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EDUCATIONAL PURPOSES ONLY

NUTRITIONAL APPLICATIONS
FOR TRAUMATIC BRAIN
INJURIES:

• The views and opinions expressed herein are those of the
author and do not necessarily reflect the views of Palmer
College.
• The information set forth herein has been obtained or derived
from sources believed by the author to be reliable.
• Author does not make any representation or warranty, express
or implied, as to the information's accuracy or completeness,
nor does the author recommend that the attached information
serve as the basis of any medical decision. It has been provided
to you solely for informational purposes only and does not
constitute an offer or solicitation of an offer, or any advice or
recommendation, to purchase any product or service, and may
not be construed as such.

FROM RESEARCH TO CLINICAL PRACTICE

Dr. Susan St. Claire
D.C., M.S., DCBCN, CCN
Professor, Palmer College of Chiropractic‐West
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PER FTC: DISCLOSURE OF ARRANGEMENT
• There is no relationship between the author of this seminar
and any product mentioned herein.
• The author has received no compensation (monetary,
services, or otherwise) from any company/product
mentioned herein.
• Any claims made by a product or diet (food) plan is made
by the company selling the product and does not reflect
the author’s views.
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WHAT IS A CONCUSSION?
• A type of traumatic brain injury (mTBI).
• Sudden bump, blow, jolt, hit causes brain to
bounce or twist.
• Described as “mild” brain injury because
seldom life‐threatening. Can be serious.
• Creates chemical changes in brain &
stretch/damage to brain cells. Called the
“secondary injury”.
• This is NOT “second impact syndrome.”
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“SECONDARY INJURY”
THE BIOCHEMICAL CASCADE
• Mechanical trauma initiates harmful biochemical cascades
referred to as the “secondary injury”, i.e., indirectly caused
by the original trauma.
• Secondary cascade: Synaptic, nerve signaling, and behavioral
changes due to:
• Inflammation
• Cell death (apoptosis)
• Release of ROS (free radicals)
• Excitotoxicity (excess glutamate firing)
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INTERVENTION

GENERAL CDC BRAIN‐RECOVERY GUIDELINES

• Rest considered best intervention ASAP after injury.
• Good night sleep & day time naps.
• Keep room dark. Maintain routine schedule.
• Limit physical & mental activities.
• No TV, phones, work or school, reading, and so on.
• No activities that may further injury.
• Meds (pain/nausea) & topical ice for symptom relief
• Gradually return to regular (non‐strenuous) activities,
work, school as symptoms improve.
• If symptoms worsen, stop activity until tolerated.

• Currently NO effective treatment for
concussions/mTBI
• Most clinical drug trials failed to report any benefits
• There are guidelines & interventions
• There is stabilization & prevention
• There is reasonable, research‐guided balancing of
brain biochemistry
• Most studies are animal models. Need human
research for all “treatments”.
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SLEEP‐WAKE CYCLES

• Sleep‐wake disturbances (SWD) are
prevalent in TBI population
• 40‐70% have SWD for years after TBI
• Worsens mTBI‐related neurobehavioral
impairments: agitation, depression,
anxiety, slowed processing speed,
attention, memory, cognition.
“Important to recognize and treat SWD early to allow
for optimal cognitive recovery following a TBI.”
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PINEAL HORMONE MELATONIN

“Greater attention should be given to the diagnosis and
management of insomnia in persons with
mTBI/concussion.”

• 42% lower production at night after TBI.
• Salivary level correlates with severity of trauma
and with sleep difficulty in this group.
• Animals given melatonin or melatonin receptor
agonist after mTBI.
• Daily dosage timed to animal sleep pattern.
• Reduced severity of early brain damage
• Reduced long‐term neurobehavioral deficits.

Evaluated workers about 7 months after
mTBI/concussion. Higher disability found with more
severe insomnia, depression, anxiety and pain.
Better sleep quality improved the other factors.
Sleep speeds healing.
“The relationship between insomnia and disability in workers with mild traumatic brain injury/concussion:
Insomnia and disability in chronic mild traumatic brain injury.” Sleep Med. 2016;20:157‐66. Mollayeva T,
Pratt B, et al.
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MELATONIN DOSAGE IN TBI

MELATONIN BENEFITS IN TBI

• Randomized double‐blind placebo‐controlled two‐period
crossover study.
• Human subjects with mild to severe TBI & post‐injury sleep
disturbances.
• Took oral time‐released 2‐5 mg melatonin caps or
placebo 2 hours before bed nightly for 4 weeks.

• Given within 1 day post‐injury, brain & serum had:
• Increased anti‐inflammatory & anti‐oxidant proteins:
IL‐10, IL‐4, SOD, GSH, glutathione peroxidase, & anti‐
inflammatory gene expression.
• Reduced inflammatory proteins: IL‐1β, TNFα, &
malondialdehyde.
• Decreased Keap 1 expression & promoted Nrf2:
(main protection against cell oxidative stress damage)
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• Significantly improved sleep quality.
• Reported improved vitality & mental health.
• Decreased anxiety & fatigue
• No serious adverse events. Considered safe.
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REF: MELATONIN

• “Does the administration of melatonin during post‐traumatic brain injury affect cytokine levels?” Inflammopharmacology.
2018;26(4):1017‐1023. Dehghan F, Shahrokhi N, et al.
• “The relationship between insomnia and disability in workers with mild traumatic brain injury/concussion: Insomnia and
disability in chronic mild traumatic brain injury.” Sleep Med. 2016;20:157‐66. Mollayeva T, Pratt B, et al.
• “Melatonin receptor activation provides cerebral protection after traumatic brain injury by mitigating oxidative stress and
inflammation via the Nrf2 signaling pathway.” Free Radic Biol Med. 2019;131:345‐355. Wang J, Jiang C, et al.
• “Melatonin as a Treatment after Traumatic Brain Injury: A Systematic Review and Meta‐Analysis of the Pre‐Clinical and
Clinical Literature.” J Neurotrauma. 2019;36(4):523‐537. Barlow KM, Esser MJ, et al.
• “Circadian Melatonin Rhythm Following Traumatic Brain Injury.” Neurorehabil Neural Repair. 2016;30(10):972‐977. Grima NA,
Ponsford JL, et al.
• “Efficacy of melatonin for sleep disturbance following traumatic brain injury: a randomised controlled trial.” BMC Med.
2018;16(1):8. Grima NA, Rajaratnam SMW, et al.
• “Pharmacological management of sleep after traumatic brain injury.” NeuroRehabilitation. 2018;43(3):347‐353. Driver S,
Stork R.
• “Optimizing the Pharmacologic Treatment of Insomnia: Current Status and Future Horizons.” Sleep Med Clin. 2013;8(3):333‐
350. Minkel J, Krystal A.
• “Nonpharmacological management of sleep disturbances after traumatic brain injury.” NeuroRehabilitation. 2018;43(3):355‐
360. Thomas A, Greenwald BD.
• “Melatonin reduces traumatic brain injury‐induced oxidative stress in the cerebral cortex and blood of rats.” Neural Regen
Res. 2014;9(11):1112‐6. Senol N, Nazıroğlu M.
• “Nonpharmacological management of sleep disturbances after traumatic brain injury.” NeuroRehabilitation. 2018;43(3):355‐
360. Thomas A, Greenwald BD.
• “Dietary Therapy Mitigates Persistent Wake Deficits Caused by Mild Traumatic Brain Injury.” Science Translational Medicine.
2013;5(215). Lim MM, Elkind J, et al.
• “A review of the literature on chiropractic and insomnia.” J Chiro Med. 2010;9(3):121–126. Kingston J, Raggio C, et al.
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DEVELOPING EFFECTIVE THERAPIES

• Must better understand & identify precise mechanisms
underlying TBI‐related pathology.
• Primary injury: at time of head impact.
Causes direct damage to neural tissue: focal intracranial
hemorrhage, epidural & subdural hematoma, brain
contusion, & direct axonal damage. Currently no
treatment. Only stabilization.
• Secondary injury: develops minutes to months following
mechanical insult. Contributes to neurological impairment.
Most amenable to treatments.
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S&S CONCUSSION
Physical, Cognitive, Emotional, Sleep

Concussion manifests as functional disturbances within the
brain. May soon be termed “post‐inflammatory brain syndromes”.
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GOAL OF NUTRITONAL INTERVENTION

SECONDARY INJURY: THE BIOCHEMICAL CHANGES
At the cellular level, mediated by several
pathways:

• Reduce brain inflammation
• Reduce oxidative stress
• Support brain neuronal repair
• Reduce glutamate excitotoxicity

A. neuroinflammatory response of local &
systemic immune activation.
B. free radical generation causing damage to
proteins & phospholipid membranes of neural
cells
C. excitotoxicity caused by excess of
neurotransmitter glutamate
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NUTRITIONAL WINDOW OF OPPORTUNITY
• Not done immediately after acute, primary trauma.
• Post‐concussive inflammatory response & cytokine
release is neuroprotective to initiate repair processes.
• Prolonged activation of inflammatory state becomes
neurotoxic.
• Person must first be stabilized & categorized as to injury
status.
• Most research agrees nutritional interventions should
start 24‐48 hours post‐injury.
• Must normalize cascade of secondary biochemical injury.
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Failure to address secondary
biochemical imbalances leads to future
brain degenerative diseases.

REF: PATHOGENESIS
• “Second Impact Syndrome.” West J Emerg Med. 2009;10(1):6‐10. Bey T, Ostick B.
• “Pharmacology of traumatic brain injury: where is the "golden bullet"?” Mol Med. 2008;14(11‐12):731‐40. Beauchamp K,
Mutlak H, et al.
• www.cdc.gov/headsup/basics/concussion_recovery.html
• www.cdc.gov/headsup/providers/index.html
• https://traumaticbraininjury.net/2015/05/11/research‐ties‐inflammation‐to‐post‐concussion‐symptoms/
• “Neuroimmunology of Traumatic Brain Injury: Time for a Paradigm Shift.” Neuron. 2017;95(6):1246‐1265. Jassam YN, Izzy S,
et al.
• “Pathophysiology of Sports‐Related Concussion: An Update on Basic Science and Translational Research.” Sports Health.
2011;3(1): 46–51. Giza CC, DiFiori JP.
• “Understanding the neuroinflammatory response following concussion to develop treatment strategies.” Front Mol
Neurosci. 2012;6:58. Patterson ZR, Holahan MR. (excellent overview of inflammation & concussion.)
• “Melatonin receptor activation provides cerebral protection after traumatic brain injury by mitigating oxidative stress and
inflammation via the Nrf2 signaling pathway.” Free Radic Biol Med. 2019;131:345‐355. Wang J, Jiang C, et al.
• “A review of post‐concussion syndrome and psychological factors associated with concussion.” Brain Inj. 2015;29(2):228‐37.
Broshek DK, De Marco AP, Freeman JR.
• “Overview of Traumatic Brain Injury: An Immunological Context.” Brain Sci. 2017;7(1). pii: E11. Nizamutdinov D, Shapiro LA.
• www.cdc.gov/headsup/providers/index.html
• “Nutrition considerations in traumatic brain injury.” Nutr Clin Pract. 2008 Dec‐2009 Jan; 23(6):608‐20. Cook AM, Peppard A,
Magnuson B.
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NEUROINFLAMMATION

Identifying the factors that sustain pathogenic pro‐
inflammatory reactions is critical to the development
of efficacious TBI therapies in humans.
Rather than completely block the immune response to
TBI, future studies should focus on therapeutically
guiding TBI immunity toward a favorable wound‐
healing response that rapidly stabilizes or restores
CNS function.

“A basic premise is that inflammation is
associated with almost all brain injuries.”
TBI & concussion leads to chronic, systemic
inflammation & dysfunctional BBB.
“Neuroimmunology of Traumatic Brain Injury: Time for a Paradigm Shift.”
Neuron. 2017;95(6):1246‐1265. Jassam YN, Izzy S, et al.
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TBI INFLAMMATORY PROCESS
• Damaged CNS releases protein signaling molecules
• Proteins sense danger & help initiate inflammatory cascade
• Neuronal cells triggered to release several kinases
• Microglia & astrocytes secrete local inflammatory cytokines
• Cytokines bind to TLR4 or RAGE to up‐regulate inflammatory
genes
• Inhibiting these pathways reduces BBB damage &
inflammation
• Minimizing inflammatory & improving anti‐inflammatory
pathways is crux of current drug studies for TBIs.
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SYSTEMIC INFLAMMATORY MARKERS

“Nutritional supplementation and nutraceuticals have
shown neuroprotective promise when provided before
and after mTBI and TBI.”

• Athletes with prior concussion have more & higher
amounts of inflammatory markers compared to those
without prior concussion.
• Have significant up‐regulation of genes which raise
inflammatory markers weeks after injury
compared to baseline and control group.
• Inflammatory liver markers elevate
indicating a systemic organ response.
• Future musculoskeletal injuries respond
with greater inflammatory response
indicating muscle dysfunction.
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“While pharmaceutical therapies may target only one
mechanism of injury and have not shown great promise,
nutritional supplementation has emerged as a potential
neuroprotective agent that targets multiple mechanisms
within the complex secondary sequelae.”
“Protection Before Impact: the Potential Neuroprotective Role of Nutritional Supplementation in Sports‐Related
Head Trauma.” Sports Med. 2018;48(Suppl 1):39‐52. Oliver JM, Anzalone AJ, Turner SM.
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REF: NEUROINFLAMMATION Pg 1

REF: NEUROINFLAMMATION Pg 2

• “Neuroimmunology of Traumatic Brain Injury: Time for a Paradigm Shift.” Neuron. 2017;95(6):1246‐1265.
Jassam YN, Izzy S, et al.
• “Neuroinflammation after traumatic brain injury: opportunities for therapeutic intervention.” Brain Behav
Immun. 2012;26(8):1191‐201. Kumar A, Loane DJ.
• “The Polarization States of Microglia in TBI: A New Paradigm for Pharmacological Intervention.” Neural
Plast. 2017;2017:5405104.Xu H, Wang Z, et al.
• “Treatment of traumatic brain injury with anti‐inflammatory drugs.” Exp Neurol. 2016;275 Pt 3:367‐380.
Bergold PJ.
• “Hepatic expression of serum amyloid A1 is induced by traumatic brain injury and modulated by
telmisartan.” Am J Pathol. 2015;185(10):2641‐52. Villapol S, Kryndushkin D, et al.
• “Understanding the neuroinflammatory response following concussion to develop treatment
strategies.” Front Mol Neurosci. 2012;6:58. Patterson ZR, Holahan MR.
• “Nutrition considerations in traumatic brain injury.” Nutr Clin Pract. 2008 Dec‐2009 Jan; 23(6):608‐20. Cook
AM, Peppard A, Magnuson B.
• “Evidence of a distinct peripheral inflammatory profile in sport‐related concussion.” J Neuroinflammation.
2019;16(1):17. Di Battista AP, Churchill N, et al.
• “Sports‐Related Concussion Results in Differential Expression of Nuclear Factor‐κB Pathway Genes in
Peripheral Blood During the Acute and Subacute Periods.” J Head Trauma Rehabil. 2016;31(4):269‐76. Gill J,
Merchant‐Borna K, et al.

• “Neuroinflammation and blood‐brain barrier disruption following traumatic brain
injury: Pathophysiology and potential therapeutic targets.” J Neurosci Res.
2018;27:1‐10. Sulhan S, Lyon K, et al.
• “Overview of Traumatic Brain Injury: An Immunological Context.” Brain Sci.
2017;7(1). pii: E11. Nizamutdinov D, Shapiro LA.
• “Current understanding of neuroinflammation after traumatic brain injury and
cell‐based therapeutic opportunities.” Chin J Traumatol. 2018;21(3):137‐151. Xiong
Y, Mahmood A, Chopp M. (excellent discussion of neruoinflammatory process)
• “A review of the neuro‐ and systemic inflammatory responses in post concussion
symptoms: Introduction of the "post‐inflammatory brain syndrome" PIBS.” Brain
Behav Immun. 2015;46:1‐16. Rathbone AT, Tharmaradinam S, et al.
• “Blood‐brain barrier disruption is an early event that may persist for many years
after traumatic brain injury in humans.” J Neuropathol Exp Neurol. 2015;74:1147–
1157. Hay JR, Johnson VE, Young AM.
• “Protection Before Impact: the Potential Neuroprotective Role of Nutritional
Supplementation in Sports‐Related Head Trauma.” Sports Med. 2018;48(Suppl
1):39‐52. Oliver JM, Anzalone AJ, Turner SM. (excellent nutrition overview)
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NUTRITIONAL INTERVENTIONS: FATS

FAT

• Saturated fats increase inflammatory response
• Long chain omega 3 PUFA DHA is main brain fat
• DHA required for brain growth, repair, maintenance
• Stored in neuronal cell phospholipids

“Accumulating evidence suggests that DHA may
act as a promising recovery aid, or possibly as a
prophylactic nutritional measure, for mTBI.”
“With evidence of unsurpassed safety and
tolerability, n‐3FA should be considered
mainstream, conventional medicine…”
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Improves removal of
damaged neurons after
injury (autophagy)

Reduces neurotoxicity
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DHA
• Decreased brain content after mTBI.
• Dietary DHA before or after mTBI improved functional
outcomes (spatial learning, cognition, memory).
• Reduces excitotoxicity (counteracts excessive glutamate
activity & normalized dopamine release)
• Reduces oxidative stress (improves glutathione enzyme
markers).
• Regulates microglial phenotype towards
anti‐inflammatory M2 pathway.
• Limits structural damage to axon & neuronal
apoptosis & improved cell membrane function.
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DHA DOSAGE POST‐CONCUSSION

ENDOCANNABINOID EPOXIDES
• Lipid‐derived metabolites from EPA/DHA.
• Form EEQ‐EA and EDP‐EA.
• Both naturally made & present in brain &
organs
• Activated brain microglial & liver cells.
• Reduced inflammatory IL‐6 cytokines
• Increased anti‐inflammatory IL‐10 cytokines
• In mTBI animal model, blocking breakdown of
EC metabolites attenuated neuroinflammation,
glutamate dysregulation, and improved
recovery of neurobehavioral function during
first 1‐10 days post‐injury.

• Considered safe.
• Use fish oil or cold‐water algae with assayed
DHA content.
• Use 2‐6 grams QD depending on body size.
• Dose daily starting 1‐2 days post‐injury for 2
weeks.
• For those with residual symptoms, do for 2
weeks and reevaluate.
• Increases risk for bleeding if done too high
or too early. May cause GI symptoms.

cytochrome
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REF: FATS Pg 1
• “The science of fatty acids and inflammation.” Adv Nutr. 2015;6(3):293S‐301S. Fritsche KL.
• “Saturated fatty acids trigger TLR4‐mediated inflammatory response.” Atherosclerosis. 2016;244:211‐5. Rocha DM, Caldas
AP, et al.
• “Anti‐Inflammatory Effects of Omega‐3 Fatty Acids in the Brain: Physiological Mechanisms and Relevance to Pharmacology.”
Pharmacol Rev. 2018;70(1):12‐38. Layé S, Nadjar A, et al.
• “ω‐3 fatty acid supplementation as a potential therapeutic aid for the recovery from mild traumatic brain
injury/concussion.” Adv Nutr. 2014;5(3):268‐77. Barrett EC, McBurney MI, Ciappio ED.
• “Supplements, nutrition, and alternative therapies for the treatment of traumatic brain injury.” Nutr Neurosci.
2018;21(2):79‐91. Lucke‐Wold BP, Logsdon AF, et al.
• “Concussions, Traumatic Brain Injury, and the Innovative Use of Omega‐3s.” J Am Coll Nutr. 2016;35(5):469‐75. Lewis MD.
• “Monitoring changes of docosahexaenoic acid‐containing lipids during the recovery process of traumatic brain injury in rat
using mass spectrometry imaging.” Sci Rep. 2017;7(1):5054. Guo S, Zhou D, et al.
• “Effect of Docosahexaenoic Acid on a Biomarker of Head Trauma in American Football.” Med Sci Sports Exerc.
2016;48(6):974‐82. Oliver JM, Jones MT, et al.
• “Omega‐3 fatty acids as a putative treatment for traumatic brain injury.” J Neurotrauma. 2013;30(11):897‐906. Hasadsri L,
Wang BH, et al.
• “Omega‐3 Fatty acids could alleviate the risks of traumatic brain injury ‐ a mini review.” J Tradit Complement Med.
2014;4(2):89‐92. Kumar PR, Essa MM, et al.
• “Omega‐3 polyunsaturated fatty acid supplementation attenuates microglial‐induced inflammation by inhibiting the
HMGB1/TLR4/NF‐κB pathway following experimental traumatic brain injury.” J Neuroinflammation. 2017;14(1):143. Chen X,
Wu S, et al.
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REF: FATS Pg 2
• “Dietary omega‐3 fatty acids normalize BDNF levels, reduce oxidative damage, and counteract learning disability after
traumatic brain injury in rats.” J Neurotrauma. 2004;21(10):1457‐67. Wu A, Ying Z, Gomez‐Pinilla F.
• “Anti‐inflammatory ω‐3 endocannabinoid epoxides.” Proc Natl Acad Sci U S A. 2017;114(30):E6034‐E6043. McDougle DR,
Watson JE, et al.
• “Dietary strategy to repair plasma membrane after brain trauma: implications for plasticity and cognition.” Neurorehabil
Neural Repair. 2014;28(1):75‐84. Wu A, Ying Z, Gomez‐Pinilla F.
• “Protection Before Impact: the Potential Neuroprotective Role of Nutritional Supplementation in Sports‐Related Head
Trauma.” Sports Med. 2018;48(Suppl 1):39‐52. Oliver JM, Anzalone AJ, Turner SM. (excellent overview)
• “Inhibition of Endocannabinoid Degradation Improves Outcomes from Mild Traumatic Brain Injury: A Mechanistic Role for
Synaptic Hyperexcitability.” J Neurotrauma. 2017;34(2):436‐443. Mayeux J, Katz P, et al.
• “Effect of fish oil supplementation in a rat model of multiple mild traumatic brain injuries.” Restor Neurol Neurosci.
2013;31(5):647‐59. Wang T, Van KC, et al.
• “Docosahexaenoic acid (DHA), a fundamental fatty acid for the brain: New dietary sources.” Prostaglandins Leukot Essent
Fatty Acids. 2017;124:1‐10. Echeverría F, Valenzuela R, et al.
• “Effects of DHA on Hippocampal Autophagy and Lysosome Function After Traumatic Brain Injury.”Mol Neurobiol.
2018;55(3):2454‐2470. Yin Y, Li E, et al.
• “Administration of DHA Reduces Endoplasmic Reticulum Stress‐Associated Inflammation and Alters Microglial or
Macrophage Activation in Traumatic Brain Injury.” ASN Neuro. 2015 Dec 18;7(6). pii: 1759091415618969. Harvey LD, Yin Y, et
al.
• “Oral fish oil restores striatal dopamine release after traumatic brain injury”. Neurosci Lett. 2011;496:168‐71. Shin SS, Dixon
C.
• “Effects of Dopamine on Motor Recovery and Training in Adults and Children With Nonprogressive Neurological Injuries: A
Systematic Review.” Neurorehabil Neural Repair. 2019 Mar 27:1545968319837289. Bradley CL, Damiano DL.
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HYPOTHETICAL MECHANISMS

GLUCOSE PROBLEMS POST‐TBI

• Too high blood glucose & too low brain levels
• Most likely due to increase in stress hormones &
inflammatory chemicals.
• Related to poor clinical outcome
• Brain needs glucose for energy, but cannot get it
or use it
• BBB disrupted, cells become acidic
• Injured nerve cells cannot metabolize excess
glucose
• Leads to ischemia, edema, necrosis of neural
tissue
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Hyperglycemia in
patients with TBI

Detrimental effect
of hyperglycemia
on clinical outcome
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FYI FOR THE BIOCHEMISTS

Intense regulation and maintenance of blood sugar
within normal range reduces complications of TBI.

• Postinjury period of poor glucose metabolism
accompanied by:
• Decreased ATP
• Increased flux of glucose through pentose
phosphate pathway
• Increased free radical production
• Increased activation of poly‐ADP ribose
polymerase via DNA damage
• Inhibition of glyceraldehyde dehydrogenase
via depletion of cytosolic NAD
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Promising intervention for better neurological
outcome.

Can be done with diet &/or drugs.
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KETONE BODY ALTERNATIVE

• Only known natural alternative for brain
energy metabolism.
• Influenced by diet
• Cross BBB using protein transporters
• Optimal & safe glycemic/ketone body
target range has not been determined
• Studies are mixed & mainly animal.
• More effective in young, not adult rats.
• Ketoacidosis damages the brain.
• Want mild ketosis not ketoacidosis.

45

46

RATIONALE: HIGH FAT/LOW CHO DIETS

EXAMPLE OF KETOTIC MEAL PLAN

• 80–90 % fat, adequate protein,
limited carbohydrates.
• Traditional ketogenic diet: 4:1 FAT to
PRO. Primarily LCFA.
• Modified ketogenic: 3:1 FAT to PRO.
MCT & low‐glycemic‐index CHO.
• Requires V&M supplement
• No clinical trials for human TBI.
• Limited data on dosing & duration
• Compliance is difficult

• Increases blood & brain ketone bodies levels
• Forces body to burn fats not carbohydrates
• Only researched use is childhood seizures
• Improved structural & functional outcome in
mTBI/concussion animal models
• Exact neuroprotective mechanism unknown
• KB influence neuron metabolism, cell signaling,
genetic regulation. Can reduce inflammation.
• Side effects: constipation, high cholesterol, slowed
growth, acidosis, kidney stones, hypoglycemia.
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FOOD EXAMPLES

SUPPLEMENTAL BETA‐HYDROXYBUTYRATE KETONES
• Astrocytes produce βOHB from FA & amino acids
• Astrocytes damaged with mTBI. βOHB levels drop.
• Diet alone may not elevate levels adequately.
• Potential therapeutic benefits of βOHB supplements:
• reduce mitochondrial ROS
• open K+ & regulate Ca2+ channels
• upregulate genes to protect against oxidative stress
• regulate brain metabolism
• reduce inflammatory cytokines
• enhance GABA & reduce glutamate

Avoid: Candy, pastry, bread, pasta, cereals, rice, potatoes, crackers,
yams, sugar, HFCS, soda, juices.
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SUPPLEMENT CAUTION
• βOHB must elevate in blood to encourage entry into brain.
• Supplemental βOHB elevates KB in rats after injury.
• Mixed results in animal studies.
• Did not protect BBB after injury
• Led to BBB disruption in healthy animals
• Does not control hyperglycemia.
• 2 small human trials used IV not oral.
• Some side effects. No clinical outcomes noted.
• Not recommended at this time for concussions
• Use high fat ketogenic diet instead
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REF: KETOSIS Pg 1
• “Review: Traumatic brain injury and hyperglycemia, a potentially modifiable risk factor.” Oncotarget.
2016;7(43):71052‐71061. Shi J, Dong B, et al.
• “The collective therapeutic potential of cerebral ketone metabolism in traumatic brain injury.” J Lipid Res.
2014;55(12):2450‐7. Prins ML, Matsumoto JH.
• “The ketogenic diet as a treatment for traumatic brain injury: a scoping review.” Brain Inj. 2018;32(4):416‐422.
McDougall A, Bayley M, Munce SE.
• www.ncbi.nlm.nih.gov/books/NBK209323/
• “Age‐dependent reduction of cortical contusion volume by ketones after traumatic brain injury.” J
Neuroscience Res. 2005;82(3):413–420. Prins ML, Fujima LS, Hovda DA.
• “The ketogenic diet increases mitochondrial glutathione levels.” J Neurochem. 2008;106(3):1044‐51. Jarrett SG,
Milder JB, et al. (non‐TBI rat study)
• “Proton Magnetic Resonance Spectroscopy (H1‐MRS) Study of the Ketogenic Diet on Repetitive Mild Traumatic
Brain Injury in Adolescent Rats and Its Effect on Neurodegeneration.” World Neurosurg. 2018;120:e1193‐e1202.
Zhang F, Wu H, et al.
• “Ketogenic diet prevents alterations in brain metabolism in young but not adult rats after traumatic brain
injury.” J Neurotrauma. 2011;28(9):1813‐25. Deng‐Bryant Y, Prins ML, et al.
• “Modulation of cerebral ketone metabolism following traumatic brain injury in humans.” J Cereb Blood Flow
Metab. 2018:271678X18808947. Bernini A, Masoodi M, et al.
• “Therapeutic effect of intensive glycemic control therapy in patients with traumatic brain injury: A systematic
review and meta‐analysis of randomized controlled trials.” Medicine (Baltimore). 2018;97(30):e11671. Zhu C,
Chen J, et al.
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REF: KETOSIS Pg 2

MICRONUTRIENT COFACTORS

• “Ketogenic diet versus ketoacidosis: what determines the influence of ketone bodies on neurons?”
Neural Regen Res. 2018;13(12):2060‐2063. Fedorovich SV, Voronina PP, Waseem TV.
• “Beta‐hydroxybutyrate, an endogenic NLRP3 inflammasome inhibitor, attenuates stress‐induced
behavioral and inflammatory responses.” Sci Rep. 2017;7(1):7677. Yamanashi T, Iwata M, et al.
• “Proton Magnetic Resonance Spectroscopy (H1‐MRS) Study of the Ketogenic Diet on Repetitive
Mild Traumatic Brain Injury in Adolescent Rats and Its Effect on Neurodegeneration.” World
Neurosurg. 2018;120:e1193‐e1202. Zhang F, Wu H, et al.
• “β‐Hydroxybutyrate in the Brain: One Molecule, Multiple Mechanisms.” Neurochem Res.
2017;42(1):35‐49. Achanta LB, Rae CD.
• “Effects of beta‐hydroxybutyrate on brain vascular permeability in rats with traumatic brain injury.”
Brain Res. 2016;1631:113‐26. Orhan N, Ugur Yilmaz C, et al.
• “Clinical review: Ketones and brain injury.” Crit Care. 2011; 15(2): 219. White H, Venkatesh B.
• “Increased cerebral uptake and oxidation of exogenous betaHB improves ATP following traumatic
brain injury in adult rats.” J Neurochem. 2004; 90(3):666‐72. Prins ML, Lee SM, et al.
• “Nutritional treatment for traumatic brain injury.” Scrimgeour AG, Condlin ML. J Neurotrauma. 2014;
31(11):989‐99.
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Vitamins
Minerals
Phytochemicals
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RATIONALE: VITAMINS & MINERALS

ANTIOXIDANT THERAPY

“development of antioxidant strategies is of primary
interest in ongoing efforts to optimize brain injury
treatment.”
“overall trend of using antioxidant therapies to
improve the clinical outcomes of TBI was positive.”
Both pharmaceutical and nutraceutical anti‐oxidants
are being used and developed for TBI.
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• Cofactors for all bodily functions and biochemical pathways.
• Deficiencies common.
• Levels rapidly depleted after injury.
• Beneficial effects:
• Reduce inflammation
• Protect mitochondria from ROS
• Improve glucose utilization
• Normalize glutamate (reduce neurotoxicity)
• Enhances neuronal repair & function
For excellent details of individual V&M in relationship to neurological diseases & trauma:
See references: Vonder Harr (2016) and Lucke‐Wold BP (2018)
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ANTIOXIDANTS

OXIDATIVE STRESS

• Dietary sources:
• Vitamins A, C, E, some B’s,
• Minerals: selenium, zinc, copper, manganese
• polyphenol flavonoid family
• Endogenous:
• glutathione, SOD, catalase, peroxidase, CoQ10,
lipoic acid, n‐acetylcysteine
• Can cross BBB in varying degrees
• Exact mechanism of action unknown
• Considered safe orally
• Animal research testing transcranial injections

• TBI generates oxidative stress:
• Increased oxidants & ROS
• Decreased antioxidant defense enzymes (GSH, GPx, SOD, CAT)
• leads to neural dysfunction, cell death, lipid peroxidation
• animal models of TBI show great promise
• most human treatment of TBI have failed
• Difficult to deliver to correct area of brain at critical time
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FYI only: 1000’s of phytochemicals.

PLANT FLAVONOID: CURCUMIN
Caffeine
Nicotine
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• Difficult to absorb: oil‐based phytosome formulas &
C+E enhance gut absorption
• normalized BDNF
• improved neuronal survival
• improved motor & learning performance
• Activated Nrf2 pathway (major protection pathway)
• Reduced expression of TLR4 & NF‐κB in microglia
(inflammatory cascade)
• Up‐regulated anti‐inflammatory genes
• Enhanced expression of anti‐inflammatory enzymes (SOD, CAT)
• DHA + curcumin reduced oxidative damage to phospholipids in brain

Sulphoraphane
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OTHER FLAVONOIDS USED FOR mTBI

EAT FRUITS & VEGIES
• TBI animals fed liquid formula of fruits and vegetables,
high in natural plant chemicals, vitamins, & minerals,
had smaller brain lesions, faster repair, and improved
post‐injury performance compared to typical animal
chow diet.
• Diet following TBI should be high in variety of fresh,
organic, fruits & vegies (especially cruciferous),
spices (especially curcumin), cocoa (90‐100%),
& green tea to supply all flavonoids.

• Sulforaphane: reduce cerebral edema, improve BBB integrity &
cognition. Highest in broccoli.
• Resveratrol: protect astrocytes, decrease lesion size, reduce ROS,
suppress excitotoxicity, reduce inflammation & lipid peroxidation.
Highest red grapes, cocoa, peanuts, blueberries.
• Luteolin: up‐regulated several genes to inhibit NFkB signaling &
inflammatory cytokines. Highest broccoli, black pepper, thyme, celery.
• Epicatechin: crosses BBB. Activate Nrf2 pathway, reduce inflammatory
markers, reduce iron deposition, lesion size, edema, and cell death.
Improved SOD expression, neurologic function, cognitive performance.
Decreased depression‐like behaviors. Highest green tea, cocoa powder.
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•
•
•
•
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ANTI‐OXIDANT: N‐ACETYLCYSTEINE

ANTI‐OXIDANT: ZINC EFFECTS

• Human trials done after injury during active military duty
• Decreased brain inflammation & oxidative stress markers
• Increased brain glutathione
• May reduce glutamate neurotoxicity
• Reduced brain edema, BBB permeability, cell apoptosis.
• Supports neuron regeneration
• Substantial improvement of cognition & psychomotor
performance
• No safety concerns noted. Can cause nausea.
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Most studied mTBI anti‐oxidant
A glutathione anti‐oxidant precursor
Difficult to cross BBB. Trauma allows easier entry
Amide form being studied as more bioavailable.

• Cofactor for anti‐oxidants glutathione & SOD
• Reduces inflammation
• Serum levels decreased after mTBI
• Supplementation after mTBI:
• reduced oxidative stress & inflammation
• reduced neuronal cell death
• decreased depression & anxiety
• May help preserve brain tissue & reduce neuropsychiatric
symptoms.
• RDA 8‐15 mg QD. Therapeutically has been used up to 100
mg QD.
• More is not better. Can cause nausea at high doses.
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SUPPLEMENT EXAMPLE

ANTI‐OXIDANT
FORMULA EXAMPLE

• No dosing guidelines for mTBI.
• Take small amounts of
antioxidants: glutathione or NAC.
• Studies used 100‐300 mg NAC QD.
• Get adequate glutathione
cofactors (amino acids, E,C, CoQ10,
zinc, selenium)
• Eat foods high in sulfur compounds
(allium family), antioxidants,&
protective plant chemicals.
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NEUROTOXICITY
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• Traumatic brain injury causes
• excess release of excitatory
neurotransmitter glutamate
• activation of NMDA ion channels
• massive influx of cellular Ca2+
and efflux of K+
• Ca2+ influx damages axons &
causes mitochondrial dysfunction.
• Must reduce calcium influx &
glutamate release

72

12

4/24/2019

NMDA RECEPTOR MAIN ROLES
N‐methyl‐D‐aspartate

NMDA OVER‐ACTIVATION
• Glutamate release up‐regulated
• Promotes too much calcium delivery
• Excess intracellular calcium tells cell
that something is wrong.
• Cells genetically up‐regulate to make
ROS & inflammatory chemicals
• Inflammatory products released into
extracellular area
• Promotes mitochondrial oxidation,
cell dysfunction & death (apoptosis).

• controls critical events in formation &
development of nerve synapse.
• important role in brain excitatory
neurotransmission (glutamate)
• helps with learning & forming
memories. Plays a role in emotions.
• over‐activation promotes neurotoxicity
diseases. Occurs with concussion/TBI.
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Mg

Main control
over activation
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MAGNESIUM FOR mTBI

MAGNESIUM DOSAGE

• Major cofactor for most biochemical pathways.
• Blocks NMDA (calcium‐glutamate) neuroexcitation.
• Depleted after mTBI. Deficiencies common.
• Prevents excitotoxic (glutamate) damage.
• Deficiency leads to poorer functional outcome & increased cell death.
• Supplementation improved recovery & function after brain injury.
• Reduced brain edema, cell death, BBB damage.
• Improved symptom scores (pain, fatigue, headache, dizziness, sleep, etc.)
when supplemented after mTBI.
• Used for mood disorders (anxiety/depression) and epilepsy.
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• Safe to try along with other cofactors & meds.
• Adult doses:
• 125‐500 mg QD. Mainly glycinate or taurinate used.
• 125‐300 mg QID (with meals and at bedtime)
• Or higher doses 400‐500 QD.
• Certain forms (citrate & hydrochloride) and higher
amounts can cause diarrhea.
• L‐threonate form increased CSF levels.
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REF: MAGNESIUM

2014: FDA WARNING
DIETARY SUPPLEMENTS CANNOT TREAT CONCUSSIONS
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• “Glutamatergic NMDA Receptor as Therapeutic Target for Depression.” Adv Protein Chem Struct Biol. 2016;103:169‐202.
Réus GZ, Abelaira HM, et al.
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Glutamate major nerve
stimulator

• Concussions & TBI cannot be prevented, treated or cured
with dietary supplements (or medications).
• Issued consumer warning after false claims promising faster
healing times.
• No scientific evidence exists to support this claim.
• Supplements may pose no harm, but are dangerous if person
believes they are recovered enough to return to play or
engage in activities that may put them at risk for re‐injury.
www.fda.gov/ForConsumers/ConsumerUpdates/ucm519116.htm
www.fda.gov/ForConsumers/ProtectYourself/HealthFraud/ucm539205.htm
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DIETARY RECOMMENDATIONS FOR mTBI
THESE ARE NOT TREATMENTS, CURES, PREVENTIONS

THE END

• Increase dietary omega 3 DHA in diet & supplements
• Avoid sugar, alcohol, caffeine, stimulants, saturated/trans
fats, highly salted foods (edema).
• Include many fresh, whole, organic fruits, vegies, spices.
• Can supplement additional anti‐oxidants & phytochemicals
• Correct any underlying nutrient deficiency
• No recommendations for amount of FAT, CHO, PRO, BCAA as
all have pros & cons. Eating healthy foods most important.
• If sleep disruption, use melatonin or sleep formula.
• If headache or pain with chewing, can puree or smoothie.
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“Neuroimmunology of Traumatic Brain Injury: Time for a Paradigm Shift.” Neuron. 2017;95(6):1246‐1265. Jassam YN, et al.
• Phase I begins within minutes of brain injury due to the release of alarmins from the damaged meninges, glial limitans, and
parenchyma, such as ATP, HSPs, HGMB1, etc. These signals bind to PAMP and DAMP sensors like TLRs and purinergic receptors
that induce immediate activation of resident myeloid cells (e.g. microglia) and inflammasome assembly (NALP1) that promotes
the generation of mature IL‐1β and IL‐18. In addition, NFκB translocates to the nuclei of these cells and induces an
immunological program involving cellular proliferation and the release inflammatory amplifiers such as chemokines, cytokines,
ROS, and NO, among others. Phase 1 also includes complement activation and the recruitment of neutrophils to the meninges
and perivascular spaces. Neutrophil recruitment depends in part on purinergic receptor signaling. Secondary damage to CNS
tissue occurs in Phase 1 and can continue into Phase 2. This can be mediated by inflammatory cytokines, complement, and
ROS. T cells and monocytes are recruited to the damage site in Phase 2, where monocytes convert into macrophages and T
cells have the ability to produce neuroprotective cytokines in response to alarmins. Macrophages participate in the cleanup of
debris and damaged cells. Based on their state of functional activation, they can either promote further damage or initiate the
process of inflammatory resolution and tissue repair. Inflammation can continue for an extended period of time into Phase 3.
Self‐antigens released from damaged neural cells can be presented by local APCs to T cells. The ideal outcome during Phase 3
is resolution of the inflammatory response, release of trophic factors, and isolation damaged areas via astrocytes. However,
this is does not always occur following TBI and chronic inflammation can persist.
• Abbreviations: APC, antigen‐presenting cell; ATP, adenosine triphosphate; BDNF, brain‐derived neurotrophic factor; CCL2,
chemokine (C‐C motif) ligand 2; CXCL1, chemokine (C‐X‐C motif) ligand 1; CXCL2, chemokine (C‐X‐C motif) ligand 2; DAMP,
damage associated molecular pattern molecules; HSPs, heat shock proteins; HMGB1, high mobility group box 1 protein; IGF‐1,
insulin‐like growth factor‐1; IL‐1, interleukin‐1; IL‐4, interleukin‐4; IL‐10, interleukin‐10; iNOS, inducible nitric oxide synthase;
MyD88, myeloid differentiation primary response gene 88; NALP1, NAcht leucine‐rich repeat protein 1; NT‐3, neurotrophin‐3;
NFκB, nuclear factor kappa‐light‐chain‐enhancer of activated B cells; MBP, myelin basic protein; M‐CSF, macrophage colony
stimulating factor; NO, nitric oxide; PAMP, pathogen‐associated molecular pattern; ROS, reactive oxygen species; TGF‐β,
transforming growth factor beta; TLR, toll‐like receptors; TNF‐α, tumor necrosis factor‐alpha
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