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ik
Computer

by Dr. Eric H. Chudl

Your Head?

ya

1N

‘x J hat has billions of
individual pieces,
trillions of connections, weighs

about 1.4 kilograms, and works

on electrochemical energy? If
you guessed a minicomputer,
you're wrong. If you guessed the

human brain, you're correct! The

human brain: a mass of white-

pink tissue that allows you to

ride a bike, read a book, laugh at

a joke, and remember your

friend's phone number. And

that's just for starters. Your brain

controls your emotions, appetite,

sleep, heart rate, and breathing.

O Your brain is who you are and
everything you will be.

The amazing brain has been

O compared to many different
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objects and devices — from a spider web to a clock to a
telephone switchboard. Nowadays, people like to
compare it to a computer. Is your brain really like the
metal box that hums on your desk? Let's look at the

similarities and differences between the two.
GOING TO THE SOURCE

Computers and brains both need energy. Plug your
computer into the wall, push a button, and it will get the
power it needs to run. Pull the plug and it will shut down.
Your brain operates in a different way. It gets its energy
in the form of glucose from the food you eat. Your diet
also provides essential materials, such as vitamins and
minerals, for proper brain function. Unlike a computer,
your brain has no Off switch. Even when you are asleep,
your brain is active.

Although computers and brains are powered by
different types of energy, they both use electrical signals
to transmit information. Computers send electrical signals
through wires to control devices. Your brain also sends
electrical signals, but it sends them through nerve cells,
called neurons. Signals in neurons transfer information
to other neurons and control glands, organs, or muscles.

There are fundamental differences in the way
information is transferred through electrical circuits in a
computer and through nerve cells in your brain. When a
computer is turned on, electrical signals either reach parts
of the machine or they do not. In other words, the
computer uses switches that are either on or off. In the
nervous system, neurons are more than just on or off. An
individual neuron may receive information from
thousands of other neurons. The region where information
is transferred from one neuron to another is called the
synapse. A small gap between neurons is located at the
synapse. When information is transferred from one
neuron to another, molecules of chemicals
("neurotransmitters") are released from the end of one

neuron. The neurotransmitters travel across the gap to
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reach a receiving neuron, where they attach
to special structures called receptors. This
results in a small electrical response within |
the receiving neuron. However, this small
response does not mean that the message
will continue. Remember, the receiving
neuron may be getting thousands of small
.signals at many synapses. Only when the
total signal from all of these synapses exceeds a certain
level will a large signal (an "action potential") be generated

and the message continue.

FORM. . .AND FUNCTION

Despite the differences in the way messages are sent through
wires and neurons, computers and brains perform many
similar functions. For example, both can store memories —
computers do it on chips, disks, and CD-ROMs, and brains
use neuronal circuits throughout the brain. Both computers
and brains can be modified to perform new tasks. New
hardware and software can be installed in computers to add
additional memory and programs. The brain undergoes
continual modification and can learn new things. The brain
can sometimes rewire itself when necessary! For example,
after some kinds of brain injuries, undamaged brain tissue
can take over functions previously performed by the injured
area. I'd like to see a computer rewire itself after its hard
drive failed!

Computers and brains both have the ability to monitor
their surroundings and respond with behavior to manipulate
their environment. Sensors attached to computers can
sample temperature, humidity, and light levels. Computers
can be programmed to control heaters, lights, and other
equipment in response to the information they receive. Your
bran is also connected to sensors or receptors in your eyes,
ears, nose, mouth, and skin. Your nervous system may
respond to sensory information automatically, or it may
cause you to alter your behavior. For example, if a room is
too cold, your brain might send signals to muscles to get
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you to move to a warmer place or to put on a sweater.

The delicate contents inside your computer are protected
by a hard cover. Your skull provides a similar function for
your brain. The external and internal components of
computers and brains are all susceptible to damage. If you
drop your computer, infect it with a virus, or leave it on
during a huge power surge, your precious machine will
likely be on its way to the repair shop. When damaged parts
are replaced or the virus-caused damage is removed, your
computer should be as good as new. Unfortunately, brains
are not as easy to repair. They are fragile and there are no
replacement parts to fix damaged brain tissue. However,
hope is on the horizon for people with brain damage and
neurological disorders, as scientists investigate ways to
transplant nerve cells and repair injured brains.
THE BIG DIFFERENCE
No doubt the biggest difference between a computer and
your brain is consciousness. Although it may be difficult
for you to describe consciousness, you know you are here.
Computers do not have such awareness. Although
computers can perform extraordinary computational feats
at astounding speeds, they do not experience the emotions,
dreams, and thoughts that are an essential part of what
makes us human. At least not yet! Current research in
artificial intelligence is moving toward developing
emotional capabilities in computers and robots.

During the month of March, people around the world
will be celebrating Brain Awareness Week (BAW). During
BAW, students, teachers, and
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scientists will be using their brains
to share knowledge about the
most wonderful, complicated,
mysterious structure in the
universe. So get your brain in gear
and read this BRIAN MATTERS.

It's a great way to begin.

To learn more about Brain Awareness Week, see:
http://www.sfn.org/BAW/index.html

(Society for Neuroscience BAW Web site)
http://www.dana.org/brainweek/

(Dana Alliance for Brain Initiatives BAW Web site)
http://faculty.washington.edulchudlérlbaw2001 .html
QUniversity of Washington BAW Web site)
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by Jeanne Miller

This child’s dendrites are
reaching out for sensory
information just as her
small fingers are.

\ endrites are to nerve cells what fingers are to
hands. Extending from the palm, fingers

L4

receive sensory information from the objects with

which they come in contact. In the case of dendrites,
those objects are other nerve cells, but, unlike with
fingers, touching isn't necessary. Messages pass from
the axon of one nerve cell to the dendrite of another,
across a narrow gap called a "synaptic cleft."
Professor Marian Diamond, a neuroanatomist at
the University of California at Berkeley, pictures the
nerve cell, or "neuron”, as a miniature tree, with the
trunk splitting into branches that divide again and
again until the process finishes in small leafy twigs.
Along aneuron's "twigs" are synapses, across which
a message from another neuron can pass. The more
branches, the more synapses; the more synapses, the

more information the brain can receive.
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RATS AS MODELS

How does a neuron get more branches?
Before the 1960s, science taught us that,
except as a result of injury, the brain could
not change its structure. "At about that
time," says Diamond, "Donald Hebb, at
McGill University, was observing his
children's rats. He thought that they
should be able to run mazes better than
laboratory rats who just sat in cages. It
made sense, but nobody had ever
quantified it. He tested them and, sure
enough, the rats that were allowed to run
around in a big house with lots of friends
and lots of toys solved mazes better than
those poor little rats in solitary con-
finement."

A group of researchers in Berkeley
was determined to see what was going on
in the brains of those rats. "They designed
experimental conditions, with an
‘enriched' environment — twelve rats in
a large cage with toys — and an ‘impo-
verished' environment — one rat in a
small cage with no toys. The control
group was housed three to a cage, the way
they're normally housed in a lab."

Later, Diamond examined the brain
tissue of these rats under a microscope.

"We found that the cortex had increased

its dimensions with enrichment and
decreased them with impoverishment,”

she says. Further examination showed

AR A ERE

Y TCEREE A E L R4 X —HE 20 HH4D 60
ER, BREMUEENR : BRIEZG, ARRSHREA
AU . CRAIPEE, RN - i
I M MBI ER,” BAEREE, “fik
AR ZRGERE, BTN ERBZIEREX
EETENERERSELRE, IMREREGHE,
(B9 AGevtat e o T iR, AR IEQIFTR: 1€
KEFEEEME, AREFAME. REIAIERM
IRLep . ESh AR/ MY AT E R L, A&
EHEHEE.

(TR 4 e b — BT TN B R LD FE AR Y
KL SRR . “HuATBT T PR SE:
—Fh B HHE— 2 HER—-DRET, BEA
BEmA, —F Bk FE—ELER-/DE
¥, BAEDA. & %‘J*ﬂﬂ@%ﬁﬁ&iﬁﬁiﬁﬂﬁﬁ:ﬁ%

Axon
e

Gandite

A neuron has an axon, a wirelike
messages away from the coﬂ C
structures that receive mesm {
_place where the transmitting axon
receiving dendrite of another



that dendrites in some parts of the cerebral cortex had
developed more branches, and thus those parts of the
brain had grown.

Professor William Greenough, a neurobiologist
now at the University of Illinois at Urbana-
Champaign, carried out similar experiments and found
that the rats in the stimulating environment had about
20 to 25 percent more dendrites on the average nerve
cell than those rats housed separately. Does that mean
those rats were smarter? They learned mazes more
easily than the solitary rats, one sign of intelligence.
Greenough says, "If you grow up with lots of
information processed, lots of opportunities for
learning, you have a brain that is more complex, that
has more wiring, more connections between nerve
cells."

Both groups did follow-up work showing that the
brain's ability to change its structure in response to
experience continues throughout life. Later studies by
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others showed that these findings translated well to

human brains.

RE N ITSE.
WEMTAL. . .

PHYSICAL '"ENRICHMENT"

So the question is: What kinds of experiences must
we offer our brain to increase its ability to learn?
"Both mental and physical activity seem to be
important — both affect the brain," says Greenough.
The Urbana-Champaign group designed an
experiment to study this idea. In one cage, they
created an obstacle course that offered learning with
little exercise. In other cages, they provided wheels
and treadmills that offered exercise with little
learning. The control group merely sat in cages, with
no opportunities for learning or exercise.

As expected, the animals that learned new skills
increased the number of synapses. Additionally, the
animals that merely exercised and didn't learn
anything didn't increase the number of synapses.
However, they did add capillaries to their brains.
Additional capillaries means increased blood flow.

"So you can see," Greenough continues, "that
there are important and complementary effects of
learning and of exercise upon the brain, with learning
affecting, more or less, the connections between the
cells and the brain's wiring diagram, and exercise
affecting, among other things, the blood supply to
the brain. You need both."

Active participation rather than passive
observation is important for dendrite growth. "If you
have rats watching other rats in enrichment, the
watchers' brains aren't changing,” Diamond says.
Interacting with the environment is the key.

Interaction with a new object causes dendrite
growth, but once the novelty wears off, growth
subsides. In the cages intended for learning, toys are
changed and rearranged daily. There are toys for
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stimulation of many senses: bells, running ladders, things with 70 E agBEGT S, MA1RCEA
odors. "Every day," Greenough notes, "the‘rat faces anovel,  prpdja] s 56 F A/ NHR—IK
challenging environment." BA, HRSEERK KL

Diamond's group wanted to see if it were possible to carry gy M H, X EEF R ZR
this too far. Ip a four-week study, they tried changing the toys  pxaRagR 2L LR B K, #3E
every hour for part of the night. There were no significant  g#i;) o “ﬁg% BRI A B TR

increases in dendrite growth in the brains of these rats over those 2 5 éﬂf" 5\ " Eﬂ%ﬁﬁﬂﬁ& Jer

whose toys were changed once a day. "The rats didn't have time
to assimilate information that was coming in," Diamond says.
So switching constantly from one activity to another, without
giving our brain any down time, will probably not contribute to
increased learning capacity. ~
Experience matters. It can change thc very structure of the
brain, the way its cells connect. And it can do so throughout our
lifespan. The best thing we can do for our brain is to offer it
challenges, social interaction, and active participation in both
physical and mental activities. ; :

By

by Jeanne Miller
H ow we spend our free time can influence our mental abilities. Picture the brain as a
muscle. When you stop using a muscle, it gets smaller and weaker. Use of the brain
causes dendrites to grow and branch. Disuse causes the branches to shrivel. In young rats, the
shrinkage is obvious after only four days of boredom. On the other hand, after only four days
of stimulation, dendritic growth shows up. "Use it or lose it' is a good rule for your brain," says
William Greenough.
Think back to your most recent free day. How did you spend it?
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+'Put a checkmark next to each group from which you did one or more of the included activities
for an hour or more.

VERSIER. FE—NE R ERESERFITH.

Physical {4 & 752 . Mental 25 %7% )«

O Team sports (football/rugby, baseball/softball, O Creative activities (drawing, painting, writ-
basketball, soccer, hockey, rowing, volleyball, ing music, writing prose and poetry, cooking,
tennlflllandball) doing hobbies, pondering)

HBAiz3h (BEk, HeEk/ 28k, Bk, 2 RIS (5. MhE. e, i
Bk, dhfEEk, XIAE, HEEk, MIBR, FEK) By =L TR M BB TR

O Individual sports and exercise (bicycling, O
skateboarding, skating, skiing, horseback

riding, gymnastics, dancing, track and field, j i e AT
martial arts, aerobics, jogging, walking, ing puzzles, playingboarhgtn Hinke

ronning, Gking models, using the Internet to research a topic)
PAEHRESE (B, MR Wk, g F0% (REARE. SR, R R
%W, Gk, B, HBE. RA. A FUAL, BB, FEOEL, AELHR L

Fizgh, 18I, 8. BE. k) EHHH

Emotional 1§ &7% 3) -

Social activities (talking with family, talking with friends, participating in clubs)
HawEs (58N BAWMR, SRR

Mental exercise (playing a musical
instrument, doing homework, reading, work-

O Nurturing activities (caring for and playing with pets, babysitting, teaching someone how to do
something)

Now, add up the checkmarks and multnply by ten to get your total pomts If your day
included activities from all three categories — physical, mental, and emotional — give yourself
10 additional points. If your final score is 40 or more, you are being good to your dendrites. If
your score is less than 20, you may want to boost your mental and physncal activity, as well as
diversify your routine. Of course, any scoring method used for an activity such as this one can
only generally suggest what might be taking place inside your brain. No one really knows if any
one of these activities is better than another at stimulétin'g dendrite growth. ;
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Canyou teach

Packed inside your brain are 100 to 200 billion neurons

(nerve cells), with branched extensions (dendrites).

n id h 0l B G Stimulating a neuron's dendrites sends an electrical
a 0 ra ii% signal through the cell body. This signal may cause an
impulse that will be carried down a neuron's tail-like

axon away from the cell body. The brain's neurons

new trickS? could light a 60-watt bulb, but that's not their job.

Instead, the brain controls almost everything your body

does.

The answer To do that, neurons form connections, primarily

by "synaptic" transmission. Chemical neurotransmitters

released at axon ends cross gaps, called synaptic clefts.

Iles I“ i] y a I ﬁ The chemicals stimulate receptors on other neurons at

synapses.

Each neuron can make up to 10,000 connections.

"W n I a sti c i tv L Interestingly, most two-year-olds' brains have twice as
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