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Preface

Goals and Orientation

The purpose of this book remains what it was in the
first seven editions: to present the fundamental prin-
ciples and facts of human physiology in a format that
is suitable for undergraduate students, regardless of
academic backgrounds or fields of study: liberal arts,
biology, nursing, pharmacy, or other allied health pro-
fessions. The book is also suitable for dental students,
and many medical students have also used previous
editions to lay the foundation for the more detailed
coverage they receive in their courses.

The most significant feature of this book is its clear,
up-to-date, accurate explanations of mechanisms,
rather than the mere description of facts and events.
Because there are no limits to what can be covered in
an introductory text, it is essential to reinforce over and
over, through clear explanations, that physiology can
be understood in terms of basic themes and principles.
As evidenced by the very large number of flow dia-
grams employed, the book emphasizes understanding
based on the ability to think in clearly defined chains
of causal links. This approach is particularly evident
in our emphasis of the dominant theme of human
physiology and of this book—homeostasis as achieved
through the coordinated function of homeostatic con-
trol systems.

To repeat, we have attempted to explain, integrate,
and synthesize information rather than simply to
describe, so that students will achieve a working
knowledge of physiology, not just a memory bank of
physiological facts. Since our aim has been to tell a co-
herent story, rather than to write an encyclopedia, we
have been willing to devote considerable space to the
logical development of difficult but essential concepts;
examples are second messengers (Chapter 7), mem-
brane potentials (Chapter 8), and the role of intrapleural
pressure in breathing (Chapter 15).

In keeping with our goals, the book progresses
from the cell to the body, utilizing information and
principles developed previously at each level of com-
plexity. One example of this approach is as follows:
the characteristics that account for protein specificity are
presented in Part One (Chapter 4), and this concept is
used there to explain the “recognition” process exhib-
ited by enzymes. It is then used again in Part Two

(Chapter 7) for membrane receptors, and again in Part
Three (Chapter 20) for antibodies. In this manner, the
student is helped to see the basic foundations upon
which more complex functions such as homeostatic
neuroendocrine and immune responses are built.
Another example: Rather than presenting, in a
single chapter, a gland-by-gland description of all
the hormones, we give a description of the basic
principles of endocrinology in Chapter 10, but then
save the details of individual hormones for later
chapters. This permits the student to focus on the
functions of the hormones in the context of the home-
ostatic control systems in which they participate.

Alternative Sequences

Given the inevitable restrictions of time, our organi-
zation permits a variety of sequences and ap-
proaches to be adopted. Chapter 1 should definitely
be read first as it introduces the basic themes that
dominate the book. Depending on the time available,
the instructor’s goals, and the students’ backgrounds
in physical science and cellular and molecular biol-
ogy, the chapters of Part One can be either worked
through systematically at the outset or be used more
selectively as background reading in the contexts of
Parts Two and Three.

In Part Two, the absolutely essential chapters
are, in order, Chapters 7, 8, 10, and 11, for they
present the basic concepts and facts relevant to
homeostasis, intercellular communication, signal
transduction, nervous and endocrine systems, and
muscle. This material, therefore, is critical for an un-
derstanding of Part Three.

We believe it is best to begin the coordinated
body functions of Part Three with circulation (Chap-
ter 14), but otherwise the chapters of Part Three, as
well as Chapters 9, 12, and 13 of Part Two, can be re-
arranged and used or not used to suit individual in-
structor’s preferences and time availability.

Revision Highlights

There were two major goals for this revision: (1) to
redo the entire illustration program (and give the



general layout of the book a “face-lift”) for greater
teaching effectiveness, clarity, consistency, and esthetic
appeal; and (2) to update all material and assure the
greatest accuracy possible.

lllustration Program

Almost all the figures have been redone to some ex-
tent, ranging from a complete redrawing of the figure
to simply changing the labeling of graph axes for
greater clarity. Figures 20-1 and 20-10 (Figure 20-9 in
the previous edition) provide examples of how a more
realistic three-dimensional perspective has been added
to many of the figures, and Figure 20-13 (Figure
20-12 in the previous edition) shows how the pictur-
ing of complex events has been improved. Also, even
when a specific part of the text has not required revi-
sion, we have added some new figures (for example,
Figure 20-7) to illustrate the text, particularly in the
case of material we know to be difficult.

Of course, the extensive use of flow diagrams,
which we introduced in our first edition, has been
continued. Conventions, which have been expanded
in this edition, are used in these diagrams through-
out the book to enhance learning. Look, for example,
at Figure 16-28. The beginning and ending boxes of
the flow diagram are in green, and the beginning is
further clarified by the use of a “Begin” logo. Blue
three-dimensional boxes are used to denote events
that occur inside organs and tissues (identified by
bold-faced underlined labels in the upper right of the
boxes), so that the reader can easily pick out the
anatomic entities that participate in the sequences of
events. The participation of hormones in the se-
quences stand out by the placing of changes in their
plasma concentrations in reddish/orange boxes. Sim-
ilarly, changes in urinary excretion are shown in yel-
low boxes. All other boxes are purple. Thus, color is
used in these diagrams for particular purposes, not
just for the sake of decoration.

Other types of color coding are also now used con-
sistently throughout the book. Thus, to take just a few
examples, there are specific colors for the extracellular
fluid, the intracellular fluid, muscle, particular mole-
cules (the two strands of DNA, for example), and the
lumen of the renal tubules and GI tract. Even a quick
perusal of Chapter 20 will reveal how consistent use
of different colors for the different types of lympho-
cytes, as well as macrophages, should help learning.

Updating of Material

Once again, we have considerably rewritten material
to improve clarity of presentation. In addition, as noted
above, most figures have been extensively redone, and
new figures have been added (only a few of these are
listed below). Finally, as a result of new research or in
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response to suggestions by our colleagues, many top-
ics have either been significantly altered or added for
the first time in this edition; the following is a partial
list of these topics.

Chapter 1 Introductory section: “The Scope of Human
Physiology”

Chapter 2 New figures: Hemoglobin molecule, DNA
double helix base pairings, purine-pyrimidine
hydrogen bond pairings

Chapter 3 Cholesterol in membrane function
Procedures for studying cell organelles
Endosomes
Peroxisomes

Chapter 5 Mitochondrial DNA
Preinitiation complex
Factors altering the activity of specific cell proteins
Protein delivery and entry into mitochondria
Regulation of cell division at checkpoints in mitotic
cycle

Chapter 6 Patch clamping
Primary active-transport mechanisms
Digitalis and inhibition of Na,K-ATPase
Cystic fibrosis chloride channel
Endocytosis
New figures illustrating transporter conformational
changes

Chapter 7 Paracrine/autocrine agents
Melatonin and brain pacemakers
Receptors as tyrosine kinases and guanylyl cyclase
JAK kinases and receptors
Phospholipase, diacylglycerol, and inositol
trisphosphate
Calcium-induced calcium release
Receptor inactivation

Chapter 8 Regeneration of neurons
Comparison of voltage-gated sodium and potassium
channels
Information on neurotransmitters
Functional anatomy of the central nervous system

Chapter 9 Pain
Olfaction

Chapter 10 Diagnosis of the site of a hormone
abnormality

Chapter 11 Passive elastic properties and role of titan
Factors causing fatigue
Role of nitric oxide in relaxing smooth muscle

Chapter 12 Cortical control of motor behavior
Parkinson’s disease
Effect of the corticospinal pathways on local-level
neurons
Walking

Chapter 13 Electroencephalogram
Sleep
Binding problem
Emotions



T encence

Schizophrenia
Serotonin-specific reuptake inhibitors (SSRIs)
Learning and memory, and their neural bases
Chapter 14 Erythropoietin mechanism of action
Anti-angiogenic factors in treatment of cancer
Capillary filtration coefficient
Shock
Static exercise and blood pressure
Aging and heart rate
Drug therapy for hypertension, heart failure, and
coronary artery disease
Dysfunctional endothelium in atherosclerosis
Homocysteine, folate, and vitamin E in atherosclerosis
Coronary stents
Nitric oxide and peripheral veins
Platelet receptors for fibrinogen
Therapy of stroke with t-PA
Chapter 15 Pulmonary vessels and gravitational/physical
forces
Hemoglobin cooperativity
Carbon monoxide and oxygen carriage
Emphysema
Chapter 16 Mesangial cells and glomerular filtration
coefficient
Channels, transporters, and genetic renal diseases
Micturition, including role of sympathetic neurons
Aquaporins
Medullary circulation and urinary concentration
Pressure natriuresis
Calcitonin
Bisphosphonates and osteoporosis
Chapter 17 Colipase and fat digestion
HCl secretion and inhibitory role of somatostatin
Intestinal fluid secretion and absorption
Chapter 18 Inhibition of glucagon secretion by insulin
Roles of HDL and LDL
IGF-I and fetal growth
IGE-II
Mechanism of calorigenic effect of thyroid hormones
Leptin effects on hypothalamus and anterior
pituitary
Overweight and obesity
Fever and neural pathways from liver
Endogenous cryogens
Chapter 19 Dehydroepiandrosterone (DHEA)
Viagra (mechanism of action)
Therapy of prostate cancer with blockers of
dihydrotestosterone formation
Mechanism of dominant follicle selection and function
Mechanism of corpus luteum regression
Estrogen effect in males
Cause of premenstrual tension, syndrome, and
dysphoric disorder
Estrogen, learning, and Alzheimer’s disease
Oxytocin and sperm transport

Parturition and placental corticotropin releasing
hormone
Postcoital contraception
Lack of crossing-over in X and Y chromosomes
ACTH and onset of puberty
Leptin and onset of puberty
Tamoxifen and selective estrogen receptor modulators
(SERMs)

Chapter 20 Carbohydrates and lipids as nonspecific
markers on foreign cells
C-reactive protein and other nonspecific opsonins
Apoptosis of immune cells
Mechanism by which diversity arises in lymphocytes
Tumor necrosis factor and lymphocyte activation
Roles of acute phase proteins
Mechanisms of immune tolerance
Psychological stress and disease

Also, our coverage of pathophysiology, everyday ap-
plications of physiology, exercise physiology, and mol-
ecular biology have again been expanded.

Despite many additions, a ruthless removal of ma-
terial no longer deemed essential has permitted us to
maintain the text size unchanged from the previous
edition.

Finally, The Dynamic Human CD-ROM is correlated
to several figures. A Dynamic Human (dancing man)
icon ¥ appears in appropriate figure legends. The
WCB Life Science Animations Videotape Series is also
correlated to several figure legends, and videotape
icons [ appear in relevant figure legends.

Study Aids

A variety of pedagogical aids are utilized:

1. Bold-faced key terms throughout each chapter.
Clinical terms are designated by bold-faced
italics.

2. The illustration program is described earlier in
the preface.

3. Summary tables. We have increased the number
of reference and summary tables in this edition.
Some summarize small or moderate amounts of
information (for example, the summary of the
major hormones influencing growth in Table
18-6), whereas others bring together large
amounts of information that may be scattered
throughout the book (for example, the reference
figure of liver functions in Chapter 17). In
several places, mini-glossaries are included as
reference tables in the text (for example, the list
of immune-system cells and chemical mediators
in Chapter 20). Because the tables complement
the figures, these two learning aids taken



together provide a rapid means of reviewing the
most important material in a chapter.

. End-of-section or chapter study aids

a. Extensive summaries in outline form

b. Key-term lists of all bold-faced words in the
section/chapter (excluding the clinical terms)

c. Comprehensive review questions in essay
format. These review questions, in essence,
constitute a complete list of learning objectives.
d. Clinical term lists of all bold-face italicized
words in the chapter. This serves to remind the
student of how the physiology has been applied
to clinical examples in the chapter.

e. Thought questions that challenge the student
to go beyond the memorization of facts to solve
problems, often presented as case histories or
experiments. Complete Answers to Thought
Questions are given in Appendix A.

The chapter summaries, key-term definition lists,

and review questions appear at the ends of the sec-
tions in those chapters that are broken into sections.
These aids appear at the ends of nonsectioned chap-
ters. Clinical term lists and thought questions are al-
ways at the ends of chapters.

5.

6.

A very extensive glossary, with pronunciation
guides, is provided in Appendix B.
Appendixes C and D present, respectively,
English-metric interconversions and
Electrophysiology equations. Appendix E is an
outline index of exercise physiology.

. A complete alphabetized list of all abbreviations

used in the text is given on the endpapers (the
insides of the book’s covers).

Supplements

1.

Essential Study Partner (007-235897-1). This
CD-ROM is an interactive study tool packed
with hundreds of animations and learning
activities, including quizzes, and interactive
diagrams. A self-quizzing feature allows students
to check their knowledge of a topic before
moving on to a new module. Additional unit
exams give students the opportunity to review
coverage after completing entire units. A large
number of anatomical supplements are also
included. The ESP is packaged free with
textbooks.

Online Learning Center (http://www.mhhe.com/
biosci/ap/vander8e/). Students and instructors
gain access to a world of opportunities through
this Web site. Students will find quizzes,
activities, links, suggested readings, and much
more. Instructors will find all the enhancement
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tools needed for teaching on-line, or for
incorporating technology in the traditional
course.

The Student Study Guide is now available as part
of the Online Learning Center. Written by
Donna Van Wynsberghe of the University of
Wisconsin—Milwaukee, it contains a large
variety of study aids, including learning hints
and many test questions with answers.
Instructor’s Manual and Test Item File (007-290803-3)
by Sharon Russell of the University of
California—Berkeley contains suggestions for
teaching, as well as a complete test item file.

. MicroTest 111 testing software. Available in

Windows (007-290805-X) and Macintosh (007-
290804-1). A computerized test generator for use
with the text allows for quick creation of tests
based on questions from the test item file and
requires no programming experience.

Overhead transparencies (007-290806-8). A set of
200 full-color transparencies representing the
most important figures from the book is
available to instructors.

McGraw-Hill Visual Resource Library (007-290807-6).
A CD-ROM containing all of the line art from the
text with an easy-to-use interface program
enabling the user to quickly move among the
images, show or hide labels, and create a
multimedia presentation.

Other Materials Available
from McGraw-Hill

8.

10.

The Dynamic Human CD-ROM (0697-38935-9)
illustrates the important relationships between
anatomical structures and their functions in the
human body. Realistic computer visualization
and three-dimensional visualizations are the
premier features of this CD-ROM. Various
figures throughout this text are correlated to
modules of The Dynamic Human. See pages xxvi—
xxvii for a detailed listing of figures.

. The Dynamic Human Videodisc (0-667-38937-5)

contains all the animations (200+) from the
CD-ROM. A bar code directory is also available.
Life Science Animations Videotape Series is a series
of five videotapes containing 53 animations that
cover many of the key physiological processes.
Another videotape containing similar animations
is also available, entitled Physiological Concepts of
Life Science. Various figures throughout this text
are correlated to animations from the Life Science
Animations. See pages xxvii-xxviii for a detailed
listing of figures.
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11.

12.

185

14.

16.

17.

Tape 1: Chemistry, The Cell, Energetics (0-697-
25068-7)

Tape 2: Cell Division, Heredity, Genetics,
Reproduction and Development (0-697-25069-5)
Tape 3: Animal Biology I (0-697-25070-9)

Tape 4: Animal Biology II (0-697-25071-7)

Tape 5: Plant Biology, Evolution, and Ecology
(0-697-26600-1)

Tape 6: Physiological Concepts of Life Science
(0-697-21512-1)

Life Science Animations 3D CD-ROM
(007-234296-X). More than 120 animations that
illustrate key biological processes are available at
your fingertips on this exciting CD-ROM. This
CD contains all of the animations found on the
Essential Study Partner and much more. The
animations can be imported into presentation
programs, such as PowerPoint. Imagine the
benefit of showing the animations during lecture.
Life Science Animations 3D Videotape (007-290652-9).
Featuring 42 animations of key biologic
processes, this tape contains 3D animations and
is fully narrated. Various figures throughout this
text are correlated to video animations. See page
xxviii for a detailed listing of figures.

Life Science Living Lexicon CD-ROM (0-697-37993-0
hybrid) contains a comprehensive collection of
life science terms, including definitions of their
roots, prefixes, and suffixes as well as audio
pronunciations and illustrations. The Lexicon is
student-interactive, featuring quizzing and
notetaking capabilities.

The Virtual Physiology Lab CD-ROM (0-697-37994-9
hybrid) containing 10 dry labs of the most
common and important physiology experiments.

. Anatomy and Physiology Videodisc (0-697-27716-X)

is a four-sided videodisc containing more than
30 animations of physiological processes, as well
as line art and micrographs. A bar code directory
is also available.

Anatomy and Physiology Video Series consists of
the following:

a. Internal Organs and the Circulatory System of
the Cat (0-697-13922-0)

b. Blood Cell Counting, Identification &
Grouping (0-697-11629-8)

c. Introduction to the Human Cadaver and
Prosection (0-697-11177-6)

d. Introduction to Cat Dissection: Musculature
(0-697-11630-1)

Study Cards for Anatomy and Physiology (007-
290818-1) by Van De Graaff, et al., is a boxed set
of 300 3-by-5 inch cards. It serves as a well-
organized and illustrated synopsis of the
structure and function of the human body. The

18.

19

20.

21.

22.

Study Cards offer a quick and effective way for
students to review human anatomy and
physiology.

Coloring Guide to Anatomy and Physiology (0-697-
17109-4) by Robert and Judith Stone emphasizes
learning through the process of color association.
The Coloring Guide provides a thorough review
of anatomical and physiological concepts.

Atlas of the Skeletal Muscles (0-697-13790-2) by
Robert and Judith Stone is a guide to the
structure and function of human skeletal
muscles. The illustrations help students locate
muscles and understand their actions.

Laboratory Atlas of Anatomy and Physiology (0-697-
39480-8) by Eder, et al,, is a full-color atlas
containing histology, human skeletal anatomy,
human muscular anatomy, dissections, and
reference tables.

Case Histories in Human Physiology, third edition,
by Donna Van Wynesberghe and Gregory Cooley
is a web-based workbook that stimulates
analytical thinking through case studies and
problem solving; includes an instructor’s answer
key. (www.mhhe.com /biosci/ap/vanwyn/).
Survey of Infectious and Parasitic Diseases (0-697-
27535-3) by Kent M. Van De Graaff is a black-
and-white booklet that presents the essential
information on 100 of the most common and
clinically significant diseases.
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in most cells are (1) Nu K-ATPase: (2) Ca-ATTase. (1)
i ‘\Il’,w L and (4) HK-ATPase
K- ATTase b present in all plasms mernbranes
The pnmpm,, activity of this primary active-transport
protein leads 10 the charactenstic distribution of high
intracellular potassium and low mtracellular sodum

o @

called th
parathyrowd glands. These glands are in the neck, om
bedded in the surface of the thyroid gland, but are
distinet from it
controlled by the extr
acting directly on the sevretory cells (vin a plasma
membrane calcium neceptor). Decrased plasm,

entration that
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compensating for the
originally  stimulatesd
Figure 1
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Flow Diagrams

Long a hallmark of this book, extensive
use of flow diagrams have been
continued and expanded in this
edition. A bookmark has been included
with your book to give a further
explanation.

Tumimal surtace ot the
ers are seereted by the pancreas and enter the intes.
fnal lumen. The products of digestion are absorbed
across the epithelial cells and enter the blood and /or
Ivmph. Vitsmms, munerals. and water, which do not
fequire enzymatic digestion, are also absorbed i th
<mall fntstine

The small ntestine s divided i thre segments
An initial short segment, (he dundenum, is followed
iy the jejunam and then by the longest segment, the
ileum. Normally, most of the chyme entering from the
stomach s digested and absorbed i the fiest quarter
Of the small intestine. in the duodenum and jejunum

Two major glands—the pancreas and

estinal lining cells, while oth

ver—se

crete substances that ow via ducts nt the duode
 anelor

fum The: pancs

gland located behind

YABLE 171 Funetions

The Digestil and Absarption 1 Food  CHAPTER SEVENTEEN.

the stomach, has hoth endocrme (Chapter 18] and ex

oerine funetions, but only the latter are direetly in

volved mn gastromtestinal function and are describod

i this chapter. The exocrine portion of the pancroas L
secretes (1) digestive enzymes and (2)  flusd rich i .
bicarbonate ions The high acidity of the chyme com-
ing from the stamach would mactivate th aneretic
enzymes in the small intestine i thee acid ot nen
raized by the bacarbonate tons in the [\.\mn'nlu flud
e, a large gland located 1 the upper right
portion of the abdomen, has o varety of functione,
which at described in various chaptees, This (s a con
venient place o provide, in Table £7-1, 4 compr
sive reference list of these hepatic (the terny

pertaining tthe Hiver) bunctions and the chapters i -
which they are deseribed We will be concorned in this .

A Exocrine (digestive) functions
T St and e Dl o

2, Teites o' o e  eEonsnten s, e st guothpie

hgeon and st of

anglotein | (Chaper 16).

©. Plasma
i sym-mm et pecretes plasms albumin (Chapter 143, acutis phase proteins (Chapter 20}, birding il
hormones (Chapter 10} 4nd trace elements (Chapter 14), Upoproteins (Chaptar 18), and othes protsins mentiored stsewhan
e this table.

£ Orgenie metsbaliom (Chapter 18)

i glucose into glycogen and tracyigycorols Fori i e

ol s i o ot e Wi o rated intg Irm(yigmnnll during absorpiive period

Sythedies iscgycrol and secie them s phodkisiby d.mg absorpiive period

Produces glcose g il ather sourc

e v o e e o

Convent aty acks nto ketones duing tating:

Praduces urea, the major end product ol anino acid (protein) catabollsay, nd rieases 1 it the blocd

F. Cholesterol metabolism (Chapter 18) o
1. Synihestzes cholesterol and refeases it nto the biood .
2, Secretes plaoms cholesterol into the bie
3. Cpnverts s bl s,

. Excretory and degradative functions i
1. Secretes bilirubin and other bile pigments nto the bile (Chapter 17)

| 2 Excrates, via the bile, many endogenaus and foreign organic molecules as well 1 trace metals (Chapter 20)

3 Botniorns mary evdogenons nd forign cgar molcues(Chptar 20 .
4 Destroys old enythrocyins (Chapter

Some summary tables summarize small i
or moderate amounts of information T T s (B B 1 (0 o s
whereas others bring together large ﬁ ;‘*:ié"::m"m%;mwﬁzmﬂ

amounts of information that may be AT e ot s i s st o1
scattered throughout the book. The omimebingy e i il

tables complement the accompanying

figures to provide a rapid means of

reviewing the most important material
in a chapter.

PO

during period and




Thought Questions

At the end of each chapter are
Thought Questions that challenge you
to go beyond the memorization of
facts to solve problems and encourage Vi e ey 0
you to stop and think more deeply '

about the meaning or broader e
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Regulation of Total-Body Energy Stores Vi, Fhe hyperthermin of exercise ix dve fo the icrossd

I Enensy storagge as fal van e pusitive or negative et produced by e muscle
i when the metabolic e is hess thon or greater than

pectivly Ui enegy conent o ngeded ot SECTION € KEY TERMS
3. Energy stirage bs roggulated mainly by —

anfjustininn o o itk extormnal work convertion
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Answers to Thought
Questions

Complete answers to
Thought Questions are
given in Appendix A.

Glossary

A very extensive Glossary,
with pronunciation guides,
provided in Appendix B.
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interconversions, Appendix D features

Electrophysiology equations, and
Appendix E is an outline index of
Exercise Physiology.
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