














INNERCONNECTIONS | Nervous System

Nervous system

Nerves carry impulses that allow body systems
to communicate.
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Integumentary System

Sensory receptors
provide the nervous
system with
information

about the outside
world.

Skeletal System

Bones protect the
brain and spinal
cord and help
maintain plasma
calcium, important
to neuron function.

Muscular System

Nerve impulses
control movement
and carry
information about
the position of
body parts.

Endocrine System

The hypothalamus
controls secretion
of many hormones.

Cardiovascular System

Nerve impulses
help control blood
flow and blood
pressure.

Lymphatic System

Stress may
impair the immune
response.

Digestive System

The nervous system
can influence
digestive function.

Respiratory System

The nervous system
alters respiratory
activity to control
oxygen levels and
blood pH.

Urinary System

Nerve impulses
affect urine production
and elimination.

Reproductive System

The nervous system
plays a role in

egg and sperm
formation, sexual
pleasure, childbirth,
and nursing.
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(2) If a peripheral axon is severed, its distal
portion will die, but under the influence of
nerve growth factors, the proximal portion
may regenerate and reestablish connections, if
a tube of connective tissue guides it.

(3) Significant regeneration is not likely in the
CNS.

THE SYNAPSE (PAGE 365)

A synapse is a junction between two cells. A synaptic

cleft is the gap between parts of two cells at a synapse.

Synaptic transmission is the process by which the impulse

in the presynaptic neuron signals the postsynaptic cell.

1. A nerve impulse travels along the axon to a synapse.

2. Axons have synaptic knobs at their distal ends that
secrete neurotransmitters.

3. The neurotransmitter is released when a nerve
impulse reaches the end of an axon, and the
neurotransmitter diffuses across the synaptic cleft.

4. A neurotransmitter reaching a postsynaptic neuron or
other cell may be excitatory or inhibitory.

CELL MEMBRANE POTENTIAL
(PAGE 365)

A cell membrane is usually polarized as a result of an
unequal distribution of ions on either side. Channels
in membranes that allow passage of some ions but not
others control ion distribution.

1. Distribution of ions

a. Membrane ion channels, formed by proteins, may
be always open or sometimes open and sometimes
closed.

b. Potassium ions pass more readily through resting
neuron cell membranes than do sodium and
calcium ions.

c. A high concentration of sodium ions is on the
outside of the membrane, and a high concentration
of potassium ions is on the inside.

2. Resting potential

a. Large numbers of negatively charged ions, which
cannot diffuse through the cell membrane, are
inside the cell.

b. In a resting cell, more positive ions leave the cell
than enter it, so the inside of the cell membrane
develops a negative charge with respect to the
outside.

3. Local potential changes

a. Stimulation of a membrane affects its resting
potential in a local region.

b. The membrane is depolarized if it becomes less
negative; it is hyperpolarized if it becomes more
negative.

c. Local potential changes are graded and subject to
summation.

d. Reaching threshold potential triggers an action
potential.

4. Action potentials

a. At threshold, sodium channels open and sodium

ions diffuse inward, depolarizing the membrane.

b. Slightly later, potassium channels open and
potassium ions diffuse outward, repolarizing the
membrane.

c. This rapid change in potential is an action
potential.

d. Many action potentials can occur before active
transport reestablishes the original resting
potential.

e. The propagation of action potentials along a nerve
fiber is an impulse.

5. All-or-none response

a. A nerve impulse is an all-or-none response. If a
stimulus of threshold intensity is not applied to an
axon, an action potential is not generated.

b. All the impulses conducted on an axon are the
same.

6. Refractory period

a. The refractory period is a brief time following
passage of a nerve impulse when the membrane is
unresponsive to an ordinary stimulus.

b. During the absolute refractory period, the
membrane cannot be stimulated; during the
relative refractory period, the membrane can be
stimulated with a high-intensity stimulus.

7. Impulse conduction

a. An unmyelinated axon conducts impulses that
travel over its entire surface.

b. A myelinated axon conducts impulses that travel
from node to node.

c. Impulse conduction is more rapid on myelinated
axons with large diameters.

10.7 SYNAPTIC TRANSMISSION (PAGE 371)

Neurotransmitter molecules diffuse across the synaptic
cleft and react with receptors in the postsynaptic neuron
membrane.

1. Synaptic potentials

a. Some neurotransmitters can depolarize the
postsynaptic membrane, possibly triggering an
action potential. This is an excitatory postsynaptic
potential (EPSP).

b. Others hyperpolarize the membrane, inhibiting an
action potential. This is an inhibitory postsynaptic
potential (IPSP).

c. EPSPs and IPSPs are summed in a trigger zone of
the neuron.

2. Neurotransmitters

a. The nervous system produces at least thirty types
of neurotransmitters.

b. Calcium ions diffuse into synaptic knobs
in response to action potentials, releasing
neurotransmitters.

c. Neurotransmitters are quickly decomposed or
removed from synaptic clefts.

3. Neuropeptides

a. Neuropeptides are chains of amino acids.

b. Some neuropeptides are neurotransmitters or
neuromodulators.

c. They include enkephalins, endorphins, and
substance P.

CHAPTER TEN Nervous System I 379

10/13/08 4:45:23 PM




10.8 IMPULSE PROCESSING (PAGE 374)

The way impulses are processed reflects the organization
of neurons in the brain and spinal cord.
1. Neuronal pools
a. Neurons are organized into pools in the CNS.
b. Each pool receives, processes, and may conduct
impulses away.
c. Each neuron in a pool may receive excitatory and
inhibitory stimuli.
d. A neuron is facilitated when it receives
subthreshold stimuli and becomes more excitable.

CHAPTER ASSESSMENTS

10.1 Introduction

1 Describe how the nervous system detects change
associated with the body and reacts to that change to
maintain homeostasis. (p. 354)

2 Distinguish between neurons and neuroglia. (p. 354)
3 Which of the following descriptions is accurate? (p. 354)

a. Aneuron has a single dendrite, which sends information.

b. A neuron has a single axon, which sends information.
c. A neuron has many axons, which receive information.
d. Aneuron has many dendrites, which send information.

4 Explain the difference between the central nervous system
(CNS) and the peripheral nervous system (PNS). (p. 354)
10.2 General Functions of the Nervous System
5 List three general functions of the nervous system. (p. 355)
6 Distinguish a sensory receptor from an effector. (p. 355)
7 Distinguish between the types of activities that the
somatic and autonomic nervous systems control. (p. 356)
10.3 Description of Cells of the Nervous System

8 Match the part of a neuron on the left with the
description on the right (p. 356):

(1) dendrites A. fine threads in an axon

(2) chromatophilic B. part of neuron from which
substance axon and dendrites extend

(3) axon C. highly branched, multiple pro-

(4) cell body cesses that may have spines

(5) neurofibrils D. sends nerve impulses

E. rough endoplasmic reticulum

9 Explain how Schwann cells encase large axons including
the formation of myelin, the neurilemma, and the nodes
of Ranvier. (p. 358)

10 What do Schwann cells and oligodendrocytes have in
common, and how do they differ? (p. 358)

11 Distinguish between myelinated and unmyelinated
axons. (p. 358)
10.4 Classification of Cells of the Nervous System

12 Describe the three types of neurons classified on the
basis of structure. (p. 360)

13 Describe the three types of neurons classified on the
basis of function (p. 360)

14 List six functions of neuroglia. (p. 361)
15 Describe the neuroglia of the CNS. (p. 361)

16 Explain how malfunctioning neuroglia can harm health.
(p.363)
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2. Convergence
a. Impulses from two or more axons may converge
on a single postsynaptic neuron.
b. Convergence enables a neuron to sum impulses
from different sources.
3. Divergence
a. Impulses from a presynaptic neuron may reach
several postsynaptic neurons.
b. Divergence amplifies impulses.

17 Describe the neuroglia of the PNS. (p. 363)
18 Explain how an injured neuron may regenerate. (p. 364)

10.5 The Synapse

19 The brings the impulse to the
synapse, whereas the on the other
side of the synapse is stimulated or inhibited as a result of
the synaptic transmission. (p. 365)

20 Explain how information is passed from a presynaptic
neuron to a postsynaptic cell. (p. 365)

21 Diffusion of which of the following ions into the synaptic
knob triggers the release of neurotransmitter? (p. 365)

a. Na*
b. Ca*?
c. C
d. K*

10.6 Cell Membrane Potential

22 Define resting potential. (p. 366)

23 Distinguish among polarized, hyperpolarized, and
depolarized. (p. 368)

24 Explain why the “trigger zone” of a neuron is named as
such. (p. 368)

25 Listin correct order the changes that occur during an
action potential. (p. 368)

26 Explain the relationship between an action potential and
a nerve impulse. (p. 369)

27 Define refractory period. (p. 370)

28 Explain the importance of the nodes of Ranvier

and conduction in myelinated fibers as opposed to
conduction in unmyelinated fibers. (p. 371)

10.7 Synaptic Transmission

29 Distinguish between excitatory and inhibitory
postsynaptic potentials. (p. 371)

30 Explain how enzymes within synaptic clefts and reuptake
of neurotransmitter prevents continuous stimulation of
the postsynaptic cell. (p. 374):

10.8 Impulse Processing

31 Explain what determines the output of a neuronal pool
in terms of input neurons, excitation, and inhibition.
(p. 374)

32 Define facilitation. (p. 375)
33 Distinguish between convergence and divergence. (p. 375)
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INTEGRATIVE ASSESSMENTS/CRITICAL THINKING

OUTCOMES 10.3, 10.4

1. Why are rapidly growing cancers that originate in nervous
tissue more likely to be composed of neuroglia than of
neurons?

OUTCOMES 10.3, 10.4, 10.6

2. In Tay-Sachs disease, an infant rapidly loses nervous system
functions as neurons in the brain become covered in too much
myelin. In multiple sclerosis, cells in the CNS have too little
myelin. Identify the type of neuroglia implicated in each of
these conditions.

OUTCOMES 10.4, 10.5, 10.7

3. How would you explain the following observations?

a. When motor nerve fibers in the leg are severed, the muscles
they innervate become paralyzed; however, in time, control
over the muscles often returns.

b. When motor nerve fibers in the spinal cord are severed, the
muscles they control become permanently paralyzed.

WEB CONNECTIONS

000
OUTCOMES 10.5, 10.6, 10.7

4. Drugs that improve early symptoms of Alzheimer disease do
so by slowing the breakdown of acetylcholine in synaptic clefts
in certain parts of the brain. From this information, suggest
a neurotransmitter imbalance that lies behind Alzheimer
disease.

OUTCOME 10.6

5. What might be deficient in the diet of a pregnant woman
complaining of leg muscle cramping? How would you explain
this to her?

OUTCOME 10.6

6. People who inherit familial periodic paralysis often develop
very low blood potassium concentrations. How would you
explain that the paralysis may disappear quickly when
potassium ions are administered intravenously?

Be sure to visit the text website at www.mhhe.com/shier12 for
answers to chapter assessments, additional quizzes, and interactive
learning exercises.

ANATOMY & PHYSIOLOGY REVEALED

Anatomy & Physiology Revealed® (APR)
includes cadaver photos that allow you
to peel away layers of the human body to
reveal structures beneath the surface. This program also includes
animations, radiologic imaging, audio pronunciations, and practice
quizzing. Check out www.aprevealed.com. APR has been proven
to help improve student grades!
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