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Notice

Medicine is an ever-changing science. As new research and clinical experience broaden our knowledge,
changes in treatment and drug therapy are required. The authors and the publisher of this work have
checked with sources believed to be reliable in their efforts to provide information that is complete and
generally in accord with the standards accepted at the time of publication. However, in view of the pos-
sibility of human error or changes in medical sciences, neither the authors nor the publisher nor any other
party who has been involved in the preparation or publication of this work warrants that the information
contained herein is in every respect accurate or complete, and they disclaim all responsibility for any
errors or omissions or for the results obtained from use of the information contained in this work. Readers
are encouraged to confirm the information contained herein with other sources. For example and in par-
ticular, readers are advised to check the product information sheet included in the package of each drug
they plan to administer to be certain that the information contained in this work is accurate and that
changes have not been made in the recommended dose or in the contraindications for administration. This
recommendation is of particular importance in connection with new or infrequently used drugs.
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Preface

The publication of the twelfth edition of this book is a
testament to the vision and ideals of the original
authors, Alfred Gilman and Louis Goodman, who, in
1941 set forth the principles that have guided the book
through eleven editions: to correlate pharmacology
with related medical sciences, to reinterpret the actions
and uses of drugs in light of advances in medicine and
the basic biomedical sciences, to emphasize the appli-
cations of pharmacodynamics to therapeutics, and to
create a book that will be useful to students of pharma-
cology and to physicians. These precepts continue to
guide the current edition.

As with editions since the second, expert scholars
have contributed individual chapters. A multiauthored
book of this sort grows by accretion, posing challenges
to editors but also offering memorable pearls to the
reader. Thus, portions of prior editions persist in the
current edition, and I hasten to acknowledge the con-
tributions of previous editors and authors, many of
whom will see text that looks familiar. However, this
edition differs noticeably from its immediate predeces-
sors. Fifty new scientists, including a number from out-
side the U.S., have joined as contributors, and all
chapters have been extensively updated. The focus on
basic principles continues, with new chapters on drug
invention, molecular mechanisms of drug action, drug
toxicity and poisoning, principles of antimicrobial ther-
apy, and pharmacotherapy of obstetrical and gynecol-
ogical disorders. Figures are in full color. The editors
have continued to standardize the organization of chap-
ters; thus, students should easily find the basic physiol-
ogy, biochemistry, and pharmacology set forth in
regular type; bullet points highlight important lists
within the text; the clinician and expert will find details
in extract type under clear headings.

Online features now supplement the printed edi-
tion. The entire text, updates, reviews of newly approved
drugs, animations of drug action, and hyperlinks to rel-
evant text in the prior edition are available on the Good-
man & Gilman section of McGraw-Hill’s websites,
AccessMedicine.com and AccessPharmacy.com. An
Image Bank CD accompanies the book and makes all
tables and figures available for use in presentations.

The process of editing brings into view many
remarkable facts, theories, and realizations. Three stand
out: the invention of new classes of drugs has slowed to
a trickle; therapeutics has barely begun to capitalize on
the information from the human genome project; and,
the development of resistance to antimicrobial agents,
mainly through their overuse in medicine and agriculture,
threatens to return us to the pre-antibiotic era. We have
the capacity and ingenuity to correct these shortcomings.

Many, in addition to the contributors, deserve
thanks for their work on this edition; they are acknowl-
edged on an accompanying page. In addition, I am
grateful to Professors Bruce Chabner (Harvard Medical
School/Massachusetts General Hospital) and Bjorn
Knollmann (Vanderbilt University Medical School) for
agreeing to be associate editors of this edition at a late
date, necessitated by the death of my colleague and
friend Keith Parker in late 2008. Keith and I worked
together on the eleventh edition and on planning this edi-
tion. In anticipation of the editorial work ahead, Keith
submitted his chapters before anyone else and just a few
weeks before his death; thus, he is well represented in
this volume, which we dedicate to his memory.

Laurence L. Brunton
San Diego, California
December 1, 2010
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Preface to the First Edition

Three objectives have guided the writing of this book—
the correlation of pharmacology with related medical
sciences, the reinterpretation of the actions and uses of
drugs from the viewpoint of important advances in
medicine, and the placing of emphasis on the applica-
tions of pharmacodynamics to therapeutics.

Although pharmacology is a basic medical sci-
ence in its own right, it borrows freely from and con-
tributes generously to the subject matter and technics
of many medical disciplines, clinical as well as preclin-
ical. Therefore, the correlation of strictly pharmacolog-
ical information with medicine as a whole is essential
for a proper presentation of pharmacology to students
and physicians. Further more, the reinterpretation of the
actions and uses of well-established therapeutic agents
in the light of recent advances in the medical sciences
is as important a function of a modern text book of
pharmacology as is the description of new drugs. In
many instances these new interpretations necessitate
radical departures from accepted but outworn concepts
of the actions of drugs. Lastly, the emphasis throughout
the book, as indicated in its title, has been clinical. This
is mandatory because medical students must be taught
pharmacology from the standpoint of the actions and
uses of drugs in the prevention and treatment of disease.
To the student, pharmacological data per se are value
less unless he/she is able to apply this information in

the practice of medicine. This book has also been writ-
ten for the practicing physician, to whom it offers an
opportunity to keep abreast of recent advances in ther-
apeutics and to acquire the basic principles necessary
for the rational use of drugs in his/her daily practice.

The criteria for the selection of bibliographic ref-
erences require comment. It is obviously unwise, if not
impossible, to document every fact included in the text.
Preference has therefore been given to articles of a
review nature, to the literature on new drugs, and to
original contributions in controversial fields. In most
instances, only the more recent investigations have been
cited. In order to encourage free use of the bibliography,
references are chiefly to the available literature in the
English language.

The authors are greatly indebted to their many
colleagues at the Yale University School of Medicine
for their generous help and criticism. In particular they
are deeply grateful to Professor Henry Gray Barbour,
whose constant encouragement and advice have been
invaluable.

Louis S. Goodman
Alfred Gilman

New Haven, Connecticut
November 20, 1940

Universal Free E-Book Store


http://booksfree4u.tk

This page intentionally left blank

Universal Free E-Book Store


http://booksfree4u.tk

Acknowledgments

The editors appreciate the assistance of:

John E. Bennett, MD
Chief of Clinical Mycology
National Institute of Allergy and Infectious Diseases

Nancy J. Brown, MD

Professor and Chair of Medicine
Professor of Pharmacology

Vanderbilt University School of Medicine

Laura Collins
Editorial Assistant
Massachusetts General Hospital

Randa Hilal-Dandan, PhD
Lecturer in Pharmacology
University of California, San Diego

Renée Johnson
Executive Assistant
Massachusetts General Hospital

Laura Libretti
Administrative Assistant
McGraw-Hill

Nelda Murri, PharmD, MBA

Consulting Pharmacist

Christie Naglieri
Senior Project Development Editor
McGraw-Hill

Rajni Pisharody
Senior Project Manager
Glyph International

L. Jackson Roberts II, MD
Professor of Pharmacology and Medicine
Vanderbilt University School of Medicine

Sherri Souffrance
Senior Production Supervisor
McGraw-Hill

Cynthia E. Stalmaster, MS, MPH
Editorial Assistant
University of California, San Diego

James F. Shanahan
Editor-in-Chief, Internal Medicine
McGraw-Hill

Russell A. Wilke, MD, PhD

Associate Professor of Medicine

Director, Genomics and Cardiovascular Risk Reduction
Vanderbilt University School of Medicine

Bobbi Sherg, Mike Vonderkret
FedEx Oftice RBLCE, San Diego, CA

Universal Free E-Book Store


http://booksfree4u.tk

This page intentionally left blank

Universal Free E-Book Store


http://booksfree4u.tk

General Principles

Chapter 1.

Chapter 2.

Chapter 3.

Chapter 4.
Chapter 5.
Chapter 6.
Chapter 7.

Drug Invention and the Pharmaceutical
Industry / 3

Pharmacokinetics: The Dynamics of Drug
Absorption, Distribution, Metabolism, and
Elimination / 17

Pharmacodynamics: Molecular Mechanisms
of Drug Action / 41

Drug Toxicity and Poisoning / 73

Membrane Transporters and Drug Response / 89
Drug Metabolism / 123

Pharmacogenetics / 145

Universal Free E-Book Store


http://booksfree4u.tk

This page intentionally left blank

Universal Free E-Book Store


http://booksfree4u.tk



