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Goals
vLearn how to limit brain damage and 

increase brain repair and reserve
vLearn about supplements to increase 

trophic factors and synaptogenesis
vLearn how to prescribe exercise to 

increase brain derived nerve growth factor
vLearn how to prescribe brain training to 

increase synaptogenesis
vLearn about modalities to increase brain 

reserve(HBOT, FSM)



Head Injury Bio
Certified in Sports Medicine, Internal 
Medicine and Functional Medicine
Developer of the Functional Medicine 
Approach to Traumatic Brain Injury 
originally presented in June of 2017 in LA 
at the the Brain and Neuroplasticity 
Conference 
Extensive experience with Sports and MVA 
related head injury, Orthopedic conditions
Medical Legal expert
Expert in Frequency Specific Microcurrent 



Introduction
Of importance is that a certain amount of the 
brain injury and dysfunction that many patients 
have is due to the pathophysiology of events 
occurring after the first 3-5 days post head injury
These include BBB permeability and microglial 
activation, excitotoxicity, neural inflammation, 
oxidative stress, neuron and synaptic die off etc.
Because most treatment is not directly oriented 
at this pathophysiology people with head injuries 
may lose much more brain reserve and function 
than they should have lost from the original head 
injury!



Targets for Treatment to Limit Brain 
Damage and Increase Brain Reserve
We must orient our head injury treatment to deal 
with the pathophysiology that occurs in order to 
limit the loss of brain tissue and brain reserve
Target interventions to: Limit Neural 
inflammation
Limit excitotoxicity
Limit and stop free radical damage
Repair the Blood Brain Barrier
Increase brain oxygenation
Induce NRF2 gene response
Induce Neural stem cells
Stimulate Synaptogenesis



Introduction
In a Functional Medicine approach to treating 
Traumatic Brain Injury one would address all 
aspects of the pathophysiology of brain injury
In this talk I will mostly limit the discussion to 
how to treat neural inflammation and free radical 
stress, how to evaluate the BBB, increase 
neurotrophic factors and how to increase synaptic 
density
There is a lot of research in the field of Traumatic 
Brain Injury done with rats and mice



TBI Studies
Limitation of TBI studies:
Most studies evaluate acute and 
early stage subacute TBI but do not 
look at treatment for TBI that is 
more than 1.5 months(and most only 
look at 2-4 weeks after Concussion).
Doses used for rats and mice have to 
be divided by from 6-12 to get the 
effective dose in humans
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Target: Brain Oxygenation
Decreased oxygenation is a 
significant problem in the first 4-6 
weeks after the injury in areas in 
which blood vessels have been 
disrupted
Hyperbaric Oxygen at 1.5 ATM can 
be an excellent method of delivering 
oxygen to anoxic or congested areas 
in brain injured areas



HBOT in TBI
Hyperbaric O2 in TBI can:
improve oxygenation
Induce Cerebral angiogenesis and neurogenesis
Improve both white and grey microstructures
Induce significant neurocognitive improvements
This has been demonstrated in a number of 
studies including a study that followed 15 
patients with Diffusion Tensor Imaging MR  as 
well as neurocognitive testing  



HBOT Reference



Improve Blood Flow and 
Oxygen Delivery 

HBOT treatment usually at 1.5 Atm
Usually treatments are done (4-5 days a week) in 
groups of 10 treatments
It can be used for any stage of the head injury even 

chronic or CTE.
In my clinical experience I have seen significant 
improvements in cognitive function

SCRIPT    
DX: Traumatic Brain Injury
RX: HBOT at 1.5 ATM 10 sessions



Supplements to Improve 
Brain Oxygenation

Vinpocetine 15 mg 2 x a day to 
increase brain blood flow, reduces 
brain excitotoxicity, (may also 
decrease infarct volume) 
Ginkgo Biloba 120 mg 2x a day
These supplements are appropriate 
in the acute and subacute phases of 
TBI as well as for CTE



Pathophysiology: 
Brain Inflammation

TBI causes the release of endogenous danger 
signals (extracellular ATP and HMGB) 
These bind to pattern recognition receptors such 
as TLR4 on neurons and glia to activate the 
immune response. 
Activated microglia can shift from an anti 
inflammatory to a proinflammatory form.  These 
proinflammatory microglia proliferate and can 
migrate to injured tissue.
There is an increase in the brain of 
proinflammatory cytokines and ROS.
Chronic microglial activation develops and may 
mediate (CTE) 



Brain Inflammation
Neural inflammation is a significant 
cause of loss of synaptic connections 
as well as loss of neurons after head 
injury
There are numerous inflammatory 
cytokines and activated microglia in 
the brain after brain injury
One can either try to induce the 
NRF2 gene response or directly try to 
inhibit inflammatory cytokines



Inflammation:NRF2
• Nuclear factor-erythroid 2-related factor  (Nrf2), a 

pleiotropic transcription factor, coordinates expression of 
genes required for free radical scavenging, and helps to 
regulate inflammation

• Goal: Activate the NRF2 gene response in the brain to mobilize 
the brains production of endogenous antioxidants and 
endogenous anti-inflammatories

• There are no drugs that up regulate NRF2 but there are a 
number of natural products which can do this including 
Curcumin, DHA(Omega 3s) and green tea

• Aerobic exercise also upregulates NRF2
Rx: DHA Omega 3 500 mg 1  3 x a day
Drink Green tea 2-3 cups a day
Take Curcumin(Longvita form 400 mg 3x a day)



Brain Inflammation
Consider Minocycline(100 mg 2x a 
day)with a proposed mechanism of 
action including inhibition of 
microglial activation reduces IL-1β 
production, lesion volume, and 
functional deficits in TBI models. 



Goal: Decrease Oxidative Damage

Free radical species in the brain can cause 
extensive damage to brain tissue after the injury
Activating NRF2 will decrease Reactive Oxygen 
Species and oxidative damage but in addition:

• Diet rich in Polyphenols (wild blueberries,) Use in 
smoothies, eat berries
Vit. C, Vit. E
Use R Alpha Lipoic Acid to decrease ROS and can 
also inhibit Nf kappa B     R Alpha Lipoic acid 100 
mg(2) 2x a day



Inflammation and ROS: 
Curcumin: Neuronal Effects
Curcumin is probably the best studied 
supplement in regard to its use in brain injury in 
rat models
Curcumin upregulates transcription factor Nrf2, 
and protects rat brains against focal ischemia
In rat studies of brain injury curcumin appears to 
be able to decrease inflammation, ROS and 
induce neuroplasticity
In Alzheimer studies Curcumin appears to 
decrease microglial activation



Curcumin 
Curcumin appears to be quite safe without 
toxicity at normally used doses
Curcumin is an extract from Tumeric and is not 
well absorbed orally
There are 4 forms of Curcumin that are more 
highly absorbed: Meriva Liposomal, BCM 95, 
Longvida and Curcumin with piperine
The Longvida form appears to enable free 
Curcumin to be absorbed thru the BBB and is 
therefore the preferred form in brain injury 
Use Curcumin 400 mg 1 3x a day



Pathophysiology: BBB
The brain has about 10 billion capillaries The 
capillaries in the brain have a highly specialized 
endothelial lining which has tight junctions, basement 
membranes, pericytes and astrocyte projections. 
The Blood Brain Barrier can get damaged in brain 
injury
Antibodies can form to structural membranes in the 
BBB and if formed can lead to microglial activation 
and breakdown of the BBB
This leads to more extensive brain tissue damage after 
head injury



Excitotoxicity from BBB
courtesy of Dr Aristo Vojdani 



Lab: BBB Antibodies
• Labs for S100B antibodies may be used acutely 

or subacutely (within 6-12 weeks) or in the 
chronic stage(greater than 3 months) or in CTE
Test for Astrocytic Protein S-100B and antibodies 
to protein S100B(CPT 86316)  order serum 
S100B
(Done by ARUP Labs NY, Mayo Clinic Labs) or 
Array 20 Cyrex Labs in Arizona

• BBB antibodies should be repeated after 
treatment strategies to heal the BBB have been 
used for at least 12 weeks



Loss of Neuron and 
Synaptic Density

There can be a significant loss of viable 
neurons(and synaptic connections) from shearing 
forces, disruption of blood supply, decreased O2 
delivery, mitochondrial damage, excitotoxicity, 
activated microglial populations,  free radical 
damage, toxic insults and neural inflammation
A clinician should be directing treatment to limit 
loss of neurons as well as to induce neurogenesis
Increasing neurotrophic factors and stimulating 
nerve stem cells is an important treatment target 



Repair

The brain has the capacity to promote cell repair 
through  compensatory mechanisms known as 
neuroplasticity.
After 4-6 weeks in the subacute phase if conditions 
are right the brain through trophic factors (BDNGF 
etc.) may stimulate axonal and dendritic sprouting, 
nerve stem cell differentiation, and enhance functional 
synaptogenesis
Important in the late subacute phase and chronic 
phase to enhance this process with physical and 
mental exercise and supplements



Neural Brain Repair
These strategies promote 
neuroplasticity and neuronal structure 
repair 
Protect or improve mitochondria
Increase trophic factors like BDNF
Increase synaptogenesis



Mitochondrial Damage
Mitochondrial damage occurs in the acute 
and subacute and chronic stages of head 
injury
Mitochondria are responsible for ATP 
production and damage to mitochondria 
can lead to the death of the cell
Damage to cells can release mitochondrial 
contents that can increase free radical 
damage and inflammation



Goal: Support Mitochondria in 
the Brain

• Provide B vitamins in a B Complex with activated 
forms of B vitamins

• Use COQ10 200-400 mg per day to support 
mitochondrial function

• Depletion of mitochondrial and consequently 
cellular NAD(H) levels may lead to bioenergetic 
failure and cell death 

• Use Nicotinamide Riboside (NAD+) in doses of 
250 mg 2x a day to support brain Mitochondria

• Haar CV, Peterson TC, Martens KM, Hoane MR 
(2013) The Use of Nicotinamide as a Treatment 
for Experimental Traumatic Brain Injury and 
Stroke: A Review and Evaluation. Clin Pharmacol
Biopharm S1:005.



Trophic Factors, Neurogenesis 
and Synaptogenesis

Important especially after 6 6weeks 
form the head injury and in the 
chronic stages to:
Increase trophic factors like BDNF
Induce Neurogenesis
Induce Synaptogenesis 



Trophic Factors
Certain brain growth factors may 
increase to respond to brain injury:
Neurotrophin
Nerve growth factor 
Basic fibroblast growth factor, 
Brain-derived neurotrophic factor 
(BDNF)(this is the easiest to 
modulate and most studied)
IGF-1 



Repair: Growth Factors
Nerve growth factors are not increased 
enough in most patients to promote 
enough blood vessel, neuron and 
synaptic development
Goal: Increase Nerve growth factors like 
BDNF especially after 6 weeks post 
injury to improve neurogenesis and 
synaptogenesis 



Exercise
Brain Derived Nerve Neurotropic (growth)factor 
increases synaptic plasticity and increases 
synaptic connections
Exercise increases the expression of brain-
derived neurotrophic factor (BDNF) in rodents 
and in healthy humans
Am J Physiol Regul Integr Comp Physiol. 2010 
Feb;298(2):R372-7. doi: 
10.1152/ajpregu.00525.2009. Epub 2009 Nov 
18.
Endurance training enhances BDNF release 
from the human brain



Exercise: Benefits for TBI
Activation of NRF2 for antioxidant 
and antiinflammatory benefit
Increase in BDNF to increase 
neuroplasticity and synaptic 
connections 
Improves sleep
Decreases stress and anxiety



Increase BDNF: Exercise
Aerobic heart zone(70-80% max HR) training for 
30-40 minutes is the best stimulus
Resistance training is important for building muscle 
but not for BDNF
HIIT is not as effective as heart zone training in the 
70-80% max heart rate zone
Have patients monitor their heart rate 
Have them do walking when they are able and start 
with 15 minutes
Progress to 10 minutes of heart zone training



Increase BDNF
Gradually increase the duration of exercise
Advise them there should be no 
pain(especially headaches) and no SOB 
with exercise
Progress them to heart zone exercise(70-
80% max heart rate) 5-7 days per week 
for 30-40 minutes



Reference
Nokia, M. S., Lensu, S., Ahtiainen, J. 
P., Johansson, P. P., Koch, L. G., 
Britton, S. L. and Kainulainen, H. 
(2016), Physical exercise increases 
adult hippocampal neurogenesis in 
male rats provided it is aerobic and 
sustained. J Physiol, 594: 1855–
1873. doi:10.1113/JP271552



Neurogenesis
Adult CNS can generate new neurons 
in certain brain regions called 
neurogenic niches. 
The hippocampal subgranular zone 
and the forebrain sub ventricular 
zone (SVZ) are the major neurogenic 
niches 
Brain injury is known to stimulate 
neurogenesis in both these regions, 
purportedly to replace lost neurons



Nerve Stem Cells
Ability to stimulate neural stem cells 
and synaptogenesis especially in the 
hippocampus 
Low dose Lithium 20 mg
Melatonin 1.5 mg
Vitamin D 5000 IU or amount to get 
to 50-70 
EGCG Green tea extract 
Exercise



Lithium, BDNF, NGF
Brain derived nerve growth factor release and 
receptor activation can be increased by Lithium.
Lithium has been shown to increase NGF in the 
rat hippocampus, amygdala, and limbic forebrain 
as well as the frontal cortex.
Low dose Lithium(10-20 mg) causes the release 
of neurotrophic factors such as BDNF and NGF 
that induce neurons to repair themselves
Lithium may induce nerve stem cells and 
neurogenesis of Hippocampal neurons
Lithium may promote VEGF expression which 
stimulates angiogenesis in the brain and acts as a 
neurotrophic factor.



Lithium: Research



Taurine: Neurogenesis
• Taurine(a conditionally essential AA) can be made in 

the brain from Cysteine but may be in short supply 
if there is inadequate cysteine or after a TBI

• In the brain Taurine has many functions: protection 
of cells against osmolar changes

• Neurotrophic effect
• Improvement of microvascular cerebral blood flow

Activate neuronal stem cells 
• Trigger new brain cells to grow in the Hippocampus
• Taurine may enhance neurite(axon or dendrite) 

growth which can enhance neuron communication
• Taurine can protect against excitotoxicity 



Neural Repair: Taurine

Use Taurine at any stage after a brain 
injury
Use Taurine in doses of 1000 mg 2x a 
day



Treatment: Cognitive
Treatment outlined to stimulate nerve stem 
cells, BDNF and to increase synaptogenesis 
is going to improve cognitive function on a 
structural level
Brain Cross training is what is required to 
increase synaptic connections and long term 
potentiation 
Use of multiple methods of active learning 
that are multisensory and require active 
problem solving and learning



Daily Brain Training
Online: Brainhq online personalized brain training
Books:399 and 417 More Games by Nancy Linde
Games: Crossword puzzles, Scrabble
SIMON color flashing memory game
Balance exercises
Ping pong, dance lessons
Consider a Speech Therapist or other cognitive 
therapist to oversee these activities    At a 
minimum have a parent or SO oversee these



TBI: Forces and Brain Areas
Front impact and rear impact MVA are more likely 
to cause anterior temporal lobe, frontal lobe and 
possibly occipital lobe injury
Side impact injury like T bone MVA may cause 
more extensive Temporal lobe, Parietal lobe and 
mid brain injury 
If one knows the brain areas damaged from 
either   the mechanism, imaging and or cognitive 
testing one may be able to target certain 
treatments like neurofeedback, cognitive therapy, 
brain training and Frequency Specific 
Microcurrent.



FSM Frequency Specific 
Microcurrent

Consider referral for Frequency Specific Microcurrent to 
treat both the pathophysiology, the stage of injury and 
the injured brain areas
It can be used with brain training simultaneously or by 
itself
There is a textbook and there is extensive training
Little to no side effects
10 plus published studies but none yet on Concussion     
Studies have shown it increases ATP and decreases 
inflammatory cytokines
It can be a very useful adjunct to any other type of 
treatment and is useful at any time after the 
concussion 



Frequency Specific Microcurrent



RX: Limit Excitotoxicity and 
Neuronal Death

Consider blocking NMDAR early after TBI with:
Magnesium Threonate may be able to pass into 
the brain better than other forms of magnesium   
use 144 mg 2x a day
Use Riboflavin 75-200 mg/day
Note additive effects have been shown in studies 
when B2 and Magnesium were used together
Consider short term(within 2 months of 
concussion) use of Memantine (Namenda) It was 
discovered to block extrasynaptic NMDARs while 
sparing synaptic NMDAR function 
Limit all free Calcium in supplements
Heal the blood brain barrier 



Food and the Brain: 
Pathophysiology

There may be cross reactivity between an 
environmental trigger and  a neurological tissue 
which can damage brain tissues that are trying to 
repair or that have not even been damaged
These triggers can be bacterial LPS, Metals, 
chemicals or cross reacting foods
This can set off an autoimmune reaction of a TH1 
or TH17 immune cell 
Microglial cells are 15% of brain glial cells and 
are normally resting.   They can also secrete 
trophic growth factors to help repair injured 
tissue but can become activated and start 
inflammatory reactions



TBI Diet: Cross Reactivity
Gliadin from gluten can cross react with 
Asialoganglioside, Myelin basic protein, Synapsin 
and Cerebellar tissue
Milk Butyrophilin with cerebellar tissue
Dairy casein with synuclein and oligodendrocyte
If there is a leaky BBB and the patient eats 
gluten containing grains or milk products there 
can be neurological damage and patients should 
be on a gluten and dairy free diet



Diet 
Organic fruits, veggies
Gluten and diary free
Free range grass fed meat, poultry
Pasture raised eggs
Provide Choline for Acetylcholine as well as for 
Phosphatidyl Choline in cell membranes
Choline containing foods to supply a minimum of 
500 mg a day and more like 3000 mg/day(eggs, 
Chicken, turkey, collard greens, Brussels sprouts, 
broccoli, Swiss chard, cauliflower, and asparagus)
http://www.whfoods.com/genpage.php?tname=n
utrient&dbid=50#function)

http://www.whfoods.com/genpage.php?tname=nutrient&dbid=50


TBI Food Plan
Protein at every meal or snack
Avoid browned proteins, eggs and meats 
to limit AGES and oxidative stress. AGES 
may breakdown the BBB
Avoid/minimize foods with 
Acrylamide(heat generated neurotoxin) as 
it is a neurotoxin (potato chips, coffee, 
browned starches)
Use foods high in flavonoids(blueberries, 
onions, apples, strawberries etc)


