DISCOVERING

BEHAVIORAL NEUROSCIENCE

An Introduction to Biological Psychology 3e

! J
. - o \
’ Al i'. J o . . - 3 &
N - ' . ] h
] . . i ¥ ' ~ . - o II P -
i . Lol T ™ A £ y . S - .
Dy v 1 T ) 1 ! '. , ¢
, } ! N | , [
j y e o [Fe. Va5 o} J | ; ‘ N {
3 A LR J ’ ' l ',_ - e " ] . {

P L X AN

"LRURA B, FREBERG



Tap Into engagement

MindTap empowers you to produce your best work—consistently.

MindTap is designed to help you master the material. Interactive
videos, animations, and activities create a learning path designed
by your instructor to guide you through the course and focus on
what’s important.

>
>
>
>
>
>
b
>
>
>

MindTap delivers real-world
activities and assignments

that will help you in your academic life as well as your career.

FLASHCARDS |
READSPEAKER N

PROGRESSAPP | g MlndTap he|p$ yOU Stay
MYNOTES organlzed and efficient
& HIGHLIGHTS

SELF QUIZZING
& PRACTICE

by giving you the study tools to master the material.

MindTap empowers
and motivates

with information that shows where you stand at all times—both
individually and compared to the highest performers in class.

“MindTap was very useful — it was easy to follow and everything

was right there.”
— Student, San Jose State University

“I’'m definitely more engaged because of MindTap.” e
— Student, University of Central Florida

“MindTap puts practice questions in a format that works well for me.”
— Student, Franciscan University of Steubenville

Tap into more info at: www.cengage.com/mindtap

Engaged with you. - ¥, CENGAGE

www.cengage.com e Learning@




Discovering Behavioral Neuroscience

AN INTRODUCTION TO BIOLOGICAL PSYCHOLOGY

Third Edition

Laura A. Freberg

California Polytechnic State University,
San Luis Obispo

~% CENGAGE
1% |earning

Australia « Brazil « Mexico « Singapore + United Kingdom « United States

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



This is an electronic version of the print textbook. Due to electronic rights restrictions,
some third party content may be suppressed. Editorial review has deemed that any suppressed
content does not materially affect the overall learning experience. The publisher reserves the right
to remove content from this title at any time if subsequent rights restrictions require it. For
valuable information on pricing, previous editions, changes to current editions, and alternate
formats, please visit www.cengage.com/highered to search by ISBN#, author, title, or keyword for
materials in your areas of interest.

Important Notice: Media content referenced within the product description or the product
text may not be available in the eBook version.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



| % 4

CENGAGE
Learning’

Discovering Behavioral Neuroscience:

An Introduction to Biological Psychology,
Third Edition

Laura A. Freberg

Product Director: Jon-David Hague

Product Manager: Tim Matray

Content Developer: Robert Jucha

Product Assistant: Kimiya Hojjat

Media Developer: Jasmin Tokatlian
Marketing Manager: Jennifer Levanduski
Content Project Manager: Michelle Clark

Art Director: Vernon Boes

Manufacturing Planner: Karen Hunt
Production Service: Integra

Photo and Text Researcher: Lumina Datamatics
Copy Editor: Nina Taylor

[llustrator: Integra Software Services Pvt. Ltd.
Text Designer: Liz Harasymczuk

Cover Designer: Irene Morris

Cover Image: Image by Tamily Weissman. The
Brainbow mouse was produced by Livet J,
Weissman TA, Kang H, Draft RW, Lu J,
Bennis RA, Sanes JR, Lichtman JW. Nature
(2007) 450:56-62

Interior design element: © Redshinestudio/
Shutterstock.com

Compositor: Integra Software Services Pvt. Ltd

Printed in the United States of America

Print Number: 02

Print Year: 2015

© 2016, 2010 Cengage Learning
WCN: 02-200-208

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein
may be reproduced, transmitted, stored, or used in any form or by any means
graphic, electronic, or mechanical, including but not limited to photocopying,
recording, scanning, digitizing, taping, Web distribution, information networks,
or information storage and retrieval systems, except as permitted under
Section 107 or 108 of the 1976 United States Copyright Act, without the prior
written permission of the publisher.

For product information and technology assistance, contact us at
Cengage Learning Customer & Sales Support, 1-800-354-9706.
For permission to use material from this text or product,
submit all requests online at www.cengage.com/permissions.
Further permissions questions can be e-mailed to
permissionrequest@cengage.com.

Library of Congress Control Number: 2014953530

Student Edition:
ISBN: 978-1-305-08870-2

Loose-leaf Edition:
ISBN: 978-1-305-63052-9

Cengage Learning

20 Channel Center Street
Boston, MA 02210

USA

Cengage Learning is a leading provider of customized learning solutions with
office locations around the globe, including Singapore, the United Kingdom,
Australia, Mexico, Brazil, and Japan. Locate your local office at
www.cengage.com/global.

Cengage Learning products are represented in Canada by Nelson Education, Ltd.
To learn more about Cengage Learning Solutions, visit www.cengage.com.

Purchase any of our products at your local college store or at our preferred
online store www.cengagebrain.com.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



TO MY FAMILY
Roger, Kristin, Karen, and Karla

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



(

Laura A. Freberg is Professor of Psychology at California Polytechnic State University,
San Luis Obispo, where she teaches courses in Introductory Psychology, Biological
Psychology, and Sensation and Perception. With John Cacioppo of the University of
Chicago, Laura is the co-author of two editions of Discovering Psychology: The Science
of Mind for Cengage Learning.

Laura completed her undergraduate and graduate studies at UCLA, where her
thinking about psychology was shaped by Eric Holman, John Garcia, O. Ivar Lovaas,
Larry Butcher, Jackson Beatty, John Libeskind, Donald Novin, Frank Krasne, and
E. Nowell Jones. She was privileged to study neuroanatomy with Arnold Scheibel,
and investigated the effects of psychoactive drugs on learning and memory under the
direction of Murray Jarvik and Ronald Siegel in the UCLA Neuropsychiatric Institute.
As a capstone to her education, Laura completed her dissertation with Robert Rescorla,
then at Yale University.

Laura’s teaching career began when she taught her first college course at Pasadena
City College at the age of 23 while still a graduate student at UCLA. Recently, to better
understand the needs of the online education community, she also began teaching
for Argosy University Online, including courses in Social Psychology, Sensation/
Perception, Cognitive Psychology, Statistics, Research Methods, and Writing in
Psychology. She has received Faculty Member of the Year recognition from Cal Poly
Disabilities Resource Center three times (1991, 1994, and 2009) for her work with
students with disabilities. She enjoys using technology and social media in the class-
room and is a Google Glass Explorer. Laura serves as the Content Expert Writer for
Psychology for Answers.com. and enjoys collaborating with daughters Kristin Saling
(Systems Engineering—U.S. Military Academy at West Point) and Karen Freberg
(Communications—University of Louisville) on a variety of research projects in crisis
management and public relations as well as in psychology. She serves as the Bylaws
and Archives Committee Chair for the Society for Social Neuroscience and is a mem-
ber of the editorial board for Leadership Quarterly.

In her spare time, Laura enjoys family time with her husband, Roger, their young-
est daughter Karla, who has autism spectrum disorder, and an active menagerie
including an Australian shepherd, two cats, and three parakeets. She usually writes
while consuming vast quantities of Gevalia coffee and listening to the Rolling Stones
(which might be apparent in the book’s writing style), and she has been known to
enjoy college football, Harley Davidsons, episodes of Game of Thrones that do not
feature weddings, and Sherlock. Her ringtone is from Nintendo’s Legend of Zelda.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



If you are familiar with the first and second editions of this textbook, you know that
we like to pick colorful visuals that portray the biology behind the behavior. For this
third edition, we selected an image of a “brainbow” of the hippocampus of a trans-
genic mouse. Brainbows are constructed by promoting the expression of different
ratios of red, green, and blue fluorescent proteins by individual neurons. This imaging
process has assisted researchers interested in mapping the connectome, or the neural
connections of the brain. The brainbow technique was developed in 2007 by research-
ers under the direction of Joshua Sanes and Jeff Lichtman.

© Tamily Weissman

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



0N O 0 b

9
10
11
12
13

14
15
16

Xix

What Is Behavioral Neuroscience? 1

Functional Neuroanatomy and the Evolution
of the Nervous System 25

Neurophysiology: The Structure and Functions
of the Cells of the Nervous System 63

Psychopharmacology 101

Genetics and the Development of the Human Brain
Vision 175

Nonvisual Sensation and Perception 215
Movement 253

Homeostasis and Motivation 289

Sexual Behavior 325

Sleep and Waking 363

Learning and Memory 399

Hemispheric Asymmetry, Language,
and Intelligence 443

Emotion, Reward, Aggression, and Stress 477
Neuropsychology 511
Psychopathology 543

References R-1

Name Index [-1

Subject Index/Glossary  1-13

e

vi V)

139

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Contents

Preface «xix

l 1 ) What Is Behavioral Neuroscience? 1

Neuroscience as an Interdisciplinary Field 2
Historical Highlights in Neuroscience 3
Ancient Milestones in Understanding the Nervous System 3
The Dawn of Scientific Reasoning 4
Modern Neuroscience Begins 4
Interim Summary 1.1 6
Behavioral Neuroscience Research Methods 7
Histology 7
Autopsy 8
Imaging 9
Recording 11
Brain Stimulation 14
Lesion 15
Biochemical Methods 17
Genetic Methods 17
Stem Cells 18
Interim Summary 1.2 19
Research Ethics in Behavioral Neuroscience 21
Human Participant Guidelines 21
Animal Subjects Guidelines 22
Interim Summary 1.3 23
Chapter Review ¢ Thought Questions ¢ Key Terms 24

BEHAVIORAL NEUROSCIENCE GOES TO WORK: What Can | Do with a Degree in
Neuroscience? 3

CONNECTING TO RESEARCH: Social Pain and the Brain 11
THINKING ETHICALLY: Can We Read Minds with Brain Imaging? 12
BUILDING BETTER HEALTH: When Is It Appropriate to Use Placebos? 22

Functional Neuroanatomy and the Evolution of the

Nervous System 25

Anatomical Directions and Planes of Section 26
Protecting and Supplying the Nervous System 28 :
Meninges 28 O

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



( viii 1) Contents

Cerebrospinal Fluid 29
The Brain’s Blood Supply 30
Interim Summary 2.1 32
The Central Nervous System 33
The Spinal Cord 34
Embryological Divisions of the Brain 35
The Hindbrain 35
The Midbrain 38
The Forebrain 39
Interim Summary 2.2 50
The Peripheral Nervous System 51
The Cranial Nerves 51
The Spinal Nerves 52
The Autonomic Nervous System 53
The Endocrine System 57
The Evolution of the Human Nervous System 57
Natural Selection and Evolution 58
Evolution of the Nervous System 58
Evolution of the Human Brain 59
Interim Summary 2.3 61
Chapter Review ¢ Thought Questions ® Key Terms 62

BEHAVIORAL NEUROSCIENCE GOES TO WORK: Treating Hydrocephalus 31
CONNECTING TO RESEARCH: The Connectome and Phineas Gage 48
THINKING ETHICALLY: Can We Localize Intelligence in the Brain? 49

BUILDING BETTER HEALTH: Do Gluten-Free Diets Have Benefits for People with
Autism Spectrum Disorder? 57

Neurophysiology: The Structure and Functions of the

Cells of the Nervous System 63

Glia and Neurons 64
Glia 64
The Structure of Neurons 67
Structural Variations in Neurons 74
Functional Variations in Neurons 74
Interim Summary 3.1 76
Generating Action Potentials 76
The Ionic Composition of the Intracellular and Extracellular
Fluids 76
The Movement of Ions 77
The Resting Potential 79
The Action Potential 81
Propagating Action Potentials 84
Interim Summary 3.2 87

The Synapse 88

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Contents [l ix

Electrical Synapses 88

Chemical Synapses 90

Neuromodulation 97
Interim Summary 3.3 98

Chapter Review ® Thought Questions ¢ Key Terms 99

CONNECTING TO RESEARCH: Astrocytes, HIV, and the Blood—-Brain Barrier 67
THINKING ETHICALLY: Lethal Injection 80

BEHAVIORAL NEUROSCIENCE GOES TO WORK: What Are We Reading in an ECG
or EEG? 86

BUILDING BETTER HEALTH: Eradicating Tetanus Worldwide 95

B Pochopharmacoogy 01

Neurotransmitters, Neuromodaulators,
and Neurohormones 102

Identifying Neurochemicals 103
Types of Neurochemicals 103
Interim Summary 4.1 114
Drug Actions at the Synapse 116
Agonists and Antagonists 116
Production of Neurochemicals 116
Neurochemical Storage 117
Neurochemical Release 117
Receptor Effects 117
Reuptake and Enzymatic Degradation 119
Interim Summary 4.2 120
Basic Principles of Drug Effects 121
Administration of Drugs 121
Individual Differences in Responses to Drugs 121
Placebo Effects 122
Tolerance and Withdrawal 123
Addiction 123
Effects of Selected Psychoactive Drugs 126
Stimulants 126
Opioids 131
Marijuana 132
LSD 132
Alcohol 133
Interim Summary 4.3 135

Chapter Review ¢ Thought Questions 136
Key Terms 137

CONNECTING TO RESEARCH: Otto Loewi and “Vagus Stuff” 103

BEHAVIORAL NEUROSCIENCE GOES TO WORK: Substance Abuse Counselors 125
BUILDING BETTER HEALTH: Reducing Nicotine Use 128

THINKING ETHICALLY: Using Addictive Drugs Affects Future Generations 135

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



x| Contents

1 5 )) Genetics and the Development of the Human Brain

The Genetic Bases of Behavior
From Genome to Trait 140
Sources of Genetic Variability 142
Heritability 144
Epigenetics 146
Interim Summary 5.1 149
Building a Brain 151
Prenatal Development 151
Effects of Experience on Development 160
Disorders of Nervous System Development 164
Interim Summary 5.2 168
The Brain in Adolescence and Adulthood 169
Brain Changes in Normal Aging 169
Adult Neurogenesis 170
Healthy Brain Aging 171
Interim Summary 5.3 172
Chapter Review ¢ Thought Questions 172

Key Terms 173

CONNECTING TO RESEARCH: Epigenetics, Gene Expression, and Stress 148
BEHAVIORAL NEUROSCIENCE GOES TO WORK: Genetics Counseling 149

BUILDING BETTER HEALTH: Nutrition During Pregnancy 152

THINKING ETHICALLY: When Are Adolescents Responsible for Their Actions? 170

e s

From Sensation to Perception 176
The Visual Stimulus: Light 177
The Advantages of Light as a Stimulus 177
The Electromagnetic Spectrum 177
Light Interacts with Objects 178
Interim Summary 6.1 179
The Structure and Functions of the Visual System 180
Protecting the Eye 180
The Functional Anatomy of the Eye 180
The Layered Organization of the Retina 184
The Photoreceptors 184
Differences Between Rods and Cones 187
Processing by Retinal Interneurons 188
Optic Nerve Connections 192
The Striate Cortex 195
Visual Analysis Beyond the Striate Cortex 198
Interim Summary 6.2 200
Visual Perception 201
Hierarchies 201

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Contents ([ xi

Spatial Frequencies 202
The Perception of Depth 203
Coding Color 205
The Life-Span Development of the Visual System 208
Disorders of the Visual System 209
Amblyopia 209
Cataracts 209
Visual Acuity Problems 209
Blindness 210
Visual Agnosias 211
Interim Summary 6.3 211

Chapter Review ® Thought Questions ¢ Key Terms 213

CONNECTING TO RESEARCH: Hubel and Wiesel Map the Visual Cortex 198
BEHAVIORAL NEUROSCIENCE GOES TO WORK: 3D Animation 204

THINKING ETHICALLY: Are There Sex Differences in Color Preferences? 206
BUILDING BETTER HEALTH: Does Eating Carrots Really Help Your Vision? 211

l 7 » Nonvisual Sensation and Perception 215

Audition 216
Sound as a Stimulus 216
The Structure and Function of the Auditory System 219
Auditory Perception 225
Hearing Disorders 227
Interim Summary 7.1 230
The Body Senses 231
The Vestibular System 231
Touch 233
Pain 240
Interim Summary 7.2 244
The Chemical Senses 246
Olfaction 246
Gustation 248
Interim Summary 7.3 250

Chapter Review ® Thought Questions ¢ Key Terms 252

BUILDING BETTER HEALTH: Earbuds and Hearing Loss 228

THINKING ETHICALLY: Cochlear Implants and Deaf Culture 229

CONNECTING TO RESEARCH: Phantom Limbs, Mirrors, and Longer Noses 240
BEHAVIORAL NEUROSCIENCE GOES TO WORK: What Is a Perfumer? 251

l 8 » Movement 253

Muscles 254
Types of Muscles 254

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



‘(/ xii ) Contents
\ Y/

Muscle Anatomy and Contraction 255
The Effects of Exercise on Muscle 257
Effects of Aging on Muscles 258
Neural Control of Muscles 260
Alpha Motor Neurons 260
The Motor Unit 261
The Control of Muscle Contractions 261
The Control of Spinal Motor Neurons 261
Interim Summary 8.1 265
Reflex Control of Movement 266
Reciprocal Inhibition at Joints 266
The Flexor Reflex 267
Spinal Reflexes Related to Walking 267
Reflexes over the Lifespan 268
Motor Systems of the Brain 269
Spinal Motor Pathways 269
The Cerebellum 271
The Basal Ganglia 271
The Motor Cortex 272
Interim Summary 8.2 277
Disorders of Movement 278
Toxins 278
Myasthenia Gravis 278
Muscular Dystrophy 279
Polio 280
Accidental Spinal Cord Damage 281
Amyotrophic Lateral Sclerosis (ALS; Lou Gehrig’s Disease) 282
Parkinson’s Disease 282
Huntington’s Disease 284
Interim Summary 8.3 286

Chapter Review ¢ Thought Questions ¢ Key Terms 287

THINKING ETHICALLY: Gene Doping for Strength 259
CONNECTING TO RESEARCH: Mirror Neurons 276

BUILDING BETTER HEALTH: When Vaccination Is Not Enough 280
BEHAVIORAL NEUROSCIENCE GOES TO WORK: Physical Therapy 281

9 /) Homeostasis and Motivation 289

Homeostasis and Motivation 290
Regulating Body Temperature 290
Adaptations Maintain Temperature 291
Behavioral Responses to Heat and Cold 292
Endothermic Responses to Heat and Cold 292
Deviations in Human Core Temperature 293
Brain Mechanisms for Temperature Regulation 295
Interim Summary 9.1 297

Thirst: Regulating the Body’s Fluid Levels 298

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



\
Contents ([ xiii )
\ //

Intracellular and Extracellular Fluid Compartments 298
Osmosis Causes Water to Move 299
The Kidneys 300
The Sensation of Thirst 301
Interim Summary 9.2 306
Hunger: Regulating the Body’s Supply of Nutrients 307
The Environment and Eating 307
The Process of Digestion 308
The Pancreatic Hormones 309
The Initiation of Eating 310
Satiety 315
Healthy and Disordered Eating 316
Defining Healthy Weight 316
Obesity 317
Disordered Eating 320
Interim Summary 9.3 322

Chapter Review ¢ Thought Questions ¢ Key Terms 323

BUILDING BETTER HEALTH: Understanding the Benefits of Fever 294
CONNECTING TO RESEARCH: Swallowing Balloons and Growling Stomachs 311
BEHAVIORAL NEUROSCIENCE GOES TO WORK: Dieticians and Nutritionists 316
THINKING ETHICALLY: How Dangerous Is It to Be Overweight or Obese? 319

WY sevaisenavor 35

Sexual Development 326
The Genetics of Sex 326
Three Stages of Prenatal Development 330
Development at Puberty 333
Interim Summary 10.1 336
Sex Differences in Hormones, Brain Structure, and Behavior 337
The Organizing Role of Sex Hormones 337
Sexual Dimorphism in the Brain 339
Sex Differences in Behavior and Cognition 341
Sexual Orientation 344
Hormones and Sexual Orientation 344
Brain Structure and Sexual Orientation 345
Genes and Sexual Orientation 347
Sexual Orientation and Cognition 347
Interim Summary 10.2 349
Biological Influences on Adult Sexual Behavior 349
The Regulation of Sex Hormones 349
The Menstrual Cycle and Female Fertility 350
Male Contraception 353
Hormones and Adult Sexual Behavior 353

Attraction, Romantic Love, Sexual Desire,
and Parenting 355

Elements of Physical Attractiveness 355

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



(XW Contents
Romantic Love and Sexual Desire 357
Reproduction and Parenting 358
Sexual Dysfunction and Its Treatment 359
Interim Summary 10.3 360
Chapter Review ¢ Thought Questions ¢ Key Terms 361

BEHAVIORAL NEUROSCIENCE GOES TO WORK: How Do Therapists Treat
Gender Dysphoria? 335

CONNECTING TO RESEARCH: Simon LeVay and INAH-3 346
THINKING ETHICALLY: Biology’s Role in Explaining Gender and
Sexual Orientation 348

BUILDING BETTER HEALTH: Treating Patients with Antidepressant-Induced
Sexual Dysfunction 360

QA scopanawaking 33

Biorhythms 364
Individual Variations in Sleep Patterns 365
Shift Work, Jet Lag, and Daylight Saving Time 366
The Body’s Internal Clocks Manage Circadian Rhythms 368
Major Depressive Disorder with Seasonal Pattern 373
Interim Summary 11.1 374
Neural Correlates of Waking and Sleep 375
Electroencephalogram Recordings of Waking and Sleep 375
Brain Networks Control Waking and Sleep 378
Biochemical Correlates of Waking and Sleep 383
Interim Summary 11.2 384
The Functions of Sleep 385
Changes in Sleep over the Lifetime 386
Possible Advantages of Sleep 387
Special Benefits of REM Sleep 389
The Possible Functions of Dreaming 390
Sleep-Wake Disorders 392
Insomnia 392
Narcolepsy 393
Breathing-Related Sleep Disorders 395
Sudden Infant Death Syndrome (SIDS) 395
Sleep Talking and Sleep Walking 396
REM Sleep Behavior Disorder 396
Restless Leg Syndrome (RLS) 396
Interim Summary 11.3 397

Chapter Review ¢ Thought Questions ¢ Key Terms 398

CONNECTING TO RESEARCH: A Composite Scale of Morningness 365
THINKING ETHICALLY: Artificial Lighting and Circadian Rhythms 373
BUILDING BETTER HEALTH: Do Smartphone Sleep Apps Work? 376
BEHAVIORAL NEUROSCIENCE GOES TO WORK: Sleep Medicine 392

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Contents [ v

2 I

Learning 400
Habituation and Sensitization 401
Classical Conditioning 401
Operant Conditioning 402

Learning at the Synapse 403
Short-Term Habituation at the Synapse 404
Short-Term Sensitization at the Synapse 406
Long-Term Habituation and Sensitization at the Synapse 406
Classical Conditioning at the Synapse 409
Operant Conditioning at the Synapse 411

Brain Structures and Circuits Involved in Learning 412
Classical Conditioning of Threat 412
Classical Conditioning of the Eyeblink 413
Cerebellar Circuits and Classical Conditioning 414
Trace Conditioning 416
Extinction 416

Interim Summary 12.1 417

Types of Memory 418

Brain Structures and Circuits Involved in Memory 420
Early Efforts to Locate Memory Functions 420
The Temporal Lobe and Memory 422
Long-Term Potentiation (LTP) 424
The Diencephalon and Memory 428
Semantic Memory and the Cerebral Cortex 429
Episodic Memory and the Cerebral Cortex 429
Short-Term Memory and the Brain 431
The Striatum and Procedural Memory 432

Interim Summary 12.2 433

The Biochemistry of Memory 434

The Effects of Stress and Healthy Aging

on Learning and Memory 435
Stress Effects on Memory 435
The Effects of Healthy Aging on Memory 439

Interim Summary 12.3 440

Chapter Review ® Thought Questions ¢ Key Terms 441

BEHAVIORAL NEUROSCIENCE GOES TO WORK: What Is Neuro Education? 403
CONNECTING TO RESEARCH: Karl Lashley’s Search for the Engram 421
THINKING ETHICALLY: Should We Erase Traumatic Memories? 438

BUILDING BETTER HEALTH: Can We Avoid Age-Related Memory Deficits? 439

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xvi ) Contents

1 3 Hemispheric Asymmetry, Language,

and Intelligence 443

Hemispheric Asymmetry and Its Behavioral Correlates 444
Learning About Asymmetry 444
The Evolution of Lateralization 449
The Development of Lateralization 450
Implications of Asymmetry for Behavior 450

Interim Summary 13.1 455

Language 456
The Origins of Language 457
Communication in Nonhuman Animals 458
Multilingualism 459
American Sign Language (ASL) 461

Communication Disorders and Brain Mechanisms
for Language 462

Paul Broca and Patient Tan 462

Aphasia 462

Disorders of Reading and Writing 466

Stuttering 469
Interim Summary 13.2 470
Intelligence 471

Assessing Intelligence 471

General Versus Specific Abilities 471

Intelligence and Genetics 471

Structural and Functional Correlates of Intelligence 472
Interim Summary 13.3 474

Chapter Review ¢ Thought Questions ¢ Key Terms 475

CONNECTING TO RESEARCH: Savants and Laterality 455

BEHAVIORAL NEUROSCIENCE GOES TO WORK: Speech and Language Pathology 469
THINKING ETHICALLY: Performance-Enhancing Drugs for the Mind? 472

BUILDING BETTER HEALTH: Enriched Environments, Infectious Load, and IQ 474

1 14 )) Emotion, Reward, Aggression, and Stress 477

Emotion 478
The Evolution and Adaptive Benefits of Emotion 478
The Expression and Recognition of Emotion 478
Theories of Emotion 485
Biological Correlates of Emotion 490
Interim Summary 14.1 494
Pleasure and Reward 495
The Mesostriatal Pathway 496
Reward and Decision Making 497
Aggression and Violence 497
Genetics, Environment, Epigenetics, and Aggression 498

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Contents ([ xvii >

Brain Structures and Aggression 499
Biochemistry and Aggression 500
Stress 502

Hans Selye and the General Adaptation

Syndrome (GAS) 503

Responses to Stress 503

Stress and Epigenetics 506

Stress, the Immune System, and Health 507
Interim Summary 14.2 509

Chapter Review ® Thought Questions ¢ Key Terms 510

CONNECTING TO RESEARCH: Facial Expressions Predict Assault 482
THINKING ETHICALLY: Brain Damage and the Criminal Justice System 500
BEHAVIORAL NEUROSCIENCE GOES TO WORK: Pet Therapy for Stress 508
BUILDING BETTER HEALTH: Stress Management 509

QB Newopsychoogy st

What Is Neuropsychology? 512
Who Are the Neuropsychologists? 512
Neuropsychological Assessment 512

Neurocognitive Disorders 513
Alzheimer’s Disease 514
Vascular Disease (Stroke) 515
Traumatic Brain Injury (TBI) 519
Substance/Medication-Induced Neurocognitive Disorder 521
HIV-associated Neurocognitive Disorder (HAND) 522
Prion Diseases 522

Interim Summary 151 527

Neurocognitive Disorders Due to Other Medical Conditions 528
Brain Tumors 528
Infections 530
Epilepsy 532
Multiple Sclerosis 535
Migraine 536

Recovery and Treatment in Neurocognitive Disorders 537
Plasticity and Recovery 537
Cognitive Reserve 538
Rehabilitation for Neurocognitive Disorders 539

Interim Summary 15.2 540

Chapter Review ¢ Thought Questions ¢ Key Terms 541

BEHAVIORAL NEUROSCIENCE GOES TO WORK: Preparing to Be a Clinical
Neuropsychologist 512

THINKING ETHICALLY: APOE E* in Younger Adults 516
BUILDING BETTER HEALTH: Recognizing the Signs of a Stroke 518
CONNECTING TO RESEARCH: Stanley Prusiner and the Prion 524

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



‘(/ xviii | Contents
\ Y/

6 I

What Does It Mean to Have a Mental Disorder? 544
Autism Spectrum Disorder (ASD) 545
Causes of ASD 546
Brain Structure and Function in ASD 547
Treatment of ASD 549
Attention Deficit Hyperactivity Disorder 550
Causes of ADHD 551
Brain Structure and Function in ADHD 551
Treatment of ADHD 552
Interim Summary 16.1 552
Schizophrenia 553
Genetic Contributions to Schizophrenia 553
Environmental Influences on Schizophrenia 555
Brain Structure and Function in Schizophrenia 556
The Biochemistry of Schizophrenia 558
Treating Schizophrenia 559
Bipolar Disorder 561
Genetics and Bipolar Disorder 562
Brain Structure and Function in Bipolar Disorder 562
Biochemistry and Treatment of Bipolar Disorder 562
Major Depressive Disorder (MDD) 563
Genetic Contributions to MDD 564
Environmental Influences on MDD 565
Brain Structure and Function in MDD 565
Biochemistry of MDD 566
Treatment of MDD 567
Interim Summary 16.2 569
Anxiety Disorders 569
Obsessive-Compulsive Disorder (OCD) 571
Posttraumatic Stress Disorder (PTSD) 572
Antisocial Personality Disorder (ASPD) 574
Genetics and ASPD 574
Brain Structure and Function in ASPD 575
Treatment of ASPD 576
Interim Summary 16.3 577

Chapter Review ® Thought Questions ® Key Terms 578

CONNECTING TO RESEARCH: Genetic Overlap in Five Disorders 545
BEHAVIORAL NEUROSCIENCE GOES TO WORK: Applied Behavior Analysis 549
BUILDING BETTER HEALTH: Diet and Bipolar Disorder 563

THINKING ETHICALLY: Are Psychopaths Legally Liable for Their Actions? 577

Reference R-1
Name Index |-1
Subject Index/Glossary  1-13

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Preface

“... in teaching, you must simply work your pupil into such a state of inter-
est in what you are going to teach him that every other object of attention is
banished from his mind; then reveal it to him so impressively that he will
remember the occasion to his dying day; and finally fill him with devouring
curiosity to know what the steps in connection with the subject are.”

—William James (1899, p. 10)

James’s goals for the classroom instructor might seem lofty to some, but many of us
who teach neuroscience have enjoyed the peak experience of seeing students “turn on”
to the material in just the way James describes.

This is an exciting time to be a neuroscientist. Every day, science newsfeeds
announce some new and dramatic breakthroughs in our knowledge about the ner-
vous system and the human mind. Important questions raised in the past now have
definitive answers. In 1890, James commented that “blood very likely may rush to
each region of the cortex according as it is most active, but of this we know nothing”
(vol. 1, p. 99). With today’s technology, it is safe to say we now know much more than
“nothing” about this phenomenon James described.

Much has changed in the field of neuroscience since our first edition of this text-
bookin 2006. More than half of the four-year universities in the United States now offer
bachelors degrees in neuroscience, and most offer at least a minor in the discipline.
Neuroscience reflects a general academic trend of the 21st century, in which the walls
separating specializations are giving way to new, transdisciplinary research teams,
courses, and educational programs. In recognition of these changes, we have decided
to modify the title of the third edition of this textbook from Discovering Biological
Psychology to Discovering Behavioral Neuroscience: An Introduction to Biological
Psychology. A greater emphasis on the neurosciences in general is also achieved by
renaming some chapter titles. Psychology, of course, still provides a foundation for
the study of behavioral neuroscience, as without the ability to ask the right questions
about behavior and mental processes, all of the technology on the planet wouldn’t do
us much good. Our current behavioral neuroscience students, however, are just as
likely to be preparing for careers in the health professions, biomedical engineering, or
even scientific journalism as they are in psychology.

A major reflection of the transdisciplinary approach exemplified by the neuro-
sciences is the inclusion of psychology and behavioral neuroscience content in the
revised edition of the Medical College Admission Test (MCAT) beginning in 2015.
One hundred years ago, the leading killers of humans were infectious diseases. Today’s
top killers—heart disease, diabetes, and cancer—have far stronger relationships with
behavior, not only in their causes but also in their treatments. A simple five-minute
conversation with a health professional about the need to quit smoking is sufficient to
lead to abstention for one year by 2 percent of patients (Law & Tang, 1995). This might
not sound like much, but given the 20 percent or so of American adults who smoke
and the billions of dollars their healthcare and lost productivity represent, the stakes
are very high. Imagine what could be accomplished by healthcare providers who have
a deep understanding of learning, motivation, and social influences on behavior. In
response to these and similar trends, the current edition of the textbook explores rele-
vant applications to students pursuing fields of study other than psychology whenever
these are relevant.

Wl Xix |

N/
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This third edition continues and expands upon the goals of the previous two:

» To provide challenging, very current content in a student-friendly, accessible form.

» To stimulate critical thinking about neuroscience by presenting controversial and
cutting-edge material.

» To promote active student engagement and excitement about the neurosciences.

» To integrate across chapters rather than treating them as stand-alone modules; to
encourage students to see the connections among the topics. For example, con-
nections are made between glutamate as a chemical messenger, its role in learn-
ing, the effects of psychoactive drugs on glutamate, its role in psychosis, and its
importance to the causes and treatments of stroke and epilepsy.

Pedagogical Features

We realize that a course in behavioral neuroscience can be challenging for many stu-
dents, particularly those who are underprepared for science courses. To make the
process of mastering behavioral neuroscience concepts easier, we have included the
following features:

> Accessible Writing Style Many textbooks are classified by “level,” but it is my
opinion that the most complex topics can be mastered by students across a wide
range of preparation if the writing style is clear. Students and instructors from the
community college through the top R1 universities have kindly complimented me
on the accessible writing style used in this textbook. The textbook is also widely
adopted in non-English-speaking countries, which suggests that the writing style
is manageable for those for whom English is not a first language.

» Clear, Large, Carefully Labeled Illustrations Our medical-quality anatomical
illustrations help students visualize the structures and processes discussed in
each part of the textbook. Behavioral neuroscience is similar to geography in its
highly visual nature, and both fields require more visual aids than most other
courses. The illustrations in the textbook are augmented by a set of online anima-
tions that help the student grasp processes over time, such as the propagation of
action potentials down the length of an axon.

» Learning Objectives and Chapter Outlines Each chapter begins with a concise
set of learning objectives designed to tap into higher levels of Bloom’s taxonomy,
as well as an outline of the chapter’s content. These features assist students in
planning their learning and in becoming familiar with main terms and concepts
to be covered.

» Margin Glossaries We regularly provide margin definitions for many dif-
ficult terms. Unlike many textbooks, we do not restrict margin definitions to
keyterms only. In the electronic forms of the book, these take the form of pop-
up definitions, with which students are familiar from their online searching
experience.

» Keyterms We provide a concise list of keyterms to help students focus their learn-
ing. Behavioral neuroscience can often seem more like a foreign language course
than a science course, and students benefit from guidance regarding which terms
should be prioritized.

» Interim Summaries Each chapter features two to three interim summaries where
students can catch their breath and check their mastery of the material before
proceeding. These summaries feature summary points keyed to the learning
objectives listed at the beginning of each chapter as well as review questions. Most
interim summaries also include a helpful table that pulls together key concepts
from the previous section in one convenient place.
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» Chapter Integration To emphasize how the material fits together and to promote
elaborative rehearsal, we make references to other chapters relevant to the topic
at hand. In the electronic form of the textbook, these will take the form of hyper-
links. This will allow the reader to refer to other parts of the book as review if
necessary before proceeding to new material.

» Chapter Review At the end of each chapter, the student will find some thought
questions that can also serve as essay or discussion prompts. The Chapter Reviews
also include the list of keyterms.

» Practice Tests In the electronic version of the textbook (see the description of
MindTap), practice tests will be available for each main heading with a compre-
hensive practice test at the end of each chapter.

New Features for the Third Edition

Students have told me that the narrative of the textbook is “packed,” and that skim-
ming paragraphs is usually a recipe for disaster, as each sentence “counts.” In defense,
I respond that we have so much to say and so little room to say it in that there is little
space for “fluff.” At the same time, psychological science shows that spaced learning is
superior to massed learning, so it is a good idea to provide regular breaks in the narra-
tive to allow students to catch their breath and digest what they have read. We like to
think of these breaks as cool stepping-stones in the flow of lava.

One type of break that we used in the previous editions and continue here in the
third is the use of interim summaries that include section summary points and review
questions. Most also feature tables that pull together chunks of material in a way that
makes it easy to learn. Any complex field like the neurosciences entails a bit of sim-
ple, rote memorization to form a foundation for later analysis and critical thinking.
The more quickly we can bring students up to speed on the basics, the faster we can
move on to higher levels of discussion. Chapter summaries include thought questions
designed to push students to think more actively and deeply about what they have read.

In addition to the interim and chapter summaries, each chapter of the third edi-
tion includes four types of features. We recognize that “boxing” material often encour-
ages students to overlook content unless expressly instructed to read the boxes, but we
trust instructors to use these in ways consistent with their personal style. Obviously,
we hope that the content is sufficiently engaging that students will read the material
regardless of “what’s on the test.”

» Thinking Ethically features introduce controversial, contemporary questions that
require the students to use the information in the chapter in critical ways. Our stu-
dents will graduate to become community leaders, and they need to be able to think
ethically about future cultural choices related to the neurosciences. For example,
this feature in Chapter 1 follows a discussion of brain imaging technology with
questions about the potential use of brain imaging as a “lie detection” technology.

» Connecting to Research features highlight either classic or very contemporary
single studies in behavioral neuroscience. This provides students with a “soft”
segue into the scholarly literature, which might otherwise seem somewhat
intimidating. The feature emphasizes the type of critical thinking and creativity
required to advance science. For example, this feature in Chapter 2 describes the
re-analysis of Phineas Gage’s brain damage using a connectome approach.

» Behavioral Neuroscience Goes to Work features expose students to some of
the many real-world career paths that relate to behavioral neuroscience. In my
experience, many students are unaware of a number of these options. They love
the material but have no idea how they can meld this passion with their need to
find employment. In this feature in Chapter 5, we describe the role of the genet-
ics counselor, whose insights will be increasingly important as the public obtains
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more information about personal genotypes. As a bridge between biological sci-
ences and the counseling professions, this career has become increasingly popular
with my students. At least half a dozen who are now enrolled or who have com-
pleted genetics counseling master’s degrees attribute their career choice to my
“selling” this concept in class.

» Building Better Health features provide an additional opportunity for students
to think critically about behavioral neuroscience in the context of real-world
health problems. Do gluten-free diets relieve symptoms of autism spectrum dis-
order? How well do smartphone sleep apps work? How do you recognize the signs
of a stroke?

New Content for the Third Edition

This new edition contains many hundreds of new citations to reflect the advances
in the field that have occurred since the previous edition went to press. One of the
major sources of change was the publication of DSM-5 in May 2013. The discussion of
movement disorders, neurocognitive disorders, and psychological disorders has been
updated to match changes made by DSM-5 in terminology and organization.

Ilustrations have also been updated to reflect the new content. Because space is
so precious, illustrations are viewed as “teachable moments” that expand on or further
explain the narrative rather than redundant, “pretty” placeholders. We are especially
proud of our medical-quality anatomical illustrations, which have been the source of
much positive feedback through the previous editions.

Space does not permit me to provide an exhaustive list of the updates, but here are
some of the chapter-by-chapter highlights:

Chapter 1 What Is Behavioral Neuroscience?

» Updated definitions of neuroscience and behavioral neuroscience
» Updated methods section including a description of optogenetics
» Added description of the analysis of epigenetics

Chapter 2 Functional Neuroanatomy and the Evolution
of the Nervous System

» Clarified use of anatomical directional terms

» Expanded discussion of embryological divisions of the brain, including organi-
zational table

» Expanded discussion of the parts of the basal ganglia

v

Added section on the enteric nervous system
» Added section on the endocrine system

Chapter 3 Neurophysiology: The Structure and Function
of the Cells of the Nervous System

» Re-ordered discussion of glia and neurons to improve transition from discussions
of neural structure to neural function
» Introduction of concept of axonal varicosities.

» Introduction of distinction between directed and nondirected synapses

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



777 N\
Preface (I xxiii>3

Chapter 4 Psychopharmacology
» Clarified use of neurotransmitter, neuromodulator, and neurohormone terms in
conjunction with directed and nondirected synapses
» Updated discussion of gasotransmitters
» Added discussion of histamine to the indoleamines

» Expanded discussion of dopaminergic pathways to include the mesostriatal and
mesolimbocortical pathways and pathways originating in the hypothalamus

» Expanded discussion of receptor subtypes
» Added discussion of glycine
» Updated discussion of mode of action of methamphetamine and MDMA

Chapter 5 Genetics and the Development of the Human Brain

» Added discussion of copy-number variations (CNVs)

» Added section on epigenetics, including discussion of histone modification and
DNA methylation

» Updated discussion of role of astrocytes in synapse formation and pruning
» Expanded discussion of enriched environments

» Expanded section on the brain in adolescence and adulthood, emphasizing
healthy brain aging

Chapter 6 Vision
» Added general section introducing concepts of sensation, perception, transduc-
tion, and top-down/bottom-up processing
» Distinguished between diffuse and midget bipolar cells in the retina
» Added section on cortical mapping of the visual field
» Added description of akinetopsia

Chapter 7 Nonvisual Sensation and Perception

» Updated and expanded discussion of loudness perception

» Updated section on cochlear implants

» Expanded and clarified discussion of the gate theory of pain
» Expanded discussion of the chemical senses

Chapter 8 Movement
» Added subtypes of muscle spindle fibers and their relationships with Ia and group
IT sensory fibers
» Updated section on planning of movement
» Updated discussion of mirror systems

» Updated discussion of the causes and treatments for movement disorders, and in
particular Parkinson’s disease and Huntington’s disease

Chapter 9 Homeostasis and Motivation

» Increased coverage of hyperthermia related to MDMA and serotonin syndrome

» Expanded explanation of the preoptic area and temperature regulation
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» Updated information about why we stop drinking
» Updated discussion of obesity

» Updated discussion of disordered eating to be consistent with DSM-5, including
section on new binge-eating disorder

Chapter 10 Sexual Behavior

» Updated discussion of sex chromosome variations, including mosaic karyotypes

» Expanded discussion of intersex and gender dysphoria

v

Increased emphasis on organizing and activating roles of sex hormones in
development

Updated discussion of biomarkers for prenatal hormone environment
Updated discussion of sexual dimorphism in the brain

Expanded section on gender differences in behavior and cognition
Added section on gender identity and transsexuality

Expanded discussion on sexual orientation

Updated section on male contraception

Updated section on attraction, romantic love, and sexual desire

vV VYV Vv VY VvVYyYyYy

Updated section on sexual dysfunction and its treatment

Chapter 11 Biorhythms

» Expanded discussion of the effects of artificial lighting on circadian rhythms
» Added discussion of gamma band activity

» Added discussion of default mode network (DMN) and its relationship to levels
of consciousness

» Updated section on sleep-wake disorders to conform to DSM-5

Chapter 12 Learning and Memory

» Reorganized chapter material into sections on learning at the synapse and learn-
ing involving brain structures and circuits
Updated information about short-term and long-term learning at the synapse
Added information on operant conditioning in Aplysia
Added information about extinction learning
Expanded and updated section on long-term potentiation (LTP)

Expanded and updated section on the biochemistry of memory

vVVvyVvVvyYyvyywy

Updated sections on the effects of stress and healthy aging on memory

Chapter 13 Hemispheric Asymmetry, Language,
and Intelligence

» Updated discussion of lateralization to include lateralization “hubs”
» Expanded discussion of the advantages and development of lateralization

» Added section on lateralization, psychological disorders, and disease

» Updated and expanded discussion of gesture and language

» Updated and expanded discussion of multilingualism, including its contribution
to cognitive reserve
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» Added discussion of dual stream models of language

» Updated discussion of epigenetics and intelligence

Chapter 14 Emotion, Reward, Aggresssion, and Stress

» Expanded discussion of somatic markers

» Updated discussion of roles of amygdala, insula, basal ganglia, and anterior cin-
gulate cortex to emotional processing

» Updated and expanded discussion of mesostriatal pathway, reward, and addiction
» Expanded and updated discussion of epigenetics and aggression

» Distinguished between roles of the sympathetic adrenal-medullary (SAM) system
and the HPA axis in responses to stress

» Added section on epigenetics and stress

» Updated section on stress and health

Chapter 15 Neuropsychology

» Reorganized chapter to begin with a discussion of neuropsychology
» Updated and expanded section on neuropsychological assessment

» Updated terms such as neurocognitive disorder to maintain consistency with
DSM-5

» Updated and greatly expanded coverage of Alzheimer’s disease, which was moved
here from Chapter 5 in 2e

v

Expanded coverage of traumatic brain injury (TBI) to differentiate between com-
bat-related blast injuries and other types of TBI

Updated discussion of treatment of TBI
Added section on substance/medication-induced neurocognitive disorder
Updated section on HIV-associated neurocognitive disorder

vV VvyVvyy

Updated and expanded section on recovery and treatment of neurocognitive dis-
orders, including discussion of cognitive reserve and “Wii-hab”

Chapter 16 Psychopathology
» Updated the ordering of topics, new terminology, and new diagnostic criteria for
all disorders to maintain consistency with DSM-5

» Discussed new research identifying common susceptibility genes for schizophre-
nia, bipolar disorder, autism spectrum disorder, attention deficit disorder, and
major depressive disorder

» Updated discussion of the prevalence, causes, and brain correlates of autism spec-
trum disorder and attention deficit hyperactivity disorder

Updated discussion of genetic, biochemical, and brain correlates of schizophrenia
Introduced the concept of oxidative stress as a correlate of bipolar disorder

Expanded the discussion of biochemical correlates of major depressive disorder

vV VvyVvyy

Expanded and updated section on posttraumatic stress disorder (PTSD) and the
roles of the hippocampus and anterior cingulate cortex in particular

v

Discussed the relationship between psychopathy and antisocial personality disor-
der within the context of DSM-5

» Expanded discussion of biological correlates and treatment of antisocial person-
ality disorder
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MindTap

MindTap Psychology for Freberg’s Discovering Behavioral Neuroscience: An
Introduction to Biological Psychology, 3rd edition, is a personalized teaching experi-
ence with relevant assignments that guide students to analyze, apply, and improve
thinking, allowing you to measure skills and outcomes with ease.

The Discovering Behavioral Neuroscience MindTap:

» Delivers assessment and content that moves students into higher-order thinking

» Provides evidence of student performance and a targeted delivery of assets to
better engage and further demonstrate concepts both in and out of class

» Provides secure online testing comprised of evidence-based, standard assessment
items to ensure students are performing based on their whole learning experience

» Provides first-rate animations and simulated lab experiences that illustrate bio-
logical processes

While other publishers offer homework-based solutions that focus on knowledge
and comprehension, the Discovering Behavioral Neuroscience MindTap learning path
includes resources that move students through Bloom’s taxonomy utilizing formative
and summative assessment and first-class videos, animations, and virtual labs.

Instructor Ancillaries

To further serve the needs of faculty, I have paid close attention to the production of
useful ancillaries. As tempting as it was to farm these out in the interests of time and
sanity, I have been personally involved with the production of animations as well as
the construction of more than 3,000 questions for the Test Bank. Many of these ques-
tions have been piloted in my own classes. My questions reflect past collaboration
with consultants who specialize in test construction for higher education, and I think
you will find them a refreshing change from the usual test banks supplied with text-
books. The following ancillaries give instructors the tools to present course materials
according to individual preference:

» Instructor’s Resource Manual: Save time, streamline your course preparation,
and get the most from the text by preparing for class more quickly and effec-
tively. The Instructor’s Resource Manual contains sample lecture outlines, ideas
for classroom demonstrations and handouts, and suggestions for using outside
resources in the classroom.

» Cengage Learning Testbank Powered by Cognero: This is a flexible, online sys-
tem that allows you to: import, edit, and manipulate content from the text’s test
bank or elsewhere, including your own favorite test questions; create multiple test
versions in an instant; and deliver tests from your LMS, your classroom, or wher-
ever you want.

» PowerPoints: This one-stop lecture and class preparation tool contains ready-to-
use Microsoft PowerPoint slides and allows you to assemble, edit, publish, and
present custom lectures for your course. Our PowerPoints let you bring together
text-specific lecture outlines along with videos, animations based on the art pro-
gram, or your own materials—culminating in a powerful, personalized, media-
enhanced presentation.

» The Instructors’ Website: Log on to the password-protected site to access a
wide range of resources, such as electronic versions of the instructor’s manual,
PowerPoint slides, and more.
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What Is Behavioral Neuroscience?

LEARNING OBJECTIVES

LO1 Classify the subfields of neuroscience, and
explain how behavioral neuroscience fits within
the field.

LO2 Interpret the significance of the major historical
highlights in the study of the nervous system.

LO3 Differentiate the brain imaging technologies,
including CT, PET, SPECT, MRI, fMRI, and DTI.

LO4 Assess the use of histological, recording,
stimulation, lesion, optogenetics, and
biochemical methods in behavioral neuroscience.

LO5 Discuss the relative strengths and weaknesses
of twin studies, adoption studies, and the
investigation of epigenetics for understanding
behavior.

LO6 Evaluate the ethical standards used to protect
human and animal research participants.

CHAPTER OUTLINE

Neuroscience as an Interdisciplinary Field
Historical Highlights in Neuroscience
Ancient Milestones in Understanding the Nervous
System
The Dawn of Scientific Reasoning
Modern Neuroscience Begins
Interim Summary 1.1
Behavioral Neuroscience Research Methods
Histology
Autopsy
Imaging
Recording
Brain Stimulation
Lesion
Biochemical Methods
Genetic Methods
Stem Cells
Interim Summary 1.2
Research Ethics in Behavioral Neuroscience
Human Participant Guidelines
Animal Subjects Guidelines
Interim Summary 1.3
Chapter Review

BEHAVIORAL NEUROSCIENCE GOES TO WORK: What
Can | Do with a Degree in Neuroscience?

CONNECTING TO RESEARCH: Social Pain and the Brain

THINKING ETHICALLY: Can We Read Minds with Brain
Imaging?

BUILDING BETTER HEALTH: When Is It Appropriate
To Use Placebos?
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CHAPTER 1 What Is Behavioral Neuroscience

Neuroscience as an Interdisciplinary Field

Neuroscience is the scientific study of the brain and nervous system, in health and in
disease (UCLA, 2008). Neuroscientists strive to understand the functions of the brain
and nervous system across a number of levels of analysis, using molecular, cellular,
synaptic, network, computational, and behavioral approaches. You might think of this
field as analogous to Google Earth. We can zoom in to see the tiniest detail and then
zoom back out again to see the “big picture.”

Beginning at the most microscopic level, the molecular neuroscientist explores
the nervous system at the level of the molecules that serve as its building blocks.
We will cover their work in our chapters on neural cell physiology (Chapter 3) and
psychopharmacology (Chapter 4). Starting with DNA and RNA and the proteins
resulting from gene expression, the molecular neuroscientist attempts to understand
the chemicals that build the system and make neural functioning possible.

Zooming out just a bit from the molecular level of analysis, we find the cellular
neuroscientist hard at work outlining the structure, physiological properties, and
functions of single cells found within the nervous system. These isolated cells would
be of no use unless they could forge connections, which they do at junctions we call
synapses. Synaptic neuroscience examines the strength and flexibility of neural con-
nections, which underlie complex processes such as learning and memory.

Beyond the single synapse, we find that interconnected
- N  neurons form pathways or networks. In contemporary neu-
roscience, we are seeing a move away from the idea that “this
structure engages in this function” to ideas that more accu-
rately reflect neural networks that have been identified. We are
more likely to say that “this structure participates in a network
connecting these other structures to engage in this type of
| Network processing.”

Zooming out perhaps to the most global point of view,
we find behavioral neuroscience, also known as biologi-
cal psychology, which is the primary focus of this textbook.
| . Computational Behavioral neuroscientists use all of the previous levels of

Synaptic ) . .

Neuroscience analysis, from the molecular up through the network, in
their efforts to understand the biological correlates of behav-
ior. Like the neurosciences in general, behavioral neurosci-
ence looks at the activity of the nervous system in health and
| Cellular in cases of illness or injury. Subspecialties within behavioral
neuroscience include cognitive neuroscience, or the study of
the biological correlates of information processing, learning
and memory, decision making, and reasoning. Social neuro-
science explores the interactions between the nervous system
and our human social environment and behavior.

Computational neuroscience runs parallel to the types
of neuroscience described so far, but draws from computer
J  science, electrical engineering, mathematics, and physics to

produce models of the nervous system from the molecular

up through the behavioral levels of analysis. The predictions
from these computational models can then be tested against living systems, forming a
cooperative symbiosis with researchers in other areas of neuroscience.

These different levels of analysis complement each other rather than compete

| Behavioral

Courtesy of Laura Freberg

| Molecular

® Figure 1.1 The Neurosciences: Building from
Molecule to Behavior

neuroscience The scientific study with one another. Because of the diversity of skills needed to pursue each of these
of the brain and nervous system h . . ially i discioli field of stud hi
in health and in disease. approaches, neuroscience is an essentially interdisciplinary field of study, reaching
behavioral neuroscience/ across traditional academic departments of biology, chemistry, psychology, medicine,
biological psychology The study mathematics, physics, engineering, and computer science.
of the biological foundations of .
o - The need for better understanding of the nervous system has never been greater. The
processes. Society for Neuroscience (2012) reported that neurological illnesses impact one out of
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e Behavioral
Neuroscience
GOES TO WORK

ne of the pleasures of teaching courses in behav-

ioral neuroscience occurs when a student sud-
denly falls in love with the field. “This is for me,” the
student might say, but the question that usually follows
is “But how can | make a living doing this?” The answers
to this question are as diverse as the field. Because neu-
roscience is so broad, opportunities can be found down
many different paths.

Like many other fields, neuroscience has more
opportunities for people with more education. Many
practicing neuroscientists have medical degrees,
PhDs, or even both. This does not mean that jobs are
unavailable for students with undergraduate degrees,
however. Students with undergraduate degrees can
be employed as research assistants in pharmaceutical

Historical Highlights in Neuroscience

WHAT CAN | DO WITH A DEGREE IN NEUROSCIENCE?

firms, universities, and government agencies. Some
neuroscience graduates work in substance abuse coun-
seling or in mental health facilities. Neuroscience is used
in some unexpected places as well. A growing trend in
advertising agencies is to use brain imaging and other
technologies to gauge public reactions to advertising.
Web designers use eye-tracking technology to assess
whether a person “sees” and processes the important
features of a webpage.

The ongoing burst in neuroscience technologies
is likely to continue to shape the field, and additional
opportunities are likely to emerge. In the meantime,
any student interested in neuroscience would benefit
from gaining the best possible skills in general science,
research methods, mathematics, and statistics.

six Americans annually at a cost of more than $500 billion for treatment, which does not
include the cost of disability. Delaying the onset of Alzheimer’s disease on an average of
five years would save the United States $50 billion in annual health care costs. Connections
between biology and behavior are not just relevant to neurological disease, but inform
our understanding of health in general. Compared to 100 years ago, when most people
died from infectious diseases, today’s killers (cancer, diabetes, heart disease) are tightly
linked to behavior. Reflecting recognition of the role of behavior in illness, the standard-
ized Medical College Admission Test (MCAT) for medical school applicants contains a
significant number of questions about psychology and behavioral neuroscience.

Ilness is only part of the human equation. We also need to understand how the
nervous system responds in typical ways to promote well-being, including better
relationships, better parenting, better child development, and better thinking and
learning. Through improved understanding of the nervous system and its interactions
with behavior, scientists and practitioners will be more thoroughly prepared to tackle the
significant challenges to health and well-being faced by contemporary world populations.

Historical Highlights in Neuroscience

The history of neuroscience parallels the development of tools for studying the ner-
vous system. Early thinkers were limited in their understanding of the structures and
functions of the nervous system by lack of scientific methods and technologies and by
religious prohibitions regarding autopsy.

Ancient Milestones in Understanding the Nervous System

Our earliest ancestors apparently had at least a rudimentary understanding about
the brain’s essential role in maintaining life. Archaeological evidence of brain sur-
gery suggests that as long as 7,000 years ago, people tried to cure others by drilling
holes in the skull, a process known as trephining or trepanation. Because some skulls
have been located that show evidence of healing following the drilling procedure,
we can assume that the patient lived through the procedure and that this was not a
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CHAPTER 1 What Is Behavioral Neuroscience

N\  postmortem ritual. What is less clear is the intent of
such surgeries. Possibly, these early surgeons hoped to
release demons or relieve feelings of pressure (Clower
& Finger, 2001).

The Edwin Smith Surgical Papyrus represents the
oldest known medical writing in history, yet features
many sophisticated observations (Breasted, 1930). The
Egyptian author of the Papyrus clearly understood that
paralysis and lack of sensation in the body resulted
from nervous system damage. Cases of nervous sys-
tem damage were usually classified as “an ailment not
to be treated,” indicating the author’s understanding of
the relatively permanent damage involved.

Building on the knowledge taken from ancient
Egypt, the Greek scholars of the fourth century BCE

Courtesy San Diego Museum of Man

> @ Figure 1.2 Prehistoric Brain Surgery As far back in his- proposed that the brain was the organ of sensation.
tory as 7,000 years ago, people used trepanation (trephining), Hippocrates (460-379 BCE) correctly identified epi-
or the drilling of holes in the skull, perhaps to cure “afflictions” lepsy as originating in the brain, although the most
such as demonic possession. Regrowth around some of the obvious outward signs of the disorder were muscular
holes indicates that at least some of the patients survived the convulsions (see Chapter 15). Galen (130-200 CE),
procedure. More recently, trephining has resurfaced as a DIY a Greek physician serving the Roman Empire, made
(doit Yourself) process, possibly as a type of self-injurious careful dissections of animals (and we suspect of
behavior. . o1

L ) the mortally wounded gladiators in his care as well).

Galen believed erroneously that the ventricles played

an important role in transmitting messages to and
from the brain, an error that influenced thinking about the nervous system for another
1,500 years (Aronson, 2007).

The Dawn of Scientific Reasoning

The French philosopher René Descartes (1596-1650) argued in favor of mind-body
dualism. For Descartes and other dualists, the mind is neither physical nor acces-
sible to study through the physical sciences. In contrast, the modern neurosciences
are based on monism rather than dualism. The monism perspective proposes that
the mind is the result of activity in the brain, which can be studied scientifically.
Descartes’s ideas were very influential, and even today some people struggle with the
idea that factors such as personality, memory, and logic simply represent the activity
of neurons in the brain. Later in the chapter, the discussion of research ethics pres-
ents another legacy of Descartes’s ideas. Because many shared his view of animals as
mechanical, not sentient, beings, experiments were carried out on animals that seem
barbaric to many modern thinkers.

Between 1500 and 1800, scientists made considerable progress in describing the
structure and function of the nervous system. The invention of the light microscope
by Anton van Leeuwenhoek in 1674 opened up a whole new level of analysis. Work by
Luigi Galvani and Emil du Bois-Reymond established electricity as the mode of com-
munication used by the nervous system. British physiologist Charles Bell (1774-1842)
and French physiologist Francois Magendie (1783-1855) demonstrated that informa-

tion traveled in one direction, not two, within sensory and motor nerves.
mind-body dualism A
philosophical perspective put
forward by René Descartes in . .
which the body is mechanistic, MOdern NeurOSCIence Beglns

h he mind i o L . . .
whereas the mind is separate and Aslate as the beginning of the 20th century, many scientists, including Italian researcher

nonphysical.

monism A philosophical Camillo Golgi, continued to support the concept of the nervous system as a vast, inter-
perspective characteristic of connected network of continuous fibers. Others, including the Spanish anatomist
the neurosciences in which the . . .
mind is viewed as the product of Santiago Ramon y Cajal, argued that the nervous system was composed of an array of
activity in the brain. separate, independent cells. Cajal’s concept is known as the Neuron Doctrine. Golgi
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® Figure 1.3 Luigi Galvani
Demonstrated a Role

for Electricity in Neural
Communication This
engraving illustrates the
basement laboratory of Luigi
Galvani, where his experi-
ments with frogs helped
establish understanding of
the electrical nature of neural
communication.

and Cajal shared the Nobel Prize for their work in 1906. Ironically, Cajal used a stain
invented by Golgi to prove that Golgi was incorrect.

The road to our current understanding of the nervous system has not been without
its odd turns and dead ends. The notion that certain body functions are controlled by
certain areas of the brain, called localization of function, began with an idea proposed
by Franz Josef Gall (1758-1828) and elaborated by Johann Gasper Spurzheim (1776-
1832). These otherwise respectable scientists proposed a “science” of phrenology that
maintained that the structure of an individual’s skull could be correlated with his or
her individual personality characteristics and abilities. A phrenologist could “read” a
person’s character by comparing the bumps on his or her skull to a bust showing the
supposed location of each trait. Although misguided, Gall and Spurzheim’s work did
move us away from the metaphysical, nonlocalized view of the brain that had persisted
from the time of Descartes. Instead, Gall and Spurzheim proposed a more modern
view of the brain as the organ of the mind, composed of interconnected, cooperative,
yet relatively independent functional units.

Further evidence in support of localization of function in the brain began to accu-
mulate. In the mid-1800s, a French physician named Paul Broca correlated the dam-
age he observed in patients with their behavior and concluded that language functions
were localized in the brain (see Chapter 13). Gustav Theodor Fritsch and Eduard
Hitzig (1870/1960) described how electrically stimulating the cortex of a rabbit and a
dog produced movement on the opposite side of the body. Localization of function in
the brain became a generally accepted concept.

The founding of modern neuroscience has often been attributed to the British neu-
rologist John Hughlings Jackson (1835-1911). Hughlings Jackson proposed that the
nervous system was organized as a hierarchy, with simpler processing carried out by
lower levels and more sophisticated processing carried out by the higher levels, such
as the cerebral cortex. We meet Hughlings Jackson again in Chapter 15, in which his
contributions to the understanding of epilepsy will be discussed.

Progress in the neurosciences over the past 100 years accelerated rapidly as new
methods became available for studying the nervous system. Charles Sherrington not only
coined the term synapse (defined as the point of communication between two neurons),
but also conducted extensive research on reflexes and the motor systems of the brain (see
Chapter 8). Otto Loewi demonstrated chemical signaling at the synapse (see Chapter 3),

© Bettmann/CORBIS

> @ Figure 1.4 Phrenology
Bust Franz Josef Gall and
his followers used busts like
this one to identify traits
located under different
parts of the skull. Bumps
on the skull were believed
to indicate that the under-
lying trait had been “exer-
cised.” Although Gall’s
system was an example
of very bad science, the
underlying principle that
functions could be local-
ized in the brain turned
out to be valuable.

\.

phrenology The misguided effort
to correlate character traits with

bumps in the skull.
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using an elegant research design that he claims came to him while asleep. Sir John Eccles,
Bernard Katz, Andrew Huxley, and Alan Hodgkin furthered our understanding of neural
communication. You will meet many more contemporary neuroscientists as you read
the remainder of this text. The ranks of neuroscientists continue to grow, with member-
ship in the Society for Neuroscience expanding from 500 members in 1969 to more than
42,000 members in 90 countries as of 2014 (Society for Neuroscience).

INTERIM SUMMARY 1.1

Highlights in the Neuroscience Timeline

Historical Period Significant Highlights and Contributions

Ca. 3000 BCE e Egyptians discard brain during mummification process;
however, published case studies indicate accurate obser-
vations of neural disorders.

Ca. 400 BCE-200 CE e Hippocrates recognizes that epilepsy is a brain disease.

e Galen makes accurate observations from dissection; however,
he believed erroneously that fluids transmitted messages.

1600-1800 e René Descartes suggests mind-body dualism.
e Anton van Leeuwenhoek invents the light microscope.

e Galvani and du Bois-Reymond discover that electricity
transmits messages in the nervous system.

1800-1900 e Bell and Magendie determine that neurons communicate
in one direction and that sensation and movement are
controlled by separate pathways.

e Gall and Spurzheim make inaccurate claims about phre-
nology, but their notion of localization of function in the
nervous system is accurate.

e Paul Broca discovers localization of speech production.

e Fritsch and Hitzig identify localization of motor function
in the cerebral cortex.

1900-Present e Ramon y Cajal declares that the nervous system is com-
posed of separate cells; he shares the 1906 Nobel Prize
with Camillo Golgi.
¢ John Hughlings Jackson explains brain functions as a
hierarchy, with more complicated functions carried out by
higher levels of the brain.
e Otto Loewi demonstrates chemical signaling at the synapse.

e Charles Sherrington coins the term synapse; he wins the
Nobel Prize in 1932.

e Sir John Eccles, Andrew Huxley, and Alan Hodgkin share
the 1963 Nobel Prize for their work in advancing our
understanding of the way neurons communicate.

e Bernard Katz receives the 1970 Nobel Prize for his work
on chemical transmission at the synapse.

e Society for Neuroscience counts more than 42,000
members in 2012.

Summary Points

1. Neuroscience is the field that explores the structures, functions, and develop-
ment of the nervous system in illness and in health. Behavioral neuroscience is
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Behavioral Neuroscience Research Methods

the branch of the neurosciences that studies the correlations between the nervous
system and behavior. (L01)

2. Although some periods of enlightenment regarding the relationship between the
nervous system and behavior emerged among the Egyptians and Greeks, the major
advances in biological psychology have been relatively modern and recent. (L02)

3. Highlights in the neuroscience timeline include discoveries regarding the electrical
and chemical nature of neural communication, the control of sensation and motor
functions by separate nerves, the role of single cells as building blocks for the ner-
vous system, and the localization of functions in the brain. (L02)

|| Review Questions

1. How would you describe the goals and methods of the interdisciplinary field of
neuroscience?

2. What historical discoveries contributed to our modern understanding of the brain
and behavior? Which concepts actually led us in the wrong direction?

Behavioral Neuroscience Research Methods

The methods described in this section have helped neuroscientists discover the struc-
ture, connections, and functions of the nervous system and its components. From
the level of single nerve cells to the operation of large parts of the nervous system, we
now have the ability to make detailed observations that would likely astonish the early
pioneers of neuroscience.

Histology

Histology refers to the study of microscopic structures and tissues. Histological
methods provide means for observing the structure, organization, and connections
of individual cells. As mentioned earlier, the first investigation of nerve tissue under a
microscope was conducted by Anton van Leeuwenhoek in 1674. However, due to the
technical challenges of viewing structures as small and complex as those found in the
nervous system, most of the advances in microscopy occurred following the develop-
ment of stronger, clearer lenses during the 1800s.

Tissue to be studied under the microscope must be prepared for viewing in a series
of steps. Tissue must be made thin enough to allow light to pass through it. Brain tissue
is fragile and somewhat watery, which makes the production of thin enough slices
impossible without further treatment. To solve this problem, the first step in the histo-
logical process is to “fix” the tissue, either by freezing it or by treating it with formalin, a
liquid containing the gas formaldehyde. Formalin not only hardens the tissue, making
it possible to produce thin slices, but it also preserves the tissue from breakdown by
enzymes or bacteria. Freezing the tissue accomplishes these objectives as well.

Once tissue is fixed, it is sliced by a special machine known as a microtome.
A microtome typically looks and works like a miniature version of the meat slicers
found in most delicatessens. The tissue is pushed forward while a sliding blade moves
back and forth across the tissue, producing slices. For viewing tissue under the light
microscope, tissue slices between 10 and 80 um (micrometers) thick are prepared.
A micrometer is one one-millionth of a meter or one one-thousandth of a millimeter.
Electron microscopes require slices of less than 1 pm. The fragile slices are mounted on

slides for viewing. Sectioning a single rat brain produces several thousand slides. histology The study of cells and
Even when fixed and mounted on slides, nerve tissue would appear nearly trans- s it e st lovel
. ol . SR . microtome A device used to
parent under the microscope if it were not for a variety of specialized stains. Researchers make very thin slices of tissue for
select particular stains depending on the features they wish to examine. For example, histology.
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E ® Figure 1.5 Using

a Microtome to

Section Patient H.M.'s
Brain Researchers at UC San
Diego broadcast the careful
sectioning of the brain of

the late Henry Molaison,
otherwise known as the
famous amnesic patient H.M.,
via streaming video on the
Internet. Molaison’s temporal
lobe surgery and the
resulting memory deficits he
experienced are familiar to all
students of psychology.

Golgi silver stain A stain
developed by Camillo Golgi used
to observe single neurons.

Nissl stain A stain used to view
populations of cell bodies.

myelin stain A stain used to trace
neural pathways.

horseradish peroxidase A stain
used to trace axon pathways
from their terminals to points of
origin.

autopsy The examination of body
tissues following death.
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to make a detailed structural analysis of a small number of single cells, the best choice
is a Golgi silver stain, named after its discoverer, Camillo Golgi. On the other hand,
you might be more interested in identifying clusters of cell bodies, the major bulk of
the nerve cell, within a sample of tissue. In this case, you would select a Nissl stain.
A myelin stain would allow you to follow pathways carrying information from one
part of the brain to another by staining the insulating material that covers many nerve
fibers. If you know where a pathway ends but would like to discover its point of origin,
you should use horseradish peroxidase. When this enzyme is injected into the end of
a nerve fiber, it travels backward toward the cell body. Antibodies, proteins normally
produced by the immune system to identify invading organisms, can be combined with
a variety of dyes to highlight particular proteins found in cells in a process known as
immunohistochemistry (IHC). In particular, antibodies are helpful in identifying the
activity of the c-Fos gene in the brain, which in turn is a reliable indicator of brain
activity in response to a wide variety of stimuli such as administration of methamphet-
amine (Cornish, Hunt, Robins, & McGregor, 2012).

Once tissue is appropriately prepared, it can be viewed under either a light or elec-
tron microscope. Electron microscopes, first developed in Germany in the 1930s, use
short, highly concentrated electron beams rather than light to form images. Modern
electron microscopes produce magnifications of up to one million times. Using an
electron microscope, Sanford Palay and George Palade (1955) provided the first clear
images of the synapse (see Chapter 3).

Autopsy

Researchers have frequently relied on observations made during an autopsy, or exam-
ination of the body following death. The word autopsy means “to view for oneself.”
Although autopsy for research purposes has been largely replaced by modern imaging
methods, it remains a useful technique. Simon LeVay (1991) used autopsy to examine
an area of the brain known as INAH-3 (see Chapter 10). LeVay believed that the size of
INAH-3 might be used to differentiate between homosexual and heterosexual males.
Because this structure was too small to see well with existing imaging techniques,
LeVay studied the brains of deceased individuals. Autopsies, like other correlational
methods, must be interpreted carefully and precisely. Although LeVay’s data indicate
that differences in brain structure are correlated with sexual orientation, we cannot
conclude on the basis of these correlational data that brain structure either causes or
is caused by sexual orientation.
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Imaging ( h
New imaging techniques provide significant advantages over autopsy. With current '
imaging technologies, we can watch the living brain as it engages in processes such
as reading (Chapter 13) or emotional response (Chapter 14). We can identify differ-
ences in the ways the brains of serial murderers function compared with the brains of
typical people (Chapter 16).

Courtesy of Siemens Healthcare

COMPUTERIZED TOMOGRAPHY (CT) The groundwork for brain imaging was
laid by German physicist Wilhelm Rontgen, who discovered X-rays in 1896. Rontgen
was astonished to learn that X-rays could move through the human body and that
they would produce a negative photographic image of the body’s major structures.
The first X-ray ever taken was an image of Rontgen’s wife’s hand.

Normal X-rays do not do a very good job of imaging soft tissue. If you have ever
seen an X-ray of your head taken by your dentist or orthodontist, you probably saw
bones and teeth, but not much brain. However, with adaptations made possible by
more modern computers, X-rays can be used to image previously unseen anatomi-
cal structures. Computerized tomography (CT) was invented in 1972 by Godfrey
Hounsfield and Allan Cormack. “Tomography” comes from the Greek words fomos,
or slice, and graphia, to write or describe. CT technology provided the first high-
resolution look at a living brain. More modern CT technology allows for the construc-
tion of highly detailed three-dimensional images.

GJLP, CNRI/Science Source

> @ Figure 1.6 CT Scans
Hounsfield’s original
machine took several hours
to obtain data for a single

However useful CT scanning may be for medical imaging, the technology does slice (above). Modern scan-
have drawbacks for research purposes. Although it provides excellent structural infor- ning equipment is much
mation, a CT scan cannot distinguish between a living brain and a dead one. In other faster, and can produce
words, the CT scan provides no information regarding activity levels in the brain. detailed 3-D images
This limits the usefulness of CT in helping us answer questions about behavior. L (bottom). )

POSITRON EMISSION TOMOGRAPHY (PET) The next major breakthrough in
imaging technology was the development of the positron emission tomography,
or PET, scan, which allowed researchers to observe brain activity for the first time.
PET scans were made possible by the invention of the gamma camera, which is used
to detect radiation released by radioactive atoms that are decaying or breaking up.
Beginning in the mid-1970s, Michael Phelps and Edward Hoffman of Washington
University began to apply this basic technique to the study of brain function (Hoffman,
Phelps, Mullani, Higgins, & Ter-Pogossian, 1976; Phelps, Hoffman, Mullani, Higgins,
& Ter-Pogossian, 1976).

(a) Visual Task (b) Listening Task (c) Problem-solving Task

Courtesy Dept. of Energy Office of Public Affairs

computerized tomography
(CT) Animaging technology

> @ Figure 1.7 PET Scans Show Patterns of Brain Activation PET scans do not in which computers are used to

provide much structural detail, but they do offer a clear picture of brain activity. enhance X-ray images.
Red and yellow areas are most active, whereas blue and black areas are least active. positron emission tomogrf_lphy
These three images show different patterns of brain activity during a visual task, a (PET) Animaging technique

that provides information
regarding the localization of
- J brain activity.

listening task, and a problem-solving task.
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PET brain studies combine radioactive tracers with a wide variety of molecules,
including oxygen, water, and drugs. Each gamma ray resulting from the breakdown
of the tracer is recorded by detectors and fed to a computer, by which the data are
reconstructed into images. Typically, programmers have assigned red and yellow
to areas of high activity and green, blue, and black to areas of low activity. Newer
PET machines can take images of adjacent slices at the same time, which allows for
three-dimensional reconstruction of brain activity. A closely related procedure, single
photon emission computed tomography (SPECT), is less expensive than PET but
provides less visual detail.

MAGNETIC RESONANCE IMAGING (MRI) Magnetic resonance imaging, or MRI,
has become a standard medical diagnostic tool and a valuable research asset. Raymond
Damadian, Larry Minkoff, and Michael Goldsmith produced the first MRI image in
1977. This imaging technology uses powerful magnets to align hydrogen atoms within
a magnetic field. Next, radio frequency (RF) pulses are directed at the part of the body
to be imaged, producing “resonance,” or spinning, of
the hydrogen atoms. When the RF pulses cease, the
hydrogen atoms return to their natural alignment
within the magnetic field. As the atoms “relax,” each
becomes a miniature radio transmitter, emitting a char-
acteristic pulse that is detected by the scanner. To con-
struct the image, each small area of tissue is assigned a
voxel, which is a three-dimensional version of a pixel.
The darkness or coloration of each voxel represents the
level of pulse activity in an area.

Functional MRI (fMRI) is used to assess brain
activity. The first fMRI of the brain was conducted by
Belliveau et al. (1991). Functional MRI takes advantage
of the fact that active neurons require more oxygen
than less active neurons, and that variations in blood
flow to a particular area will reflect this need.

The use of fMRI to track blood flow in the brain was
previewed in the 19th century by Americas first official
psychologist, William James, who was impressed by the
observations of Italian physiologist Angelo Mosso on
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> @ Figure 1.8 Functional Magnetic Resonance Imaging
(fMRI) Tracks Cerebral Blood Flow This image demon-
strates the use of fMRI to identify parts of the brain (the red

and yellow areas) that became selectively active when the
author engaged in a “finger tap” exercise (touching each
digit of her right hand one by one with her thumb).

patients with head injuries. Due to the nature of these
injuries, in which some of the patients’ skull bones were
missing or damaged, Mosso was able to measure and
) correlate blood flow with the patients’ mental activity

magnetic resonance imaging
(MRI) Animaging technique
that provides very high
resolution structural images.

voxel Short for “volume
pixel.” A pixel is the smallest
distinguishable square part of a
two-dimensional image. A voxel
is the smallest distinguishable
box-shaped part of a three-
dimensional image.

functional MRI (fMRI) A
technology using a series of MRI
images taken one to four seconds
apart in order to assess the
activity of the brain.

diffusion tensor imaging
(DTI) Use of MRI technology to
trace fiber pathways in the brain
by tracking the flow of water.
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(Mosso, 1881). James's reflections on Mossos work sound
very contemporary: “Blood very likely may rush to each
region of the cortex according as it is most active, but of this we know nothing” (James,
1890, vol. 1, p. 99). Mosso's observations were confirmed by Roy and Sherrington (1890),
who reported the existence of “an automatic mechanism by which the blood supply of any
part of the cerebral tissue is varied in accordance with the activity of the chemical changes
which underlie the functional action of that part” (p. 105).

How does fMRI track cerebral blood flow? Hemoglobin, the protein molecule that
carries oxygen within the blood, has different magnetic properties when combined
with oxygen or not (Ogawa, Lee, Kay, & Tank, 1990). Consequently, signals from a voxel
will change depending on the oxygenation of the blood in that area, known as the Blood
Oxygenation Level Dependent (BOLD) effect. Let’s look at an example of the author’s
own results of a standard demonstration conducted at the Brain Imaging Laboratory at
the University of California, Santa Barbara. Scans were taken as the author alternated
20 second intervals of remaining very still with 20 second intervals of touching her right
thumb to each of the other digits of her right hand one at a time. The image highlights
the voxels that showed changes in activity correlated with movement and stimulation.
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MRI technology has significant advantages over
both CT and PET. It can provide images taken at any
angle without any movement of the individual. In
tracking brain activity, fMRI is considered superior
in both spatial and temporal resolution to PET scans
(Cohen & Bookheimer, 1994).

The same machinery used for MRI and fMRI can also
produce images using diffusion tensor imaging (DTI).
This technique allows researchers to track the movement
of water in the fiber pathways of the nervous system
(Le Bihan & Breton, 1985; Moseley et al., 1990). Using
this technique, the negative effects of occasional binge
drinking episodes on brain fiber integrity in adolescents
becomes all too apparent (McQueeny et al., 2009).

Recording

Although perhaps less dramatic than the imaging tech-
niques, methods that allow researchers to record the
electrical and magnetic output from the brain continue
to be useful. As we will see in greater detail in Chapter 3,
nerve cells are capable of generating small electrical
charges across their membranes, much like miniature bat-
teries. Although small in scale, this electrical activity can
be recorded using electrodes either on the surface of the
skull or brain or imbedded within the brain tissue itself.

Parkinson Research Foundation

> @ Figure 1.9 Diffusion Tensor Imaging (DTI) Using
MRI technology, the flow of water down the length of
nerve fibers can be imaged to construct maps of the fiber
pathways of the brain.

\.

»e Connecting to Research
SOCIAL PAIN AND THE BRAIN

Ale)

obel Laureate Konrad Lorenz wrote that “It is a

good morning exercise for a research scientist to
discard a pet hypothesis every day before breakfast. It
keeps him young.” This is often easier said than done,
but with the rapid changes we experience in the world
of neuroscience, being able to update your thinking is
an essential skill.

One of the most “fun” results that many instructors
of behavioral neuroscience have shared with students
is the work of Naomi Eisenberger and her colleagues
(2003), in which a Cyberball game was used to initiate
feelings of social isolation. Brain imaging of the 13 par-
ticipants indicated that the brain’s “pain matrix,” which
included a structure known as the anterior cingulate
cortex (ACC), was activated by this experience of social
pain. In other words, the brain had appeared to co-opt
the system responsible for responding to physical pain
for use in responding to social pain. Publication by
Eisenberger et al. (2003) was followed by a long string
of positive replications.

One of the challenges of using fMRI is the statisti-
cal analyses involved. Brains come in rather different

sizes and shapes, and to make any conclusions, the
researcher must demonstrate that activity in a voxel in
one brain is analogous to activity in a voxel in a com-
pletely different brain. The methods used to conduct
these analyses have continued to evolve along with the
technology. So 10 years after Eisenberger et al. (2003)
published their original report, Stephanie Cacioppo
and her colleagues (2013) used multilevel kernel den-
sity analysis (MKDA) to conduct a meta-analysis of
Cyberball imaging studies featuring 244 participants.
This analysis failed to support the attractive notion that
social and physical pain activate the same network.
Instead, Cacioppo et al. (2013) argue that the “neural
correlates of social pain are more complex than previ-
ously thought” (p. 1).

One of the common themes of study in the neuro-
sciences is that things always seem to become “more
complex than previously thought” as technologies
improve. While this can be occasionally frustrating, as
we all tend to prefer straightforward answers instead of
“it depends,” good science requires that we continue
to modify our thinking to be as accurate as possible.
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CAN WE READ MINDS WITH BRAIN IMAGING?

n the 2002 film Minority Report, Tom Cruise plays a

police officer who arrests people for crimes they have
not yet committed. How close are we to knowing what
people are planning to do before they actually do it?
Perhaps closer than you think.

Current imaging technologies, such as fMRI, do not
exactly allow us to “read” the human mind, but we
are getting ever closer to that ability (Tong & Pratte,
2012). For example, researchers were able to use fMRI
recordings taken while a participant watched Steve
Martin playing Inspector Clouseau in the movie The
Pink Panther to reconstruct the image (Nishimoto et al.,
2011).

Of even greater importance for society is the fact
that researchers are closing in on the ability to use

fMRI to detect deception (Langleben, Willard, &
Moriarty, 2012). As we will see in our discussion of
emotion in Chapter 14, typical lie detection technolo-
gies, which rely on indirect measures of arousal, are
so poor that they are not admissible as court evidence
in the United States. The ability to detect deception
directly through brain imaging promises enormous
benefits to criminal justice and national security, but
raises equally substantial concerns about ethics. Not
only can we envision the legislative need to expand
our constitutional right to privacy to include “mental
privacy,” but legislators will also have to consider that
the new technology may acquire information from
brain scans that is irrelevant to the purpose of the
investigation in the first place.

THE ELECTROENCEPHALOGRAM (EEG) The first recordings of the human
brain’s electrical activity, measured through electrodes placed on the scalp, were made
by a German psychiatrist, Hans Berger, in 1924. Berger noted that the recordings varied
during wakefulness, sleep, anesthesia, and epilepsy. Chapter 11 investigates the rela-
tionship between the EEG and these states of consciousness in greater detail.

For many years, EEG technology did not change much. Although it was use-
ful in the study of sleep and the diagnosis of epilepsy, EEG did not offer anything
further to our understanding of brain function. With the advent of more power-
ful computers, however, new quantitative methods for analyzing EEG recordings
became possible. Computerized EEG brain tomography can be used to generate
maps of activity, making it possible to pinpoint the source of abnormal activity.
EEG brain tomography can be used to follow a patient through withdrawal from
psychoactive drugs or during a coma. The technique can aid in diagnoses of many
disorders, including schizophrenia, dementias, epilepsy, and attention deficit hyper-
activity disorder (see Chapters 5, 15, and 16). Computerized analysis of EEG record-
ings can be used to generate animations of activity over time and for the construction
of three-dimensional maps of brain activity. These analysis tools have breathed new
life into EEG technology.

EVENT-RELATED POTENTIALS (ERPS) An application of basic EEG technology
used to assess sensation is the recording of event-related potentials (ERPs). This tech-
nique allows researchers to correlate the activity of cortical sensory neurons recorded
through scalp electrodes with stimuli presented to the participant. The brain’s elec-
trical activity in response to a stimulus, such as a tone, is quite small compared to
the activity normally recorded in an EEG, so responses to many presentations of a
stimulus are averaged. This type of analysis can be helpful in cases in which a per-
son’s behavior does not provide a clear indication of whether a particular stimulus
has been perceived. For example, young children with autism spectrum disorder (see
Chapter 16) often behave as though their hearing were impaired. When spoken to
by parents or others, a child with autism spectrum disorder often shows no reaction
at all. Through observations of event-related potentials to sound, we can determine
whether the child can actually hear.

electroencephalogram (EEG) The
recording of the brain’s electrical
activity through electrodes
placed on the scalp.

event-related potential (ERP)
An alteration in the EEG
recording produced in response
to the application of a particular
stimulus.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Behavioral Neuroscience Research Methods

p
Single EEG e
recording
Electrode Amplifier — -
2
o
(a\]
— 1 1 1 1 1 J
100 200 300 400 500 600 700
Stimulus Time (msec)
ERP| |
(average
of 100 or -
% more EEG| =
& recordings) | ™
% — 1 1 1 1 1 1 J
& 100 200 300 400 500 600 700
S Stimulus Time (msec)
©
. J

MAGNETOENCEPHALOGRAPHY (MEG) Magnetoencephalography (MEG) allows
researchers to record the brain’s magnetic activity (Cohen, 1972). Active neurons put
out tiny magnetic fields. By “tiny,” we mean that the fields generated by neural activity
are about one billion times smaller than Earth’s magnetic field and about 10,000 times
smaller than the field surrounding a typical household electric wire. The major advan-
tage of recording magnetism rather than electrical activity from the brain relates to the
interference of the skull bones and other tissues separating the brain from the electrodes,
which prevents a large amount of the brain’s electrical activity from being recorded using
EEG. In contrast, the skull bones and tissues allow magnetism to pass through without
any reduction. In addition, recordings of the magnetic fields produced by the brain can
be taken much faster than either fMRI or PET scans, providing a moment-by-moment
picture of brain activity. MEG has the added advantage of being silent, as opposed to
the loud hammering sound produced by the magnets used in MRI. Consequently, MEG
provides researchers with an important technique for studying brain responses to sound.

MEG utilizes sensors known as superconducting quantum interference devices,
or SQUIDs, that convert magnetic energy into electrical impulses that can be recorded
and analyzed. Because MEG does not provide any anatomical data, researchers super-
impose MEG recordings on three-dimensional images obtained with MRI. This com-
bination provides simultaneous information about brain activity and anatomy. Not
only does MEG allow researchers to localize cognitive functions such as language, but
it also provides precise localization of the source of the abnormal electrical activity
that characterizes a seizure (see Chapter 15).

SINGLE-CELL RECORDINGS The activity of single neurons can be assessed using
tiny microelectrodes surgically implanted in the area of interest. Electrodes can be
permanently implanted, allowing animals free range of movement during stimulation.

The use of single-cell recordings was pioneered by Vernon Mountcastle, David
Hubel, and Torsten Wiesel for use in their investigations of the visual system. More
recently, this technique was used to identify mirror neurons, or neurons that fire in
response to an action, like reaching for a banana, whether the reaching is done by a
monkey or an experimenter (Caggiano et al., 2011; Pellegrino, Fadiga, Fogassi, Gallese,
& Rizzolatti, 1992).

® Figure 1.10 Event-Related J
Potentials (ERPs) The analy-
sis of event-related potentials
allows researchers to map
the brain’s EEG response to
environmental stimuli. In

this example, a characteristic
waveform emerges when
responses to the presentation
of a tone are averaged over
100 trials.

magnetoencephalography
(MEG) A technology for
recording the magnetic output of
the brain.

single-cell recording The
recording of the activity of single
neurons through microelectrodes
surgically implanted in the area
of interest.
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> @ Figure 1.11 Magnetoencephalograpy (MEG) (a) To
record the tiny magnetic fields generated by the brain, a (a) Subject Undergoing
series of supercooled sensors known as superconducting MEG Procedure
quantum interference devices (SQUIDs) are arrayed around

the participant’s head. (b) This sequence illustrates the

process of using MEG to record a participant’s response to

a tone.

(b) MEG Analysis of a Response to a Tone

The results are mapped
back onto a diagram of

a head. Weaker responses
indicate activity at greater
depths in the brain.

Changes in magnetic +
fields, recorded by
143 SQUIDS in the
array (seen from the
top of the head).

Superimposing all the
t+ channels establishes that
the maximum response
occurs 97 ms after the
onset of the tone.

The results are
superimposed on an
MRI image (seen from
the front of the head).

Time (msec)
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Brain Stimulation

One of the important questions raised in behavioral neuroscience relates to the local-
ization of functions within the brain and nervous system. Although this question can
be approached with a number of techniques, we can begin by artificially stimulating
the area in question and watching for resulting behavior. Interpretation of the results
of stimulation research must be done with great caution. Because brain structures are
richly connected with other areas of the brain, stimulating one area will also affect
other areas to which it is connected.

Electrical stimulation of the brain can be applied during neurosurgery. As
unpleasant as it may sound to you, most neurosurgery is conducted under local, as
opposed to general, anesthesia. The tissues of the brain itself lack receptors for pain.
Once the bone and the tissues covering the brain are anesthetized, the surgeon can
work on the brain of the conscious patient without causing pain. Why would we put
people through such an unpleasant experience? Although brains are similar in many
ways from person to person, individual differences frequently do occur. By stimulat-
ing an area with a small amount of electricity and assessing any changes in behavior,
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the surgeon can identify whether the area participates
in a particular type of behavior.

Considerable knowledge regarding the mapping
of the functions of the cortex has been derived from
this technique. Neurosurgeon Wilder Penfield inves-
tigated the brains of more than a thousand patients
undergoing surgery for the treatment of epilepsy (see
Chapter 15). Penfield’s work contributed significantly
to our understanding of the mapping of movement,
memory, and language (Penfield, 1958). Penfield’s
stimulation was restricted to the surface of the cortex.
Others have investigated stimulation of deeper struc-
tures through implanted electrodes. Robert Heath
(1963) implanted electrodes in a patient who suffered
from the sleep disorder narcolepsy (see Chapter 11)
and allowed the patient to push a button that admin-
istered a brief electrical stimulus. The patient was able
to describe his reactions to stimulation of each of the
14 electrodes implanted in his brain. One of the elec-
trodes, which the patient activated most frequently,
elicited sexual arousal.

Encouraged by the improvements provided by
brain stimulation in patients with the movement dis-
order Parkinson’s disease, discussed in Chapter 8,
physicians have begun to surgically implant elec-
trodes in areas of the brain believed to participate in
feelings of reward to treat individuals with depression
(Bewernick et al., 2010).

Repeated transcranial magnetic stimulation
(rTMS) consists of magnetic pulses delivered
through a single coil of wire encased in plastic that
is placed on the scalp. Low frequency rTMS (about
one pulse per second) provides an interesting
technique for temporarily changing brain activity
immediately below the stimulation site (Hoffman
et al., 2003). This technique has shown promise in

N
:
> @ Figure 1.12 Deep Brain Stimulation In research, brain
stimulation is typically used to identify the possible functions
of a part of the brain. Recently, brain stimulation has been
used to treat Parkinson’s disease and, less frequently, major
depressive disorder.
J

the treatment of auditory hallucinations associated \.
with schizophrenia and of depression (Slotema,
Blom, Koek, & Sommer, 2010). Repeated TMS has
also been shown to temporarily produce unusual calculation skills, like those occa-
sionally found in people with autism spectrum disorder, in healthy participants
(Snyder, 2006).

Optogenetics (Boyden, 2011) involves the use of molecules genetically inserted
in specific neurons in the brain, which then allows neural function to be modified by
light. In other words, light can be used to turn living neurons on and off. Stimulation
is provided through optical fibers attached to the skull or surgically implanted. In
one study, optogenetics was used to confirm a role for the chemical messenger glu-
tamate (see Chapter 4) in pathways involved with reward and addiction (Tecuapetla
et al., 2010).

Lesion

A lesion is an injury to neural tissue and can be either naturally occurring or delib-
erately produced. As was the case with stimulation, the primary purpose of lesion
analysis is to assess the probable function of an area. Behavior observed prior to
the lesion can be compared with behavior occurring after the lesion, with changes

repeated transcranial magnetic
stimulation (\TMS) A technique
for stimulating the cortex at
regular intervals by applying a
magnetic pulse through a wire
coil encased in plastic and placed
on the scalp.

optogenetics The genetic
insertion of molecules into
specific neurons that allows the
activity of the neurons to be
controlled by light.

lesion Pathological or traumatic
damage to tissue.
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"\ attributed to the area that was damaged. Once again, inter-
pretation must be done very carefully. Lesions not only
damage a particular area of the brain but also damage any
nerve fibers passing through that area.

Neuropsychologists (see Chapter 15) evaluate naturally
occurring lesions that result from injury or disease, gaining
a great deal of information about the function of the brain.
Many examples of this type of analysis will be discussed in
the remainder of the text. The ability to perform an autopsy
allowed Paul Broca to make the previously mentioned cor-
relations between the damage he observed and the clinical
observations he made during the patient’s lifetime.

Deliberate lesions are generally performed in research
using laboratory animals, as opposed to human partici-
pants. However, as we will see in Chapter 15, lesions are
occasionally used to treat cases of epilepsy that do not
respond to medication. The technique of producing delib-
erate lesions in research animals originated with Pierre
Flourens in the 1800s. A classic example of lesion work
using animals identified a role for the ventromedial hypo-
thalamus (VMH) in satiety (Hoebel & Teitelbaum, 1966).
When this area is electrically stimulated, an animal will
stop eating. When this area is lesioned, the animal eats so
much that its body weight can double or even triple (see

AP Images/Charles Krupa, File

> @ Figure 1.13 Repeated Transcranial Magnetic
Stimulation (rTMS) Repeated TMS changes the activity

of the cortex underlying the stimulator. The technique Chapter 9).

is used for research purposes and potentially could be Deliberate lesions are performed in a number of ways.

used for treating hallucination, depression, and migraine In some studies, large areas of brain tissue are surgically

headaches. removed. In this case, we might refer to the procedure as
\ /  ablation rather than lesion. Lesions are experimentally

produced when an electrode is surgically inserted into the

area of interest. The electrode is insulated except at the very tip, to prevent damage

to cells lining the entire pathway of the electrode. Heat is generated at the tip of the

electrode, effectively killing a small population of cells surrounding the tip. Small

lesions can also be produced by applying neurotoxins, chemicals that specifically

kill neurons, into the area of interest through a surgically implanted micropipette.

Chemically produced lesions have the advantage of harming only the cell bodies of

neurons while leaving the nerve fibers traveling through the area intact. Conversely,

fiber pathways can be chemically lesioned while sparing adjacent cell bodies.

ablation The surgical removal of Obviously, both heat-produced and chemically produced lesions result in perma-
tissue. nent damage to the brain. A reversible type of lesion can be produced by cooling

p—

(a) Section of Brain (b) Electrodes Inserted (c) Resulting Lesions
to Be Lesioned

© 2016 Cengage Learning®

> @ Figure 1.14 Lesion To investigate the function of a particular part of the brain (a), radio frequency current is passed
through the tips of insulated electrodes that have been surgically implanted (b). Resulting changes in behavior are correlated

with the lesions produced (c).
1\ J
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an area using a probe. When the area is chilled, the neurons are unable to function.
However, when the area returns to normal temperatures, normal behavioral func-
tion is restored.

Biochemical Methods

As we will see in Chapters 3 and 4, the brain and nervous system are unusually well
protected, compared with other organs in the body, from circulating toxins. As a
result, if a researcher wishes to investigate the effects of chemical stimulation in the
brain, these normal protective mechanisms often must be bypassed. Obviously, some
chemicals naturally gain access to the brain, resulting in psychoactive effects. Many
other chemicals are blocked from exiting the blood supply into neural tissue. For
example, most agents used for cancer chemotherapy simply circulate through the
brain without leaving the blood supply, adding to the challenges of treating brain
tumors (see Chapter 15).

Different methods used to administer drugs to a subject include eating, inhaling,
chewing, and injecting the drug (see Chapter 4). These methods result in the deliv-
ery of very different concentrations of a drug into the blood supply within a given
period. For research purposes, chemicals can be directly administered to the brain
through the surgical implantation of micropipettes. This technique allows researchers
to observe the effects of chemicals administered in an awake, freely moving animal.

On occasion, it is desirable to be able to identify the chemicals that naturally exist
in a particular location. Using implanted micropipettes, small amounts of extracel-
lular fluid are filtered from the area of the brain surrounding the tip of the pipette for
analysis. This technique is known as microdialysis. Microdialysis allows researchers
to identify which neurochemicals are active in a precise location, as well as the approx-
imate quantity of these chemicals.

Genetic Methods

Many researchers strive to identify the interactions between hereditary and envi-
ronmental variables on a particular behavior. In general, we wish to avoid either—or
thinking in these analyses. Heredity and environment always work together to pro-
duce the ultimate outcome.

TWIN STUDIES The natural comparison between monozygotic (identical) and dizy-
gotic (fraternal) twins provides some insight into the relative contributions of heredity
and environment. Monozygotic twins share an identical set of genes, whereas frater-
nal twins average about 50 percent of their genes in common, just like any other pair
of non-identical siblings.

As is discussed in Chapter 16, some psychological disorders, such as bipolar dis-
order and schizophrenia, seem to be influenced more by heredity than others, like
major depressive disorder. The contribution of heredity to these conditions is often
stated in the form of a concordance rate, a type of statistical probability. Given the
existence of a trait in one twin, the concordance rate for the remaining twin esti-
mates the probability of the other twin having the trait. For example, in the case of
bipolar disorder, we see concordance rates as high as 71-77 percent (Edvardsen et

al., 2008). If one identical twin has the disorder, the other has a 71-77 percent likeli- e A e

hood of also being diagnosed with the disorder. Note that this is not 100 percent. In for assessing the chemical
contrast, the concordance rate for identical twins in regard to major depressive dis- C??;lpobsiti.on of avery small area
order is usually reported to be about 40 percent (Shi et al., 2011). This indicates that C:ncoredarliléz'rate The statistical
environmental variables play a more significant role in depression than in bipolar probability that two cases will
disorder. However, it is important to remember that “environmental variables” might agree; usually used to predict

il include biological h 1 . d the risk of an identical twin for
still include biological components such as prenatal environment and exposure to developing a condition already
infection. diagnosed in his or her twin.
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heritability The amount thata
trait varies in a population due to
genetics.

knockout gene A gene used to
replace a normal gene that does
not produce the protein product
of the normal gene.

epigenetics The development of
traits by factors that influence
the performance of genes without
changing the underlying genes
themselves.

stem cell A cell that can divide
and differentiate into other types
of cells.
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CHAPTER 1 What Is Behavioral Neuroscience

ADOPTION STUDIES Another approach to investigating the influences of heredity
and environment is to compare the similarities of an adopted individual to his or her
biological and adoptive parents. Similarities to the biological parents suggest a stron-
ger role for heredity, whereas similarities to the adoptive parents suggest a stronger
role for the environment. Adoption studies have been used to assess the relative con-
tributions of heredity and environment to such characteristics as intelligence and
criminality. Interpretation of such studies remains controversial, because adoptive
families are often quite similar to one another, which in turn magnifies genetic influ-
ences. Heritability, or the amount that a trait varies in a population due to genetics,
is still influenced by the environment. For example, if you planted seeds under ideal
conditions (good soil, lots of sunlight, regular watering), the differences you observe
among your mature plants are largely due to genetics. In contrast, if you planted seeds
under more variable conditions, the resulting plants would reflect contributions of
both genetic and environmental factors. Like the ideal conditions for our plants,
genetic influences may be magnified by the similar environments provided by adop-
tive parents.

STUDIES OF GENETICALLY MODIFIED ANIMALS We review a number of studies
in this text that use a relatively new genetic technique in which specially engineered,
defective versions of genes are inserted into the chromosomes of animals, usually
mice. The normal version of these knockout genes encodes for a specific protein. The
knockout genes take the place of the normal genes but fail to produce the specific
protein. By using this method, researchers can assess the roles of particular genes and
the proteins they encode.

One example of this method is found in the work of H. W. Matthes and his
colleagues (1996). As we will see in Chapter 4, many drugs have effects on behavior
because they are chemically similar to normally occurring chemicals found in the
nervous system. Opoids, such as morphine and heroin, activate receptors for natu-
rally occurring substances known as endorphins. Matthes et al. (1996) bred mice
that lacked the genes for producing some of the endorphin receptors. Their gen-
eral behavior seemed unaffected, but they did not experience any pain relief when
given morphine. They were incapable of becoming addicted to morphine, and they
showed no withdrawal symptoms when morphine administration was discontin-
ued. We can therefore conclude that certain aspects of an animal’s normal reac-
tion to morphine are dependent on the existence of endorphin receptors. Without
these receptors, pain reduction, addiction, and withdrawal related to opioids do
not occur.

EPIGENETICS The production of proteins by a particular gene can be influenced by
a whole host of external factors, including diet, whether or not a person smokes, or
stress. Epigenetics describes the development of traits by factors that influence the per-
formance of genes without changing the underlying genes themselves (see Chapter 5).
For example, baby rats that were licked frequently by their mothers (the rat version of a
hug from mom) were calmer in the face of stress later in life than rats that received less
nurture (Champagne, Francis, Mar, & Meaney, 2003). This type of interaction helps to
explain why identical twins become less and less similar to each other over the course
of their lifetimes. Their different choices in lifestyle and accumulated experience can
change the way their genes behave (Fraga, 2005).

Stem Cells

One of the most promising approaches to understanding neural development, regen-
eration, and disease is the use of stem cells (Vunjak-Novakovic & Scadden, 2011).
A stem cell is a cell that can divide and differentiate into other types of cells (see
Chapter 5). If provided with the appropriate laboratory environment, a stem cell line,



or culture, can replicate indefinitely. Currently, researchers
can derive stem cell lines from a number of sources, includ-
ing adult stem cells, stem cells from umbilical cord blood,
and embryonic stem cells.

The various types of stem cells offer different sets of
advantages and disadvantages. Embryonic stem cells are
usually obtained from embryos in the blastocyst stage, or
about five days after conception in humans. These cells are
pluripotent, meaning that they can differentiate into any
type of tissue. In addition, embryonic cells are virtually
immortal, as they can divide endlessly in the laboratory.
On the other hand, these cells will provoke an immune
reaction in a recipient, just like any other transplanted tis-
sue. Adult stem cells have been retrieved from blood, nerve
cells, muscle, the cornea and retina of the eye, some internal
organs, and skin. Typically, these cells are less flexible than
the embryonic cells and can only differentiate into cells
similar to their source. They lack the immortality of the
embryonic cells, but they are less likely to cause rejection by
a tissue recipient.

Researchers are very excited about the potential of using
stem cells to repair damage to the nervous system. For exam-
ple, stem cells derived from human tooth pulp reestablished
the ability to move in mice whose spinal cords had been
completely severed (Sakai et al., 2012).

Behavioral Neuroscience Research Methods

Cacioppo/Freberg

> @ Figure 1.15 Epigenetics Epigenetics, or changes
in the performance of genes without any underlying
changes in the genes themselves, explains why identi-
cal twins become “less identical” as they age. The
twins’ individual experiences, including diet, stress,
smoking, and so on, produce epigenetic change.
Compared with 3-year-old identical twins on the left,
the 50-year-old twins on the right show much greater
amounts of red and green, which indicate areas of less
and more methylation respectively. The yellow areas
indicate equal levels of methylation. Methylation, or
the addition of a methyl group to a molecule like DNA,
is one of several mechanisms capable of epigenetic

change that are discussed further in Chapter 5.

INTERIM SUMMARY 1.2

Methods in Behavioral Neuroscience

Studying the microscopic structure of the

Method Function
Histology

nervous system
Autopsy

Computerized tomography (CT)

Positron emission tomography (PET)

Magnetic resonance imaging (MRI)

Functional MRI (fMRI)

Diffusion Tensor Imaging (DTI)
Electroencephalogram (EEG)
Event-related potential (ERP)
recording

Magnetoencephalography (MEG)
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Studying the structure of the nervous system
following death

Studying structure and diagnosing structural
damage

Studying the relative activity of nervous system
structures

Studying structure in very fine detail

Studying the activity of nervous system
structures

Studying fiber pathways in the nervous system

Studying brain activity, primarily during sleep
and waking or seizures

Studying the brain’s response to specific stimuli
using an adapted EEG

Studying brain activity

(continued)
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Method

Single-cell recordings

Electrical stimulation and lesion

Optogenetics

Repeated transcranial magnetic

stimulation (rTMS)

Microdialysis

Twin and adoption studies

Genetically modified animals
(knockout genes)

Function

Identifying the stimulus responsible for
activating an individual neuron

Identifying behavior linked to a particular
location in the nervous system

Using light to initiate neural activity

Producing long-lasting changes in cortical
activity; linking behavior to a particular location
in the cortex

Identifying particular chemicals in a very small
location

Studying contributions of genetic and
nongenetic factors to behavior

Studying the role of particular genes and the
proteins they produce

Epigenetics Studying changes in the performance
of genes

Stem cells Growing replacement tissue for repairing
damaged organs, including the brain and
spinal cord

Summary Points

1. Improvements in histology provided the means for examining the nervous system
at the microscopic level. (L04)

2. Imaging technologies, including CT scans, PET scans, MRI, fMRI, and DTI have built
on knowledge gained through autopsy regarding the structure and function of the
brain. (L03)

3. Recording techniques include measurements of the brain’s overall electrical and mag-
netic outputs. In addition, recordings can also be made of the activity of single
cells. (L03)

4, Stimulation and lesion techniques can be used to assess the function of particular
areas of the brain. Magnetic stimulation can enhance or reduce the activity of the
brain. (L03)

5. Biochemical methods allow for the artificial stimulation of the nervous system with
chemicals as well as the assessment of the biochemical environment in an area of
particular interest within the nervous system. (L03)

6. Genetic methods, including twin studies, adoption studies, and the analysis of
epigenetics, allow researchers to assess the role of our genetic inheritance in the
relationship between the nervous system and behavior. (L05)

Review Questions

1. What are the relative strengths and weaknesses of the major imaging methods?

2. What are the challenges involved with the interpretation of data from stimulation
and lesion research?
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Research Ethics in Behavioral Neuroscience

Research Ethics in Behavioral Neuroscience

The Greek physician and scholar Hippocrates set a standard for ethical behavior
in the sciences that has certainly stood the test of time. Hippocrates wrote in the
Epidemics: “As to diseases, make a habit of two things—to help, or at least do no
harm?” As you have seen in this chapter, we have developed a wealth of technology
in the neurosciences that has moved our understanding forward quite rapidly. In our
rush for knowledge, what controls are in place to ensure that Hippocrates’ rule of
“do no harm” is respected by those entrusted with the lives and welfare of research
participants?

Protection for research participants in the United States begins with the federal
government and the Common Rule, a set of standards shared by seventeen federal
agencies (Center for Science, Technology, and Congress, 2001). These standards apply
to any researcher obtaining federal funds or conducting research at an institution that
receives federal funds, which includes most universities. In addition, guidance is pro-
vided by professional societies, such as the American Psychological Association (APA)
and the Society for Neuroscience (SfN). To evaluate compliance with ethical standards,
each university maintains institutional review boards (IRBs) for human research and
institutional animal care and use committees (IACUCs) for animal research. These
committees are composed of faculty members with expertise in the appropriate areas,
plus at least one faculty member from a nonscience discipline. In addition, the boards
include a community member, so that the university is not simply policing itself behind
closed doors.

Human Participant Guidelines

Thinking about the protection of human participants has changed dramatically over
the past 30 years. Today’s scientific community is far more protective of the safety
and well-being of research participants. As an undergraduate student in introductory
psychology, I was compelled to serve as a research participant in a fixed number of
experiments to pass the course. I found myself acting as the confederate in a Milgram-
type obedience experiment in which the real participant was supposed to administer a
punishment to me in the form of increasingly potent electrical shocks. As in Milgram’s
original experiment (1963), I received no shocks, but the real participant (a girl from
my floor in the dorm) believed that I was being shocked. After she “administered” the
maximum levels of shock to me, I never quite trusted her again, and she avoided me
for the remainder of our undergraduate days.

Today, coercing people into serving as research participants, either for course
credit or any other incentive, is unacceptable. Although we recognize as psychologists
that people who volunteer for research are probably quite different from people who
don’t volunteer, the resulting limitations on our abilities to generalize are a reasonable
price to pay for ethical practice. Benefits for participation, including money, should
not be “excessive or inappropriate” (American Psychological Association, 1992).
Participants must be informed at the outset that they can leave the experiment at any
point in time without penalty. In this text, you will read about research conducted with
human participants who are not able to volunteer freely to participate. For example,
individuals may not be capable of fully understanding the nature of the experiment
or of their participation due to conditions such as schizophrenia or Alzheimer’s dis-
ease. In these situations, legal permission must be obtained from a third party. The
university-level review boards play an essential role in deciding these gray areas on a
case-by-case basis.

To freely volunteer, a participant must be told enough about the experiment to make
an informed decision about participating. This disclosure is accomplished through a
carefully worded informed consent form prepared by the researchers and reviewed
by the campus IRB. The form provides information about the general purpose of the
experiment and any risks that may be involved. Participants are provided with contact
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> @ Figure 1.16 Human
Research Ethics One of the
studies that provoked today’s
concerns with the safety of
human research participants
was the Tuskegee Syphilis
Study, in which men infected
with syphilis were not made
aware that effective treat-
ments were available, among
other ethical lapses.

Centers for Disease Control and Prevention

information in case they have further questions regarding the study. Participants are
assured that their data will be confidential and that they can choose to receive informa-
tion about the outcomes and conclusions of the experiment.

Animal Subjects Guidelines

According to the American Psychological Association (APA, 2005), 90 percent of ani-
mals used in research are rodents and birds, and monkeys and other primates are used
in 5 percent or less of all studies. The use of dogs and cats in behavioral neuroscience
is exceedingly rare.

eee Building Better

WHEN IS IT APPROPRIATE TO USE PLACEBOS?

HEALTH

placeboisaninertsubstance or procedure often used
as a control condition in clinical trials for new thera-
peuticdrugs (see Chapter4). The “gold standard” fordrug
efficacy studies is the double-blind placebo-controlled
study. The “double-blind” refers to the fact that nei-
ther the participant nor the researcher evaluating the
participant’s responses knows whether the participant
received the active or placebo treatment. This research
design controls for the powerful cognitive expectations
that often accompany use of a drug. | know for a fact
that it takes about 45 minutes for caffeine to have its
peak effect in my brain, but that does not stop me from
feeling more alert as | begin to sip my morning coffee.
Miller et al. (2010) identify two ethical issues with
placebo use. First, placebo research is inherently decep-
tive to some degree. Participants are commonly misled

about the purpose of the study and are not aware of the
deception until they are debriefed at the end. In only a
few cases, “authorized deception” is used, in which the
participants are told in advance that the study involves
deception that will be revealed to them at the conclu-
sion of the study. Second, placebo use in clinical prac-
tice is not uncommon. Although “only” 5 percent of
a random sample of 1,200 US physicians prescribed
true placebos (sugar pills or saline injections), close to
a majority used some “alternative” approaches such as
vitamins specifically to boost “patient expectations.”
The fact that placebos might result in true physical
changes, such as the release of our body’s natural opiates
or endorphins, further complicates the situation. These
are topics for which accurate research is vital, yet are
truly complicated when it comes to ethical constraints.
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The first provision for the protection of animal subjects relates to necessity. The
American Psychological Association (2008) stipulates that animal research should
have a clear scientific purpose, such as increasing our knowledge of behavior or
improving the health and welfare of humans or other animals. In other words, the
research needs to do more than build a scientist’s résumé for tenure and promotion.
The knowledge gained should balance and justify the use of animals. The species used
should be appropriate to the task. If the same questions can be asked without using
animals, the alternate method should be used.

A second provision relates to basic care and housing of the animals. Animal research
is expensive, but there are no alternatives to excellent care. When I was a graduate stu-
dent in the 1970s, a furnished apartment near UCLA cost about $165 per month. In
that same period, housing a single rhesus monkey for research purposes cost approxi-
mately $650 per month. Regular checkups by veterinarians and inspections occurred.
We were extensively trained regarding the typical behavior of the animals (more for our
own safety, in this case, as adult rhesus can be quite dangerous to humans).

Finally, experimental procedures should cause as little pain and distress as possible.
Consider, however, that animals are generally used when procedures are not acceptable
for human participants. The American Psychological Association guidelines include
provisions related to the use of pain, surgery, stress, and deprivation with animal sub-
jects, as well as to the termination of the animal’s life. Some individuals and groups
object to the notion that research that is considered unethical with humans is accept-
able when animal subjects are used. Nonetheless, this is the primary rationale for the
use of animal subjects, and we can expect a continued lively debate on the topic.

INTERIM SUMMARY 1.3

|| Ethical Principles

Participants Ethical Principles

Human participants No coercion
Informed consent

Confidentiality

Animal subjects Necessity
Excellent food, housing, vet care

Avoidance of pain and distress

|| Summary Points

1. Research ethics agreed upon by government agencies, universities, and individual
researchers are designed to protect both human participants and animal subjects
from harm. (L06)

2. In addition to being protected from physical and psychological harm, human
participants must not be coerced into participation, and their confidentiality must
be strictly maintained. (L06)

3. Animal subjects must be protected from unnecessary pain and suffering. Researchers
must establish the necessity of using animal subjects and are obligated to provide
excellent housing, food, and veterinary care. (L06)

|| Review Question

1. What are the major considerations for the protection of human participants and
animal research subjects?
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CHAPTER 1 What Is Behavioral Neuroscience
Chapter Review

THOUGHT QUESTIONS

1. How have societal factors influenced scientific discovery in the past? What aspects
of our current environment act to enhance or hinder scientific understanding in
behavioral neuroscience?

2. Which of the methods outlined in this chapter have the greatest potential for pro-
ducing further advancements in our understanding of brain and behavior?

KEY TERMS
autopsy (p. 8) event-related potential (ERP) (p. 12) mind-body dualism (p. 4)
behavioral neuroscience/biological functional MRI (fMRI) (p. 10) neuroscience (p. 2)

psychology (p. 2) heritability (p. 18) optogenetics (p. 15)
computerized tomography (CT) (p.9)  histology (p. 7) positron emission tomography (PET)
concordance rate (p. 17) lesion (p. 15) (p.9)
diffusion tensor imaging (DTT) magnetic resonance imaging (MRI) repeated transcranial magnetic

(p. 11) (p. 10) stimulation (fTMS) (p. 15)
electroencephalogram (EEG) (p. 12) magnetoencephalography (MEG) single-cell recording (p. 13)
epigenetics (p. 18) (p. 13) stem cell (p. 18)
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