
Do Now:
• Complete the worksheet on the 

cross-cutting concepts.

• Before we begin studying the 
nervous system, I want to see what 
you know.

• On the paper in front of you, make 
a claim that will answer the 
following question: How does she 
kick the ball?

• Draw a diagram supporting you 
claim.  This diagram should show 
how your body is able to kick a 
ball.  Add as much detail as you 
can.  You have 5 minutes to 
complete your diagram.



Chapter 23: Nervous and 
Motor Systems

Actions, reactions, sensations, and addictions: 
meet your nervous system

Lecture by Mark Manteuffel, St. Louis Community College and Washington University



Learning Objectives

 By the end of this chapter, you should be 
able to:

• Define what the nervous system is

• Describe how neurons work

• Show how our senses detect and transmit 
stimuli



Learning Objectives

 By the end of this chapter, you should be 
able to:

• Understand how the muscular and skeletal 
systems generate movement

• Diagram brain structure and associated 
function

• Comprehend the effects of drugs on the 
body



Do Now

• Find your hat and finish cutting/taping.  You 
may use the computers to identify function of 
each lobe.



23.1 –23.3 What is

the nervous system?



Nervous System

A network of cells that collects information 
about the organism’s internal and 
external environments, 

 processes that information, 

 and sends signals to effectors, muscles, 
and glands that are capable of responding 
to the information.





23.2 Neurons are the building 
blocks of all nervous systems.



Do Now:



Make-up of a Neuron

Direction of impulse

Most neurons are nourished or insulated by 

cells called glia



Myelin Sheaths

Axons are insulated, 

by a fatty coating 
called the myelin 
sheath, preventing 
the action potential 
from weakening as it 
travels down the 
axon.



The Lack of Myelin

 The lack of myelin on an 
axon can be seen in 
babies when they first 
start trying to walk.

 At that time, myelin 
hasn’t completely formed 
around all of their axons 
and their gross motor 
control isn’t very good.



Nerves

 Nerves are comprised of neurons 
bundled together with connective tissue.

 These structures connect us to our world 
by enabling us to sense light, sound, 
touch, tastes, and smells.



Neurons Come in Three Types



23.3 The vertebrate nervous 
system consists of the peripheral 
and central nervous systems.





The Peripheral Nervous System 
Divisions

 The somatic nervous system relays 
signals to your skeletal muscles and 
enables you to contract those muscles and 
move your limbs consciously

 The autonomic nervous system relays 
signals to your glands and your smooth 
muscle tissue and cardiac muscle. 



Overview of the Nervous System



Reflexes

Some signals bypass the 

central nervous system 
and travel directly from 
sensory neurons to the 
spinal cord, where they 
connect directly with 
motor neurons. 

This is called a reflex.



Two components of the 
autonomic nervous system

 The sympathetic nervous system is 
responsible for coordinating the body’s 
fight-or-flight response to stress.

 The parasympathetic nervous system 
is responsible for controlling activities 
related to digesting food and eliminating 
waste, tending to slow the heart and 
breathing rates as these processes occur.
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Which activates the parasympathetic nervous system 
and which one activates the sympathetic nervous 

system?



23.4 – 23.7 

How do neurons 

work?



Membrane Potential: difference in electrical 
charge across cell membrane  

Microelectrode

Reference
electrode

Voltage
recorder

–70 mV



The Na+/K+ pump (using ATP) maintains a 
negative potential inside the neuron.



The Potential Inside a Neuron 
Changes during an Action Potential

• If the charge becomes 
sufficiently less negative, it 
reaches a level called 
threshold.

• The potential magnitude 
changes to about +50 millivolts 
(mV)





• If a depolarization shifts the membrane potential 
sufficiently, it results in a massive change in 
membrane voltage called an action potential

• Action potentials have a constant magnitude, are all-
or-none, and transmit signals over long distances

• They arise because some ion channels are voltage-
gated, opening or closing when the membrane 
potential passes a certain level
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Conduction 
of an action 

potential



Nerve Impulse Animation

http://highered.mcgraw-hill.com/sites/0072495855/student_view0/chapter14/animation__the_nerve_impulse.html


• Layers of Myelin insulate 
neurons.

• Speeds Transmission of 
Action Potentials (electrical 
impulses)

Myelin Sheath



Conduction 
of an action 

potential



23.5 The action potential 
propagates a signal/impulse 
down the axon.

In response to an action potential, axon terminals release the 

contents of vesicles into the extracellular matrix, potentially 
influencing adjacent cells.



Axon Terminal



23.6 At the synapse, neurons 
interact with other cells.

The end of an axon—the axon terminal 
always right next to another neuron or a 
muscle cell or a gland. 

The point where they meet is called a 
synapse.



At the Synapse, Several 
Things Occur…



23.7 There are many types 
of neurotransmitters.

About 25 neurotransmitters have been 
identified, each of which has a sort of 
personality based on its specific actions.

Types of neurotransmitters:

– Excitatory: speed up impulses by causing 
depolarization of postsynaptic membrane

– Inhibitory: slow impulses by causing 
hyperpolarization of postsynaptic membrane



Neurotransmitters

Four neurotransmitters are particularly 
important:

1. Acetylcholine

2.  Glutamate

3.  Dopamine 

4.  Serotonin



Acetylcholine

 Acetylcholine is the neurotransmitter 
released by motor neurons at the point 
where they synapse with muscle cells.

 When enough acetylcholine binds to a 
muscle cell, the muscle contracts.



Botox



Glutamate

 This is an excitatory neurotransmitter.

 It appears to be involved with learning 
and memory.



Dopamine

 Dopamine is important in initiating and 
coordinating movement.

 Dopamine is also one of the body’s chief 
happiness neurotransmitters. Affects 
sleep, mood, attention, and learning.



Serotonin

 Serotonin generally functions as an 
inhibitory neurotransmitter. 

 It affects appetite, sleep, anxiety, and 
mood and produces feelings of 
contentment and satiation when 
released.



23.8 – 23.14 

Our senses detect and

transmit stimuli.



The Senses
The process by which all of our senses work is 
basically the same:

• A dendrite on a sensory neuron is stimulated by some 
aspect of the outside world.





23.17 – 23.18 

The brain

is organized into

distinct structures

dedicated to specific

functions.





Cerebral Cortex / Cerebrum



Fig. 49-5
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• The cerebrum has right and left cerebral 
hemispheres

• Each cerebral hemisphere consists of a cerebral 
cortex (gray matter) overlying white matter and 
basal nuclei

• In humans, the cerebral cortex is the largest and 
most complex part of the brain

• Important centers for planning and learning 
movement sequences

The Cerebrum



Regions of the Cerebral Cortex



Corpus Callosum

The brain is divided into a left and a right 

hemisphere, connected by a broad, thick 
band of neurons, called the corpus 
callosum.



Left-Brain vs. Right-Brain

The left hemisphere is the site of areas 
specializing in language, logic, and 
mathematical skills. 

The right hemisphere is more 
commonly home to larger areas dedicated 
to emotions, intuitive thinking, and artistic 
expression.



23.18 Specific brain areas are involved in 
the processes of learning, language, and 
memory.

 Language is simply the 
means of 
communication 
between individuals of 
any species.

 It involves two areas of 
the brain:

• Broca’s Area

• Wernicke’s Area



23.19 – 23.21 

Drugs can 

hijack pleasure

pathways.



23.19  Our nervous system 
can be tricked by chemicals.

Drugs—whether recreational or 

therapeutic, whether found in nature or 
made in the laboratory—can work by 
mimicking neurotransmitters.



Drugs

Examples include:

 Cocaine

 Prozac and Zoloft

 Morphine and Heroin

 Nicotine



Do human drug addictions and 
dependencies reflect differences

in our genes?

The allele of the DRD4 

gene found among one-
third of the smokers in a 
study was the same one 
that appears to cause 
individuals to exhibit a 
variety of personality traits 
associated with risk-taking 
and novelty-seeking 
behavior.



23.21 Alcohol interferes with 
many different neurotransmitters.

Alcohol is a great 

neurotransmitter 
impersonator, 
fooling at least 
four different 
receptor 
molecules.



Alcohol

1. By blocking receptors for glutamate, one 
of the brain’s chief excitatory 
neurotransmitters, alcohol slows our 
reaction times and slurs our speech.

2. Acting like cocaine—but much weaker—
alcohol blocks dopamine reuptake.



Alcohol Blocks Pain . . .

3. Resembling morphine and heroin in this 

respect, at a greatly reduced magnitude, 
alcohol spurs our body to produce a little 
opiate-like high.



. . . and Makes Us Happier

4. Much like Prozac, alcohol modifies and 
increases the efficiency of our serotonin 
receptors, increasing the contentment that 
accompanies serotonin release at synapses 
in the brain.



Effects of Alcohol

 For most people, moderate alcohol 
consumption is pleasant and does not 
have significant health risks. 

 For some, however, alcohol abuse and 
alcoholism can lead to serious problems.



Long-Term Effects of Alcohol

 These include increasing the risk for some 
types of cancer, increasing the risk of liver 
disease, and increasing the likelihood of 
harm to the fetus during pregnancy.



Drug Addiction and the Brain 
Reward System

• The brain’s reward system rewards motivation with 
pleasure

• Some drugs are addictive because they increase 
activity of the brain’s reward system 

• These drugs include cocaine, amphetamine, heroin, 
alcohol, and tobacco

• Drug addiction is characterized by compulsive 
consumption and an inability to control intake



• Addictive drugs enhance the activity of the 
dopamine pathway

• Drug addiction leads to long-lasting changes in the 
reward circuitry that cause craving for the drug


