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Preface

THE ORIGINS OF NEUROSCIENCE: EXPLORING THE
BRAIN

For over 25 years, we have taught a course called Neuroscience 1: An
Introduction to the Nervous System. The course has been remarkably suc-
cessful—at Brown University, where the course originated, approximately
one out of every four undergraduates takes it. For a few students, this is the
beginning of a career in neuroscience; for others, it is the only science
course he or she takes in college.

The success of introductory neuroscience reflects the fascination and
curiosity everyone has for how we sense, move, feel, and think. However,
the success of our course also derives from the way it is taught and what is
emphasized. First, there are no prerequisites, so the elements of biology,
chemistry, and physics required for understanding neuroscience are covered
as the course progresses. This approach ensures that no students are left
behind as the course progresses. Second, liberal use of commonsense
metaphors, real-world examples, humor, and anecdotes remind students
that science is interesting, approachable, exciting, and fun. Third, the course
does not survey all of neurobiology. Instead, the focus is on mammalian
brains and, whenever possible, the human brain. In this sense, the course
closely resembles what is taught to most beginning medical students.
Similar courses are now offered at many colleges and universities by psy-
chology, biology, and neuroscience departments.

The first edition of Neuroscience: Exploring the Brain was written to provide
a suitable textbook for Neuro 1, incorporating the subject matter and phi-
losophy that made this course successful. Based on feedback from our stu-
dents and colleagues at other universities, we expanded the second edition
to include more topics in behavioral neuroscience and some new features to
help students understand the structure of the brain. We must have gotten it
right, because the book now ranks as one of the most popular introductory
neuroscience books in the world. It has been particularly gratifying to see
our book used as a catalyst for the creation of new courses in introductory
neuroscience.

NEW IN THE THIRD EDITION

Our main goals for the third edition were to incorporate the many discov-
eries of the past five years without increasing the length of the text, to short-
en chapters when possible by emphasizing principles more and details less,
and to make the book even more user-friendly by improving the layout and
clarity of the illustrations.

Writing the third edition gave us the opportunity to review the
research accomplishments of the past five years, and they are truly aston-
ishing. Perhaps the most significant development has been the sequenc-
ing of the human genome, suggesting new avenues for understanding the
neural basis of individuality, as well as neurological and psychiatric dis-
eases. The book has been revised to incorporate these and many other
new findings.

vii
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PREFACE

We authors are all active neuroscientists, and we want our readers to
understand the allure of research. A unique feature of our book is the Path
of Discovery boxes, in which famous neuroscientists tell stories about their
own research. These essays serve several purposes: to give a flavor of the
thrill of discovery; to show the importance of hard work and patience, as
well as serendipity and intuition; to reveal the human side of science; and
to entertain and amuse. We have continued this tradition in the third edi-
tion, with new contributions from 24 esteemed scientists. Included in this
illustrious group are recent Nobel laureates Roderick MacKinnon and Arvid
Carlsson.

AN OVERVIEW OF THE BOOK

Neuroscience: Exploring the Brain surveys the organization and function of the
human nervous system. We present material at the cutting edge of neuro-
science, in a way that is accessible to both science and nonscience students
alike. The level of the material is comparable to an introductory college text
in general biology.

The book is divided into four parts: Part I, Foundations; Part 1I, Sensory
and Motor Systems; Part III, The Brain and Behavior; and Part IV, The
Changing Brain. We begin Part I by introducing the modern field of neu-
roscience and tracing some of its historical antecedents. Then we take a
close look at the structure and function of individual neurons, how they
communicate chemically, and how these building blocks are arranged to
form a nervous system. In Part II, we go inside the brain to examine the
structure and function of the systems that serve the senses and command
voluntary movements. In Part III, we explore the neurobiology of human
behavior, including motivation, sex, emotion, sleep, language, attention,
and mental illness. Finally, in Part IV, we look at how the environment
modifies the brain, both during development and in adult learning and
memory.

The human nervous system is examined at several different scales, rang-
ing from the molecules that determine the functional properties of neurons
to the large systems in the brain that underlie cognition and behavior. Many
disorders of the human nervous system are introduced as the book pro-
gresses, usually within the context of the specific neural system under dis-
cussion. Indeed, many insights into the normal functions of neural systems
have come from the study of diseases that cause specific malfunctions of
these systems. In addition, we discuss the actions of drugs and toxins on the
brain, using this information to illustrate how different brain systems con-
tribute to behavior and how drugs may alter brain function.

Organization of Part I: Foundations (Chapters 1-7)

The goal of Part I is to build a strong base of general knowledge in neurobi-
ology. The chapters should be covered sequentially, although Chapters 1
and 6 can be skipped without a loss of continuity.

In Chapter 1, we use a historical approach to review some basic principles
of nervous system function and then turn to the topic of how neuroscience
research is conducted today. We directly confront the ethics of neuroscience
research, particularly that which involves animals.

In Chapter 2, we focus mainly on the cell biology of the neuron. This is
essential information for students inexperienced in biology, and we find that
even those with a strong biology background find this review helpful. After
touring the cell and its organelles, we go on to discuss the structural features
that make neurons and their supporting cells unique, emphasizing the cor-
relation of structure and function.



Chapters 3 and 4 are devoted to the physiology of the neuronal mem-
brane. We cover the essential chemical, physical, and molecular properties
that enable neurons to conduct electrical signals. Throughout, we appeal to
students’ intuition by using a commonsense approach, with a liberal use of
metaphors and real-life analogies.

Chapters 5 and 6 cover interneuronal communication, particularly
chemical synaptic transmission. Chapter 5 presents the general principles of
chemical synaptic transmission, and Chapter 6 discusses the neurotrans-
mitters and their modes of action in greater detail. We also describe many
of the modern methods for studying the chemistry of synaptic transmission.
Later chapters do not assume an understanding of synaptic transmission at
the depth of Chapter 6, however, so this chapter can be skipped at the
instructor’s discretion. Most coverage of psychopharmacology appears in
Chapter 15, after the general organization of the brain and its sensory and
motor systems has been presented. In our experience, students wish to
know where, in addition to how, drugs act on the nervous system and
behavior.

Chapter 7 covers the gross anatomy of the nervous system. Here we focus
on the common organizational plan of the mammalian nervous system by
tracing the brain’s embryological development. (Cellular aspects of devel-
opment are covered in Chapter 23.) We show that the specializations of the
human brain are simple variations on the basic plan that applies to all mam-
mals.

Chapter 7’s appendix, An Illustrated Guide to Human Neuroanatomy, cov-
ers the surface and cross-sectional anatomy of the brain, the spinal cord, the
autonomic nervous system, the cranial nerves, and the blood supply. A self-
quiz will help students learn the terminology. We recommend that students
become familiar with the anatomy in the Guide before moving on to Part II.

Organization of Part ll: Sensory and Motor Systems
(Chapters 8-14)

Part II surveys the systems within the brain that control conscious sensation
and voluntary movement. In general, these chapters do not need to be cov-
ered sequentially, except for Chapters 9 and 10 on vision and Chapters 13
and 14 on the control of movement.

We chose to begin Part IT with a discussion of the chemical senses—smell
and taste—in Chapter 8. These are good systems for illustrating the gener-
al principles and problems in the encoding of sensory information, and the
transduction mechanisms have strong parallels with other systems.

Chapters 9 and 10 cover the visual system, an essential topic for all intro-
ductory neuroscience courses. Many details of visual system organization
are presented, illustrating not only the depth of current knowledge, but also
the principles that apply across sensory systems.

Chapter 11 explores the auditory system, and Chapter 12 introduces the
somatic sensory system. Audition and somatic sensation are such important
parts of everyday life, it is hard to imagine teaching introductory neuro-
science without discussing them. The vestibular sense of balance is covered
in a separate section of Chapter 11. This placement offers instructors the
option to skip the vestibular system at their discretion.

In Chapters 13 and 14, we discuss the motor systems of the brain.
Considering how much of the brain is devoted to the control of movement,
this more extensive treatment is clearly justified. However, we are well
aware that the complexities of the motor systems are daunting to students
and instructors alike. We have tried to keep our discussion sharply focused,
using numerous examples to connect with personal experience.

¥ PREFACE
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Organization of Part lll: The Brain and Behavior (Chapters
15-22)

Part I1I explores how different neural systems contribute to different behav-
iors, focusing on the systems where the connection between the brain and
behavior can be made most strongly. We cover the systems that control vis-
ceral function and homeostasis, simple motivated behaviors (such as eating
and drinking), sex, mood, emotion, sleep, consciousness, language, and
attention. Finally, we discuss what happens when these systems fail during
mental illness.

Chapters 15-19 describe a number of neural systems that orchestrate
widespread responses throughout the brain and the body. In Chapter 15,
we focus on three systems that are characterized by their broad influence
and their interesting neurotransmitter chemistry: the secretory hypothala-
mus, the autonomic nervous system, and the diffuse modulatory systems of
the brain. We discuss how the behavioral manifestations of various drugs
may result from disruptions of these systems.

In Chapter 16, we look at the physiological factors that motivate specific
behaviors, focusing mainly on recent research on the control of eating
habits. Chapter 17 investigates the influence of sex on the brain and the
influence of the brain on sexual behavior. Chapter 18 examines the neural
systems believed to underlie emotional experience and expression, specifi-
cally emphasizing fear and anxiety, anger and aggression.

In Chapter 19, we investigate the systems that give rise to the rhythms of
the brain, ranging from the rapid electrical rhythms of the brain during
sleep and wakefulness to the slow circadian rhythms controlling hormones,
temperature, alertness, and metabolism. Part III ends with a discussion of
the neuroscience of language and attention in Chapters 20 and 21 and of
mental illness in Chapter 22.

Organization of Part IV:The Changing Brain (Chapters
23-25)

Part IV explores the cellular and molecular basis of brain development, and
learning and memory. These subjects represent two of the most exciting
frontiers of modern neuroscience.

Chapter 23 examines the mechanisms used during brain development
to ensure that the correct connections are made between neurons. The
cellular aspects of development are discussed here rather than in Part I
for several reasons. First, by this point in the book, students fully appre-
ciate that normal brain function depends on its precise wiring. Because
we use the visual system as a concrete example, the chapter also must
follow a discussion of the visual pathways in Part II. Second, we survey
aspects of experience-dependent development of the visual system that
are regulated by the diffuse modulatory systems of the brain, so this
chapter is placed after the early chapters of Part III. Finally, an explo-
ration of the role of the sensory environment in brain development in
Chapter 23 is followed in the next two chapters by discussions of how
experience-dependent modifications of the brain form the basis for learn-
ing and memory. We see that many of the mechanisms are similar, illus-
trating the unity of biology.

Chapters 24 and 25 cover learning and memory. Chapter 24 focuses on
the anatomy of memory, exploring how different parts of the brain con-
tribute to the storage of different types of information. Chapter 25 takes a
deeper look into the molecular and cellular mechanisms of learning and
memory, focusing on changes in synaptic connections.



% PREFACE

HELPING STUDENTS LEARN

Neuroscience: Exploring the Brain is not an exhaustive study. It is intended to
be a readable textbook that communicates to students the important prin-
ciples of neuroscience clearly and effectively. To help students learn neuro-
science, we include a number of features designed to enhance comprehen-
sion:

Chapter Outlines, and Introductory and Concluding Remarks.
These elements preview the organization of each chapter, set the stage,
and place the material into broader perspective.

Key Terms and Glossary. Neuroscience has a language of its own,
and to comprehend it, one must learn the vocabulary. In the text of
each chapter, important terms are highlighted in boldface type. To facili-
tate review, these terms appear in a list at the end of each chapter, in
the order in which they appeared in the text, along with page refer-
ences. The same terms are assembled at the end of the book, with defi-
nitions, in a glossary.

Review Questions. At the end of each chapter, a brief set of questions
for review are specifically designed to provoke thought and help stu-
dents integrate the material.

Internal Reviews of Neuroanatomical Terms. In Chapter 7, where
nervous system anatomy is discussed, the narrative is interrupted peri-
odically with brief self-quiz vocabulary reviews to enhance understand-
ing. In Chapter 7’s appendix, an extensive self-quiz is provided in the
form of a workbook with labeling exercises.

Further Reading. New to the third edition, we include a list of several
recent review articles at the end of each chapter to guide study beyond
the scope of the textbook.

References and Resources. At the end of the book, we provide
selected readings and online resources that will lead students into the
research literature associated with each chapter. Rather than including
citations in the body of the chapters, where they would compromise
the readability of the text, we have organized the references and
resources by chapter and listed them at the end of the book.
Full-Color Hlustrations. We believe in the power of illustrations—not
those that “speak a thousand words,” but those that each make a single
point. The first edition of this book set a new standard for illustrations
in a neuroscience text. The third edition reflects improvements in the
pedagogical design of many figures from earlier editions and includes
many superb new illustrations as well.

xi
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The Nissl stain, however, does not tell the whole story. A Nissl-stained neu-
ron looks like little more [t}an a lump of protoplasm containing a nucleus.
Neurons are much more than that, but how much more was not recog-
nized until the publication of the work of Italian histologist Camillo Golgi
(Figure 2.2). In 1873, Golgi discovered that by soaking brain tissue in a sil-
ver chromate solution, now called the Golgi stain, a small percentage of
neurons became darkly colored in their entirety (Figure 2.3). This revealed
that the neuronal cell body, the region of the neuron around the nucleus
that is shown with the Nissl stain, is actually only a small fraction of the
total structure of the neuron. Notice in Figures 2.1 and 2.3 how different
histological stains can provide strikingly different views of the same tissue.
Today, neurohistology remains an active field in neuroscience, along with
its credo: “The gain in brain is mainly in the stain.”

The Golgi stain shows that neurons have at least two distinguishable
parts: a central region that contains the cell nucleus, and numerous thin
tubes that radiate away from the central region. The swollen region con-
taining the cell nucleus has several names that are used interchangeably:
cell body, soma (plural: somata), and perikaryon (plural: perikarya). The
thin tubes that radiate away from the soma are called neurites and are of
two types: axons and dendrites (Figure 2.4).

The cell body usually gives rise to a single axon. The axon is of uniform
diameter throughout its length, and if it branches, the branches generally
extend at right angles. Because axons can travel over great distances in the
body (a meter or more), it was immediately recognized by the histologists

of the day that axons must act like “wires” that carry the output of the
1, A than 2 i

spinal cord runs anterior to posterior. The top side of the spinal cord is the
dorsal side, and the bottom side is the ventral side.

If we look down on the nervous system, we see that it may be divided
into two equal halves (Figure 7.2b). The right side of the brain and spinal
cord is the mirror image of the left side. This characteristic is known as
bilateral symmetry. With just a few exceptions, most structures within the
nervous system come in pairs, one on the right side and the other on the
ft. The invisible line running down the middle of the nervous system is
alled the midline, and this gives us another way to describe anatomical
ferences. Structures closer to the midline are medial; structures farther
wvay from the midline are lateral. In other words, the nose is medial to
he eyes, the eyes are medial to the ears, and so on. In addition, two struc-
ares that are on the same side are said to be ipsilateral to each other; for
kample, the right ear is ipsilateral to the right eye. If the structures are on
pposite sides of the midline, they are said to be contralateral to each
her; the right ear is contralateral to the left ear.

To view the internal structure of the brain, it is usually necessary to slice
up. In the language of anatomists, a slice is called a section; to slice is to
ction. Although one could imagine an infinite number of ways we might
ut into the brain, the standard approach is to make cuts parallel to one of
he three anatomical planes of section. The plane of the section resulting from
litting the brain into equal right and left halves is called the midsagittal
lane (Figure 7.3a). Sections parallel to the midsagittal plane are in the
agittal plane.
The two other anatomical planes are perpendicular to the sagittal plane and
one another. The horizontal plane is parallel to the ground (Figure
3b). A single section in this plane could pass through both the eyes and
ae ears. Thus, horizontal sections split the brain into dorsal and ventral
arts. The coronal plane is perpendicular to the ground and to the sagit-
Il plane (Figure 7.3c). A single section in this plane could pass through
pth eyes or both ears, but not through all four at the same time. Thus, the
ronal plane splits the brain into anterior and posterior parts.

o
.

Key Terms

Appearing in bold throughout the
text, key terms are also listed at
the end of each chapter and
defined in the glossary.

=

o

Review Questions
Chapter review questions provoke
thought and help students test
their comprehension of each
major

Further Reading

Recent review articles are identi-
fied at the end of each chapter to
guide further study.

.
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W SELF-QUIZ

APPENDIX: AN ILLUSTRATED GUIDE TO HUMAN NEURCANATOMY

This review workbook is designed to help you learn the neuroanatomy that
has been presented. Here we have reproduced the images from the Guide;
instead of labels, however, numbered leader lines (arranged clockwise)
point to the structures of interest. Test your knowledge by filling in the ap-
propriate names in the spaces provided. To review what you have learned,
quiz yourself by putting your hand over the names. This technique greatly
facilitates the learning and retention of anatomical terms. Mastery of the
vocabulary of neuroanatomy will serve you well as you learn about the
functional organization of the brain in the remainder of the book.

THE LATERAL SURFACE OF THE BRAIN
(a) Gross Features

(b) Selected Gyri, Sulci, and Fissures

These brief vocabulary reviews found
in Chapter 7 enhance students’
understanding of nervous system
anatomy.

(b) Selected Gyri, Suldi, and Fissures. The cerebrum is
noteworthy for its convoluted surface. The bumps are
called gyri, and the grooves are called sulci or, if they are
especially deep, fissures. The precise pattern of gyri and
sulci can vary considerably from individual to individual,
but many features are common to all human brains. Some
of the important landmarks are labeled here. The post-

7 includes an extensive self-quiz with
labeling exercises that enable
students to assess their knowledge of
neuroanatomy.

¥ SURFACE ANATOMY OF THE BRAIN 209

ventral gyrus lies immediately posterior to the central sul-
cus, and the precentral gvrns lies immediately anterior to
the central sulcus. The neurons of the postcentral gyrus
are involved in somatic sensation (touch; Chapter 12),
and those of the precentral gyrus control voluntary move-
ment (Chapter 14). Neurons in the superior temparal
gvrus are involved in audition (hearing; Chapter 11).

Central sulcus

Precentral gyrus

Lateral (Sylvian)
fissure

(¢) Cerebral Lobes and the 1nsula. By convention,
the cerebrum is subdivided into lobes named after the
bones of the skull that lie over them. The central sulcus
divides the fruntal lobe from the parietal jube. The tega-
poral lobe lies immediately ventral to the deep fateral
(Sylvian fissure. The necipital lobe lies at the very back

Frontal lobe

¥ SELF-QUIZ

Take a few moments right now and be sure you understand the meaning
of these terms:

ventral
midline
medial
lateral
ipsilateral

contralateral
midsagittal plane
sagittal plane
horizontal plane
corenal plane

anterior
rostral
posterior
caudal
dorsal

)

Temporal lobe

Postcentral gyrus

Superior temporal
gyrus

of the cerebrum, bordering both parietal and temporal
lobes. A buried piece of the cerebral cortex, called the
insula (Latin for “island”), is revealed if the margins of
the lateral fissure are gently pulled apart (inset). The
insula borders and separates the temporal and frontal
lobes.

Parietal lobe

Occipital lobe
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FIGURE 2.7
The internal structure of a typical neuron.
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