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Arthur Guyton is a giant of a man. In virtually all
dimensions, he stands tall above the crowd. When he
contracted polio after Harvard Medical School while
training in neurosurgery, he found himself unable to
walk on his own. He conquered this problem, adapting
to crutches, and decided to go into physiology instead
of neurosurgery.

For this he returned to Jackson, Mississippi, where he
launched his new career in physiology. In this mode his
work revolutionized physiological thinking and put Ole
Miss on the biological map as a premier intellectual
learning center for physiology.

Because he could not write by hand for any period of
time, Arthur learned to dictate almost perfect prose to
create, single-handedly, the most complete, sophisti-
cated, au courant, and best-selling textbooks of physiol-
ogy of his era, in which he authoritatively described and
analyzed the whole physiology landscape.

And Arthur developed a new science of integrative
physiology to describe and discover the many different
servocontrols that regulate blood pressure, cardiac per-
formance, sodium-volume homeostasis, local tissue pres-
sure and flow, and whole-body autoregulation, for all of
which multiple feedback control signals are required.
For this work Arthur designed and built a detailed com-
puterized model of the entire circulatory system to plan
new experiments that test his new hypotheses. His
model correctly predicted and described the central role
of abnormal kidney function for sustaining the abnormal
sodium-volume excretion that maintains hypertension,
and his model also describes how plasma renin angio-
tensin shifts the relationship between blood pressure and
salt-excretion.

Arthur loves mechanical and physical problems, but
he also appreciates the importance of the biochemical
signals that transduce the physical phenomena that pro-
duce the physiologic changes. His new-fangled ap-
proaches met the usual stiff resistance from establish-
ment thinkers. Undaunted, Guyton invented, exploited,
or defined new cardiovascular concepts such as the
mean circulatory blood pressure and whole-body auto-
regulation. He even suggested that interstitial fluid pres-
sures could be negative in the axillae and scrotum.

Needless to say, those physical and chemical biologic
passions pervaded his whole life, including his spare
time. Thus, crutches included, Arthur with the help of
his wife and sons literally designed and built his own
beautiful home in Jackson.

I first met Arthur when I heard him speak at a physi-
ology meeting. Immediately I sensed a need to rearrange
my thinking and concepts about the signals that control
blood pressure. Arthur’s perceptions came at the right

time for me because our group was being attacked for
claiming (correctly) that a normal plasma renin level is
not “normal” in any person with high blood pressure.

This is because of a key feedback control system.
Thus, whenever blood pressure is raised in a normal
person it promptly turns off kidney release of renin and
therefore plasma renin levels fall quickly to near zero.
The hypertensive person, therefore, has something
wrong. Unlike normals, he cannot fully turn off his
plasma renin level despite his sustained high arterial
blood pressure, so renin levels in the blood remain “nor-
mal” by traditional criteria. However, when you block
or reduce this “normal” renin with a specific antirenin
system drug, the patient promptly becomes normotensive.

I can tell you that this phenomenon, and its exact
reciprocals whenever blood pressure falls, could and did
become the basis for hours and hours of discussion
enjoyed by my research group on our annual 2 to 3 day
visits to the Guyton group in Jackson. In this process
we got to know John Hall, Arthur’s pupil and chosen
successor, whose work is taking the field of integrative
whole-body physiology and pathophysiology to new
heights.

Today the importance of whole-body physiology for
understanding organ and cellular physiology and for de-
signing meaningful cellular or molecular biologic exper-
iments cannot be overemphasized. Nor can the relevance
of whole-body physiology to understanding whole-body
phenomena in humans in health and in major diseases
be overemphasized. These diseases often involve abnor-
mal distant hormonal or nervous signals, which may
either cause or sustain the disease. Time and time again,
whole-body physiology has taught molecular, cellular,
and tissue biologists to focus outside their turf before
drawing any conclusions. Understanding whole-body
physiology, of course, is also the basic prerequisite for
physicians practicing clinical medicine.

The future for this approach, which has also been my
approach to analysis of my patients, has never shone
more brightly.

I hope this foreword will encourage readers to savor
every word of the Guyton-Hall viewpoint and philoso-
phy. As you read and reflect on pieces of it, remember
that, by reflecting as you read, you can have the same
advantage that I gained from my direct contacts with
Arthur and John.

JOHN LARAGH, M.D.

Director, Cardiovascular Center

New York Presbyterian Hospital - Weill
Cornell Medical Center

New York, New York
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We come now to the tenth edition of the Textbook of
Medical Physiology. Publication of this book has contin-
ued long beyond what we expected when its first edition
was written almost 50 years ago. Yet, the project be-
comes more exciting each year, especially because our
increasing knowledge of physiology unravels many new
bodily mysteries.

Most important, many new techniques for learning
about cellular and molecular physiology have been de-
veloped recently. Therefore, more and more can we
present physiologic principles in the terminology of mo-
lecular and physical science rather than merely as a
series of separate unexplained biological phenomena.
This change we all welcome, but it also makes revision
of almost every section of each chapter a necessity.

To help in this job of revision, Dr. John Hall joined
as coauthor in preparing the ninth edition of the Text-
book of Medical Physiology. In the tenth edition he has
doubled the number of chapters for which he is primar-
ily responsible.

The two of us, Drs. Guyton and Hall, have worked
very closely together for more than 25 years, so it has
been possible to maintain a unified organization of the
text that is especially useful to students, yet at the same
time keeps the book comprehensive enough that students
will wish to use it in later life as a basis for professional
careers. As can be expected, Dr. Hall has brought many
new insights and new bodies of knowledge that have
helped immensely in achieving these goals.

The beauty of studying human physiology is that it
integrates the individual functions of all the body’s dif-
ferent organs and cells into a functional whole, the hu-
man body. Indeed, life relies upon this total function,
not on function of individual body parts in isolation
from the others.

This brings us to another subject: How are the sepa-
rate organs and systems controlled so that no one over-
functions while others fail to do their share? Fortu-
nately, our bodies are endowed with a vast network of
feedback controls that achieve the necessary balances
without which we would not be able to live. Physiolo-
gists call this high level of internal bodily control home-
ostasis. In disease states, functional balances are often
seriously disturbed—that is, homeostasis becomes very
poor. And, when even a single disturbance reaches a
limit, the whole body can no longer live. Therefore, one
of the principal goals of any medical physiology text is
to emphasize the effectiveness and beauty of the body’s
homeostasis mechanisms as well as to present their ab-
normal function in disease.

Another goal of this text is to be as accurate as
possible. Suggestions and critiques from many physiolo-
gists, students, and clinicians throughout the world have
been sought and then used for checking factual accuracy
as well as balance in the text. Even so, because of the
likelihood of error in sorting through thousands of bits
of information, we wish to issue still a further invita-
tion—in fact, much more than merely an invitation,
actually a request—to all readers to send along nota-
tions of error or inaccuracy. Indeed, physiologists per-
haps as much as any other scholars understand how
important feedback is to proper function of the human
body; so, too, is feedback important for progressive de-
velopment of a textbook of physiology. To those many
persons who have already helped, we send our sincerest
thanks.

A word of explanation is needed about two features
of the text—first, the references, and second, the two
print sizes. The sources referenced have been chosen
primarily for their presentation of physiologic principles
and for the quality of their own references. Use of
these, as well as cross-references from them, can give
the student almost complete coverage of the entire field
of physiology.

The print is set in two sizes. The material in small
print is of several different kinds: first, anatomical,
chemical, and other information that is needed for im-
mediate discussion but that most students will learn in
more detail in other courses; second, physiologic infor-
mation of special importance to certain fields of clinical
medicine; and, third, information that will be of value to
those students who may wish to study particular physio-
logic mechanisms more deeply.

In contrast, the material in large print constitutes the
fundamental physiologic information that students will
require in virtually all their medical activities and stud-
ies.

Again, we wish to express our deepest appreciation to
many other persons who have helped in preparing this
book. We are particularly grateful to Ivadelle Osberg
Heidke, Gwendolyn Harris, and Gerry McAlpin for their
excellent secretarial services; to Tomika Mita, Michael
Schenk, Angela Gardner, and Myriam Kirkman for their
superb work and helpfulness with the illustrations; and
to the staff of W.B. Saunders Company for continued
editorial and production excellence.

ARTHUR C. GUYTON
JOHN E. HALL



NOTICE

Physiology is an ever-changing field. Standard safety precautions must be fol-
lowed, but as new research and clinical experience broaden our knowledge,
changes in treatment and drug therapy become necessary or appropriate. Readers
are advised to check the product information currently provided by the manufac-
turer of each drug to be administered to verify the recommended dose, the
method and duration of administration, and the contraindications. It is the re-
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