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		  xxi	 xxi 

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 
•	Updated information on Tay Sachs testing

Chapter 5
•	New Essentials figure on membrane potential
•	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

•	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
•	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 PTSD 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, Orai1)

•	New figure on fast- and slow-twitch muscles

New to This Edition
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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:
•	ferritin
•	platelets and thrombocytopenia 
•	contact activation pathway 
•	cell injury pathway

•	New Concept Check questions

Chapter 17
•	New information on pulmonary function testing and FEV1 

(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 

CO2 (Fig. 17.13)
•	New table on gas laws
•	Updated information on:
•	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

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 Ca2+ 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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Writing, editing, and publishing a textbook is a group project that 
requires the talent and expertise of many people. No one scientist 
has the detailed background needed in all areas to write a book 
of this scope, and I am indebted to all my colleagues who have 
so generously shared their expertise in each edition. I particularly 
want to acknowledge Bruce Johnson, Cornell University, Depart-
ment of Neurobiology and Behavior, a superb neurobiologist and 
educator, who once again ensured that the chapters on neurobiol-
ogy are accurate and reflect the latest developments in that rap-
idly changing field.

Many other people devoted their time and energy to making 
this book a reality, and I would like to thank them all, collectively 
and individually. I apologize in advance to anyone whose name I 
have omitted.

Reviewers
I am particularly grateful to the instructors who reviewed one or 
more chapters of the last edition. There were many suggestions in 
their thoughtful reviews that I was unable to include in the text, 
but I appreciate the time and thought that went into their com-
ments. The reviewers for this edition include:

Catherine L. Carpenter, University of California, Los 
Angeles 

Karen M. Chooljian, California State University, Fresno
Patricia J. Clark, Indiana University – Purdue University 

Indianapolis
Margaret T. Flemming, Austin Community College – Rio 

Grande Campus
Jill M. Tall Gifford, Youngstown State University
David Harris, University of Central Florida College of 

Medicine
James D. Herman, Texas A&M University College of 

Veterinary Medicine & Biomedical Sciences
Anthony Jones, Tallahassee Community College
Daniel Kueh, Emory University
David Kurjiaka, Grand Valley State University
Nathan H. Lents, John Jay College 
Cheryl L. Neudauer, Minneapolis Community & Technical 

College
Byron Noordewier, Northwestern College
Rudy M. Ortiz, University of California, Merced
Mike Reutter, Normandale Community College
Ruy Tchao, University of the Sciences 
Chad M. Wayne, University of Houston 

Many other instructors and students took time to write or 
e-mail queries or suggestions for clarification, for which I thank 
them. I am always delighted to have input, and I apologize that I 
do not have room to acknowledge them all individually.

Specialty Reviews
No one can be an expert in every area of physiology, and I am 
deeply thankful for my friends and colleagues who reviewed en-
tire chapters or answered specific questions. Even with their help, 
there may be errors, for which I take full responsibility. The spe-
cialty reviewers for this edition were:

James Bryant, University of Texas, Austin
Douglas Eaton, Emory University
Christina Karatzaferi, University of Thessaly, Greece
Michael Levitzky, Louisiana State University Health 

Science Center, New Orleans
Donald R. McCrimmon, Northwestern University Feinberg 

School of Medicine
Stephen Schoech, University of Memphis
Frank Powell, University of California, San Diego
Gary Sieck, Mayo Clinic, Rochester
John West, University of California, San Diego

Photographs
I would like to thank the following colleagues who generously 
provided micrographs from their research:

Kristen Harris, University of Texas
Flora M. Love, University of Texas
Jane Lubisher, University of Texas
Young-Jin Son, University of Texas

Supplements
Damian Hill once again worked with me to revise and improve 
the Instructor Resource Manual and Student Workbook that ac-
company the book. I believe that supplements should reflect the 
style and approach of the text, so I am grateful that Damian has 
continued to be my alter-ego for so many editions.

I would also like to thank my colleagues who helped with the 
test bank and media supplements for this edition: Paul Wagner, 
Tracy Wagner, Cheryl Neudauer, Chad Wayne, Michelle Harri-
son, and Myriam Alhadeff Feldman.

The Development and Production Team
Writing a manuscript is only a first step in the long and compli-
cated process that results in a bound book with all its ancillaries. 
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 
the art to make it more user-friendly. Once again, Yvo Riezebos 
designed a striking cover that reflects how science is really art. 
Anne A. Reid, my long-time developmental editor, was a joy to 
work with, and helps ensure that what I write can be understood 
by students.
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This edition I owe a special debt of gratitude to my graduate 
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doing his doctoral research at UT-Austin and his medical studies 
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to working with my classes of 240 students each semester, they 
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film major at UT-Austin.

As always, I would like to thank my students and colleagues 
who looked for errors and areas that needed improvement. I’ve 
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A Work in Progress
One of the most rewarding aspects of writing a textbook is the 
opportunity it has given me to meet or communicate with other 
instructors and students. In the years since the first edition was 
published, I have heard from people around the world and have 
had the pleasure of hearing how the book has been incorporated 
into their teaching and learning.

Because science textbooks are revised every 3 or 4 years, they 
are always works in progress. I invite you to contact me or my 
publisher with any suggestions, corrections, or comments about 
this edition. I am most reachable through e-mail at silverthorn@
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
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