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Neuro- Inflammasome and TBI
Decreasing Inflammation For
Neuroprotection and Repair

2:45 PM - 3:45 PM

The Interplay Between Omegas and the Endocannabinoid System

Michael Lewis, MD, MPH, MBA, FACPM, FACN
Colonel (Retired), U.S. Army
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Seconds

Minutes

Hours

Days
Weeks
Months
Years

Primary Injury
Mechanical Energy

Vascular Injury Neuronal Injury
Contusion Axonal Injury

Edema and Metabolic
Swelling Disruptions

Inflammation

Continued Cellular Damage
Necrosis Apoptosis
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Inflammation is the Driving Force to All Disease & Pain

All illness is the function of
inflammation out of homeostasis

Too little or too much isn’t good

The goal is Chronic

Inflammation 3
always balance Inflammation

-----
e T2

O - | e
Q Homeostasis O
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Compromising Brain Health

Trauma (TBI)
Concussions
Heart attack
Stroke

Near drowning

Environmental toxins

Chemotherapy
Lack of oxygen
Chronic stress

Aging



f . ‘ Integra tive
Hedlﬂ“ ihsymposium.com
#IHSNY23

Symptoms of Poor Braln Health

Headaches

Anxiety

Brain fog

Memory problems
Difficulty concentrating
Trouble sleeping
Fatigue

Irritability

Emotional

Depression

Dizziness

Vision problems

Ringing in the ears
Sensitivity to light/noise



* Mom of 18-yo TBI pt on CNN’s
Sanjay Gupta MD show: “He lived,
he survived, and now what?”

The problem is:
there is nothing

“The art of medicine consists of keeping the patient amused

while nature heals the disease.”
Francois-Marie Arouet (1694 - 1778)
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“Conventional medicine only takes survivors of TBI so
far.... Unconventional therapies are not merely a
reasonable option, they are a necessity.”

Joel Goldstein, No Stone Unturned: A Father's Memoir of His Son's Encounter with TBI



Howdowe/C NWE

*Manage Neuro-inflammation?
* Achieve neuro-protection?

*Foster neuro-regeneration?
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Maternal Health
& Outcomes

e Promotes maternal DHA

¢ Increases DHA content of
breast milk

¢ Supports normal gestation

* Promotes fetal brain and eye
development

Source: Martek BioSciences

Brain Development
& Function

¢ Improves visual acuity

¢ Promotes Cognitive
performance

Cardiovascular
Heart Health

e Lowers triglycerides
¢ Increases HDL

¢ Improves blood vessel
function

Brain & Eye
Health & Function

¢ Less cognitive decline
¢ Lower risk of dementia

e Lower risk of age-related
macular degeneration
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Omega-6:
Linoleic Acid
C18:2n-6
Prostaglandins 1-series «
DGLA
Thromboxanes 1-series = C20:3n-6
Anti-inflammatory
Anti-thrombotic
Prostaglandins 2-series <

AA
—— C20:4n-6

Leukotrienes 4-series

Thromboxanes 2-series

Inflammatory Lipoxins

Thrombotic Anti-inflammatory

BBraun Melsungen AG: LipoPlus Brochure

Omega-3: ;
a~-Linolenic Acid
C18:3n-3

1 Prostaglandins 3-series
/ g

§§£5n_3\ Leukotrienes 5-series

N

Thromboxanes 3-series

Resolvins E-series

s Pro-resolving

DHA Anti-inflammatory
Cc22:6n-3 Anti-thrombotic

B

17-hydro(per)oxy-DHA

/ %

: - Protectins
Resolvins D-series

Pro-resolving
Ant-inflammatory
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Eicosanoids

prostaglandln tx thromboxane

Omega-3 family

Plant food intake

stearidonic acid
18:4 w-3 GLA 18:3 w-6

y-linolenic acid

eicosatetraenoic acid pge; pgfiq dihomo y-linolenic acid
20:4 w-3 txa, DGLA 20:3 w-6

blocks It,

___________ A5 desatu

Seafood/meat pgd; Pge; PYfa pgd; pge; PYfa Ecosanoid
. eicosapentaenoic acid Lk~ pgi; txa pgi, txa, Ita, Itb, ol e
food intake EPA 20:5w3 T T ita, b, ltc, td tc, Itd, lte, Competition

Sprecher's ~ M@= — — = = = = = = = e e e
Shunt

https://omegavia.com/
why-omegavia-is-high-in-
epa-omega-3-part-1

docosapentaenoic acid
DPA 22:5 w-3

by

docosahexaenoic acid
DHA 22:6 w-3

A/J-Ring Neuroprostane
17S Resolvins
blocks prostanoids

docosatetraenoic acid
22:4 w-6

N

docosapentaenoic acid
22:5 w-6
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https://ndnr.com/pain-medicine/dietary-fat-and-chronic-pain-balancing-omega-6-and-omega-3-fatty-acids-is-key/

LTB-4

Leukotrienes-4 series

= Promotes
inflammation

= Constricts airways

* Prolongs duration
of inflammation

TXA-2

Thromboxane-A2

= Constricts blood
vessels

= Constricts airways

= |ncreases blood
clotting

= Reduces circulation

PGE-2
Prostaglandin-E2

= |[ncreases
sensitivity to pain

= Increases swelling
* Induces fever

= Constricts blood
vessels

Enzymes

LTB-5

Leukotriene-5 series

= Relaxes blood vessels
= Increases circulation

= Relaxes airways

* Promotes anti-
inflammatory
response

PGE-3

Prostaglandin-E3

= Improves circulation

= Decreases

sensitivity to pain
= Relaxes blood vessels
= Promotes anti-

inflammatory
response

Prostaglandin-E1
= Relaxes muscles spasms
= Reduces blood clotting

* Increases protective
stomach secretions

* Improves circulation
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omega-6 PUFAs
Arachidonic acid

5 @

Prostaglandin E2  Leukotriene B4

Proinflammatory mediators

Prostaglandin E3  Leukotriene B5

%S S S

.""\-;-\ e NP S T o,

less potent mediators

Docosahexaenoic acid

B

Resolvin E1 Protectin D1

maresin

Anti-inflammatory mediators

J Cardio 2016 67:1, 22-27
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Inflammatory exudate SPM biosynthesis

(prostagiandins, (FpOXINS, resoivins,
Bukotnanes) protectins, maresmns)
Acute | |
nflammation | 0 Resolution
L lemporal i

| MeCialOr

|Class - swirching

Inflammatory activity

https://omegaquant.com/how-do-
omega-3s-impact-immune-function

SL
|
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onAM"“’Y ’ Cytoplasm

LN

7 %

NF-xB Inflammasome

J Cardiol 2016 Jan;67(1):22-7. doi: 10.1016/].jjcc.2015.08.002. Epub 2015 Sep 8.
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The interplay between

1- Omegas and our
Endocannabinoid System?

2- Cannabinoids and Omegas?
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PGD2
PGE2
PGF2a
TXA2
TXB2
PGFla

12-HET£7| , [ HETEs
SHETE | | 8-HETE | [15HETE ETEs

—

Endocannbinoids

S

DHEA | AEA
_ 2DHG || 2-AG

Brain

Esterification

PRI (e YO = 2% 05 f

0\ O S

BBB Passive diffusion Active transport endocytosis

/]\ endothelial cell
Blood T T
T
- ARA .
Liver https://www.intechopen.com/chapters/50397
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Arachidonoyl ethanolamide

*aka: Anandamide (AEA)
 Activity CB1>>CB2 receptors
* Short half-life (minutes) — made on demand

* Pleasure/euphoria/“runner’s high”

* Made from/broken down into Arachidonic Acid

OH
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* Stimulates appetite ——>FAT

 Decreases brain function—»DUMB

* Our pleasure molecule —>HAPPY




2- arachldonoyl glycerol (ZAG)
* 200 times more 2-AG than anandamide
* Full agonist for CB1R & CB2R

* Main activator of CB2 receptQus

* Reduces inflammation
* Neuroprotective
« Communication: gut flora to brain

OH

OH
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Ethanolamides
Synthesis DHA-PE
EPA-PE  ARA-PC
PE _ - ARA-PI DHA
) PLCB
/
/
; ?
NAPE NAPE Altqrnatwe DAG C
pathways
NAPE-PLD N DAGL
v N v
el (RER)4 " A @AS @-DHG
T MAGL ,
FAAH ;ox LqX (ABHDS, :
ABHD12)
g ARA €~ “®» ARA DHA

v EPA



Desai. PLoS One. 2014 Jan 27;9(1):e86472.
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Synaptamide DHA Ethanolamine

88880000800
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Neurogenesis
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Dose-Response
Relationship
Between
DHA and
Synaptamide in
the Brain

Desai, Kevala, Kim. PLoS One. 2014 Jan 27;9(1):e86472.

Synaptamlde in Brain

B 15% DHA
[] 9% DHA

16

10

fmole / ug protein

Control 1h 24h 48 h
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DHEA
EPEA
It always comes | .-
down to balance

TRPV1 Plasticity

»
@6-’- diet '
https://www.intechopen.com/chapters/50397

( CB1R ECB
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Common name  nomendature Typical source Palmitoylethanolamide (PEA) o
Caprylic acid 8:0 Coconut oil AWM -
Capric acid 10:0 Coconut ail N NS
Myristic acid 14:0 Coconut ail Stearoylethanolamide (SEA) :
0
Falmitic acid 16:0 Olive ail, soyabean oil, fish ail
Oleic acid 18:119 Olive ail, soyabean ail — N
Lincleic acid 18:2n-6 Soyabean ail Oleylethanolamide (OEA) o &
o-Linolenic acd  18:3n3 Soyabean oil /\/\/\/—\/\/\/\/“\
EPA 20:513 Fish oi N A — 1/\/"“
DHA 2263 Fish ol Linoleylethanolamide (LEA) i '
S S — OH
V/\/
Linolenylethanolamide (LNEA) 0 "
— — — — OM
A
Arachidonoylethanolamide (AEA) L
https://www.cambridge.org/core/journals/procee 0

dings-of-the-nutrition-society/article/rationale-for-
using-new-lipid-emulsions-in-parenteral-nutrition- — — — — — — /\/0"
and-a-review-of-the-trials-performed-in- N

adults/04EC328C21A47EDBI5FDI166C6D6DSDS Eicosapentaenoylethanolamide (EPEA)
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https://doi.org/10.1111/j.1476-5381.2010.00862.x
TAIL

N-Linoleoyl
HEAD .
el U
N o O N-Oleoyl

N-Docosahexaenoyl

SN

N-Stearoyl

SO

N-Palmitoyl Taurine
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https://link. sprmger com/article/10.1007/s11892-019-1248-9/figures/1 . Swgis
5-HTx D1-3 LPA1-3 GPRS5
1 . : r
it rossreips
Phospholipid PA phospho-
|Phosphatidylethanolamine| (iongthesn i chian] | Arm ( PLAI
NATs R Diacylglycerols
\ / oo (eliminating the | sn-Hysophospholipd
I sn-1-acyl chain)
N-acyl-phosphatidylethanolamines
| sn-1-lysophosphatidic acid |
PLC sPLA2 \A8H4 > 3] sn-1 DAG lipases Lyso-PLC
Phospho- Glycero-phospho- LPA
| Dopamine | acylethanolamide acylethanolamide phosphat
- - - 2-lyso-N-acyl-
Lipoaminoacids phosphatidyl-
l ethanclamines i GDE1
Serotonin )
or dopami & | \ R i NAEs 2-AcGs
AANATL2 R
in Drosophila) ? ?  [Giycine | +[TAGIEGA l l
1 — ] \
N-acyl- N-acyl- || N-acyl- PAM Primary amides ™ DHEA, PEA, OEA, LEA || AEA | 2-AG 2-0G, 2-1G
taurines || serines || glycines (e.g. oleamide)

TRPV1

Ca3’s (B1

'

e il
—

L0

T

GPR110

Il
GPR55 TRPV1

GPR119

T

CB1>CB2 TRPV1

Iij IR

Ca3’s GPR119 TRPV1
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Borrowed from Lecture by Miles Sarill: The Future of Immunity
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N- Palmitoyl ethanolamine (PEA)

PEA Is an endogenous
fatty acid amide

PEA iIs naturally produced
In the human body

Levels of PEA drop in response
to pain, stress and inflammation

PEA reduces local
Inflammation and pain
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TRPV1
NPPE GPRSS /
T2

PPAR-a

NAPE-PLD

- DAGL - 'Z-AG
CcB1

cB2
PEA - FAAH - - t AEA e

FMy \MA Entourage effect

Palmitic acid + ethanolamine

Increase

PEA
2-AG

82

PPAR-cx

RXR

Borrowed from Pro-inflammatory mediators
Lecture by Miles Sarill:

The Future of Immunity

Mast cell Microglia

Del@® il vom

Degranulation
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The Omega -3 Protocol

* Use a concentrated triglyceride omega-3 product
* One “dose” equals 3000 mg of EPA/DHA combined
* One dose three times a day for a week (9000 mg)

* One dose two times a day the next week (6000 mg)
* One dose as an ongoing maintenance dose
and for prevention of head injury




Arachidonoyl ethanolamide (anandamide)(AEA) 2-arachidonoyl glycerol (2-AG)

Cannabidiol (CBD) A’-tetrahydrocannabinol (A’-THC)

Phytocannabinoids
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Aychman MM, Goldman DL and Kaplan JS (2023) Front. Neurol. 14:1087011

Normalize

CBD’s ¢
Actions
In

cerebral blood flow

Attenuate pain

Scavenge
ROS and RNS

e WE

Blood Brain Barrier
restoration
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Martin A. Lee (O’Shaughnessy's — Autumn 2011)

CBD Mechanisms gf A

There are over 65 known receptors and targets for CBD.
Dr. Vincenzo Di Marzo calls CBD “the Swiss Army Knife.”

Serotonin VYanilloid FAAH intioxidant
SHT1A TRYP-1 inhibition

Requlates depression p cardio- bone density
sieep inflammation vascular jblood pressure nrotection
appetite body other neuro-} cancer cell
temperature Jtransmitters] proliferation
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CBD blocks FAAH keeping Anandamide around longer

O o)
CTTO K G v

Anandamide Arachidonic Acid Ethanolamine

H
NN "“on LY o Ve LI
CTTU™ R CTTXY o

Synaptamide Docosahexaenoic Acid Ethanolamine
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(Stress)

Prostaglandin
E2

ANOTHER
CELL




Brain Periphery
® ®
Synaptamide . ;vna ptamide
\ Neutrophil \ Macrophage
# GPR110

Microglia

GPR110
!
cAMP —
Y=\
o
e,
Neuroinflammation

Park et al. Journal of Neuroinflammation (2019) 16:225

Pro-inflammatory
mediators (e.g. TNF)

Systemic
Inflammation

.
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Neurons, DHA, andl bltors

Control

[ J [ J [ J [ J ’
Kim HY, Spector AA, Xiong ZM. Prostaglandins Other Lipid Mediat. 2011;96(1-4):114-20. ‘ : BD ’S an ln l 'tor.
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=LY & CO., INDIANAPOLIS
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Arachidonic Acid Cytokines
Mitogens
Carcinogens
Oncogenes

COX-1

(constitutive)

COX-2

(inducible)

| . “ CBDA
i e scicive g Cannabidiolic
. NSAIDs | NSAIDs Acid (CBDA)

Housekeeping Functions Inflammation and Neoplasia

- Tumor Invasion
Gl = Mucosal protection

Kidney — Renal blood flow Anglog'enesn.s
3 Cell Proliferation
Platelet aggregation
: Macrophages
Endothelium :
Synoviocytes

Borrowed from Lecture by Miles Sarill: The Future of Immunity
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What Other Supplements Work in TBI?

(This is by NO means a complete list!!!)
* Creatine, CoQ10, PQQ — mitochondrial function usizosse s

* Protein/BCAA’s — support BDNF u«somse s

* Vitamin D — neuroprotective ru.inewosw. 2o vec ssizysss sas

* Probiotics — gut-brain connection rmimmn. 1 oec 262500756

* Magnesium — support neurotransmitters, sleep sz

* N-acetyl-cysteine — supports glutathione e 20 var 2315635083

* PhosphatidylSerine — NeuroSUPPOIrt s newos. 202 aug siasrsize

* Mushrooms (maitake, etc) — cognitive SUPPOIt . cinramsices 20 g amiassrs.cao

* Bacopa & other Botanicals — focus & NOOtropic c..newmamaco. za1asi011002-1067




Brain Hea,th healthy food

Education and Research Institute healthy brain™

N

wli. Wweween diagnosed with a CONCUSSIC or other. jjz)i]ﬂﬁ!l!!‘y)

/ A CLICK HERE TO READ THE

= 4 !
- OOm e 2= Proaayray |

www.brainhealtheducation.org/newsletter

Latest

N ey e

S GOE
ey § D

Presicant, Bramn Health Education & Seses T

Bl 4 e >

GOED Exchange 2014

Dr. Lewis’ presentation at GOED
Exchange 2014 on the innovative uses for
Omega-3s for concussions and TBI

Latest Brain Health News
and Information
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