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IntroIntro
 Treating head injury presents an ever-changing, Treating head injury presents an ever-changing, 

complex series of interventions.complex series of interventions.
 Therapies are constantly being revised, no set Therapies are constantly being revised, no set 

standard. standard. 
 Shift of emphasis from primary control of ICP          to Shift of emphasis from primary control of ICP          to 

a multi-faceted, individualized approach. a multi-faceted, individualized approach. 
 Based on patient needs, stability and setting. Based on patient needs, stability and setting. 
 New non-invasive approaches available. New non-invasive approaches available. 
 Goals—Goals—  Improve outcomeImprove outcome by incorporating    by incorporating   nutrients, nutrients, 

supplements & herbssupplements & herbs as part of protocol. as part of protocol.
 Focus—Focus—  Optimize nutrition, improve cognition,  reduce Optimize nutrition, improve cognition,  reduce 

oxidative damage, promote oxygenation & perfusion, oxidative damage, promote oxygenation & perfusion, 
reduce inflammation & seizure potential. reduce inflammation & seizure potential. 



    

IntroIntro
 Additional benefits—Additional benefits—

Maintain immune function, prevent wasting, reduce fatigue, Maintain immune function, prevent wasting, reduce fatigue, 
stabilize mood, aid overall health. stabilize mood, aid overall health. 

 TBI is a risk factor for acquiring Alzheimer’s and other TBI is a risk factor for acquiring Alzheimer’s and other 
degenerative diseases.degenerative diseases.

 Some interventions not in general use, some in modest use, Some interventions not in general use, some in modest use, 
some in wide use in other countries.some in wide use in other countries.

 Can be safely, effectively, integrated with medications, Can be safely, effectively, integrated with medications, 
nutritional program and cognitive rehab to improve recovery.nutritional program and cognitive rehab to improve recovery.

 Cited animal and human studies.Cited animal and human studies.
 Give overview of the many possibilities to enhance neuronal Give overview of the many possibilities to enhance neuronal 

function in TBI.function in TBI.
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InjuryInjury
PrimaryPrimary injuries/moment of insult-- injuries/moment of insult--                                                                  
                          

 Tissue deformation (compression, stretching, shear). Tissue deformation (compression, stretching, shear). 
 Nerve damage Nerve damage 
 Hearing loss Hearing loss 
 Vertigo Vertigo 
 Hematoma Hematoma 
 ContusionContusion
 LacerationLaceration
 Intracranial hemorrhage Intracranial hemorrhage 
 Diffuse axonal injury Diffuse axonal injury 
 Hypermetabolism Hypermetabolism 
 CatabolismCatabolism



    

InjuryInjury
SecondarySecondary injuries/from effects of primary insult  injuries/from effects of primary insult 
and consequences, hours or days after trauma--and consequences, hours or days after trauma--

 Neuronal & cerebral Neuronal & cerebral 
swelling/death swelling/death 

 Increased extracellular Increased extracellular 
potassium potassium 

 Free-radical production Free-radical production 
 Body temperature shiftsBody temperature shifts
 Oxidative damage cascade Oxidative damage cascade 
 Astrocyte swelling Astrocyte swelling 
 Increased brain metabolism Increased brain metabolism 
 Venous thromboembolism Venous thromboembolism 
 Respiratory & GI dysfunctionRespiratory & GI dysfunction
 Hypoxemia Hypoxemia 
 Seizures Seizures 

 Muscular hypertonus Muscular hypertonus 
 DysautonomyDysautonomy
 Increased glucose useIncreased glucose use
 Calcium influx leading to Calcium influx leading to 

further brain injury further brain injury 
 Inflammation Inflammation 
 Increased ICP Increased ICP 
 Disruption of the BBBDisruption of the BBB
 Obstruction of the CSF Obstruction of the CSF 
 Brain herniation Brain herniation 
 Pituitary hormone Pituitary hormone 

deficiencies deficiencies 
 Immune compromiseImmune compromise
 Hypercatabolic stateHypercatabolic state
    Yadav, R, Traumatic Brain Injury, M.D. Yadav, R, Traumatic Brain Injury, M.D. 

Anderson Cancer Center, online.Anderson Cancer Center, online.



    

InterventionsInterventions
Optimize Nutrition, Enhance Cognition, Optimize Nutrition, Enhance Cognition, 
Reduce Oxidative Damage,               Reduce Oxidative Damage,               
Promote Oxygenation & Perfusion,      Promote Oxygenation & Perfusion,      

Reduce Inflammation & Seizure PotentialReduce Inflammation & Seizure Potential



    

InterventionsInterventions
Nutrients/SupplementsNutrients/Supplements
 Alpha-Lipoic AcidAlpha-Lipoic Acid  
 L-ArginineL-Arginine
 B ComplexB Complex
 Branched-Chain AA’s Branched-Chain AA’s 
 Citicoline/CholineCiticoline/Choline
 CreatineCreatine
 DMAEDMAE
 GlutamineGlutamine
 Medium Chain Triglycerides Medium Chain Triglycerides 
 Omega-3 Fatty AcidsOmega-3 Fatty Acids
 Phosphatidyl Serine Phosphatidyl Serine 
 ProbioticsProbiotics  
 SAMeSAMe
 TaurineTaurine
 Vitamin EVitamin E
 ZincZinc

HerbsHerbs
 BacopaBacopa
 Blue Vervain Blue Vervain 
 Blueberry Blueberry 
 Chinese polygalaChinese polygala
 Curcumin/TumericCurcumin/Tumeric
 GastrodiaGastrodia
 GinkgoGinkgo
 Gotu KolaGotu Kola
 Holy BasilHoly Basil
 Lavender Lavender 
 LobeliaLobelia
 Resveratrol/Japanese Resveratrol/Japanese 

KnotweedKnotweed
 Rosemary Rosemary 
 ScullcapScullcap
 White PeonyWhite Peony
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Optimize Nutrition: RationaleOptimize Nutrition: Rationale
 No standard enteral therapy for the treatment of TBI No standard enteral therapy for the treatment of TBI 

has been established in either acute or post-acute has been established in either acute or post-acute 
setting, despite clinical trials.setting, despite clinical trials.

 Dietary factors can impact brain repair:                     Dietary factors can impact brain repair:                     
    
- regulate neurotransmitter pathways- regulate neurotransmitter pathways
- impact synaptic transmission - impact synaptic transmission 
- influence membrane fluidity &                                - influence membrane fluidity &                                
                    signal-transduction pathways signal-transduction pathways 
- affect cognitive processes - affect cognitive processes 
- modulate brain plasticity and function - modulate brain plasticity and function 
- act on emotional health- act on emotional health

 Great opportunity to assimilate dietary and nutritional Great opportunity to assimilate dietary and nutritional 
supplement studies to effect   therapeutic benefit.supplement studies to effect   therapeutic benefit.



    

Optimize Nutrition: FormOptimize Nutrition: Form
 Liquid nutrients metabolized more efficiently,  and can be put into Liquid nutrients metabolized more efficiently,  and can be put into 

feeding tubes.feeding tubes.
 EnteralEnteral nutrition support (feeding tube to the stomach or small  nutrition support (feeding tube to the stomach or small 

intestine) is effective and causes less complications than intestine) is effective and causes less complications than 
parenteral (bypasses digestive system) nutrition. parenteral (bypasses digestive system) nutrition. 

 Use unless GI tract non-functioning or access Use unless GI tract non-functioning or access 
unobtainable/unsafe. unobtainable/unsafe. 

 Consider intervention with gastrostomy or J-tube   at early stage Consider intervention with gastrostomy or J-tube   at early stage 
when nutritional intake is expected   to be inadequate, first weeks when nutritional intake is expected   to be inadequate, first weeks 
after injury.after injury.

 ParenteralParenteral associated with electrolyte imbalances, degeneration  associated with electrolyte imbalances, degeneration 
of organs in intestinal tract, blood clots, damage to blood vessels. of organs in intestinal tract, blood clots, damage to blood vessels. 

 Formulas individualized to general & specific needs.Formulas individualized to general & specific needs.



    

Optimize Nutrition: TimingOptimize Nutrition: Timing
 2008 New York State analysis of 797 adult patients 2008 New York State analysis of 797 adult patients 

with severe TBI showed effect of timing and quantity with severe TBI showed effect of timing and quantity 
of nutrition on death. of nutrition on death. 

 Patients who were not fed within 5 & 7 days after Patients who were not fed within 5 & 7 days after 
TBI had a 2- and 4-fold increased likelihood of death, TBI had a 2- and 4-fold increased likelihood of death, 
respectively. respectively. 

 Every 10-kcal/kg Every 10-kcal/kg decreasedecrease in caloric intake was  in caloric intake was 
associated with a 30–40% associated with a 30–40% increaseincrease in mortality.  in mortality. 

 Even after controlling for known mortality factors, Even after controlling for known mortality factors, 
including arterial hypotension, age, pupillary status, including arterial hypotension, age, pupillary status, 
initial GCS score, and CT scan findings. initial GCS score, and CT scan findings. 

 Nutrition is a significant predictor of death in TBI.Nutrition is a significant predictor of death in TBI.  
 One of the therapeutic interventions that can directly One of the therapeutic interventions that can directly 

affect TBI outcome.                                          affect TBI outcome.                                          
2008 report of Weill Cornell Medical College Depts. Neurological Surgery, Public Health & Brain Trauma 2008 report of Weill Cornell Medical College Depts. Neurological Surgery, Public Health & Brain Trauma 
Foundation, Dr. Hartl et al, Journal of Neurosurgery 109(1), 50. Foundation, Dr. Hartl et al, Journal of Neurosurgery 109(1), 50. 



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs

 The brain consumes an immense amount of The brain consumes an immense amount of 
energy relative to the rest of the body.energy relative to the rest of the body.

 TBI results in a hypermetabolic state that TBI results in a hypermetabolic state that 
increases cerebral increases cerebral andand s systemicystemic  energy needs. energy needs. 

 Brain injury patients have higher Brain injury patients have higher energyenergy and  and 
proteinprotein expenditures and are prone to infections.  expenditures and are prone to infections. 

 Non-supplemented TBI patients can lose 10%  Non-supplemented TBI patients can lose 10%  
or more of lean body mass a week.or more of lean body mass a week.



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 Calories:Calories: Needs assessed via indirect calorimetry. Needs assessed via indirect calorimetry.
 Best outcomes for TBI patients were observed Best outcomes for TBI patients were observed 

when patients received a when patients received a minimumminimum of 25 kcal/kg  of 25 kcal/kg 
each day (1,700 calories)each day (1,700 calories), or at 40-70% above , or at 40-70% above 
basal needs (35-40 kcal/kg/d basal needs (35-40 kcal/kg/d 2,720 calories2,720 calories). ). 

 In temperature fluctuations, the metabolic rate In temperature fluctuations, the metabolic rate 
may vary as much as 25%.  may vary as much as 25%.  

 Fever & sepsis increase calorie needs by 7.2% Fever & sepsis increase calorie needs by 7.2% 
for every degree F above normal.for every degree F above normal.

 Seizures and posturing increase calories 20– 30% Seizures and posturing increase calories 20– 30% 
to a maximum of 3500 – 4000 total calories.to a maximum of 3500 – 4000 total calories.

 If on sedatives, barbiturates, musculo-skeletal If on sedatives, barbiturates, musculo-skeletal 
blocking agents, or if no brain activity, have  blocking agents, or if no brain activity, have  
14% lower energy expenditure.14% lower energy expenditure.                                                                                                                                                                    
                                        

                                                                                                                                                                                                                                                                            
Brain Injury Resource Foundation, Brain Injury Assn. Georgia, Sept 17, 2008,Brain Injury Resource Foundation, Brain Injury Assn. Georgia, Sept 17, 2008,   

www.birf.info/home/library/nutrition/nutr-acute-treat.htmlwww.birf.info/home/library/nutrition/nutr-acute-treat.html



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 Early hyperglycemia is associated with poor Early hyperglycemia is associated with poor 

outcomes for severe TBI patients. outcomes for severe TBI patients. 
 Tight control of serum glucose (without reducing Tight control of serum glucose (without reducing 

nutritional support) may improve prognosis. nutritional support) may improve prognosis. 
 Elevated insulin and glucose (and aging) can lead Elevated insulin and glucose (and aging) can lead 

to the formation of advanced glycation end to the formation of advanced glycation end 
products/sugar-damaged proteins (AGEs). products/sugar-damaged proteins (AGEs). 

 AGEs activate inflammatory compounds and free-AGEs activate inflammatory compounds and free-
radicals, promote neurodegenerationradicals, promote neurodegeneration..

 Avoid trans fatty acids/trans fats in fast foods or Avoid trans fatty acids/trans fats in fast foods or 
anything with partially hydrogenated oil. anything with partially hydrogenated oil. 

 Trans fats disrupt brain communication, interfere Trans fats disrupt brain communication, interfere 
with metabolism of essential fatty acids, trigger with metabolism of essential fatty acids, trigger 
insulin resistance.insulin resistance.  

  



    

Optimize Nutrition: Low Carb PyramidOptimize Nutrition: Low Carb Pyramid



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 Protein:Protein: 23 total, control most cellular processes.  23 total, control most cellular processes. 
 9 9 essential essential amino acids (we don’t make).amino acids (we don’t make).
 Essential amino acids: Histidine, isoleucine, leucine, Essential amino acids: Histidine, isoleucine, leucine, 

lysine, methionine, phenylalanine, threonine, lysine, methionine, phenylalanine, threonine, 
tryptophan, valine. tryptophan, valine. 

 Protein needs in TBI estimated at Protein needs in TBI estimated at 1.5 – 2.2 g/kg/d1.5 – 2.2 g/kg/d  
(if 68 kg/(if 68 kg/150 lbs. = 102 - 150 g protein/d150 lbs. = 102 - 150 g protein/d).).

 In TBI, can lose up to 30g/dayIn TBI, can lose up to 30g/day, measured as , measured as 
nitrogen loss (fasting individual loses 3-5 g/d). nitrogen loss (fasting individual loses 3-5 g/d). 

 Negative nitrogen loss persists for 2-3 weeks, peaks Negative nitrogen loss persists for 2-3 weeks, peaks 
@ 10th day, regardless of protein given.@ 10th day, regardless of protein given.

 Protein loss correlates with injury severity. Protein loss correlates with injury severity. 
 Immobility, steroids, increase nitrogen loss. Immobility, steroids, increase nitrogen loss. 



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 14 Non-essential: Alanine, arginine, asparagine, 14 Non-essential: Alanine, arginine, asparagine, 

aspartic acid, cysteine, cystine, glutamic acid,    aspartic acid, cysteine, cystine, glutamic acid,    
serine, serine, glutamineglutamine, glycine, ornithine, proline,    , glycine, ornithine, proline,    
taurine, tyrosinetaurine, tyrosine

 Glutamine:Glutamine: the most abundant human amino acid.  the most abundant human amino acid. 
 Directly crosses the blood brain barrier &     Directly crosses the blood brain barrier &     

alternative source of brain fuel. alternative source of brain fuel. 
 Glutamine makes two crucial brain neuro- Glutamine makes two crucial brain neuro- 

transmitters: glutamic acid (excitatory) and      transmitters: glutamic acid (excitatory) and      
gamma-aminobutyric acid/GABA (inhibitory). gamma-aminobutyric acid/GABA (inhibitory). 

 Helps stop stress-induced protein breakdown. Helps stop stress-induced protein breakdown. 
 2008 animal study showed post-TBI glutamine 2008 animal study showed post-TBI glutamine 

supplementation reduced intestinal NF-kappaB supplementation reduced intestinal NF-kappaB 
activation and inflammatory cytokine expression. activation and inflammatory cytokine expression. 



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 Branched-chain amino acids/BCAAs:Branched-chain amino acids/BCAAs: refers to  structure  refers to  structure 

of of leucine, isoleucine, valine leucine, isoleucine, valine (essential). (essential). 
 Play role in protein synthesis, brain insulin availability. Play role in protein synthesis, brain insulin availability. 
 Brain insulin governs higher cognitive processes of Brain insulin governs higher cognitive processes of 

learning, memory and attention.learning, memory and attention.
 BCAAs increase brain energy production, help synthesize, BCAAs increase brain energy production, help synthesize, 

secrete and transport neuro-   transmitters, aid brain secrete and transport neuro-   transmitters, aid brain 
repair & circuitry remodeling.repair & circuitry remodeling.  

 2008 study of 41 TBI vegetative or minimally conscious 2008 study of 41 TBI vegetative or minimally conscious 
patients, 22 received i.v. BCAA (19.6 g/d),  19 placebo, patients, 22 received i.v. BCAA (19.6 g/d),  19 placebo, 
for 15 days.  for 15 days.  

 Those with BCAAs had significantly improved scores on Those with BCAAs had significantly improved scores on 
the disability rating scale.the disability rating scale.

 68% of the BCAA group 68% of the BCAA group exitedexited the vegetative or  the vegetative or 
minimally conscious state, continued to improve after end minimally conscious state, continued to improve after end 
of treatment.of treatment.



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 Lipids:Lipids: Calories to be  Calories to be 30-40% lipids30-40% lipids, to minimize , to minimize 

hyperglycemia.hyperglycemia.
 Source lipids with Source lipids with 50-60%50-60%  medium-chainmedium-chain  

triglyceridestriglycerides (MCTs) & omega 3 ratio of 2:1 – 8:1. (MCTs) & omega 3 ratio of 2:1 – 8:1.
 MCT fats have unique chemical structure that MCT fats have unique chemical structure that 

allows direct absorption, faster use, more allows direct absorption, faster use, more 
ketogenic. ketogenic. 

 First used in the mid-1900s with ketogenic diet   to First used in the mid-1900s with ketogenic diet   to 
reduce seizures. reduce seizures. 

 Naturally in milk fat, palm oil, and coconut oil.Naturally in milk fat, palm oil, and coconut oil.
 2006 review indicates the ketogenic diet could have 2006 review indicates the ketogenic diet could have 

beneficial effects in TBI and many brain disorders beneficial effects in TBI and many brain disorders 
characterized by the death of neurons.     characterized by the death of neurons.                           
                        Gasior M, Rogawski MA, Hartman AL, Neuroprotective and disease-modifying Gasior M, Rogawski MA, Hartman AL, Neuroprotective and disease-modifying 
effects of the ketogenic diet, (2006) effects of the ketogenic diet, (2006) Behavioural PharmacologyBehavioural Pharmacology, 17 (5-6), 431-439. , 17 (5-6), 431-439. 



    

Optimize Nutrition: Optimize Nutrition: 
Modified KetogenicModified Ketogenic

 Ketogenic diet is a high fat, adequate protein, low carb Ketogenic diet is a high fat, adequate protein, low carb 
diet in clinical use for 80+ years for epilepsy.  diet in clinical use for 80+ years for epilepsy.  

 The diet mimics starvation by forcing the body to burn The diet mimics starvation by forcing the body to burn 
fat rather than carbohydrate. fat rather than carbohydrate. 

 Liver breaks down fat into fatty acids and ketone Liver breaks down fat into fatty acids and ketone 
bodies, which pass into the brain replacing glucose as bodies, which pass into the brain replacing glucose as 
an energy source. an energy source. 

 Ketone bodies are a more efficient fuel than glucose, Ketone bodies are a more efficient fuel than glucose, 
can remain stable in the face of increased energy can remain stable in the face of increased energy 
demand, and may have a neuroprotective effect.demand, and may have a neuroprotective effect.  

 Suggesting a blend of Atkins-MCT-ketogenic diet, Suggesting a blend of Atkins-MCT-ketogenic diet, 
(higher protein).(higher protein).



    

http://upload.wikimedia.org/wikipedia/commons/5/5b/Ketogenic_diets_pie.svg


    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 Omega-3/DHA:Omega-3/DHA: An essential fatty acid from fatty fish,  An essential fatty acid from fatty fish, 

and the most abundant essential fatty acid in the and the most abundant essential fatty acid in the 
brain (and retina).brain (and retina).

 DHA composes 50% of the brain cell plasma DHA composes 50% of the brain cell plasma 
membranes, and is involved in protein transport.membranes, and is involved in protein transport.

 Deficiency linked with cognitive decline, increased Deficiency linked with cognitive decline, increased 
brain cell death.brain cell death.

 Studies show supplementation of omega-3 fatty acids Studies show supplementation of omega-3 fatty acids 
in the diet of TBI animal models counteracted all of in the diet of TBI animal models counteracted all of 
the studied negative effects.the studied negative effects.

 In TBI animals, omega-3 improved levels of anti-In TBI animals, omega-3 improved levels of anti-
inflammatory brain compounds, reduced oxidative inflammatory brain compounds, reduced oxidative 
damage, counteracted learning disability. damage, counteracted learning disability. 

 Concluded omega-3 enriched diet can provide Concluded omega-3 enriched diet can provide 
protection against reduced plasticity and impaired protection against reduced plasticity and impaired 
learning ability after TBI.learning ability after TBI.  



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 Vitamins & minerals:Vitamins & minerals: Plasma levels of vitamins B &    C,  Plasma levels of vitamins B &    C, 

and other vitamins and minerals, are low in TBI.and other vitamins and minerals, are low in TBI.
 Vitamin B Complex:Vitamin B Complex: 8 water-soluble vitamins, related  8 water-soluble vitamins, related 

compounds. compounds. 
 All play critical role in brain function, from All play critical role in brain function, from 

neurotransmitter manufacture to regulating energy release neurotransmitter manufacture to regulating energy release 
in brain cells to maintaining mental agility.in brain cells to maintaining mental agility.

 B1/thiamineB1/thiamine plays a role in brain functions related  to  plays a role in brain functions related  to 
memory & cognition. Deficiency over-excites the neurons, memory & cognition. Deficiency over-excites the neurons, 
hampers the brains ability to use glucose.hampers the brains ability to use glucose.

 B3/niacinB3/niacin  vital to formation of nerve tissue.vital to formation of nerve tissue.                            
 Given 15 minutes & 24 hours to animals after TBI. Showed Given 15 minutes & 24 hours to animals after TBI. Showed 

significantly improved behavior, reduced size of lesion, significantly improved behavior, reduced size of lesion, 
reduced expression of GFAP protein (increased in infection reduced expression of GFAP protein (increased in infection 
or neurodegeneration).  or neurodegeneration).  

..



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 B6/pyridoxineB6/pyridoxine needed to make myelin sheath to speed  needed to make myelin sheath to speed 

nerve signals, and make neuro-transmitters nerve signals, and make neuro-transmitters 
norepinephrine, seratonin, dopamine.norepinephrine, seratonin, dopamine.  

      Low levels may provoke seizures, if prone.Low levels may provoke seizures, if prone.
 B12/cobalaminB12/cobalamin helps form myelin sheath. helps form myelin sheath.
 B9/folic acidB9/folic acid helps maintain normal levels of  helps maintain normal levels of serotoninserotonin. . 

Depression, schizophrenia if low levels.Depression, schizophrenia if low levels.
 CholineCholine critical to learning, mental alertness, cell  critical to learning, mental alertness, cell 

membrane and makes neurotransmitter membrane and makes neurotransmitter acetylcholine, acetylcholine, 
which affects memory. which affects memory. 

 InositolInositol part of cell membrane, helps make  part of cell membrane, helps make serotoninserotonin  
and and acetylcholineacetylcholine..

 B6, B12, folic acid, choline & other nutrients can lower B6, B12, folic acid, choline & other nutrients can lower 
homocysteine, which damages the brain in excess, homocysteine, which damages the brain in excess, 
and is predictive of AD and dementia.and is predictive of AD and dementia.



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs

 Zinc:Zinc: Essential metallic mineral for normal brain  Essential metallic mineral for normal brain 
function, nerve impulse transmission and repair.function, nerve impulse transmission and repair.

 High levels in hippocampus (short term memory).High levels in hippocampus (short term memory).
 TBI, seizure and ischemic brain injury result in the TBI, seizure and ischemic brain injury result in the 

release of cellular zinc.release of cellular zinc.
 Post TBI, high risk for zinc depletion, especially if Post TBI, high risk for zinc depletion, especially if 

severe injury, immobility. severe injury, immobility. 
 Albumin a major transport protein for zinc, Albumin a major transport protein for zinc, 

frequently low in severe head injury, leading to frequently low in severe head injury, leading to 
further zinc deficiency. further zinc deficiency. 

 Moderate zinc deficiency after TBI significantly Moderate zinc deficiency after TBI significantly 
increased neuronal cell death.increased neuronal cell death.  



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 In study of 68 TBI adults, randomized to In study of 68 TBI adults, randomized to 

adequate or supplemental zinc (12 mg/d zinc adequate or supplemental zinc (12 mg/d zinc 
sulfate within 72 hours x 15 days, then 22 mg sulfate within 72 hours x 15 days, then 22 mg 
zinc gluconate x @21 more days).zinc gluconate x @21 more days).

 Supplemental zinc treatment group showed Supplemental zinc treatment group showed 
improved protein synthesis, improved scores on improved protein synthesis, improved scores on 
the Glasgow Coma Scale, and continuous the Glasgow Coma Scale, and continuous 
improvements throughout the study over the improvements throughout the study over the 
patients in the adequate zinc group.patients in the adequate zinc group. No changes  No changes 
in serum or CSF zinc concentration.in serum or CSF zinc concentration.

 Balance type and amount of zinc to give Balance type and amount of zinc to give 
protection without toxicity. Up to 30 mg/d well-protection without toxicity. Up to 30 mg/d well-
tolerated.tolerated.



    

Optimize Nutrition: NeedsOptimize Nutrition: Needs
 Probiotics:Probiotics: dietary supplements containing  beneficial  dietary supplements containing  beneficial 

bacteria or yeasts. bacteria or yeasts. 
 Somewhere between 300 and 1000 different species live in Somewhere between 300 and 1000 different species live in 

the gut, estimates at about 500. the gut, estimates at about 500. 
 Strains of the genera Strains of the genera LactobacillusLactobacillus and  and BifidobacteriumBifidobacterium most  most 

widely used bacteria. widely used bacteria. 
 Many useful functions--ferment unused energy substrates, Many useful functions--ferment unused energy substrates, 

train the immune system, prevent growth of harmful train the immune system, prevent growth of harmful 
species, produce biotin, folic acid vitamin K, make hormones species, produce biotin, folic acid vitamin K, make hormones 
to direct fat storage. to direct fat storage. 

 One 2004 study to investigate effects in TBI–           10 One 2004 study to investigate effects in TBI–           10 
received standard diet, 10 received enriched with received standard diet, 10 received enriched with glutamineglutamine  
and and L. johnsoniiL. johnsonii fermented milk fermented milk. . 

 Control group had 100% infections, 3 sepsis. Supplement Control group had 100% infections, 3 sepsis. Supplement 
group 50%, no sepsis, shorter icu stay. group 50%, no sepsis, shorter icu stay. 



    

Optimize NutritionOptimize Nutrition



    

Optimize Nutrition: Ideal BlendOptimize Nutrition: Ideal Blend
 25-40 kCal/kg/d 25-40 kCal/kg/d 
 Low carb, low sugar (no HFCS) Low carb, low sugar (no HFCS) 
 High quality fats, 60% lipids (30% as MCT)                  Modified Atkins-High quality fats, 60% lipids (30% as MCT)                  Modified Atkins-

ketogenic (no trans, hydrogenated fats)ketogenic (no trans, hydrogenated fats)
 High quality protein (non-GMO, non-soy)                                  1.5-2.2 g/kg/d, High quality protein (non-GMO, non-soy)                                  1.5-2.2 g/kg/d, 

with 19 g/d as BCAAswith 19 g/d as BCAAs
With:With:

 L-ArginineL-Arginine
 B-complexB-complex
 Cocoa powder, unsweetenedCocoa powder, unsweetened
 CiticolineCiticoline
 CreatineCreatine
 CurcuminCurcumin
 GlutamineGlutamine
 Mixed antioxidant berry, spice & vegetable concentrates Mixed antioxidant berry, spice & vegetable concentrates 
 Omega-3 DHA (& EPA) oilsOmega-3 DHA (& EPA) oils
 ProbioticsProbiotics
 TaurineTaurine
 Vitamin EVitamin E
 ZincZinc
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Enhance CognitionEnhance Cognition
 Diets high in trans fats, saturated fat and sucrose Diets high in trans fats, saturated fat and sucrose 

reduce molecular structures that support cognitive reduce molecular structures that support cognitive 
processing. processing. 

 Increase the risk of neurological dysfunction in Increase the risk of neurological dysfunction in 
humans and animals. humans and animals. 

 This is our western diet, and may increase the This is our western diet, and may increase the 
susceptibilitysusceptibility of the brain to insults. of the brain to insults.

 After 3 weeks on junk food diet, rodents showed After 3 weeks on junk food diet, rodents showed 
a loss of synaptic plasticity in the hippocampus. a loss of synaptic plasticity in the hippocampus. 

 The diet worsened the neurological effect The diet worsened the neurological effect 
associated with experimental brain injury.  associated with experimental brain injury.  

 Curcumin and vitamin E counteracted these.Curcumin and vitamin E counteracted these.
 Several dietary components have been identified Several dietary components have been identified 

as having effects on cognitive abilities. as having effects on cognitive abilities. 



    
Gomez-Pinella, F., Brain Foods: the effects of nutrients on brain function, Gomez-Pinella, F., Brain Foods: the effects of nutrients on brain function, Nature Reviews NeuroscienceNature Reviews Neuroscience 9, 568-578, July 2008. 9, 568-578, July 2008.



    

Enhance CognitionEnhance Cognition

 TBI impairs cognitive function and synaptic TBI impairs cognitive function and synaptic 
plasticity, resulting in cumulative free-radical plasticity, resulting in cumulative free-radical 
oxygen species. oxygen species. 

 2004 another animal study showed free-radical 2004 another animal study showed free-radical 
formation associated with eating high saturated formation associated with eating high saturated 
fat diet fat diet worsened the outcome of TBI on worsened the outcome of TBI on 
cognition & neuroplasticity. cognition & neuroplasticity. 

 TumericTumeric and ginger offered effective protection  and ginger offered effective protection 
followed by ginkgo, polygonatum sp., Chinese followed by ginkgo, polygonatum sp., Chinese 
cinnamon, Korean rhubarb, cinnamon, Korean rhubarb, Gastrodia elataGastrodia elata and  and 
Chinese scullcap.Chinese scullcap.



    

Enhance CognitionEnhance Cognition
 Vitamin E:Vitamin E: is the collective name for a set of 8        fat- is the collective name for a set of 8        fat-

soluble related tocopherols and tocotrienols. soluble related tocopherols and tocotrienols. 
 Low levels associated with poor memory in humans.Low levels associated with poor memory in humans.
 Vitamin E prevented accumulation of beta-amyloid Vitamin E prevented accumulation of beta-amyloid 

peptides, reduced behavioral deficits in TBI mice. peptides, reduced behavioral deficits in TBI mice. 
 TBI mice had lowered levels of compounds which TBI mice had lowered levels of compounds which 

maintain brain function & repair DNA in the maintain brain function & repair DNA in the 
hippocampus (short term memory) and cerebral cortex hippocampus (short term memory) and cerebral cortex 
(memory, attention, thought, language, (memory, attention, thought, language, 
consciousness).  consciousness).  

 Vitamin E normalized these areas in TBI mice.Vitamin E normalized these areas in TBI mice.
 Rodents on a regular diet, vit. E significantly raised Rodents on a regular diet, vit. E significantly raised 

hippocampal repair levels, lowered oxidized proteins. hippocampal repair levels, lowered oxidized proteins. 
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 Omega-3/DHA:Omega-3/DHA:  Human body is inefficient in Human body is inefficient in 

synthesizing DHA, reliant on dietary sources.synthesizing DHA, reliant on dietary sources.
 Crucial for maintaining cell membrane integrity, ionic Crucial for maintaining cell membrane integrity, ionic 

permeability. permeability. 
 Activates energy-generating pathways associated with Activates energy-generating pathways associated with 

learning & memory. learning & memory. 
 Helps modulate receptor function, synaptic Helps modulate receptor function, synaptic 

transmission and plasticity, support cognitive function. transmission and plasticity, support cognitive function. 
 Dietary DHA supplementation found to raise levels of Dietary DHA supplementation found to raise levels of 

brain-derived neurotrophic factor (BDNF) in the brain-derived neurotrophic factor (BDNF) in the 
hippocampus, enhance cognitive function, stimulate hippocampus, enhance cognitive function, stimulate 
neuronal plasticity in rodent TBI models.neuronal plasticity in rodent TBI models.
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 High oxidative stress of TBI can reduce the High oxidative stress of TBI can reduce the 
production of a compound helpful in brain production of a compound helpful in brain 
protection, fatty acid and glucose metabolism protection, fatty acid and glucose metabolism 
(silent information regulator 2/ Sir2). (silent information regulator 2/ Sir2). 

 After TBI in rodent studies, After TBI in rodent studies, omega-3 fatty acidsomega-3 fatty acids  
raised levels of Sir2, and other compounds   raised levels of Sir2, and other compounds   
(MtCK and AMPK and p-AMPK), important  (MtCK and AMPK and p-AMPK), important  
markers of the brain’s cellular energy.markers of the brain’s cellular energy.
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 Vitamin B Complex: Folate or folic acidVitamin B Complex: Folate or folic acid
      Adequate levels essential for cognitive health. Adequate levels essential for cognitive health. 
 Folate supplementation, either alone or in Folate supplementation, either alone or in 

conjunction with other conjunction with other B vitamins, shown to be B vitamins, shown to be 
effective in preventing cognitive decline and effective in preventing cognitive decline and 
dementia in aging (and help anti-depressants). dementia in aging (and help anti-depressants). 
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 Citicoline:Citicoline: A form of choline (vitamin B complex),  A form of choline (vitamin B complex), 

citicoline sodium form used in clinical trials. citicoline sodium form used in clinical trials. 
 Helps make Helps make acetylcholineacetylcholine and neuronal cell  and neuronal cell 

membrane, contributes to methylation. membrane, contributes to methylation. 
 Increases brain levels of neurotransmitters Increases brain levels of neurotransmitters 

norepinephrine, dopamine. norepinephrine, dopamine. 
 Readily absorbed in GI tract, easily crosses BBB.Readily absorbed in GI tract, easily crosses BBB.
 Improves the structural integrity and function of Improves the structural integrity and function of 

the neuronal membrane to assist in membrane the neuronal membrane to assist in membrane 
protection and repair. protection and repair. 

 Protects against neuronal membrane damage Protects against neuronal membrane damage 
caused by ischemia—reduces arachidonic acid caused by ischemia—reduces arachidonic acid 
release, decreases BBB dysfunction, less edema, release, decreases BBB dysfunction, less edema, 
protects hippocampal neurons. protects hippocampal neurons. 
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 Improved memory retention, motor performance, & Improved memory retention, motor performance, & 

reversed cerebral ischemia and edema in animal reversed cerebral ischemia and edema in animal 
models. models. 

 In study of TBI patients, those receiving i.v. citicholine In study of TBI patients, those receiving i.v. citicholine 
showed greater cognitive and motor symptom showed greater cognitive and motor symptom 
improvements than the control. improvements than the control. 

 Other studies show citicoline facilitates memory Other studies show citicoline facilitates memory 
rehabilitation by restoring blood flow to the lesion. rehabilitation by restoring blood flow to the lesion. 

 In 2000 animal study, intraperitoneal citicoline In 2000 animal study, intraperitoneal citicoline 
significantly reduced brain edema, the volume   of significantly reduced brain edema, the volume   of 
ischemic area surrounding the injury, and the BBB ischemic area surrounding the injury, and the BBB 
breakdown in cortex and hippocampus. breakdown in cortex and hippocampus. 
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 Human trials 272 stroke patients, 133 received Human trials 272 stroke patients, 133 received 

1,000mg/d i.v. in acute stage of moderate-severe 1,000mg/d i.v. in acute stage of moderate-severe 
infarct, mild-moderate disturbances of infarct, mild-moderate disturbances of 
consciousness x 4 days.  consciousness x 4 days.  LOC improved LOC improved 
significantly in the CDPC group, with 54% significantly in the CDPC group, with 54% 
improved compared to 29% of placebo.improved compared to 29% of placebo.

 Citicoline has also been investigated as a therapy Citicoline has also been investigated as a therapy 
in stroke patients. in stroke patients. 

 Improvements in muscle strength, neurological Improvements in muscle strength, neurological 
function, ambulation, cognition post-stroke. function, ambulation, cognition post-stroke. 

 Initiating treatment within first 24 hours after Initiating treatment within first 24 hours after 
stroke onset “increases the probability of complete stroke onset “increases the probability of complete 
recovery at three months.”recovery at three months.”  StrokeStroke 2002; 33:2850-2857. 2002; 33:2850-2857.
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 Much research shown positive findings for post-Much research shown positive findings for post-

stroke treatment, TBI, memory loss in aging. stroke treatment, TBI, memory loss in aging. 
 Reduced size of cerebral infarct when combined Reduced size of cerebral infarct when combined 

with rtPA in animal embolic stroke models.with rtPA in animal embolic stroke models.
 Other stroke studies inconclusive, with no Other stroke studies inconclusive, with no 

significant effect over placebo.significant effect over placebo.
 Very low toxicity profile, negligible side-effects, Very low toxicity profile, negligible side-effects, 

excellent clinical safety record. excellent clinical safety record. 
 Current trial:Current trial: Study of Citicoline for the Treatment  Study of Citicoline for the Treatment 

of Traumatic Brain Injury (COBRIT), Study of Traumatic Brain Injury (COBRIT), Study 
NCT00545662, a randomized, double-blind, placebo NCT00545662, a randomized, double-blind, placebo 
controlled, multi-center trial of the effects of 90 controlled, multi-center trial of the effects of 90 
days of citicoline on functional outcome in patients days of citicoline on functional outcome in patients 
with complicated mild, moderate and severe with complicated mild, moderate and severe 
traumatic brain injury. traumatic brain injury. 
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 Alpha-lipoic acid:Alpha-lipoic acid: Powerful antioxidant micronutrient  Powerful antioxidant micronutrient 

in the body, shown to reduce cognitive decay in in the body, shown to reduce cognitive decay in 
Alzheimer’s, improve memory deficits in animals. Alzheimer’s, improve memory deficits in animals. 

 NootropicsNootropics are category of compounds which  are category of compounds which 
improve impaired human cognitive abilities– improve impaired human cognitive abilities– 

 Enhance memory, slow/prevent cognitive decline, Enhance memory, slow/prevent cognitive decline, 
reduce brain oxidative damage, improve mood. reduce brain oxidative damage, improve mood. 

 The term covers a broad range of substances The term covers a broad range of substances 
including drugs, nutrients and herbs that have including drugs, nutrients and herbs that have 
purported cognitive enhancing effects.purported cognitive enhancing effects.

 Include: Include: Bacopa Bacopa (Bacopa monniera),(Bacopa monniera), Bhringaraj  Bhringaraj 
((Eclipta albaEclipta alba), ), GinkgoGinkgo,, Gotu kola  Gotu kola (Centella asiatica),(Centella asiatica),  
Lavender, Rosemary, White peony Lavender, Rosemary, White peony (Paeonia (Paeonia 
lactiflora),lactiflora), Yuan zhi ( Yuan zhi (Polygala tenuifoliaPolygala tenuifolia).).
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 Bacopa monniera:Bacopa monniera: Known in Ayurvedic Medicine   Known in Ayurvedic Medicine  

as useful treatment of cognitive impairment.as useful treatment of cognitive impairment.
 In Alzheimer’s mouse model, Bacopa/Brahmi In Alzheimer’s mouse model, Bacopa/Brahmi 

reduced beta-amyloid levels, scavenged free reduced beta-amyloid levels, scavenged free 
radicals, reduced divalent metals, inhibited radicals, reduced divalent metals, inhibited 
lipoxygenase activity and reduced the formation  lipoxygenase activity and reduced the formation  
of inflammatory lipid peroxides. of inflammatory lipid peroxides. 

 Bacopa 300mg/d given continuously for 12 weeks Bacopa 300mg/d given continuously for 12 weeks 
in in healthyhealthy subjects improved higher cognitive  subjects improved higher cognitive 
function--early information processing, verbal function--early information processing, verbal 
learning and memory consolidation.learning and memory consolidation.  

 In RDBCT study, BacopaIn RDBCT study, Bacopa  given to given to healthyhealthy adults,  adults, 
results show significant effect on retention and results show significant effect on retention and 
decreased rate of forgetting new info.decreased rate of forgetting new info.



    

Reduce Oxidative DamageReduce Oxidative Damage



    

Reduce Oxidative DamageReduce Oxidative Damage
 Brain is very susceptible to oxidative damage Brain is very susceptible to oxidative damage 

due to its high metabolic load and abundance   due to its high metabolic load and abundance   
of oxidizable material. of oxidizable material. 

 Fatty membrane covering all brain cells Fatty membrane covering all brain cells 
susceptible to oxidative damage from trauma, susceptible to oxidative damage from trauma, 
environmental pollutants, normal metabolic environmental pollutants, normal metabolic 
processes, fried foods, trans fats, nutrient processes, fried foods, trans fats, nutrient 
deficiencies, aging, genetics. deficiencies, aging, genetics. 

 After TBI, via several different mechanisms, a After TBI, via several different mechanisms, a 
cascade of injurious events worsens cell death, cascade of injurious events worsens cell death, 
creating creating moremore antioxidants and free radicals. antioxidants and free radicals.

 Protective systems and antioxidant stores are Protective systems and antioxidant stores are 
depleted, surrounding cells die, contributing to depleted, surrounding cells die, contributing to 
furtherfurther oxidative stress and cell death. oxidative stress and cell death.

  



    

Reduce Oxidative DamageReduce Oxidative Damage
 Start antioxidant therapies at the earliest possible time Start antioxidant therapies at the earliest possible time 

post-injury, to delay/inhibit oxidation, prevent neuronal post-injury, to delay/inhibit oxidation, prevent neuronal 
death, improve survival and reducing morbidity.death, improve survival and reducing morbidity.

 Also reduces the risk of developing AD. Also reduces the risk of developing AD. 
 Fish oil: DHAFish oil: DHA Essential fatty acid stimulates glucose  Essential fatty acid stimulates glucose 

utilization and mitochondrial function, reducing utilization and mitochondrial function, reducing 
oxidative stress.oxidative stress.

 Animals fed 8% fish oil diet after TBI significantly Animals fed 8% fish oil diet after TBI significantly 
increased antioxidant Sir2a levels  by reducing increased antioxidant Sir2a levels  by reducing 
oxidative stress. oxidative stress. 

 Levels of beneficial Sir2a can be manipulated by Levels of beneficial Sir2a can be manipulated by 
dietary factors, including omega-3, dietary factors, including omega-3, resveratrolresveratrol..
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 Vitamin B complex: NiacinVitamin B complex: Niacin acts as a potent  acts as a potent 

antioxidant in brain cells.antioxidant in brain cells.
 Studies suggest that reducing homocysteine levels Studies suggest that reducing homocysteine levels 

may be neuroprotective.may be neuroprotective.
 Folic acidFolic acid supplementation may be beneficial to  supplementation may be beneficial to 

reduce homocysteine and improve the neuron’s reduce homocysteine and improve the neuron’s 
ability to protect against oxidative stress.ability to protect against oxidative stress.

 Glutathione deficiency contributes to oxidative stress. Glutathione deficiency contributes to oxidative stress. 
 GlutamineGlutamine is the precursor and can raise glutathione  is the precursor and can raise glutathione 

levels/synthesis in the liver.levels/synthesis in the liver.
 Adequate Adequate proteinprotein  nutrition is crucial to   maintain nutrition is crucial to   maintain 

glutathione balance.glutathione balance.
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 Antioxidants from natural products, as well as Antioxidants from natural products, as well as 

long-term dietary alterations, may be effective long-term dietary alterations, may be effective 
scavengers of reactive oxygen species (ROS)   scavengers of reactive oxygen species (ROS)   
and reactive nitrogen species (RNS). and reactive nitrogen species (RNS). 

 For specific brain health, For specific brain health, anthocyaninsanthocyanins appear    appear   
to offer the to offer the best benefitbest benefit against the effects of  against the effects of 
oxidative stress in the aging and ischemic brain, oxidative stress in the aging and ischemic brain, 
and the best penetration of the BBB.and the best penetration of the BBB.

 Several studies of rats with stroke fed high Several studies of rats with stroke fed high 
antioxidant antioxidant blueberriesblueberries showed reduced  showed reduced 
hippocampal damage, likely due to anthocyanins.hippocampal damage, likely due to anthocyanins.  

 Blueberry compounds activate genes involved    Blueberry compounds activate genes involved    
in neuroprotection, which reduce the release of in neuroprotection, which reduce the release of 
inflammatory mediators, increase glutathione, inflammatory mediators, increase glutathione, 
lower oxidative stress.lower oxidative stress.



    

Reduce Oxidative DamageReduce Oxidative Damage
Anthocyanin Content: mg per 100g foodAnthocyanin Content: mg per 100g food

 EggplantEggplant 750750
 Black CurrantBlack Currant 130-400130-400
 Blackberry Blackberry 83-32683-326
 BlueberryBlueberry 25-49725-497
 CherryCherry 350-400350-400
 ChokeberryChokeberry 200-1,000200-1,000
 CranberryCranberry 60-20060-200
 ElderberryElderberry 450450
 RaspberryRaspberry 10-6010-60
 Red GrapeRed Grape 30-75030-750
 StrawberryStrawberry 15-35                                     15-35                                     

              Food-Info.net, Anthocyanins and anthocyanidins, 1-3, Wageningen University, The Food-Info.net, Anthocyanins and anthocyanidins, 1-3, Wageningen University, The 
Netherlands, www.food-info.net/uk/colour/anthocyanin.htmNetherlands, www.food-info.net/uk/colour/anthocyanin.htm
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Many antioxidant-rich culinary spices & foods,Many antioxidant-rich culinary spices & foods,
oxygen radical absorbance capacity (ORAC) list:oxygen radical absorbance capacity (ORAC) list:
 Clove  314,000 Clove  314,000 
 Cinnamon 267,500 Cinnamon 267,500 
 Unsweetened cocoa powder 180,900Unsweetened cocoa powder 180,900
 Tumeric 159,000 Tumeric 159,000 
 Cumin 76,800 Cumin 76,800 
 Basil 67,500 Basil 67,500 
 Ginger 28,800 Ginger 28,800 
 Goji berry 20,200 Goji berry 20,200 
 Pomegranate 10,500 Pomegranate 10,500 
 Blueberry 6,600 Blueberry 6,600 (25x more anthocyanins than strawberries and raspberries)(25x more anthocyanins than strawberries and raspberries)

 Kale 1,800 Kale 1,800 
 Broccoli 900Broccoli 900
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Reduce Oxidative DamageReduce Oxidative Damage
 Curcumin:Curcumin: yellow-pigmented component of    yellow-pigmented component of   

tumeric, many beneficial functions. tumeric, many beneficial functions. 
 Easily passes through cell membranes & BBB.Easily passes through cell membranes & BBB.
 Immuno-stimulating, it stops formation and Immuno-stimulating, it stops formation and 

expression of free radicals in the brain, protects expression of free radicals in the brain, protects 
neurons from oxidative damage.neurons from oxidative damage.

 Inhibits COX-2 and other inflammatory markers Inhibits COX-2 and other inflammatory markers 
linked to neuronal death.  linked to neuronal death.  

 In rats, curcumin treatment counteracted the  In rats, curcumin treatment counteracted the  
effects of combined applications of high fat diet   effects of combined applications of high fat diet   
and brain injury in all experimental conditions.and brain injury in all experimental conditions.

 In another rat study, tumeric reduced oxidative In another rat study, tumeric reduced oxidative 
damage, facilitated synaptic transmission, and damage, facilitated synaptic transmission, and 
counteracted cognitive impairment caused by TBI. counteracted cognitive impairment caused by TBI. 
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 Based on study, curcumin supplement may Based on study, curcumin supplement may 

provide neuroprotection and protection against provide neuroprotection and protection against 
cognitive impairment after TBI.cognitive impairment after TBI.

 In AD patients, tumeric decreased beta-amyloid In AD patients, tumeric decreased beta-amyloid 
plaques, delayed neuron degradation, improved plaques, delayed neuron degradation, improved 
overall memory and cognition. overall memory and cognition. 

 Indian citizens in 70’s four times Indian citizens in 70’s four times less likelyless likely to  to 
have AD than Americans in their 70’s. Correlated have AD than Americans in their 70’s. Correlated 
w/ tumeric/curry intake.w/ tumeric/curry intake.

 Poor absorption, co-supplement with Poor absorption, co-supplement with 
piperine/pepper to increase bioavailability.piperine/pepper to increase bioavailability.

 C/I in biliary obstruction—stimulates bile C/I in biliary obstruction—stimulates bile 
secretion.secretion.
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Ginkgo Reduce Oxidative DamageGinkgo Reduce Oxidative Damage

 Ginkgo:Ginkgo: Leaf extract EGb 761 used for brain health.  Leaf extract EGb 761 used for brain health. 
 Ginkgo induces neuroprotective antioxidant Ginkgo induces neuroprotective antioxidant 

compounds, needed against free radical damage. compounds, needed against free radical damage. 
 Ginkgo may also act to modulate signal Ginkgo may also act to modulate signal 

transduction pathways involved in cell death,  transduction pathways involved in cell death,  
inhibit nitric oxide-induced toxicityinhibit nitric oxide-induced toxicity, , andand  reduce reduce 
platelet-activating factor properties. platelet-activating factor properties. 

 2000 review concluded Ginkgo shows promise in 2000 review concluded Ginkgo shows promise in 
treating some of the neurologic sequelae treating some of the neurologic sequelae 
associated with TBI,associated with TBI, Alzheimer’s, stroke, normal  Alzheimer’s, stroke, normal 
aging, edema, tinnitus and macular degeneration. aging, edema, tinnitus and macular degeneration. 

 May be effective in treating inflammation, and free-May be effective in treating inflammation, and free-
radical toxicity associated with TBI. radical toxicity associated with TBI. 
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 October 2008, Johns Hopkins researchers October 2008, Johns Hopkins researchers 

demonstrated that demonstrated that daily doses of ginkgo daily doses of ginkgo 
(EGb761) in mice can prevent or reduce brain (EGb761) in mice can prevent or reduce brain 
damage after an induced stroke.damage after an induced stroke.

 Ginkgo treated mice had less neurological Ginkgo treated mice had less neurological 
dysfunction and significantly smaller volumes     dysfunction and significantly smaller volumes     
of brain damage than untreated mice.of brain damage than untreated mice.  

 Ginkgo is safe, caution in blood thinners. Ginkgo is safe, caution in blood thinners. 
 2005 2005 British Journal of Clinical PharmacologyBritish Journal of Clinical Pharmacology  

showed ginkgo and ginger at recommended showed ginkgo and ginger at recommended 
doses doses did notdid not significantly affect clotting status,  significantly affect clotting status, 
pharmacodynamics or pharmacokinetics of pharmacodynamics or pharmacokinetics of 
warfarin in healthy subjects.warfarin in healthy subjects.



    

Reduce Oxidative DamageReduce Oxidative Damage

 Antioxidant effects of Antioxidant effects of Gastrodia elataGastrodia elata rhizome,  rhizome, 
known in Chinese medicine for its anti-known in Chinese medicine for its anti-
convulsive effect. convulsive effect. 

 Its main constituents may have potential in    Its main constituents may have potential in    
the treatment of lipid peroxidation-associated the treatment of lipid peroxidation-associated 
neurological disease.neurological disease.
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Promote Oxygenation & PerfusionPromote Oxygenation & Perfusion
 Bring sufficient blood and oxygen to the tissues.Bring sufficient blood and oxygen to the tissues.
 L-arginine:L-arginine: An amino acid used to make the nitric  An amino acid used to make the nitric 

oxide, a compound that relaxes blood vessels. oxide, a compound that relaxes blood vessels. 
 In rat models of TBI, L-arginine helps restore In rat models of TBI, L-arginine helps restore 

cerebral blood flow and improve neurological cerebral blood flow and improve neurological 
outcome without increasing ICP.outcome without increasing ICP.

 L-arginine prevents TBI-induced increases in cell L-arginine prevents TBI-induced increases in cell 
inflammatory compounds in rat studies.inflammatory compounds in rat studies.

 L-arginine but not D-arginine prevented post-injury L-arginine but not D-arginine prevented post-injury 
cerebral hypoperfusion. cerebral hypoperfusion. 

 In TBI patients, In TBI patients, citicolineciticoline helped memory  helped memory 
rehabilitation by restoring blood flow to the lesion. rehabilitation by restoring blood flow to the lesion. 

 Inadequate Inadequate B12B12  or or folic acidfolic acid can  can reducereduce amounts of  amounts of 
oxygen-carrying red bood cells to the brain.oxygen-carrying red bood cells to the brain.
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Reduce Inflammation                Reduce Inflammation                
        & Seizure Potential        & Seizure Potential

 There is a proven link between chronic brain inflammation, increased There is a proven link between chronic brain inflammation, increased 
cytokine formation, and neurodegeneration. cytokine formation, and neurodegeneration. 

 Brain inflammatory processes may be a predisposing factor contributing Brain inflammatory processes may be a predisposing factor contributing 
to epilepsy and neuronal injury in seizures.to epilepsy and neuronal injury in seizures.

 In TBI, iron and hemoglobin released from injury are associated with In TBI, iron and hemoglobin released from injury are associated with 
generating compounds (ROS, RNS), involved in the animal model of generating compounds (ROS, RNS), involved in the animal model of 
seizures. seizures. 

 Recent data suggest inflammation related to neurodegeneration is Recent data suggest inflammation related to neurodegeneration is 
directly affected by nutrition.directly affected by nutrition.

 Intake of Intake of omega-3 fatty acidsomega-3 fatty acids and levels of inflammation are inversely  and levels of inflammation are inversely 
related. related. 

 Add omega-3 fats, anti-inflammatory Add omega-3 fats, anti-inflammatory foodsfoods. . 
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 Choline:Choline: Part of the Vitamin B complex, helps make up cell  Part of the Vitamin B complex, helps make up cell 
membranes and the neurotransmitter membranes and the neurotransmitter acetylcholine.acetylcholine.  

 In study of cognitive impairment following brain injury, rats In study of cognitive impairment following brain injury, rats 
were exposed to choline-supplemented diets or control for 2 were exposed to choline-supplemented diets or control for 2 
weeks prior to induced TBI and throughout the recovery phase. weeks prior to induced TBI and throughout the recovery phase. 

 Choline supplement resulted in significant cortical tissue Choline supplement resulted in significant cortical tissue 
sparing, reduced brain inflammation. sparing, reduced brain inflammation. 

 Also a modest degree of gain in spatial memory. Also a modest degree of gain in spatial memory. 
 Citicoline:Citicoline: inhibits release of inflammatory arachadonic acid,  inhibits release of inflammatory arachadonic acid, 

may counteract the deposition of beta-amyloid.may counteract the deposition of beta-amyloid.
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 Taurine:Taurine: A component of bile salts, involved in the  A component of bile salts, involved in the 
development of the brain and retina. development of the brain and retina. 

 Crosses the BBB. In times of physical stress, body Crosses the BBB. In times of physical stress, body 
may not produce enoughmay not produce enough

 Taurine is inhibitory neurotransmitter, helps Taurine is inhibitory neurotransmitter, helps 
prevent epileptic seizures, supports GABA function, prevent epileptic seizures, supports GABA function, 
and stabilizes membranes.and stabilizes membranes.

 Taurine and can act as an antioxidant, important Taurine and can act as an antioxidant, important 
during ischemic reperfusion injury, inflammation, during ischemic reperfusion injury, inflammation, 
and brain swelling. and brain swelling. 

 In many models of oxidant-induced injury, taurine In many models of oxidant-induced injury, taurine 
was shown to be tissue-protective and non-toxic.was shown to be tissue-protective and non-toxic.
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 Creatine:Creatine: A naturally-occurring organic acid,   A naturally-occurring organic acid,  
helps to supply energy to nerve and muscle cells. helps to supply energy to nerve and muscle cells. 

 Pretreatment with Pretreatment with alpha-lipoic acidalpha-lipoic acid  oror  creatinecreatine  
showed neuroprotective or reduced seizure showed neuroprotective or reduced seizure 
activity in animals. activity in animals. 

 Avoid Avoid alcoholalcohol after TBI, or in seizure disorders,   after TBI, or in seizure disorders,  
as it lowers the seizure threshold.as it lowers the seizure threshold.
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        & Seizure Potential        & Seizure Potential

 Gastrodia elataGastrodia elata was able to reduce seizures,  was able to reduce seizures, 
oxygen free radicals, microglia activation, and oxygen free radicals, microglia activation, and 
apoptosis in induced epilepsy in rats. apoptosis in induced epilepsy in rats. 

 Antioxidants Antioxidants vitamin E/a-tocopherolvitamin E/a-tocopherol,, EGCG,  EGCG, 
Gastrodia elataGastrodia elata shown to ravage ROS, RNS and  shown to ravage ROS, RNS and 
prophylactic in epilepsy. prophylactic in epilepsy. 

 Bacopa monnieraBacopa monniera treatment to epileptic rats  treatment to epileptic rats 
significantly increased the anticonvulsive protein significantly increased the anticonvulsive protein 
metabotropic glutamate-8 receptor (mGluR8) metabotropic glutamate-8 receptor (mGluR8) 
expression in the cerebellum, low during expression in the cerebellum, low during 
epilepsy, to near control rate.epilepsy, to near control rate.
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 DMAEDMAE
 Galantamine/Galantbus Galantamine/Galantbus 

nivalusnivalus
 GlisodinGlisodin
 Huperzine A/Huperzia Huperzine A/Huperzia 

serrataserrata
 IdebenoneIdebenone
 Phosphatidylserine/PSPhosphatidylserine/PS

 PicamilonPicamilon
 PyroglutamatePyroglutamate
 RacetamsRacetams
 RhodiolaRhodiola
 S-Adenosylmethionine/ S-Adenosylmethionine/ 

SAMeSAMe
 VinpocetineVinpocetine



    

““The human brain is a wonderful organ.              The human brain is a wonderful organ.              
It starts to work as soon as you are born, and It starts to work as soon as you are born, and 

doesn’t stop until you get up to deliver a speech.” doesn’t stop until you get up to deliver a speech.” 
George JesselGeorge Jessel

Thank You!Thank You!
Dale Bellisfield, RN, AHGDale Bellisfield, RN, AHG

Holistic Health, Clinical HerbalistHolistic Health, Clinical Herbalist
www.herbaldale.comwww.herbaldale.com
herbaldale@aol.comherbaldale@aol.com

http://www.herbaldale.com/
mailto:herbaldale@aol.com


    

  ReferencesReferences  



    

ReferencesReferences
Aquilani R, et al, Branched-Chain Amino Acids May Improve Recovery From a Aquilani R, et al, Branched-Chain Amino Acids May Improve Recovery From a 

Vegetative or Minimally Conscious State in Patients With Traumatic Brain Injury:   Vegetative or Minimally Conscious State in Patients With Traumatic Brain Injury:   
A Pilot Study, A Pilot Study, Arch Phys Med RehabilArch Phys Med Rehabil, 89, September 2008, 1642-1647., 89, September 2008, 1642-1647.

Avila M, et al, L-Arginine decreases fluid-percussion injury-induced neuronal Avila M, et al, L-Arginine decreases fluid-percussion injury-induced neuronal 
nitrotyrosine immunoreactivity in rats, nitrotyrosine immunoreactivity in rats, Journal of Cerebral Blood Flow & Journal of Cerebral Blood Flow & 
MetabolismMetabolism, 2008, 28, 1733-1741., 2008, 28, 1733-1741.

Badash M, Brain Nutrients: Food For Thought, Nutrient Review, Badash M, Brain Nutrients: Food For Thought, Nutrient Review, Nutrition Science Nutrition Science 
News,News, 1998 Jan, 1-5. 1998 Jan, 1-5.

Baskaya M. K., Dogan A., Muralikrishna Rao A., Dempsey R. J., Neuroprotective Baskaya M. K., Dogan A., Muralikrishna Rao A., Dempsey R. J., Neuroprotective 
effects of citicoline on brain edema and blood-brain barrier breakdown after effects of citicoline on brain edema and blood-brain barrier breakdown after 
traumatic brain injury, traumatic brain injury, Journal of Neurosurgery, Journal of Neurosurgery, 2000, 92 (3), 519-584, 448-452. 2000, 92 (3), 519-584, 448-452. 

Bastianetto S, Zheng W-H, Quirion R, The Bastianetto S, Zheng W-H, Quirion R, The Ginkgo bilobaGinkgo biloba Extract (EGb 761) Protects  Extract (EGb 761) Protects 
and Rescues Hippocampal Cells Against Nitric Oxide-Induces Toxicity: Involvement and Rescues Hippocampal Cells Against Nitric Oxide-Induces Toxicity: Involvement 
of Its Flavonoid Constituents and Protein Kinase C, of Its Flavonoid Constituents and Protein Kinase C, J NeurochemJ Neurochem, 2000, 74(6), , 2000, 74(6), 
2268-2277.2268-2277.

Brain Injury Resource Foundation, Brain Injury Assn. Georgia, Sept 17, 2008, Brain Injury Resource Foundation, Brain Injury Assn. Georgia, Sept 17, 2008, 
www.birf.info/home/library/nutrition/nutr-acute-treat.htmlwww.birf.info/home/library/nutrition/nutr-acute-treat.html

Brown R, Gerbarg P, Alternative Treatments, Brown R, Gerbarg P, Alternative Treatments, Textbook of Traumatic Brain Injury,Textbook of Traumatic Brain Injury,  
Chapter 8, 679, 680, 682, 684, 687.Chapter 8, 679, 680, 682, 684, 687.

Carlin F, Spice Up Your Brain, Carlin F, Spice Up Your Brain, Psychology TodayPsychology Today, June 2004., June 2004.

http://www.birf.info/home/library/nutrition/nutr-acute-treat.html


    

ReferencesReferences
Chen G, et al, Glutamine decreases intestinal nuclear factor kappaB activity and Chen G, et al, Glutamine decreases intestinal nuclear factor kappaB activity and 

pro-inflammatory cytokine expression after traumatic brain injury in rats, pro-inflammatory cytokine expression after traumatic brain injury in rats, 
Inflamm ResInflamm Res, 2008 Feb, 57(2), 57-64., 2008 Feb, 57(2), 57-64.

Choi J, Koh S, Role of brain inflammation in epileptogenesis, Choi J, Koh S, Role of brain inflammation in epileptogenesis, Yonsei Med JYonsei Med J. . 
2008 Feb 29; 49(1),1-18. 2008 Feb 29; 49(1),1-18. 

Conant, R., Therapeutic Applications of Citicoline for Stroke and Cognitive Conant, R., Therapeutic Applications of Citicoline for Stroke and Cognitive 
Dysfunction in the Elderly: a Review of the Literature, Dysfunction in the Elderly: a Review of the Literature, Alt Med RevAlt Med Rev 2004; 9  2004; 9 
(1), 17-31. (1), 17-31. 

Conte V, et al, Vitamin E reduces amyloidosis and improves cognitive function Conte V, et al, Vitamin E reduces amyloidosis and improves cognitive function 
in Tg2576 mice following repetitive concussive brain injury, in Tg2576 mice following repetitive concussive brain injury, Journal of Journal of 
NeurochemistryNeurochemistry, 2004, 90, 758-764., 2004, 90, 758-764.

DeLegge M, Smoke A, Neurodegeneration and inflammation, DeLegge M, Smoke A, Neurodegeneration and inflammation, Nutr Clin PractNutr Clin Pract  
2008 Feb 23; (1), 35-41. 2008 Feb 23; (1), 35-41. 

Dewitt DS, et al, L-arginine and superoxide dismutase prevent or reverse Dewitt DS, et al, L-arginine and superoxide dismutase prevent or reverse 
cerebral hypoperfusion after fluid-percussive traumatic brain injury, cerebral hypoperfusion after fluid-percussive traumatic brain injury, Journal Journal 
of Neurotraumaof Neurotrauma, 1997 14 (4), 249-280., 1997 14 (4), 249-280.

Diamond B, et al, Ginkgo biloba extract: Mechanisms and clinical indications, Diamond B, et al, Ginkgo biloba extract: Mechanisms and clinical indications, 
Archives of Physical Medicine and RehabilitationArchives of Physical Medicine and Rehabilitation, 2000, 81(5), 668-678., 2000, 81(5), 668-678.



    

ReferencesReferences
Falcao de Arruda I, de Aguilar-Nascimento J, Benefits of early enteral nutrition Falcao de Arruda I, de Aguilar-Nascimento J, Benefits of early enteral nutrition 

with glutamine and probiotics in brain injury patients, with glutamine and probiotics in brain injury patients, Clinical ScienceClinical Science, , 
(2004) 106, 287-292.(2004) 106, 287-292.

Gómez-Pinilla F, Brain foods: the effects of nutrients on brain function, Gómez-Pinilla F, Brain foods: the effects of nutrients on brain function, Nature Nature 
Reviews NeuroscienceReviews Neuroscience, July 2008, 9, 568-578., July 2008, 9, 568-578.

Gorman R, How to Feed Your Mind, Gorman R, How to Feed Your Mind, Eating WellEating Well, Sept/Oct 2008, 87-97. , Sept/Oct 2008, 87-97. 
Guseva M V, et al, Dietary choline supplementation improves behavioral, Guseva M V, et al, Dietary choline supplementation improves behavioral, 

histological, and neurochemical outcomes in a rat model of traumatic brain histological, and neurochemical outcomes in a rat model of traumatic brain 
injury, injury, Journal of NeurotraumaJournal of Neurotrauma, 2008, 25(8), 975-983. , 2008, 25(8), 975-983. 

Hartl R, et al, Effect of early nutrition on deaths due to severe traumatic brain Hartl R, et al, Effect of early nutrition on deaths due to severe traumatic brain 
injury, injury, Journal of NeurosurgeryJournal of Neurosurgery, 109 (July 2008) , 109 (July 2008) 

Hoane M, Akstulewicz S, Toppen J, Treatment with vitamin B3 improves Hoane M, Akstulewicz S, Toppen J, Treatment with vitamin B3 improves 
functional recover and reduces GFAP expression following traumatic brain functional recover and reduces GFAP expression following traumatic brain 
injury in rats, injury in rats, Journal of NeurotraumaJournal of Neurotrauma, (2003) 20 (11), 1189-1199. , (2003) 20 (11), 1189-1199. 

Hunningher A., Smith M., Update on the management of severe head injury in Hunningher A., Smith M., Update on the management of severe head injury in 
adults, (2006) adults, (2006) Care of the Critically IllCare of the Critically Ill, 22 (5), 124-129. , 22 (5), 124-129. 

Jeremitsky E., Omert L.A., Dunham C.M., Wilberger J., Rodriguez A.   The Jeremitsky E., Omert L.A., Dunham C.M., Wilberger J., Rodriguez A.   The 
impact of hyperglycemia on patients with severe brain injury   (2005) impact of hyperglycemia on patients with severe brain injury   (2005) 
Journal of Trauma - Injury, Infection and Critical Care,Journal of Trauma - Injury, Infection and Critical Care, 58 (1), pp. 47-50.  58 (1), pp. 47-50. 

Jiang X, et al, Effect of ginkgo and ginger on the pharmacokinetics and Jiang X, et al, Effect of ginkgo and ginger on the pharmacokinetics and 
pharmacodynamics of warfarin in healthy subjects, British Journal of pharmacodynamics of warfarin in healthy subjects, British Journal of 
Pharmacology, April 2005, 59(4), 425-452.Pharmacology, April 2005, 59(4), 425-452.



    

ReferencesReferences
Jung T-Y, et al, Protective effects of several components of Gastrodia elata on Jung T-Y, et al, Protective effects of several components of Gastrodia elata on 

lipid peroxidation in gerbil brain homogenates, lipid peroxidation in gerbil brain homogenates, Phytotherapy-researchPhytotherapy-research, 2007 , 2007 
Oct, 21(10), 960-964Oct, 21(10), 960-964

Kim D-S, Kim J-Y, Han Y-S, Alzheimer’s disease drug discovery from herbs: Kim D-S, Kim J-Y, Han Y-S, Alzheimer’s disease drug discovery from herbs: 
neuroprotective from beta-amyloid (1-42) insult, neuroprotective from beta-amyloid (1-42) insult, J Altern Complement Med,J Altern Complement Med,  
2007 Apr, 13(3), 333-340.2007 Apr, 13(3), 333-340.

Kuhn, M, Winston, D, Kuhn, M, Winston, D, Herbal Therapy & SupplementsHerbal Therapy & Supplements, 2, 2ndnd Edition (2008), Wolters  Edition (2008), Wolters 
Kluwer/Lippincott Williams & Wilkins, 447-452.Kluwer/Lippincott Williams & Wilkins, 447-452.

Krakau, K, et al Nutritional treatment of patients with severe traumatic brain Krakau, K, et al Nutritional treatment of patients with severe traumatic brain 
injury during the first six months after injury, injury during the first six months after injury, Nutrition Nutrition 23, 2007, 308-317.23, 2007, 308-317.

Levenson C, Zinc Supplementation: neuroprotective or Neurotoxic? Levenson C, Zinc Supplementation: neuroprotective or Neurotoxic? Nutrition Nutrition 
ReviewsReviews, April 2005, 63, (4), 122-125., April 2005, 63, (4), 122-125.

Liu H, Goodman JC, Robertson CS, The effects of L-arginine on cerebral Liu H, Goodman JC, Robertson CS, The effects of L-arginine on cerebral 
hemodynamics after controlled sortical impact injury in the mouse, hemodynamics after controlled sortical impact injury in the mouse, Journal Journal 
NeurotraumaNeurotrauma, 2002 Mar, 19 (3), 327-334. , 2002 Mar, 19 (3), 327-334. 

Ma F.-G., Liu Z.-F., Bao H.-P.   Effect of enteral nutrition support therapy on the Ma F.-G., Liu Z.-F., Bao H.-P.   Effect of enteral nutrition support therapy on the 
prognosis of post-operative patients with severe traumatic brain injury, prognosis of post-operative patients with severe traumatic brain injury, 
Chinese Journal of Contemporary Neurology and Neurosurgery,Chinese Journal of Contemporary Neurology and Neurosurgery, 7 (6), 2007  7 (6), 2007 
536-539.  536-539.  

Marano H, Vitamins: Busy B’s, Marano H, Vitamins: Busy B’s, Psychology Today,Psychology Today, Jan/Feb 2004, 1-2. Jan/Feb 2004, 1-2.
Mishra S., Palanivelu K. The effect of curcumin (turmeric) on Alzheimer's Mishra S., Palanivelu K. The effect of curcumin (turmeric) on Alzheimer's 

disease: An overview (2008) disease: An overview (2008) Annals of Indian Academy of Neurology,Annals of Indian Academy of Neurology, 11 (1),  11 (1), 
13-19.13-19.



    

ReferencesReferences
Mori A, et al, Natural antioxidants may prevent posttraumatic epilepsy: A Mori A, et al, Natural antioxidants may prevent posttraumatic epilepsy: A 

proposal based on experimental animal studies, proposal based on experimental animal studies, Acta Medical OkayamaActa Medical Okayama, 2004 , 2004 
58 (3), 111-11858 (3), 111-118

Ninfali P, et. Al, Antioxidant capacity of vegetables, spices and dressings relevant Ninfali P, et. Al, Antioxidant capacity of vegetables, spices and dressings relevant 
to nutrieion, to nutrieion, British Journal of NutritionBritish Journal of Nutrition,(2005), 93, 257-266.,(2005), 93, 257-266.

Paulose C S, et al, Neuroprotective Role of Bacopa monnieri Extract in Epilepsy Paulose C S, et al, Neuroprotective Role of Bacopa monnieri Extract in Epilepsy 
and Effect of Glucose Supplementation During Hypoxia: Glutamate Receptor and Effect of Glucose Supplementation During Hypoxia: Glutamate Receptor 
Gene Expression, Gene Expression, Neurochemical ResearchNeurochemical Research, Sept 2008, 33(9), 1663-1671., Sept 2008, 33(9), 1663-1671.

Rijssenbeek A.L., et al, Taurine and the relevance of supplementation in humans, Rijssenbeek A.L., et al, Taurine and the relevance of supplementation in humans, 
in health and disease, (2006) in health and disease, (2006) Current Nutrition and Food ScienceCurrent Nutrition and Food Science, 2 (4), 381-, 2 (4), 381-
388.388.

Roodenrys S, et al, Chronic effects of Brahmi (Bacopa monnieri) on human Roodenrys S, et al, Chronic effects of Brahmi (Bacopa monnieri) on human 
memory, memory, NeuropsychopharmacologyNeuropsychopharmacology, 2002 Aug, 27(2), 279-281., 2002 Aug, 27(2), 279-281.

Rothman M, et al, The Neuroendocrine Effects of Traumatic Brain Injury, Rothman M, et al, The Neuroendocrine Effects of Traumatic Brain Injury, J J 
Neuropsychiatry Clin Neuropsychiatry,Neuropsychiatry Clin Neuropsychiatry, Nov 2007, 19, 363-372.  Nov 2007, 19, 363-372. 

Saleem S, et al, Ginkgo biloba extract neuroprotective action is dependent on Saleem S, et al, Ginkgo biloba extract neuroprotective action is dependent on 
heme oxygenase-1 in ischemic reperfusion brain injury, heme oxygenase-1 in ischemic reperfusion brain injury, Stroke,Stroke, 2008. 2008.

Slemmer J.E., Shacka J.J., Sweeney M.I., Weber J.T.   Antioxidants and free Slemmer J.E., Shacka J.J., Sweeney M.I., Weber J.T.   Antioxidants and free 
radical scavengers for the treatment of stroke, traumatic brain injury and radical scavengers for the treatment of stroke, traumatic brain injury and 
aging   (2008) aging   (2008) Current Medicinal ChemistryCurrent Medicinal Chemistry, 15 (4), 404-414., 15 (4), 404-414.

Spiers P, Hochanadel G., Clinical Research Center, Massachusetts Institute of Spiers P, Hochanadel G., Clinical Research Center, Massachusetts Institute of 
Technology, Citicoline for traumatic brain injury: Report of two cases, Technology, Citicoline for traumatic brain injury: Report of two cases, 
including my own, including my own, JINSJINS, 1999, , 1999, 55, 260–264., 260–264.



    

ReferencesReferences
Stough C, et al, The chronic effects of an extract of Stough C, et al, The chronic effects of an extract of Bacopa monnieraBacopa monniera (Brahmi) on  (Brahmi) on 

cognitive function in healthy human subjects, cognitive function in healthy human subjects, Psychopharmacology,Psychopharmacology, 2001, 156,  2001, 156, 
481-484.481-484.

Tang J, Dept. of Physiology & Pharmacology, Research Summary 2008,  Loma Linda Tang J, Dept. of Physiology & Pharmacology, Research Summary 2008,  Loma Linda 
University, on-line.University, on-line.

Usieh C L, et al, Gastrodia elata modulated activator protein 1 via c-Jun N-terminal Usieh C L, et al, Gastrodia elata modulated activator protein 1 via c-Jun N-terminal 
kinase signaling pathway in kainic acid-inducedepilepsy in rats,      kinase signaling pathway in kainic acid-inducedepilepsy in rats,      J J 
EthnopharmacologyEthnopharmacology, 2007 Jan19; 109(2), 241-247., 2007 Jan19; 109(2), 241-247.

Wang Z, et al, Activation of astrocytes by advanced glycation end products: cytokines Wang Z, et al, Activation of astrocytes by advanced glycation end products: cytokines 
induction and nitric oxide release, induction and nitric oxide release, Zhongguo yaoli xuebaoZhongguo yaoli xuebao, 2002, 23 (11), 974-, 2002, 23 (11), 974-
980.980.

Wikipedia, AMPK, Anthocyanins,l-Arginine, Curcumin, Gut Flora, Hippocampus, Wikipedia, AMPK, Anthocyanins,l-Arginine, Curcumin, Gut Flora, Hippocampus, 
Ketogenic Diet, Nitric Oxide, Probiotics, Resveratrol, Sir2a, Vitamin E, online.Ketogenic Diet, Nitric Oxide, Probiotics, Resveratrol, Sir2a, Vitamin E, online.

Winston D, Herbs for Enhanced Cognitive Function, (2005), Class Handout, 1-5Winston D, Herbs for Enhanced Cognitive Function, (2005), Class Handout, 1-5
Winston D, Maimes S, Chapter 9, Winston D, Maimes S, Chapter 9, Adaptogens Herbs for Strength, Stamina, and Stress Adaptogens Herbs for Strength, Stamina, and Stress 

ReliefRelief, 2007, Healing Arts Press, 223., 2007, Healing Arts Press, 223.
Wu A, Molteni, R, Ying Z, Gomez-Pinilla F, A saturated fat diet aggravates the Wu A, Molteni, R, Ying Z, Gomez-Pinilla F, A saturated fat diet aggravates the 

outcome of traumatic brain injury on hippocampal plasticity and cognitive function outcome of traumatic brain injury on hippocampal plasticity and cognitive function 
by reducing brain-derived neurotrophic factor, by reducing brain-derived neurotrophic factor, Neuroscience, Neuroscience, 2003 119, 365-375. 2003 119, 365-375. 

Wu A, Molteni, R, Ying Z, Gomez-Pinilla F, Oxidative stress modulates Sir2a in rat Wu A, Molteni, R, Ying Z, Gomez-Pinilla F, Oxidative stress modulates Sir2a in rat 
hippocampus and cerebral cortex, hippocampus and cerebral cortex, European Journal of NeuroscienceEuropean Journal of Neuroscience, 2006, 23, , 2006, 23, 
2573-2580.2573-2580.


	Feeding the Injured Brain
	Contents
	Intro
	Slide 4
	Slide 5
	Slide 6
	Injury
	Slide 8
	Slide 9
	Injury Secondary injuries/from effects of primary insult and consequences, hours or days after trauma--
	Interventions Optimize Nutrition, Enhance Cognition, Reduce Oxidative Damage, Promote Oxygenation & Perfusion, Reduce Inflammation & Seizure Potential
	Interventions
	Optimize Nutrition
	Optimize Nutrition: Rationale
	Optimize Nutrition: Form
	Optimize Nutrition: Timing
	Optimize Nutrition: Needs
	Slide 18
	Slide 19
	Slide 20
	Optimize Nutrition: Low Carb Pyramid
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Optimize Nutrition: Modified Ketogenic
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Optimize Nutrition: Ideal Blend
	Enhance Cognition
	Slide 37
	Gomez-Pinella, F., Brain Foods: the effects of nutrients on brain function, Nature Reviews Neuroscience 9, 568-578, July 2008.
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Reduce Oxidative Damage
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Reduce Oxidative Damage Anthocyanin Content: mg per 100g food
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Ginkgo Reduce Oxidative Damage
	Slide 65
	Slide 66
	Promote Oxygenation & Perfusion
	Slide 68
	Reduce Inflammation & Seizure Potential
	Slide 70
	Slide 71
	Reduce Inflammation & Seizure Potential
	Slide 73
	Slide 74
	Slide 75
	Summary
	Future Food For Thought
	“The human brain is a wonderful organ. It starts to work as soon as you are born, and doesn’t stop until you get up to deliver a speech.” George Jessel
	References
	References
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85

