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The Functional And Nutritional Medicine
Approach To Brain Injury — A Focus On
Restoring Endocrine And Metabolic Function

* Medical Director — Advanced Orthomolecular Research

Paul Hrkal B.Kin ND * Scientific advisory board — Complete Concussion Management
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Overview

* Overview of metabolic, endocrine and neurological changes

— from the perspective of potential therapeutic targets

* Potential Pharmaceutical Interventions

* Nutrition to support neuro — recovery

CLINICAL PATHOPHYSIOLOGY

* Potential Natural Interventions - to support neuro
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Mg competes Acute mTBI
w/ Ca** for — 80-90% resolve in 10-14 days
access to,
NADA ¢ Secondary effects of acute mTBI
— ionic flux
— disruption of cellular function
— free radical damage
— Activation of microglia =
inflammation
— Derangement of blood flow
2 phases to ‘ * Excess SNS and ANS dysfunction
mTBI - ~ Leaky blood-brain barrier
Excitatory &

i Responsible
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Gut —Brain Connection

—

Sustained
Neuroinflammation

Gut lining resembles the BBB in many respects
— % 75% similarity in structural composition

Immune system — cross reaction of Gut lining and BBB proteins
— “Autoimmune reaction”

Starts 3hrs after
T8I, peaks 72hrs, ; ;
peaks 72 * Neuro trauma induces a more permeable BBB and GI barrier
lasted 7 days
* Leaky gut causes leaky brain!
— Common sx include: depression, anxiety, brain fog etc etc.
Sundman, M. H. Chen, N.-K, Subbian, V. & Chou, Y-H. The bidirectional gut-brain-microbiota axis 3s a e B D, T O o 1 e mierobiomes ks relaor of s
potential ic brain injury, infl ti d disease. Brain Behav. Immun. 66, 31— «fnum/m.zms«v :
i) =H
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Autoimmune-TBI Connection

trauma. Concussion. 2018 Jan 31:3(1:CNCS?.
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Dysautonomia: High SNS and Low PNS Tone

“Fightor flight”

Chronic high SNS one
~
~
~
~
SNS N PNS
~
N
~
~
~
N
Vagal tone suppeesion
“Rest and Digest”
Purkayasth, St al. "
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Cortisol receptors

are highly
expressed on BBB Hyperpermeability - “Leaky
microglia y . Brain”
he: ol
i
Endocrine e
Disruption

“Dysautonomia” (kha

Intestinal Hyperpermeability -
“Leaky Gut” - post TBI

Kelly et al. Breaking down the barriers: the gut
microbiorme, intestinl permeabiity and stress-related
psychiatric disorders. Front Cel Neurosci. 2015 Oct
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POST CONCUSSION SYNDROME
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Post Concussion Syndrome (PCS)

* Headaches, dizzincss, fatiguc, cognitive impairment and neuropsychiatric symptoms, such as
irritability and reduced tolerance to stress
>30% of all concussions will go on to have long-standing symptoms (30 days+)
— 33% (pediatrics)

+ Cause: officially “unknown” BUT here is what we DO know “Post
— Soft tissue damage of neck
~ Autonomic dysfunction Inflammatory
— Metabolic, endocrine and blood flow dysfunction . 35
~ Biopsychosocial fictors Brain Syndrome”?
Rabone et 2013

— lower pre-injury cognitive reserve
— Persistent inflammation
+ clevated CRP (3 months) linked to greater depression, faigue and cognitive impairment

Cons rana et . a
10,1010/, 3017 06035 s 017 A 30

ciminary ti, G S, Immun. 38 (0141
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Tropic effects only:
FSH

LH

TSH

ACTH

Nontropic effects only:
Prolactin

MSH

Nontropic and tropic effects:
GH

i 1
ot ol = Portal vessels

Accurate testing
Bio identical hormones
Low doses

p

HORMONE  FSHand LH

TARGET Testes or
ovaries.
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Hormone — TBI connection

Hypopituitarism post TBI - assessment and treatment pioncered by Dr Mark Gordon MD

50-76% of mod-severe TBI patients have loss of pituitary function right after injury
— 58% of patients recover their normal pituitary function
~ 52% develop new pituitary hormone deficienci

in one year

after one year

2017 study: 16% of their mTBI patients developed new pituitary dysfunction over the 6-12
months after injury

— Most frequently cited dysfunction is growth hormone deficiency

~ Other data suggests as high as 37.5% in mTBI

Hypopituitarism affects healing of brainl!

* Aghs A, Philips |, O'Kelly P, Tormey W, Thompson CJ. v
trament. Am | Med. 2008 Deci115(12)1416,
« L. P Type 1:A Possblc Lue
J Neurotcauma. 2017 Sep 20. [Epub b of prini]
+ Sce refeeence it for more

il Teasmatic Bein ojury
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Summary of Key Underlying Metabolic Factors

* Excitotoxicity and ionic imbalance

* ATP/Energy deficiency

* Neuroinflammation — Acute = Chronic o
. Gut-Brain Axis

* Dysautonomnia

* Derangement of blood flow

* Leaky blood-brain barrier

* Endocrine imbalances

AL 02019, Dr Pl ikl - All ights resrved
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“It is much more important to
know what sort of person has
a disease, than what sort of
disease a person has”

Sir William Osler
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»Anita” — 35 y/o female — Aug 2017

* Went to hospital after severe headache

— CT scan “all clear”, sent home

Using Advil to manage headache PRN

2019, Dr Pasl ikl - Al ights
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»Anita” — 35 y/o female — Aug 2017

* July 4™ - Impact to occipital area, no symptoms — 4 days later hit
her head on same area triggered severe headache (“10/107) for 10
days

¢ Trouble initiating sleep

* Screen time, acupuncture agg,, nature and quiet amel.

* O: TBI score: 29, Neuro and visual screener WNL

* ROS: low TSH, eczema

=H
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Current Conventional Treatments For
Concussions and PCS
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Pharmacotherapy For Concussions

+  Pharmacological interventions:
*  Berlin Consensus: “Currently, there is lipited evidence to support the use of pharmacotherapy”

+ Currently, no neuroprotective treatment options exist that improve neurological outcomes after
concussion

+ Pharma interventions centred on symptom management

* Berlin Consensus:

“concussed athletes should not only be free from concussion-related
should not be taking any C agent: i that may mask

+ Blaylock Riand Maroon |.
‘within the centealnervous system. Surg Nearol It 20123 19,

+ MeConcghy K Hatton J, Hughes L Cook AM A revies of
Jnjury: CNS Drug. 2012 Jal 126(7)613-36.
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Pharmacotherapy For Neuroprotection

Intervention Rationale Outcome

Caleium channel blockers Reduce vasospasm in aneurysmal No benefits found*
subarachnoid hemorrhage
Steroids Reduce ed tisk of death or severe disability was
higherin the steroid group
NMDA-recept i Red glummate  No benefits found, trials stopped due

to lack of efficacy

Oxygen free-radical scavengers Antiosidant (synthetic) No follow up trials due to lack of

efficacy

Immune system modulation Suppress the immune system right No benefit (and no negative effects),

(eyclosporin, fingolimod) after TBI some promise - ongoing trials

Statins Ani-i .reductionon INOS  Tmp in cognition after 3
weeks - ongoing trials

Hypothermia decreasing cercbral edema and swelling  ineffective in large clinical trials,

limitations due to sys effects

Chakrabortyet al. Neuroprotection Trials in Traumatic Brain Injury. Curr Neurol Neurosci
Rep. 2016 Apr;16(4):29
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Pharmacotherapy For Symptoms of TBI
* No evidence supporting mild TBI treatment

* Poor or no evidence for interventions targeting symptoms of all types of TBI
— Depression — sertraline 59% of the treatment-arm had improvements in their
depression score but not statistically sig. difference
— Amantadine — irritability — 1 positive, 1 negative study
* Unknown MOA but reduces excitotoxicity
— Donepezil — improved short term memory
* But may inhibit hippocampal neurogenesis
— Methylphenidate - improvement in cognitive complaints and PTSD

* Caution due to addiction, aggression psychosis....

Bhatnagar et al. Pharmacotherapy in rehabilitation of post-acute traumatic beain injury. Brain Res. 2016 Jun 1:1640(Pr A)164-
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Statins and mTBI

Atorvastatin for 7 days post-injury

28 patients received atorvastatin and 24 received placebo

Rivermead Post-Concussion Symptoms Questionnaire at 3
months

Atorvastatin administration for 7 days post-injury was safe, but
there were no significant differences in neurological recovery
post-mTBI with atorvastatin

Robertson et . Phase Il linicl Tl of Acorvasttinin Mild Traumatc Brsin Injury ) Neurotrssma. 2017 Feb 27, PAID: 28006970

=H
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- e % e Most common side effects: Dizziness, blurred vision, iritability, poor concentration and memory,
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Maroon et al.Phys Sportsmed. 2012 Nov;40(4):73.87.
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Conventional Options for Inflammation PROs and CONs to Pharma Approach

Inflammation = NSAIDs, COX, inhibitors PROs CONs
~ Acute mTBI - It + hen) reduced headaches and sped return to Usually faster acting Single target MOA
school eweti 2017)
— Chronic Ibuprofen may worsen cognition post TBI ... ) May help reduce symptoms Doesn't address underlying
+ New “nano” delivery, fat soluble systems of ibuprofen promising acute application pathophysiology
— Targeted anti-inflam’s may be better
* ie TNF-ainhibitors

Side effects

— Long term side effects

> Nutrient depletions
* Gastric side effects

— ie Benzos - Melatonin
« Inhibits formation of healing cytokine cascade - cartilage

Unproven cfficacy

+ Putceson 78, Holahan MR Front Cell Neurosei 2012 Dec 126658
+ Browne, K. D, Pust, M., and Smith, . H. (2006). i s Exp. Newsol
201, 301307,
« Pettlctal. Preite Chid Heslth, 2017 Mar22(12-6. T wse of —
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RE-THINKING TBI/PCS:
THE FUNCTIONAL MEDICINE
APPROACH

?

20N

<0
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My Approach...

* Understanding and addressing underlying metabolic dysfunction
— Step by step

An integrative, evidence informed approach f |
— Diet and lifestyle lﬁ @
| Ao

— Multi faceted treatment plan

* Botanicals, endocrine support, nutrients, IV therapy etc.

Al ights reserved
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»Anita” — 35 y/o female — Aug 2017

* 2°dimpact after 4 days

* Visited family MD after hospital
—Told to rest and avoid screens

— No active care or manual therapy recommended

Acute and Sub Acute Management

Have they been assessed by qualified MD, physio or DC?
— Neuro, neck, vestibular, vision

Use a sx tracking questionnaire as baseline

Consider acute pathophysiology
— Goal reduce excitotoxicity and balance inflammation

Diet: Brain recovery diet — SIMPLE, clean, easy to follow

Foundational nutrients — consider functional pathophys.

Botanical antioxidants - titrate up until sx resolve

TV therapy — rapid repletion and delivery of nutrients

2019, Dr Pal Hrkl - Al i




8/20/2019

»Anita” — 35 y/o female — Aug 2017 The Foundations For a Brain Recovery Diet

* Tx: Paleo diet for 2 weeks, no gluten

No diet studied for treatment of mTBI in humans...yet
— Patient disclosed she “doesn’t feel good after gluten”

But related evidence suggests benefits
° \Why pﬂlCO? — Prevention — Brain Resilience

— Easy adherence in acute cases — Therapeutic — reduce inflammation, increase antioxidant and
energy (mitochondrial) systems

Consider “metabolic state of patient”
— PLUS extra inflammatory and oxidative damage in TBI

L 102010 D Paul ikl - All rights rserved © 2019, De Pl ikl - All sights resrved

Can Diet Prevent Effects of TBI? Can Diet Prevent Effects of TBI?

ﬁ‘ . .

8, uCR 0SD sHFD

2015 study - Alberta children’s hospital

Study goal: Could high fat diet (HFD) or Calorie restricted (CR) 7

alter susceptibility or resiliency to poor outcomes following an

mTBI in animals

Findings

— CR diet appeared to create resiliency to the injury

— HFD decreased in all measures compare to STD and CR

— HFD demonstrated greater susceptibility to poor outcomes after the
mTBI

— CR group had higher BDNF, SIRT1 and other neuroprotective genes
compatre to

.

Average Number

sham sham

Mychasiok et ol Frant. Belar: Nearsac, 9:17. 2015

— CRincreased telomere length, HFD decreased brain levels

=18

Mychasiob ct al. Front. Bebar. Neuroic, 9:17. 2015
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Impact of nutrition on inflammation, @
tauopathy, and behavioral outcomes from

chronic traumatic encephalopathy 5 groups of mice (13 per group):
Control

Repeated mTBI (rmTBI)

. emTBI with diet 1 (fruits & veggic)
rmTBI with diet 2 (fruits)

rmTBI with diet 3 (veggic)

3V, oy T Sess Tee . Whhar ey Septen Py e Mok 5 iy 4@

EEE T

Those in the diet groups started the diet
2 months before the injuries occurrey
and then kept it going for the duration
of the study.

Mice were given 4 concussions in 7 day
period and were then tested in a variety
of ways until they were cuthanized and
processed o look for inflammation and
signs of CTE at 6 months

©2019. De Pal Hkal - All ights resersed

Impact of nutrition on inflammation, tauopathy, and behavioral
outcomes from chronic traumatic encephalopathy
* Results:

— Inflammatory cytokines: TNF-a, Interleukin-1B, and TGF-B were all elevated
in rmTBI vs. controls at 6 months. rmTBI resulted in “CTE-like” effects
clevated cytokine levels that were still increased 6 months later

* The diets significantly reduced or attenuated all of these markers
~ Reduced TNF-a by 67% A
— IL-1B was reduced by 85% i
— TGE-B was reduced by 80% i

sy

L T

i -
i} il FE
H Yuetal, 2018 '/ ‘,///.
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Impact of nutrition on inflammation, tauopathy, and behavioral
outcomes from chronic traumatic encephalopathy
* Results:

— Tau — control mice showed very little phosphorylated tau (p-tau),
whereas rmTBI mice showed at dramatic increase, however with the
diets, there was a significant reduction in p-tau pathology

Aot T

Yuetal, 2018

2019, Dr P Hiskal - All ights resceved

Impact of nutrition on inflammation, tauopathy, and behavioral
outcomes from chronic traumatic encephalopathy

Results:

— Repetitive mild traumatic brain injury (rmTBI) results in increased risk-
taking and depression-like behaviors at 2 weeks, 1 month, and 6 months
— the animals treated with the diets had returned to control levels by 2
weeks and remained so up to 6 months.

— Sleep — also significantly impacted by rmTBI, but attenuated by the diet

Conclusion

Here, we show that treatment of mice with diets enriched
in fruits and vegetables (phytochemicals) can aler the
pathogenesis of CTE. Although treatment was started
prior to the CTE, the indications are that the presence of

Yuet al., 2018 that diets enriched in phytochemicals and other entities

H will help to limit the extent of injury following TBls and

209 Dr P ekl 1L Teduce the poatential progression to CTE in individuals.
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Human Evidence — Neuroprotective Diets

Gouscous, barley. wheat

el et

R Mediterranean Diet
— Excellent evidence as
preventative for Alzheimer’s Dz
+ Reduces inflammatory markers,
cardio preventive, boosts BDNF
levels

e cffectof
i fucor (BDNF) level: he PRE
il Note Neurosel 2011 Sepi

warsorre MIND DIET?

S5 B 111117 THREE SERVINGS

AT LEAST ONE DARK
sk o | 9@ Hik
OTHER VEGETAEL ul
EACH DAY L AWEEK
[11] "

S| POULTRY AT LEAST Do
s | WCAVE | s A
AT LEAST EVERY . 1 purl bt
OTHER BAY K /—W“}‘Um
1t

AFIVE-OUNCE G
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MIND Diet

Caloric restriction in Humans

MIND diet - “Mediterrancan-DASH Intervention for Neurodegenerative Delay”
= Rush University
— N:923, 4.5 years
— 53% reduction of Alzheimer’s discase risk
— Even moderate adherence had some benefit (35% RR)
3 servings of whole grains
A salad plus one other vegetable
A glass of wine daily
Nuts as a snack daily
Blueberries or strawberries
Chicken or fish
Beans (every other day)

Avoiding foods like butter and cheese, red meat, pastries, sweets and fried or
processed foods.

Morrisetal 714,

D Pl ekl - Al righs

30% reduction in

- calories
Memory enhancing Caloric
£f is “well g + ##% Restriction
effect is “well- ? -
established” in human 5§ ™ Vs
. . o
and animal studies ;uo
. ne. Unsaturated FA
(aging) g 100
E ne. .
= g =B
Human Study (50) t
80 + d

* Improved memory Baseline After intervention

(verbal) after 3 months =4 Caloric restriction - 4 - UFA enhancement —&— Control

clner R, Kncch', Focl ldery humans. Proc Nad Acad S U S A. 2009 Jan

* Wie AV, Fobk
1 2019, Dr Pal Hrkl - Al ights re@?08(3)1
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Why Is Caloric Restriction / KD Effective?
1. Improved insulin signalling = neuroprotective wu.. s

2. Increases neurotrophic factors com v s

BDNF and IGF-1 promote nerve growth and repair

3. Ketones improve Mitochondrial function sz
— More cellular energy

4. Reduces Inflammation

« Witte AV, Fobker M, Gellner , Knecht s, ioel A. Cal in eldely humans i
27,106(4):1255-60.

. M&Mattson, . and ketone bodies. Brain Res. Rew
59,293-315(2009).
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Food Induced Inflammation

* Refined Sugars, Carbs and Fats (saturated)

— Promotes inflammation, oxidative stress and insulin resistance

— Meats rich in saturated fat and arachidonic acid — pork, beef, cow’s
milk, lamb, liver

— Egg/sausage Muffin sandwich and hash browns increase
inflammation

* NF-@ increased by 150% for 2 hours

+ Aljada etal. Increase in intranuclear nuclear factor kappal and
decrease n inhibitor kappaB in mononuclear cells after a mixed meal
evidence for a proinflammatory effect. Am J Clin Nutz. 2004
AprTIM)E82.90

PALL HAKAL © 2019, Dr Pal Hrkal - All ights resrved
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Ketogenic diet / Ketones

Pre and post injury animal studies show improved structural and
functional outcomes
— Increase endogenous antioxidants and decreases ROS, some functional benefits
— Ketones preferred fuel source of brain after TBI

* Lactate is also being studied

Human clinical data comes from epilepsy studies, nothing on TBI
— Limitations
+ Adherence is poor

* Side effects: hypoglycemia, excessive acidosis, gastroesophageal reflux, nephrolithiasis,
and hypercholesterolemia

— Ketone esters are expensive and numerous sides effects
* nausea, abdominal distention, headache, diarrhea, and dizziness

Prine ML, Matsumoro J 3 Jourval o Liid Resant, 201455(12:24502457.
ok 10,1194/ {6706,

1 2019, D Pal Hekal - Al ights reserved

Oligoantigenic / Hypoallergenic Diet

Gluten sensitivity: from gut to brain.
Hashromathou 8, Sandecs DS, Griomakd 18, Wossroale M. Bescoka 5, AmscHmam D

Auto-antibodies produced after TBI

Food allergens promote immune activation AKA
“inflammation”

— In the gut AND in distant tissue

Cross-reactivity

— Celiac and gluten sensitivity liked to arthritis, depression, ADHD,
autism etc.

— Gluten free improves joint pain, migraines, depression

RHAL © 2019, Dr P Hirkal - All ights reserved
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Gut — Inflammation Connection

-
7 Metabolic j

endotoxemia

Increased
Gut permeability

Cani etal. gat mi ‘ with
J-' obesity. Gut Microbes. 2012 Jul-Aug;3(4):279-88. Epub 2012 May 14,
PAUL HEKAL ©2019.Dr Pasl Hekal - All ighs reserved

No allergenic

inflammatory

Low
Carbohydrate
No Refined

Local, pasture
raised,
organic meats

o 3 and Brain High
mega 3 an Higl
Healthy fats - RethiJ::ry antfl:::;isant

AL 2019, Dr Pasl Hrkal - Al ights rserved

§ Gluten o
*‘ Mh}’ (70% (?*/%G

Mucosal
Membrane

Blood
Stream

Nutrient 5 5 Food Blood-Brain Systematic
Barrier Breech Inflammation

8/20/2019

Brain Super Foods

AL 02019, Dr Pl ikl - All ights resrved
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Foods That Block Inflammation

Markers of inflammation (IL-6,
NF-kB ) increased and blood flow
decreased after 2-4 hours

uzetal

When % avocado was consumed
at the same time inflammation
did NOT increase and blood flow
was preserved

clunteers.Faod Funct 2013 Feb 264(3)384.91.

FALL WAKAL © 2019, Dr Pl Hrkal - All ights reserved

POTENTIAL NATURAL
INTERVENTIONS

PABL HAKAL © 2019, Dr Pal Hrkal - All ights reserved

Dietary Antioxidants

Agai berry pulp

Apple juice

Concord grape juice

Blueberries, flavonoids

Resveratrol (wine)

KL 2019, Dr Paul ekl - Al ights rserved

Neuro-protective,
anti-inflammatory

Decreases oxidative damage and
improves mental performance

Increases verbal performance

Antioxidant, anti-inflammatory,
improves blood flow etc.
Inhibition of activated microglia,
vascular health, anti-inflam.

Nutritional Supplements for the Treatment
and Prevention of e

by couiing in 3 rapid sccerten
aed et o the exvaren 581

Be dese of exciatory amino sl
{EAR)She ghaumite, which fa wn

e

rcepun, ind fors 4 peee throngh
et o

g e o cliun e he i

e
it of tcive ouRen species
ROR) (111, The nopene éne of

L el A
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Trojlan TH, Wang DH, Leddy 11
Nutrtional Supplements for
the Treatment and Prevention of Spo

L 02019, Dr Pl Hikal

i seocioteey
e ae ke ecy or

Evidence St Lacking. Curr Sports
Med Rep. 2017 Jul/Aug;16(a):247-
255
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Countering Immunocexcitotoxicity

Fish Oils - Omega 3 FA’s

[ Anti-inflammatory ] ler\ﬂmP’lG] I Immune ] [ SIRT1 J

* Brain is 60% fat

Block.
cox1:3
* DHA - (25-30% of
g [ ropirn Minicycline NIU fat content)
£ lbuprofen Frogesterone ics *# f
g P . L * *EPA — functional
H ﬁ:hmlb Eﬂm ‘Pleiotropic” = Multi-action _ Influence fluidity
prosyn Proge: y
(structure), cell signaling.
R Finsn O Probiotics — Anti-inflammatory and
£ Rosverabol Resverairol vitamin 0, Resverairol PRO-resolving
Quercetin Viramin D, Curcumin B-Glucan Quarcstin A 8
byl Curcumin Curcuin — BDNF = nerve growth
Green tea Green tea Green tea
s D Ko G, esinger RS, i ). Toe e of
ey T50, FE0, S . )G o 081 o :
Exercise Exercise R C NEUROTRANS

MISSION

Mazoon etal. Phys Sportsmed. 2012 Nov:40(4):73-87. 12019, D PaulHekal - Allights reserved

Omega 3 — TBI Studies

* Animal models
— improves cognitive function
— reduces neuronal edema
— stabilizes cellular energy homeostasis
— increases dendrite growth

— deficient levels impair recovery

+ Mills JD, Bailes JE, Sedney CL, Hutchins H, Sears B. Omega-3 fatty acid d reduction of arodent
head injury model. I Neurosurg. 2011 Jan; 114(1):77-84.

+ WuA, Ying Z, Gomez Pin
injury I Nevroteauma. 2007 Oc; 24(10)1587-95

Serhan N, Petasis NA. Resolins and protectinsn infammation reslurion, Chem Rex 2011 Oct 12:11(10:3922-43,
Harrson et . Resolvins XT-D1 and EI brain
injuey n the mouse. Bein Behay Immus. 2015 Jul47:131 4.

HRKA L © 2019, Dr Pal Hekal - All sights resrved
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The Omega-3 index in NCAA-D1 collegiate
football Athletes

Red blood cell content of Omega-
collegiate football player.
The Omega-3 index is separated into 3 categories
— 0 - <4% - high risk (undesirable)

— 4% - 8% - intermediate risk

— >8% - low risk (desirable)

Results

s as measured by Omega-3 index in

* The mean Omega-3 index among all athletes was 4.4% - this means EPA and
DHA accounted for less than 5% of all fatty acids present in red blood cells

* 34% of athletes had Omega 3 index of >4% (high tisk) with 66% of
remaining athletes in intermediate risk category. ONLY 1 athlete had an
Omega-3 index of 8.

Anaalone, A etal. The Omega-3

JAthI Trin 54, 7-11 (2019).

AKA L 2019, De sl ksl - All ights resrved

Omega 3 and TBI - Summary

Helpful as preventive supplement, high doses possibly helpful after injury

Aim for balance omega 6:3 ratio in diet

— Food based sources better than supplements
Diet: wild fish, pasture fed beef, wild game
— Precursor: Flaxseed, chia

Poor quality/cheap products
— PCBs and heavy metals high in fish
~ Oxidation and rancidity
+ Benefits outweigh negatives

* More studies needed*

Barrnger N, Conlaight W. Omega-3 81 Proph

RIS L2019, Dr st Hirkal - All ights resrved
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Omega 3 Considerations

*  Pre-injury dietary supplementation with fish oil may have a neuroprotective effect
— Prevents some of the metabolic cascade
— “Brain resilience”

* Possible mechanisms for post injury supplementation
~ Human trials underway, results pending
— Pleotropic action —i.e. BDNF
* Very Safe — minimal side effects
— belching, bad breath, “fishy burp;” heartburn, nausea, and loose stools

+ WuA, Ying Z, Gomez Pinilla F. Omega-3 fatty acids i brain b traumati b
injury T Neuroteauma. 2007 Oct; 24(10)1587-95
Barrett EC, McBurney MI, Ciappio ED. -3 Fatty Potential Th the Rec Mild Traumatic:
Brain Injury/Concussion. Adv Notr. 2014 May 14;5(3)268-277

Barringer N, Conkright W. Omega-3 Fatty Acid Ingestion as a TBI Prophylactc. ] Spec Oper Med. 2012 Fal12(3)5-7.

AL 02019, De Pl ekl - Allsghts resrved

Curcumin

Turmeric Root ‘ Curcuminoids Curcumin

(~2-6% Curcuminoids)

(70%)
* Spice: turmeric Tl Curcumin
— Active ingredient: CURCUMIN
[onidative stress | sz, wncs
*  Actions AMPH. UCRL OCAT,
~ Reducesinflammation - NF-B, COX
~ Inereases B-amyloid clearance, reduc PertwbedBrain | | |Preserwed Brain
s B-amy : Energy Homeostasis | | Energy Homeostasis
« “Pleotropic” nutrient
~ Multiple pathways and actions [copnitive Dysfunction SharmaSee .
2000
. Neawowince
F— Nriappa s
b 206 o ey 304531 209
+ Bumecdd . doube i,

) Clin 2016141037
Peychopharmacol, 2008 Feb: 25(1):110-3. a

2019, Dr P Hikal - All ights reserved

16



8/20/2019

Curcumin - Concussions Bioavailability vs Bioactivity
* Multifaceted neuro-protective MOA T

— Multiple points in TBI cascade . Bioavailability
Conjugated form ‘ Unconjugated form
¢ Animal studies

o9 (AKA Free Curcumin)
. . et N
— Pre-traumatic supplementation improved s L i

* cognitive deficits 7‘:\[ . e

+ stabilized cellular energy homeostasis T

— Post supplementation reduced

Curcumin

Curcumin lucuronide
+ lipid peroxidation and protein oxidation
* Reduced edema Bioactivity
+ Improved behavioral impairment
* Reduces microglia activation
Bl AL Wik, B . Sk S Nesol . 2011214 y
it R4 DR AT ) -

Neuroinfammaton, 2014 Mar 27311:59,

AKA L 2019, De sl ksl - All ights resrved
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Creatine Creatine — TBI

Creatine - Phosphocreatine

In animals pre-supplementation reduces cortical damage, markers of
K : cellular injury and lowered lactic acid
Studies confirm increase in brain levels -

. . . Humans: Post supplementation improve amnesia, communication abilities
Energy production — ATP/mitochondria PP P

> ! . and cognitive function
— maintenance of ion gradients — Mod-severe TBI

— intracellular calcium homeostasis

— neurotransmission etc

Acute concussion may increase levels
— GABA function — Brain uses it to “fuel” recovery

PCS (chronic) may decrease

Improves memory in AD

* Sullivan PG, Geiger JD, Mattson MP, Scheff SW Neurol, 2000
Nov; 48(5723.9,
- Sakellaris et al. ] Traumma. 2006 Aug; 61(2):32:
ard E, Braissant O port of creatine in the CN I Neurochem. 2010 0ct;
520297313

2.9
George et . Neurotrauma. 2014 Jun 1:31(11)1018-25.

RIS L2019, Dr st Hirkal - All ights resrved
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Creatine — Summary

Theoretical application
— Offset energetic crisis

Inexpensive, easy to obtain
— Good preliminary recommendation

Other benefits

— Recovery, muscle function

Safe long term use

FaLL WAKAL © 2019, Dr Pasl Hrkal - All ghts resrved

Melatonin

Regulates circadian rhythm
— TBI patients have dysfunctional rhythm
“Neuroantioxidant”

Animal studies in TBI

— “significantly attenuated trauma-induced neuronal death”
+ Very large dose
— Reduced edema and BBB permeability post TBI

+ Odemiscal

Neurosc Let. 2005 Scp 16:385(3:234-9. Dehghan F, Khiksar
* Hadad M, Asadikeam G, Najapour 1, Shahrokbi N Effect of

ol of xidtiv stresics Arch Med Res 2013 Mays#4(4:251-5

L2019, Dr Pasl ikl - Al rights rserved
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Concussion and Sleep

Meta-analysis with 21 studies with mild to s > TBI estimated that 50% of

patients with a TBI are affected by a sleep-disturbance

— insomnia (29%), hypersomnia (28%), obstructive sleep apnea (25%), periodic limb
movement during sleep (19%), and narcolepsy (4%

* Kempf et al. (2010), in a prospective longitudinal study found that 67% of the
cohort (n-51) still had disturbances with their sleep—wake cycle even at 3
years after a mild to severe TBL

— 45% of patients in this study had no other associated psychiatric symptoms, such as
anxicty or depression, which could have an affect on sleep

" Sleep Med. 13 7, 98-905.
b CR 2008 yearsafier 1 Newrol. Newosusy, Pyehiatey 81 (12),

Melatonin Summary: More Than Just Sleep

Sleep onset and maintenance

Anxiolytic and analgesic

— migraines, irritable bowel syndrome, and peri-operative pain and anxiety
Gut function (also produced locally)

— HCL production, motility, GERD

Antioxidant and anti-inflammatory effects

— COX2 inhibition

Studied to reduce migraines

Anti-cancer effect
~ Improves chemo sensitivity, reduces METs ctc.
Chronically low levels linked to mental illness
— Depression and schizophrenia

2019, Dr Paul ikl - Al ights reserved
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Antioxidants

2006 Oet; 1 J{BTI80-386. dot 10.1111wwn.1 2167 Epub 2016 May 31,

Systematic Review of Traumatic Brain Injury and the Impact of Antioxidant Therapy on Clinical
Outcomes.

Snan O, Hisbent 46, tartwell %, Trimmeseh A5, Pierce 0.

* Progesterone, vitamin C and E, NAC

* “By incorporating antioxidant therapies into practice, clinicians
can help attenuate the oxidative posttraumatic brain damage and
optimize patients' recovery.”

Shen . T B | e Anoxidant Therapy on Clinial Outcomes. Wordviews Evid Based Nurs 2016,
Ok 13(5)380-389.doi 10,1111 /v 12167. Epub 2016 May 31

©2019. De Pal Hkal - All ights resersed

Remember...

* The concept of free radical—
mediated damage of CNS tissue
after injury has existed for several
decades....

* ... Administration of effective

antioxidants has the potential to
significantly limit the spread of
damage and inflammation if
given soon after brain injury.
Corps et al. Inflammation and neuroprotection in traumatic brain injury. JAMA
*H Neurol. 2015 Mar;72(3):355-62. doi: 10.1001/jamaneurol.2014.3558.
«a

AL 2019, Dr Pasl Hrkal - Al right
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N-acetylcysteine (NAC)
* Precursor to glutathione

* Animal studies: N-acetylcysteine reversed the behavioral deficits
associated with mTBI and moderate TBI

RCT - Patients who received N-acetylcysteine within 24 hours had
significantly improved recovery during a 7-day period when compared
with a placebo control group

— Large dose with loading dose — 1.5g twice daily

of: 3 PLoS One. 2013;
81)esa163.
+ Eakin etal, Bficacy of PLos O

© 2019, De Paul ekl - All sights resrved

Limitations and Considerations
1. Limited evidence, preliminary studies

2. Poortly conducted studies
— misunderstood functional physiology

3. Bioavailability problem: delivery to the brain

IS

. Concurrent risk factors and pre-injury status
— Antioxidant and micronutrient levels
— Heavy metals, age, genetics etc.

WL © 2019, Dr Paul ekl - Al ights rserved
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»Anita” — 35 y/o female — Aug 2017

* Mg Theronate, theanine, High Dose EPA/DHA, melatonin, vitamin D

* Curcumin - 1 cap twice daily and then increase buy 1 cap every day until
headache and brain fog resolves

* Referral for cervical assessment and manual treatment (3 tx)
* IV therapy — 1g (5cc) GSH push in (5cc) saline +

Substance Loth  Exp. mg/mL__ CC(ml)  mOsmol/mL mOsm x Vol
Magnesium Chiaride 200 3.00 295000 BES
2inc Chioride 0 100 007300 0073
Saline 1 30.00 032000 96
Desapanthencl 250 200 121700 2434
8 Complex 1 100 113880 1338

idaiine 100 200 000110 0.0022
B12 Methylcobalamin 1000 100 0.00074 0.00074
-MTHF 1 180 0.02000 o2
Laurine 00 300 0.00000 o
AL © 2019, Dr Pa Hrkal - Al ights reserved

Clinical Approaches to Chronic TBI/PCS
Yol Salalas 2 )

AL 2019, Dr Pasl Hrkal - Al ights rserved
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»Anita” — 35 y/o female — Aug 2017

¢ Follow up - 1.5 months later
* Ended up at 3 caps TID of curcumin
* 100% tresolution of sx

* TBI score at 5 = baseline

© 2019, De Paul ekl - All sights resrved

Reminder: Acute and Sub Acute Management

Have these been addressed?

Have they been assessed by qualified MD, physio or DC?
— Neuro, neck, vestibular, vision
Use a sx tracking questionnaire as baseline

Consider acute pathophysiology

— Goal reduce excitotoxicity and balance inflammation
Diet: Brain recovery diet — SIMPLE, clean, easy to follow
Foundational nutrients — consider functional pathophys.

Botanical antioxidants - titrate up until sx resolve

TV therapy — rapid repletion and delivery of nutrients

AL 02019, Dr Pl ikl - All ights resrved
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Foundation First Line — Acute
* Brain Recovery Diet Principles * Active
— 1t line: Healthy fat, reduce refined carbs, no sugars olioantigenic diet — High dose fish oil (DHA)
— 2" line: keto / Paleo / Sugar and refined carb free — Creatine

— Brain available curcumin/flavonoid antioxidants

* Foundation (also used to improve Brain resilience) — melatonin
— Magnesium — Glutathione/NAC
— Vitamin E, Vitamin D — Magnesium

— Omega 3 fish oil (3:2 ratio of EPA to DHA)

FALL WAKAL © 2019, Dr Pl Hrkal - All ights reserved Ea (4L © 2019, Dr Pl Hekal - All ghts resceved

Potential Preventive Therapies . .
[ Incervention [ Radionale _____[Dose [ Tood sources | Deficiencies

Omega3 Large % deficient 26g Cold water
Key in resolution of inflammation DoesNOT  fish, nurs and . . N .
Strong physiological function et | qsh * Phytonutrients, minerals, vitamins, omega fatty acids
Pre-clinical data on ionand i onin TBI inni
Vitamin D Large % deficient 2000 1U none
At e * Most common / important deficiency
Neuroprotective 60001U J
Balance immune sys - microglia repletion — Magnesium/potassium — reflect poor fruit and veggie intake
Magnesium  Large % deficient 200-400mg of  Almonds + 68% population def, 90% of athletes
Low levels cause inflammation aminoacid  Pumpkin sceds o o
Strong physiological function form greens — Vitamin D - reflects poor outdoor activity
Levels fal afier TBI Very safe in . o Py N
Studied IV after TBL Pehaen: 40-50% of North Americans insufficient, 25% def.
Vitamin E Large % deficient 40IUOf  Avocado — Omega 3 — reflect poor fats in diet
Fat soluble antiosidant mixed Nuts « 80% of Americans deficient
Animal studies show i improved Secds
function. and Wheat germ
Use formula with all 8 forms. tocotrienols
twice daily e

RHAL © 2019, Dr P Hirkal - All ights reserved
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Functional Medicine and Systems Biology Model

PCS Management of PCS

* Don’t just focus on “brain” protocols or products e :‘M s 1 post
— ie. products the “boost” brain function the “p brain PIBS.

* Brain foundation nutrients and diet are essential Buicnn 27", Pt . s . St 4", Km0
— Mg, Vit D, NAC etc. ¢ Calm Immunoexcitotoxicity

¢ Stabilize metabolic function first * Break cycle of chronic neuroinflammation
— May need to use acute TBI interventions to reduce sx. * Restore balanced autonomic function

— Testing: Start with blood chemistry, then more advanced endocrine * Promote healthy gut-brain axis, microbiome function
Create a hypo inflammatory environment
— Starts with diet = gut brain axis

Need to create referral network of TBI-literate practitioners

* Stimulate cerebral blood flow

* Support cellular energy/mitochondrial function
* Balance endocrine function

* Maroan JC, Lepere DI, Bl
Sporcsmed 201 0o
* Blalock RL, \;

Jock RL Bose . of Phys
97387

1©.2010. D Paul Hrkal - Al rights reserved (4L © 2019, Dr Pl Hekal - All ghts resceved

N.C. 21 female — may 2017 N.C. 21 female — may 2017

Impact on vertex of head bungie jumping 2013 = whiplash
2015 another bungie jumping impact
274 impact (hit head on counter) 1 day later

* Key treatment targets

1. Calm neuro inflammation — cause of “cognitive sx”

* Teb 2016 — sx re-aggravated at concert — loud music and lights — Consider GI sx = sign of gut-brain axis dysfunction and source of
* Tried many other therapies — HBOT, acu. inflammation
* O: orthostatic hypotension 2. Foundational nutrients and diet for neuro-metabolic healing
* TBI score: 34 3. Address
¢ Comorbidities

— severe constipation

- PMS

HAKAL 2019 Dr Pal Hikal - Al
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Witcher et o, 2035

Can persist in PCS

Sustained
Neuroinflammation

: Sructurs and Starts 3hrs after
byt I fetri
|' s 8 — T8I, peaks 72hrs,
S = e, lasted 7 days...
N . =~ continues in PCS
P | 4
s i
o

e

iota axis as a

Sundman, M. H
flammation, and disease. Brain Behav. Immun. 66, 31~

potential nexus betw injury,
44(2017)
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G Gluten

*‘ Mb“"'\‘"“’ Pe %

Mucosal
Membrane
Cells.

Blood
Stream

Nutrient 5 Food Blood-Brain Systematic
Barrier Breech

Inflammation
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Gut —Brain Connection

* Gut lining resembles the BBB in many respects
— +75% similarity in structural composition

* Immune system — cross reaction of Gut lining and BBB proteins
— “Autoimmune reaction”

* Neuro trauma induces a more permeable BBB and GI barrier

¢ Leaky gut causes leaky brain!

— Common sx include: depression, anxiety, brain fog etc etc.

Stxes 4, 2333 (2016)
FAsEB. 512

Rea, K. Dinan, T G. & Ceyan, . The microb [e—
Lopes R
dok10.1096/,13-248580

KL 2019, Dr Paul ekl - Al ights rserved

Healing Your “Leaky” Gut (And Brain)

Avoid food allergies, lower HPA overactivity etc.
~ Gluten is one of the biggest disruptors of GI and Brain lining
~ Avoid Alcohol — increases micropores

Healing foods

~ Cabbage, Aloc vera

~ Slippery clm, marshmallow licorice — teas
~ Broccoli sprouts, wild blucberrics

*  L-glutamine — primary fuel for enterocytes

— Increased need during stress

Zinc — plays critical role in the maintenance of normal intestinal permeability and control of
inflammation.

2019, Dr Pal Hrkal - Al ights reserved
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Dysautonomia: High SNS and Low PNS Tone Restoring Vagus Nerve Function

Table 1. TNFa release
“Fightor flight” s Targettherery
Chronictigh SN one e Thertey i e Bl
o Prarmacological a2 «TAACHA agonists von Westerioo a1, (2006) The
N [P therapy ARRI777S ot al 2007) §
S~ Gatutamine Conrlchotmergicpttwsy Pl et ). GO0 Kt . Benefitof keto
R Sumuation ot diet and
SNS ~ N PNS ‘Semapimod (CNI 1493) F!‘numg:ma::“u lwwtv: ot al, 5 intermittent
affe Luper et (2005) fasting?
~ fibres through fat-induced
S K release and, In return,
~ of the CAP
So Precursor in the biosynthesis Parrish et al. (2008)
‘of ACh and selective
[ p— natural JTnACHR agorist
ltone e Activation of the CAP Mao et al, (2015460
“Restand Digest” S sl rkel sone, Pyl
Son 57815790 2016)
Physical activity ‘Stimulation of vagal efferent. Heffernan et al. (2009): Joe
3 ©2019. Dr Pl ekl - Al ghts reserved Phiysiology vy R fibres and CAP et al, (20099.6)
N.C. 21 female N.C. 21 female
* Tx * Follow up 1 month later
— Foundation: Mg theronate, theanine, creatine, taurine * TBI score: 13 (62% improvement)
— Endocrine: Adaptogenic formula, lion’s mane * Still has restless sleep, constipation 90% improved

~ I Glutamine, zine carnosine, ginger * PMS still key concern = key underlying issue

+ Cell phone and screen time hygiene * Blood chemistry: Iron def, vitamin D insufficiency (59 nmol/T.)

+ Continue hypoallergenic dict * Dried urine hormone testing:

¢ Referral to functional DC for neck assessment

AL 2019, Dr Pasl Hrkal - Al right WL © 2019, Dr Paul ikl - Al ights reserved
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Dried Urine Hormone Testing: Progesterone

A-u»-u Neuro-active hormone
. ~ Modulates ealcium, excitotosicity, GABA and edema
e o o
o

Promising results of phase IT clinical trials
— Acute admin, mod-severe TBI - Improved recovery

Peprsntsti, of ety

* 2014 — phase 111 trials
Adrenal ~  Double blind, placebo controlled, 2000+ px, IV acute TBI, 6 month f/u
St Cosaa Pracecion ~ Both found no difference compare o placebo
w0k Luoo s ~ Howard etal 2017 - dose and duration NOT long enough
Daity frae Cortisol Pattern 5 B

e 58355
3001350 coueas + pul2inR i SRR el

Synergy: Vitamin D makes progesterone work better

7300, .,
+ Weight et . Eimerg Med. 2007 Ape 02612
+ Skolnick et l. A clinical il of

N T e ;
sgrchue T Mo o * W e oo N ) e 2014 e 25 a,
ety L ineiy L St i ——
Koo e 31T o 4 DI915108
4 HAKA L ©2019. D P Tl - Al s resersd L R E—
. c Inleiy = S
N.C. 21 female Conclusion - '
2. Give anti-inflammatory diet
R R a Addnwm.l mmprmve pmlﬂ'plcs
* Correct Iron and vitamin D * Clinical summary Rejic intake by 30% (reduce all nd
. ii. Fe ‘brain foods
* Support progesterone — 30mg/dose nightly 2 months handout e e, T
L . . 2. Cold water fish low in contaminanss, high in omega 3's
— Supports GABA activity in the brain = sleep, anxiety and PMS (Salmon, Mackerel. Anchovies, Sardines, Herring)
L X 3. Supplements to impact metabolic changes - try for 30-60 days
— Synergetic with Vit D 4 Reler e adraned i care
. . . Comprehensive diet, supplements and IV therapy
¢ Continue adrenal, adaptogenic support Risein | Dosige Sufey
. Fishoil | Promising application | Amimal equivalent | Doses upt0 7,58
2 month follow up DHA based on physiology - | dosage is 387mg | daily have been
— Back to full academic function tepin | mﬁm,,,;;;"" iy el g""d'mm“"
fridge dose. i ith
— Feels 95% back to normal p.m;:nve - Cimieat: 153 DHA P e i
Only animal studies in twice daily for 30 doses below 6g
—TBI score 8, stress aggravated sx mTBl days daily do not affect
Corcumin | Broad-spectrum aati- | 1200mg daiy, ‘Avoid in active
CAL ©2019.Dr P Hrkl - g seved 2019 D Pl - A s eserved eadng | Sl [exdcde
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Next Steps...

* Network of latest evidence based TBI management certified clinics
— https://completeconcussions.com

— 200+ clinics, 600 clinicians — Canada, USA, Australia, UK

¢ Coming 2019 — Certification course (online) in Advanced Functional

and Metabolic Medicine for TBI Am
— Become certified to be connected to CCMI network of clinics

— Referral network

Email me for more info - paulhrkalnd@gmail.com

— I will share my Brain recovery diet patient handout

PAUL MRKAL © 2019, Dr P Hekal - Allights rescrved

Thank You

www.DrPaulHrkal.com =H

2301 Major Mackenzie N«
Dr. W, #101
Vaughan ON
www.thepwe.ca

pureBalance
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