


 

Guyton and Hall  
Textbook of Medical Physiology



 

Guyton and Hall  
Textbook of Medical Physiology

John E. Hall, Ph.D.

Arthur C. Guyton Professor and Chair

Department of Physiology and Biophysics

Associate Vice Chancellor for Research 

University of Mississippi Medical Center

Jackson, Mississippi

T w e l f T h  e d i T i o n



1600 John F. Kennedy Blvd.
Ste 1800
Philadelphia, PA 19103-2899

TEXTBOOK OF MEDICAL PHYSIOLOGY ISBN: 978-1-4160-4574-8
 International Edition: 978-0-8089-2400-5

Copyright © 2011, 2006, 2000, 1996, 1991, 1986, 1981, 1976, 1966,  
1961, 1956 by Saunders, an imprint of Elsevier Inc.

All rights reserved. No part of this publication may be reproduced or transmitted in any form  
or by any means, electronic or mechanical, including photocopying, recording, or any information  
storage and retrieval system, without permission in writing from the publisher. Permissions may be  
sought directly from Elsevier’s Rights Department: phone: (+1) 215 239 3804 (US) or (+44) 1865  
843830 (UK); fax: (+44) 1865 853333; e-mail: healthpermissions@elsevier.com. You may also  
complete your request on-line via the Elsevier website at http://www.elsevier.com/permissions.

Library of Congress Cataloging-in-Publication Data
Hall, John E. (John Edward), 1946-
 Guyton and Hall textbook of medical physiology / John Hall. – 12th ed.
  p. ; cm.
 Rev. ed. of: Textbook of medical physiology. 11th ed. c2006.
 Includes bibliographical references and index.
 ISBN 978-1-4160-4574-8 (alk. paper)
 1. Human physiology. 2. Physiology, Pathological. I. Guyton, Arthur C. II.
 Textbook of medical physiology. III. Title. IV. Title: Textbook of medical physiology.

[DNLM: 1. Physiological Phenomena. QT 104 H1767g 2011]
QP34.5.G9 2011
612–dc22 2009035327

Publishing Director: William Schmitt
Developmental Editor: Rebecca Gruliow
Editorial Assistant: Laura Stingelin
Publishing Services Manager: Linda Van Pelt
Project Manager: Frank Morales
Design Manager: Steve Stave
Illustrator: Michael Schenk
Marketing Manager: Marla Lieberman

Printed in the United States of America

Last digit is the print number: 9 8 7 6 5 4 3 2 1

Notice
Knowledge and best practice in this field are constantly changing. As new research and experience  
broaden our knowledge, changes in practice, treatment, and drug therapy may become necessary or  
 appropriate. Readers are advised to check the most current information provided (i) on procedures  
 featured or (ii) by the manufacturer of each product to be administered, to verify the recommended  
dose or formula, the method and duration of administration, and contraindications. It is the  
responsibility of the practitioner, relying on his or her experience and knowledge of the patient, to  
make diagnoses, to determine dosages and the best treatment for each individual patient, and to  
take all appropriate safety precautions. To the fullest extent of the law, neither the Publisher nor the  
Author assume any liability for any injury and/or damage to persons or property arising out of or  
related to any use of the material contained in this book.

The Publisher



To
My Family

For their abundant support, for their patience and  
understanding, and for their love

To
Arthur C. Guyton

For his imaginative and innovative research
For his dedication to education

For showing us the excitement and joy of physiology
And for serving as an inspirational role model



vii

Preface

The first edition of the Textbook of Medical Physiology 
was written by Arthur C. Guyton almost 55 years ago. 
Unlike most major medical textbooks, which often have 
20 or more authors, the first eight editions of the Textbook 
of Medical Physiology were written entirely by Dr. Guyton, 
with each new edition arriving on schedule for nearly 40 
years. The Textbook of Medical Physiology, first published 
in 1956, quickly became the best-selling medical physi-
ology textbook in the world. Dr. Guyton had a gift for 
communicating complex ideas in a clear and interesting 
manner that made studying physiology fun. He wrote the 
book to help students learn physiology, not to impress his 
professional colleagues.

I worked closely with Dr. Guyton for almost 30 years 
and had the privilege of writing parts of the 9th and 10th 
editions. After Dr. Guyton’s tragic death in an automobile 
accident in 2003, I assumed responsibility for completing 
the 11th edition.

For the 12th edition of the Textbook of Medical 
Physiology, I have the same goal as for previous editions—
to explain, in language easily understood by students, how 
the different cells, tissues, and organs of the human body 
work together to maintain life.

This task has been challenging and fun because our 
rapidly increasing knowledge of physiology continues to 
unravel new mysteries of body functions. Advances in 
molecular and cellular physiology have made it possi-
ble to explain many physiology principles in the termi-
nology of molecular and physical sciences rather than 
in merely a series of separate and unexplained biological 
phenomena.

The Textbook of Medical Physiology, however, is not 
a reference book that attempts to provide a compen-
dium of the most recent advances in physiology. This is 
a book that continues the tradition of being written for 
students. It focuses on the basic principles of physiol-
ogy needed to begin a career in the health care profes-
sions, such as medicine, dentistry and nursing, as well 
as graduate studies in the biological and health sciences. 
It should also be useful to physicians and health care 
professionals who wish to review the basic  principles 
needed for understanding the pathophysiology of 
human disease.

I have attempted to maintain the same unified orga-
nization of the text that has been useful to students in 
the past and to ensure that the book is comprehensive 
enough that students will continue to use it during their 
 professional careers.

My hope is that this textbook conveys the majesty of 
the human body and its many functions and that it stim-
ulates students to study physiology throughout their 
careers. Physiology is the link between the basic sciences 
and medicine. The great beauty of physiology is that it 
integrates the individual functions of all the body’s differ-
ent cells, tissues, and organs into a functional whole, the 
human body. Indeed, the human body is much more than 
the sum of its parts, and life relies upon this total function, 
not just on the function of individual body parts in isola-
tion from the others.

This brings us to an important question: How are the 
separate organs and systems coordinated to maintain 
proper function of the entire body? Fortunately, our bod-
ies are endowed with a vast network of feedback con-
trols that achieve the necessary balances without which 
we would be unable to live. Physiologists call this high 
level of internal bodily control homeostasis. In disease 
states, functional balances are often seriously disturbed 
and homeostasis is impaired. When even a single distur-
bance reaches a limit, the whole body can no longer live. 
One of the goals of this text, therefore, is to emphasize the 
effectiveness and beauty of the body’s homeostasis mech-
anisms as well as to present their abnormal functions in 
disease.

Another objective is to be as accurate as possible. 
Suggestions and critiques from many students, physi-
ologists, and clinicians throughout the world have been 
sought and then used to check factual accuracy as well as 
balance in the text. Even so, because of the likelihood of 
error in sorting through many thousands of bits of infor-
mation, I wish to issue a further request to all readers to 
send along notations of error or inaccuracy. Physiologists 
understand the importance of feedback for proper func-
tion of the human body; so, too, is feedback important for 
progressive improvement of a textbook of physiology. To 
the many persons who have already helped, I express sin-
cere thanks.
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A brief explanation is needed about several features of 
the 12th edition. Although many of the chapters have been 
revised to include new principles of physiology, the text 
length has been closely monitored to limit the book size 
so that it can be used effectively in physiology courses for 
medical students and health care professionals. Many of the 
figures have also been redrawn and are in full color. New ref-
erences have been chosen primarily for their  presentation 
of physiologic principles, for the quality of their own refer-
ences, and for their easy accessibility. The selected biblio-
graphy at the end of the chapters lists papers mainly from 
recently published scientific journals that can be freely 
accessed from the PubMed internet site at http://www.
ncbi.nlm.nih.gov/sites/entrez/. Use of these references, as 
well as cross-references from them, can give the student 
almost complete coverage of the entire field of physiology. 
The effort to be as concise as possible has, unfortunately, 
necessitated a more simplified and dogmatic presentation 
of many physiologic principles than I normally would have 
desired. However, the bibliography can be used to learn 
more about the controversies and unanswered questions 
that remain in understanding the  complex functions of the 
human body in health and disease.

Another feature is that the print is set in two sizes. The 
material in large print constitutes the fundamental physi-
ologic information that students will require in virtually 
all of their medical activities and studies.

The material in small print is of several different kinds: 
first, anatomic, chemical, and other information that is 

needed for immediate discussion but that most students 
will learn in more detail in other courses; second, physi-
ologic information 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 
physiologic mechanisms more deeply.

I wish to express sincere thanks to many  persons who 
have helped to prepare this book, including my  colleagues 
in the Department of Physiology and Biophysics at the 
University of Mississippi Medical Center who provided 
valuable suggestions. The members of our faculty and a 
brief description of the research and educational activi-
ties of the department can be found at the web site: http://
physiology.umc.edu/. I am also grateful to Stephanie 
Lucas and Courtney Horton Graham for their excellent 
secretarial services, to Michael Schenk and Walter (Kyle) 
Cunningham for their expert artwork, and to William 
Schmitt, Rebecca Gruliow, Frank Morales, and the entire 
Elsevier Saunders team for continued editorial and 
 production excellence.

Finally, I owe an enormous debt to Arthur Guyton 
for the great privilege of contributing to the Textbook of 
Medical Physiology, for an exciting career in physiology, 
for his friendship, and for the inspiration that he provided 
to all who knew him.

John E. Hall




