Diagnosis: 2 high grade glial lesions (WHO grade III) 

– below supratentorial area, in left cerebellum 

– over right frontal supratentorial area 

• Previous treatment standard radio and chemo-therapy 

• 1 year and 2 months on a strict 4:1 KD  stable blood 
ketones (between 0.8 and 2.0 mM) 

• KD implemented with Le Gamberi products  increase of 
compliance 

• MRI after 9 months on a KD  consistent reduction of 

– glial lesions’ extension 

– tumor mass 

– perilesional edema 



Patient 4: Matteo T., 45 y.o. 

• Diagnosis: stage IV colon adenocarcinoma with liver 
and lung metastases 

• 1st treatment Selective Internal Radiation Therapy 
(S.I.R.T.) on liver and surgery for metastases removal 

• 2nd treatment  cyberknife intervention on lung lesions 

• 1 year and 3 months on a strict 4:1 KD 

– Ketosis was stable (~4 mM) 

• KD implemented with Le Gamberi products  increase of 
compliance 

• Computerized Axial Tomography (CAT) scan after 10 
months on a KD  consistent reduction of 
adenocarcinoma lesions 



Patient 5: Luca R., 25 y.o. 
• Diagnosis: glycogenosis 

glycogen storage disease caused by enzyme deficit in muscle and 
liver which affects glycogen synthesis and glycolysis 
– stopped working & exercising 

– muscle pain and spasms 

• 1 year and 2 months on a strict 3:1 KD 

– Ketosis was stable (~2 mM) 

– CPK (creatine phosphokinase) decreased from ~500 to 
~250U/L 

• KD implemented with Le Gamberi products  increase of 
compliance 

• Clear results: 
– back to work & exercising 

– no more spasms or pain 



Patient 6: Giancarlo V., 43 y.o. 

• Diagnosis: Glioblastoma Multiforme 

• 1st treatment Depatuxizumab Mafodotin (ABT-414 - 
Abbvie) investigational anti-epidermal growth factor 
receptor 

–  only releases cytotoxic agent once inside targeted cancer cells 

• 1 year on a strict 4:1 KD 

– Ketosis was stable (~2.5 mM) 

• KD implemented with Le Gamberi products  increase of 
compliance 

• Computerized Axial Tomography (CAT) scan after 8 
months on a KD  No evidence of tumor mass 



« Long-term (6+ months) ketogenic diet in Italy is quite 
challenging as most people still refer to the Mediterranean diet, 
rich in carbohydrates. Thus compliance is often low, especially in 

families with multiple kids » 

1st European 

on Deficiency 

 Milan, Italy  7th- 8th  October 2016 

3rd University Course on Ketogenic Dietary Therapies  

University of Pavia - June 14 – 16, 2017 

Prof. Anna Tagliabue 



Literature: KD Vs. Parkinson’s disease 
2006 

• KD and caloric restriction induce resistance against neurotoxin 
MPTP (degeneration of mesencephalic dopamine neurons) 

• BHB is neuroprotective in MPTP models 

• BHB ↑ mitochondrial ATP synthesis 



Literature: KD Vs. Parkinson’s disease 
2012 

• BHB administration ameliorated the mitochondrial respiratory 
chain damage 

• Anti-inflammatory effects on MPTP-induced neurotoxicity 

• Interest: test commercially available treatments increasing 
ketonemia (MCT-based formulations) on PD patients 



Literature: KD Vs. Parkinson’s disease 

• BHB confers protection against dopaminergic neurodegeneration 
and motor deficits induced by the neurotoxin MPTP 

• 3GHB ketone ester (glyceryl-tris-3-hydroxybutyrate) 
neuroprotects against MPTP in a dose-dependent manner 

• Exogenous ketons protect against oxidative stress in neocortical 
neurons 

• Ketone bodies protect against neuronal synaptic dysfunction 
induced by respiratory complex inhibitors 

2014 



Impact of Ketogenic Diet on Parkinson Patients 
@ Villa Margherita Neurological Institute 

Dr. A. Ciarimboli 

Dr. A. Vardaro 

Dr. G. Matarazzo 



Unified  Parkinson’s Disease Rating Scale 
UPDRS (motory) 

• Speaking abilities 

• Facial expressions 

• General tremor at rest 

• Postural hand tremor 

• Rigidity 

• Hand mobility 

• Rapid & alternate hand movements  

• Leg agility 

• Capability of standing up from sitting on a chair 

• Posture/walk typology 

• Postural stability 

• Bradykinesia and hypokinesia 



non-motor Symptoms in PD 

Autonomic 
dysfunctions 

Orthostatic 
hypotension 

Urologic 
dysfunctions 

Gastro-intestinal 
disorders 

Sleep 
troubles 

Insomnia 

Daily 
drowsiness 

Nocturia 

Night akinesia 

REM phase 
disorders/ 
nightmares 

Neuro-
psychiatric 

disturbances 

Depression 

Anxiety 
 

Panic attacks 

Psychotic 
disorders 

Cognitive and 
behavioral 

disturbances 

Others 

Respiratory 
troubles 

Falling 

Pain 

Surgical 
interventions 

Non-motor Symptoms Scale 



Movement analysis 

10-meter 

walking test 

G-Walk BTS 

time up & go 
(with torsion) 



Neurocognitive tests 

• Minimental state examination (MMSE) 

• Attention/concentration tests 

• Memory: 

– digit span 

– course test 

– learning word association test 

• Logics: Raven’s Progressive Matrices 

• Frontal functions: 

– phonemic fluency 

– Semantic fluency 

– frontal assessment battery (FAB) 

 



OBJECTIVE (3 months) 

Evaluation of KD impact on: 

• cognitive performances 

• cognitive decline 

• motor conditions 

–  autonomy 

–  self-confidence 

• non-motor conditions 

 

 

 



- randomized 47 patients 
- 44 commenced the diets 
- 38 completed the study (86%) 

- decrease in 
- urinary problems 
- pain 
- fatigue 
- daytime sleepiness 
- cognitive impairment 

- safe for patients to maintain a low-fat or ketogenic diet for 8 weeks 
- both groups significantly improved in motor and non-motor symptoms 

- KD showed greater improvements in non-motor symptoms 

March 2018 



Run for Parkinson’s 
Parkinson Sannio Association 



Next step… 



Italian Glut1 Deficit Association 
President: Massimiliano Barone 

www.glut1.it 



RareConnect.org 
Connecting rare disease patients globally 



Collaboration with Dr. Cosimina Cusano, MD, RD 

- ALS 

- Mitochondrial Encephalopathy 

- Pancreatic cancer 

- Epilepsy 

- Refractory Epilepsy 

- Refractory Epilectic Encephalopathy 

- Autism 

- Glioblastoma 

- Overweight 





THAT SUGAR FILM – February 2015 



THE MAGIC PILL – September 2017 



BUTTER MAKES MY PANTS FALL OFF 
August 2014 



Special thanks to: 

Madison Stoddard Glenna Steele Dr. Andrea 

Viggiano 
Dr. Giangennaro 

Coppola 



Exogenous Ketone 

Administration as a Therapy 

Supplement? 
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Thank you 
for your 

attention! 


