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Epilepsy

• Neurological disorder affecting 1% of 
the general population, and across 
the age-span

• Characterized by spontaneous 
recurrent seizures

• Despite dozens of medications, a 
third of patients do not respond

• Epilepsy can be progressive, and 
often impairs cognition, behavior, 
and general health

• There is a heightened risk of 
accidents, trauma, and even sudden 
unexpected death (SUDEP)



Rho & White, Epilepsia Open 2018

Mainstay of Epilepsy Therapeutics:
Anti-Seizure Medications (ASMs)

Cannabidiol

Cenobamate

Fenfluramine

Ganaxolone

2020 +



Central Excitatory Synapse

Rogawski, Löscher & Rho, Cold Spring Harbor Symposia 2016



Central Inhibitory Synapse

Rogawski, Löscher & Rho, Cold Spring Harbor Symposia 2016



Chen et al, JAMA Neurol 2018

Cumulative probability of one-year seizure 
freedom in longitudinal cohort studies

How Effective Are Current Anti-Seizure Medications?



Metabolism-Based Treatments for Epilepsy

The Ketogenic Diet
High-fat, low-carbohydrate, adequate protein anti-seizure diet 
designed to mimic the biochemical changes associated with fasting.
- Ketosis
- Glycolytic restriction

Five Variations on a Theme

https://charliefoundation.org/diet-plans/



Lancet Neurol 2008



Over a dozen randomized controlled trials in epilepsy,

more so than any drug we use for epilepsy !!!

2020



What are the linkages between 
aberrant cellular metabolism
and neuronal excitability & 

hypersynchrony?



Kumar & Chugani, J Nuclear Med Technol 2017

Cerebral Blood Flow, Bioenergetics & Metabolism in Epilepsy

Algahtany eta al, Front Neurosci 2021



Hierarchy of
Hyperexcitability
and Hypersynchrony
in the Epileptic Brain

White & Rho, PCI Communications 2010

Paroxysmal Depolarization Shift (PDS)



Conventional View of Drug Action on
Synaptic Neurotransmission

Function Phasic inhibition Tonic inhibition

Positive modulators Benzodizepines
Barbiturates
Felbamate
Topiramate

Neurosteroids,
alcohol, general
anesthetics

Astrocyte

Cholesterol

Pregnenolone

Neurosteroids

Neurosteroids

GABAergic
neuron

GABA  receptorsA

Localization Synaptic Extrasynaptic

Benarroch EE. Neurology. 2007;68(8):612-614.

CELLULAR BIOENERGETICS & METABOLISM



Changes in Brain Cell Energy Metabolism in Epilepsy

Han et al, Epilepsia 2021



Rho & Boison, Nature Reviews Neurology 2022

Pathogenesis of Metabolic Epilepsies



Ketogenesis and Ketolysis

Grabacka et al, Int J Mol Sci 2016

Ketogenic Diet



Metabolic Changes 
During Fasting

Cahill et al, J Clin Invest 1966



Clinically Relevant Ketone Body Concentrations

Likhodii & Burnham, Epilepsy and the Ketogenic Diet,
Humana Press 2004
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KD Effects on Mitochondrial Uncoupling Proteins

Sullivan et al, Ann Neurol, 2004





Ketone Bodies Mitigate Oxidative Stress



Ketone Body Effects on Mitochondria



Ketone Body Effects on Mitochondrial 
Permeability Transition

Kim et al, J Neurochem 2007



Ann Neurol 2015
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Mitochondrial Fusion & Fission Proteins
Are Reciprocally Regulated

Fenton et al, Curr Opin Cell Biol 2020

Sabouny & Shutt, Trends Biochem Sci 2020



Effects of BHB on Mitochondrial Morphology

Ahn et al, Int J Mol Sci 2020



Beta-Hydroxybutyrate: Mitochondrial Effects

1,2. Maalouf et al, Neuroscience 2007
2,3,4. Kim et al, J Neurochem 2010
5. Sullivan et al, Ann Neurol 2004
6. Kim et al, J Neurochem 2007 and Kim et al, Ann Neurol 2015

Adapted from Masino & Rho, Adv Neurol 2012



Ketone Bodies as Anti-Seizure Agents:
A Mechanistic Summary

Simeone et al, Neurochem Res 2017



Ketone Body Efficacy in Models of Seizures & Hyperexcitability

Abbreviations: AcAc, acetoacetate; BHB, β-hydroxybutyrate; MES, maximal electroshock; PTZ, pentylenetetrazole; 
4-AP, 4-aminopyridine; Li-pilo, lithium pilocarpine; SE, status epilepticus; HFS, high-frequency stimulation; OGD, 
Oxygen-glucose deprivation; N.D., not determined; +, attenuation effect; -, inactive; BD-AcAc2, R,S-1,3-butanediol 
acetoacetate diester; AS, Angelman syndrome; mESPC, miniature excitatory post-synaptic current; LTP, long-term 
potentiation; ETC, electron transport chain; ROS, reactive oxygen species. 

Simeone et al, Neuropharmacology 2018



Do Ketone Body Levels Correlate With Seizure Control?



Ketogenic Diet Mechanisms:
Metabolism at the Synapse



Rho & Boison, Nature Reviews Neurology 2022



Rho & Boison, Nature Reviews Neurology 2022



The Ketogenic Diet and
the Gut Microbiome



2018



Fecal Microbiome Transplantation and
Bacterial Enrichment

Olson et al, Cell 2018 



https://flipper.diff.org/app/pathways/info/8031

2018



2018



Rho & Boison, Nat Rev Neurol 2022



Neuroprotection & Disease Modification
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Epileptogenesis

Rakhade & Jensen, Nat Rev Neurol 2009
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Ketogenic Diet Protects Against
Kainic Acid-Induced Cell Death





Disease Modification: KD Prevents 
Kindling Epileptogenesis

Lusardi et al, Neuropharmacology 2015



Disease Modification: KD Prevents
Pilocarpine-Induced Epileptogenesis

Lusardi et al, Neuropharmacology 2015



P25-27

P32-34

*, P<0.05: **, P<0.01

 

 

tonic phase clonic phase 

Ketogenic Diet Blocks 
Epileptogenesis in Kcna1-null Mice

Unpublished data



Rho & Boison, Nat Rev Neurol 2022

The Ketogenic Diet and Neuroprotection



SAMPLE FOOTER TEXT

Adenosine and Neuroprotection

Bennaroch, Neurology 2008

Pignataro et al, J Cereb Blood Flow Metab 2007

Stroke - MCAO control

Stroke prevention after cell graft

Stroke prevention by adenosine-

releasing stem cells



8TH GLOBAL SYMPOSIUM ON KETOGENIC THERAPIES



SAMPLE FOOTER TEXT



8TH GLOBAL SYMPOSIUM ON KETOGENIC THERAPIES

2020



8TH GLOBAL SYMPOSIUM ON KETOGENIC THERAPIES

Chuang et al, Trends Neurosci 2009

Science, 2013



Cell Death: Apoptosis vs. Necrosis

www.ptglab.com



Chen et al, J Bioenerg Biomembr 2010

Ketogenic Diet Effects on Cell Death Mechanisms

Chen et al, Sig Trans Targeted Ther 2018



The Ketogenic Diet: Beyond Epilepsy
• Amyotrophic Lateral Sclerosis
• Alzheimer’s Disease
• Anorexia
• Autism Spectrum Disorder
• Bipolar Affective Disorder
• Brain Tumors
• Cognitive Disorders
• Depression
• Diabetes
• Glut1 Deficiency Syndrome
• Glycogenosis Type V
• Huntington Disease
• Hypertension
• Metabolic Syndrome
• Migraine
• Mitochondrial Cytopathies

– PDH, SSADH, ETC Deficiencies
• Multiple Sclerosis

• Narcolepsy
• Obesity
• Pain Syndromes
• Parkinson’s Disease
• Paroxysmal Dyskinesias
• Polycystic Ovary Syndrome
• Post-Hypoxic Myoclonus
• Schizophrenia
• Sleep Disorders
• Stroke
• Traumatic Brain and Spinal Cord Injury

Modified from Kossoff et al, J Child Neurol 2009



Epigenetics

Metabolism

MicrobiomeInflammation

Ketogenic Diet

Ketogenic DietKetogenic Diet

Ketogenic Diet



Summary

• There is growing evidence that metabolic 
dysregulation is both a cause and 
consequence of epileptic seizures

• Metabolism-based treatments exert a 
multitude of molecular and cellular actions

• Many of the putative mechanisms of action of 
diet-related substrates & enzymes are 
relevant to neuroprotection (and potentially, 
disease-modification)

• The science underlying dietary therapies for 
epilepsy is becoming increasingly validated.



• Matthew Shtrahman, MD, PhD & Dillon Chen, 
MD, PhD
• University of California San Diego

• Susan Masino, PhD & David Ruskin, PhD
• Trinity College, Hartford, CT

• Timothy Shutt, PhD and Ning Cheng, PhD
• University of Calgary

• Timothy Simeone, PhD & Kristina Simeone, PhD
• Creighton University, Nebraska

• Do Young Kim, DVM, PhD
• Barrow Neurological Institute, Phoenix, AZ

• Patrick Sullivan, PhD & James Geddes, PhD
• University of Kentucky (Lexington)

Acknowledgements

• Cezar Gavrilovici, PhD
• Younghee Ahn, PhD
• Jaehyouk Choi, PhD
• Bianca Villa, PhD
• Shuhe Wang
• Elizabeth Hughes
• Maryam Khanbabaei
• Nellie Yee
• Rukkia Liaqat
• Srija Pamujula
• Yueyang Cai
• Ananya Achanta
• Jeffrey Smith
• Rose Tobias

Funding Sources: U.S. National Institutes of Health, Canadian Institutes of Health Research, Brain 
Canada, Alberta Children’s Hospital Research Institute, Hotchkiss Brain Institute, Alberta Children’s 
Hospital Foundation, Rady Children’s Hospital Foundation, UC San Diego, Hartwell Foundation, 
Dravet Canada, Scottish Rite Charitable Foundation, Branch Out Neurological Foundation, 
Seahorse Bioscience/Agilent

Rho Lab (Univ. Calgary and UCSD) Collaborators



www.neuroketo.org
A New Professional Society to Help Launch the
Next Century of Growth in the Field of Dietary

and Metabolic Treatments for Brain-Related Disorders
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