Neuroscience

Exploring the Brain

fl* R e

Second Edition

* Mark F. Bear
* Barry W. Connors

* Michael A. Paradiso

S EENHEHEH

' Higher Education Press



HEDEEHEART
— ESMEBEGHFERFRDB

Neuroscience

Exploring the Brain

thee Py R

Second Edition

Mark F. Bear
Brown University

Barry W. Connors
Brown University

Michael A. Paradiso
Brown University

e B E R E WL WE

Higher Education Press




BT 01-2002-0743 5

Neuroscience: Exploring the Brain, 2nd ed.

Mark F. Bear, Barry W. Connors, Michael A. Paradiso
Copyright © 2001 Lippincott Williams & Wilkins Inc.

All rights reserved. This book is protected by copyright. No part of this book may by reproduced in
any form or by any means, including photocopying, or utilized by any information storage and

retrieval system without written permission from the copyright owner.

Reprint authorized by Lippincott Williams & Wilkins Inc. Reprint is authorized for sale in the
People’s Republic of China only.

BFEMSK B (CIP)

22814 = Neuroscience : 55 2 B/ () WL /R (Bear, M. F. ), ( 35 ) 443 ( Connors ,B. W. ) ,
( 32) BA$7 & (Paradiso, M. A. ) . - Jbal: &%EFH HRFE,2002. 11
ISBN 7 -04 -011201 -9

T, D.ON...QF...Om... I.#HEE%E - SEEK - -%3C V. R4

i R A 5 CTP SRR (2002) 5 044796

® ¥ sHFE  HER DAk HENR HFHL

Neuroscience ; Exploring the Brain, Second Edition

Mark F. Bear,Barry W. Connors, Michael A. Paradiso

HRREIT ESEE R ML 010 -64054588
# i AU RIS SS 5 %% & 800 -810 -0598

BB 4RES 100009 Fa #t  http://www. hep. edu. en
& B 010 -64014048 http://www. hep. com. cn

2 W WEREILR R
B R U RRENR

¥ Z 889 %1240 1/16 KR &O2002 4611 B 1R
Ef % 55.25 Ef &O2002 11 A% 1 RETR
= ¥ 1300 000 E # 70.00 T

A A0A R T BT R TS SR IR 3 B T TR S AR TR R



H kR BB

B & 72 e F A In) RN 26 B R AR TH R0 5E B, AR A BEE LR 21 i 40 % B H SR Sk o
BoAYEHERTEWES B SR LA Z.O . ARHE FA Y =k i & B Xt R RHE
W BEMHSEAREFE-EERZNOEW, TUEREEEMHALREERAE ™ KR
FAIEMAENIR, SHR¥S5ERET UMK RTFGR S EHERREEZGKTINE A
B AL

A BHEBE(CRTNEGFFRABRHAX T BERBEFRENETEL) #&
000)4 S I RY, SEERERNRBERES . 51 HEMFEALHEM, HPFEER¥.
Pt ERRAE, i@ MR, AT RAER R T I ERES . ERB
2B RBENEHFERIM. HAEHESHERL T 2001 F 11 AEEEEREMHRHET
KT CRTHRE BitEab2lNEHF=HE #HFLENER", AhOEs TE£ak¥
EKHEMMTIHTIE.

B EHEF BB ESME R EREM T TR, FEEHERGSEREYR
FHIBHFRRERASHERYBEFRT “SIHFEIMEEE R 28 REE ¥ B
IR, HEWSMNEEBEMHET TR, fRETREENSIEHEMBEH. 23 MEGRHA,
HAfH L © £ ML T Pearson Education, McGraw — Hill, John Wiley & Sons, Blackwell Science,
Thomson Leaming, Cambridge University Press, Lippincott Williams & Wilkins %5 H MUAY 13 o #4144
RHR, #B OB REYILE . BREYY . Bi5¥ . BEY¥F. EE¥. BEY¥. B4
B, REEE. BEFSEEE. P r4AYY¥. TELEY¥S. SEHMBHUTH
(D) FrEEMEARRE 2 FHEN, RNEBR TR EBNRFHAE, EEKLERT
Z. RENEENRARE; (2) REGEH, HiEEd, SMAH, RE - EHEEME,
EREET 3) HERE, £8, BEBREBEME RN, I RE™EWR %4, BxHE,
SEXHEHEE; (4) BEH%. iy, T2EAERBERNELEE. Kb oMo AR
HERRBSEHFARE "EIMBEGREHERB.

FEANTEER, ATILEELEE, A XEILI¥EEIRBREYaBENEE, &
eS| #EE RREREME, —FHRABAEE, RABERBEEKEN, 5—FEpEBHt
BEAEBROHEENCE, URSEIHEHM AR, 56, MiEEEayeE.

SIHESMMFEGHEHYAPRRY MK ES THE, B, RITELHET X
ERYRNFAFREEROBERAMEY, NEFFOHMESSH, B5SSHTHRME
Rt FE KR, BCRAEIE: 010 - 68344002, E - mail Huhik: lifesciences — hep @x263. net .

SEKF B RA
2002 % 11 A



to our parents

Naomi and Firman Bear
Rose and John Connors
Marie and Nicholas Paradiso



THE ORIGINS OF NEUROSCIENCE: EXPLORING THE BRAIN

For over twenty years, Brown University has offered a course called
Neuroscience 1: An Introduction to the Nervous System. The course has been
remarkably successful: Approximately one of every four Brown undergrad-
uates takes it. For a few students, this is the beginning of a career in neuro-
science; for others, it is the only science course he or she will take in college.

The success of introductory neuroscience reflects the fascination and cu-
riosity everyone has for how we sense, move, feel, and think. We believe,
however, that the success of our course also derives from the way it is taught
and what is emphasized. A cornerstone of our philosophy is that we assume
only minimal prior knowledge of biology, physics, and chemistry. The fun-
damentals required for understanding neuroscience are covered as the
course progresses. This approach ensures that we can work up to advanced
concepts with confidence that students are on track. We also strive to show
that science is interesting, exciting, and fun. To this end, we include liberal
amounts of commonsense metaphors, real-world examples, humor, and
anecdotes. Finally, our course does not survey all of neurobiology. Instead,
we focus on mammalian brains and, whenever possible, the human brain. In
this sense, the course closely resembles what is taught to most second-year
medical students, but without prerequisites. Similar courses are now offered
at many colleges and universities by psychology, biology, and neuroscience
departments.

The first edition of Neuroscience: Exploring the Brain was written to provide
a suitable textbook for Neuroscience 1, incorporating the subject matter and
philosophy that made introductory neuroscience successful here at Brown. It
has been very gratifying to see that the book has gained popularity around
the world, sometimes acting as the catalyst for new courses in introductory
neuroscience. This enthusiastic response encouraged us to write a second
edition. Not only have we updated the book with the latest discoveries in this
fast-paced field, we have incorporated numerous suggestions for improve-
ment from our students and colleagues.

NEW IN THE SECOND EDITION

Writing the second edition gave us the opportunity to review the research ac-
complishments of the past five years, and they are truly astonishing.
Examples are the recent determination of the three-dimensional structure of
a selectively permeable ion channel, important for understanding neuronal
signaling, and the discovery of the hormone, leptin, which has revolution-
ized our understanding of how feeding behavior is regulated. The book has
been revised to incorporate these and many other new findings. In addition
to bringing the book up to date, we have expanded and added a number of
new features.

More Connections With Real Life

A popular component of the first edition, Of Special Interest boxes illustrate
how a knowledge of neuroscience can be applied. We have expanded this
feature with an eye toward making more connections with real life, includ-
ing substantially increased coverage of common nervous system disorders,
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such as Alzheimer’s disease and mental retardation. In addition, we incor-
porated more discussion of neurological disorders in the text of the chapters,
where such coverage helps illustrate important principles—for example, in
the control of voluntary movement.

More Anatomy

Over the years, our students have consistently indicated that they would like
to have expanded coverage of nervous system anatomy to give them a better
appreciation of how all the different components fit together. We have re-
sponded by including An Illustrated Guide to Human Neuroanatomy, new to the
second edition as an appendix to Chapter 7. This illustrated appendix pro-
vides a preview of the structures students will encounter in specific func-
tional contexts in later chapters. To help students learn the new terminology,
a Self-Quiz with labeling exercises is also provided.

More Behavioral Neuroscience

Interesting topics in neuroscience far outnumber the chapters that are ap-
propriate for an introductory text. Feedback from our colleagues at other in-
stitutions indicated, however, a need to expand coverage of behavioral neu-
roscience. Based on this valuable input, we added three exciting new
chapters that connect the brain and behavior: Motivation (Chapter 16), Sex
and the Brain (Chapter 17), and Mental Illness (Chapter 21).

More Brain Food

Our goal was to provide a book that anyone—regardless of his or her science
background—could begin on the first page and understand all the way
through. Of course, neuroscience is a rigorous, quantitative scientific disci-
pline. In the first edition, we covered advanced concepts in cellular neuro-
physiology using Brain Food boxes. We have expanded this feature in the sec-
ond edition, providing greater coverage of advanced concepts and new
technologies. Isolating this material from the main text gives instructors flex-
ibility in making reading assignments that are appropriate for students’
backgrounds.

New Discoverers

We authors are all active neuroscientists, and we want our readers to under-
stand 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 enter-
tain and amuse. We have continued this tradition in the new edition, with
contributions from twenty-four esteemed scientists. Included in this illustri-
ous group are three Nobel laureates: Erwin Neher, Torsten Wiesel, and
Susumu Tonegawa. We are very grateful to the Path of Discovery authors for
their time, effort, and enthusiasm.

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 II, Sensory
and Motor Systems; Part III, The Brain and Behavior; and Part IV, The
Changing Brain. We begin Part 1 by introducing the modern field of neuro-
science and tracing some of its historical antecedents. Then we take a close
look at the structure and function of individual neurons, how they commu-
nicate chemically, and how these building blocks are arranged to form a ner-
vous 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 move-
ments. In Part III, we explore the neurobiology of human behavior, including
motivation, sex, mood, emotion, sleep, language, and attention. Finally, in
Part IV, we look at how the environment modifies the brain, both during de-
velopment and in adult learning and memory.

The human nervous system is examined at several different levels, 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 1 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 we turn to the topic of how neuro-
science research is conducted today. We directly confront the ethics of neu-
roscience research, particularly that which involves animals.

In Chapter 2, we focus mainly on the cell biology of the neuron. This is es-
sential 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 corre-
lation of structure and function.

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

Chapters 5 and 6 cover interneuronal communication, particularly chem-
ical synaptic transmission. Chapter 5 presents the general principles of chem-
ical synaptic transmission, and Chapter 6 discusses the neurotransmitters
and their modes of action in greater detail. We also describe many of the
modern methods used to study the chemistry of synaptic transmission. Later
chapters do not assume an understanding of synaptic transmission at the
depth of Chapter 6, however, so this can be skipped at the instructor’s dis-
cretion. 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
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tracing the brain’s embryological development. (Cellular aspects of develop-
ment are covered in Chapter 22.) We show that the specializations of the hu-
man brain are simple variations on the basic plan that applies to all mam-
mals.

The Chapter 7 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 Seif-
Quiz will help students learn the terminology. We recommend that students
become familiar with the anatomy in the Illustrated Guide before moving on
to Part II.

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

Part Il 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 II with a discussion of the chemical senses—smell
and taste—in Chapter 8. These are good systems for illustrating the general
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 an impor-
tant part of everyday life that it is hard to imagine teaching introductory neu-
roscience without discussing them. The vestibular sense of balance is now
also covered in a separate section of Chapter 11. This placement offers in-
structors 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. We are well aware, how-
ever, that the complexities of the motor systems are daunting to students and
instructors alike. We have tried to keep our discussion sharply focused, us-
ing numerous examples to connect with personal experience.

Organization of Part lli: The Brain and Behavior
(Chapters 15-21)

Part III explores how different neural systems contribute to different behav-
iors, focusing on the systems where the connection between the brain and be-
havior can be made most strongly. We cover the systems that control visceral
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 ill-
ness.

Chapters 15-19 explore 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 hypothalamus,
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 very recent research on the control of eating
habits. Chapter 17 investigates the influence of sex on the brain and the in-
fluence of the brain on sexual behavior. Chapter 18 examines the neural sys-
tems believed to underlie emotional experience and expression, specifically
emphasizing fear and anxiety, anger and aggression, reinforcement and re-
ward.

In Chapter 19, we explore 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, tempera-
ture, alertness, and metabolism. Part III ends with a discussion of the neuro-
science of higher brain functions in Chapter 20 and of mental illness in
Chapter 21.

Organization of Part IV: The Changing Brain
(Chapters 22-24)

Part IV explores the cellular and molecular basis of brain development, and
learning and memory, which represent two of the most exciting frontiers of

ModeIn neuroscience.

Chapter 22 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 Pgrt I for several
reasons. First, by this point in the book, students fully appreciate that normal
brain function depends on its precise wiring. Because we use the visual sys-
tem as a concrete example, the chapter also must follow a discussion of the
visual pathways in Part II. Second, we explore aspects of experience-depen-
dent development of the visual system that are regulated by the diffuse mod-
ulatory systems of the brain, so this chapter is placed after the early chapters
of Part III. Finally, an exploration of the role of the sensory environment in
brain development in Chapter 22 is followed in the next two chapters by dis-
cussions of how experience-dependent modifications of the brain form the
basis for learning and memory. We see that many of the mechanisms are sim-
ilar, illustrating the unity of biology.

Chapters 23 and 24 cover learning and memory. Chapter 23 focuses on the
anatomy of memory, exploring how different parts of the brain contribute to
storage of different types of information. Chapter 24 takes a deeper look into
the molecular and cellular mechanisms of learning and memory, focusing on
changes in synaptic connections.

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 princi-
ples of neuroscience clearly and effectively. To help students learn neuro-
science, we include a number of features designed to enhance comprehen-
S1010

» Chapter Outlines and Introductory and Concluding Remarks. These
preview the organization of each chapter, set the stage, and place the ma-
terial 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 facilitate 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 references. The same terms are
assembled at the end of the book, with definitions, in a glossary.

Preface
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Review Questions. At the end of each chapter, we include a brief set of
questions for review. These are specifically designed to provoke thought
and help students integrate the material.

Internal Reviews of Neuroanatomical Terms. In Chapter 7, where ner-
vous system anatomy is discussed, the narrative is interrupted periodi-
cally with brief self-quiz vocabulary reviews to enhance understanding. In
the Chapter 7 appendix, an extensive Self-Quiz is provided in the form of
a workbook with labeling exercises.

References and Suggested Readings. To guide study beyond the scope of
the textbook, we provide selected readings that will lead students into the
research literature associated with each chapter. Rather than including ci-
tations in the body of the chapters, where they would compromise the
readability of the text, we have organized the references and suggested
readings by chapter and listed them at the end of the book.

Full-Color Illustrations. 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 bar has been raised again, with many superb new
illustrations for the second edition.
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