Physical activity: candy for the brain

Imagine you are on the plains of Africa several thousand year¥ agwe just finished
lunch, and now you settle in for a nap

Your brain turns everything down: attention, stress hormonesytn@usmitters, all get
set to low levels. Just like when you #aking a napn the couch.

After a few hours nappingou start to get hungry.

1 You get up and start to move: physical activity begins as you start your search for
food.

1 Your body signalyour brain: get ready for action



1 You need both physical and cognitive skills to hunt or sefarcfood

1 You need cognitive skills to predict and recognize danger, to remember (or learn)
where the lions hide, where the best berries can be found, whaisdest to get
from your find back to camp.

Your brain recognizes physical activity as a stimulus for your entire brain, not just the
part required to control movemefRor cavemenphysical activitydidn'tmean pumping
iron at the gym; just getting tgnd walking gets your whole brain active.

There is a theory that running may have contributed to our larger brains. About 2,000,000
years ago, Homo erectus appeared in Africa.
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At six feet tall, they were much larger than previous human ancestors. Bdugiuse

bones have been found in regions that were hot, dry grasslands, they may have been the
first naked apé losing hair and gaining sweat glands over their entire bodies. What was
the advantage? Animals living in today's grasslands have very limilay tbdissipate

body heat, so they rest during the hot afternoon. Modern hgateerers, with no hair

and abundant sweat glands, chase their prey in the hot afternoon sun until the animal fails
from heat exhaustion. Because big brains required l@eearyy, the ability to add

substantial amounts of meat for the diet may have allowed the development of larger
brains.

Effects of physical activity: cognition

Here'show physical activityaffectsyour cognitive ability(Hillman 2003, Winter 2007,
Perera 2007 Dik 2003)

1 Improves learning speed



1 Improves information processing speed
1 Improves spatial memory
1 Improves reaction time

Improves performance on neuropsychological tests
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Reduces risk of cognitive loss and dementia

=

Reduces rate of memory loss

In studies in mice and rats, exercise:

1 improves performance in hippocampiependent task®©'Callaghan
2007, Liu 2008)
0 spatial memory
0 solving mazes
0 novel object recognition
1 improves learning in the Morris water maze in aged rats (van Praag 2005,

Albeck 20086).

Many studies have examined the effects of physical activity on cognition and fitness in
healthy sedentarylderadults



www.nasa.gov/centers/goddard/news/topstory/2007/queen_egress_8.html

The studies used different duration, intensity and type of exercise, tyfseatlyal times
per weelfor several monther several years.The researchers have consistently shown
thatphysical activity improves cognitive functighlillman 2008, Kramer199%an
Gelder 20024 The changes in cognitive function are confirmedkginimagingsuch as
electroencephalograend functimal magnetic resonance imaging (MRI) studies
(Hillman 2008)

In a transgenic mouse model for Alzheimer's disease

T exercise started before di seaamngoidonset
plaques in both hippocampus and cortex (Adlard 2005)

1 exercisestarted after disease onset improved both working and reference memory
in aged AD mutant mice (Nichol 2007).

Physical activity improves cognition in normal mice and in mouse models of Alzheimer's
disease, even if exercise begins late in life or afteyadis onset.

In humans, physical activity protects against brain damage caused by stroke (Guo 2008)
and promotes recovery after brain injury (Griesbach 2008).

Physical activity is also antidepressant (Lawlor 2aDdley 2008, Deslandes 2009

Rethorst andolleagues at Arizona State University reviewed the effects of exercise on
depressive symptoms in 58 randomized trials involving almost 3000 subjects, and found
that participants in the exercise treatment had significantly lower depression scores than
those receiving the control treatment.
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How physical activity affects your neurons, synapses, and blood flow
Aerobicphysical activity(Cotman 2007, Hillman 200&wain 2003:

Increases oxygen flow to the brain

Increases capillargrowthi > increased supply of oxygen, glucose
Increases VEGF (plasticity)

Muscles produce IGE that enters the brain to cause release of BDNF
Stimulates production of NMDA

Increases neuron growth and plasticity

Stimulates hippocampus nmegeneration

Increases expression of genes required for plasticity

Increases.ong Term PotentiatiorL{TP) for learning
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Physical activity, eerebral blood flow, and cognition

Blood flow to your brain (cerebral blood flow, GBF) declines steadily with &g

(Bertsch 200% and the reduced blood flow correlates directly with lower scores on
cognitive tests (Rabbitt 2006), especially tasks involving information processing speed.
In a fouryear studyRogersand colleague€l990)found thatphysically inactiveelderly
participants (62 to 70 yearsad acontinuous decrease in resticgrebral blood flow,



while agematched physically active participants hmaxldecreasdnactive participants
showed significantly lower cognitive test performaatter four yearshan active
participants.

Clinical studies in patients with Alzheimer's disease, senile dementia, or Huntington's
disease have found both severe decrements in cognitive functions and a reduced resting
CBF or cerebral glucose utilization rate in patiemsipared with age matched healthy
counterpartsBertsch 200R These reductions were correlated with the severity of the
dementia (Butler et al., 1983). Patients' cognitive performance was correlated with their
glucose utilization rate (Ferris et al., 1980)esting CBF (Meyer et al., 1988).

Physical activity, novelty and neurotrophins
Our brains thrive on novelty
A famousand influentialseries ofexperimentvas performed in the 1960's at the
University of California, BerkeleyMark Rosenzweig:zdwardBennett and Marian
Diamond raised ratis three different environmen{Bennett 19986)

1 Standard laboratory cage: several rats, food, water, adequate space

1 Impoverished environment: one rat, food, water, adequate space

1 Enriched environmensix to eightrats in a "large cage furnished with a variety of

objects with which they could play. A new set of playthings, drawn out of a pool
of 25 objects, was place in the cage every day."

FIGURE1. Animalsinan Environmental Complexity and Training cage.




The rats in the stimulating environment had

Thicker and heavier cebral cortex

Larger synapses

Wider blood vessels (to increase oxygen flow)
Increased RNA (to synthesize proteins)
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These experiments have been replicated and extended many times and in many other
species

"Neurobics" to stimulate your brain

Lawrence Katz, a Professoréurobiologyat Duke University, wrote a fun book titled
"Keep your brain alig”, which contains 83 "neurobiekercises to stimulate your brain.
Here are just a few examples.

1 Use your opposite hand to do routine tasks sudineshing your teeth, combing
your hair, or pouring milk.

91 Close your eyes when performing tasks such as dressing, finding things in the
bathroom, or eating a meal.

1 Turn the pictures on your desk, your clock, or your illustrated calendar upside
down.

All of these activities stimulate your brain to use new senses, see things in a new way, or
process new information.

A couple more fun things to try that will stimulate your brain:



1 Pick 10 words at random from the dictionary. Make up a story using the 10
words.

1 If you have a partner, give them a shopping list where, instead of naming items,
you describe them. For example:

o The fruit of a tree, grown in Kenyasedmake ahotbeverage.
0 The product of a cow that fBozen and combined with flavorings

1 To simulate your brain and improve your balance, try brushing your teeth with

the opposite hand, while standing on one foot with your eyes closed.

Your brain wants something to do. Even rats would rather work for their food than get it
for free (Carder 1970
Your brain and your sense of balance

Your sense of balance is controlled by your brain, in particular bydter regions and
thecerebellum.

Here's a test you can do to evaluate your balance. It's also a good indicator of your
"biological" age.

1. Stand on one foot.
2. Close your eyes.
3. Time how many seconds you can stand on one foot.

The graph below shows typical results by age.

Balance time vs. age
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Keeping your brain trained to maintain balance can have a big impact on your health and
longevity. Your sense of balae declines as you age, making falls much more likeig.
Centers for Disease Control and Prevention in Atlanta (Stevens 2006) reported that:

1 More than onghird of adults ages 65 years and older (about 12 million people)
fall each year.

1 1.67 million dder adults were treated in emergency departments ferefalied
injuries and 388,000 were subsequently hospitalized.

1 In 2002, over 12,900 older adults in the United States died as a result of falls, the
leading cause of fatal injuries in older adults.

Hip fractures are a particularly serious consequence of falls in older adults. Jay
Magaziner at th&niversity of MarylandMagaziner 2000) reported that:

1 "More than 300,000 persons over age 65 will fracture a hip in the United States
this year."

1 "Between 18%33% of older hip fracture patients die within 1 year of their
fracture, depending upon the specific population studied.”

1 "Most surviving hip fracture patients experience reduced mobility and lose their
ability to function independently."”

1 "Depending upon the population studied and function being assessed, an
estimated 25%75% of those who are independent before their fracture can
neither walk independently nor achieve their previous level of independent living
within 1 year following their frature."”

You can reduce your risk of falling, and improve your brain at the same time.

James Black and his colleagues at@ater for Neuroiology of Learning and Memory
at the University of lllinois were curious how balance exercises affect neuriaak (B
1990). Here's their description of the experiment.

"Rats in the acrobatic condition (AC) were given progressively longer and more difficult
trials on an elevated path consisting of balance beamsasex, rope bridges, and other
obstacles ..."



"Gentle physical encouragement, as well as small portions of sweetened and/or
chocolateflavored rat chow, provided the rats with motivation to traverse the path."

"Initially the AC rats had difficulty traversing wide stable platforms, but at the end of
training they were easily able to pass over the most difficult obstacles, such as pencil
wide dowels and loosely suspended ropes and chains (Fig. 1)."

At the end of the exercises, the acrobatic animals had greater numbers of synapses per
neuron in their erebellum than animals from the exercise or inactive groups.

You might not want to try walking across a rope ladder, but what sort of balance
exercises should you do? Depending on your current level of balancing ability, you might
try some of these.

Physical activities that improve your balance and stimulate your brain

1 Taichi
1 Dancing
1 Yoga

One of my personal favorites is playing games using the Nintendo Wii Balance Board.
Skiing is one of the fun games that improve balance.

If you are bored waiting ifine at the grocery checkout or coffee shop, practice standing
on one footlf you are really bored, try it with your eyes closed.



