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Unravelling the dynamic relationship between brain health,
aging, memory and neuroinflammation.
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Healthy brain aging needs a multi-faceted approach
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BRAIN HEALTH

Brain aging

The brain’s protective mechanisms
* Blood-brain barrier function

* Glymphatic system function
Neuroinflammation
Oxidative stress
Sleep
Memory and cognitive health

Brain-heart connection
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Brain health and aging

=  The brain is the most complex part of the human body.
= |tisthe source of the qualities that define our humanity.

=  The brain controls many aspects of thinking:

=  Remembering.
. Planning and organising.
=  Comprehending.

= Making decisions.

= And much more.

=  These cognitive abilities affect how well we are able to
perform everyday tasks, quality of life as well as the ability to
continue to live independently as we age.

® ®

https://www.nia.nih.gov/health/brain-health/how-aging-brain-affects-thinkin . m biOCI i n IC
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https://www.nia.nih.gov/health/brain-health/how-aging-brain-affects-thinking

How the brain changes with aging

As we get older, the brain undergoes physiological changes which can affect
mental function, even in healthy older people.

*  Certain parts of the brain shrink, including those important to learning
and other complex mental activities.

. Decrease in neuronal density, which means processing speed gets slower.

Picture/Credit: wildpixel/iStockcom

. Reduced plasticity and ability to form new memories.
*  Less effective communication between neurons.

- Decreased blood flow in the brain.

* Increased inflammation and neuroinflammation.

. Increased oxidative stress.
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https://healthdirectusa.com/blogs/latest-news-and-blog/brain-changes-as-we-age

Cognitive decline and aging

= There is a dynamic interplay between
factors that lead to cognitive impairment
and risk of neurodegeneration and the
factors that lead to neuroplasticity and
improved cognitive function.

= Emerging evidence suggests that healthy
lifestyle choices improve the dynamic
balance toward neuroplasticity and brain

health and away from neurodegeneration.

https://hinjawadi.rubyhall.com/what-is-neuroplasticity/
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Improving the balance towards brain health

Interventions that can promote healthy brain aging while
reducing the detrimental impact of age on cognition and memory.

Support blood . Reduce Improve sleep
. . Support brain . . . Reduce
brain barrier neuroinflammation duration and . .
. . waste clearance  yas . cardiovascular risk
integrity and oxidative stress quality

. : Participate in

AVOICLEKCESSINE cognitivel Manage emotional
Eat a healthy diet alcohol Exercise regularly 6 =Y &
: stimulating stress
consumption A
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Aging and the
brain’s protective
mechanisms
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The brain’s protective mechanisms:

Control of what flows into the brain: Knd Cell L .
Tight Picinbidng | membrane ‘
junction /
= The blood-brain barrier (BBB) is the interface between the brain N proteins
and circulatory system and is essential for brain health.'

= The BBB protects the brain by controlling the influx of

components from the peripheral circulation into the brain.1
=  Without the BBB, the brain would be at risk of assault by toxins,

\ ‘

pathogens and other compounds, which could lead to neuronal

Astrocyte
foot processes

dysfunction and neurodegeneration.?

= The BBB is critical for proper CNS and neuronal function and

serves to protect the brain and neural tissue.12>

Capillary
endothelial
cell Astrocyte

junction

Morris et al 2018; Daneman et al 2015; Knox et al 2022; Matkiewicz et al 2019; Galea et al 2021 s ol b I OCI I n I C
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The brain’s protective mechanisms: Glymphatic

Control of what flows out of the brain (waste clearance):

= The brain waste clearance system is a complex network of fluid channels and
mechanisms within brain tissue known as the glymphatic system.2

= The glymphatic system is important for brain homeostasis and neurological
health as it is responsible for the efficient clearance of neurotoxins and
metabolic waste from the brain and brain tissue.

= This includes soluble proteins associated with neurodegenerative disease.?10

= Brain waste clearance occurs when we sleep, mostly during deep slow-wave
N3 sleep.?

™ ° ° e ®
Jessen et al 2015; Christensen et al 2021; Xie et al 2013; Verheggen et al 2018; Buccellato et al 2022; AW b I OCI I n IC
Rasmussen et al 2018; Voumvourakis et al 2023; Nedergaard et al 2020; Gao et al 2023 ;
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Effect of age on blood-brain barrier integrity

A meta-analysis of 31 human BBB permeability studies concluded that age-related increased BBB permeability
may be involved in the initiation or worsening of cerebral microvascular disease.?

Contributing factors for age-related increased BBB permeability include:

3%

Increased neuroinflammation and oxidative stress.?
Age also moderates the BBB response to systemic inflammation.?3

\
~
-
L4

4

Impaired brain waste clearance (glymphatic system)?

@

Structural changes to the BBB.%#

L.

Alterations in transporters (e.g. P-gp and LAT-1), enzymatic activity, receptors and signaling.?#

g

Genetic variations e.g. to ApoE4. ApoE4 is involved in tight-junction regulation.*

5

Accumulation of neurodegenerative proteins.?

Large neutral amino acid transporter (LAT-1); P-glycoprotein (P-gp)

Farrall et al 2009; Galea et al 2021; Knox et al 2022; Banks et al 2021; Verheggen et al 2018.
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BBB: Young vs older brain

A | " (A) BBB in a young or normal state:
- Toxicmolecules mmune_fs  Tight and adherens junctions.
§ franscy B 2\ Blood * Low rate of transcytosis.
g LY * No diffusion of toxins.
o = — .
= = | = * Presence of influx (Glut-1) and efflux (P-gp) transporters.
£ € 2 . . . .
2| Geicr® D ol * Basal lamina is thin and surrounded by pericytes, astrocyte
" S Brain endfeet, and microglia.
| 1l . .
B 99, | Toxic molecuies e °e s (B) BBB in an aged or disease state:
§ PR © S oo « Compromised tight and adherens junctions.
8 _——r— ' re% - * High rate of transcytosis.
< —> — . . .
5 = - S e = * Increased diffusion of toxins.
2l 252 o5 Basal lamina =] .. .
3 —— i " * Repressed activity of influx and efflux transporters.
3| A - AB Brai ) . . . .
2| R sy AB AB et * Pericytes, astrocytes, and microglia are not associated with

the basal lamina.

Transcytosis is a type of transcellular transport

® ®
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Effect of age on glymphatic system clearance

Contributing factors for age-related decline in glymphatic function:

Sleep disruption and reduced sleep quality, especially deep sleep.*

Increased neuroinflammation and oxidative stress.

Diminished cerebral blood flow, vessel wall elasticity and force of arterial pulsation.>4%7

Impaired BBB permeability.”

Decline in cerebrospinal fluid (CSF) production, changes to CSF influx and AQP4 dysregulation.®

Compromised lymphatic clearance due to age-related atrophy of lymph vessels.3°

Accelerated formation of neurodegenerative proteins.”-

L3+ D | B 8% 3%
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Buccellato et al 2022; Voumvourakis et al 2023; Nedergaard et al 2020; Reddy et al 2020; Christensen et al 2021; _;g‘*""rf”'c; b I OCI I n I C

Jessen et al 2015; Verheggen et al 2018; Gao et al 2023; Yankova et al 2021. .
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Neuroinflammation and BBB dysfunction

[ BBB dysfunction J

Inflammatory
mediators

Increased
infiltration

[ Glial activation J [

Microglia
Astrocytes

{Neuronal damage]

Blood-borne substances
Immune cells
Plasma proteins

Glial cells=astrocytes and microglia

Takata et al 2021; Morris et al 2018

Neuroinflammation changes BBB physiology and function.!-?

This leads to increased infiltration of unwanted substances across the BBB
including immune cells, neurotoxins and proteins.*

Neuroinflammation amplifies glial cell activation which triggers
recruitment of inflammatory mediators.2

. Cytokines, chemokines, ROS, lipid mediators.

The inflammatory response and glial activation can lead to neuronal
damage.!

Systemic lipopolysaccharides have also been shown to increase BBB
permeability and to activate microglial cells.?
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Neuroinflammation feeds neuroinflammation

e Neuroinflammation triggers more neuroinflammation.'

e Neuroinflammation damages BBB integrity and impairs glymphatic

waste clearance and causes neuronal damage.? ¢
e [t leads to activated microglia and reactive astrocytes which release ::e;clt:v;eﬁhglocyte Hathty N
-b, L1, TFNY
[ [ 3,4 ROS,
neurotoxic compounds and free radicals. N A Oxidative
Cytokines Neurginflammatory
. . . . . . . vy Microenvironment
e It also impairs influx of nutrients and oxygen to brain tissue and I Vg R
neurons, which may cause hypoxia-associated inflammation.* ® L A ,

e In addition, neuroinflammation oamplifies production of proteins such /o |
Activated Microglia

IL-6, IL-1B, TMF-q,

as amyloid-B and a-synuclein.?4® ROS, RNS, INOS. TLR

activation

e Chronic peripheral inflammation can lead to neuroinflammation which Kaur et al 2020 4
increases BBB permability.?

® ®

° L]
Mogensen et al 2021; Hussain et al 2021; Buccellato et al 2022; Tokatly Latzer et al 2023; Takata et al 2021; Morris et al 2018; Kaur et al 2020. 3 - b I OCI I n IC
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Oxidative stress and BBB breakdown in aging

1. Oxidative stress increases with age.

Oxidative stress:

2. Triggers the release of TNF-a and increases ATP usage.

3. Induces pericytes to release nitric oxide that reacts with
reactive oxygen to further upregulate oxidative stress, which

| | ReLeyiEs = =[BRS damages pericytes and damages BBB integrity.
(7]
=
( \ N°I°’2 - IL-6,IL1R - L, IL-1B £ 4. Activates astrocytes to release inflammatory mediators that
- -, 0 . . .
frvF at| i B S T uROS:  Gazk t rost = degrade the basement membrane and tight junctions
stress | _ 3 leading to BBB impairment.
NVU degradation s
. (=)
::;':t‘(’::fs | a 5. Activates the microglia to secrete inflammatory mediators
L : and free radicals, which also degrade BBB integrity.
S T S B e Diffusion l
BM Degrade BBB integrity A~ T 6. Induces neurons to release ROS and calcium ion
—_— s — - — —-— accumulation that degrades the neurovascular unit (NVU).
Endothelial Cell  ---- Endothelial Cell  ---- Endothelial Cell Endothelial Cell
ARBCS,ALeukocytes/.\lacrophages, 0 Cytokines, ' plasmin/fibrin Neurotoxins . . . .
Blood 7. Toxins freely diffuse to and from the brain, causing

neurodegeneration and decline in cognition.

L . . e ®
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Summary: Neuroinflammation and oxidative stress

Neuroinflammation
induces a series of
changes to BBB
physiology and
compromises integrity
and function of the
BBB.1?

Inflammation also
triggers the release of
ROS, which
compromises BBB
integrity.13

Neuroinflammation
increases oxidative
stress.%’

Oxidative stress
increases
neuroinflammation.®’

Verheggen et al 2018; Xuan et al 2022; Mestre et al 2020; Jessen et al 2015; Morris et al 2018; Hussain et al 2021

Inflammation also
contributes to
glymphatic
dysfunction and
impairs glymphatic
clearance.?

Strategies to reduce
inflammation,
neuroinflammation
and oxidative stress
will help to support
brain health.
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Sleep and
other causes of
BBB disruption
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Sleep and brain health

e The glymphatic brain waste clearance system appears to be 90%
more active during sleep, especially deep N3 sleep.?

o Chronic lack of sleep impairs glymphatic system function and
clearance of toxins and brain waste from the brain. This in turn
can exacerbate BBB dysfunction.!-?

Sleep architecture and age

e In young adults, slow-wave sleep makes up between 10 and 25%
of total sleep time.3

e The amount of time spent in N3 deep sleep declines with age
and may be very limited in the elderly.3#

e This gradual deterioration of N3 sleep may be a contributing
factor for the increased incidence of neurodegenerative disease
reported in the elderly population.*®

GOM N 52 O L4 e ®
Christensen et al 2021; Xie et al 2013; Reddy et al 2020; Voumvourakis et al 2023; Buccellato et al 2022; Nedergaard et al 2020. s b I OCI I n IC
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Sleep and neurological disease: A common pathway

Sleep disturbances
= There appears to be a causal relationship between

sleep disturbance and the increased occurrence and
progression of neurodegenerative disorders.?

= The BBB and glymphatic system degrade with age —as
does sleep quality.3*

= Neurodegenerative disease also causes sleep BBB and
Neurodegenerative

. 3 . . . 25 )
disturbances — and the incidence increases with age. glymphatic By

dysfunction

) O o e ©®
Voumvourakis et al 2023; Nedergaard et al 2020; verheggen et al 2018; Scott-Massey et al 2022; Christensen at al 2021 g b I OCI I n IC
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Other causes of BBB disruption

Other contributing factors for increased brain-barrier permeability include:

Gut dysbiosis & intestinal | = BBB integrity, CNS homeostasis, inflammation and neuroinflammation are linked

gut permeability to the integrity of the intestinal barrier and gut microbiota composition.3-
Elevated circulating * Elevated systemic LPS levels induce changes to the astrocytes of the BBB, which
lipopolysaccharides (LPS) increases BBB permeability.®’

Stress * Evidence suggest that acute stress damages the BBB, while chronic stress

triggers neuroinflammation which leads to an increased risk of barrier
permeability.8?

High environmental * These factors have all been identified as triggers for an increased risk of BBB
toxicity dysfunction and BBB permeability.>2610
Genetic factors

Dietary factors

[ ] [ ) L[] ®
Obrenovich 2018; Main et al 2017; Ghezzi et al 2022; Morris et al 2018; Esposito et al 2001; Garate et al 2013; Galea et al 2021. "' o b I OCI I D IC
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Cognitive decline and aging

The most important cognitive changes with aging are Crystallised abilities includes acquired knowledge,
affect cognitive tasks that require one to quickly cumulative skills and memories.

process or transform information to make a decision.

* Tests of general knowledge, reading comprehension,

15

math, science, historical information and vocabulary
would reflect crystallized abilities.

==Crystallized Abilities (Vocabulary)
===Fluid Abilities (Processing Speed)

* These generally do not decline until over the age of 60.

0.5

& 0 0 50 60 70 s * Fluid abilities require cognitive processing and reflect
Age (years)

the ability to manipulate and transform information

-0.5

Standard Deviations from Mean
(=]

such as problem solving.

* There is a clear steady decline in fluid abilities and

processing speed between the ages of 20-80 years.

-1.5

oo NEG, .
Murman et al 2015 f} : biOCIiniC
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Cognitive decline and dementia in Australia

= Dementia is when cognitive impairment and changes to brain function has
become severe enough to compromise social or working life.1-2

= Alzheimer’s disease is the most common form of dementia.?2

In Australia, statistics report that dementia:

= Affects 10% of people over the age of 65 years.?
® © ¢ 0 o O ® O

= Affects 30% of people over the age of 85 years.? £ =

= |s the second leading cause of death of all Australians and the leading cause of
death in women.3

It is estimated that:
= More than 421,000 Australians are living with all forms of dementia (2024).*

= More than 1.6 million people in Australia are involved in the care of someone
living with dementia (2024).>

«J "'5'5"»,. . . e ®
Hugo et al 2014; Dementia.org.au; AIHW; Dementia Australia; Dept Health and Aged Care . ° b I OCI I n IC
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BBB and cognitive/neurological health

Difficulty MEMORY
BRAIN concentrating LOSS
FOG
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www.123rf.com/photo 89251834 blue-brain-human-background.html
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Blood-brain barrier: Health impact
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BBB disruption and long-COVID brain fog

nature neuroscience a

Article https://dol.org/10.1038/541593-024-01576-9

Blood-brain barrier disruptionand
A recent study concluded that sustained systemicinflammationin

sustained systemic inflammation individuals with long COVID-associated
and persistent localised BBB cognitiveimpairment

dysfunction were a key feature of | - _

long COVID-associated brain fog.? T Tt

Published online: 22 February 2024 Cliona Ni Cheallaigh®’, Niall Conlon™, Colin P. Doherty ®**™®
& Matthew Campbell @™

®|Check for updates

Vascular disruption has been implicated in coronavirus disease 2019
(COVID-19) pathogenesis and may predispose to the neurological sequelae
associated with long COVID, yet it is unclear how blood-brain barrier

(BBB) function is affected in these conditions. Here we show that BER
disruption is evident during acute infection and In patients with long COVID
with cognitive impairment, commonly referred to as brain fog. Using
dynamic contrast-enhanced magnetic resonance imaging, we show BBB
disruption in patients with long COVID-associated brain fog. Transcriptomic
analysis of peripheral blood mononuclear cells revealed dysregulation

of the coagulation system and a dampened adaptive immune response in
individuals with brain fog. Accordingly, peripheral blood mononuclear
cells showed Increased adhesion to human brain endothelial cells in vitro,
while exposure of brainendothelial cells to serum from patients with long
COVID induced expression of inflammatory markers. Together, our data
suggest that sustained systemic inflammation and persistent localized BEB
dysfunction is a key feature of long COVID-associated brain fog,.

Certified
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Glymphatic system research — Health impact
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Glymphatic Dysfunction: A Bridge

The Role of Glymphatic System in Alzheimer’s and Parkinson’s The Dynamic Relationship between the Glymphatic System,

.
. H " Review
Revicw Between Sleep Disturbance and
Mood Disorders * Aot
Disease Pathogenesis { Aging, Memory, and Sleep
- m Tao Yan', Yuefeng Qiu?, Xinfeng Yu® and Linglin Yang** - . . .
Francesca R. Buccellato >*, Marianna D’Anca (2, Maria Serpente 2 Andrea Arighi 2(0 and _ ) o ) N o ) ) Konstantinos I. Voumvourakis ', Eleni Sideri =", Georgios N. Papadimitropoulos *, Ioanna Tsantzali "',
Daniela Galimberti 12 Au ) T&iﬁmmifm} ;g?g;:ﬂmtd&”:;ﬁfpﬁﬁ."?'Q:"%’f;zrw;lwm;& D:ﬂal' Paul Hewlett 2, Dimitrios Kitsos !, Marianna Stefanou !, Anastasios Bonakis !, Sotirios Giannopoulos ',
dited Hangzhou, Chins, * Department of Peychistry, The Sscond Afiisted Hospital, Zhefiang Liniverssty Schoel of Medicins, Georgios Tsivgoulis ! and George P. Paraskevas 1
Science. 2020 October Hangzhou, Ghina
s Glymphatic system: an emerging The glymphatic pathway in neurological disorders.
openAccess therapeutic approach for Glymphatic failure as a final common pathway to dementia ) ) .
neu rological disorders Martin Kaag Rasmussen®!, Humberto Mestre”23, and Maiken Nedergaard!-2:3,
Maiken Nedergaard, Steven A. Goldman Loz r
30! 1 L%
Ying/Geo’; Kangding Liu* and die Zhu Center for Translational Neuromedicine, Faculty of Health and Medical Sciences, University of |
China,*Depa Copenhagen, 2200 Copenhagen, Denmark; Center for Translational Neuromedicine, University of Rev Brain Res Bull. 2018 Jan:136:118-129. doi: 10.1016/j.brainresbull.2017.02.0114 Neurobiology of Disease
Rochester Medical Center, Rochester, NY 14642, USA Epub 2017 Mar 6. Sl 5 i N S
- Cortical Spreading Depression Closes Paravascular Space
International Journal of m\DPI o FTUZTESS 111 INCUTODIVIOEY . ) . . and Impairs Glvmohatic Flow: Implications for Migraine
Molecular Sciences \) \ The role of aquaporin-4 in synaptic plasticity, ?{n dm%‘nrs ymphatic Flow: Implications for Migraine
journal homepage: www.elsevier.com/locate/pneurobio memory and disease gacache L
Review ‘Aaron . Schain, > Agustin Melo-Carrillo, * Andrew M. Strassman, -+ and @Rami Burstein’
Glymphatic System Dysfunction and Sleep Disturbance Jacqueline A Hubbard 1, Jenny | Szu 1, Devin K Binder 2
May Contribute to the Pathogenesis and Progression of . T . . . vIEwWD
Y, P, g g Is the glymphatic system the missing link between sleep impairments and Review i s G i gmmes
Parkinson’s Disease oxical disorders? R e tmlicatt i e Annual Review of Pathology: Mechanisms of Disease
neurological disorders? Examining the implications and uncertainties . . Vg ) .
Andie Massey ', Matthew K. Boag ', Annie Magnier |, Dharah P. C. E Bispo ', Tien K. Khoo ** The Glymphatlc SYSte.ln' A NOVEI Componeﬂt Of ['he Gl 1phatic \) sten
and Dean L. Pountney '* Jennaya Christensen, Glenn R. Yamakawa, Sandy R. Shultz, Richelle Mychasiuk * Fundamental Neul’()blol()gy' in Central Nervous System
| N A Biol Psychiatry. Author manuscript: available in PMC 2019 February 15. T 1 Department of Neuroscience, Central Clinical School, Monash University, Melbourne, Victoria, Australia Health and Disease: Ivl 1St
Published in final edited form as: : | ‘l:mmlr ,\Il: I[-.:hlilf‘ \.‘de :’luikcr Nt’dt‘rg:l:n]]": b ot e e o 5 st o p & Ty \T” = SR
iol Ps . . . i biobsvi 5 enter for Translational Neuromedicine, University of Rochester Medical Center, Rochester, New York 14642, and “Center for Basic an resent, and Future
Biol Psychiairy. 2018 February 15; 83(4): 328-336. doi:10.1016/-biopsych.2017.11.031. - ‘HI Translational Neuroscience, Faculty of Health and Medical Sciences, University of Copenhagen, 2200 Copenhagen, Denmark Lot e : :
‘/c HHS Public Access [ — Beniamin A. Ploe!? and Maiken Nederaaard!
f : : : it ; k g Author manuscript L = 1 = z
The emerg_lng rel_atlonShlp between I_nterStItlaI fluid L Ann Neurol Author manuscript; available in PMC 2019 January 01. I HHS PUbllc Access . HHS PUblIC ACCGSS
cerebrospinal fluid exchange, amyloid B and sleep Published in final edited form as Author manuscript { 4 Author manuscript
) Ann Neurol. 2018 January ; 83(1): 197-204. doi:10.1002/ana.25117. t Neurosci Biobehav Rev. Author manuscript: available in PMC 2020 .-\ugusl_ Sleep Med Rev. Author manuscript; available in PMC 2023 February 01
Erin L. Boespflug, PhD'2 and Jeffrey J. lliff, PhD34 Published in final edited form as: Published in final edited form as:
*Department of NEUFOlOgy, Oregon Health & Science University, Portland, OR Neurosci Biobehav Rev. 2019 August : 103: 305-315. doi:10.1016/j.neubiorev.2019.05.016. Sleep Med Rev. 2022 February : 61: 101572, doi:10.1016/j.smrv.2021.101572
| Effect of sleep on overnight CSF amyloid-g kinetics
e . L. L. Brendan P. Lucey, MD"2", Terry J. Hicks', Jennifer $. McLeland', Cristina D. Toedebusch’, EszabHSh!ng a frameworlf fo_r ne_umpa‘rmbglcal_correlate Sleep, Cerebrospinal Fluid, and the Glymphatic System: A
Aquaporin 4 beyond a water channel; participation in motor, Jill Boyd', Donald L. Elbert, PhD?, Bruce W. Patterson, PhD¢, Jack Baty5, John C. Morris, glymphatic system functioning in Parkinson’s disease Systematic Review
iti i MD'26, vitaliy Oved, MS', Kwasi G. Mawuenyega, PhD', and Randall J. Bateman, MD"-26
Sensory, cogpltlve a.nd psychological performances, a Docartmen ‘:N o st U f g ol of M St Lee O Saranya Sundaram?®.', Rachel L. Hughes®", Eric Peterson®, Eva M. Miller-Oehr| P.L.H. Chong’, D. Garic2, M. D. Shen? 1. L 34, A J. g'
comprehensive review epartment of Neurology, Washingten University School of Medicine, St Louis, Helen M. Bron(’e;s‘tewart" ©, Kathleen L. Poston?e, Afik Faerman?, Chloe Bhowm| 1Purdue University, West Lafayette, IN
. Tilman Schulte®® T
Mohommad Taghi Jeghotaei ® " 9" 0 'ohreh Khanohmad|
USA.

Certified




Brain-heart

connection

bIOC|InIC

naturals



Heart-brain connection

A growing body of evidence shows a correlation between heart
health and brain health. Cardiovascular disease potentially
increases the risk of brain diseases such as stroke, dementia
and cognitive impairment.!

A recent study involving more than 40 000 subjects quantified
this heart-brain connection using both MRI and genetic data.!

Genetic correlations were observed between heart MRI traits
and brain-related traits and disorders.?

These results highlight the importance of managing a multi-
organ approach to health management to reduce disease risk
and progression.!

Zhao et al 2023
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Aging: Common denominators for brain and heart

€= Inflammation

- Oxidative stress

{3 Sleep disturbances

bioclinic
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Sleep: brain health and heart health

Chronically impaired sleep
time or quality
compromises glymphatic
clearance of waste and
toxins from the brain,
including
neurodegenerative
proteins.t*

Chronic sleep disturbances
increase the risk of
cardiovascular health
conditions.”

Sleep deprivation increases
sympathetic nervous
system activity.”

Verheggen et al 2018; Xuan et al 2022; Mestre et al 2020; Jessen et al 2015; Nagai et al 2010.

A study over 8-10 years,
with >4800 participants
reported an increased risk
of hypertension in those
with < 5 hours sleep.”

A study of almost 72 000
women reported increased
CHD in those with
inadequate sleep duration.”

Strategies to support
healthy sleep and to
restore healthy circadian
rhythms help support
brain health and heart
health.
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Interventions to

support brain
health
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Improving the balance towards brain health

Interventions that can promote healthy brain aging while
reducing the detrimental impact of age on cognition and memory.

Support blood . Reduce Improve sleep
. . Support brain . . . Reduce
brain barrier neuroinflammation duration and . .
. . waste clearance  yas . cardiovascular risk
integrity and oxidative stress quality

. : Participate in

AVOICLEKCESSINE cognitivel Manage emotional
Eat a healthy diet alcohol Exercise regularly 6 =Y &
: stimulating stress
consumption A
activities

ertified \bnﬂ NE,',) ° ° ° ®
< P
Murman et al 2015 ST IOC InIC
,
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Supporting BBB health and integrity

STOP

e Consuming gluten and foods that the individual cannot tolerate.
¢ Including sugar and processed foods in meals.

® |gnoring stress.

e Drinking alcohol in excess.

e Exposure to environmental toxins in air, water and food.

mmmmm  OTART

* Detoxifying the body of pesticides, heavy metals and other environmental toxins.
* Taking in probiotic foods to keep the gut balanced.

* Increasing intake of dietary essential fatty acids, which are vital for the brain.

* Reducing inflammation through the diet.

* Making quality sleep a priority.

* Reducing psychological and emotional stress.

e Supplements that may support blood-brain barrier health and integrity.

®

Acknowledged to https://mindd.org/leaky-brain/ "' b I OCl I n I C
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Therapeutic goals to support BBB health

Reduce modifiable causative factors of blood-brain barrier disruption

HEGIEE IR Reduce oxidative Support gu.t hea!th Support BBB repair
and Support sleep and reduce intestinal . . .
. . stress o (direct & indirect)
neuroinflammation permeability
e BBB disruption = e Key contributing e Impaired sleep e ‘Leaky gut-brain leak e Addressing key
inflamed brain factor for BBB guality connection’ causes of BBB
disruption. compromises disruption facilitates

clearance of brain repair and removes

e Key contributing * Increased gut-

factor for BBB e Also affects waste. barrier permeability ongoing triggers.
disruption and glymphatic function. and dysbiosis are

contributes to linked to

glymphatic neuroinflammation.

dysfunction.

bioclinic
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Therapeutic goals to support BBB health

Address the clinical effects associated with increased blood-brain barrier permeability

Support nervous system

Support brain health Support cognitive health

health
Increased BBB permeability Increased BBB permeability * Increased BBB permeability e Impaired BBB integrity may
results in: may result in: may affect cognitive health affect mood or manifest as
e Loss of normal protective e Neuronal loss and function. mood disorders.
mechanisms e Neuronal dysfunction
e May compromise brain ¢ Neuroinflammation * It may manifest as brain

health and function. fog, difficulty in
concentrating and memory

loss.

e Neurodegeneration.

e BBB dysfunction may also

present as headaches. .
e Also contributes to an

increased risk of
neurocognitive disorders.

bioclinic
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Interventions to f :
. Omega-3 fatty acids (EPA/DHA
support brain and Omega-3 T e .

heart hea Ith ;Specialised pro-resolving mediators (SPMs) ;
Cocoa ]
:Vitamin D 1
:Vitamin K2 :
:Magnesium :
:Curcumin :

bioclinic
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https://www.istockphoto.com/photo/overmind-brain-activity-colored-human-overbrain-model-view-top-3d-illustration-gm1251284579-365120652

Ingredient summary

Reduce
inflammation/
heuro-

Antioxidant Support sleep

inflammation

Omega-3 fatty

(o) -3 fatt
acids mega-> fatly

acids

Magnesium

Vitamin K2
Curcumin

Magnesium

Lemon balm
Curcumin Green tea

https://www.istockphoto.com/photo/overmind-brain-activity-colored-human-overbrain-model-view-top-3d-illustration-gm1251284579-365120652

Support brain
health/BBB

Omega-3 fatty

Support Support
cognitive cardiovascular

health health

Omega-3 fatty

acids acids

Cocoa

Vitamin D

Curcumin Vitamin D
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Omega-3 fatty acids: Brain health

DHA is recognised as the most important omega-3 fatty acids for brain and cognitive health:%?

: Supports neurological function, learning, cognition.

: Counteracts neuroinflammatory processes.

= Facilitates neurotransmission.

: Influences synthesis and function of neurotransmitters.
- Involved in neuronal membrane and receptor function.

el oM NEg ®
Braun & Cohen 2015, Natural Medicines Database 2024 gt b i OCI i n iC
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DHA: Brain health

= There is a correlation between DHA deficiency and increased risk for development of several
types of dementia and aged-related cognitive decline.!

= Research suggests omega-3 fatty acids, especially DHA, may have protective benefits against
age-related cognitive decline.1®

= Enhanced clearance of neurotoxic proteins such as amyloid-p peptides.
= Decreased synthesis of pro-inflammatory cytokines.

= Increased production of neurotrophic and neuroprotective factors.

o "IE""‘G. ° . e ®
Loef et al 2013; Yanai et al 2017; Ammann et al 2017; Conquer et al 2000; Lopez et al 2011; Schaefer et al 2006. S bIOCI I n IC
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S P M ) Specialised Pro-resolving Mediators

SPMs are a class of endogenously produced lipid mediators

and include resolvins, protectins, and maresins.?

In the body, SPMs:1-4

Facilitate resolution or ‘ending’ of inflammation and
promoting a return to homeostasis.

Inhibit additional inflammation and regulate the
immune response.

Clear away damaging by-products of inflammation.

Promote clearance of dead cells, debris, blood clots and
bacteria by macrophages.

Aid in tissue repair, remodelling and protection.

Fredman et al 2017; Al-Shaer et al 2021; Gudernatsch et al 2020; Perretti et al 2017; Barnig et al 2019.

magnitude of inflammation

pro-nfammalory :

modaiirs

Pro-fes0vIng
medalors

chronic inflammation

time
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SPMs: Brain health and neuroinflammation

SPMs play an important role in modulating and resolving CNS

neuroinflammation and supporting neural and brain tissue repair.1-3

Evidence suggests SPMs:

= Help resolve age-related low-grade neuroinflammation.
Neuroinflammation is associated with cognitive decline.3

= Can ameliorate hyperreactive inflammation.!
= Shorten inflammatory resolution time.?
= Accelerate CNS tissue regeneration and repair.12

*= Maintain brain homeostasis.>2

Shang et al 2019; Tiberi et al 2021; Joffre et al 2020 = w ' b i OC I i n i C®

naturals



= |nadequate SPM bioactivity may result in unresolved inflammation.%?

= Chronic inflammation underpins several disease states, including neurological, cardiovascular

and joint conditions.13

Factors that limit endogenous production of SPMs include:!-3

Inadequate intake of dietary omega-3 fatty acids to
meet physiological needs.

f

Aging, with SPM production decreasing with age.

x

Physical stressors: Overexertion as well as a sedentary

lifestyle.

Environmental toxin overload.

Dietary factors.

ﬂ Pre-existing health conditions which both increase
physiological demand and compromise biosynthesis.
e
§ Genetic predisposition.

B

Insufficient, or poor-quality sleep.

Fredman et al 2017; Al-Shaer et al 2021; Silverman et al 2017
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Cocoa: Brain health

Brain health:

Cocoa consumption has been shown to improve brain blood flow, induce cerebral vasodilation and
increase cerebral blood oxygenation in clinical studies. 1

Neuro-modulatory effects have been reported in human studies.*

Cocoa is reported to be neuroprotective and to stimulate neuro-regeneration.”

Neuroinflammation:

Consumption of cocoa polyphenols and flavonoids has been shown to reduce neuroinflammation.!®

Antioxidant:

Cocoa polyphenols are antioxidant.}*

Zeli et al 2022; Socci et al 2017; Gratton et al 2020; Sokolov et al 2013

bioclinic
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Cocoa: Cognitive health

= Cocoa promotes memory, cognitive function and synaptic plasticity.!

= Evidence suggests:

* Cocoa enhances and sustains cognitive function in both
younger and older adults.18

May help reduce the risk of age-related cognitive decline.l*

= A review of 9 observational studies and 10 interventional studies

reported:?

* Cocoa may help manage cognitive decline in aged people.
May help improve or aid recovery of neurovascular connectivity.

Greatest benefits reported in studies with 500-900 mg cocoa
flavanols daily for > 8 weeks.

Certified
oM NEg, ° ° e ®
Zeli et al 2022; Socci et al 2017; Gratton et al 2020; Sokolov et al 2013; Martin et al 2020; Desideri et al 2012; m b I
v l0ClINIC
—_— 4
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Vitamin D: Brain and cognitive health

Brain health:

Circulating calcifediol crosses the BBB and enters glial and neuronal cells to be
converted into the active calcitriol form, where it supports brain health and
function.'?

Neuroinflammation:

Vitamin D has anti-inflammatory and neuroprotective actions.!-3

* Preliminary research suggests that vitamin D protects endothelial cells and
ameliorates BBB disruption, mainly by reducing inflammation.*®

Cognitive health:

Vitamin D supports normal cognitive and neurological function.

Vitamin D deficiency has been associated with cognitive decline and an increased risk

of some cognitive disorders.1’-

Anjum et al 2018; Sultan et al 2020; Harms et al 2011; Won et al 2015; Dehghani et al 2013; Enkjargal et al 2017,
Charoenngam et al 2020; Soni et al 2012; Annweiler et al 2016; Llewellyn et al 2010
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naturals




Vitamin K2: CV and inflammation

. Vitamin K2 activates osteocalcin, which then binds to calcium, / \
leading to calcium being deposited into bones.1*

Cofactor for carboxylation Cofactor for carboxylation
(activation) of osteocalcin (activation) of matrix GLA
protein (MGP)

Cardiovascular health

- Vitamin K2 also activates (stimulates carboxylation) of matrix GLA ‘ ‘
protein (MGP), which inhibits calcification of blood vessels.34 Active osteocalcin binds Active MGP inhibits
and moves calcium out of calcium from being
circulation into bone and deposited in vascular
Inflammation supports bone health walls (calcification)

*  Emerging evidence suggests vitamin K is a protective nutrient in
aging and ‘inflammaging’.

; Calcium in bone
VITAMIN K2

* It has been shown to exert a protective role in the inflammatory v Er e O
and mineralization processes associated with the onset and ; Calcium iI’I‘ vessel
i) walls
progression of age-related diseases.” Moves calcium out Healthy bone
’ blood into bone Inhibits vascular calcification

[ ] [ ) L[] ®
Knapen et al 2013; Rodriguez-Olleros et al 2019; Hariri et al 2021; Maresz et al 2015; Simes et al 2019 IR b I OCI I n IC
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Vitamin K2 — Brain health

= Vitamin K deficiency is strongly associated with arterial
stiffness, vascular and valvular calcification, heart failure

Valvular
Calcification

Arterial Stiffness

o
o

and cardiovascular mortality.!

Link to brain health:

)
o'

Cardiovascular Mortality o & Arterial

Calcification

o

——
j—
——
—
—
—
—

v

* Impaired cerebral blood flow is a contributing factor for
age-related cognitive deterioration and an increased

1 in 2 E Risk of Heart Failure E Risk of Type Il
risk of dementia. - ' = > o
* Arterial pulsation is a key driver for glymphatic system
_ L . .
clearance.2 Compromised cerebral blood flow may Vitamin K2 supports cardiovascular health.

impede brain waste clearance.?

d N NG . . e ®
Hariri et al 2021;Nedergaard et al 2020 . 3 g b I OCI I n IC
N
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Synergy between vitamin D and K2

The synergy between vitamin D and vitamin K2 is reported

[ 1 Bone mineral density ]

|

l

¥-Glutasmd
earbonylave

in multiple studies.?

This synergy is due to biological mechanisms as well as

Phosphorylated carboxylated
OC (p-cOC)

o

different complementary effects on bone and CV health.?

Carboxylated
ocC
Carboxylated
MGP

/ Osteocalcin (OC)
\ Matrix Gla
Protein (MGP)

Viamin K dependent
Carboxylation

Vitamin D (as calcitriol) is needed for the synthesis of

the vitamin K-dependent proteins, osteocalcin and

MGP (p-cMGP)

matrix GLA protein (MGP).! l

Phosphorylated carboxylated ]

. . N . J Vi lar calcification ]
Vitamin K2 is an essential co-factor for the [ ascular calcificatio

carboxylation of these proteins to their active forms.!

- Carboxylated osteocalcin results in I bone mineral density.? Adequate intake of both vitamin D and vitamin K are
1,2
= Carboxylated MGP results in |, vascular calcification.! necessary to support bone and vascular health.

Khalil et al 2023; Hou et al 2019 SV biOCI i N ié
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Magnesium: Brain and nervous system health

Brain health: e Magnesium directly influences BBB properties.

e Evidence suggests magnesium prevents BBB disruption, reduces hyperpermeability and
supports BBB integrity and repair.1’

Neuroinflammation: | ¢ Magnesium deficiency is linked to low-grade inflammation and neuroinflammation.!

e Neuroinflammation compromises BBB integrity.!

Antioxidant: e Magnesium upregulates antioxidant enzyme activity and inhibits production of ROS.*

e |t may be protective to brain tissue due to these antioxidant actions.?

Nervous system e Magnesium supports nervous system health and helps regulate the stress response.?10

health and sleep: e Stress appears to be a contributing factor for triggering neuroinflammation, which can lead

to impaired BBB and glymphatic system function.11-1>

e Low magnesium status has been linked to poor sleep quality, altered circadian rhythms and low
melatonin levels.1®

T . . e ®
Maier et al 2022; Kaya et al 2011; Euser et al 2008; Shadman et al 2019; Esen et al 2005; Kaya et al 2004; Kaya et al 2001; g b I OCI I n I C

Hechtman et al 2019; Boyla et al 2017; Esposito et al 2001; Garate et al 2013; Wei et al 2019; Xie et al 2013; Reddy et al 2020
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Curcumin: Brain and nervous system health

Brain and cognitive | ® Curcumin reduces inflammation and has antioxidant properties.}*

health:
® Curcumin has been shown to improve memory and attention in adults without dementia.

Preliminary evidence also suggests curcumin decreases amyloid and tau accumulation in brain
regions that modulate mood and memory.>

Neuroinflammation: | ® Curcumin has significant anti-inflammatory actions and downregulates the synthesis of multiple
pro-inflammatory mediators, including inhibition of NF-k and TNF-a.. 126

Antioxidant: ®  Curcumin has significant antioxidant activity and has been shown to improve systemic markers of

oxidative stress in clinical trials.3’

Certified ° ° e ®
Aggarwal et al 2013; Aggerwal et al 2009; He et al 2015; Di Meo et al 2019; Hewlings et al 2017; Goozee et al 2016; Small et al 2018 / bIOC| I n IC
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In Summary.....

BBB dysfunction leads to compromised influx of unwanted compounds into the brain.

It also contributes to glymphatic system dysfunction, which compromises the

clearance of brain waste and neurotoxins out of the brain.?

Dysfunction of one, or both, may result in accumulation of neurotoxins, proteins and
metabolites in the brain, which increase the risk of neurodegenerative diseases, as

well as having shorter term effects.?
Therapeutic interventions for disrupted BBB integrity should address:
“» Key causative factors, such as neuroinflammation and oxidative stress.

“» Key clinical consequences.

The combination of these strategies may help protect the brain from damage,
promote repair, support cognition, reduce the risk of neurocognitive decline and

help to counteract the effects of aging on the brain.




Summary of key actions and ingredients

Reduce .
TR Support brain Support Support
neuro- Antioxidant  Support sleep health/BBB cognitive cardiovascular

repair health health

inflammation

Omega-3 fatty
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Omega-3 fatt 7 Omega-3 fatt
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Cocoa

Magnesium
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Curcumin
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Curcumin Green tea
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Support brain health with lifestyle interventions

Interventions that can promote healthy brain aging

Support blood
brain barrier
integrity

Support brain
waste clearance

Reduce
neuroinflammation
and oxidative stress

Improve sleep
duration and
quality

Reduce

cardiovascular risk

Eat a healthy diet

Avoid excessive
alcohol
consumption

Exercise regularly

Participate in
cognitively
stimulating

activities

Manage emotional

stress

Murman et al 2015
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Brain health and
supporting
patient care
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Brain health: key populations

°  Aging population.

*  Those at higher risk of neurodegenerative decline.

°  Preventative to support long term brain health and function.

*  Chronic inflammation or high risk of oxidative stress (adjunct).

*  Chronic low-quality sleep or high stress (adjunct).

*  Concomitant cardiovascular disease

*  ‘Brain fog’ or needing cognitive support.

*  Gut dysbiosis / compromised gut permeability (strong correlation).

*  High exposure to environmental toxins including moulds (adjunct).

bioclinic
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Patient support for brain health

As we age, we have:

* Anincreased number of health problems.

* Anincreased number of pills and potions to take.
* Increased cost associated with staying healthy.

* Decreased resources to pay for health.

The are several common contributing factors for brain and heart conditions —and
with that, the opportunity to select supplements that support a shift in balance

towards brain and heart health.

Some of these ingredients also support other systems, such as bone health,

metabolic health, mood, joint health and help inflammation and oxidative stress.

Multi-functional complementary

ingredients include:

Omega-3 fish oils
SPMs

Cocoa

Vitamin D
Vitamin K2
Magnesium
Curcumin

Green tea

bioclinic
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Patient support for inflammation / neuroinflammation

* Neuroinflammation has been identified as key contributing factor for BBB disruption and impaired glymphatic clearance.
* Vascular inflammation has been identified as a key contributing factor for heart disease, especially atherosclerosis.
* Peripheral inflammation exacerbates neuroinflammation and vascular inflammation.

* |Inflammation and oxidative stress exacerbate each other.

Complementary ingredients shown to reduce neuroinflammation / inflammation include:
* Omega-3 fish oils
* SPMs
* VitaminD
*  Magnesium

e Curcumin

bioclinic
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Patient support for sleep disturbances

Our quality of sleep naturally declines with age.
Women often experience poor sleep quality due to menopause.

Sleep disturbances occur due to conditions like sleep apnoea or snoring,
which increase with age (self or partner).

Sleep disturbances can occur due to other age-related health conditions,
including pain and inflammation.

Potential problems

Sleep is needed for neurological, cognitive and physical health.

Brain waste clearance occurs at night. Chronic lack of sleep may affect ability
to clear toxins and brain waste.

Hypnotic drug therapies should be used with caution in the elderly —
disorientation; dependence; increased risk of risk falls and fractures.

Lifestyle interventions to support sleep are the first-
line approach.

In addition, naturopathic support for sleep includes:

* Cocoa
* Phytomelatonin
* Hops

* Lemon balm

bioclinic
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Healthy brain aging needs a multi-faceted approach

Brain health

Reducing

Neuroinflammation [T &= /%

Reducing oxidative

~

stress
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Bioclinic Naturals Leaky Brain

Leaky Brain includes a unique blend of anti-inflammatory, antioxidant,

brain, cognitive and gut supportive nutrients and herbs.
-—
Leaky Brain

Supports Brain &
Nervous System Function

It has been formulated with ingredients that:
* Reduce the key underlying causes of BBB disruption.

* Support repair of BBB integrity.

Chocolate Flavour

210 g Chocolate Powder

— * Help address the consequences of increased BBB permeability.

Chocolate flavoured powder. Vegetarian-friendly

bioclinic
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Key actions

Support brain & Support cognitive Reduce .. Support Gl health and
. . Antioxidant . .
nervous system health inflammation beneficial flora

Cocoa

Cocoa Cocoa Cocoa

Magnesium

Vitamin D

Curcumin

Green tea Curcumin Curcumin

Leucine

Green tea

Acetyl-L-carnitine Holy basil Green tea

Holy basil

Acetyl-L-carnitine

Lavender

bioclinic
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Opti EPA/DHA
lus SPM

Patients with chronic
inflammation or
neuro-inflammation.

Inflammation is a key
contributing factor
for BBB disruption.

{ \
| aa————
Opti Active D&.K2
Lalcifediol monohydrate 10 micrograms
Menaquinone7 180 micrograms
Highly Bioavailable Vitamin D& K2

120 Softgels
AustL e

Patients looking to

support bone health,
cardiovascular health

Secondary action to
support brain health.

Support

30 Vegetanan (apsules

bioclinic

naturals

Patients with chronic
sleep disturbances or
dysregulated
circadian rhythms.

Toxins and waste are
cleared from the
brain during deep

sleep.

Chronic sleep
disturbances may
increase CV risk

(urcuSolv- 500mg

Curcumin 50mg
Dimethyl sulfone 300mg

Highly Bioavailable Curcumin
60 Tablets
AUSTL 324830

Patients with
conditions associated
with inflammation
including mild
osteoarthritis.

NeurAlert

Alpinia galanga thizome extract 300 mg
Enhances Mental Alertness
& Attention Span
50 Chocolate Chewable Tablets

b|oc||n|c

naturals

Patients looking for
occasional ‘top-up’
support for cognition
and focus.

BBB disruption

affects cognitive
health.
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Thank you

Please email any queries to
Liesl Blott
Education and Training Manager

Tech Support Bioclinic AU
<techsupport@bioclinic.com.au>



AW e

v

10.
11.

12.

13.
14.
15.
16.

17.
18.

19.
20.
21.
22.
23.
24.

25.
26.

Reference list

Abbasi B, Kimiagar M, Sadeghniiat K, Shirazi MM, Hedayati M, Rashidkhani B. The effect of magnesium supplementation on primary insomnia in elderly: A double-blind placebo-controlled clinical trial. J Res Med Sci. 2012 Dec;17(12):1161-9.
Abbott NJ. Inflammatory mediators and modulation of blood-brain barrier permeability. Cell Mol Neurobiol. 2000 Apr;20(2):131-47.
Aggarwal BB, Gupta SC, Sung B. Curcumin: an orally bioavailable blocker of TNF and other pro-inflammatory biomarkers. Br J Pharmacol. 2013 Aug;169(8):1672-92.

Aggarwal BB, Harikumar KB. Potential therapeutic effects of curcumin, the anti-inflammatory agent, against neurodegenerative, cardiovascular, pulmonary, metabolic, autoimmune and neoplastic diseases. Int J Biochem Cell Biol. 2009 Jan;41(1):40-
59.

Al-Shaer AE, Buddenbaum N, Shaikh SR. Polyunsaturated fatty acids, specialized pro-resolving mediators, and targeting inflammation resolution in the age of precision nutrition. Biochim Biophys Acta Mol Cell Biol Lipids. 2021 Jul;1866(7):158936.

Ammann EM. Pottalla JV, Robinson JG et al. Erythrocyte omega-3 fatty acids are inversely associated with incident dementia: Secondary analyses of longitudinal data from the Women's Health Initiative Memory Study (WHIMS). PLEFA. 2017; 121:
68-75.

Anjum |, Jaffery SS, Fayyaz M, Samoo Z, Anjum S. The role of vitamin D in brain health: A mini literature review. Cureus. 2018 Jul 10;10(7):e2960.
Annweiler C. Vitamin D in dementia prevention. Ann N Y Acad Sci. 2016 Mar;1367(1):57-63.

Australian Institute of Health and Welfare (2022) Dementia in Australia, AIHW, Australian Government, accessed 20 January 2023.

Banks WA, Reed MJ, Logsdon AF, Rhea EM, Erickson MA. Healthy aging and the blood-brain barrier. Nat Aging. 2021 Mar;1(3):243-254.

Barnig C, Bezema T, Calder PC, Charloux A, Frossard N, Garssen J, Haworth O, Dilevskaya K, Levi-Schaffer F, Lonsdorfer E, Wauben M, Kraneveld AD, Te Velde AA. Activation of Resolution Pathways to Prevent and Fight Chronic Inflammation: Lessons
From Asthma and Inflammatory Bowel Disease. Front Immunol. 2019 Jul 23;10:1699.

Based on Dementia Australia’s analysis of the following publications - Department of Health and Aged Care, 2020 Aged Care Workforce Census Report, 2020, p. 6; Australian Institute of Health and Welfare (2022) Dementia in Australia, AIHW,
Australian Government, accessed 20 January 2023

Boyle NB, Lawton C, Dye L. The effects of magnesium supplementation on subjective anxiety and stress-A systematic review. Nutrients. 2017 Apr 26;9(5):429.

Brain Basics: Know Your Brain. 2022. [cited December 2022] National Institute of Neurological Disorders and Stroke. Available from https://www.ninds.nih.gov/health-information/public-education/brain-basics/brain-basics-know-your-brain
Buccellato FR, D'Anca M, Serpente M, Arighi A, Galimberti D. The role of glymphatic system in Alzheimer's and Parkinson's disease pathogenesis. Biomedicines. 2022 Sep 13;10(9):2261.

Christensen J, Yamakawa GR, Shultz SR, Mychasiuk R. Is the glymphatic system the missing link between sleep impairments and neurological disorders? Examining the implications and uncertainties. Prog Neurobiol. 2021 Mar;198:101917.

Conquer JA, Tierney MC, Zecevic J, Bettger WJ, Fisher RH. Fatty acid analysis of blood plasma of patients with Alzheimer's disease, other types of dementia, and cognitive impairment. Lipids. 2000 Dec;35(12):1305-12.
Cosentino N, Campodonico J, Milazzo V, De Metrio M, Brambilla M, Camera M, Marenzi G. Vitamin D and Cardiovascular Disease: Current Evidence and Future Perspectives. Nutrients. 2021 Oct 14;13(10):3603.

Daneman R, Prat A. The blood-brain barrier. Cold Spring Harb Perspect Biol. 2015 Jan 5;7(1):a020412.
Dehghani L, Meamar R, Etemadifar M, Sheshde ZD, Shaygannejad V, Sharifkhah M, Tahani S. Can vitamin D suppress endothelial cells apoptosis in multiple sclerosis patients? Int J Prev Med. 2013 May;4(Suppl 2):S211-5.
Del Gobbo LC et al. Circulating and dietary magnesium and risk of cardiovascular disease: a systematic review and meta-analysis of prospective studies. [Review] American Journal of Clinical Nutrition. 2013; 98(1):160-73.

Dementia Australia (2023) Dementia Prevalence Data 2024-2054, commissioned research undertaken by the Australian Institute of Health and Welfare.
Dementia. https://www.dementia.org.au/about-dementia/what-is-dementia

Desideri G, Kwik-Uribe C, Grassi D, Necozione S, Ghiadoni L, Mastroiacovo D, Raffaele A, Ferri L, Bocale R, Lechiara MC, Marini C, Ferri C. Benefits in cognitive function, blood pressure, and insulin resistance through cocoa flavanol consumption in
elderly subjects with mild cognitive impairment: the Cocoa, Cognition, and Aging (CoCoA) study. Hypertension. 2012 Sep;60(3):794-801.

Di Meo F, Margarucci S, Galderisi U, Crispi S, Peluso G. Curcumin, gut microbiota, and neuroprotection. Nutrients. 2019 Oct 11;11(10):2426.

Enkhjargal B, McBride DW, Manaenko A, Reis C, Sakai Y, Tang J, Zhang JH. Intranasal administration of vitamin D attenuates blood-brain barrier disruption through endogenous upregulation of osteopontin and activation of CD44/P-gp glycosylation
signaling after subarachnoid hemorrhage in rats. J Cereb Blood Flow Metab. 2017 Jul;37(7):2555-2566.

bioclinic

naturals



https://www.ninds.nih.gov/health-information/public-education/brain-basics/brain-basics-know-your-brain

28.

29.

30.
31.
32.
33.
34.
35.
36.

37.
38.

39.
40.

41.

42.

43,
44,
45,

46.
47.

48.
49.

50.

Reference list

Esen F, Erdem T, Aktan D, Orhan M, Kaya M, Eraksoy H, Cakar N, Telci L. Effect of magnesium sulfate administration on blood-brain barrier in a rat model of intraperitoneal sepsis: a randomized controlled experimental study.
Crit Care. 2005 Feb;9(1):R18-23.

Esposito P, Gheorghe D, Kandere K, Pang X, Connolly R, Jacobson S, Theoharides TC. Acute stress increases permeability of the blood-brain-barrier through activation of brain mast cells. Brain Res. 2001 Jan 5;888(1):117-
127.

Euser AG, Bullinger L, Cipolla MJ. Magnesium sulphate treatment decreases blood-brain barrier permeability during acute hypertension in pregnant rats. Exp Physiol. 2008 Feb;93(2):254-61.
Farrall AJ, Wardlaw JM. Blood-brain barrier: ageing and microvascular disease--systematic review and meta-analysis. Neurobiol Aging. 2009 Mar;30(3):337-52.

Fish oil. 2024.[cited May 2024] Natural Medicines Database. Therapeutic Research Centre [Internet]. Available from: https://naturalmedicines.therapeuticresearch.com/
Fish Oils. In: Braun L, Cohen M. Herbs and natural supplements - an evidence-based guide Vol 2 4t ed. Elsevier Australia; 2015. p. 323-349.

Fredman G, Spite M. Specialized pro-resolving mediators in cardiovascular diseases. Mol Aspects Med. 2017 Dec;58:65-71.

Fukuda AM, Badaut J. Aquaporin 4: a player in cerebral edema and neuroinflammation. J Neuroinflammation. 2012 Dec 27;9:279.

Galea I. The blood-brain barrier in systemic infection and inflammation. Cell Mol Immunol. 2021 Nov;18(11):2489-2501.

Gao Y, Liu K, Zhu J. Glymphatic system: an emerging therapeutic approach for neurological disorders. Front Mol Neurosci. 2023 Jul 6;16:1138769.

Gadrate |, Garcia-Bueno B, Madrigal JL, Caso JR, Alou L, Gomez-Lus ML, Micé JA, Leza JC. Stress-induced neuroinflammation: role of the Toll-like receptor-4 pathway. Biol Psychiatry. 2013 Jan 1;73(1):32-43.

Ghezzi L, Cantoni C, Rotondo E, Galimberti D. The gut microbiome-brain crosstalk in neurodegenerative diseases. Biomedicines. 2022 Jun 23;10(7):1486.

Goozee KG, Shah TM, Sohrabi HR, Rainey-Smith SR, Brown B, Verdile G, Martins RN. Examining the potential clinical value of curcumin in the prevention and diagnosis of Alzheimer's disease. Br J Nutr. 2016 Feb
14;115(3):449-65.

Gratton G, Weaver SR, Burley CV, Low KA, Maclin EL, Johns PW, Pham QS, Lucas SJ, Fabiani M, Rendeiro C. Dietary flavanols improve cerebral cortical oxygenation and cognition in healthy adults. Scientific reports. 2020 Nov
24;10(1):1-3.

Greene C, Connolly R, Brennan D, Laffan A, O'Keeffe E, Zaporojan L, O'Callaghan J, Thomson B, Connolly E, Argue R, Martin-Loeches |, Long A, Cheallaigh CN, Conlon N, Doherty CP, Campbell M. Blood-brain barrier disruption
and sustained systemic inflammation in individuals with long COVID-associated cognitive impairment. Nat Neurosci. 2024 Mar;27(3):421-432.

Gudernatsch V, Stefariczyk SA, Mirakaj V. Novel Resolution Mediators of Severe Systemic Inflammation. Immunotargets Ther. 2020 Mar 6;9:31-41.

Hariri E, Kassis N, Iskandar JP, Schurgers LJ, Saad A, Abdelfattah O, Bansal A, Isogai T, Harb SC, Kapadia S. Vitamin K,-a neglected player in cardiovascular health: a narrative review. Open Heart. 2021 Nov;8(2):e001715.
Harms LR, Burne TH, Eyles DW, McGrath JJ. Vitamin D and the brain. Best Pract Res Clin Endocrinol Metab. 2011 Aug;25(4):657-69.

He Y, Yue Y, Zheng X et al. Curcumin, inflammation, and chronic diseases: how are they linked? Molecules. 2015; 20(5):9183-213
Hechtman L, le Roux C. The Neurological System. Psychological Systems In: Hechtman L. Clinical naturopathic medicine 2" ed. Elsevier Australia. 2019. p. 1359-1268

Hewlings SJ, Kalman DS. Curcumin: A Review of Its Effects on Human Health. Foods. 2017 Oct 22;6(10):92.

Hou YC, Lu CL, Zheng CM, Chen RM, Lin YF, Liu WC, Yen TH, Chen R, Lu KC. Emerging Role of Vitamins D and K in Modulating Uremic Vascular Calcification: The Aspect of Passive Calcification. Nutrients. 2019 Jan
12;11(1):152.

Hugo J, Ganguli M. Dementia and cognitive impairment: epidemiology, diagnosis, and treatment. Clin Geriatr Med. 2014 Aug;30(3):421-42.

Certified

bioclinic

naturals



https://naturalmedicines.therapeuticresearch.com/

51.
52.

53.
54.

55.

56.
57.

58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

70.
71.
72.
73.

74.
75.

76.
77.
78.

79.
80.

81.

Reference list

Hussain B, Fang C, Chang J. Blood-Brain Barrier Breakdown: An Emerging Biomarker of Cognitive Impairment in Normal Aging and Dementia. Front Neurosci. 2021 Aug 19;15:688090.
Jessen NA, Munk AS, Lundgaard I, Nedergaard M. The Glymphatic System: A Beginner's Guide. Neurochem Res. 2015 Dec;40(12):2583-99.

Joffre C, Dinel AL, Chataigner M, Pallet V, Layé S. n-3 Polyunsaturated Fatty Acids and Their Derivates Reduce Neuroinflammation during Aging. Nutrients. 2020 Feb 28;12(3):647.
Kaur N, Chugh H, Sakharkar MK, Dhawan U, Chidambaram SB, Chandra R. Neuroinflammation Mechanisms and Phytotherapeutic Intervention: A Systematic Review. ACS Chem Neurosci. 2020 Nov 18;11(22):3707-3731.

Kaya M, Ahishali B. The role of magnesium in edema and blood brain barrier disruption. In: Vink R, Nechifor M, editors. Magnesium in the Central Nervous System [Internet]. Adelaide (AU): University of Adelaide Press; 2011. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK507252/

Kaya M, Gulturk S, ElImas I, Kalayci R, Arican N, Kocyildiz ZC, Kucuk M, Yorulmaz H, Sivas A. The effects of magnesium sulfate on blood-brain barrier disruption caused by intracarotid injection of hyperosmolar mannitol in rats. Life Sci. 2004 Nov 26;76(2):201-12.
Kaya M, Kugtk M, Kalayci RB, Cimen V, Girses C, Elmas |, Arican N. Magnesium sulfate attenuates increased blood-brain barrier permeability during insulin-induced hypoglycemia in rats. Can J Physiol Pharmacol. 2001 Sep;79(9):793-8.

Khalil Z, Alam B, Akbari AR, Sharma H. The Medical Benefits of Vitamin K, on Calcium-Related Disorders. Nutrients. 2021 Feb 21;13(2):691.

Knapen MH, Braam LA, Drummen NE, Bekers O, Hoeks AP, Vermeer C. Menaquinone-7 supplementation improves arterial stiffness in healthy postmenopausal women. A double-blind randomised clinical trial. Thromb Haemost. 2015 May;113(5):1135-44.
Knox EG, Aburto MR, Clarke G, Cryan JF, O’Driscoll CM. The blood-brain barrier in aging and neurodegeneration. Molecular Psychiatry. 2022 Jun;27(6):2659-73.

Llewellyn DJ, Lang IA, Langa KM, Muniz-Terrera G, Phillips CL, Cherubini A, Ferrucci L, Melzer D. Vitamin D and risk of cognitive decline in elderly persons. Arch Intern Med. 2010 Jul 12;170(13):1135-41.

Loef M, Walach H. The omega-6/omega-3 ratio and dementia or cognitive decline: a systematic review on human studies and biological evidence. J Nutr Gerontol Geriatr. 2013;32(1):1-23.

Lopez LB, Kritz-Silverstein D, Barrett Connor E. High dietary and plasma levels of the omega-3 fatty acid docosahexaenoic acid are associated with decreased dementia risk: the Rancho Bernardo study. J Nutr Health Aging. 2011 Jan;15(1):25-31.
Maier JAM, Locatelli L, Fedele G, Cazzaniga A, Mazur A. Magnesium and the Brain: A Focus on Neuroinflammation and Neurodegeneration. Int J Mol Sci. 2022 Dec 23;24(1):223.

Main BS, Minter MR. Microbial immuno-communication in neurodegenerative diseases. Front Neurosci. 2017 Mar 23;11:151.

Matkiewicz MA, Szarmach A, Sabisz A, Cubata WJ, Szurowska E, Winklewski PJ. Blood-brain barrier permeability and physical exercise. J Neuroinflammation. 2019 Jan 24;16(1):15.

Maresz K. Proper Calcium Use: Vitamin K2 as a Promoter of Bone and Cardiovascular Health. Integr Med (Encinitas). 2015 Feb;14(1):34-9.

Martin MA, Goya L, de Pascual-Teresa S. Effect of cocoa and cocoa products on cognitive performance in young adults. Nutrients. 2020 Nov 30;12(12):3691.

Mastroiacovo D, Kwik-Uribe C, Grassi D, Necozione S, Raffaele A, Pistacchio L, Righetti R, Bocale R, Lechiara MC, Marini C, Ferri C, Desideri G. Cocoa flavanol consumption improves cognitive function, blood pressure control, and metabolic profile in elderly subjects: the Cocoa,
Cognition, and Aging (CoCoA) Study--a randomized controlled trial. Am J Clin Nutr. 2015 Mar;101(3):538-48.
Mestre H, Mori Y, Nedergaard M. The brain's glymphatic system: Current controversies. Trends Neurosci. 2020 Jul;43(7):458-466.

Mogensen FL, Delle C, Nedergaard M. The Glymphatic System (En)during Inflammation. Int J Mol Sci. 2021 Jul 13;22(14):7491.
Morris G, Fernandes BS, Puri BK, Walker AJ, Carvalho AF, Berk M. Leaky brain in neurological and psychiatric disorders: Drivers and consequences. Aust N ZJ Psychiatry. 2018 Oct;52(10):924-948.
Murman DL. The Impact of Age on Cognition. Semin Hear. 2015 Aug;36(3):111-21.

Nagai M, Hoshide S, Kario K. Sleep duration as a risk factor for cardiovascular disease- a review of the recent literature. Curr Cardiol Rev. 2010 Feb;6(1):54-61.
Natural Medicines Database. [cited October 2022] Therapeutic Research Centre. [Internet] Available from https://naturalmedicines.therapeuticresearch.com/

Nedergaard M, Goldman SA. Glymphatic failure as a final common pathway to dementia. Science. 2020 Oct 2;370(6512):50-56.
Nehlig A. The neuroprotective effects of cocoa flavanol and its influence on cognitive performance. Br J Clin Pharmacol. 2013 Mar;75(3):716-27.
Obrenovich MEM. Leaky Gut, Leaky Brain? Microorganisms. 2018 Oct 18;6(4):107.

Perretti M, Norling LV. Actions of SPM in regulating host responses in arthritis. Mol Aspects Med. 2017 Dec;58:57-64.
Rasmussen MK, Mestre H, Nedergaard M. The glymphatic pathway in neurological disorders. Lancet Neurol. 2018 Nov;17(11):1016-1024.

Reddy OC, van der Werf YD. The sleeping brain: Harnessing the power of the glymphatic system through lifestyle choices. Brain Sci. 2020 Nov 17;10(11):868.

Certified

bioclinic

naturals



https://naturalmedicines.therapeuticresearch.com/

82.

83.

84.

85.
86.
87.
88.
89.

90.
91.
92.
93.
94.

95.
96.
97.
98.

99.

100.
101.
102.
103.
104.
105.

Reference list

Rodriguez-Olleros Rodriguez C, Diaz Curiel M. Vitamin K and Bone Health: A Review on the Effects of Vitamin K Deficiency and Supplementation and the Effect of Non-Vitamin K Antagonist Oral Anticoagulants on Different
Bone Parameters. J Osteoporos. 2019 Dec 31;2019:2069176.

Schaefer EJ, Bongard V, Beiser AS, Lamon-Fava S, Robins SJ, Au R, Tucker KL, Kyle DJ, Wilson PW, Wolf PA. Plasma phosphatidylcholine docosahexaenoic acid content and risk of dementia and Alzheimer disease: the
Framingham Heart Study. Arch Neurol. 2006 Nov;63(11):1545-50.

Scott-Massey A, Boag MK, Magnier A, Bispo DPCF, Khoo TK, Pountney DL. Glymphatic System Dysfunction and Sleep Disturbance May Contribute to the Pathogenesis and Progression of Parkinson's Disease. Int J Mol Sci.
2022 Oct 26;23(21):12928.

Shadman J, Sadeghian N, Moradi A, Bohlooli S, Magnesium sulfate protects blood-brain barrier integrity and reduces brain edema after acute ischemic stroke in rats. Metab Brain Dis. 2019 Aug;34(4):1221-1229.

Shang P, Zhang Y, Ma D, Hao Y, Wang X, Xin M, Zhang Y, Zhu M, Feng J. Inflammation resolution and specialized pro-resolving lipid mediators in CNS diseases. Expert Opin Ther Targets. 2019 Nov;23(11):967-986.

Silverman R. Specialized pro-resolving mediators: A new tool for resolving inflammation. Integrative Practitioner. 2017 Jan.

Simes DC, Viegas CSB, Araujo N, Marreiros C. Vitamin K as a Powerful Micronutrient in Aging and Age-Related Diseases: Pros and Cons from Clinical Studies. Int J Mol Sci. 2019 Aug 25;20(17):4150.

Small GW, Siddarth P, Li Z, Miller KJ, Ercoli L, Emerson ND, Martinez J, Wong KP, Liu J, Merrill DA, Chen ST, Henning SM, Satyamurthy N, Huang SC, Heber D, Barrio JR. Memory and Brain Amyloid and Tau Effects of a
Bioavailable Form of Curcumin in Non-Demented Adults: A Double-Blind, Placebo-Controlled 18-Month Trial. Am J Geriatr Psychiatry. 2018 Mar;26(3):266-277.

Socci V, Tempesta D, Desideri G, De Gennaro L, Ferrara M. Enhancing human cognition with cocoa flavonoids. Front Nutr. 2017 May 16;4:19.

Sokolov AN, Pavlova MA, Klosterhalfen S, Enck P. Chocolate and the brain: neurobiological impact of cocoa flavanols on cognition and behavior. Neurosci Biobehav Rev. 2013 Dec;37(10 Pt 2):2445-53.

Soni M, Kos K, Lang IA, Jones K, Melzer D, Llewellyn DJ. Vitamin D and cognitive function. Scandinavian Journal of Clinical and Laboratory Investigation. 2012 Apr 1;72(sup243):79-82.

Sultan S, Taimuri U, Basnan SA, Ai-Orabi WK, Awadallah A, AlImowald F, Hazazi A. Low vitamin D and its association with cognitive impairment and dementia. J Aging Res. 2020 Apr 30;2020:6097820.

Takata F, Nakagawa S, Matsumoto J, Dohgu S. Blood-Brain Barrier Dysfunction Amplifies the Development of Neuroinflammation: Understanding of Cellular Events in Brain Microvascular Endothelial Cells for Prevention and
Treatment of BBB Dysfunction. Front Cell Neurosci. 2021 Sep 13;15:661838.

Tiberi M, Chiurchiu V. Specialized Pro-resolving Lipid Mediators and Glial Cells: Emerging Candidates for Brain Homeostasis and Repair. Front Cell Neurosci. 2021 Apr 26;15:673549.

Verheggen ICM, Van Boxtel MPJ, Verhey FRJ, Jansen JFA, Backes WH. Interaction between blood-brain barrier and glymphatic system in solute clearance. Neurosci Biobehav Rev. 2018 Jul;90:26-33.

Voumvourakis Kl, Sideri E, Papadimitropoulos GN, Tsantzali |, Hewlett P, Kitsos D, Stefanou M, Bonakis A, Giannopoulos S, Tsivgoulis G, Paraskevas GP. The dynamic relationship between the glymphatic system, aging,
memory, and sleep. Biomedicines. 2023 Jul 25;11(8):2092.

Wei F, Song J, Zhang C, Lin J, Xue R, Shan LD, Gong S, Zhang GX, Qin ZH, Xu GY, Wang LH. Chronic stress impairs the aquaporin-4-mediated glymphatic transport through glucocorticoid signaling. Psychopharmacology (Berl).
2019 Apr;236(4):1367-1384.

Won S, Sayeed |, Peterson BL, Wali B. Vitamin D prevents hypoxia/reoxygenation-induced blood-brain barrier disruption via vitamin D receptor-mediated NF-kB signaling pathways. PLoS One. 2015 Mar 27;10(3):e0122821.
Xie L, Kang H, Xu Q, Chen MJ, Liao Y, Thiyagarajan M, O'Donnell J, Christensen DJ, Nicholson C, lliff JJ, Takano T, Deane R. Sleep drives metabolite clearance from the adult brain. Science. 2013 Oct 18;342(6156):373-7.
Xuan X, Zhou G, Chen C, Shao A, Zhou Y, Li X, Zhou J. Glymphatic System: Emerging Therapeutic Target for Neurological Diseases. Oxid Med Cell Longev. 2022 Jun 11;2022:6189170.

Yanai H. Effects of N-3 Polyunsaturated Fatty Acids on Dementia. J Clin Med Res. 2017 Jan;9(1):1-9.

Yankova G, Bogomyakova O, Tulupov A. The glymphatic system and meningeal lymphatics of the brain: new understanding of brain clearance. Rev Neurosci. 2021 Feb 23;32(7):693-705.

Zeli C, Lombardo M, Storz MA, Ottaviani M, Rizzo G. Chocolate and cocoa-derived biomolecules for brain cognition during ageing. Antioxidants (Basel). 2022 Jul 12;11(7):1353.

Zhao B, Li T, Fan Z, Yang Y, Shu J, Yang X, Wang X, Luo T, Tang J, Xiong D, Wu Z, Li B, Chen J, Shan Y, Tomlinson C, Zhu Z, Li Y, Stein JL, Zhu H. Heart-brain connections: Phenotypic and genetic insights from magnetic resonance
images. Science. 2023 Jun 2;380(6648):abn6598.

Certified

bioclinic

naturals




	Slide 1: Unravelling the dynamic relationship between brain health, aging, memory and neuroinflammation.    
	Slide 2: Healthy brain aging needs a multi-faceted approach 
	Slide 3: BRAIN HEALTH
	Slide 4: Brain health and aging
	Slide 5: How the brain changes with aging
	Slide 6: Cognitive decline and aging
	Slide 7: Improving the balance towards brain health
	Slide 8: Aging and the brain’s protective mechanisms
	Slide 9: The brain’s protective mechanisms: BBB
	Slide 10: The brain’s protective mechanisms: Glymphatic
	Slide 11: Effect of age on blood-brain barrier integrity
	Slide 12: BBB: Young vs older brain
	Slide 13: Effect of age on glymphatic system clearance
	Slide 14: Neuroinflammation  & Oxidative Stress
	Slide 15: Neuroinflammation and BBB dysfunction
	Slide 16: Neuroinflammation feeds neuroinflammation 
	Slide 17: Oxidative stress and BBB breakdown in aging
	Slide 18: Summary: Neuroinflammation and oxidative stress
	Slide 19: Sleep and  other causes of   BBB disruption
	Slide 20: Sleep and brain health
	Slide 21: Sleep and neurological disease: A common pathway
	Slide 22: Other causes of BBB disruption 
	Slide 23: Memory, cognition, neurodegenerative decline
	Slide 24: Cognitive decline and aging
	Slide 25: Cognitive decline and dementia in Australia
	Slide 26: BBB and cognitive/neurological health 
	Slide 27: BBB and cognitive/neurological health 
	Slide 28: Blood-brain barrier: Health impact
	Slide 29: BBB disruption and long-COVID brain fog
	Slide 30: Glymphatic system research – Health impact 
	Slide 31: Brain-heart connection 
	Slide 32: Heart-brain connection  
	Slide 33: Aging: Common denominators for brain and heart
	Slide 34: Sleep: brain health and heart health
	Slide 35: Interventions to support brain health
	Slide 36: Improving the balance towards brain health
	Slide 37: Supporting BBB health and integrity 
	Slide 38: Therapeutic goals to support BBB health 
	Slide 39: Therapeutic goals to support BBB health 
	Slide 40: Interventions to support brain and heart health 
	Slide 41: Ingredient summary
	Slide 42: Omega-3 fatty acids: Brain health
	Slide 43: DHA: Brain health 
	Slide 44: SPMs Specialised Pro-resolving Mediators
	Slide 45: SPMs: Brain health and neuroinflammation
	Slide 46: SPMs 
	Slide 47: Cocoa: Brain health
	Slide 48: Cocoa: Cognitive health
	Slide 49: Vitamin D: Brain and cognitive health
	Slide 50: Vitamin K2: CV and inflammation 
	Slide 51: Vitamin K2 – Brain health
	Slide 52: Synergy between vitamin D and K2 
	Slide 53: Magnesium: Brain and nervous system health
	Slide 54: Curcumin: Brain and nervous system health
	Slide 55: In Summary…..
	Slide 56: Summary of key actions and ingredients
	Slide 57: Support brain health with lifestyle interventions
	Slide 58: Brain health and supporting  patient care 
	Slide 59: Brain health: key populations 
	Slide 60: Patient support for brain health  
	Slide 61: Patient support for inflammation / neuroinflammation 
	Slide 62: Patient support for sleep disturbances
	Slide 63: Healthy brain aging needs a multi-faceted approach 
	Slide 64
	Slide 65
	Slide 66: Key actions
	Slide 67
	Slide 68: Thank you  Please email any queries to   Liesl Blott Education and Training Manager  Tech Support Bioclinic AU <techsupport@bioclinic.com.au>
	Slide 69: Reference list
	Slide 70: Reference list
	Slide 71: Reference list
	Slide 72: Reference list

