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Overview

The influence of biology (sometimes called the neuroscience or biopsychological
perspective) is growing. Some researchers predict that someday psychology will
be a specialty within the field of biology. An understanding of the biological
principles relevant to psychology is not needed only for the AP exam but for any
understanding of current psychological thinking.

Neuroanatomy

Neuroanatomy refers to the study of the parts and function of neurons. Neurons
are individual nerve cells. These cells make up our entire nervous system, from
the brain to the neurons that fire when you stub your toe. Every neuron is made
up of discrete parts (see Fig. 3.1).

Dendrites

Myelin sheath

Figure 3.1. A neuron.
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Dendrites—rootlike parts of the cell that stretch out from the cell body.
Dendrites grow to make synaptic connections with other neurons (see Synapse,
below).

Cell body (also called the soma)—contains the nucleus and other parts of the
cell needed to sustain its life.

Axon—wirelike structure ending in the terminal buttons that extends from the
cell body. ‘

Myelin sheath—a fatty covering around the axon that speeds neural impulses.

Terminal buttons (also called end buttons, terminal branches of axon, and
synaptic knobs)—the branched end of the axou that contains neurotransmitters.

Neurotransmitters—chemicals contained in terminal buttons that enable
neurons to communicate. Neurotransmitters fit into receptor sites on the dendrites
of neurons like a key fits into a lock.

Synapse—the space between the terminal buttons of one neuron and the
dendrites of the next neuron.

How a Neuron “Fires”

All of the different parts of the neuron work in sequence when a neuron transmits
a message. In its resting state, a neuron has an overall slightly negative charge
because mostly negative ions are within the cell and mostly positive ions are
surrounding it. The cell membrane of the neuron is selectively permeable and
prevents these ions from mixing. Visualize a two-neuron chain (see Fig. 3.1). The
reaction begins when the terminal buttons of neuron A are stimulated and release
neurotransmitters into the synapse. These neurotransmitters fit into receptor sites
on the dendrites of neuron B. If enough neurotransmitters are received (this level
is called the threshold), the cell membrane of neuron B becomes permeable and
positive ions rush into the cell. The change in charge spreads down the length of
neuron B like a bullet from a gun. This electric message firing is called an action
potential. It travels quickly: 120 meters per second. When the charge reaches the
terminal buttons of neuron B, the buttons release their neurotransmitters into the
synapse. The process may begin again if enough neurotransmitters are received
by that next cell to pass the threshold. Notice that a neuron either fires
completely or it does not fire; this is called the all-or-none principle. If the
dendrites of a neuron receive enough neurotransmitters to push the neuron past
its threshold, the neuron will fire completely every time. A neuron cannot fire a
little or a lot; the impulse is the same every time.

Hint: Neural firing is an electrochemical process. Electricity travels within the cell
(from the dendrites to the terminal buttons), and chemicals (neurotransmitters)
travel between cells in the synapse. Electricity does not jump between the neurons.
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Neurotransmitters

You already know that neurotransmitters are chemicals held in the terminal
buttons that travel in the synaptic gap between neurons. It is important to
understand that different types of neurotransmitters exist. Some neurotransmitters
are excitatory, meaning that they excite the next cell into firing. Other
neurotransmitters are inhibitory, meaning that they inhibit the next cell from
firing. Each synaptic gap at any time may contain many different kinds of
inhibitory and excitatory neurotransmitters. The amount and type of
neurotransmitters received on the receptor sites of the neuron determine whether
it will pass the threshold and fire. Researchers are identifying different types and
functions of neurotransmitters every year. This ongoing research makes
generalizing about what each neurotransmitter does difficult. However, Table 3.1
indicates some of the more important types and functions of neurotransmitters to
psychologists. ' '

Table 3.1. Neurotransmitters Important to Psychologists.

Neurotransmitter Function Problems Associated
with an Excess or Deficit

Acetylcholine Motor movement Lack of acetylcholine
is associated with
Alzheimer’s disease
Dopamine Motor movement and Lack of dopamine is
alertness associated with Parkinson’s .
disease, an overabundance
is associated with

schizophrenia
Endorphins Pain control Involved in addictions
Serotonin Mood control , Lack of serotonin is
associated with clinical
depression

Nervous System

We can sense the world because our nervous system brings information from our
senses to our brain. Since a neuron fires in only one direction (from dendrite to
terminal buttons), our body needs two sets of wires: one to take information to
the brain and one to take instructions back from the brain to the muscles.

Afferent Neurons (or Sensory Neurons)

Afferent neurons take information from the senses to the brain. (You can think of
afferent nerves as taking information in at the brain.)
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Interneurons

i Once information reaches the brain or spinal cord, interneurons take the
messages and send them elsewhere in the brain or on to efferent neurons.

Efferent Neurons (or Motor Neurons)

Efferent neurons take information from the brain to the rest of the body. (You can
think of efferent nerves as carrying information that exits the brain.)

Organization of the Nervous System
Our nervous system is divided into different categories based on function. The

two main divisions are the central nervous system and the peripheral nervous
system. These are then subdivided further (see Fig. 3.2).

Nervous System

Central Nervous System Peripheral Nervous System
Brain Spinal Cord Autonomic Somatic

Sympathetic  Parasympathetic

Figure 3.2. The nervous system.

The Central Nervous System

The central nervous system (CNS) consists of our brain and spinal cord—all the
nerves housed within bone (the skull and vertebrae). Information about the
structure and function of different parts of the brain is available in a later section.
The spinal cord is a bundle of nerves that run through the center of the spine. It
transmits information from the rest of the body to the brain.

The Peripheral Nervous System

The peripheral nervous system (PNS) consists of all the other nerves in your
body—all the nerves not encased in bone. The peripheral nervous system is
divided into two categories: the somatic and the automatic nervous systems.

Somatic Nervous System
The somatic nervous system controls our voluntary muscle movements. The

motor cortex of the brain sends impulses to the somatic nervous system, which
controls the muscles that allow us to move.
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Autonomic Nervous System
The autonomic nervous system controls the automatic functions of our body—

our heart, lungs, internal organs, glands, and so on. These nerves control our
responses to stress—the fight or flight response that prepares our body to respond
to a perceived threat. The autonomic nervous system is divided into two
categories: the sympathetic and parasympathetic nervous systems.

Sympathetic Nervous System
The sympathetic nervous system mobilizes our body to respond to stress. This
part of our nervous systems carries messages to the control systems of the organs,
glands, and muscles that direct our body’s response to stress. This is the alert
system of our body. It accelerates some functions (such as heart rate, blood
pressure, and respiration) but conserves resources needed for a quick response by
slowing down other functions (such as digestion).

Parasympathetic Nervous System
The parasympathetic nervous system is responsible for slowing down our body
after a stress response. It carries messages to the stress response system that
causes our body to slow down. Think of the parasympathetic nervous system as
the brake pedal that slows down the body’s autonomic nervous system.

Normal Peripheral Nervous System Transmission

Let us use an example to demonstrate how sensory information gets to our brain.
While on a late-night.quest for a snack, you stub your toe on a cast-iron coffee
table. Sensory neurons in your toe are activated, and this message is transmitted
up a neuron that runs from your toe to the base of your spine (afferent nerves).
The message continues up your spinal cord on more afferent nerves until it enters
your brain through the brain stem and is transmitted to the brain’s sensory cortex
(see the next section, “Brain”) and you know you have stubbed your poor little
toe. Your motor cortex now sends impulses down the spinal cord to the muscles
controlling your leg and foot (efferent nerves), causing you to hop up and down
holding your damaged limb, muttering under your breath.

Reflexes: An Important Exception

Most sensory information and muscle movements are controlled by the process
described above. However, humans have a few reflexes that work differently.
Certain reactions occur the moment sensory impulses reach the spinal cord. If
you stimulate the correct area just below your kneecap, your leg will jerk without
your conscious control. This sensory information is processed by the spine, and
the spine tells your leg to move. The information reaches your brain and you
realize your knee has been stimulated but only after this reflex has occurred.
Another important reflex occurs in response to intense heat or cold. If we touch
an object that is very hot or cold, our spine will send back a message jerking us
away from that object. This might help keep us from harming ourselves, so it has
adaptive value (it might help us survive, and therefore this trait is passed on to’
our children).

















































