NOTES:  THE BRAIN AND BEHAVIOR
The brain is a wonderful organ.  It enables the mind to see, hear, remember, think, feel, speak,  and dream.  For much of history the study of the brain was beyond the reach of science.

Much of the important structures of the brain are too small to see with the naked eye.

Most of the discoveries were based on lifeless brains and observation of the effects of specific brain diseases.  It has only been in the recent times that the brain’s functions and features have been truly scientifically studied.

Brain facts:

5. 

6. 

The oldest method of studying the brain is to observe the effects of brain diseases and injuries.  Powerful new techniques now reveal brain structures and activities of the living brain.  By electrically stimulating specific brain areas,  by recording electrical activity on the brains surface (EEG) and by displaying activity with computer-aided brain scans

(CAT, PET, and MRI)  neuroscientists study the connections between the brain, mind, and behavior.

EEG - 

CAT – 

PET -

MRI - 

BRAIN STRUCTURES

The Brainstem -  

The Thalamus

The cerebellum 

The limbic system

 The hippocampus 

The amygdala,

 The hypothalamus.

The cerebral cortex four geographic lobes (frontal, parietal, occipital, and temporal.)

The motor cortex 

the sensory cortex

The occipital lobes
The auditory area 

The association areas

THE NEURON

neuron  

dendrites

There are three main types of neurons:

1.  sensory neurons - 
2.  motor neurons - 

3.  interneurons – 

A neural impulse fires when the neuron is stimulated by pressure, heat, light, or chemical messages from nearby neurons.  Received signals trigger an impulse only if their sum exceeds a minimum intensity called the threshold.  The impulse is called the action potential and is a brief electrical  charge that travels down the axon like dominoes falling.    

When electrical impulses reach the axon terminal, they stimulate the release of chemical messengers called neurotransmitters which cross the junction between the neurons called the synapse.
It takes about one-thousandth of a second for a neuron to fire an impuse and return to its resting level.  Impulses trave at about 2.5 meters (approx 8 ft.)

per second in small thin axons and up to 100 meters (225 miles ) per second in large ones.  The larger the axon the faster the message travels.

Behavioral Effects of Important Neurotransmitters

Acetylcholine – 

Because of its effect on muscle movement, drugs that block acetylcholine can cause paralysis.  

Curare used by a South American Indian tribe to poison the tips of their hunting arrows, produces almost instant paralysis by blocking acetylcholine receptor sites on motor neurons.  The animal dies due to paralysis of the respiratory muscles.

Botulism a disease caused by a toxin produced by bacteria in improperly canned foods, also causes paralysis because of its affect on acetylcholine but rather than blocking the receptors it blocks the release of the neurotransmitter from the sending neuron.

The opposite effect is produced by the bite of the black widow spider.  The spider’s venom causes acetylcholine to be continuously released by the motor neurons producing severe, uncontrollable muscle spasms.  Nerve gases used in chemical weapons produce a similar result.  Excessive acetylcholine builds up in the synaptic gap and causes muscle spasms that can become so severe that the victim is unable to breathe and dies quickly from suffocation.  

The nicotine found in cigarettes and other tobacco is chemically similar to acetylcholine.  It can occupy the receptor sites in certain neurons of the brain and causes the heart muscle to beat more quickly and artificially stimulates the skeletal muscles sometimes causing the smokers hands to tremble.  

It is also involved in Alzheimer’s disease which is characterized by the progressive loss of memory, and general disorientation of intellectual functioning.  Neurons that produce acetylcholine are effected by the Alzheimer’s and acetylcholine levels in the brain are greatly reduced.  

Dopamine-

Parkinson’s disease causes degeneration of the neurons that produce dopamine in one area of the brain.   It is characterized by rigidity, muscle tremors, poor balance, and difficulty in initiating movements.  These disruptions are the result of the diminished dopamine production in that brain area.

Symptoms are alleviated by L-dopa a drug which stimulates the production of dopamine in the brain by the surviving neurons.  

An excess of dopamine in another part of the brain is at lease partially involved in the hallucinations and perceptual disorders that characterize schizophrenia.  Antipsychotic drugs block the dopamine receptors and reduce dopamine activity in the brain.  Unfortunately, the drugs have side effects including symptoms similar to Parkinsons because they effect more than one area of the brain.  

Serotonin and Norepinephrine

These are found in many brain areas and are involved in many behaviors.  Serotonin is involved in sleep, moods, and emotional states.  Antidepressants like Prozac increase the availability of serotonin in certain regions of the brain.  These drugs can help treat depression and other disorders. Serotonin – is interesting because it is different from some of the other neurotransmitters because one of the substances from which it is made comes directly from food.  Carbohydrates increase the amount of tryptophan that is absorbed by the brain and it affects how much serotonin is produced in the brain.  Malfunctions in the serotonin feedback system are responsible for disturbances of mood and appetite in certain types of obesity, premenstral tension, and depression.  It has also been implicated in aggression.

Norepinephrine seems to be involved in the activation of neurons throughout the brain.  It is also involved when the body “gears up” to face danger. It is closely related to adrenalin.  Approximately ½ of the norepinephrine is located near the reticular formation and appears to control wakefulness and sleep, and is also involved in learning and mood.   It increases heartbeat and seems to also be involved in the processes of learning and memory retrieval.  It is also implicated in some mental disorders. 

Endorphins

There are receptor sites in the brain that are specific for pain killing drugs called opiates.  The opiates include morphine, heroin, and codeine all derived from the opium poppy.  Along with alleviating pain the opiates frequently produce states of euphoria.  For the brain to be equipped with sites specific for these types of chemicals there must be a body-produced version of the drugs.  Collectively they are called endorphins and are 100 times as strong as morphine.  

Endorphins are involved in the pain reducing effects of acupuncture that involves inserting needles at various points in the body.  They are also at work when the placebo effect is experienced.  They are associated with positive moods

GABA – gamma-amino-butyric-acid – is the major inhibitory neurotransmitter.  They help you calm down and fall asleep.  A malfunctioning system can result in

Huntington’s disease an inherited disorder that results in the loss of many GABA – containing neurons.  When they are lost the dopamine systems may run wild.  The effects are in some ways the opposite of those with Parkinson’s disease: Instead of being unable to begin movements, the victim is plagued by uncontrollable movement of the arms and legs.

Glutamate – is the major excitatory neurotransmitter and is used by more neurons than any other neurotransmitter.  It’s synapses are located mostly in the cerebral cortex and in the hippocampus.  Glutamate strengthens the brain’s ability to transfer messages from one neuron to another.  It is believed that it could be the root of learning and memory.  Overactivity of glutamate causes neurons to die.  It literally “excites neurons to death”.  Blocking glutamate receptors immediately after brain trauma can prevent permanent brain damage.

MAJOR NEUROTRANSMITTERS

Neurotransmitter
Normal Function
Disorder Associated with Malfunctioning

Acetylcholine
Movement, memory
Alzheimer’s disease



Norepinephrine
Sleep, learning, mood
Depression



Serotonin
Mood, appetite, aggression
Depression



Dopamine
Movement, reward
Parkinson’s disease, schizophrenia



GABA
Movement
Huntington’s disease, epilepsy



Glutamate
Memory
Neuron loss after stroke



Endorphins
Modulation of pain
No established disorder



HEMISPHERE DOMINANCE/SPECIALIZATION

Research on split-brain patients has given a clear picture of the differences between the two brain hemispheres.  The left hemisphere is specialized for language functions-speaking, reading, writing, and understanding language and for analytical functions such as mathematics.  The right hemisphere is specialized for nonverbal abilities.  These include musical abilities and perceptual and spatial skills (such as drawing geometric designs, working puzzles, painting pictures, and recognizing faces)

Roughly 95% of all adults use the left side of the brain for speaking, writing, and understanding language.  Working with the right hemisphere is like talking to a child who understands a dozen words or so.  To answer questions the right hemisphere must point to objects or make other nonverbal responses.

Left-handedness
Judging by our everyday conversation, left-handedness is not good.

Most expressions of speech that refer to left-handedness are negative statements.

Ex.  Coming from left field.

         Left-handed compliment

         two left feet, left behind, left out, 

         on the other hand, (no pun intended) we have the right way, right-hand man, righteousness, in his right mind….

In the past, lefties have been accused of being stubborn, clumsy, and maladjusted.

The supposed clumsiness of left-handers is in reality a result of living in a right hand world.  If it can be gripped, pulled, turned, folded, or held, its probably designed for the right hand.  Even toilet handles are on the right side.

About 10% of the human population is left-handed.  (somewhat more among males)

Animals such as monkeys also show a definite hand preference.  However in most animal groups there is a 50% split of right and left handedness.

The prevalence of right handedness  probably reflects the left brain’s specialization for language production.  Evidence exists that the majority of humans have been right handed for at least 50 centuries.  

It had been believed that children didn’t express clear-cut handedness until age 4 or 5. 

But a study shows that hand preference for many children is stabilized by 18 mos. 

IS HANDEDNESS INHERITED?

 There is no simple genetic code for handedness.  Even identical twins aren’t especially likely to share the same handedness.  George Michel (1981) observed 150 babies during the first 2 days after birth and found that 2/3 of them preferred to lie with their heads turned to the right.  When restudied at 5 mos. Almost all of the “head right” babies reached for things with their right hand and almost all of the “head left” babies responded by reaching for things with their left hands.  

There appears to be no differences in school achievement between left and right handers and no physical or mental defects associated with left-handedness.  

There may actually be some advantages….

In history a notable number of artists have been lefties .  Leonardo da Vinci, and Michelangelo, Pablo Picasso.   Paul McCartney and the last two US presidents are all left handed.  Ideally since the right hemisphere is superior at imagery and visual abilities, there is some advantage to using the left hand for drawing or painting.  

The left-handed do seem to be better at putting together verbal and pictorial

symbols or ideas which is why there are many left handed architects.  

Lefties are less lateralized than the right handed.  There is less distinct specialization in the two sides of their brains.  Even the physical size of their two hemispheres are more alike.  Left handers appear to be more symmetrical in almost everything including eye dominance, fingerprints even foot size.

The real advantage is for those who are only moderately left handed or 

ambidextrous, they seem to have better pitch memory which is a basic musical skill.  

Students who more fully use the right hemisphere are extremely gifted in math and much more likely to be left handed.   

The clearest advantage shows up when there is brain injury.  Because of their mild lateralization, left handed individuals typically experience less language loss after damage to either brain hemisphere and they recover more easily.


Disadvantage - more people with reading disabilities, allergies, and migraine 

headaches.

COPY  YOUR NAME WITH EITHER HAND….AND COMPARE.  YOU SHOULD NOTICE A DEFINITE SUPERIORITY WHEN YOUR DOMINANT HAND IS USED.

There is no real difference in the strength or dexterity of the hands themselves.

The agility of the dominant hand  is an outward expression of superior motor control on one side of the brain.

IS LEFT AND RIGHT BRAIN SPECIALIZATION REVERSED IN LEFT-HANDED PEOPLE?

Not necessarily.  Most people who use their left hand to write, hammer a nail, or throw a ball still have their language areas on the left side of the brain.  


95% OF RIGHT HANDERS WERE FOUND TO HAVE SPEECH LOCATED



ON THE LEFT SIDE OF THE BRAIN AND ARE LEFT BRAIN DOMINANT


70% OF LEFT HANDERS SHOWED THE SAME PATTERN 


 25% OF LEFTIES AND 3% OF RIGHTIES USE THEIR RIGHT BRAIN FOR  SPEECH


 15% OF LEFTIES USE BOTH SIDES OF THE BRAIN FOR LANGUAGE 

                          PROCESSING

IS THERE ANY WAY TO TELL  WHICH OF YOUR HEMISPHERES ARE DOMINANT?

One interesting clue is based on the way you write.  Right handed individuals who write with a straight hand  and lefties who write with a hooked hand, are usually left brain dominant.  Left handed people who write with their hand below the line and righties who use a hooked position are usually right brain dominant.  

There are other ways to tell but the most accurate is to anesthetize each hemisphere separately and test reactions.
THE GLANDULAR SYSTEM

The endocrine system’s glands secrete hormones, the chemical messengers produced in one tissue and carried to another tissue through the bloodstream where they affect behavior and physical well-being.  They influence many aspects of our lives including growth, reproduction, metabolism, and mood keeping everything in balance while responding to stress and internal thoughts.

Adrenal glands - secrete adrenalin which increases heart rate, blood pressure, and blood sugar, providing us with increased energy to respond quickly as needed.

Pituitary gland most influential gland. Secretions influence growth and the release of hormones by other glands.
