Chapter 3:
Biological Foundations of Behavior

PSY 110: General Psychology

Communication in the Nervous System

Your nervous system is living tissue composed of cells
The cells in the nervous system fall into two major categories:
Neurons are individual cells in the nervous system that
receive, integrate, and transmit information
Neurons allow communication within the nervous system
Glia are cells found throughout the nervous system that
provide various types of support for neurons

Literally means “glue”

Supply nourishment to neurons, remove the neurons’ waste products, and
provide insulation around many axons

Smaller than neurons...but outnumber neurons 10 to 1

Account for 50% of the brain’s volume
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Structure of the neuron




Parts of the Neuron

The soma, or cell body, contains the cell nucleus and
much of the chemical machinery common to most
cells
Soma is Greek for “body”
Dendrites are the parts of a neuron that are
specialized to recelve information
They receive information from other cells...sometimes
thousands of other cells
The axon is a long, thin fiber that transmits signals
a\llvayc/j from the soma to other neurons or to muscles or
glands

Axons may be quite long (sometimes several feet) and they
may branch off to communicate with a number of other cells

Neural Communication:
Insulation and Information Transfer

The myelin sheath is insulating material that encases some
axons
A fatty coating that speeds up the transmission of signals along the axon
Multiple sclerosis (loss of muscle control) is due to degeneration of
myelin sheaths
Terminal buttons are small knobs at the end of the axon which
secrete chemicals called neurotransmitters
Neurotransmitters are chemical messengers that may activate
neighboring neurons
A synapse is a junction where information is transmitted from
one neuron to another

A space between the terminal button of one neuron and the dendrite
of another neuron
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Structure of the neuron




The Neural Impulse:
Electrochemical Beginnings

What happens when a neuron is stimulated? What is the nature
of the neural impulse that moves through the neuron?

Hodgkin & Huxley (1952) worked with squid axons because
they are much larger than human axons (but still only about as
thick as a human hair)
Discovered that neural impulses are complex electrochemical reactions
Fluids inside and outside neuron containing charged particles called jons
Positively charged ions (sodium and potassium) and negatively charged
ions (chloride) flow across the cell membrane at different rates creating a
negative charge inside the cell
The resting potential _ of a neuron is its stable, negative charge when the
cell is inactive
-70 millivolts

The Neural Impulse: The Action Potential

A neuron remains quiet (i.e., no messages are being
sent) until it is stimulated by connected neurons
This causes the cell membrane to open briefly
Positively charged sodium ions flow into the cell
For an instant, the neuron’s charge is less negative (or even
becomes positive) creating an action potential
An action potential is a very brief shift in a neuron’s
electrical charge that travels along an axon
Itis like a spark traveling along a trail of gunpowder
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The Neural Impulse: The Action Potential

After the firing of an action potential , the membrane
that allows sodium into the cell closes
It takes time before the neuron can fire again
The absolute refractory period _is the minimum
length of time after an action potential during which
another action potential cannot begin
All-or—none law _: Neurons fire or they do not fire (just
like you cannot half-fire a gun)

Neurons communicate stimulus intensity by their rate
of firing

The Synapse: Chemicals as Signal Couriers

The synaptic cleft is the microscopic gap between
the terminal button of one neuron and the cell
membrane of another neuron

Chemical signals cross the synaptic cleft and activate the
electrical signal in the next neuron

Presynaptic neuron

Neurotransmitters _ are chemicals that transmit information
from one neuron to another

Synaptic vesicles are small sacs which hold neurotransmitters
Postsynaptic neuron

Receptor sites are areas which recognize and respond to
certain neurotransmitters

Figure 3.3 The synapse




Overview of synaptic transmission

When a Neurotransmitter Binds:
The Postsynaptic Potential

Postsynaptic potential (PSP) refers to a voltage
change at a receptor site on a postsynaptic cell
membrane
Caused by the brief binding of a neurotransmitter to a receptor
site
Not all-or-none
Changes the probability of the postsynaptic neuron firing
Two types of messages are sent from cell to cell
Excitatory PSP _is a positive voltage shift that increases the
likelihood of firing an action potential
Inhibitory PSP__is a negative voltage shift that decreases the
likelihood of firing an action potential

Signals: From Postsynaptic Potentials
to Neural Networks

One neuron may receive signals from
thousands of other neurons AND pass
messages to thousands of other neurons

This requires that neurons integrate the signals
that it receives before “deciding” to send an
action potential

PSPs add up

The firing of an action potential is based upon a
weighted balance of Inhibitory PSPs and Excitatory
PSPs




Neurotransmitters

Neurotransmitters play a role in everything from
muscle movements to moods and mental health

Specific neurotransmitters work at specific
synapses

Lock and key mechanism
Agonist : a chemical that mimics
neurotransmitter action
Antagonist : a chemical that opposes action of
a neurotransmitter
15-20 neurotransmitters are known at the
present time

Gamma-aminobutyric acid

The central and peripheral
nervous systems
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Organization of the human nervous system

The autonomic
nervous system
(ANS)

Studying the Brain: Research Methods

Electroencephalography (EEG)
Damage studies / lesioning
Electrical stimulation  (ESB)

Transcranial magnetic stimulation _ (TMS): enhance or
depress activity in specific areas of the brain

Brain imaging —
Computerized Tomography (CT): multiple X rays
(structure)

Positron Emission Tomography _ (PET): metabolic activity

and radioactively tagged chemicals (function)

Magnetic Resonance Imaging _ (MRI): magnetic fields, radio

waves, and computer enhancement (structure)

Functional Magnetic Resonance Imaging _ (fMRI): also
monitor blood and oxygen flow (structure and function)




The Cerebrum:
Two Hemispheres, Four Lobes

Cerebral Hemispheres : two specialized
halves connected by the corpus collosum

Left hemisphere - verbal processing: language,
speech, reading, and writing

Right hemisphere — nonverbal processing:
spatial, musical, and

visual recognition

Each hemisphere’s

primary connections

are to the opposite

side of the body

Oversimplification of Hemispheric Specialization

The Cerebrum:
Two Hemispheres, Four Lobes




Cerebral Cortex Areas and Associations

The Brajn: Major_Structures aed Their Functions
Introductory Psychology Concepts

Amygdala Hippocampus
Cerebrum
Thalamus
Corpus

callosum \

Pituitary gland

Pons // \\ Cerebellum

- Medulla Brain stem
Reticular formation Spinal cord

Hypothalamus /

The Brain: Major Structures and Their Functions

Amygdala Hippocampus

Cerebrum Corpus callosum
Thalamus Bridge of fibers passing
Corpus information between the

callosum two cerebral hemispheres

Hypothalamus
Pituitary gland /
Pons // Cerebellum

~ Medulla Brain stem
Reticular formation Spinal cord




The Brain: Major Structures and Their Functions

Amygdala Hippocampus
Cerebrum

Thalamus

Thalamus Relay center for incoming
Corpus sensory information

callosum \

Hypothalamus
Pituitary gland /
Pons / Cerebellum

~ Medulla Brain stem
Reticular formation Spinal cord

The Brain: Major Structures and Their Functions

Amygdala Hippocampus

Cerebrum Cerebrum
Thalamus Involved in sensing,
Corpus thinking, Iearmng.
callosum emotion, consciousness,

and voluntary movement

Pituitary gland

Pons / / Cerebellum

- Medulla Brain stem
Reticular formation Spinal cord

Hypothalamus /

The Brain: Major Structures and Their Functions

Amygdala Hippocampus
Cerebrum

Amygdala
Thalamus Limbic system structure
Corpus involved in emotion and

callosum \ aggression

Hypothalamus
Pituitary gland /
Pons // Cerebellum

~ Medulla Brain stem
Reticular formation Spinal cord
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The Brain: Major Structures and Their Functions

Amygdala Hippocampus

Cerebrum Hippocampus
Thalamus Limbic system structure
Corpus involved in learning and

memory

callosum \

Pituitary gland
Pons // Cerebellum

~ Medulla Brain stem
Reticular formation Spinal cord

Hypothalamus /

The Brain: Major Structures and Their Functions

Amygdala Hippocampus

Cerebrum Cerebellum
Thalamus Coordinates fine muscle
movement, balance

Corpus

callosum \

Hypothalamus
Pituitary gland /
Pons // Cerebellum

- Medulla Brain stem
Reticular formation Spinal cord

The Brain: Major Structures and Their Functions

Amygdala Hippocampus

Cerebrum Brain stem
Thalamus Most ancient part of the
brain; determines
Corpus alertness and regulates

callosum basic survival functions
\ (e.g., breathing, heart
beat, blood pressure)

Hypothalamus
Pituitary gland
Pons Cerebellum

~ Medulla | \ " Brain stem
Reticular formation Spinal cord




The Brain: Major Structures and Their Functions

Amygdala Hippocampus
Cerebrum Spinal cord
Thalamus Transmits information

between brain and rest of
body; handles simple

callosum
\ reflexes

Corpus

Hypothalamus
Pituitary gland /
Pons Cerebellum

~ Medulla Brain stem
Reticular formation Spinal cord

The Brain: Major Structures and Their Functions

Amygdala Hippocampus
Cerebrum Reticular formation
Thalamus Group of fibers that

carries stimulation related
to sleep and arousal

callosum
\ through brain stem

Corpus

Hypothalamus
Pituitary gland
Pons Cerebellum
Medulla Brain stem
Reticular formation Spinal cord

The Brain: Major Structures and Their Functions

Amygdala Hippocampus

Cerebrum Medulla
Thalamus Regulates vital functions

such as breathing and
circulation

Corpus

callosum \

Hypothalamus /
Pituitary gland / \
Pons Cerebellum

~ Medulla |\ Brain stem
Reticular formation Spinal cord
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The Brain: Major Structures and Their Functions

Amygdala Hippocampus

Cerebrum Pons
Thalamus Involved in sleep and
Corpus arousal

callosum \

Hypothalamus /
Pituitary gland /

Pons Cerebellum

. MedU”aA/ \ Brain stem
Reticular formation Spinal cord

The Brain: Major Structures and Their Functions

Amygdala Hippocampus
Cerebrum Pituitary gland
Thalamus “Master” gland that

Corpus

callosum \

regulates other endocrine
glands

Hypothalamus
Pituitary gland /
Pons // Cerebellum
Medulla Brain stem
Reticular formation Spinal cord

The Brain: Major Structures and Their Functions

Amygdala Hippocampus
Cerebrum Hypothalamus
Regulates basic

Thalamus
biological needs: hunger,

Corpus
thirst, temperature control

callosum \

Hypothalamus
Pituitary gland /
Pons / Cerebellum
Medulla | \ " Brain stem
Reticular formation Spinal cord
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The Brain: Major Structures and Their Functions

Amygdala Hippocampus
Cerebrum

Thalamus
Corpus

callosum \

Hypothalamus
Pituitary gland / \
Pons / / \\ Cerebellum
Medulla |\ Brain stem

Reticular formation Spinal cord

Brain Plasticity

It was once believed that significant changes in the
brain only occurred VERY early in development
Recent research has shown that the brain is more
“plastic” or malleable than we once believed

Aspects of experience can sculpt features of brain structure

Damage to incoming sensory pathways or the destruction of
brain tissue can lead to neural reorganization

The adult brain can generate new neurons (neurogenesis)

The Endocrine System:
Glands and Hormones

The endocrine system consists of glands that
secrete hormones into the bloodstream that
help control bodily functioning

Hormones : chemical messengers in the
bloodstream
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Endocrine System:
Major Structures and Their Function

Hypothalamus —————
Pituitary /
Thyroid

Adrenal cortex

Adrenal medulla k

Pancreas

Endocrine System:
Major Structures and Their Function

|
o

Hypothalamus
«Controls the pituitary gland

Endocrine System:
Major Structures and Their Function

Pituitary
* Regulates growth
« Controls thyroid, ovaries or testes,
pancreas, and adrenal cortex
* Regulates water and salt
metabolism
« The “master gland”
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Endocrine System:
Major Structures and Their Function

Thyroid 4@
« Controls the metabolic

rate

Endocrine System:
Major Structures and Their Function

Adrenal Cortex
* Regulates carbohydrate
and salt metabolism

« Controls inflammatory O

response

Endocrine System:
Major Structures and Their Function

Adrenal Medulla
* Prepares the body for
action @
* Secretes stress
hormones
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Endocrine System:
Major Structures and Their Function

Pancreas

« Controls levels of insulin
and glucagon
* Regulates sugar

metabolism

Endocrine System:
Major Structures and Their Function

Ovaries (female)

« Affect physical
development, reproductive
organs, and sexual
behavior

Endocrine System:
Major Structures and Their Function

Testes (male)

« Affect physical
development, reproductive
organs, and sexual
behavior
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Genes and Behavior:
The Field of Behavioral Genetics

Behavioral genetics : the study of the influence
of genetic factors on behavioral traits

Research Methods in Behavioral Genetics

Family studies : assess hereditary influence by
examining blood relatives to see how much
they resemble one another on a specific trait

Twin studies : compare resemblance of
identical (monozygotic) and fraternal (dizygotic)
twins on a trait

Adoption studies : examine the resemblance

between adopted children and their biological
and adoptive parents

Twin studies of intelligence and personality
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Evolutionary Psychology:
Behavior in Terms of Adaptive Significance

Based on Darwin’s ideas of natural selection

Variations in reproductive success are what really
fuels evolutionary change

Adaptations : inherited characteristics that increased
in a population (through natural selection) because it

helped solve a problem of survival or reproduction
during the time it emerged

Fight-or-flight response
Taste preferences
Parental investment and mating
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