HUMAN
PHYSIOLOGY

AN INTEGRATED APPROACH SEVENTH EDITION

_ o

Dee Unglaub Silverthorn, Ph.D.

UNIVERSITY OF TEXAS, AUSTIN

WITH CONTRIBUTIONS BY

Bruce R. Johnson, Ph.D.
CORNELL UNIVERSITY

AND

William C. Ober, M.D.
ILLUSTRATION COORDINATOR

Claire E. Ober, R.N.
ILLUSTRATOR

Andrew C. Silverthorn, M.D.
CLINICAL CONSULTANT

A01_SILV1226_07_SE_FM.indd 1 T 112114 4:43 PM



Senior Acquisitions Editor: Kelsey Churchman Production Manager: Andrea Stefanowicz

Project Manager: Lauren Beebe Compositor: Lumina Datamatics, Inc.

Program Manager: Chriscelle Palaganas Art House: Imagineeringart.com Inc.

Development Editor: Anne A. Reid Interior Design Manager: Derek Bacchus

Director of Development: Barbara Yien Exterior Design Manager: Mark Ong

Assistant Editor: Ashley Williams Interior Designer: Elise Lansdon

Rights and Permissions Manager: Rache! Youdelman Cover Designer: Tandem Creative, Inc.

Photo Rights and Permissions: Hlustrators: William C. Ober and Claire E. QOber
Lauren McFalls, Lumina Datamatics, Inc. Senior Procurement Specialist: Szacey Weinberger

Program Management Team Lead: Mike Early Senior Marketing Manager: A/lison Rona

Project Management Team Lead: Nancy Tabor

Cover Photo: Fibroblast cells, fluorescent micrograph
Credit: Dr. Torsten Wittmann/Science Source

Copyright ©2016,2013, 2012 Pearson Education, Inc. All rights reserved. Printed in the United
States of America. This publication is protected by copyright, and permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission
in any form or by any means, electronic, mechanical, photocopying, recording, or otherwise. For
information regarding permissions, request forms, and the appropriate contacts within the Pearson
Education Global Rights & Permissions department, please visit www. pearsoned.com/permissions/.

Acknowledgments of third party content appear on page C-1, which constitutes an extension of this
copyright page.

PEARSON, ALWAYS LEARNING, A&P Flix™, MasteringA&.Pm, Learning Catalytics, and
InteractivePhysiology 2.0 are exclusive trademarks, in the U.S. and/or other countries owned by
Pearson Education, Inc., or its affiliates.

Unless otherwise indicated herein, any third-party trademarks that may appear in this work are the
property of their respective owners and any references to third-party trademarks, logos, or other trade
dress are for demonstrative or descriptive purposes only. Such references are not intended to imply any
sponsorship, endorsement, authorization, or promotion of Pearson’s products by the owners of such
marks, or any relationship between the owner and Pearson Education, Inc. or its affiliates, authors,
licensees or distributors.

Library of Congress Cataloging-in-Publication Data
Silverthorn, Dee Unglaub
Human physiology: an integrated approach / Dee Unglaub Silverthorn, Ph.D., University of Texas,
Austin; with contributions by Bruce R. Johnson, Ph.D., Cornell University and William C. Ober, M.D.,
illustration coordinator; Claire E. Ober, R.N., illustrator; Andrew C. Silverthorn, M.D., clinical
consultant.—Seventh edition.
pages cm
Includes index.
ISBN 978-0-321-98122-6
ISBN 0-321-98122-7
1. Human physiology. I.Johnson, Bruce R. II. Ober, William C. III. Garrison, Claire W.
IV. Silverthorn, Andrew C. V. Title.
QP34.5.555 2016
612—dc23

2014033529

ISBN 10: 0-321-98122-7; ISBN 13: 978-0-321-98122-6 (Student edition)
ISBN 10: 0-13-404719-2; ISBN 13: 978-0-13-404719-5 (Instructor’s Review Copy)

PEARSON
www.pearsonhighered.com 12345678910—V357—17 1615 14

A01_SILV1226_07_SE_FM.indd 2 @ 112114 4:43 PM



ABOUT THE AUTHOR

DEE UNGLAUB SILVERTHORN

studied biology as an undergradu-
ate at Newcomb College of Tulane
University, where she did research
on cockroaches. For graduate
school, she switched to studying
crabs and received a Ph.D. in ma-
rine science from the Belle W.
Baruch Institute for Marine and
Coastal Sciences at the University
of South Carolina. Her research
interest is epithelial transport, and
most recently work in her labo-
ratory has focused on transport
properties of the chick allantoic
membrane. Her teaching career started in the Physiology De-
partment at the Medical University of South Carolina but over
the years she has taught a wide range of students, from medical
and college students to those still preparing for higher educa-
tion. At the University of Texas—Austin, she teaches physiology
in both lecture and laboratory settings, and instructs graduate
students on developing teaching skills in the life sciences. She
has received numerous teaching awards and honors, including

22011 UT System Regents’ Outstanding Teaching Award, the

Michael Chirillo, Dee Silverthorn, and Kevin Christmas

2009 Outstanding Undergraduate
Science Teacher Award from the
Society for College Science Teach-
ers, the American Physiological
Society’s Claude Bernard Distin-
guished Lecturer and Arthur C.
Guyton Physiology Educator of
the Year, and multiple awards from
UT-Austin, including the Burnt
Orange Apple Award. The first
edition of her textbook won the
1998 Robert W. Hamilton Author
Award for best textbook published
in 1997-1998 by a University of
Texas faculty member. Dee was
the president of the Human Anatomy and Physiology Society in
2012-2013, has served as editor-in-chief of Adwvances in Physiol-
ogy Education, and is currently chair of the American Physiologi-
cal Society Book Committee. She works with members of the
International Union of Physiological Sciences to improve physi-
ology education in developing countries, and this book has been
translated into seven languages. Her free time is spent creating

multimedia fiber art and enjoying the Texas hill country with her
husband, Andy, and their dogs.

b 4

About the lllustrators

William C. Ober, M.D. (ar¢ coordinator and illustrator) received
his undergraduate degree from Washington and Lee University
and his M..D. from the University of Virginia. He also studied in
the Department of Art as Applied to Medicine at Johns Hopkins
University. After graduation, Dr. Ober completed a residency in
Family Practice and later was on the faculty at the University of
Virginia in the Department of Family Medicine and in the De-
partment of Sports Medicine. He also served as Chief of Medi-
cine of Martha Jefferson Hospital in Charlottesville, VA. He is
currently a visiting Professor of Biology at Washington & Lee
University, where he has taught several courses and led student
trips to the Galapagos Islands. He was part of the Core Faculty at
Shoals Marine Laboratory, where he taught Biological Illustration
for 22 years. The textbooks illustrated by Medical & Scientific I1-
lustration have won numerous design and illustration awards.

A01_SILV1226_07_SE_FM.indd 3

Claire E. Ober, R.N.

(illustrator) practiced pedi-
atric and obstetric nursing
before turning to medical
illustration as a full-time
career. She returned to
school at Mary Baldwin
College where she received
her degree with distinction
in studio art. Following a
five-year apprenticeship, she has worked as Dr. Ober’s partner in
Medical and Scientific Illustration since 1986. She was also on the
Core Faculty at Shoals Marine Laboratory and co-taught Biologi-
cal Illustration at both Shoals Marine Lab and at Washington and
Lee University.

11/21/14 4:43 PM



iv ABOUT THE AUTHORS

Ahout the Clinical Consultant

Andrew C. Silverthorn,
> M.D. is a graduate of the

¥ United States Military Acad-
emy (West Point). He served
in the infantry in Vietnam,
and upon his return entered
medical school at the Medical
University of South Carolina
in Charleston. He was chief
- resident in family medicine at

the University of Texas Medi-

cal Branch, Galveston, and is currently a family physician in solo
practice in Austin, Texas. When Andrew is not busy seeing pa-

tients, he may be found on the golf course or playing with his two
rescue dogs, Molly and Callie.

A01_SILV1226_07_SE_FM.indd 4

Ahout the Contributor

Bruce Johnson is a Senior
Research Associate in the De-
partment of Neurobiology and
Behavior at Cornell University.
He earned biology degrees
at Florida State University
(B.A)), Florida Atlantic Uni-
versity (M.S.), and at the Ma-
rine Biological Laboratory in
Woods Hole (Ph.D.) through
the Boston University Ma-
rine Program. At Cornell he teaches a laboratory course entitled
Principles of Neurophysiology. He is a coauthor of Crawdad: a
CD-ROM lab manual for Neurophysiology and the Laboratory
Manual for Physiology, and he continues development of model
preparations for student neuroscience laboratories. Bruce has di-
rected and taught in neuroscience faculty workshops sponsored by
NSF (Crawdad), ADInstruments (Crawdad and CrawFly), and
the Faculty for Undergraduate Neuroscience (FUN), and in neu-
roscience courses at the Universities of Copenhagen and Cologne,
the Marine Biological Laboratory, and the Shoals Marine Labo-
ratory. He has received outstanding educator and distinguished
teaching awards at Cornell University, and the FUN Educator
of the Year Award. He is a past president of FUN and presently
the Associate Editor for the Journal of Undergraduate Neuroscience
Education. Bruce’s research addresses the cellular and synaptic
mechanisms of motor network plasticity.

11/21/14 4:43 PM



This edition is dedicated to all my graduate teaching assistants, from
Carol, Jan, and Peter to Kevin, Michael, and Sarah, and everyone in

between. Their enthusiasm for teaching and creative ideas have been
a continual inspiration.

A01_SILV1226_07_SE_FM.indd 5 @ 112114 4:43 PM



A01_SILV1226_07_SE_FM.indd 6 @ 112114 4:43 PM



CONTENTS IN BRIEF

Owner’s Manual
New to This Edition xxi

Acknowledgments xxiii

A01_SILV1226_07_SE_FM.indd 7

I Basic Cell Processes: Integration

D1 A~ W N =

and Coordination

Introduction to Physiology 1

Molecular Interactions 28

Compartmentation: Cells and Tissues 58

Energy and Cellular Metabolism 92

Membrane Dynamics 122

Communication, Integration, and Homeostasis 165

m Homeostasis and Gontrol

7
8
9
10
11
12
13

Introduction to the Endocrine System 196

Neurons: Cellular and Network Properties 226

The Central Nervous System 274

Sensory Physiology 309

Efferent Division: Autonomic and Somatic Motor Control 358
Muscles 377

Integrative Physiology I: Control of Body Movement 417

U1 N Integration of Function

14
15
16
17
18
19
20

Cardiovascular Physiology 435

Blood Flow and the Control of Blood Pressure 477

Blood 511

Mechanics of Breathing 534

Gas Exchange and Transport 564

The Kidneys 589

Integrative Physiology II: Fluid and Electrolyte Balance 618

m Metabolism, Growth, and Aging

21
22
23
24
25
26

The Digestive System 654

Metabolism and Energy Balance 693

Endocrine Control of Growth and Metabolism 729
The Immune System 753

Integrative Physiology III: Exercise 786
Reproduction and Development 800

APPENDICES

APPENDIX A
Answers A-1

APPENDIX B
Physics and Math A-36

APPENDIX C
Genetics A-39

PHOTO CREDITS C-1
GLOSSARY/INDEX GI-1

vii

11/21/14 4:43 PM



A01_SILV1226_07_SE_FM.indd 8 @ 112114 4:43 PM



m Basic Cell Processes: Integration and Coordination

CHAPTER 1 B

Introduction to Physiology 1

Physiology Is an Integrative Science 2
RUNNING PROBLEM What to Believe? 2
EMERGING CONCEPTS The Changing World of Omics 3
Function and Mechanism 4
Themes in Physiology 5
FOCUS ON . . . Mapping 6
Theme 1: Structure and Function Are Closely Related 8
Theme 2: Living Organisms Need Energy 9
Theme 3: Information Flow Coordinates Body Functions 9
Theme 4: Homeostasis Maintains Internal Stability 9
Homeostasis 9
What Is the Body’s Internal Environment? 10
Homeostasis Depends on Mass Balance 10
Excretion Clears Substances from the Body 12
Homeostasis Does Not Mean Equilibrium 13
Control Systems and Homeostasis 13
Local Control Is Restricted to a Tissue 13
Reflex Control Uses Long-Distance Signaling 14
Response Loops Begin with a Stimulus 14
Feedback Loops Modulate the Response Loop 15
Negative Feedback Loops Are Homeostatic 15
Positive Feedback Loops Are Not Homeostatic 16
Feedforward Control Allows the Body to Anticipate Change 17
Biological Rhythms Result from Changes in a Setpoint 17
The Science of Physiology 18
Good Scientific Experiments Must Be Carefully Designed 18
FOCUS ON . . . Graphs 20
The Results of Human Experiments Can Be Difficult to Interpret 22
Human Studies Can Take Many Forms 23

CHAPTER SUMMARY 25 | REVIEW QUESTIONS 26

CHAPTER 2 B

Molecular Interactions 28

RUNNING PROBLEM Chromium Supplements 29
Molecules and Bonds 29

Most Biomolecules Contain Garbon, Hydrogen, and Oxygen 29

A01_SILV1226_07_SE_FM.indd 9

Electrons Have Four Important Biological Roles 33
Covalent Bonds between Atoms Create Molecules 33
Noncovalent Bonds Facilitate Reversible Interactions 39
Noncovalent Interactions 40
Hydrophilic Interactions Create Biological Solutions 40
Molecular Shape Is Related to Molecular Function 40
Hydrogen lons in Solution Can Alter Molecular Shape 41
Protein Interactions 46
Proteins Are Selective about the Molecules They Bind 46
Protein-Binding Reactions Are Reversible 47
Binding Reactions Obey the Law of Mass Action 47
The Dissociation Constant Indicates Affinity 48
Multiple Factors Alter Protein Binding 48
The Body Regulates the Amount of Protein in Cells 51
Reaction Rate Can Reach a Maximum 51
Chemistry Review Quiz 54

CHAPTER SUMMARY 55 | REVIEW QUESTIONS 56

CHAPTER 3 B
Compartmentation: Cells and Tissues 58

RUNNING PROBLEM Pap Tests Save Lives 59
Functional Compartments of the Body 59

The Lumens of Some Organs Are Outside the Body 59

Functionally, the Body Has Three Fluid Compartments 61
Biological Membranes 61

The Cell Membrane Separates Cell from Environment 61

Membranes Are Mostly Lipid and Protein 62

Membrane Lipids Create a Hydrophobic Barrier 62

Membrane Proteins May Be Loosely or Tightly Bound to the
Membrane 62

BIOTECHNOLOGY Liposomes for Beauty and Health 64

Membrane Carbohydrates Attach to Both Lipids and
Proteins 64

Intracellular Compartments 65
Cells Are Divided into Compartments 65

The Cytoplasm Includes Cytosol, Inclusions, Fibers, and
Organelles 65

Inclusions Are in Direct Contact with the Cytosol 65
Cytoplasmic Protein Fibers Come in Three Sizes 68
Microtubules Form Centrioles, Cilia, and Flagella 68

11/21/14 4:43 PM



X CONTENTS
The Cytoskeleton Is a Changeable Scaffold 68 Anaerobic Metabolism Makes 2 ATP 110
Single Cilia Are Sensors 69 Proteins Are the Key to Cell Function 111
Motor Proteins Create Movement 69 DNA Guides the Synthesis of RNA 112
Organelles Create Compartments for Specialized Alternative Splicing Creates Multiple Proteins from One DNA
Functions 70 Sequence 114
The Nucleus Is the Cell’s Control Center 72 mRNA Translation Links Amino Acids 115
Tissues of the Body 72 Purple Petunias and RNAi 116
Extracellular Matrix Has Many Functions 72 Protein Sorting Directs Proteins to Their Destination 116
Cell Junctions Hold Cells Together to Form Tissues 72 Proteins Undergo Posttranslational Modification 116

Epithelia Provide Protection and Regulate Exchange 76
Connective Tissues Provide Support and Barriers 80
BIOTECHNOLOGY Grow Your Own Cartilage 82

Muscle and Neural Tissues Are Excitable 84 CHAPTER 5 B 000

Tissue Remodeling 84 Membrane Dynamics 122
Apoptosis Is a Tidy Form of Gell Death 84

Stem Cells Can Create New Specialized Cells 85
FOCUS ON . . . The Skin 86

CHAPTER SUMMARY 119 | REVIEW QUESTIONS 120

Homeostasis Does Not Mean Equilibrium 123
RUNNING PROBLEM Cystic Fibrosis 123
Osmosis and Tonicity 125

Organs 87
The Body Is Mostly Water 125
CHAPTER SUMMARY 88 | REVIEW QUESTIONS 90 The Body Is in Osmotic Equilibrium 125
Osmolarity Describes the Number of Particles in Solution 126
Tonicity Describes the Volume Change of a Gell 127
CHAPTER 4 - Transport Processes 132
Energv and Cellular Metabolism 92 Cell Membranes Are Selectively Permeable 132
RUNNING PROBLEM Tay-Sachs Disease: A Deadly Diffusion 134
Inheritance 93 Lipophilic Molecules Cross Membranes by Simple
Energy in Biological Systems 93 Diffusion 136
Energy Is Used to Perform Work 94 Protein-Mediated Transport 137
Energy Comes in Two Forms: Kinetic and Potential 94 Membrane Proteins Have Four Major Functions 137
Energy Can Be Converted from One Form to Another 95 Channel Proteins Form Open, Water-Filled Passageways 139
Thermodynamics Is the Study of Energy Use 95 Carrier Proteins Change Conformation to Move Molecules 140
Chemical Reactions 96 Facilitated Diffusion Uses Carrier Proteins 142
Energy Is Transferred between Molecules during Reactions 96 Active Transport Moves Substances against Their Concentration

Gradients 143

Activation Energy Gets Reactions Started 96 i ] o o N
. ) Carrier-Mediated Transport Exhibits Specificity, Competition, and
Energy Is Trapped or Released during Reactions 96 Saturation 145

Net Free Energy Change Determines Reaction Reversibility 98
Enzymes 98

Enzymes Are Proteins 99

Reaction Rates Are Variable 99

Vesicular Transport 147
Phagocytosis Creates Vesicles Using the Cytoskeleton 147
Endocytosis Creates Smaller Vesicles 148
Exocytosis Releases Molecules Too Large for Transport

BIOTECHNOLOGY Seeing Isozymes 100 Proteins 148

Enzymes May Be Activated, Inactivated, or Modulated 100 CLINICAL FOCUS LDL: The Lethal Lipoprotein 148

Enzymes Lower Activation Energy of Reactions 100 Epithelial Transport 150

Enzymatic Reactions Can Be Categorized 101 Epithelial Transport May Be Paracellular or Transcellular 150
Metabolism 102 Transcellular Transport of Glucose Uses Membrane

Cells Regulate Their Metabolic Pathways 103 Proteins 151

ATP Transfers Energy between Reactions 104 Transcytosis Uses Vesicles to Gross an Epithelium 152

Catabolic Pathways Produce ATP 105 The Resting Membrane Potential 153

One Glucose Molecule Can Yield 30-32 ATP 105 Electricity Review 153

A01_SILV1226_07_SE_FM.indd 10 @ 112114 4:43 PM



The Cell Membrane Enables Separation of Electrical Charge
in the Body 153

All Living Cells Have a Membrane Potential 156

The Resting Membrane Potential Is Due Mostly to Potassium 157

Changes in lon Permeability Change the Membrane Potential 158
Integrated Membrane Processes: Insulin Secretion 159

CHAPTER SUMMARY 161 | REVIEW QUESTIONS 162

CHAPTER 6

Communication, Integration,
and Homeostasis 165

Cell-To-Cell Communication 166

RUNNING PROBLEM Diabetes Mellitus: A Growing Epidemic 166
Gap Junctions Create Cytoplasmic Bridges 166
Contact-Dependent Signals Require Cell-to-Cell Contact 166
Local Communication Uses Paracrine and Autocrine Signals 168
Long-Distance Communication May Be Electrical or Chemical 168
Cytokines May Act as Both Local and Long-Distance Signals 168

Signal Pathways 169

Receptor Proteins Are Located Inside the Cell or on the Cell
Membrane 169

Membrane Proteins Facilitate Signal Transduction 171

The Most Rapid Signal Pathways Change lon Flow through
Channels 172

Most Signal Transduction Uses G Proteins 174
Many Lipophobic Hormones Use GPCR-cAMP Pathways 174

m Homeostasis and Control

CHAPTER 7 |
Introduction to the Endocrine System 196

Hormones 197
RUNNING PROBLEM Graves’ Disease 197
Hormones Have Been Known Since Ancient Times 197
What Makes a Chemical a Hormone? 198
CLINICAL FOCUS Diabetes: The Discovery of Insulin 198
Hormones Act by Binding to Receptors 199
Hormone Action Must Be Terminated 199
The Classification of Hormones 201
Most Hormones Are Peptides or Proteins 201
Steroid Hormones Are Derived from Cholesterol 204
Some Hormones Are Derived from Single Amino Acids 206
Control of Hormone Release 206
The Endocrine Cell Is the Sensor in Simple Endocrine Reflexes 206

A01_SILV1226_07_SE_FM.indd 11

CONTENTS Xi

G Protein-Coupled Receptors Also Use Lipid-Derived Second
Messengers 174

Receptor-Enzymes Have Protein Kinase or Guanylyl Cyclase
Activity 176

Integrin Receptors Transfer Information from the Extracellular
Matrix 176

Novel Signal Molecules 176
Calcium Is an Important Intracellular Signal 177
Gases Are Ephemeral Signal Molecules 178
CLINICAL FOCUS From Dynamite to Medicine 178
Some Lipids Are Important Paracrine Signals 179
BIOTECHNOLOGY Calcium Signals Glow in the Dark 179
Modulation of Signal Pathways 180
Receptors Exhibit Saturation, Specificity, and Competition 180
One Ligand May Have Multiple Receptors 180

Up- and Down-Regulation Enable Cells to
Modulate Responses 181

Cells Must Be Able to Terminate Signal Pathways 182

Many Diseases and Drugs Target the Proteins of Signal
Transduction 182

Homeostatic Reflex Pathways 182

Cannon’s Postulates Describe Regulated Variables and Control
Systems 182

Long-Distance Pathways Maintain Homeostasis 183
Control Systems Vary in Their Speed and Specificity 187

Complex Reflex Control Pathways Have Several Integrating
Centers 189

CHAPTER SUMMARY 193 | REVIEW QUESTIONS 194

Many Endocrine Reflexes Involve the Nervous System 207
Neurohormones Are Secreted into the Blood by Neurons 207
The Pituitary Gland Is Actually Two Fused Glands 209

The Posterior Pituitary Stores and Releases Two
Neurohormones 209

The Anterior Pituitary Secretes Six Hormones 209

A Portal System Connects the Hypothalamus and Anterior
Pituitary 211

Anterior Pituitary Hormones Control Growth, Metabolism, and
Reproduction 213

Feedback Loops Are Different in the Hypothalamic-Pituitary
Pathway 213

Hormone Interactions 215

In Synergism, the Effect of Interacting Hormones Is More than
Additive 215

A Permissive Hormone Allows Another Hormone to Exert Its Full
Effect 216

11/21/14 4:43 PM



Xii CONTENTS

Antagonistic Hormones Have Opposing Effects 216

Endocrine Pathologies 216
Hypersecretion Exaggerates a Hormone’s Effects 216
Hyposecretion Diminishes or Eliminates a Hormone’s Effects 217

Receptor or Second Messenger Problems Cause Abnormal Tissue
Responsiveness 217

Diagnosis of Endocrine Pathologies Depends
on the Complexity of the Reflex 218

Hormone Evolution 218
FOCUS ON . . . The Pineal Gland 221

CHAPTER SUMMARY 223 | REVIEW QUESTIONS 224

CHAPTER 8 -
Neurons: Cellular and Network Properties 226

RUNNING PROBLEM Mysterious Paralysis 227
Organization of the Nervous System 227
Cells of the Nervous System 229
Neurons Carry Electrical Signals 229
Establishing Synapses Depends on Chemical Signals 232
Glial Cells Provide Support for Neurons 233
Can Stem Cells Repair Damaged Neurons? 235
Electrical Signals in Neurons 236
The Nernst Equation Predicts Membrane Potential for a Single lon 236
The GHK Equation Predicts Membrane Potential Using Multiple lons 237
lon Movement Creates Electrical Signals 238
Gated Channels Control the lon Permeability of the Neuron 238
Current Flow Obeys Ohm’s Law 239
CLINICAL FOCUS Mutant Channels 239
Graded Potentials Reflect Stimulus Strength 240
Action Potentials Travel Long Distances 242

Na* and K* Move across the Membrane during Action
Potentials 243

One Action Potential Does Not Alter lon Concentration
Gradients 245

Axonal Na™ Channels Have Two Gates 245

Action Potentials Will Not Fire during the Absolute Refractory
Period 245

Action Potentials Are Conducted 246
Larger Neurons Conduct Action Potentials Faster 247
Conduction Is Faster in Myelinated Axons 249
Chemical Factors Alter Electrical Activity 251
BIOTECHNOLOGY The Body’s Wiring 251

Cell-to-Cell Communication in The Nervous System 253
Neurons Communicate at Synapses 253
Neurons Secrete Chemical Signals 254
Neurotransmitters Are Highly Varied 254
CLINICAL FOCUS Myasthenia Gravis 256
BIOTECHNOLOGY Of Snakes, Snails, Spiders, and Sushi 257

A01_SILV1226_07_SE_FM.indd 12

Neurotransmitters Are Released from Vesicles 257

Stronger Stimuli Release More Neurotransmitter 260
Integration of Neural Information Transfer 260

Postsynaptic Responses May Be Slow or Fast 261

Pathways Integrate Information from Multiple Neurons 263

Synaptic Activity Can Be Modified 266

Long-Term Potentiation Alters Synapses 267

Disorders of Synaptic Transmission Are Responsible for Many

Diseases 268

CHAPTER SUMMARY 269 | REVIEW QUESTIONS 271

CHAPTER 9 -
The Central Nervous System 274

Emergent Properties of Neural Networks 275
RUNNING PROBLEM Infantile Spasms 275
Evolution of Nervous Systems 275
Anatomy of the Central Nervous System 277
The CNS Develops from a Hollow Tube 277
The CNS Is Divided into Gray Matter and White Matter 277
Bone and Connective Tissue Support the CNS 280
The Brain Floats in Cerebrospinal Fluid 280
The Blood-Brain Barrier Protects the Brain 282
CLINICAL FOCUS Diabetes: Hypoglycemia and the Brain 283
Neural Tissue Has Special Metabolic Requirements 283
The Spinal Cord 284
The Brain 285
The Brain Stem Is the Oldest Part of the Brain 285
The Cerebellum Coordinates Movement 288
The Diencephalon Contains the Centers for Homeostasis 288
The Cerebrum Is the Site of Higher Brain Functions 289
Brain Function 290
The Cerebral Cortex Is Organized into Functional Areas 291
The Spinal Cord and Brain Integrate Sensory Information 291
Sensory Information Is Processed into Perception 294
The Motor System Governs Output from the CNS 294
The Behavioral State System Modulates Motor Output 294
Why Do We Sleep? 296
Physiological Functions Exhibit Circadian Rhythms 297
Emotion and Motivation Involve Complex Neural Pathways 298
Moods Are Long-Lasting Emotional States 299
Learning and Memory Change Synaptic Connections in the Brain 299
Learning Is the Acquisition of Knowledge 300
Memory Is the Ability to Retain and Recall Information 300
Language Is the Most Elaborate Cognitive Behavior 302
Personality Is a Combination of Experience and Inheritance 304

CHAPTER SUMMARY 305 | REVIEW QUESTIONS 307

11/21/14 4:43 PM



CHAPTER 10
Sensory Physiology 309

RUNNING PROBLEM Méniére’s Disease 310
General Properties of Sensory Systems 310
Receptors Are Sensitive to Particular Forms of Energy 311

Sensory Transduction Converts Stimuli into Graded
Potentials 312

A Sensory Neuron Has a Receptive Field 312

The CNS Integrates Sensory Information 313

Coding and Processing Distinguish Stimulus Properties 314
Somatic Senses 317

Pathways for Somatic Perception Project to the Cortex and
Cerebellum 317

Touch Receptors Respond to Many Different Stimuli 319

Temperature Receptors Are Free Nerve Endings 320

Nociceptors Initiate Protective Responses 320

CLINICAL FOCUS Natural Painkillers 324
Chemoreception: Smell and Taste 324

Olfaction Is One of the Oldest Senses 324

Taste Is a Combination of Five Basic Sensations 325

Taste Transduction Uses Receptors and Channels 327
The Ear: Hearing 329

Hearing Is Our Perception of Sound 329

Sound Transduction Is a Multistep Process 331

The Cochlea Is Filled with Fluid 331

Sounds Are Processed First in the Cochlea 335

Auditory Pathways Project to the Auditory Cortex 335

Hearing Loss May Result from Mechanical or Neural
Damage 335

BIOTECHNOLOGY Artificial Ears 337
The Ear: Equilibrium 337

The Vestibular Apparatus Provides Information about
Movement and Position 337

The Semicircular Canals Sense Rotational Acceleration 337

The Otolith Organs Sense Linear Acceleration and Head
Position 339

Equilibrium Pathways Project Primarily to the Cerebellum 339
The Eye and Vision 340

The Skull Protects the Eye 340

CLINICAL FOCUS Glaucoma 340

Light Enters the Eye through the Pupil 342

The Lens Focuses Light on the Retina 343

Phototransduction Occurs at the Retina 345

Melanopsin 346
Photoreceptors Transduce Light into Electrical Signals 348
Signal Processing Begins in the Retina 350

CHAPTER SUMMARY 354 | REVIEW QUESTIONS 356

A01_SILV1226_07_SE_FM.indd 13

CONTENTS  xiii

CHAPTER 11 B

Efferent Division: Autonomic and Somatic Motor
Control 358

RUNNING PROBLEM A Powerful Addiction 359
The Autonomic Division 359
Autonomic Reflexes Are Important for Homeostasis 360

Antagonistic Gontrol Is a Hallmark of the Autonomic
Division 361

Autonomic Pathways Have Two Efferent Neurons in Series 361

Sympathetic and Parasympathetic Branches Originate in Different
Regions 363

The Autonomic Nervous System Uses a Variety of Chemical
Signals 364

Autonomic Pathways Control Smooth and Cardiac Muscle and
Glands 364

Autonomic Neurotransmitters Are Synthesized in the Axon 365
Autonomic Receptors Have Multiple Subtypes 366
The Adrenal Medulla Secretes Catecholamines 367

Autonomic Agonists and Antagonists Are Important Tools in
Research and Medicine 367

Primary Disorders of the Autonomic Nervous System Are Relatively
Uncommon 369

CLINICAL FOCUS Diabetes: Autonomic Neuropathy 369

Summary of Sympathetic and Parasympathetic Branches 369
The Somatic Motor Division 371

A Somatic Motor Pathway Consists of One Neuron 371

The Neuromuscular Junction Contains Nicotinic
Receptors 373

CHAPTER SUMMARY 374 | REVIEW QUESTIONS 375

CHAPTER 12
Muscles 377

RUNNING PROBLEM Periodic Paralysis 378

Skeletal Muscle 379
Skeletal Muscles Are Composed of Muscle Fibers 379
Myofibrils Are Muscle Fiber Contractile Structures 382
Muscle Contraction Creates Force 383

Actin and Myosin Slide Past Each Other during
Contraction 385

Myosin Crossbridges Move Actin Filaments 385

Calcium Signals Initiate Contraction 386

Myosin Heads Step along Actin Filaments 386
BIOTECHNOLOGY Watching Myosin Work 388
Acetylcholine Initiates Excitation-Contraction Coupling 388

Skeletal Muscle Contraction Requires a Steady Supply
of ATP 391

Fatigue Has Multiple Causes 392

11/21/14 4:43 PM



xiv CONTENTS

Skeletal Muscle Is Classified by Speed and Fatigue
Resistance 393

Resting Fiber Length Affects Tension 395
Force of Contraction Increases with Summation 396
A Motor Unit Is One Motor Neuron and Its Muscle Fibers 396

Contraction Force Depends on the Types and Numbers
of Motor Units 397

Mechanics of Body Movement 398

Isotonic Contractions Move Loads; Isometric Contractions Create
Force without Movement 398

Bones and Muscles around Joints Form Levers and
Fulcrums 400

Muscle Disorders Have Multiple Causes 402
Smooth Muscle 403
Smooth Muscle Is More Variable Than Skeletal Muscle 404
Smooth Muscle Lacks Sarcomeres 406
Myosin Phosphorylation Controls Contraction 406
MLCP Controls Ca** Sensitivity 407
Calcium Initiates Smooth Muscle Contraction 407

Some Smooth Muscles Have Unstable Membrane
Potentials 410

Chemical Signals Influence Smooth Muscle Activity 410
Cardiac Muscle 412

CHAPTER SUMMARY 413 | REVIEW QUESTIONS 414

m Integration of Function

CHAPTER 13 B

Integrative Physiology I: Control of Body
Movement 417

Neural Reflexes 418
Neural Reflex Pathways Can Be Classified in Different Ways 418
RUNNING PROBLEM Tetanus 418
Autonomic Reflexes 420
Skeletal Muscle Reflexes 420
Golgi Tendon Organs Respond to Muscle Tension 421
Muscle Spindles Respond to Muscle Stretch 421
CLINICAL FOCUS Reflexes and Muscle Tone 421

Stretch Reflexes and Reciprocal Inhibition Control Movement
around a Joint 424

Flexion Reflexes Pull Limbs Away from Painful Stimuli 424
The Integrated Control of Body Movement 426
Movement Can Be Classified as Reflex, Voluntary, or Rhythmic 427
The CNS Integrates Movement 428
Visualization Techniques in Sports 430

Symptoms of Parkinson’s Disease Reflect Basal Ganglia
Function 430

Control of Movement in Visceral Muscles 431

CHAPTER SUMMARY 433 | REVIEW QUESTIONS 434

CHAPTER 14 -
Cardiovascular Physiology 435

RUNNING PROBLEM Myocardial Infarction 436
Overview of the Cardiovascular System 436

The Cardiovascular System Transports Materials throughout the
Body 437

The Cardiovascular System Consists of the Heart, Blood Vessels,
and Blood 437

Pressure, Volume, Flow, and Resistance 439
The Pressure of Fluid in Motion Decreases over Distance 439
Pressure Changes in Liquids without a Change in Volume 440
Blood Flows from Higher Pressure to Lower Pressure 440
Resistance Opposes Flow 440

Velocity Depends on the Flow Rate and the Cross-Sectional
Area 442

Cardiac Muscle and the Heart 443
The Heart Has Four Chambers 443
Heart Valves Ensure One-Way Flow in the Heart 447
Cardiac Muscle Cells Contract without Innervation 447

A01_SILV1226_07_SE_FM.indd 14

Calcium Entry Is a Feature of Cardiac EC Coupling 449
Cardiac Muscle Contraction Can Be Graded 450
Myocardial Action Potentials Vary 451

The Heart as a Pump 454
Electrical Signals Coordinate Contraction 454
Pacemakers Set the Heart Rate 455
CLINICAL FOCUS Fibrillation 457
The Electrocardiogram Reflects Electrical Activity 457
The Heart Contracts and Relaxes during a Cardiac Cycle 461
CLINICAL FOCUS Gallops, Clicks, and Murmurs 464
Pressure-Volume Curves Represent One Cardiac Cycle 464

Stroke Volume Is the Volume of Blood Pumped per
Contraction 466

Cardiac Output Is a Measure of Cardiac Performance 466
The Autonomic Division Modulates Heart Rate 466
Multiple Factors Influence Stroke Volume 468

Contractility Is Controlled by the Nervous and Endocrine
Systems 469

EDV and Arterial Blood Pressure Determine Afterload 471

11/21/14 4:43 PM



Stem Cells for Heart Disease 471

CHAPTER SUMMARY 473 | REVIEW QUESTIONS 475

CHAPTER 15 -

Blood Flow and the Control of Blood
Pressure 477

RUNNING PROBLEM Essential Hypertension 478

The Blood Vessels 479
Blood Vessels Contain Vascular Smooth Muscle 479
Arteries and Arterioles Carry Blood Away from the Heart 480
Exchange Takes Place in the Capillaries 480
Blood Flow Converges in the Venules and Veins 481
Angiogenesis Creates New Blood Vessels 481

Blood Pressure 482
Blood Pressure Is Highest in Arteries and Lowest in Veins 482

Arterial Blood Pressure Reflects the Driving Pressure for Blood
Flow 483

Blood Pressure Is Estimated by Sphygmomanometry 484

Cardiac Output and Peripheral Resistance Determine Mean Arterial
Pressure 484

Changes in Blood Volume Affect Blood Pressure 485
CLINICAL FOCUS Shock 487

Resistance in the Arterioles 487
Myogenic Autoregulation Adjusts Blood Flow 488
Paracrine Signals Influence Vascular Smooth Muscle 489

The Sympathetic Branch Controls Most Vascular Smooth
Muscle 490

Distribution of Blood to the Tissues 492
Regulation of Cardiovascular Function 492
The Baroreceptor Reflex Controls Blood Pressure 493

Orthostatic Hypotension Triggers the Baroreceptor
Reflex 495

Other Systems Influence Cardiovascular Function 495
Exchange at the Capillaries 496
Velocity of Blood Flow Is Lowest in the Capillaries 497

Most Capillary Exchange Takes Place by Diffusion and
Transcytosis 497

Capillary Filtration and Absorption Take Place by
Bulk Flow 497

The Lymphatic System 498

Edema Results from Alterations in Capillary
Exchange 500

Cardiovascular Disease 501
Risk Factors Include Smoking and Obesity 501
Atherosclerosis Is an Inflammatory Process 502

CLINICAL FOCUS Diabetes and Cardiovascular
Disease 502

A01_SILV1226_07_SE_FM.indd 15

CONTENTS XV

Inflammatory Markers for
Cardiovascular Disease 504

Hypertension Represents a Failure of Homeostasis 504

CHAPTER SUMMARY 506 | REVIEW QUESTIONS 507

CHAPTER 16
Blood 511

RUNNING PROBLEM Blood Doping in Athletes 512
Plasma and the Cellular Elements of Blood 512
Plasma Is Extracellular Matrix 512
Cellular Elements Include RBCs, WBCs, and Platelets 514
Blood Cell Production 514
Blood Cells Are Produced in the Bone Marrow 515
Hematopoiesis Is Controlled by Cytokines 516
Colony-Stimulating Factors Regulate Leukopoiesis 516
Thrombopoietin Regulates Platelet Production 517
Erythropoietin Regulates RBC Production 518
Red Blood Cell 518
Mature RBCs Lack a Nucleus 518
FOCUS ON . . . Bone Marrow 519
Hemoglobin Synthesis Requires Iron 520
RBCs Live about Four Months 522
RBC Disorders Decrease Oxygen Transport 522
CLINICAL FOCUS Diabetes: Hemoglobin and Hyperglycemia 522
Platelets 523
Hemostasis and Coagulation 524
Hemostasis Prevents Blood Loss from Damaged Vessels 524
Platelet Activation Begins the Clotting Process 526
Coagulation Converts a Platelet Plug into a Clot 526
Anticoagulants Prevent Coagulation 528

CHAPTER SUMMARY 531 | REVIEW QUESTIONS 532

CHAPTER 17 .
Mechanics of Breathing 534

The Respiratory System 535

RUNNING PROBLEM Emphysema 535
Bones and Muscles of the Thorax Surround the Lungs 536
Pleural Sacs Enclose the Lungs 536
Airways Connect Lungs to the External Environment 537
The Airways Warm, Humidify, and Filter Inspired Air 537
Alveoli Are the Site of Gas Exchange 540
Pulmonary Circulation Is High-Flow, Low-Pressure 540
CLINICAL FOCUS Congestive Heart Failure 542

Gas Laws 542
Air Is a Mixture of Gases 542

11/21/14 4:43 PM



Xvi CONTENTS

Gases Move Down Pressure Gradients 542 CHAPTER 19 -
Boyle’s Law Describes Pressure-Volume Relationships 544 The Kidneys 589

Ventilation 544
Lung Volumes Change during Ventilation 544 Functions of the Kidneys 590

During Ventilation, Air Flows because of Pressure RUNNING PROBLEM Gout 590
Gradients 546 Anatomy of the Urinary System 591

Inspiration Occurs When Alveolar Pressure Decreases 546 The Urinary System Consists of Kidneys, Ureters, Bladder,
Expiration Occurs When Alveolar Pressure Increases 547 and Urethra 591

Intrapleural Pressure Changes during Ventilation 549 The Nephron Is the Functional Unit of the Kidney 591
Lung Compliance and Elastance May Change in Overview of Kidney Function 594

Disease States 550 Kidneys Filter, Reabsorb, and Secrete 594

Surfactant Decreases the Work of Breathing 551 The Nephron Modifies Fluid Volume and Osmolarity 594
Airway Diameter Determines Airway Resistance 552 Filtration 596

Rate and Depth of Breathing Determine the Efficiency of The Renal Corpuscle Contains Filtration Barriers 597
Breathing 553 Diabetes: Diabetic

Alveolar Gas Composition Varies Little during Normal Nephropathy 597

Breathing 554 Capillary Pressure Causes Filtration 598

Ventilation and Alveolar Blood Flow Are Matched 556 GFR Is Relatively Constant 600

Auscultation and Spirometry Assess Pulmonary GFR Is Subject to Autoregulation 600

Function 557
Hormones and Autonomic Neurons Also Influence GFR 602

CHAPTER SUMMARY 560 | REVIEW QUESTIONS 561 Reabsorption 602
Reabsorption May Be Active or Passive 602
Renal Transport Can Reach Saturation 604

CHAPTER 18 I BIOTECHNOLOGY Artificial Kidneys 605

Gas Exchange and Transport 564 Peritubular Capillary Pressures Favor Reabsorption 606
Secretion 607

RUNNING PROBLEM High Altitude 565 Competition Decreases Penicillin Secretion 608

Gas Exchange in the Lungs and Tissues 565 Excretion 608

Lower Alveolar Po, Decreases Oxygen Uptake 566 Clearance Is a Noninvasive Way to Measure GFR 609

Diffusion Problems Cause Hypoxia 567 Clearance Helps Us Determine Renal Handling 611
BIOTECHNOLOGY The Pulse Oximeter 569 Micturition 613
Gas Solubility Affects Diffusion 569

Gas Transport in the Blood 571 CHAPTER SUMMARY 614 | REVIEW QUESTIONS 616

Hemoglobin Binds to Oxygen 572

Oxygen Binding Obeys the Law of Mass Action 572 CHAPTER 20 e

Hemoglobin Transports Most Oxygen to the Tissues 573 . . .
Py, Determines Oxygen-Hb Bining 573 Integrative Physiology lI: Fluid and Electrolyte
Balance 618

Oxygen Binding Is Expressed as a Percentage 574

Blood Substitutes 574 Fluid and Electrolyte Homeostasis 619
Several Factors Affect 0,-Hb Binding 575 RUNNING PROBLEM Hyponatremia 619
Carbon Dioxide Is Transported in Three Ways 577 ECF Osmolarity Affects Cell Volume 619
Regulation of Ventilation 580 Multiple Systems Integrate Fluid and Electrolyte Balance 619
Neurons in the Medulla Control Breathing 581 Water Balance 620
C0,, Oxygen, and pH Influence Ventilation 582 Daily Water Intake and Excretion Are Balanced 620
Protective Reflexes Guard the Lungs 584 The Kidneys Gonserve Water 621
Higher Brain Centers Affect Patterns of Ventilation 584 The Renal Medulla Greates Concentrated Urine 622

CLINICAL FOCUS Diabetes: Osmotic Diuresis 623
Vasopressin Controls Water Reabsorption 623

CHAPTER SUMMARY 586 | REVIEW QUESTIONS 587

AO1_SILV1226_07_SE_FM.indd 16 @ 112114 4:43 PM



A01_SILV1226_07_SE_FM.indd 17

Blood Volume and Osmolarity Activate Osmoreceptors 625

The Loop of Henle Is a Countercurrent Multiplier 627
Sodium Balance and ECF Volume 629

Aldosterone Controls Sodium Balance 630

Low Blood Pressure Stimulates Aldosterone Secretion 630

ANG Il Has Many Effects 632

Natriuretic Peptides Promote Na* and Water Excretion 634
Potassium Balance 634

EMERGING CONCEPTS WNK Kinases and Hypertension 634
Behavioral Mechanisms in Salt and Water Balance 636

Drinking Replaces Fluid Loss 636

Low Na* Stimulates Salt Appetite 636

Avoidance Behaviors Help Prevent Dehydration 636
Integrated Control of Volume and Osmolarity 637

m Metabolism, Growth, and Aging

CONTENTS  xvii

Osmolarity and Volume Can Change Independently 637
Dehydration Triggers Homeostatic Responses 638

Acid-Base Balance 641
pH Changes Can Denature Proteins 641
Acids and Bases in the Body Come from Many Sources 642
pH Homeostasis Depends on Buffers, Lungs, and Kidneys 642

Buffer Systems Include Proteins, Phosphate lons,
and HCO;~ 643

Ventilation Can Compensate for pH Disturbances 643
Kidneys Use Ammonia and Phosphate Buffers 645

The Proximal Tubule Secretes H* and Reabsorbs HCO;~ 645
The Distal Nephron Controls Acid Excretion 646

Acid-Base Disturbances May Be Respiratory or Metabolic 647

CHAPTER SUMMARY 651 | REVIEW QUESTIONS 652

CHAPTER 21 -
The Digestive System 654

Anatomy of the Digestive System 655
RUNNING PROBLEM Cholera in Haiti 655

The Digestive System Is a Tube 655

The GI Tract Wall Has Four Layers 658
Digestive Function and Processes 659

We Secrete More Fluid Than We Ingest 661

Digestion and Absorption Make Food Usable 661

Motility: GI Smooth Muscle Contracts Spontaneously 661

Gl Smooth Muscle Exhibits Different Patterns of Contraction 663

CLINICAL FOCUS Diabetes: Delayed Gastric Emptying 663
Regulation of Gl Function 664

The Enteric Nervous System Can Act Independently 664

Gl Peptides Include Hormones, Neuropeptides, and Cytokines 665
Integrated Function: The Cephalic Phase 668

Chemical and Mechanical Digestion Begins in the Mouth 668

Saliva Is an Exocrine Secretion 668

Swallowing Moves Food from Mouth to Stomach 668
Integrated Function: The Gastric Phase 669

The Stomach Stores Food 669

Gastric Secretions Protect and Digest 670

The Stomach Balances Digestion and Defense 672
Integrated Function: The Intestinal Phase 672

Intestinal Secretions Promote Digestion 673

The Pancreas Secretes Enzymes and Bicarbonate 674

The Liver Secretes Bile 675

FOCUS ON . . . The Liver 677

Most Digestion Occurs in the Small Intestine 678
Bile Salts Facilitate Fat Digestion 678
Carbohydrates Are Absorbed as Monosaccharides 680
CLINICAL FOCUS Lactose Intolerance 680
Proteins Are Digested into Small Peptides and Amino Acids 681
Some Larger Peptides Can Be Absorbed Intact 682
Nucleic Acids Are Digested into Bases and Monosaccharides 682
The Intestine Absorbs Vitamins and Minerals 682
The Intestine Absorbs lons and Water 683
Regulation of the Intestinal Phase 684
EMERGING CONCEPTS Taste Receptors in the Gut 684
The Large Intestine Concentrates Waste 685
EMERGING CONCEPTS The Human Microbiome Project 686
Diarrhea Can Cause Dehydration 686
Immune Functions of the GI Tract 687
M Cells Sample Gut Contents 687
Vomiting Is a Protective Reflex 687

CHAPTER SUMMARY 689 | REVIEW QUESTIONS 690

CHAPTER 22 -
Metabholism and Energy Balance 693

Appetite and Satiety 694
RUNNING PROBLEM Eating Disorders 694

BIOTECHNOLOGY Discovering Peptides: Research in Reverse 695
Energy Balance 696

Energy Input Equals Energy Output 696
CLINICAL FOCUS Estimating Fat—The Body Mass Index 697

11/21/14 4:43 PM



xvili ~ CONTENTS

Oxygen Consumption Reflects Energy Use 697
Many Factors Influence Metabolic Rate 698

Energy Is Stored in Fat and Glycogen 698
Metabolism 699

Ingested Energy May Be Used or Stored 699

Enzymes Control the Direction of Metabolism 700
Fed-State Metabolism 701

Carbohydrates Make ATP 701

Amino Acids Make Proteins 701

Fats Store Energy 703

CLINICAL FOCUS Antioxidants Protect the Body 703

Plasma Cholesterol Predicts Heart Disease 705
Fasted-State Metaholism 705

Glycogen Converts to Glucose 706
Proteins Can Be Used to Make ATP 706

Lipids Store More Energy than Glucose or Protein 707
Homeostatic Control of Metabolism 708

The Pancreas Secretes Insulin and Glucagon 708

The Insulin-to-Glucagon Ratio Regulates Metabolism 709
Insulin Is the Dominant Hormone of the Fed State 710
Insulin Promotes Anabolism 711

Glucagon Is Dominant in the Fasted State 714

Diabetes Mellitus Is a Family of Diseases 714

Type 1 Diabetics Are Prone to Ketoacidosis 715

Type 2 Diabetics Often Have Elevated Insulin Levels 718

Metabolic Syndrome Links Diabetes and Cardiovascular
Disease 718

Multiple Hormones Influence Metabolism 719
Regulation of Body Temperature 720

Body Temperature Balances Heat Production, Gain, and
Loss 720

Body Temperature Is Homeostatically Regulated 721
Movement and Metabolism Produce Heat 722
The Body’s Thermostat Can Be Reset 723

CHAPTER SUMMARY 726 | REVIEW QUESTIONS 727

CHAPTER 23

Endocrine Control of Growth and
Metabolism 729

Review of Endocrine Principles 730
RUNNING PROBLEM Hyperparathyroidism 730
BIOTECHNOLOGY Mutant Mouse Models 730
Adrenal Glucocorticoids 731
The Adrenal Gortex Secretes Steroid Hormones 732
Cortisol Secretion Is Controlled by ACTH 732
Cortisol Is Essential for Life 732
Cortisol Is a Useful Therapeutic Drug 734

A01_SILV1226_07_SE_FM.indd 18

Cortisol Pathologies Result from Too Much or Too Little Hormone 734
CRH and ACTH Have Additional Physiological Functions 735
Melanocortins and the Agouti Mouse 735
Thyroid Hormones 736
Thyroid Hormones Contain lodine 736
TSH Controls the Thyroid Gland 738
Thyroid Pathologies Affect Quality of Life 738
Growth Hormone 740
Growth Hormone Is Anabolic 741
CLINICAL FOCUS New Growth Charts 742
Growth Hormone Is Essential for Normal Growth 742
Genetically Engineered hGH Raises Ethical Questions 742
Tissue and Bone Growth 743
Tissue Growth Requires Hormones and Paracrine Signals 743
Bone Growth Requires Adequate Dietary Calcium 743
Calcium Balance 745
Plasma Calcium Is Closely Regulated 745
Three Hormones Control Calcium Balance 746
Calcium and Phosphate Homeostasis Are Linked 748
Osteoporosis Is a Disease of Bone Loss 749

CHAPTER SUMMARY 750 | REVIEW QUESTIONS 751

CHAPTER 24
The Immune System 753

RUNNING PROBLEM HPV: To Vaccinate or Not? 754
Overview 754
Pathogens of the Human Body 754
Bacteria and Viruses Require Different Defense Mechanisms 755
Viruses Can Replicate Only inside Host Cells 756
The Immune Response 756
Anatomy of the Inmune System 757
Lymphoid Tissues Are Everywhere 757
FOCUS ON . . . The Spleen 759
Leukocytes Mediate Immunity 759
Innate Immunity: Nonspecific Responses 762
Barriers Are the Body’s First Line of Defense 763
Phagocytes Ingest Foreign Material 763
NK Cells Kill Infected and Tumor Gells 763
Cytokines Create the Inflammatory Response 764
Acquired Immunity: Antigen-Specific Responses 765
Lymphocytes Mediate the Acquired Immune Response 766
B Lymphocytes Become Plasma Cells and Memory Cells 766
Antibodies Are Proteins Secreted by Plasma Cells 768
Antibodies Work outside Cells 768
FOCUS ON . . . The Thymus Gland 770
T Lymphocytes Use Contact-Dependent Signaling 770

11/21/14 4:43 PM



Immune Response Pathways 772
Bacterial Invasion Causes Inflammation 772
Viral Infections Require Intracellular Defense 772
Specific Antigens Trigger Allergic Responses 775
MHC Proteins Allow Recognition of Foreign Tissue 776
The Immune System Must Recognize “Self” 778
Immune Surveillance Removes Abnormal Cells 779
BIOTECHNOLOGY Engineered Antibodies 779
Neuro-Endocrine-Immune Interactions 779
Stress Alters Immune System Function 781
Modern Medicine Includes Mind-Body Therapeutics 781

CHAPTER SUMMARY 783 | REVIEW QUESTIONS 784

CHAPTER 25 B
Integrative Physiology lll: Exercise 786

RUNNING PROBLEM Malignant Hyperthermia 787
Metabolism and Exercise 787
Hormones Regulate Metabolism during Exercise 789
Oxygen Gonsumption Is Related to Exercise Intensity 789
Several Factors Limit Exercise 789
Ventilatory Responses to Exercise 790
Cardiovascular Responses to Exercise 791
Cardiac Output Increases during Exercise 791
Muscle Blood Flow Increases during Exercise 792
Blood Pressure Rises Slightly during Exercise 792
The Baroreceptor Reflex Adjusts to Exercise 793
Feedforward Responses to Exercise 793
Temperature Regulation during Exercise 794
Exercise and Health 795
Exercise Lowers the Risk of Cardiovascular Disease 795
Type 2 Diabetes Mellitus May Improve with Exercise 795
Stress and the Immune System May Be Influenced by Exercise 795

CHAPTER SUMMARY 798 | REVIEW QUESTIONS 798

CHAPTER 26 B
Reproduction and Development 800

RUNNING PROBLEM Infertility 801
Sex Determination 801
Sex Chromosomes Determine Genetic Sex 801
Sexual Differentiation Occurs Early in Development 802

A01_SILV1226_07_SE_FM.indd 19

CONTENTS Xix

CLINICAL FOCUS X-Linked Inherited Disorders 803
Basic Patterns of Reproduction 806
CLINICAL FOCUS Determining Sex 806
Gametogenesis Begins in Utero 807
The Brain Directs Reproduction 807
Environmental Factors Influence Reproduction 810
Male Reproduction 810
Testes Produce Sperm and Hormones 811
Spermatogenesis Requires Gonadotropins and Testosterone 815
Male Accessory Glands Contribute Secretions to Semen 815
Androgens Influence Secondary Sex Characteristics 815
Female Reproduction 816
The Ovary Produces Eggs and Hormones 816
A Menstrual Cycle Lasts about One Month 817
Hormonal Control of the Menstrual Cycle Is Complex 817
Hormones Influence Female Secondary Sex Characteristics 823
Procreation 824
The Human Sexual Response Has Four Phases 824
The Male Sex Act Includes Erection and Ejaculation 824
Sexual Dysfunction Affects Males and Females 824
Contraceptives Are Designed to Prevent Pregnancy 825
Infertility Is the Inability to Conceive 827
Pregnancy and Parturition 827
Fertilization Requires Capacitation 827
The Developing Embryo Implants in the Endometrium 827
The Placenta Secretes Hormones during Pregnancy 829
Pregnancy Ends with Labor and Delivery 830
The Mammary Glands Secrete Milk during Lactation 832
Growth and Aging 834
Puberty Marks the Beginning of the Reproductive Years 834
Menopause and Andropause Are a Consequence of Aging 834

CHAPTER SUMMARY 835 | REVIEW QUESTIONS 837

APPENDICES

APPENDIX A Answers A-1
APPENDIX B Physics and Math A-36
APPENDIX C Genetics A-39

PHOTO CREDITS C-1

GLOSSARY/INDEX GI-1

11/21/14 4:43 PM



A01_SILV1226_07_SE_FM.indd 20 @ 112114 4:43 PM



NEW TO THIS EDITION

The seventh edition of Human Physiology: An Integrated Approach
builds upon the thorough coverage of integrative and molecu-
lar physiology topics that have been the foundation of this book
since its first publication. The text has been revised with extensive
content updates, particularly in the areas of neurobiology and re-
productive physiology. Chapter 21 on the digestive system and
Chapter 26 on reproductive physiology have been reorganized.

Continuing the revision of the art introduced last edition,
we created additional Review and Essentials figures that students
can use for quick review as well as new Anatomy Summaries and
concept maps. Figures from previous editions that were signifi-
cantly modified or eliminated are still available to instructors on
the Instructor’s DVD.

A new feature in the book is the addition of online Video
Tutors that can be accessed by using the QR codes found in re-
lated figures. These short videos explain complex topics or show
physiology in action in research and medicine. Finally, every
chapter now begins with a list of Learning Outcomes (LO) for
the chapter.

CHAPTER-BY-CHAPTER CONTENT UPDATES
Chapter 1

® Added DOI numbers to literature citation information

Chapter 2

¢ Updated information on chromium supplements
® Expanded discussion of proteins

Chapter 3

¢ Expanded discussion of fluid compartments

¢ Updated Running problem on HPV and Pap smears to
reflect latest guidelines for management of abnormal tests

® New discussion of retinoids

Chapter 4

¢ New Figure Question
e Updated information on Tay Sachs testing

Chapter 5

New Essentials figure on membrane potential

e Video Tutor walking through the problems in Figure 5.4

® Video Tutor demonstrations of diffusion (Fig. 5.6) and
membrane potential (Fig. 5.23)

® New figures for osmotic pressure and transport across
membranes

® New concept map of fluid compartments

® Updated transporter gene families and transporter
classification
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¢ New quantitative Figure Questions for equilibrium potential
® New Figure Questions for insulin secretion
¢ Updated information on caveolae

Chapter 6

¢ Updated information on cytokines
© New discussion of catalytic receptors

Chapter 7

¢ Updated information on:
® prolactin
* short-loop negative feedback
® New discussion of tertiary pathologies

Chapter 8

¢ Expanded discussion of electrical synapses
© New Essentials figure on integration of synaptic signaling

Chapter 9
e BRAIN and Human Connectome

¢ Updated information on:
® sleep
® circadian rhythms
® jet lag and shift work disorder
® serotonin/norepinephrine reuptake inhibitors
* treatment of infantile spasms (West syndrome)
* language processing
© New table on brain imaging techniques, including CLARITY

® New discussion of PT'SD Cranial nerve mnemonic

Chapter 10

® Updated discussion of

® pain

® olfactory processing

® taste transduction

® Merkel cell mechanotransduction
® New: olfactory (Bowman’s) glands

Chapter 11

© New information on dysautonomia

¢ New Anatomy Summary for autonomic nervous system

¢ Updated information on drug treatment for tobacco use
disorder

Chapter 12

¢ Updated information on:
* skeletal muscle fiber types
* store-operated calcium channels (STIM1, Orail)

© New figure on fast- and slow-twitch muscles

XXi
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Xxii NEW TO THIS EDITION

Chapter 13

¢ Updated information on Golgi tendon organ function

Chapter 14

¢ Updated Running Problem to include cardiac stents and
treatment for heart attacks

® Updated info on stem cells for cardiac problems

© Video Tutor showing electrocardiogram recording (Fig. 14.15)

Chapter 15

® Video Tutor demonstrating orthostatic hypotension and the
baroreceptor reflex (Fig. 15.14)

® New Figure Questions and Quantitative Question

¢ Updated information on hypertension

Chapter 16

® New Essentials figure on the complete blood count
¢ Updated information on:

e ferritin

* platelets and thrombocytopenia

® contact activation pathway

e cell injury pathway
® New Concept Check questions

Chapter 17

® New information on pulmonary function testing and FEV,
(forced expiratory volume in one second)

® Video Tutor of pulmonary function testing (Fig. 17.7)

® Video Tutor of lung model and negative intrapleural
pressure (Fig. 17.10)

® Video Tutor showing effect of breathing pattern on expired
CO, (Fig.17.13)

© New table on gas laws

¢ Updated information on:
e COPD
* velocity of air flow

® New algorithm for calculating lung volumes

® New end-of-chapter questions

Chapter 18

® Video Tutor demonstration of oxygen transport by
hemoglobin (Fig. 18.8)
¢ Updated information on:
* central regulation of ventilation
* central chemoreceptors
® blood substitutes
® Expanded discussion and questions on the Fick equation

Chapter 19

Expanded histology of the nephron

Video Tutor demonstrating renal clearance (Fig. 19.13)
New quantitative and graphing end-of-chapter questions
New information on primary cilia as flow sensors
Expanded “useful equations” table
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Chapter 20

© New quantitative problem on osmotic diuresis

¢ Emerging Concepts box on WNK kinases
Chapter 21

© Major reorganization of topics

® New Essentials figures on GI motility, The Pancreas

® New Figure Questions and Concept Checks

¢ New Emerging Concepts box on the human microbiome
project

Chapter 22

® New information on

* uncoupling protein 1 (UCP1) in brown fat
* SGLT2 inhibitors

New discussion of hormones and metabolism
Updated discussion on control of food intake
New quantitative problem on BMI

New questions on diabetes

Chapter 23

¢ Updated information on
* POMC and food intake update

® New information on

° monocarboxylate transporter for thyroid hormones
° mechanical stress, primary cilia, and bone remodeling

¢ calbindin in Ca** absorption
® New Graph Question

Chapter 24
New Anatomy Summary on the immune system
Updated information on HPV

New concept map for the immune system
Expanded discussion of antibodies

New section on Rh blood groups

Chapter 25

® Video Tutor demonstrating the effect of exercise on
cardiovascular and pulmonary function (Figs. 25.5,25.8)

¢ New Running Problem on malignant hyperthermia

Chapter 26

® New art for hormonal control of spermatogenesis and
follicular development

¢ Updated information:
* developmental timeline of ovarian follicles
* reproductive aging

® New Running problem: primary ovarian insufficiency (POI,
also called premature ovarian failure) and treatment with in
vitro activation (IVA)

® Expanded information on environmental estrogens
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The team that works with me on book development deserves
a lot of credit for the finished product. In this edition, Bill and
Claire Ober, my art coauthors, created thoughtful updates to
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A Work in Progress
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utexas.edu. You can reach my editor at the following address:

Applied Sciences

Pearson Education

1301 Sansome Street

San Francisco, CA 94111
Dee U. Silverthorn
University of Texas

Austin, Texas

112114 4:43 PM



