Aging brain s

"When | was younger, | could remember everything, whether it had happened or
not. Now my facilities are decaying, and soon | will remember only the things that
never happened.”

-- Mark Twain

What will happen to your brain?

Some of us will sebttle decline in cognitive abilities age age

Otherswill seerapid and extreme loss, severe dementia such as Alzheimer's disehse
early death.

1 Why do some people decline quickly?
1 Why do some people decline slowly?

1 And howdo | get from group A to group B?

Let's start by looking atour chance®f Alzheimer's, Parkinson's, or stroke

What's your risk of Alzheimer's, Parkinson's, or stroke?

With advanced
Alzheimer

According to the Alzheimer's Associatiohgtlifetime risk ofAl z hei meriss di sease
about 20%or women, about 10%eor men The lifetime risk of all dementias (including
Al zhei me)igaboud2B% ie \wosnen, about 15% in men



So if you like your glass half (or thregiarters) full, about 75% of women aB8% of
men won't get dementia

Age is the biggesisk factors forAl z hei mer 6's
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Later on, weol |l l ook at wAlabheiymer éean do to r

Parkinson's disease

"Parkinson's disease is the second most common neurodegenerative disorder, after
Alzheimer's diseas®arkinson's disease has a prevalence of approximately 0.5 to 1
percent among persons 65 to 69 years of age, risingpt8 percent among persons 80
years of age and oldei(Nussbaum 2002

Later on, weol |l | ook at wRaikinsorysalseasean do t o r

Stroke

About 8% ofnortinstitutionalizedAmericans over agesareported having had a stroke in
astudy by the US Center for Disease Control published in 2007.

Stroke is more prevalent in the United States than in Epdoeein part tdhigher rates of
obesity, diabetespnd lifetime smoking in the U.S. (Avendano 2008).



1 American merhavea 61% highechance of having a strolieen Europeans.
1 Americanwomenhave almost a 100% higher chance of having a stroke then
Europeans.

In Okinawa, Japan,

1 thestroke rate is among the lowest in the world

1 more people live to over 100 than anywhere in the world
Bradley Willcox and his colleagues have intensively studied the diet and lifestyle of
Okinawans to identify factors that promote their longewitgt health (Willcox 2001,

2004). We'll look more at this work.

Your risk of stroke is very controllablater on we'll see how

Measures of cognitive abilities and their decline

There isgeneral agreement that there are several different types of memory, each of
which is predominantly in a different part of the brain

1 Declarative memory (explicit memory):
o facts
0 dates
0 events
0 hippocampusnd cortex areritical

1 Procedural memory (nedeclarative/implicit):
o how to perform an act (ride a bicycle)
o basal gangligstriatum) cerebellum areritical

1 Emotional memory: amygdala
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Brain facts. Society for Neuragnce.

Patients with Alzheimer's disease are unable to learn or remember ordinary facts
(declarative memory) but are normal or nearly normal at learning and remembering how
to do things (procedural memory).

Alzheimer's patients
1 learned and rememberbdw to read complex words in a mirror as well as normal
control subjects
1 wereunable to recall the training session or the fact that they had acquired this
skill.

We'll see that different studies examine different aspects of memory, learning, or
cognitive ability, so they at least implicitly study different parts of the brdiat they
discover depends on what they examine.

The Seattle Longitudinal Study of Adult Intelligence began in the late 1950's, and is
ongoing today. Under the direction of Prafess Warne6chaieand Sherry Willis, it is
likely the most comprehensive lomgnning study of brain aging.

Many of the research studies we'll look at use the same tests that Prddetsoeand
Willis used to evaluate aging's effects on the braint's worth seeing how memory and
cognitive decline are measured.

Inductive reasoning



Inductive reasoning is your ability to solve logical problems.
You have good inductive reasoning ability if you can

1 recognize patterns

=

analyze previous experientefind solutions

1 understand novel concepts and relationships

=

make plans to solve problems and foresee results

Here are examples of tests of inductive reasoning ability.

1 PMA Reasoning. You are given a series of letters, and have to predict the next
letter. For example: (ax b cxdefxghi). You have 6 minutes to solve 30
problems.

1 Word Series. You are given a series of words, and have to predict the next word.
For example: (January, March, May). You have 6 minutes to solve 30 problems.

1 Number Sges. You are given a series of numbers, and have to predict the next

number. For example: (6, 11, 15, 18, 20). You have 4.5 minutes to solve 20
problems.

Spatial orientation

Spatial orientation is your ability to mentally rotate and recognize objedgeis, and
maps.

You have good special orientation ability if you can

1 match a twedimensional or thredimensional picture of an object to a rotated
version

1 visualize what an object looks like when the pieces are assembled



1 - Oz

] ]
' 17

utardbydennm L Opdle

Figure 1. Based on Shepard & Metzlar's ‘Mental Rotation Task’
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Figure 2: Mental Rotation Task Based on Canonical Orientations

Here are examples of tests of special orientation ability.

1 PMA Space. You are shown an abstract image, and have to inatohage to
one of six other images. You have 5 minutes to solve 20 problems.

1 Object rotation. You are shown a line drawing of a real object (such as an
umbrella), and have to decide which one of six rotated images matches the object.
You have 5 minuteotsolve 20 problems.

1 Cube comparison. You are shown drawings of two cubes. You must determine if
the two drawings are the same cube rotated in-tliraensional space. You have
5 minutes to solve 20 problems.

Numeric facility
Numeric facility is your hility to recognize numerical relationships and solve simple
numerical problems quickly. Here are examples of tests of numeric facility.

1 PMA Number. You determine if simple addition sums are correct or not. You
have 6 minutes to solve 60 problems.

1 Addition. You add three singlgigit or two-digit numbers. You have 6 minutes to
solve 40 problems.

1 Subtraction and multiplication. You solve a series of subtraction and
multiplication problems. You have 6 minutes to solve 40 problems.



Verbal comprehension
Verbal comprehension is your vocabulary and ability to understand the meaning of
words. Here are examples of tests of verbal comprehension.

1 PMA Verbal. You are given a word and identify which of four other words is a
synonym. You have 4 minutes to solve@0blems.

1 ETS Vocabulary V4. You are given a word and identify which of five other
words is a synonym. You have 4 minutes to solve 18 problems. The words in this
test are more difficult.

Perceptual speed
Perceptual speed is your ability to find ineagor make visual comparisons quickly. Here
are examples.

1 Identical Pictures. You determine which of five shapes or pictures is identical to
the model. You have 1.5 minutes to solve 50 problems.

1 Finding A's. In a column of 40 words, you must find thedsdg that contain the
lettera. You have 1.5 minutes to find tlaés.

1 Number comparison. You are shown a pair of milfit numbers and decide if
the two numbers are the same or not. You have 1.5 minutes to solve 40 problems.

Verbal memory
Verbal memoy is your ability to memorize and recall words. Here are examples of tests

of verbal memory.

1 Immediate Recall. You are given a list of 20 words and 3.5 minutes to memorize
them. You then have 3.5 minutes to recall as many of the 20 words as you can.

1 Delayed Recall. You try to recall the same list of 20 words as in Immediate
Recall, after an hour of other tests

The verbal memory test is among the best predictors of who will get Alzheimer's disease.

Do you fell stressed and exhausted just from readim¢etst descriptions? There are
other tests that we'll see during this course, but that is enough for now.



How your brain ages: neuronsand memory

See Powerpoint files:
Molecular biology primer.ppt
Neurobiology into.ppt

Neurons commuicate with each other at synapsesg chemical neurotransmitters such
as dopamine.

dopamine

dopamine

/ receptor
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Synapses areritical for learningand memoryLose your synapses and you lose your
memory. Synapsememost abundant on small protrussoon the dendrites called
dendritic spines



A hippocampal neuron with hundreds of synapses situated on dendritic
spines (shown in yellowyvww.brain.riken.go.jp

Learning and memomequirechanges in the connections among the neuroysun

brains:
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Synapses are made stronger or weaker
Synapses are created or removed
Dendritic spines are created or removed
Dendrites are created or removed

Neurons arereated or removed

This ability of the brain tachange the synapses, dendrites and neusaraled brain
plasticity. Maintaining plasticity is one key to saving your aging brain.

Many molecules involved in brairigsticity have been ideni#d. Brain-derived
neurotrophic facto(BDNF) is one of the most important and wstudied

BDNF:
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is expressed throughout the brain, particularly in thefymetal cortex and
hippocampus (Pezawas et al. 2004)

stimulates synapse and dendrite growth

stimulates neurogenesis

affects neuronal survival, migration, dendritic and axonal growth (Pang & Lu
2004).



1 prevents death of dopaminergic neurons (Hyman et al. 1994),
1 is protective against neurotoxins (Hung & Lee 1996)
1 elevates forebrain serotonin neurbfilder density (Mamounas et al. 1995).

Molecules lke BDNF are candidates for drug treatmemtgene therapthat might
increase their levels in the brain.

Neurotransmitters

Synapsepassmessagebetweemeurors using small moleculesalled neurotrasmitters.

Some of theneurotransmittergou may have heard of are
1 Dopamine
1 Serotonin
1 Acetylcholine
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Prozac, Paxil, and similar drugs are '&ive Serotonin Reptake Inhibitors" (SSHY),
which increase the levels of serotonin in the synapse.
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Wellbutrin, also arantrdepressant drug, ineases the levels of dopamine in the synapse.
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Donepezil, anemorysaving drugs used to treat Alzhe&irs disase increases
acetylcholine in the synapse by inhibiting the enzyme that degrades acetylcholine.
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Neurotransmitters are synthesized from precursor molecules in food yduypabphan,
tyrosine,andcholineare neurotransmitter precursongt you get from your food.

Tryptophan, an amino acid we get from protein:
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Serotonin the neur@nsmitter made from tryptophan:
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The available amounts of tryptophan, tyrosine, or choline control the rates at which
neurons synthesize serotonin, dopamine, or acetylcholine. Syathaat affects how
much neurotransmitter you make, how you feel, and your cognitive abilities.

Neurons are apecializedype of cell, so they share much in common with other cells in
your body such as skin cells, muscle céil®&r cellsand so onLike dl cells, neurons
contain DNA the genetic material that makes up our genes.



When the DNA in our genes is damaged, it can lead to canceagédmroteins, or cell
death.

Neurons with damaged proteins have many problems:
1 neurons may lose synapses, dendrites, or the ability to transmit signals
1 neurons may die

1 neurons may produce toxic waste that kills or damages other nearby neurons

Neuron's cell membrane

Like all cells, the neurois enclosedy a cell membrane. The cell membrane is made of
a mixture of lipids (fats) and proteins.

EXTRACELLULAR




The cell membrane is particularly important, and particularly vulnerable, in neurons,
becaise it forms the synapses and dendritic spines.

You may have heardthe essential omegafatty acids. @e of the omeg8 fatty acids,
DHA, makes up 50% of the fat in a neuron's cell membrane. DHA is particulaidglcr
to keep synapses working, and feaking new synapses when we learn.

The energy to make your neurons wilproduced by mitochondria. These are
membranebound organelles found inside every cBIHA makes up 50% of the fat in a
mitochondria membrane.

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.

Mitochondriaconvert sugamito ATP (adenosine triphosphate). ATP is like a baiteay
convenient way to store energy until the cell is ready to use it.

The mitochondria are like factories:
1 sugarand oxygen go in
1 ATP, water and carbon dioxide come out
Unfortunately, this pro@s also gives off toxic wastexygenfree radicals, also known

as reactive oxygen species (ROS). We'll talk more later about how they harm your brain,
and what you can do to reduce it.



Neurons require a lot of energy to transmit signals. While your tsainly 2% of your
weight, it consumes 20% of the energy. Because neurons require so much energy, they
have many more mitochondria than other cells do. That also makes neurons much more
susceptible to anything that damages mitochondria, such as oxygeadreals.

Neurogenesis

Until very recently, scientists believed that once we are adults, our brains stopped making
new neuronga process called neurogenesisisbeliefchanged in 1998.

"The genesis of new cells, including neurons, in the adult hloren has not yet been
demonstrated"” wrotBeter Erikssorf-red Gage antheir colleagues in the journal Nature
Medicine Eriksson1998).

"This study was undertaken to investigate whether neurogenesis occurs in the
adult human brain, in regions previbuglentified as neurogenic in adult rodse

and monkeyg we demonstrate that new neurons, as defined by these markers,
are generated from dividing progenitor cells in the dentate ¢yansof the
hippocampuspf adult humans. Our results further indeeghat the human
hippocampus retains its ability to generate neurons througholit life.

We now know that neurogenesis in adult mamroatars primarily in the hippocampus,
a region of the brain that is critical for forming new memories.

Newborn neurons in the adult mouse hippocampus.
Photo: Chunmei Zhao, Gage Lab, Salk Institute

Molecular changesin your aging brain

In the aging brainve typically see
1 loss of synapses
1 loss of dendrites
9 loss of neurons



