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The creation of Adam
 by Michelangelo

F.L. Meshberger, An interpretation of Michelangelo’s Creation of Adam Based on 
Neuroanatomy, in: “journal of American Medical Ass.”, 264, 1990, pp. 1837-41)



Brain God



The link between brain and longevity
.“Scientists have long wondered whether aging 

 
occurs independently in the body’s various 

 
tissues or if it could be actively regulated by an 

 
organ in the body,”

“It’s clear from our study that many aspects of 

 
aging are controlled by the hypothalamus. 

 
What’s exciting is that it’s possible — at least 

 
in mice — to alter signaling within the 

 
hypothalamus to slow down the aging process 

 
and increase longevity.”

Dongsheng Cai, M.D., Ph.D, 

 
professor of

 

molecular 

 
pharmacology

 

at Albert Einstein 

 
College of Medicine, NY

http://www.einstein.yu.edu/faculty/11603/dongsheng-cai/
http://www.einstein.yu.edu/faculty/11603/dongsheng-cai/
http://www.einstein.yu.edu/departments/molecular-pharmacology/
http://www.einstein.yu.edu/departments/molecular-pharmacology/
http://www.einstein.yu.edu/
http://www.einstein.yu.edu/
http://www.einstein.yu.edu/
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Neuroscience & Brain HealthNeuroscience & Brain Health


 

Has made tremendous strides in Has made tremendous strides in 
understanding the capacity for brain understanding the capacity for brain 
plasticityplasticity……

“The ability of the brain to change with learning”

Discovered a connection Discovered a connection 
between brain health between brain health 
and life styleand life style



Gerontology Making ProgressGerontology Making Progress

Stages
 

Age
1.

 
Young Adulthood

 
18-34

2.
 

Middle Adulthood
 

35-54
3.

 
Young Old

 
55-69

4.
 

Middle Old
 

70-84
5.

 
Old Old

 
85-99

6.
 

Centenarians
 

100-109
7.

 
Super-Centenarians

 
100+
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Interesting “Caloric Restriction (CR) Longevity”
 

Phenotype in Older 
Okinawans—genetic or environmental? 

•

Less (lifetime) chronic disease

Higher physical/cognitive function 

Shorter stature

Lower BMI

Lower blood sugar

Lower % T2DM

Higher HDL

Low cancer
(Willcox et al. Ann NY Acad Sci 2007)

Presenter
Presentation Notes
Vs. Japanese and Americans of similar age

CR　or  genetics? Don’t know. Need to compare to other populations? Maybe bec isolated island pop with inbreeding congerate lgene no eveidence form GW study 

Both genetic and environmental things going on…what is more powerful? Some things changing, still shorter despite env change, could be genetic diffs,
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Fontana L et al. Science 2010
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Caloric Restriction : Most Powerful AntiCaloric Restriction : Most Powerful Anti--Aging Aging 
InterventionIntervention

 Calorie Restriction (CR) Reduces Cardiovascular and Cancer MortaCalorie Restriction (CR) Reduces Cardiovascular and Cancer Mortality by 50% in Nonlity by 50% in Non--

 
human Primateshuman Primates

Colman et al. Science 2009 

CRAd libitum

P = 0.03
HR = 3.0

Presenter
Presentation Notes
27.6 yrs old = 80 yrs



The Okinawa Centenarian Study is based on solid scientific evidences.
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Genetic hypothesis telomers

Inflammaging Free radicals hypothesis

Why do we age?



Neuroscience & Brain HealthNeuroscience & Brain Health

Risk for 
Brain Aging

1/3 
Genetics

2/3 
Lifestyle 
Choices



To understand 
Alzheimer’s disease, 
it’s important to 
know a bit about the 
brain…

The Brain’s Vital Statistics

• Adult weight:               
about 3 pounds

• Adult size:                        
a medium cauliflower

• Number of neurons: 
100,000,000,000          
(100 billion)

• Number of synapses      
(the gap between neurons): 
100,000,000,000,000          
(100 trillion)

Inside the 
Human Brain



The Three Main Players

1. Cerebral Hemispheres – where sensory information received from the 
outside world is processed; this part of the brain controls voluntary 
movement and regulates conscious thought and mental activity:
• accounts for 85% of brain’s weight 
• consists of two hemispheres connected by the corpus callosum
• is covered by an outer layer called the cerebral cortex

Inside the Human Brain



2. Cerebellum – in charge of balance and coordination:
• takes up about 10% of brain 
• consists of two hemispheres
• receives information from eyes, ears, and muscles and joints 

about body’s movements and position

The Three Main Players

Inside the Human Brain



3. Brain Stem – connects the spinal cord with the brain

• relays and receives messages to and from muscles, skin, and 
other organs

• controls automatic functions such as heart rate, blood pressure, 
and breathing

The Three Main Players

Inside the Human Brain



• Hippocampus: where short-term memories are converted to 
long-term memories

• Thalamus: receives sensory and limbic information and 
sends to cerebral cortex

• Hypothalamus: monitors certain activities and controls 
body’s internal clock

• Limbic system: controls emotions and instinctive behavior 
(includes the hippocampus and parts of the cortex)

Inside the Human Brain

Other Crucial Parts



The Brain in Action

Hearing Words     Speaking Words     Seeing Words   Thinking about Words

Different mental activities take place in different parts of the 
brain. Positron emission tomography (PET) scans can measure 
this activity. Chemicals tagged with a tracer “light up” activated 
regions shown in red and yellow. 

Inside the Human Brain

Slide 13



Neurons

• The brain has billions of 
neurons, each with an axon 
and many dendrites.

• To stay healthy, neurons 
must communicate with 
each other, carry out 
metabolism, and repair 
themselves.

• AD disrupts all three of 
these essential jobs.

Inside the 
Human Brain



Dendrites

•
 

Treelike extensions of a neuron. 
•

 
Most neurons

 
have multiple 

dendrites: short & typically highly 
branched. 

•
 

Dendrites are specialized for 
receiving information

•
 

They form
 

synaptic contacts with 
the terminals of other nerve cells to 
allow nerve impulses (information) 
to be transmitted. 

http://www.brainexplorer.org/glossary/neurons.shtml


Brain’s plasticity = The key to adaptation

• Plastic derives from the Greek word meaning "molded" or "formed" and 
could be described as the tendency of the brain to shape itself according to 
experience

• Plasticity networks the brain, gives it cognition and memory, as well as 
fluidity and adaptability

Hagmann et al., 2008



When is the brain fully developed?



 

Brain size: 



 

a newborn's brain is only about one-quarter the size 

of an adult's; 



 

about 80 percent of adult size by three years of age 

and 90 percent by age five



 

growth is largely due to changes in individual 

neurons, structured much like trees 



 

Speed of neural processing:



 

newborn's brain slower than an adult's, transmitting 

information less efficiently



 

increases dramatically during infancy & childhood, 

maximum at about age 15 

Synaptic development:

# of synapses in the 

cerebral cortex peaks 

within the first few years, 

declines by about 1/3 

between early childhood                  

& adolescence

From Zero to Three, National Center for Infants, Toddlers & Families

Presenter
Presentation Notes
Our brains are continually re-shaping themselves to meet the demands of everyday life, even throughout adulthood. 



number of neurons peaks even before birth; some 100 billion are formed during just the first five months of gestation. “Recent evidence suggests that new neurons are produced throughout life, though far less rapidly, and probably in numbers sufficient only to replace those that gradually die off"





Brain size: in aspects of brain structure and function that do level off during development. …, which are structured much like trees. Each brain cell begins as a tiny sapling and only gradually sprouts its hundreds of long, branching dendrites. Brain growth (measured as either weight or volume) is largely due to the growth of these dendrites, which serve as the receiving point for synaptic input from other neurons.

Neural processing speed: Most of this increase is due to the gradual myelination of nerve cell axons (the long "wires" that connect one neuron to another neuron's dendrites.) Myelin is a very dense, fatty substance that insulates axons much like the plastic sheath on a power cable, increasing the speed of electrical transmission and preventing cross-talk between adjacent nerve fibers. Myelination (the coating or covering of axons with myelin) begins around birth and is most rapid in the first two years but continues perhaps as late as 30 years of age. 

Synaptic development: more complicated issue. Synapses are the connecting points between the axon of one neuron and the dendrite of another. While information travels down the length of a single neuron as an electrical signal, it is transmitted across the synapse through the release of tiny packets of chemicals or, neurotransmitters. On the receiving (post-synaptic) side, special receptors for neurotransmitters change the chemical signal into an electrical signal, repeating the process in this next neuron in the chain.





Brain development in babies



 

Does experience change the 
actual structure of the brain?


 

Brain development is "activity-

 dependent" 


 

Every experience--whether it is 
seeing one's first rainbow, riding 
a bicycle, reading a book, 
sharing a joke--excites certain 
neural circuits and leaves others 
inactive



 

As neuroscientists sometimes 
say, "Cells that fire together, wire 
together." 

Presenter
Presentation Notes
Activity dependent: electrical activity in every circuit—sensory, motor, emotional, cognitive--shapes the way that circuit gets put together



Those neurons that are consistently turned on over time will be strengthened, while those that are rarely excited may be dropped away.

The elimination of unused neural circuits, also referred to as "pruning," may sound harsh, but it is generally a good thing. It streamlines children's neural processing, making the remaining circuits work more quickly and efficiently. Without synaptic pruning, children wouldn't be able to walk, talk, or even see properly.





Anatomically segmented amygdala volumes are larger in later‐adopted post‐institutionalized
children. 

 

a. 

 

Anatomical 

 

segmentation 

 

of 

 

the 

 

amygdala; 

 

b. 

 

later‐adopted 

 

post‐

 
institutionalized 

 

children 

 

show 

 

larger 

 

amygdala 

 

volume 

 

compared 

 

with 

 

both 

 

early 

 

adopted 

 
children and with typically developing controls. No differences among groups were found in 

 
hippocampus 

 

or 

 

caudate. 

 

Asterisk 

 

indicates 

 

that 

 

the 

 

later 

 

adopted 

 

group 

 

exhibits 

 
significantly larger amygdala volume compared with each of the comparison groups.

Richard J. Davidson and Bruce S. McEwen



Physically abused children show alterations in orbitofrontal volume compared 

 
with typically developing children and volume shrinkage in this region is related 

 
to measures of family stress.



Chronic stress causes neurons to shrink or grow but not necessarily to die. Representation of
the chronic stress effects detected in animal models on growth or retraction of dendrites in
the basolateral amygdala and orbitofrontal cortex (growth) and in the CA3 hippocampus,
dentate gyrus and medial prefrontal cortex (shrinkage), as described in the text. These
effects are largely reversible in young adult animals, although aging appears to compromise
resilience and therefore at least in medial prefrontal cortex recovery.



Neuromyths 
= common misconceptions about brain mechanisms, 
which are taken for granted in today’s society

1. we have 5 senses
2. “the primitive part of the brain”
3. the rational vs the emotional brain 
4. the brain as a camcorder
5. new neurons doesn’t appear in adult brain
6. genes vs environment effect
7. mental problems as effect of childhood traumatic memories

8. The most important myth is that consciousness 
dictates our decisions and actions



Neuromyths 
= common misconceptions about brain mechanisms, 
which are taken for granted in today’s society

1.  we have 5 senses

Actualy we have 13 (discovered until now): sight 
(ophthalmoception), hearing (audioception), tast e 
(gustaoception), smell (olfacoception or olfacception), 
touch (tactioception) , feromonal sense, blue light sense, 
temperature (thermoception), kinesthetic sense 
(proprioception), pain (nociception), balance 
(equilibrioception), visceral sense (the perception of 
internal organs), chemical sense (e.g. the different 
chemoreceptors for detecting salt and carbon dioxide  
concentrations in the blood)



Neuromyths 
= common misconceptions about brain mechanisms,  
which are taken for granted in today’s society

2. “the primitive part of the brain”
Human brain is similar in its organization and functions 
with all the mammals brain. Only some parts are more 
evolved but these parts exist also in mammals brain. 



Neuromyths 
= common misconceptions about brain mechanisms, 
which are taken for granted in today’s society

3.  the rational/the emotional brain 
Emotions appear almost in all parts of the brain. 
Differences consist  only in timing and type of 
context/action.



Neuromyths 
= common misconceptions about brain mechanisms, which 
are taken for granted in today’s society

4.  the brain as a camcorder
The memories are not “replayed from the tape” when they 
are remembered. 
The information stored in the brain is actually 
reconstructed and updated every time when we remember. 

Every time when we do this that 
memory could become a new 
memory incorporating new 
information related with it. 

We can learn only things related 
with what we already know

Schacter & Addis, 2007



Neuromyths 
= common misconceptions about brain 
mechanisms,  which are taken for granted in 
today’s society

5. new neurons doesn’t appear in adult brain

The brain generates new neurons during the entire 
life. These new neurons are essential for learning 
and coping with stress.



Neuromyths 
= common misconceptions about brain 
mechanisms, which are taken for granted in 
today’s society

6.  genes vs environment effect

The environment acts upon our brain by 
modifying the brain’s genes activity (some 
genes are turned on some are turned off). 
Learning  and stress are actually examples 
of genetic effects– or more precisely 
“epigenetic effects”. 

Robinson et al. 2008



Neuromyths 
= common misconceptions about brain mechanisms, 
which are taken for granted in today’s society

7. mental problems as effect of childhood traumatic 
memories
Adult mental problems are frequently rooted in childhood 
traumatic events but  in most of the cases not the memory of 
the event is the cause of the problem. Traumatic events exert 
epigenetic effects upon the brain’s genes responsible for the 
circuits involved in adapting to novelty, fast changing 
environment, uncertainty and negative feedback. 

Trauma Brain’s 
genes

Brain
Circuits

Behavior
& 

emotions



“The tiger and the monkey” metaphor describing the relationship between 
unconscious and conscious mind – after Dennis Overbye (2007)

Dragos Cirneci 



THEN:
1)  Old = Senile

2)  Aging = extensive cell loss

3)  Brain aging = passive 

 deterioration

4)  Unknown genetic risks for 

 cognitive aging

5)  Several lifestyle risks for 

 cognitive aging 

NOW:
1)

 
AD is not inevitable

2)

 
Minimal/selective cell loss

3)  Brain aging = continual 

 adaptation

4)  Many complex and interacting 

 factors for longevity & cognition 

5)  Many lifestyle factors interact 

 to modulate cognitive aging

Have we Made Conceptual Progress on 
Cognitive Aging Over the Past 50 years? 



NOW:
1)

 
AD is not inevitable
but memory does change 
centenarians/supercenentarians can be dementia free
you do not “die of aging”, aging is not a disease

2)

 
Minimal/selective cell loss

3)  Brain aging = continual adaptation

4)  Many complex and interacting factors for longevity & cognition 

5)  Many lifestyle factors interact to modulate cognitive aging



NOW:
1)

 
AD is not inevitable

2)

 
Minimal/selective cell loss

while there is cell loss, larger changes occur in:
molecular cascades, synapse #s, plasticity
actual neural circuits recruited and used 

3)  Brain aging = continual adaptation

4)  Many complex and interacting factors for longevity & cognition

5)  Many lifestyle factors interact to modulate cognitive aging



NOW:
1)

 
AD is not inevitable

2)

 
Minimal/selective cell loss

3)  Brain aging = continual adaptation
rearrangement of function (compensation?) at 

 molecular, cellular, network and behavioral levels
4)  Many complex and interacting factors for longevity & 

 cognition 

5)  Many lifestyle factors interact to modulate cognitive aging



NOW:
1)

 
AD is not inevitable

2)

 
Minimal/selective cell loss

3)  Brain aging = continual adaptation

4)  Many complex and interacting factors for longevity 
 and cognition – among them:

KIBRA
APOE  
COMT
BDNF
Insulin
HDL
Epigenetic regulatory factors

5)  Many lifestyle factors interact to modulate cognitive aging



NOW:
1)

 
AD is not inevitable

2)

 
Minimal/selective cell loss

3)  Brain aging = continual adaptation

4)  Many complex and interacting factors for longevity and cognition

5)  Many lifestyle and biomarkers interact to modulate 
 cognitive aging, among them:

exercise
stress
vascular state
metabolic syndrome factors
inflammation



Mind the Gap 

Ideal Curve

Chapman, Anand, Bartz 2010Chapman, Anand, Bartz 2010
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Common Neurobiological changes in the 
Aging Brain and Alzheimer’s Disease (AD)

Accelerated rate, extent
& different pattern of change

Age
Genetic factors

Head trauma
Vascular diseases

Age-related changes in brain

Normal aging ADSlow rate

Neuronal shrinkage -

 

Neuronal dysfunction -

 

Neuronal loss -

 

Synapse/dendrite 
loss

Brain volume loss/Cognitive decline

Oxidative stress
Altered brain plasticity

Vascular disease

Apoptosis
AGE 

Aβ

 

amyloid & NFT 
accumulation

Presenter
Presentation Notes
Apoptosis: natural programmed cell death

AGE: reaction between sugar and proteins or fats (glycation) accelerated with aging and diabetes causes pathologies through cross-linking (intra cellular damage & apoptosis) 
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Role of Aβ Amyloid in Cognitive Decline in 
the Aging Brain and AD

•

 

Accumulation of Aβ

 increases with aging and 
AD1,2

•

 

Aβ

 

distribution in aging brain 
is similar to that of AD3

•

 

Association between Aβ

 accumulation and depletion 
of cholinergic neurons and 
impaired memory in non-

 demented individuals4,5

51
1

 

Davis et al. J. Neuropathol. Exp. Neuro. 1999; 58; 376-88.
2

 

Schmitt et al. Neurology 2000; 55; 370-76.
3

 

Arriagada et al Neurology 2002: 42: 1681-88.
4

 

Beach et al. Acta Neuropathol. (Berl) 1997; 93: 146-53.
5

 

Pike et al. Brain 2007; 130: 2837-44
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Toward defining the preclinical stages of Alzheimer’s disease:
Recommendations from the National Institute on Aging and the 
Alzheimer’s Association workgroup



Common Mediators of 
 Neurodegeneraton

•
 

Reactive species and oxidative/nitrative 
 damage‐which offending species?

•
 

Mitochondrial dysfunction

•
 

Proteosomal dysfunction

•
 

Abnormal protein aggregates

•
 

Inflammation





NEURO-PATHOLOGICAL HALLMARKS OF AD

2.

 

Neurofibrillary tangles

Are formed by neuronal 
intracellular deposition of Tau 

protein and results in the 
collapse of microtubules

3. Neuronal degeneration

1.

 

Amyloid plaques

Consist of a core of amyloid-β

 
peptide deposits, dystrophic 
neurites, activated microglia 

and reactive astrocytes





Neurofibrillary 
Tangles

Neurons have an internal support structure partly made up of 
microtubules. A protein called tau helps stabilize microtubules. In AD, 
tau changes, causing microtubules to collapse, and tau proteins clump 
together to form neurofibrillary tangles.

AD and the Brain



The Changing Brain in 
Alzheimer’s Disease

No one knows what causes AD to begin, 
but we do know a lot about what happens 
in the brain once AD takes hold.

Pet Scan of 
Normal Brain

Pet Scan of Alzheimer’s 
Disease Brain

AD and the Brain



Preclinical AD • Signs of AD are first noticed in 
the entorhinal cortex, then 
proceed to the hippocampus. 

• Affected regions begin to shrink 
as nerve cells die. 

• Changes can begin 10-20 years 
before symptoms appear. 

• Memory loss is the first sign of 
AD.

AD and the Brain



Mild to Moderate AD
• AD spreads through the brain. The 

cerebral cortex begins to shrink as 
more and more neurons stop 
working and die.

• Mild AD signs can include memory 
loss, confusion, trouble handling 
money, poor judgment, mood 
changes, and increased anxiety. 

• Moderate AD signs can include 
increased memory loss and 
confusion, problems recognizing 
people, difficulty with language 
and thoughts, restlessness, 
agitation, wandering, and repetitive 
statements.

AD and the Brain



Severe AD • In severe AD, extreme shrinkage 
occurs in the brain. Patients are 
completely dependent on others for 
care.

• Symptoms can include weight loss, 
seizures, skin infections, groaning, 
moaning, or grunting, increased 
sleeping, loss of bladder and bowel 
control. 

• Death usually occurs from 
aspiration pneumonia or other 
infections. Caregivers can turn to a 
hospice for help and palliative care.

AD and the Brain



Genetic Studies

The two main types of AD are 
early-onset and late-onset:

AD Research: the Search for Causes

• Early-onset AD is rare, usually 
affecting people aged 30 to 60 
and usually running in families. 
Researchers have identified 
mutations in three genes that 
cause early-onset AD.

• Late-onset AD is more 
common. It usually affects 
people over age 65. Researchers 
have identified a gene that produces a protein called apolipoprotein E (ApoE). 
Scientists believe this protein is involved in the formation of beta-amyloid 
plaques.



Studies at the Cellular and 
Molecular Level

• Homocysteine, an amino acid, is a risk factor for heart disease. A study 
shows that an elevated level of homocysteine is associated with 
increased risk of AD. 

• Scientists are also looking at inflammation in certain regions of the 
brain and strokes as risk factors for AD. 

AD Research: the Search for Causes

• Oxidative damage from free 
radical  molecules can injure 
neurons.



Low antioxidant
Capacity (Catalase, 
GSH and SOD less 
than 1/5 compared 
to liver)

High use of 
oxygen

Rich in PUFA
(polyunsaturated fatty acids) 

Areas rich in 
iron



The Brain is Uniquely Vulnerable to 
 Oxidative Damage

•
 

Intolerance for blood flow interruptions

•
 

Limited regeneration‐although neurogenesis and gliogenesis 

 can be stimulated

•
 

Circuit‐based functions‐small deficits have huge impact 

•
 

Aging sensitive

•
 

Ca‐dependent processes 

•
 

PUFAs



The Brain is Uniquely Vulnerable to 
 Oxidative Damage

•
 

Multiple sources of ROS generation (e.g. MAO, Aconitase, a‐

 KGDH, Nox(s), Complex I, P450s, neurotrophic factor 

 withdrawal 

•
 

Redox active metal‐rich (catalytic iron)

•
 

Autooxidation of monoamines

•
 

Glutamate excitotoxicity

•
 

Limited antioxidant and repair capacity (low catalase, 

 mitochondria lack catalase)

•
 

Resident immune cells (microglia) produce ROS and cytokines
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Oxidative stress in AD

Kern A et al. Biochim Biophys Acta. 2009



Lambeth JD. Nox enzymes, ROS, and chronic disease: an example of 
antagonistic pleiotropy. Free Radic Biol Med. 2007, 43(3):332-47. 



Oxidative Stress Response

ROS/RNSROS/RNSROS/RNS

Adaptation ResponsesAdaptation ResponsesAdaptation Responses

e.g. Neurotrophic factors,
Neurogenesis, DNA repair etc
e.g. Neurotrophic factors,e.g. Neurotrophic factors,
Neurogenesis, DNA repair etcNeurogenesis, DNA repair etc

Oxidation of proteins,
lipids and DNA

Oxidation of proteins,Oxidation of proteins,
lipids and DNAlipids and DNA

Calcium dysregulationCalcium dysregulationCalcium dysregulationOrganelle dysfunctionOrganelle dysfunctionOrganelle dysfunction

NecrosisNecrosisNecrosisApoptosisApoptosisApoptosis

Failure to adaptFailure to adapt
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Immunity & Ageing 2011, 8:7
http://www.immunityageing.com/content/8/1/7

The “Alzheimer's disease signature”: potential perspectives   
for novel biomarkers. 

Sergio Davinelli1, Mariano Intrieri1, Claudio Russo1, Alfonso Di Costanzo1, Davide Zella2, Paolo Bosco3, 
Giovanni Scapagnini1

1Department of Health Sciences, University of Molise, Campobasso,

 

Italy
2Department of Biochemistry and Molecular Biology, University of Maryland, Baltimore, MD, USA
3Institute for Research on Mental Retardation and Brain Aging, Troina, Enna, Italy.   

The authors review potential biomarker candidates from the latest research, which could hold the key to the 
Alzheimer's disease signature, providing a way of diagnosing the

 

disease and its progressive stages.



Schematic Overview of Major Alzheimer’s Disease (AD) Gene

Genes in genomic location are in according to Ensembl cytogenetic band



Nat Genet. 2011 May;43(5):429-35.

We sought to identify new susceptibility loci for Alzheimer’s disease through a staged association study (GERAD+) 
and by testing suggestive loci reported by the Alzheimer’s Disease Genetic Consortium (ADGC) in a companion 
paper. We undertook a combined analysis of four genome-wide association datasets (stage 1) and identified ten 
newly associated variants with P ≤

 

1 ×

 

10−5. We tested these variants for association in an independent sample 
(stage 2). Three SNPs at two loci replicated and showed evidence

 

for association in a further sample (stage 3). Meta-

 
analyses of all data provided compelling evidence that ABCA7 (rs3764650, meta P = 4.5 ×

 

10−17; including ADGC 
data, meta P = 5.0 ×

 

10−21) and the MS4A gene cluster (rs610932, meta P = 1.8 ×

 

10−14; including ADGC data, 
meta P = 1.2 ×

 

10−16) are new Alzheimer’s disease susceptibility loci. We also found independent evidence for 
association for three loci reported by the ADGC, which, when combined, showed genome-wide significance: CD2AP 
(GERAD+, P = 8.0 ×

 

10−4; including ADGC data, meta P = 8.6 ×

 

10−9), CD33 (GERAD+, P = 2.2 ×

 

10−4; including 
ADGC data, meta P = 1.6 ×

 

10−9) and EPHA1 (GERAD+, P = 3.4 ×

 

10−4; including ADGC data, meta P = 6.0 ×

 
10−10).



Genes in genomic location are in according to Ensembl cytogenetic band

Schematic Overview of Major Alzheimer’s Disease (AD) Gene

Genome-Wide Association Study (GWAS)



Main Pathway and Biomarkers AD-related



Main Pathway and Biomarkers AD-related











Gene Studies( n) SNP Genotype Participants (n) OR (95%C.I.) Heterogeneity

IL-1α 17 -889 TT vs CT+CC 7407 1.25 (0.98-1.60) P = 0.008; I2 = 
50.9%

IL-6 12 -174 GG vs 
CG+GG

5274 1.01 (0.77-1.33) P = 0.00001; I2 = 
78.3%

TGF-β 6

4

-509

+10

TT vs CT+CC

CC vs CT+TT

9321

6682

1.00 (0.78-1.28)

0.98 (0.61-1.57)

P = 0.09; I2 = 46.9%

P = 0.02; I2 = 69.9%

IL-10 9

7

8

-1082

-819

-592

GG vs 
AG+AA

TT vs CT+CC

AA vs AC+CC

3069

2334

2886

0.84 (0.65-1.09)

1.26 (0.69-2.31)

0.95 (0.66-1.38)

P = 0.04; I2 = 49.9%

P = 0.001; I2 = 
72.1%

P = 0.06; I2 = 48.1%

Meta-analyses of other cytokine SNPs involved in AD

Manuscript in preparation



VICIOUS CYCLE

Fassbender K. Et al 2000

Presenter
Presentation Notes
Apart from their direct neurotoxicity, inflammatory mediators could indirectly promote AD by interference in the APP-metabolism.It has been shown that inflammatory cytokines such as IL-1beta, IL-6,TNF alfa, can augment of APP expression and Aβ release. APP expression is regulated by the same cytokine-sensitive transcriptional factors that are involved in expression of most acute phase proteins.Therefore a reciprocal relationship between Abeta and inflammatory mediators may exist because not only Abeta induce the release of inflammatory citokines but once released  these mediators may enhance Abeta secretion. The resulting vitious cycle could explain the chronicity of disease.



Drugs used to treat mild to moderate AD symptoms include:
• Aricept
• Exelon
• Reminyl

An additional drug, Namenda, has been approved to treat symptoms of 
moderate to severe AD. These drugs can help improve some patients’ 
abilities to carry out activities up to a year or so, but they do not stop or 
reverse AD.

Scientists are also studying agents that someday may be 
useful in preventing AD. For example, they have 
experimented with a vaccine against AD. Although the 
first clinical trial was stopped due to side effects in some 
participants, valuable information was gathered. 

AD Research: the Search for Treatments



Researchers also are looking at other treatments, 
including:

• cholesterol-lowering drugs called 
statins

• anti-oxidants (vitamins) and folic acid
• anti-inflammatory drugs
• substances that prevent formation of 

beta-amyloid plaques
• nerve growth factor to keep neurons 

healthy

AD Research: the Search for New Treatments





 
The Gerontologist: Promoting Cognitive 
Health in Diverse Populations of Older 
Adults.

The Gerontologist Volume 49 Issue S1 
June 2009

Presenter
Presentation Notes
This special issue of The Gerontologist focuses on promoting cognitive health in diverse populations of older adults. It highlights research examining older adults’ attitudes, perceptions, behaviors, and the implications for community-based interventions

http://gerontologist.oxfordjournals.org/content/49/S1.toc
http://gerontologist.oxfordjournals.org/content/49/S1.toc
http://gerontologist.oxfordjournals.org/content/49/S1.toc


Cognitive Ability = Quality of Life

•
 

Staying Sharp
•

 
Staying Vital

•
 

Maintaining Independence

Source: Posit Science Qualitative Study 9/04

Presenter
Presentation Notes
And cognitive ability is at the core of quality of life as we grow older.  In many ways, we are our brain.  In fact, staying sharp and maintaining independence were the top concerns of people 65+ in our research study, even more than financial security.



Note: This is important, frightening stuff for people (fear withdrawal and lack of control), so be empathetic



Source:  Posit Science qualitative study Sept 2004





Brainspan Should Match Lifespan

Brain Function 
Remains Robust

 

Brain Function 
Remains Robust

Posit Science
Normal
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“Normal”

 

Age-

 
Related Cognitive 
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“Normal”

 

Age-

 
Related Cognitive 
Decrease

Pathological 
Cognitive 
Decrease

 

Pathological 
Cognitive 
Decrease

Presenter
Presentation Notes
It is important to distinguish that normal age-related decline is different from disease states.  

Use muscles again as analogy:  If our muscle is healthy and we don’t use it, then we need to lift weights to gain strength again.  If our muscle is ripped, we can’t lift those weights and build our muscle. 

Some people view decline in any physical function as a fact of life. For example, people see their athletic stamina over time growing, peaking and then declining.  Our view about brain function is that as you age, your brain function remains steady until you get a cold and die.



The Brain Changes Functionally With 
Age –

 
Encoding and Processing Speed

At age 75, it takes us 
more than twice as 

long to process 
information than 

when we were age 20
 

At age 75, it takes us 
more than twice as 

long to process 
information than 

when we were age 20

Presenter
Presentation Notes
To bring life to how our brain function ages, this slide illustrates how processing speed slows as we age (or the time it takes us to capture, interpret and store the information we hear)

The first thing to note is that the drop off in processing speed starts age 30

By the time we are 50, it takes us almost 50% longer, than at age 20, to process all the information we are presented with in life

At age 75, it takes us almost double the time to process information

Note that people can experience processing loss very differently. Some people loose processing capabilities more than others as they age.

No matter how you slice it, the issue is that the flow of information in our life doesn’t slow down, but our ability to absorb it and use it does.



And this is why we all need 
to work on keeping our brain sharp…



How do we remember?
 A science perspective

Hearing:
Transform 
sound waves 
into neural 
signals

 

Hearing:
Transform 
sound waves 
into neural 
signals

Encoding:
Transform 
neural code 
from ear into 
neural code for 
brain

 

Encoding:
Transform 
neural code 
from ear into 
neural code for 
brain

Storage:
Store neural 
circuit in 
memory-related 
brain structures

 

Storage:
Store neural 
circuit in 
memory-related 
brain structures

Recall:
Pull information 
out of storage 
for use

 

Recall:
Pull information 
out of storage 
for use

High frequency 
hearing loss 
due to 
functional 
decline of inner 
ear

 

High frequency 
hearing loss 
due to 
functional 
decline of inner 
ear

“Fuzzy”

 
encoding due 
to slow and 
inaccurate 
processing

 

“Fuzzy”

 
encoding due 
to slow and 
inaccurate 
processing

Poor storage 
due to lowered 
levels of key 
neurochemicals 

Poor storage 
due to lowered 
levels of key 
neurochemicals 

Decreased 
ability to recall 
information due 
to poor 
encoding and 
storage

 

Decreased 
ability to recall 
information due 
to poor 
encoding and 
storage



What Do People Do About Cognitive 
Decline?

GoodBad Great

Do nothing

Compensate

Crosswords, etc

Targeted Exercise 

Presenter
Presentation Notes
Typically we cope with the experiences that we just discussed in three ways: do nothing, compensating and play games that are “good” for our brain, e.g. bridge, crosswords, knit, chess, etc

These approaches sometimes worsen the problem.  

People either do nothing or compensate (e.g. turn up the TV volume) and as a result don’t stimulate their brains enough.  If you turn up the TV volume, then you are exercising your brain’s ability to distinguish sounds clearly.  

Games are good but they focus on mastered skills which don’t act to  stimulate the brain as much as possible

There are targeted exercises that are great for your brain, and we’ll get to them in a moment…

 



We have control over important causes of 
brain function decline

Negative 
Behavior

Noisy 
Processing

Chemical 
Changes

Aging 
Machinery

Within  
our 

control

“Negative Plasticity”

Loss of hearing 
in the ear 

Shrinkage of 
brain

“Fuzzy”

 

input 
reduces 
accuracy and 
slows brain 
processing 
functions

Lower levels of 
memory-

 
enabling 
chemicals 
released

“Do Nothing”

 
and 
compensatory 
Habits lead to 
under use

Presenter
Presentation Notes
The good news is that we can us science to overcome the key causes of brain function change

The science is called brain plasticity which is a concept that can be best brought to life through a report CBS morning news did on the topic.  





Characteristics of Activities that Prevent and 
Reverse Brain Function Change

•

 

Appropriately 
challenging

•

 

Repetitive and 
intensive

Negative 
Behavior

Noisy 
Processing

Chemical 
Changes

•

 

Frequently    
Rewarding

•

 

Attentionally 
demanding

•

 

Surprising

•

 

New
•

 

Demanding
•

 

Confronting

Increase cognitive reserve?  

Presenter
Presentation Notes
Remember those root causes of brain function decline that we can control?  

There are specific activities that you can do to target those root causes, let’s review

Appropriately challenging:  difficulty level increases with your proficiency

Intensive, repetitive and requiring focus: This tells our brain to pay attention and makes it say “I care about this and should record it”

Rewarding:  This makes our brain say “I want to record this so it happens again!”

Surprising: When information surprises us, our brain says “This could be important, I need to record it”

New demanding tasks that we must do makes us confront, not avoid challenges

The combination of these activities also increases the grey matter in your, positively impacting the a key part of last root cause of brain function change:  “Aging Machinery” 

SCAT - . To account for these joint phenomena, we propose the scaffolding theory of aging and cognition (STAC). STAC provides an integrative view of the aging mind, suggesting that pervasive increased frontal activation with age is a marker of an adaptive brain that engages in compensatory scaffolding in response to the challenges posed by declining neural structures and function. Scaffolding is a normal process present across the lifespan that involves use and development of complementary, alternative neural circuits to achieve a particular cognitive goal. Scaffolding is protective of cognitive function in the aging brain, and available evidence suggests that the ability to use this mechanism is strengthened by cognitive engagement, exercise, and low levels of default network engagement.

. At present, it is fair to say that neurocognitive frailty is the biggest threat to successful aging in our society. The Adaptive Brain: Aging and Neurocognitive Scaffolding   Denise C. Park1 and Patricia Reuter-Lorenz2









Many Lifestyle Changes May Help 
With Brain Fitness

• Regular Exercise

• Sleep

• Stress Relief

• Socialization

• Diet

…The Real Power
 

is in targeting the root causes of 
brain function change

 

…The Real Power
 

is in targeting the root causes of 
brain function change

Presenter
Presentation Notes
Review several of these things and tell why they are important. Let audience know that they have a “tip sheet” in their “gift” envelope with these and other tips.



Exercise:  such as walking, dancing, golf, swimming, hiking or group exercises.  Any amount is of some benefit. Exercise makes you feel better, and a good mood is good for your immune system which protects you and your cells from disease.  Also, exercise helps you bring more oxygen into your body and to your brain, which is great for brain function.

Sleep: should be regular and uninterrupted.  The length of sleep period can vary a lot between individuals, so the bottom line is that that you should wake up feeling rested.  Daytime napping is fine as long as it isn’t meant ot compensate for inadequate night time sleep.

Diet: Dark chocolate and Blueberries are antioxidants, which protect cell health and enhance night time vision accuity.  

Dark chocolate also makes you feel good and a good mood = good health.  Releases dopamine, reward that makes your brian say I like this, I’ll learn so I can repeat the experience.

Blueberries also  have red pigment in their skin which helps with your vascular system, feeding the brain and your body more oxygen and nutrients.

Fish oil: Has Omega 3’s which reduces levels of  a protein that causes damaging plaques in alzheimers patients

Asparagus: have folic acid which is good for brain health and nervous system





Other:

Breathe deeply:  20% of the air we breathe goes to our brain.  Breathing deeply keeps our minds mentally alert. Take time out to practice taking deep breaths for 2-5 minutes a day.

















Crawford MA, et al. Evidence for the unique 
function of docosahexaenoic acid during the 
evolution of the modern hominid brain. Lipids 
1999;34 (Suppl):39–47.



Mediterranean Diet, Alzheimer Disease, and Vascular Mediation
Nikolaos Scarmeas, Yaakov Stern, Richard Mayeux, Jose A. Luchsinger.
Arch Neurol. 2006;63:1709-1717

Higher adherence to the MeDi is associated 
with a reduced risk for AD. The association 
does not seem to be mediated by vascular 
comorbidity. This could be the result of other 
biological mechanisms (oxidative or 
inflammatory) being implicated.



JAMA. 2009 August 12; 302(6): 627–637.

Physical Activity, Diet, and Risk of Alzheimer Disease
Nikolaos Scarmeas, Jose A. Luchsinger, Nicole Schupf, Adam M. Brickman, 
Stephanie Cosentino, Ming X. Tang

 

and Yaakov Stern.

In this study, both higher Mediterranean-type diet 
adherence and higher physical activity were 
independently associated with reduced risk for AD.





Changing Fatty Acid Intake:
 Omega 6: Omega 3 

•
 

Prehistoric
 

~ 1900
 

~ 2000
•

 
1:1

 
4:1

 
25:1

n-6 fats
n-3 fats



Omega-6 Fatty Acids Omega-3 Fatty Acids

Linoleic Acid (18:2n-6) a-Linolenic Acid (18:3n-3)

(GLA)γ

 

-Linolenic Acid (18:3n-6)

(DHGLA) Dihomo-γ-Linolenic Acid (20:3n-6)

(AA)Arachidonic Acid (20:4n-6)

Eicosanoids
Leukotriene 4-series

Prostaglandins E2
Thromboxanes A2

Eicosanoids

Stearidonic Acid (18:4n-3)

Eicosatetraenoic Acid (20:4n-3)

(EPA) Eicosapentaenoic Acid (20:5n-3)

24:5n-3

24:6n-3

(DHA) Docosahexaenoic Acid (22:6n-3)

Eicosanoids
Leukotriene 5-series
Prostaglandins E3
Thromboxanes A3

∆-6 Desaturase

Elongase

∆-5 Desaturase

Elongase

∆-6 Desaturase

β-Oxidation



Hanbauer I, Rivero-Covelo I, Maloku E, Baca A, Hu Q, Hibbeln JR, Davis JM. 
The Decrease of n-3 Fatty Acid Energy Percentage in an Equicaloric Diet Fed to 
B6C3Fe Mice for Three Generations Elicits Obesity. 
Cardiovasc Psychiatry Neurol. 2009;2009:867041.



Procedure to assay total blood fatty acid Procedure to assay total blood fatty acid 
 compositioncomposition

http://www.ehponline.org/members/2001/109p717-720fairey/faireyfig1.GIF






Clinical Interventions in Aging 2010:5 45–61

Gregory A Jicha & William R Markesbery















Commentary on ‘‘A roadmap for the prevention of dementia II. Leon Thal 
Symposium 2008.’’

 

The Multidomain Alzheimer Preventive Trial (MAPT): A new 
approach to the prevention of Alzheimer’s disease
Sophie Gillette-Guyonneta, Sandrine Andrieua, Thierry Dantoinee, Jean-Francois Dartiguesf, Jacques 
Touchong, B. Vellasa, MAPT Study Group

Alzheimer’s & Dementia 
5 (2009) 114–121
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Poliphenols
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Major pathways activated by polyphenols



Classification of Antioxidants

•
 

Direct Antioxidants
–

 
Free radical scavengers (SOD/O2

‐.)

–
 

Non radical scavengers (Catalase/H2

 

O2

 

) 

•
 

Indirect Antioxidants
–

 
Inhibitors of cellular sources of oxidants 

 (chelators/metals, apocynin/Nox)

–
 

Inducers of cellular antioxidants 
 (sulforaphane/Nrf2 targets‐GSH)



Scapagnini G, Colombrita C, Amadio M, D'Agata V, Arcelli E, Sapienza M, 
Quattrone A, Calabrese V. 
Curcumin activates defensive genes and protects neurons against 
oxidative stress. 
Antioxid Redox Signal. 2006 Mar-Apr;8(3-4):395-403. 
Institute of Neurological Sciences, National Research Council (CNR), Catania, Italy., 
Blanchette Rockefeller Neurosciences Institute, West Virginia University, Rockville, Maryland. 

CURCUMIN



Scapagnini G. et al.  Antioxid Redox Signal. 2006 



The Keap1-Nrf2-ARE signaling pathway
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Multi-organ protection by the Nrf2 pathway



Modulation of Nrf2/ARE pathway by food polyphenols: a 
nutritional neuroprotective strategy for cognitive and 
neurodegenerative disorders.
Scapagnini G, Vasto S, Abraham NG, Caruso C, Zella D, 
Galvano F.
Mol Neurobiol. 2011 Oct;44(2):192-201.





Regulation of inflammatory cytokines through activation of  NF-κB



NFkBNrf2Keap1 IkB

Inflammation Inflammation

Nrf2 NFkB
Defensive Response

Detox enzymes type II
HO‐1

Inflammatory Response
Cytokines

NOS
COX

DNA

Oxidative
Stress

Curcumin Oxidative
Stress



Chandra V, Pandav R, Dodge HH, Johnston JM, Belle SH, DeKosky ST, and Ganguli 
M. Incidence of Alzheimer's disease in a rural community in India: the Indo-US 
study.

 

Neurology 57: 985-989, 2001.
Muthane U, Yasha TC, and Shankar SK. Low numbers and no loss of melanized 
nigral neurons with increasing age in normal human brains from India. 
Ann Neurol

 

43: 283-287, 1998.
Ng TP, Chiam PC, Lee T, Chua HC, Lim L, Kua EH. Curry consumption and 
cognitive function in the elderly.

 

Am J Epidemiol 164(9):898-9, 2006

Epidemiological studies showed that in India, where curcumin is widely used 
in daily diet, there is a reduced age-adjusted prevalence of AD (in patients 
between 70 and 79 years of age is 4.4 fold less than that of the

 

United 
States), as well as a lower prevalence of Parkinson’s disease. 



Proc Natl Acad Sci U S A. 2007 July 31; 104(31): 12849–12854. 
Innate immunity and transcription of MGAT-III and Toll- 
like receptors in Alzheimer's disease patients are 
improved by bisdemethoxycurcumin
Fiala M. et al.
Department of Medicine, Greater Los Angeles Veteran's Affairs Medical 
Center

J Clin Psychopharmacol. 2008 Feb;28(1):110-3.
Six-month randomized, placebo-controlled, double-

 blind, pilot clinical trial of curcumin in patients with 
Alzheimer disease.
Baum L. et al
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Maqui
(Aristotelia chilensis)

Delphinidin

Low bioavailability

Goo bioavailability
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Berry’s anthocyanins



Literature Review

•
 

James Joseph (2007-2009) 

•
 

Tested and still testing fruit polyphenols and their 
effects on aging and the brain

•
 

Tested effects of bilberries, blackberries, blueberries, 
and other berry fruits 



Joseph JA, Shukitt-Hale B, Denisova NA, Bielinski D, Martin A, et al. (1999) Reversals of age-related 
declines in neuronal signal transduction, cognitive, and motor behavioral deficits with blueberry, 
spinach, or strawberry dietary supplementation. J Neurosci 19: 8114–8121.

Bickford PC, Gould T, Briederick L, Chadman K, Pollock A, et al.

 

(2000) Antioxidant-rich diets 
improve cerebellar physiology and motor learning in aged rats. Brain Res 866: 211–217.

Joseph JA, Denisova NA, Arendash G, Gordon M, Diamond D, et al. (2003) Blueberry 
supplementation enhances signaling and prevents behavioral deficits in an Alzheimer disease 
model. Nutr Neurosci 6: 153–162.

Ramassamy C (2006) Emerging role of polyphenolic compounds in the treatment of 
neurodegenerative diseases: a review of their intracellular targets. Eur J Pharmacol 545: 51–64. 
Review.

Lau FC, Bielinski DF, Joseph JA (2007) Inhibitory effects of blueberry extract on the production of 
inflammatory mediators in lipopolysaccharide-activated BV2 microglia. J Neurosci Res 85: 1010–

 
1017.

Sweeney MI, Kalt W, MacKinnon SL, Ashby J, Gottschall-Pass KT (2002) Feeding rats diets enriched 
in lowbush blueberries for six weeks decreases ischemia-induced brain damage. Nutr Neurosci 5: 
427–431.

Duffy KB, Spangler EL, Devan BD, Guo Z, Bowker JL, et al. (2008)

 

A blueberry-enriched diet provides 
cellular protection against oxidative stress and attenuates a kainate-induced learning impairment in 
rats. Neurobiol Aging 29: 1680–1689.

Shukitt-Hale B, Lau FC, Carey AN, Galli RL, Spangler EL, et al. (2008) Blueberry polyphenols prevent 
kainic acid-induced decrements in cognition and alter inflammatory gene expression in rat 
hippocampus. Nutrit Neurosci 11: 172–182.



Calorie Restriction (without nutritional deficiency) extends life in all species tested

Eakin F & Witten M Experimental Gerontology  1995, 30: 33‐64
McCay CM et al. J. Nutrition 1935, 10: 63‐79





•
 

Caloric restriction has been proven 

 to extend the lifespan of a number 

 of species, including mammals

•
 

In yeast, a caloric restriction 

 stimulates the activity of an enzyme 

 referred to as Sir2

•
 

Administering resveratrol to yeast 

 increased Sir2 activity in the absence 

 of caloric restriction and extended 

 the replicative lifespan of yeast by 

 70%$

Howitz KT, Bitterman KJ, Cohen HY, Lamming DW, Lavu S, Wood JG, Zipkin 
RE, Chung P, Kisielewski A, Zhang LL, Scherer B, Sinclair DA.
Small molecule activators of sirtuins extend Saccharomyces 
cerevisiae lifespan.
Nature. 2003 Sep 11;425(6954):191-6. 



control
resveratrol

Valenzano DR, Cellerino A.
Resveratrol and the pharmacology of aging: a new vertebrate 
model to validate an old molecule.
Cell Cycle. 2006 May;5(10):1027-32.  

Nothobranchius furzeri

Resveratrol treatment prolonged lifespan and delayed the 
onset of age-related dysfunctions in this fish. 



Proposed model of how polyphenols mimics Calories Restriction

Sun‐Jun Park et al., Cell, 148; 421, 2012 

Polyphenols
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Resveratrol induces mitochondrial biogenesis in endothelial cells
Csiszar A et al. Am J Physiol Heart Circ Physiol 2009



Fig.

 

3

 

Blueberry polyphenols extend 
lifespan and slow aging in 
Caenorhabditis elegans. 

Literature Review

Wilson et. al. 2006

Presenter
Presentation Notes
Wilson et. al. (2006) found that blueberry polyphenols were successful in increasing the lifespan and thermotolerance in C. elegans



James Joseph 







Maqui Berry
 (Aristotelia chilensis)

•
 

Maqui is a deeply purpled berry
 

from the Patagonia 
 region, that stretches from Cemtral/Southern Chile to 

 Antarctica, one of the cleanest place on this planet. 

•
 

Extraordinary high concentration of anthocyanins,
 contain high content of phenolic compounds and 

 anthocyanins that exhibits high antioxidant activity.



Antioxidant 

 

Activity 

 

of 

 

an 

 

Unusual 

 

3‐Hydroxyindole 

 

Derivative 

 
Isolated from Fruits of Aristotelia chilensis (Molina) Stuntz
Céspedes  CL et al. Z. Naturforsch. 64 c, 759 – 762 (2009);

3‐Hydroxyindole

Anthocyanins in berries of Maqui (Aristotelia

 

chilensis (Mol.) Stuntz).
Escribano‐Bailón MT

 

et al Phytochem Anal.

 

2006 Jan‐Feb;17(1):8‐14.

http://www.ncbi.nlm.nih.gov/pubmed/16454470
http://www.ncbi.nlm.nih.gov/pubmed/16454470
http://www.ncbi.nlm.nih.gov/pubmed/16454470
http://www.ncbi.nlm.nih.gov/pubmed?term=Escribano-Bail%C3%B3n MT[Author]&cauthor=true&cauthor_uid=23832039
http://www.ncbi.nlm.nih.gov/pubmed?term=Escribano-Bail%C3%B3n MT[Author]&cauthor=true&cauthor_uid=23832039
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed




Proposed mechanisms by which polyphenols confers 
 mitochondrial protection in aging.

polyphenols



Branched-Chain Amino Acid Supplementation Promotes Survival 
and Supports Cardiac and Skeletal Muscle Mitochondrial

 

 
Biogenesis inMiddle-Aged Mice.  D’Antona G et al. 2010



The Ketogenic Diet (KD)

•
 

Mimics fasting state – switches from metabolism of 
 glucose to metabolism of ketones

•
 

Clinically‐used treatment for intractable seizures in 
 children and adolescents

•
 

High fat –
 

low carbohydrate (4:1, fat:non‐fat)

•
 

Efficacy appears to be independent of seizure type

•
 

Mechanism of action unknown but attributed to ketone 
 bodies , glycolysis and mitochondrial metabolism

•
 

Research direction: clinic to bench



Mitochondrial effects of the 
 ketogenic diet

–
 

Increased mitochondrial biogenesis in KD (Bough et al, 
 Ann Neurol, 60:223‐235, 2006)

–
 

Upregulation of uncoupling proteins (UCPs) (Sullivan 
 et al, Ann Neurol, 55:576‐580, 2004)

–
 

Increased mitochondrial glutathione and 
 increased γ‐GCL activity (Jarrett et al., J. Neurochem 2009)
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Activation of the Nrf-2 Adaptive response in the ketogenic diet



Metabolic Regulation of Cognitive Dysfunction: 
 Non‐Pharmacological Approaches Indirectly 

 Targeting Reactive Species

•
 

Diabetes aggravates and energetic challenges 
 attenuate CNS inflammation

•
 

Exercise and caloric restriction ameliorate and 
 diabetes exacerbates Alzheimer’s disease 

 models

•
 

Cognitive impairment associated with trauma 
 or ischemia

 
can be modified by caloric intake 

 and exercise



Regulation of Cognitive Function by metabolic factors, 
 oxidative stress and inflammation

Neurogenesis
Neuroprotection

Synaptic Plasiticity

Sedentary Lifestyle
Diabetes, Obesity
High cholesterol

Exercise

Adaptive Cellular 
Stress Responses

BDNF
IGFs
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MnSOD
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Oxidative Stress
Inflammation

Impaired Synaptic Plasticity
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Neurodegeneration

Cognitive Impairment
Disease Progression

Cognitive Impairment
Disease Progression

Adapted from: Stranahan and Mattson, 2011

Caloric Restriction

Mild Oxidative 
Stress

PGC-1



Structured physical exercise (strength and cardiorespiratory exercise) 
appears to be a promising non-pharmacological strategy for preventing 
cognitive decline. Individuals with mild or moderate dementia should be 
more physically active to prevent major losses of physical fitness and 
function. 

Balsamo  S et al
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Exercise promotes healthy aging

Normal Aging

•Ameliorates decline: Canadian researchers1

 
examined 

active lifestyle for “elderly”
 

individuals over 2-5 years, 
showed stability in cognitive functioning for individuals 
who were active, greater change if sedentary.  
•90% of individuals with greatest daily energy scored 
consistently on tests each year
•Activities included walking, cooking, cleaning

1. Archives of Internal Medicine, 2011



Exercise promotes healthy aging

Normal Aging

•More specifically, women in 70’s with vascular 
disease showed a slower rate of cognitive decline 
than the active group.  Editorial (Dr. Eric Larson) 
noted the goal was to slow the onset of dementia.



Exercise promotes healthy aging

Normal Aging

•A second study2

 
showed that light duty weight 

training has neurological effects.  

•After one year, older women who lifted 2x per 
week showed changes on both functional MRIs 
and cognitive tests.

2. Neurobiology of Aging, 2011



Exercise promotes healthy aging

Normal Aging: start early!

•Mayo clinic study of 1,126 individuals with 
“normal cognition”

 
(as opposed to Mild cognitive 

impairment)3

•Individuals with Moderate exercise during midlife 
were less likely to develop impairment in later life

3. Archives of Neurology, 2011



Exercise promotes healthy aging

•Exercise prevents onset of dementia

•Meta analysis of 1600 research papers examining 
role of exercise in perserving cognitive abilities

•Conclusion: Important therapy against
 

dementia



Exercise promotes healthy aging

“…you can make a very compelling argument for 
exercise as a disease-modifying strategy to prevent 
dementia and mild cognitive impairment, and for 
favorably modifying these processes once they 
have developed.”

--
 

J. Eric Ahlskog, M.D.,  Ph.D., neurologist, Mayo Clinic



Exercise promotes healthy aging

Other Neurologic Disease

•Parkinson’s Disease
o Researchers4

 

followed 140,000 people with avg. age of 
63 for 10 years.  

o Moderate to vigorous activity levels were related to a 
40% less chance to develop Parkinsons than those with 
light or no activity levels.  

o Not clear if the relationship is focused on short term or 
long term (i.e., do you need to start exercising at 40?)

4. American Academy of Neurology, 2007



Exercise promotes healthy aging

Other Neurologic Disease

•Mild cognitive impairment (MCI): each year, 10-15% of 
individuals with mild cognitive impairment will develop 
dementia5.  
•Study:  33 adults with MCI. 23 assigned randomly to 
aerobic group and exercised at high intensity levels for 45-60 
minutes per day, 4 days per week, with a trainer.  Control 
group: 10 individuals performed supervised stretching with 
low heart rate. 
5. Archives of Neurology, 2011



Exercise promotes healthy aging

Other Neurologic Disease

•Found improved fitness (body fat analysis, 
metabolic markers) and improved cognition.  

•Cognitive improvements were more marked in 
women than men.  This may be related to body’s use 
of insulin, glucose, and cortisol, which differed 
between the sexes.



Exercise and Stress

•Chronic cortisol release leads to detrimental effects: 
o Chronically high cortisol reduces dopamine

•Exercise initially mimics this effect

•Regular exercise training helps to reduce cortisol 
levels (e.g., a 20 minute walk ceases to be “stressful”

 to the body).



Mood Benefits

Exercise improves stress tolerance: 

•Exercise causes a drop in stress hormones

•Improves “resilience”
 

to stress

•Brain-derived neurotrophic factors (BDNF)
o “fertilizer”

 
of the brain’s neurons

o Grow more quickly, develop stronger connections
o Associated with improved cognition, mood



Mood Benefits

Exercise improves stress tolerance: 

•Rats assigned to 4 groups6: 
o Engaged in “voluntary running”
o Given antidepressants
o Both
o Neither

•Rats then underwent a 2-day “forced swimming”
 procedure

6. California State University, 2001



Mood Benefits

Exercise improves stress tolerance: 

•Results:
o BDNF levels in untreated animals were depressed
o Animals that were given physical training or 

antidepressants had BDNF restored to baseline
o Animals with both showed increase in 

hippocampal BDNF well above baseline.



Mood Benefits

Improved mood improves cognition: 

•Exercise has an “antidepressant effect”

•Antidepressant effect of running was associate 
with more cell growth in hippocampus9

9. Proceedings of the Academy of Natural Sciences, 2010



Does exercise foster 
neuroplasticity?
•Exercise increased growth factors in brain making it easier to 
grow new connections10

•Mice that ran on a wheel had twice as many new brain cells as 
mice housed in standard cages11.  As a comparison, provided 
mice with other “enriched”

 
environments (e.g., “free swim”)-

 only running produced the effect.
o Growth was in the hippocampus (learning and 

memory)
10. UCLA, 2011

11. Nature Neuroscience, 1999



Does exercise foster 
neuroplasticity?
•Illinois researchers scanned brains of 55 individuals aged 
55-79, measured maximal O2 during exercise12

•Used MRIs and functional imaging to examine age-
 related brain shrinkage

•Results: fit subjects had less shrinkage in temporal, 
parietal, and frontal areas-

 
crucial for learning and memory

12. Journal of Gerontology, 2003



Does exercise foster 
neuroplasticity?
•Meta-analysis of 18 controlled studies of cognitive 
function and aerobic fitness for individuals aged 
55-8013

13. Psychological Sciences, 2003



Does exercise foster 
neuroplasticity?
Results:
•Exercise had clear, selective cognitive benefits for 
attention, organization, planning
•Frontal skills
•

 
Strength training combined with aerobic fitness was 

most effective
•Exercise sessions of less than 30 minutes per session had 
little impact



Does exercise foster 
neuroplasticity?

•Brain-derived neurotrophic factors (BDNF)

•“fertilizer”
 

of the brain’s neurons

o Grow more quickly, develop stronger 
connections

•Associated with improved cognition, mood



Does exercise foster 
neuroplasticity?
•Brain-derived neurotrophic factors (BDNF)
•produced in the brain during endurance training
•produced peripherally in resistance training, circulates to 
the brain
•University of Florida study:  20 college aged men14

o Increased neurotrophic factors at 1, 30 and 60 minutes 
after endurance training

14. American College of Sports Medicine, 2010



Cognitive Changes with Exercise at 
 12 weeks

Working MemoryWorking Memory
p=0.01p=0.01

Episodic MemoryEpisodic Memory
p=0.009p=0.009

Verbal FluencyVerbal Fluency
p=0.02p=0.02



Cerebral Blood Flow Changes with 
 Exercise at 12 weeks

Increased brain blood flow to 

 
temporal  lobe 

Decreased in frontal & parietal 

 
lobes

* Whole  brain ASL changes  * Whole  brain ASL changes  



fMRI: Gist activation study
Exercise Group vs.  Control Group

PrePre‐‐TrainingTraining
n=9 n=9 

PostPost‐‐TrainingTraining
n=9 n=9 

11 ‐‐11



Practical Advice

The Basics:

•Do something

•Stick with what you stick with

•Every bit counts: even 20 minutes of exercise 
facilitates brain function



Practical Advice

The Details:

•Exercise has short term effects of mood, 
concentration, memory and stress that last for 
several hours after exercise

•Moderate exercise for a six month time frame is 
beneficial to begin to see long term benefits



Practical Advice

The Details:

•Exercise should continue with age

•Exercise that encourages cognitive focus has 
additional benefits : find something that 
challenges you (ballroom dancing, a new class, 
yoga, etc.)

•Exercise that is interesting is also good (vary 
your walk!)



Cognitive exercise

•Cognitive exercise has similar effects

•Two together have strongest effects

•Visualizing exercise improves neuroplasticity 
as well

•Best exercise is novel tasks: at any level



BMC Neuroscience 2013, 14:73

The present study assessed the effects of cognitive 

 
training (spatial vs. perceptual training) and physical 

 
training (endurance training vs. non‐endurance 

 
training) on spatial learning and associated brain 

 
activation in 33 adults (40–55 years). Spatial learning 

 
was assessed with a virtual maze task, and at the same 

 
time neural correlates were measured with functional 

 
magnetic resonance imaging (fMRI).

Functional 

 

changes 

 

in 

 

neural 

 

systems 

 
associated 

 

with 

 

spatial 

 

navigation 

 

can 

 
be 

 

induced 

 

by 

 

cognitive 

 

interventions 

 
and seem to be stronger 

 

than 

 

effects 

 

of 

 
physical exercise in middle‐aged adults.



Change in gray matter volume in the 

 right 

 

basolateral 

 

amygdala 

 

from 

 

pre 

 to 

 

post 

 

eight 

 

weeks 

 

of 

 

mindfulness‐

 based 

 

stress 

 

reduction 

 

(MBSR) 

 

was 

 associated 

 

with 

 

decreases 

 

in 

 perceived stress over this same 

 

time 

 period. Individuals undergoing MBSR 

 who showed the largest decreases in 

 perceived 

 

stress 

 

also 

 

showed 

 

the 

 largest 

 

decreases 

 

in 

 

basolateral 

 amygdala gray matter volume





Learn something new -
 

Sudoku

mailto:Barbara@allaboutagingllc.com


Designing a Program to “Really Use It”

•
 

Brain Plasticity-Based Workouts
–

 
Learn to play the violin

–
 

Learn Japanese
–

 
Learn to juggle

–
 

Learn to tango
–

 
Learn to use your “other”

 
hand

–
 

Become an air traffic controller

Use Programs Designed to Target the Root Causes 
of Brain Function Decline

 

Use Programs Designed to Target the Root Causes 
of Brain Function Decline

Presenter
Presentation Notes
So what kind of things can you do to give your brain a plasticity-based workout?  You need to do activities that require substantial new learning.  New Learining is important because our brain’s are learining machines and if we don’t continue learning, they become rusty and degrade (loss of those connectors and connections again)

Review some of the list and make sure to that you need to master these activities, and do them diligently and WELL.

Our scientists tell us that these activities will result in positive brain plasticity, but they all TAKE A LONG TIME

There is a short cut available.  You can go directly to the heart of the problem by using brain fitness programs designed to target the root causes of brain function decline



IMPACT
 

Shows that the Right Kind of 
Cognitive Exercise Can Rejuvenate the Brain

Findings:
•

 
3 out of 4 people

 
self-

 reported positive changes in 
their everyday lives

•

 

Benefits ranged from 
remembering shopping lists, 
being more independent, feeling 
more self-confident and hearing 
conversations more clearly

1000
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2400

2600

CSRQ-64
Post-Only Measure (+/0/-

 

scale)
(higher is better)

p = 0.003

The researchers found that people using the Posit Science program:

Noticed benefits in their everyday livesBest

 
>

ACET

Presenter
Presentation Notes
What’s most exciting is that the people in the study who used the Posit Science program noticed benefits in their everyday lives.



The reason we’re so excited is that it means that use of the program actually improves people’s lives. Three out of four people self-reported benefits that ranged from remembering shopping lists, to being more independent, feeling more self-confident and hearing conversations more clearly. And these are just a few of the benefits reported. 



The graph shows the results of the CSRQ-64—the Cognitive Self-Report Questionnaire that contained 64 questions—that indicates that the positive benefits were significantly higher in the experimental group who used the Posit Science program (the green bar) than those experienced by people in the active control group (the gray bar).



(Note that  “ET” stands for “Experimental Training” and “AC” stands for “Active Control.”)





How is this research helping?

The Benefits of DriveSharp Brain Fitness Training

•
 

Decades of research show the technology in DriveSharp:
•

 
Speeds up visual processing and increases "useful field of 
view" so drivers see more of the road with each glance

•
 

Decreases reaction time, so drivers can stop 22 feet sooner 
at 55 mph

•
 

Cuts at-fault crash risk by 50%

http://www.positscience.com/testlets/jeweldiver/ind
 ex.php?session=cbomppsn4i8ijpp1o50o9bfcp0

http://www.positscience.com/testlets/jeweldiver/index.php?session=cbomppsn4i8ijpp1o50o9bfcp0
http://www.positscience.com/testlets/jeweldiver/index.php?session=cbomppsn4i8ijpp1o50o9bfcp0




 

Comprehensive software program for brain 
fitness



 

Targets six areas of brain functioning


 

Short-term memory


 

Long-term memory


 

Critical thinking


 

Visuospatial orientation


 

Computation


 

Language


 

Fun, easy to use touch system with five levels of 
challenge





 

Two decades of 
medical research



 

Can reduce risk of 
decline of brain 
functioning by 63%



 

Studies show: If you 
don’t use it, you will 
lose it!



Brain Games Brain Fitness

What They Are Individual games that 
target one skill

Structured system to 
work 6 areas of brain

Commitment Almost none Greater investment=
greater rewards

Appeal Fun past-time within 
busy lifestyle

Staying sharp and 
fighting memory loss

Benefit Offer amusement Potential tool against 
memory loss and decline 
in thinking abilities

Who Uses Them People who want enjoy 
brain teasers

People who are serious 
about brain health





 

Free sample of BrainFitness software at 
www.brainer.it



 

Journal of the American Medical AssociationLong-term effects of 
cognitive training on everyday functional outcomes in older adults 
(2006)Willis SL, Tennstedt SL, Marsiske M, Ball K, Elias J, Koepke 
KM, Morris JN, Rebok GW, Unverzagt FW, Stoddard AM, Wright E. 
Journal of the American Medical Association, 296: 2805-2814.



 

The New England Journal of MedicineLeisure activities and the risk 
of dementia in the elderly (2003)Verghese J, Lipton RB, Katz MJ,

 Hall CB, Derby CA, Kuslanksy G, Ambrose A, Sliwinski M, Buschke 
H. The New England Journal of Medicine, 348: 2508-2516.



CONCLUDING REMARKS 

All the thoughts, behaviors and emotions are triggered by the brain

The brain functioning (including genetics) is permanently impacted 
by the environment

The brain is a learning machine –

 

all the diseases of the brain are 
also malfunctions of learning mechanisms

All the superior mental abilities –

 

from envisioning the future to 
creativity –

 

lies in brain’s plasticity (ability to create networks upon 
the impact of environment)

Mental health, superior performance and healthy longevity could be 
achieved by knowing how to control brain’s mechanisms 
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