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Preface

From the Authors e

It is with great pleasure that we present the twelfth edition of
Vander’s Human Physiology. The cover of this edition reflects
some of the major themes of the textbook: homeostasis, exer-
cise, pathophysiology, and cellular and molecular mechanisms
of body function. Research in these areas continues at a fast
pace, and we have tried to reflect the excitement that this brings
to the field of human physiology in the revised text. To that
end, we have added new material on our modern understand-
ing and treatment of many diseases, and have made special note
wherever appropriate of recent molecular advances in human
physiology. We have also expanded two new pedagogical ele-
ments that were introduced in the eleventh edition, namely, the
“Physiological Inquiries” and the case studies of Chapter 19.
Reviewers were unanimous that these two features of the text
were excellent learning tools for students, and a clear message
was received by the authors that more is better. We have added
dozens of new Physiological Inquiries, roughly doubling the
total number of these valuable concept checks; we have also ex-
tended them to the introductory chapters, allowing students to
assess their understanding of chemical and biochemical prin-
ciples introduced early in the text. Users of the book will also
benefit from the extensive coverage of exercise physiology (see
the special Exercise Index that follows the detailed Table of
Contents), and the Index of Clinical Terms (Appendix B). This
index is organized according to disease; infectious or causative
agents; and the treatments, diagnostics, and therapeutic drugs
used to treat disease. This is a very useful resource for instruc-
tors and students interested in the extensive medical applica-
tions of human physiology that are covered in this book.

Chapter 19, “Medical Physiology: Integration Using
Clinical Cases,” proved extremely popular with instructors
and students. We have therefore added one more integrated
case study to this chapter. This case describes a college student
who is diagnosed with a type of brain tumor. The case study is
notable for its integration of numerous neurological signs and
symptoms and for introducing in detail the utility of magnetic
resonance imaging. As with the other case studies in Chapter 19,
students are asked to “Reflect and Review™ the material as the
case unfolds, providing them with a step-by-step interactive
learning experience. This chapter was so well received that we
have reorganized the other 18 chapters to include at the end
of each a brief case study that is specific to the material covered
in that chapter. In this way, students learn to apply material to
real-life situations beginning with the material in Chapter 1.
The case studies generally become more complex and integra-
tive as the student progresses through the text and gains a
deeper foundation of physiological principles.

We are always grateful to receive e-mail messages from in-
structors and students worldwide who are using the book and
wish to offer suggestions regarding content. We continue to
be indebted to the previous authors, Arthur Vander, Dorothy
Luciano, and James Sherman, and to the staff at McGraw-
Hill Higher Education for their support and professionalism.
Finally, no textbook such as this could be written without the
expert and critical eyes of our many reviewers; we are thankful
to those colleagues who took time from their busy schedules
to read all or a portion of a chapter (or more) and provide us
with their insights and suggestions for improvements.
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Guided Tour Through a Chapter
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Chapter Outline

Every chapter starts with an outline giving the reader a brief
view of what is to be covered in that chapter.

Summary Tables

Summary tables are used to bring together large amounts of
information that may be scattered throughout the book or to
summarize small or moderate amounts of information. The
tables complement the accompanying figures to provide a
rapid means of reviewing the most important material in the
chapter.
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“Additional cases should be included. The best approach
should be to put one of those cases at the end of each
chapter with a case related to it.”

Jesus A. F. Tresquerrves, Medical School, University
Complutense, Madrid, Spain

“I use numerous case studies in the undergraduate
physiology course I teach. Students really enjoy the
opportunity to utilize the information they are learning
and to problem solve.”

Ruth Clark, Washington University School of
Medicine, Program in Physical Therapy

Clinical berme: waritroleaw, ligouaine, mallgnant
Iypertiermis, smaltonryolysia, srvofuarene

“I think additional case studies should definitely
be added.”

Elizabeth S. Tomlin, University of North Carolina
at Greensboro

Clinical Case Studies—NEW!

The authors have drawn from their teaching and research
experiences to provide students with real-life applications
through clinical case studies in each chapter.



Physiological Inquiries—EXPA NDED!

You will now find approximately twice as many critical-
thinking questions based on many figures from all chapters.
These concept checks were introduced in the eleventh edition
and proved extremely popular with users of the textbook.
They are designed to help students become more engaged

in learning a concept or process depicted in the art. These
questions challenge a student to analyze the content of the
figure, and occasionally to recall information from previous
chapters. Many of the questions also require quantitative
skills.

“The physiological inquiries are great.”
Jean-Pierre Dujardin, The Obio State University

“This feature is extremely beneficial because the student
has the opportunity to test their understanding of the
material, by applying it to a problem.”

Elizabeth S. Tomlin, University of North Carolina
at Greensboro

“Absolutely, this type of “real-life” experience is
excellent for the students who will be taking this level
of physiology.”

David S. Mallory, Marshall University
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]
Hydrolysis
of ATP
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ATP!

[A+M-ATP]

Cross-bridge
binds to actin

Thin filament (actin, A) m

\L

Figurc 9-8 Chemical (shown in brackets)
and mechanical representations of the four stages
of a cross-bridge cycle. Cross-bridges remain in
the resting state (pink box at left) when Ca®*
remains low. In the rigor mortis state (pink box

at right), cross-bridges remain rigidly bound
then ATP is abses P I

&) physiological inquiry

Under certain ental conditions, it is

fain exp n 1 con

possible to extract the protein troponin from a
skeletal muscle fiber. Predict how cross-bridge
cycling in a skeletal muscle fiber would be
affected in the absence of troponin

[A+M-ADP- P)

e
Cross-bridge
ADP + P, moves

Answer can be found at end of chapter.

Sarcoplasmic reticulum

Transverse
tubules

Opening of
transverse tubule
to extracellular fluld

Lateral sacs

Mitochondrion

Figure 9-11 Transverse tubules and sarcoplasmic reticulum in a single skeletal muscle fiber.
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— Descriptive Art Style

membrane . . . . .
A realistic three-dimensional perspective

is included in many of the figures for
greater clarity and understanding of
concepts presented.




Guided Tour Through a Chapter

S —— Flow Diagrams
SCRotoR e iyl G Long a hallmark of this book, extensive use of flow diagrams is
continued in this edition. They have been updated to assist in learning,.
NGl e o G Key to Flow Diagrams
o on thin filaments
m The beginning boxes of the diagrams are color-coded green.
e e ® Other boxes are consistently color-coded throughout the book.
o ARG m Structures are always shown in three-dimensional form.
ciidinies in tropornin moves
tropomyosin out of
Wpfdﬁm
e ®
mm Striations
myulﬂmbﬁdgn M
Myosin cross-bridges
bhdblﬂln_ Nucieus
W |
mmwnmm Intercalated disks —8
2 :
e Multilevel
= . Perspective
o Illustrations depicting
Figurc 9-35 Pathways leading from increased cytosolic Ca’* to COmpch structures
cross-bridge cycling in smooth and skeletal muscle fibers. or proccsscs Combillc
macroscopic and
MICroscopic Views to
help students see the
relationships between
increasingly detailed
drawings.
Figurc 9-39 Cardiac muscle. (a) Light micrograph.
(b) Cardiac muscle cells and intercalated disks
© Muscle action
potential propagated into T-tubules Musgie plasma —1
He— = [
1: Transverse tubule .
oo s sac P— Uniform Color-Coded
recaptor I reticulum _
5 Illustrations

Color-coding is effectively used to promote
learning. For example, there are specific
colors for extracellular fluid, the intracellular
fluid, muscle filaments, and transporter
molecules.

ocﬁ'mwwuummn oCa"v-wvlllmmlmnln
Thin oiVﬂMvﬂﬂ‘n

Troponin

Figurc 9-12 Release
and uptake of Ca** by the
sarcoplasmic reticulum during
contraction and relaxation of a
skeletal muscle fiber.




End of Section

At the end of sections throughout the book
you will find a summary, key terms, clinical

terms, and review questions.
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Chapter 9 Test Questians

Asvwers appear s Apprdin A
1 Whikh 4 » e arcomet alost el s i
b by

Yo o renentee thomas

Sarcometer—banding pattern Yeu No No Yes
Transvense subules Yex No No Yes
Sarcoplasmic reticulum (SR)* et - + .
Gap junctians bevween cells No Yer Few Yo
Source of sctivating Cs™ SR SHoind SRand Siand exzraceliular
extracellilic extrucatiular
Suc of Ca™ regulation Tropanio Mywmin Myonin Troponia
Speed of comraction Fast-slow Very shom Very dow Slow
Spontancon produstion of stion No Yor No Yoo in 3 few spectalieed
prtentiale by pacemukers exdly, bt st not
spartaticondy ative
Tone (low kevels of maintained No Yes No Ne
renwion o thie sbwence of exvermal
stimuli)
Effest of perve stimulation Excitathon Excitution or Excitation or Excirarion or inhibteions
Inhibition Inhibitlon
Physivlogical effests of hurmones on No Yes Yeu Yes
excitubility and contesction
Sreerch of cell produces contraction No Yex No No
N o o g |9 i or £ kit s of rcpbearen s Lo et 1 4 AV s 1P

potentials spontancously, similar to the mechanism far smooth
muscle described in Figure 9-36a. Because cardiac cells ace
linked via gap junctions, when an action potential bs initi
ated by a ker cell, it p rapidly the
entire heart. A single heartbear corresponds to the initiation
and conduction of 3 single action potential. In addition 1o the
modulation of Ca** release and the strength of contraction,
Chapter 12 will also discuss how hormones and autonomic
neurotransmirters modify the frequency of candiac pacemaker
cell depolarization and, thus, vary the heart rate

Table 96 summarizes and compares the propertics of
the different types of muscle

W SECTION B SUMMARY

Structure of Smooth Muscle
1. Smooth muscle celly are spindle-shaped, lack striation,
have a single nucleus, and are capable of cell division
They contain actin and myosin filamencs and contract by a
sliding filament mechantsm

Smooth Muscle Congraction and Its Control

L Anincrease matic Ca'™ leads 1o the binding of Ca**
by catmodulin, The Ca’*~calmodulin comples then buods
s myosin light-chain kinase, scavating the cozyme, which
uses AT to phospharylate smoach muscle syosin, Only
phasphorylated myosin can bind 1o actin and undergo
cros bridge cycling
Smooth musele myosin bt 3 low rate of ATF spiitting,
resulring in 3 much slower shortening velocity than
in strrated muscle. However, the fenmon produced
per unit cross-sestinnal ares 1 equivalent two that of
seictsl ariacle
111 Two sources of the eytowolic calcisim jons that initiate
monsth muscle contraction are the sarcoplamic reticulim
and extracelfubar Ca** The opening of Ca** channcls in
the smodch muscle plavss nembeane snd sarcoplamic
retiulum, mediated by a variety of factors, allows cilium
fons w0 enter the cvtumol
The increase in cytosollc Ca* resulting fram mast stimull
does not acovate all the crons-bridges. Therefore, smooth
musele tension can be inereaed by agents that fncrease the
concentration of sytosolic ealeim jons

End of Chapter

At the end of the chapters you

will find
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memorization of facts, to solve
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thinking about the meaning or
broader significance of what has
just been read.

® Answers to the Physiological
Inquiries in that chapter.



Updates and Additions

In addition to updating material throughout the text to reflect cutting-edge changes in physiology and medicine, the authors:

®m have added a new case study to Chapter 19, bringing the total to four case studies that require the student to think
critically and apply what has been learned throughout the semester to novel clinical situations.

m have now incorporated shorter, chapter-specific case studies to each of the other 18 chapters. This feature, called Clinical
Case Studies, appears at the end of each chapter; all Clinical Case Studies are based on real-life examples, and provide
compelling examples of what may happen when homeostasis is disrupted.

m have roughly doubled the number of Physiological Inquires. This feature was introduced in the eleventh edition and
was associated with key figures in chapters 4-18. Feedback from users of the text indicated that this learning tool was
extremely valuable.

We believe that these additions, and those described below, make the twelfth edition of Vander’s Human Physiology the
most extensive, detailed, and integrative text available for students interested in learning about physiology.

Chapter 1 Homeostasis: A Framework of a young person with a G-protein-related disorder
for Human Physiology (pseudohypoparathyroidism).
Expanded description and illustration of cell and tissue
types, particularly epithelial and connective tissue; Chapter 6 Neuronal Signaling and the
addition of Physiological Inquiries; Clinical Case Study of Structure of the Nervous System

an individual who develops heatstroke on a summer day. Expanded discussion of neural plasticity; description

of new findings on the genetic basis of Alzheimer
disease; Clinical Case Study of a woman with multiple
sclerosis.

Chapter 2 Chemical Composition of the Body
Expanded discussion of atomic structure, including
s- and p-orbitals and energy shells; electronegativity
and its importance for bond formation; greater tie-in

Chapter 7 Sensory Physiology

of chemical and physiological principles; new art . . A :
Py giealp pIes3 New discussion of the role of transient receptor

depicting multiple levels of protein structure; Clinical . . .
p & p P ’ proteins (TRDPs) in temperature perception; new

figures explaining ON and OFF ganglion cell
visual pathways and binocular visual fields; new

Case Study of a person with a mutation resulting in a
change in protein structure and function.

table and description of decibel levels of common
sounds and hearing loss; Clinical Case Study of

Chapter 3 Cellular Structure,
Proteins, and Metabolism

- ) ) a man with benign paroxysmal positional vertigo
Description and new figure of the mitochondrial

(BPPV).

reticulum; new figure depicting oxidative

phosphorylation and the role of ATP synthase; Clinical Cha: pter 8 Conscloushiess. the Read
Case Study describing the consequence of a dietary and Behavior ? >

coange (grapefiart julse) on gt snzyme ftetion Expanded discussion and new figures on EEG patterns

during sleep; Clinical Case Study of a young athlete
who sustains a concussion.

and, therefore, the absorption of medication.

Chapter 4 Movement of Molecules
Across Cell Membranes
Clinical Case Study of exercise-associated hyponatremia

Chapter 9 Muscle

) ) Expanded discussion of the role of satellite cells in
in a woman running a marathon. ‘ : : 5
muscle repair and hypertrophy; new discussion of

neuromuscular blocking agents used in surgery;

Chapter 5 Control of Cells
by Chemical Messengers
Improved description and illustrative depiction of
G-protein structure and function; Clinical Case Study

Clinical Case Study of a boy who develops malignant
hyperthermia during a surgical procedure.



Chapter 10 Control of Body Movement

Discussion of Parkinson-disease-like condition caused
by MPTP; Clinical Case Study of a gardener who
contracts tetanus following a puncture wound.

Chapter 11 The Endocrine System
Expanded and improved presentation of steroid
hormone synthesis and mechanism of action; functions
of progesterone; clarification of differential diagnosis
of hyposecretion syndromes; expanded discussion
of the functions of oxytocin; increased emphasis on
metabolic actions of growth hormone; control of
growth hormone now depicted in two separate figures
illustrating stimulatory and inhibitory pathways;

Clinical Case Study of a middle aged man who develops

acromegaly.

Chapter 12 Cardiovascular Physiology
Expanded discussion of the length—tension mechanism
in cardiac muscle; new figure showing structural
variations by region in the vascular system; in-depth
discussion of possible mechanisms of primary and
secondary hypertension; Clinical Case Study of a
woman with pericarditis.

Chapter 13 Respiratory Physiology
Clinical Case Study of an obese man who snores and
has sleep apnea.

Chapter 14 The Kidneys and Regulation of
Water and Inorganic Ions
Improved presentation of the control of clearance;
expanded discussion and new figure on water channels
(aquaporins); Clinical Case Study of a woman with
diabetic nephropathy.

Chapter 15 The Digestion and Absorption
of Food
New description of incretins; additional detail and
new figure on hepatic structure and function; new
figures and expanded discussion on carbohydrate and
protein digestion and absorption; Clinical Case Study
of a college student with abdominal pain and Crohn’s
disease.

Chapter 16 Regulation of Organic Metabolism

and Energy Balance

New discussion of incretins and their current and
potential therapeutic uses; Clinical Case Study of an
individual with blurry vision who is diagnosed with
type 2 diabetes melllitus.

Chapter 17 Reproduction

Reorganization of introductory section on terminology
and general principles; new figures on fertilization,
ovulation, and implantation; Clinical Case Study of a
woman with a pituitary gland tumor whose menstrual
periods stop.

Chapter 18 The Immune System

“Specific” and “nonspecific” immune responses
replaced with “adaptive” and “innate” immune
responses; new section on pathogen-associated
molecular patterns, pattern-recognition receptors, and
toll-like receptors; clarification and updates of roles

of B and T cells in mediating responses to pathogens;
expansion of discussion of dendritic cells and regulatory
T cells; addition of CD4 and CD8 proteins to relevant
figures; discussion of the two families of interferons;
discussion of gene therapy for SCID; Clinical Case
Study of a teenage girl who develops a rash across her
cheeks and nose and is later diagnosed with systemic
lupus erythematosus.

Chapter 19 Medical Physiology: Integration

Using Clinical Cases

A new case of a college student with nausea, flushing,
sweating, and seizures.



Teaching and Learning Supplements

McGraw-Hill Connect™ Anatomy & Physiology

This a web-based assignment and assessment platform that gives students the means to better connect with their coursework, with
their instructors, and with the important concepts that they will need to know for success now and in the future.

With Connect, instructors can deliver assignments, quizzes, and tests online. Questions are presented in an auto-gradable
format and tied to the organization of the textbook. Instructors can edit existing questions and author entirely new problems.
Track individual student performance—by question, assignment, or in relation to the class overall—with detailed grade reports.
Integrate grade reports easily with learning management systems (LMS) such as WebCT and Blackboard. And much more. By
choosing Connect, instructors are providing their students with a powerful tool for improving academic performance and truly
mastering course material. Connect allows students to practice important skills at their own pace and on their own schedule.
Importantly, students’ assessment results and instructors’ feedback are all saved online—so students can continually review their
progress and plot their course to success.

Some instructors may also choose ConnectPlus™ for their students. Like Connect, ConnectPlus provides students with online
assignments and assessments, plus 24/7 online access to an eBook—an online edition of the text—to aid them in successfully
completing their work, wherever and whenever they choose.
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Anatomy & Physiology REVEALED

This amazing multimedia tool is designed to help students learn
and review human anatomy using cadaver specimens. Detailed e Anatomy s

cadaver photographs blended with a state-of-the-art layering CLub Physiology

technique provide a uniquely interactive dissection experience for
all body systems. Anatomy & Physiology REVEALED features the
following sections:

Dissection—DPeel away layers of the human body to reveal
structures beneath the surface. Structures can be pinned

and labeled, just like in a real dissection lab. Each labeled
structure is accompanied by detailed information and an audio
pronunciation. Dissection images can be captured and saved.
Animation—Compelling animations demonstrate muscle
actions, clarify anatomical relationships, and explain difficult
concepts.

Histology—Labeled micrographs presented with each body
system allow students to study tissues at their own pace.
Imaging—Labeled x-ray, MRI, and CT images familiarize
students with the appearance of key anatomical structures as
seen through different medical imaging techniques.
Self-Test—Challenging exercises let students test their ability to
identify anatomical structures in a timed practical exam format
or traditional multiple choice. A results page provides analysis of
test scores plus links back to all incorrectly identified structures for review.

REVEALED

Dissection

Animation

Histology

Imaging

Self-Test

Anatomy Terms—This visual glossary includes directional and regional terms, as well as planes and terms of movement.

Visit www.aprevealed.com to learn more.
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=Ph.ILS

Physiology Interactive Lab smwm,ons 3. Ph.I.LL.S. 3.0 contains 37 lab simulations that allow students to perform

Physiology Interactive Lab Simulations (Ph.I.L.S.)

= experiments without using expensive lab equipment or live animals. This
- P B €Xp b

predictions, and draw conclusions.

easy-to-use software offers students the flexibility to change the parameters of

every lab experiment, with no limit to the amount of times a student can repeat
experiments or modify variables. This power to manipulate each experiment
reinforces key physiology concepts by helping students to view outcomes, make



Teaching and Learning Supplements

Engaging Presentation Tools
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Craft your teaching resources to match the way you teach!
With McGraw-Hill Create™, www.mcgrawhillcreate.com,
you can easily rearrange chapters, combine material from
other content sources, and quickly upload content you have
written, like your course syllabus or teaching notes. Find the
content you need in Create by searching through thousands
of leading McGraw-Hill textbooks. Arrange your book to

fit your teaching style. Create even allows you to personalize
your book’s appearance by selecting the cover and adding
your name, school, and course information. Order a Create
book and you’ll receive a complimentary print review copy in
3-5 business days or a complimentary electronic review copy

(eComp) via e-mail in minutes. Go to www.mcgrawhillcreate.

com today and register to experience how McGraw-Hill
Create™ empowers you to teach your students your way.

Electronic Books
Go Green!

Go Green.
Save Green.

do some good for your wallet.

Text Website — www.mhhe.com/widmaier]l 2

The text website that accompanies this text offers an extensive
array of learning and teaching tools.

m Interactive Activities — Fun and exciting learning
experiences await the student at Vander’s Human
Physiology text website. Chapters offer a series of interactive
activities like art labeling, animations, vocabulary
flashcards, and more!

m Practice Quizzes at the Vander’s Human Physiology text
website gauge student mastery of chapter content. Each
chapter quiz is specifically constructed to test student
comprehension of key concepts. Immediate feedback to
student responses explains why an answer is correct or
incorrect.

m Presentation Center is an online digital library
containing assets such as photos, artwork, animations
and PowerPoints that can be used to create customized
lectures, visually enhanced tests and quizzes, compelling
course website, or attractive printed support materials.

Test Bank

A computerized test bank that uses testing software to quickly
create customized exams is available for this text. The user-
friendly program allows instructors to search for questions by
topic or format, edit existing questions or add new ones, and
scramble questions for multiple versions of the same test. Word
files of the test bank questions are provided for those instructors
who prefer to work outside the test-generator software.

Instructor’s Manual

The Instructor’s Manual is available on the text website
(www.mhhe.com/widmaierl2). It contains teaching/learning
objectives, sample lecture outlines, and the answers to Review
Questions for each chapter.

Course Delivery Systems

With help from our partners WebCT, Blackboard, Top-Class,
eCollege, and other course management systems, professors
can take complete control over their course content. Course
cartridges containing text website content, online testing, and
powerful student tracking features are readily available for use
within these platforms.

Green . . . it’s on everybody’s minds these days. It’s not only about saving trees; it’s also about saving
money. At 50 percent of the bookstore price, McGraw-Hill eBooks are an eco-friendly and cost-saving
M w-Hil alternative to the traditional print textbook. So, you do some good for the environment . . . and you

Visit www.mhhe.com/ebooks for details.
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