




Veterinary Pharmacology 
and Therapeutics

Ninth Edition





Veterinary Pharmacology 
and Therapeutics

Ninth Edition

Edited by

Jim E. Riviere
DVM, PhD, DSc (hon)

Mark G. Papich
DVM, MS

Consulting Editor

H. Richard Adams
DVM, PhD, Diplomate ACVECC (Hon)

A John Wiley & Sons, Inc., Publication



Ninth Edition fi rst published 2009
© 2009 Wiley-Blackwell
First through Eighth Editions fi rst published 1954, 1957, 1965, 1977, 1982, 1988, 1995, 2001
© 1954, 1957, 1965, 1977, 1982, 1988, 1995, 2001 Iowa State University Press, a Blackwell Publishing company

Copyright is not claimed for Chapter 54, which is in the public domain.

Blackwell Publishing was acquired by John Wiley & Sons in February 2007. Blackwell’s publishing program has been merged 
with Wiley’s global Scientifi c, Technical, and Medical business to form Wiley-Blackwell.

Editorial Offi ce
2121 State Avenue, Ames, Iowa 50014-8300, USA

For details of our global editorial offi ces, for customer services, and for information about how to apply for permission to 
reuse the copyright material in this book, please see our website at www.wiley.com/wiley-blackwell.

Authorization to photocopy items for internal or personal use, or the internal or personal use of specifi c clients, is granted 
by Blackwell Publishing, provided that the base fee is paid directly to the Copyright Clearance Center, 222 Rosewood Drive, 
Danvers, MA 01923. For those organizations that have been granted a photocopy license by CCC, a separate system of 
payments has been arranged. The fee codes for users of the Transactional Reporting Service are ISBN-13: 978-0-8138-2061-
3/2009.

Designations used by companies to distinguish their products are often claimed as trademarks. All brand names and product 
names used in this book are trade names, service marks, trademarks or registered trademarks of their respective owners. The 
publisher is not associated with any product or vendor mentioned in this book. This publication is designed to provide 
accurate and authoritative information in regard to the subject matter covered. It is sold on the understanding that the 
publisher is not engaged in rendering professional services. If professional advice or other expert assistance is required, the 
services of a competent professional should be sought.

First, second, and third editions 1954, 1957, and 1965 edited by L. Meyer Jones; fourth edition 1977 edited by L. Meyer 
Jones, Nicholas H. Booth, and Leslie E. McDonald; fi fth and sixth editions 1982 and 1988 edited by Nicholas H. Booth 
and Leslie E. McDonald; seventh and eighth editions 1995 and 2001 edited by H. Richard Adams.

Library of Congress Cataloguing-in-Publication Data

Veterinary pharmacology and therapeutics.—9th ed. / edited by Jim E. Riviere, Mark G. Papich ; consulting editor, H. 
Richard Adams.
   p. ; cm.
 Rev. ed. of: Veterinary pharmacology and therapeutics / edited by H. Richard Adams. 8th ed. 2001.
 Includes bibliographical references and index.
 ISBN 978-0-8138-2061-3 (alk. paper)
 1. Veterinary pharmacology. I. Riviere, J. Edmond (Jim Edmond) II. Papich, Mark G.
 [DNLM: 1. Drug Therapy–veterinary. 2. Pharmacology. 3. Poisoning–veterinary. SF 915 V587 2008]
 SF915.V49 2009
 636.089′5–dc22
 2008025003

A catalog record for this book is available from the U.S. Library of Congress.

Set in 11/13pt Adobe Garamond by SNP Best-set Typesetter Ltd., Hong Kong
Printed in the United States

1 2009



CONTENTS

Contributors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xv

Section 1. Principles of Pharmacology  . . . . . . .  3

 1. Veterinary Pharmacology: An Introduction 
to the Discipline Jim E. Riviere and 
Mark G. Papich  . . . . . . . . . . . . . . . . . . . . . . .  5

 2. Absorption, Distribution, Metabolism, and 
Elimination Jim E. Riviere . . . . . . . . . . . . . . .  11

 3. Pharmacokinetics Jim E. Riviere . . . . . . . . . .  47

 4. Mechanisms of Drug Action and 
Pharmacokinetics/Pharmacodynamics 
Integration in Dosage Regimen 
Optimization for Veterinary Medicine 
Pierre-Louis Toutain  . . . . . . . . . . . . . . . . . . . .  75

Section 2.  Drugs Acting on the Autonomic 
Nervous System . . . . . . . . . . . . . . . . .   99

 5. Introduction to Neurohumoral Transmission 
and the Autonomic Nervous System 
H. Richard Adams . . . . . . . . . . . . . . . . . . . . . .  101

 6. Adrenergic Agonists and Antagonists 
H. Richard Adams . . . . . . . . . . . . . . . . . . . . . .  125

 7. Cholinergic Pharmacology: Autonomic 
Drugs H. Richard Adams . . . . . . . . . . . . . . . .  157

Section 3. Anesthetics and Analgesics . . . . . . . .  181

 8. Introduction to Drugs Acting on the 
Central Nervous System and Principles of 
Anesthesiology Peter J. Pascoe and 
Eugene P. Steffey  . . . . . . . . . . . . . . . . . . . . . . .  183

 9. Neuromuscular Blocking Agents 
H. Richard Adams . . . . . . . . . . . . . . . . . . . . . .  211

 10. Inhalation Anesthetics Eugene P. Steffey  . . . . .  229

 11. Injectable Anesthetic Agents Lysa P. Posner 
and Patrick Burns  . . . . . . . . . . . . . . . . . . . . . .  265

 12. Opioid Analgesic Drugs Butch KuKanich 
and Mark G. Papich  . . . . . . . . . . . . . . . . . . . .  301

 13. Sedative Agents: Tranquilizers, Alpha-2 
Agonists, and Related Agents Lysa P. Posner 
and Patrick Burns  . . . . . . . . . . . . . . . . . . . . . .  337

 14. Local Anesthetics Alistair I. Webb and 
Luisito S. Pablo . . . . . . . . . . . . . . . . . . . . . . . .  381

 15. Euthanizing Agents Alistair I. Webb . . . . . . . .  401

Section 4.  Autacoids and Antiinfl ammatory 
Drugs . . . . . . . . . . . . . . . . . . . . . . . . .   409

 16. Histamine, Serotonin, and Their 
Antagonists H. Richard Adams. . . . . . . . . . . .  411

 17. Peptides: Angiotensin and Kinins 
H. Richard Adams . . . . . . . . . . . . . . . . . . . . . .  429

 18. Prostaglandins, Related Factors, and 
Cytokines H. Richard Adams . . . . . . . . . . . . .  439

 19. Analgesic, Antiinfl ammatory, Antipyretic 
Drugs Peter Lees . . . . . . . . . . . . . . . . . . . . . . .  457

 20. Anticonvulsant Drugs 
Mark G. Papich  . . . . . . . . . . . . . . . . . . . . . . .  493

 21. Drugs Affecting Animal Behavior 
Barbara L. Sherman and 
Mark G. Papich  . . . . . . . . . . . . . . . . . . . . . . .  509

v



Section 5.  Drugs Acting on the Cardiovascular 
System  . . . . . . . . . . . . . . . . . . . . . . . .   539

 22. Digitalis, Positive Inotropes, and 
Vasodilators Matthew W. Miller and 
H. Richard Adams . . . . . . . . . . . . . . . . . . . . . .  541

 23. Antiarrhythmic Agents Matthew W. Miller 
and H. Richard Adams  . . . . . . . . . . . . . . . . . .  575

Section 6.  Drugs Affecting Renal 
Function and Fluid-Electrolyte 
Balance  . . . . . . . . . . . . . . . . . . . . . . .   603

 24. Principles of Acid-Base Balance: Fluid and 
Electrolyte Therapy Deborah T. Kochevar 
and Maya M. Scott  . . . . . . . . . . . . . . . . . . . . .  605

 25. Diuretics Deborah T. Kochevar . . . . . . . . . . . .  647

Section 7.  Drugs Acting on Blood and 
Blood Elements . . . . . . . . . . . . . . . . .   671

 26. Hemostatic and Anticoagulant Drugs 
H. Richard Adams . . . . . . . . . . . . . . . . . . . . . .  673

Section 8. Endocrine Pharmacology  . . . . . . . . .  691

 27. Hypothalamic and Pituitary Hormones 
Srujana Rayalam, Margarethe Hoenig, and 
Duncan Ferguson   . . . . . . . . . . . . . . . . . . . . . .  693

 28. Hormones Affecting Reproduction 
Doodipla S. Reddy and John E. Gadsby  . . . . . .  717

 29. Thyroid Hormones and Antithyroid 
Drugs Duncan C. Ferguson  . . . . . . . . . . . . . .  735

 30. Glucocorticoids, Mineralocorticoids, and 
Adrenolytic Drugs Duncan C. Ferguson, 
Levent Dirikolu, and Margarethe Hoenig . . . . .  771

 31. Drugs Infl uencing Glucose Metabolism 
Margarethe Hoenig  . . . . . . . . . . . . . . . . . . . . .  803

Section 9.  Chemotherapy of Microbial 
Diseases . . . . . . . . . . . . . . . . . . . . . . .   817

 32. Antiseptics and Disinfectants Mark C. Heit 
and Jim E. Riviere . . . . . . . . . . . . . . . . . . . . . .  819

 33. Sulfonamides and Potentiated 
Sulfonamides Mark G. Papich and 
Jim E. Riviere  . . . . . . . . . . . . . . . . . . . . . . . . .  835

 34. β-Lactam Antibiotics: Penicillins, 
Cephalosporins, and Related Drugs 
Mark G. Papich and Jim E. Riviere . . . . . . . . .  865

 35. Tetracycline Antibiotics Mark G. Papich and 
Jim E. Riviere  . . . . . . . . . . . . . . . . . . . . . . . . .  895

 36. Aminoglycoside Antibiotics Mark G. Papich 
and Jim E. Riviere . . . . . . . . . . . . . . . . . . . . . .  915

 37. Chloramphenicol and Derivatives, 
Macrolides, Lincosamides, and Miscellaneous 
Antimicrobials Mark G. Papich and 
Jim E. Riviere  . . . . . . . . . . . . . . . . . . . . . . . . .  945

 38. Fluoroquinolone Antimicrobial Drugs 
Mark G. Papich and Jim E. Riviere . . . . . . . . .  983

 39. Antifungal and Antiviral Drugs 
Jennifer L. Davis, Mark G. Papich, and 
Mark C. Heit  . . . . . . . . . . . . . . . . . . . . . . . . .  1013

Section 10. Chemotherapy of Parasitic 
Diseases . . . . . . . . . . . . . . . . . . . . . . 1051

 40. Antinematodal Drugs Carlos E. Lanusse, 
Luis I. Alvarez, Juan M. Sallovitz, 
María L. Mottier, and 
Sergio F. Sanchez Bruni . . . . . . . . . . . . . . . . . .  1053

 41. Anticestodal and Antitrematodal Drugs 
Carlos E. Lanusse, Guillermo L. Virkel, and 
Luis I. Alvarez   . . . . . . . . . . . . . . . . . . . . . . . .  1095

 42. Macrocyclic Lactones: Endectocide 
Compounds Carlos E. Lanusse, 
Adrian L. Lifschitz, and 
Fernanda A. Imperiale . . . . . . . . . . . . . . . . . . .  1119

 43. Antiprotozoan Drugs Jennifer L. Davis 
and Jody L. Gookin . . . . . . . . . . . . . . . . . . . . .  1145

 44. Ectoparasiticides Ronald E. Baynes . . . . . . . . .  1181

Section 11.  Specialty Areas of 
Pharmacology  . . . . . . . . . . . . . . . . . 1203

 45. Chemotherapy of Neoplastic Diseases 
Gordon L. Coppoc . . . . . . . . . . . . . . . . . . . . . .  1205

 46. Immunosuppressive Drugs and 
Cyclosporine Mark G. Papich  . . . . . . . . . . . .  1233

vi CONTENTS



 47. Drugs Affecting Gastrointestinal Function 
Mark G. Papich  . . . . . . . . . . . . . . . . . . . . . . .  1247

 48. Dermatopharmacology: Drugs Acting 
Locally on the Skin Jim E. Riviere . . . . . . . . .  1273

 49. Drugs that Affect the Respiratory System 
Mark G. Papich  . . . . . . . . . . . . . . . . . . . . . . .  1295

 50. Pharmacogenomics Katrina L. Mealey . . . . . .  1313

 51. Therapeutic Drug Monitoring 
Mark G. Papich  . . . . . . . . . . . . . . . . . . . . . . .  1323

 52. Considerations for Treating Minor 
Food-Producing Animals with Veterinary 
Pharmaceuticals Lisa A. Tell, 
Margaret Oeller, and Arthur L. Craigmill  . . . .  1331

 53. Zoological Pharmacology 
Robert P. Hunter  . . . . . . . . . . . . . . . . . . . . . . .  1343

Section 12. Regulatory Considerations . . . . . . . 1353

 54. Legal Control of Veterinary Drugs 
Stephen F. Sundlof . . . . . . . . . . . . . . . . . . . . . .  1355

 55. Drug Approval Process Marilyn Martinez, 
Melanie Berson, Bernadette Dunham, 
Joan Gotthardt, and Laura Hungerford  . . . . . .  1365

 56. Veterinary Pharmacy Gigi Davidson. . . . . . . .  1407

 57. Regulation of Drug and Medication Use in 
Performance Animals Cynthia A. Cole 
and Keith Zientek  . . . . . . . . . . . . . . . . . . . . . .  1419

 58. Adverse Drug Reactions Victoria Hampshire 
and Margarita A. Brown . . . . . . . . . . . . . . . . .  1431

 59. Dosage Forms and Veterinary Feed 
Directives Jim E. Riviere and 
Geof  W. Smith  . . . . . . . . . . . . . . . . . . . . . . . .  1439

 60. USP ’s Role in Veterinary Pharmacology 
and Evidence-Based Information 
Cory Langston, Stefan Schuber, and 
Ian R. DeVeau. . . . . . . . . . . . . . . . . . . . . . . . .  1445

 61. Chemical Residues in Tissues of Food 
Animals Jim E. Riviere and 
Stephen F. Sundlof . . . . . . . . . . . . . . . . . . . . . .  1453

Index. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1463

CONTENTS vii





CONTRIBUTORS

Margarita A. Brown, DVM, MS
Safety Review Coordinator
Offi ce of Surveillance and Compliance
Center for Veterinary Medicine
U.S. Food and Drug Administration
7519 Standish Place
Rockville, MD 20855

Patrick Burns, BVSc, MACVSc
DACVA
College of Veterinary Medicine
The Ohio State University
601 Vernon L. Tharp Street
Columbus, OH 43210

Cynthia A. Cole, DVM, PhD
DACVCP
IDEXX Pharmaceuticals, Inc.
7009 Albert Pick Road
Greensboro, NC 27409

Gordon L. Coppoc, DVM, PhD
Professor and Head
Department of Basic Medical Sciences
School of Veterinary Medicine
Purdue University
625 Harrison Street
West Lafayette, IN 47907-2026

Arthur L. Craigmill, PhD
DABT
Environmental Toxicology Extension
University of California
One Shields Avenue
Davis, CA 95616

ix

H. Richard Adams, DVM, PhD
Diplomate ACVECC (Hon)
Dean Emeritus
College of Veterinary Medicine, University of Missouri
Carl B. King Dean of Veterinary Medicine
College of Veterinary Medicine and Biomedical Sciences
Texas A&M University
College Station, Texas 77843-4461

Luis I. Alvarez, Med Vet, PhD
Assistant Professor
Laboratorio de Farmacologis
Departamento de Fisiopatologia
Facultad de Ciencias Veterinarias
Universidad Nacional del Centro
Campus Universitario
Argentina

Ronald E. Baynes, DVM, PhD
Associate Professor
Department of Population Health and Pathobiology
Center for Chemical Toxicology Research and 

Pharmacokinetics
North Carolina State University
College of Veterinary Medicine
4700 Hillsborough Street
Raleigh, NC 27606

Melanie Berson, DVM
Director
Division of Therapeutic Drugs for NonFood Animals
Offi ce of New Animal Drug Evaluation
Food and Drug Administration
Center for Veterinary Medicine
7500 Standish Place
FDA/CVM/HFV-110
Rockville, MD 20855



x CONTRIBUTORS

Gigi Davidson, RPh
Director of Clinical Pharmacy Services
VTH Pharmacy
North Carolina State University
College of Veterinary Medicine
4700 Hillsborough Street
Raleigh, NC 27606

Jennifer L. Davis, DVM, PhD
Diplomate ACVIM, Diplomate ACVCP
Department of Clinical Sciences
North Carolina State University
College of Veterinary Medicine
4700 Hillsborough Street
Raleigh, NC 27606

Ian F. DeVeau, PhD
Director
Veterinary and Radiopharmaceuticals Group
United States Pharmacopeia
Department of Standards Dev
12601 Twinbrook Parkway
Rockville, MD 20852-1790

Levent Dirikolu
Physiology and Pharmacology
College of Veterinary Medicine
501 DW Brooks Drive
Athens, GA 30602

Bernadette Dunham, DVM, PhD
Director
Center for Veterinary Medicine
U.S. Food and Drug Administration
MPN-IV, Room 181, HFV-1
7519 Standish Place
Rockville, MD 20855

Duncan Ferguson, VMD, PhD
Diplomate ACVCP, Diplomate ACVIM
Veterinary Biosciences
The University of Illinois College of Veterinary Medicine
Urbana, IL 61801

John Gadsby, PhD
Professor
Department of Molecular Biomedical Sciences
College of Veterinary Medicine
North Carolina State University
4700 Hillsborough Street
Raleigh, NC 27606

Jody L. Gookin, DVM, PhD
Diplomate ACVIM
Assistant Professor
Department of Clinical Sciences
College of Veterinary Medicine
North Carolina State University
4700 Hillsborough Street
Raleigh, NC 27606

Joan Gotthardt, DVM
Director
Division of Therapeutic Drugs for Food Animals
Offi ce of New Animal Drug Evaluation
Division of Therapeutic Drugs for Food Animals
FDA Center for Veterinary Medicine
7500 Standish Place
FDA/CVM/HFV-110
Rockville, MD 20855

Victoria Hampshire, VMD
Senior Regulatory Veterinarian and Reviewer
CDRH/ODE/DCD/PVDB
9200 Corporate Boulevard
HFZ-450
Rockville, MD 20850

Mark C. Heit, DVM, PhD
DACVCP
Senior Director, Research and Development
Velcera Inc.
777 Township Line Road
Yardely, PA 19067

Margarethe Hoenig, DVM
Professor
Physiology and Pharmacology
College of Veterinary Medicine
501 DW Brooks Drive
Athens, GA 30602



CONTRIBUTORS xi

Laura Hungerford, DVM, MPH, PhD
Senior Advisor for Science Policy
Center for Veterinary Medicine
Offi ce of New Animal Drug Evaluation
U.S. Food and Drug Administration
7500 Standish Place
FDA/CVM/HFV-100
Rockville, MD 20855

Robert P. Hunter, MS, PhD
Elanco Animal Health
2001 West Main Street
P.O. Box 708
Greenfi eld, IN 46140

Fernanda A. Imperiale, Vet, PhD
Research Fellow
Laboratorio de Farmacologis
Departamento de Fisiopatologia
Facultad de Ciencias Veterinarias
Universidad Nacional del Centro
Campus Universitario
(7000) Tandil
Argentina

Deborah T. Kochevar, DVM, PhD
DACVCP
Henry and Lois Foster Professor
Dean
Cummings School of Veterinary Medicine
Tufts University
200 Westboro Road
North Grafton, MA 01536

Butch KuKanich, DVM, PhD
Diplomate ACVCP
Department of Anatomy and Physiology
College of Veterinary Medicine
Kansas State University
228 Coles Hall
Manhattan, KS 66506-5802

Cory Langston, DVM, PhD
Diplomate ACVCP
Professor
College of Veterinary Medicine
Box 6100
Spring Street
Mississippi State University
Starkville, MS 39762-6100

Carlos E. Lanusse, Med Vet Dr Cs Vet, PhD
Diplomate ECVPT
Professor
Laboratorio de Farmacologis
Departamento de Fisiopatologia
Facultad de Ciencias Veterinarias
Universidad Nacional del Centro
Campus Universitario
(7000) Tandil
Argentina

Peter Lees, PhD, DSc
Royal Veterinary College
Hawkshead Campus
London University
North Mymms
Hatfi eld, Hertfordshire, AL97TA
United Kingdom

Adrian L. Lifschitz, Vet, PhD
Lecturer
Laboratorio de Farmacologis
Departamento de Fisiopatologia
Facultad de Ciencias Veterinarias
Universidad Nacional del Centro
Campus Universitario
(7000) Tandil
Argentina

Marilyn Martinez, PhD
Senior Research Scientist
Center for Veterinary Medicine
U.S. Food and Drug Administration
7500 Standish Place
Rockville, Maryland 20855

Katrina L. Mealey, DVM, PhD
DACVIM, DACVCP
Department Veterinary Clinical Sciences
College of Veterinary Medicine
Washington State University
ABDF 1020
Pullman, WA 99164-6610



xii CONTRIBUTORS

Matthew W. Miller, DVM, MS
Diplomate ACVIM (Cardiology)
Professor of Cardiology
Charter Fellow
Michael E. DeBakey Institute
Department of Small Animal Clinical Sciences
College of Veterinary Medicine and Biomedical Sciences
Texas A&M University
College Station, Texas 77843-4461

Maria L. Mottier, Vet, PhD
Research Fellow
Laboratorio de Farmacologis
Departamento de Fisiopatologia
Facultad de Ciencias Veterinarias
Universidad Nacional del Centro
Campus Universitario
(7000) Tandil
Argentina

Margaret Oeller, DVM
Offi ce of Minor Use and Minor Species Animal Drug 

Development
Center for Veterinary Medicine
U.S. Food and Drug Administration
7500 Standish Place
Rockville, MD 20855

Luisito S. Pablo, DVM, MS
Diplomate ACVA
Department of Large Animal Clinical Sciences
College of Veterinary Medicine
University of Florida
PO Box 100136
Gainesville, FL 32610

Mark G. Papich, DVM
Diplomate ACVCP
Professor
North Carolina State University
Department of Molecular Biomedical Sciences
College of Veterinary Medicine
4700 Hillsborough Street
Raleigh, NC 27606

Peter J. Pascoe, BVSc
DACVA, DECVA
Professor
Department of Surgical and Radiological Sciences
School of Veterinary Medicine
University of California
Davis, CA 95616-8745

Lysa P. Posner, DVM
Diplomate ACVA
Associate Professor
Anesthesiology Section
Department of Molecular Biomedical Sciences
North Carolina State University
College of Veterinary Medicine
4700 Hillsborough Street
Raleigh, NC 27606

Srujana Rayalam, BVSc, MVSc
The University of Georgia
College of Veterinary Medicine
Athens, GA 30602

Doodipala Samba Reddy, R.Ph., Ph.D.
Associate Professor
Dept of Neuroscience and Experimental Therapeutics 

College of Medicine 
Texas A&M Health Science Center
228 Reynolds Medical Building
College Station, Texas 77843

Jim E. Riviere, DVM, PhD DSc(hon)
Director and Distinguished Professor
Center for Chemical Toxicology Research and 

Pharmacokinetics
Department of Population Health and Pathobiology
North Carolina State University
College of Veterinary Medicine
4700 Hillsborough Street
Raleigh, NC 27606

Juan M. Sallovitz, Med Vet, PhD
Research Fellow
Laboratorio de Farmacologis
Departamento de Fisiopatologia
Facultad de Ciencias Veterinarias
Universidad Nacional del Centro
Campus Universitario
(7000) Tandil
Argentina



CONTRIBUTORS xiii

Sergio F. Sanchez Bruni, Med Vet, PhD
Associate Professor
Laboratorio de Farmacologis
Departamento de Fisiopatologia
Facultad de Ciencias Veterinarias
Universidad Nacional del Centro
Campus Universitario
(7000) Tandil
Argentina

Stefan Schuber, PhD
Director
Scientifi c Reports
United States Pharmacopeia
12601 Twinbrook Parkway
Rockville, MD 20852-1790

Maya Scott, DVM, PhD
4466 TAMU
Veterinary Physiology and Pharmacology
Texas A & M University
College Station, TX 77843-4466

Barbara L. Sherman, MS, PhD, DVM
DACVB
Clinical Associate Professor
Department of Clinical Sciences
College of Veterinary Medicine
North Carolina State University
4700 Hillsborough Street
Raleigh, NC 27606-1496

Geof W. Smith, DVM, PhD
Assistant Professor
Department of Population Health and Pathobiology
College of Veterinary Medicine
North Carolina State University
4700 Hillsborough Street
Raleigh, NC 27606

Eugene P. Steffey, MVD, PhD
Professor
Department of Surgical & Radiological Sciences
School of Veterinary Medicine
University of California
2112 Tupper Hall
Davis, California 95616

Stephen F. Sundlof, DVM, PhD
DABVT
Director
Center for Food Safety and Applied Nutrition
U. S. Food and Drug Administration
5100 Paint Branch Parkway
College Park, MD 20740

Lisa A. Tell, DVM
Professor
Diplomate ABVP, Diplomate ACZM
Food Animal Residue Avoidance Databank and National 

Research Project 7
Department of Medicine and Epidemiology
School of Veterinary Medicine
University of California
One Shields Avenue
Davis, CA 95616

Pierre-Louis Toutain, DVM, Dr Sci
Diplomate ECVPT
UMR 181 Physiopathologie et Toxicologie 

Experimentales
INRA/ENVT
Ecole Nationale Veterinaire de Toulouse
23 chemin des Capelles—BP 87614
31076 TOULOUSE cedex 03 FRANCE

Guillermo L. Virkel, Med Vet, PhD
Lecturer
Laboratorio de Farmacologis
Departamento de Fisiopatologia
Facultad de Ciencias Veterinarias
Universidad Nacional del Centro
Campus Universitario
(7000) Tandil
Argentina

Alistair Webb, BVSc, PhD
FRCVS, MRCA, DVA, Diplomate ACVA
Department Physiological Sciences
College of Veterinary Medicine
University of Florida
PO Box 100144
Gainesville, FL 32610-0144

Keith Zientek, PhD
Senior Scientist
Bioanalytical Systems, Inc.
3138 NE Rivergate, Bldg. 301C
McMinnville, OR 97128





PREFACE

Welcome to the ninth edition of Veterinary Pharmacology and Therapeutics, 
the fi rst edition of which was authored some 6 decades ago by Dr. L. 
Meyer Jones, a father of American veterinary pharmacology. As with pre-

vious editions, this book remains dedicated to veterinary medical students enrolled 
in professional schools and colleges of veterinary medicine. However, this book also 
has a broader audience in that veterinary medicine interns and residents, graduate 
students in comparative biomedical sciences, laboratory animal specialists, and 
researchers using animals have adopted this as the standard source for information 
available on comparative pharmacology.

The present edition is both an outgrowth of, and extension to, the eighth edition 
edited by H. Richard Adams. The major changes are focused on integrating topics 
covered in the traditional drug-specifi c chapters to several new chapters covering their 
applications in areas such as minor species or racing animals. The chapters on treat-
ment of clinical problems are also greatly expanded to integrate the basic concepts 
discussed in earlier sections of the book with management of clinical diseases. This 
allows a discussion of pharmacological concepts from a different perspective than 
basic pharmacology, because drugs that are used throughout veterinary medicine in 
applications under different clinical scenarios often need further explanation. To 
accomplish our goals, experts in the clinical specialty areas and pharmacologists with 
expertise in specifi c areas have contributed tremendously to this edition of the text-
book. A number of “traditional chapters” were completely revamped and revised by 
new contributors and other previous chapters were updated. We have attempted to 
provide an international perspective to this new edition by adding international 
authors and including drugs that have been used all over the world.

Veterinary pharmacology is in the process of great change and advancement. For 
many years, veterinary pharmacology was simply an extension of human pharmacol-
ogy as common human medications were extrapolated for use in animal diseases. 
However, in the new millennium, there has been a greater emphasis by the pharma-
ceutical companies toward developing animal-specifi c drugs for their unique indica-
tions. Many of these include treatment aimed at quality of life issues in companion 
animals. As in previous editions, many human drugs—used off-label in animals—also 
are discussed, with an emphasis on the importance of interspecies differences. Sophis-
ticated therapeutic approaches are being developed and utilized on a routine basis. 
New drug entities are being used and a more precise utilization of existing medica-
tions is employed in clinical practice. Antimicrobial and antiparasitic drugs must be 
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used in a more intelligent and prudent fashion to avoid development of resistance 
that can impact both animals and human public health. Human food safety concerns 
regarding drugs used in food-producing animals have taken on increased concern. All 
these developments lead to both growth and a broadening of this discipline, which 
is central to the practice of veterinary medicine.

One of the most important applications of this textbook will be as a supplement 
and reference source for instructors teaching veterinary pharmacology to professional 
veterinary students, graduate students, and veterinary technicians. To accommodate 
this use, the chapters have been organized logically in an order and format that will 
support the teaching of veterinary pharmacology to students. Whenever possible, 
helpful tables, diagrams, and charts are provided to facilitate learning. Teaching vet-
erinary pharmacology to students has changed tremendously since the early editions 
of this textbook. Because of the tremendous explosion in the number of drugs avail-
able, it is no longer possible to cover every drug and every indication in a veterinary 
course. Therefore, this book is intended to be a supplement to a veterinary pharma-
cology course for the student to have access to more in-depth and comprehensive 
information than can be presented in course lectures.

In addition to the many authors that have contributed to this edition of Veterinary 
Pharmacology and Therapeutics, we owe a special thanks to the previous editor, and 
consulting editor for this edition, H. Richard Adams. We are proud to carry on as 
editors with the hope of continuing the excellence and quality that was a character-
istic of the editions that he edited. We are also appreciative of the support of the 
publishers at Wiley-Blackwell. Among these individuals, special thanks go to Dede 
Andersen, Antonia Seymour, Jill McDonald, and Nancy Simmerman. We also thank 
Luann Kublin and especially Jeneal Leone, administrative assistants at CCTRP-
NCSU, for their help in processing these chapters.

 Jim E. Riviere
 Mark G. Papich
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Pharmacology is the science that broadly deals with the 
physical and chemical properties, actions, absorption, and 
fate of chemical substances termed drugs that modify bio-
logical function. It is a discipline that touches most areas 
of human and veterinary medicine and closely interfaces 
with pharmaceutical science and toxicology.

HISTORY OF PHARMACOLOGY

As long as humans and their animals have suffered from 
disease, chemical substances have played a role in their 
treatment. Substances obtained from plants and animals 
or their products were used according to precise prescrip-
tions through antiquity. The mechanism attributed to why 
these substances worked are deeply rooted in the beliefs 
and mythologies of each culture, as were the rituals involved 
in their preparation.

The early history of pharmacology parallels human 
efforts to compile records of ailments and their remedies. 
The earliest recorded compilation of drugs, the Pen Tsao, 
consisted of a list of herbal remedies compiled in the reign 
of Chinese Emperor Shennung in 2700 B.C. Classic 
examples of medicinal use of chemicals, herbs, and other 
natural substances are found in the recorded papyri of 

ancient Egypt. The Kahun papyrus, written about 2000 
B.C., lists prescriptions for treating uterine disease in 
women and specifi cally addresses veterinary medical con-
cerns. The Ebers papyrus, written in 1150 B.C. is a collec-
tion of folklore covering 15 centuries of history. It is 
composed of over 800 prescriptions for salves, plasters, 
pills, suppositories, and other dosage forms used to treat 
specifi c ailments.

The ancient Greek philosopher-physicians of 500 B.C. 
taught that health was maintained by a balance of 
“humors,” which were affected by temperature, humidity, 
acidity, and sweetness, rather than to the direct actions of 
gods or demons. Disease was treated by returning these 
humors to a proper balance. Hippocrates (460–370 B.C.) 
was an ancient Greek physician of the Age of Pericles. He 
is referred to as the “father of medicine” in recognition of 
his lasting contributions to the fi eld as the founder of the 
Hippocratic school of medicine. He was a fi rm believer in 
the healing powers of nature, conducted systematic obser-
vations of his patients’ symptoms, and began moving the 
practice of medicine from an art to a systematic clinical 
science. The fi rst true material medica, a compilation of 
therapeutic substances and their uses, was compiled in 77 
A.D. by Aristotle’s student Dioscorides, while serving as a 
surgeon in Nero’s Roman Legion traveling throughout the 
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Mediterranean. This served as the basis for the later works 
of Galen (131–201) that emerged as the authoritative 
material medica for the next 1,400 years! In fact, some 
pharmaceutical preparations consisting of primarily herbal 
or vegetable matter are still referred to as galenical prepara-
tions. As the Dark Ages descended upon Europe, such 
scholarship transferred to Byzantium, where in fact a vet-
erinary compilation for farm animal treatments, Publius 
Vegetius, was compiled in the 5th century.

It took until the Renaissance to awaken the spirit of 
discovery in Europe. The Swiss physician Theophrastus 
Bombastus von Hohenheim (1492–1541), known as Par-
acelsus, introduced the clinical use of laudanum (opium) 
and a number of tinctures (extracts) of various plants, 
some of which are still in use today. He is remembered for 
using drugs for specifi c and directed purposes, and for the 
famous dictum “All substances are poisons; there is none 
which is not a poison. The proper dose separates a poison 
from a remedy.” As these practices took root, offi cial com-
pilations of medicinal substances, their preparation, use, 
and dosages, started to appear in Europe. These publica-
tions, termed pharmacopeia, provided a unifying frame-
work upon which the pharmaceutical sciences emerged. 
The fi rst printed pharmacopeia, titled the Dispensatorium 
was published by Valerius Cordus in 1547 in Nuremberg, 
Germany. Local publications emerged in different Euro-
pean cities, with two pharmacopeias published in London 
in 1618. The Edinburgh Pharmacopoeia published in 
1689 became the most infl uential during this period. It 
took until the mid-19th century before truly national 
pharmacopeias took hold, with the fi rst United States 
Pharmacopeia published in 1820. The fi rst United States 
Pharmacopeia has been given the title USP-0; the current 
edition of the United States Pharmacopeia is titled USP-30. 
There was also a British pharmacopeia published in 1864 
and the British Pharmacopeia continues to be published 
today.

The history of pharmacology parallels the development 
of modern medicine and the realization that specifi c 
natural products and substances may cure specifi c diseases. 
The 16th and 17th centuries were marked by great explo-
rations and the beginning of medical experimentation. In 
1656, Sir Christopher Wren made the fi rst intravenous 
injection of opium in a dog. The bark of the cinchona tree 
was brought by Jesuits from South America for use of 
treatment of malaria. In 1783, the English physician 
William Withering reported on his experience in the use 
of extracts from the foxglove plant to treat patients with 

“dropsy,” a form of edema most likely caused by congestive 
heart failure.

In the early 1800s the French physiologist-pharmacolo-
gist Megendie, working with the pharmacist Pelletier, 
studied the effects of intravenous injections of ipecac, 
morphine, strychnine, and other substances on animals. 
Megendie was the fi rst to prove that chemicals can be 
absorbed into the vascular system to exert a systemic effect. 
A prolifi c scientist, he also published a formulary that 
survived through eight editions from 1821–1836. The 
Spanish physician Orfi la published the results of many 
experiments in a book entitled Toxicologie Generale in 
1813. A student of Megendie, the famous physiologist 
Claude Bernard, and others showed in the mid-1800s that 
the active ingredient of foxglove botanical preparations 
was digitalis, and its action was on the heart. We continue 
to use digoxin today for the treatment of congestive heart 
failure in humans and animals. The important aspect of 
these early studies was that they used the experimental 
paradigm for demonstrating chemical activity, establishing 
both the philosophy and methods upon which the disci-
pline of modern pharmacology is based.

The term Pharmakologie was applied to the study of 
material medica by Dale in London as early as 1692; 
however, it is generally regarded that the biochemist 
Rudolph Buchheim in the Baltic city of Dorpat established 
the fi rst true experimental laboratory dedicated to phar-
macology in the mid-18th century. He published some 
118 contributions on a variety of drugs and their actions, 
and argued for pharmacology to be a separate discipline 
distinct from material medica, pharmacy, and chemistry. 
His work included in 1849 a textbook Beiträge zur Ärz-
neimittellehre, which classifi ed drugs based on their phar-
macological action in living tissue. He deleted traditional 
remedies if he could not demonstrate their action in his 
laboratory. This is the beginning of what we now know as 
evidence-based pharmacology, which requires that a chemi-
cal be termed a drug only if a specifi c action in living 
tissues can be demonstrated.

His student, Oswald Schmiedeberg, became a Professor 
of Pharmacology at the University of Strasbourg in 1872 
and took upon himself the goal of making pharmacology 
an independent scientifi c discipline based upon precise 
experimental methodology that ultimately displaced mate-
rial medica in medical school curriculums throughout 
Europe by the end of the 19th century and by the early 
20th century in America. He studied the correlation 
between the chemical structure of substances and their 
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effectiveness as narcotics. He published some 200 publica-
tions as well as an authoritative textbook in 1883 that went 
through seven editions. This text classifi ed drugs by their 
actions and separated experimental pharmacology from 
therapeutics. In addition he founded and edited the fi rst 
pharmacology journal Archiv für experimentelle Pathologie 
und Pharmakologie in 1875, which in 2007 published 
volume 375 as Naunym-Schmiedeberg’s Archives of Pharma-
cology. His more than 150 students spread the discipline 
of pharmacology throughout Europe and America.

One of his students, Dr. John Abel, held the fi rst full-
time professorship in pharmacology at the University of 
Michigan and is considered by some to be the father of 
American pharmacology. Professor Abel then moved to 
Johns Hopkins Medical School where he continued his 
basic pharmacological research and founded the Journal of 
Biological Chemistry as well as the Journal of Pharmacology 
and Experimental Therapeutics. He was instrumental in 
founding the American Society of Pharmacology and Exper-
imental Therapeutics in 1908.

From these origins, the various disciplines of pharma-
cology grew, the common factor being the focus in exper-
imental methods to discover and confi rm drug actions. 
Today, the basic philosophy remains unchanged, although 
modern techniques are grounded in analytical chemi-
stry, mathematical models, and the emerging science of 
genomics.

VETERINARY PHARMACOLOGY

The development of veterinary pharmacology generally 
paralleled that of human pharmacology. However, there is 
archeological evidence of an Indian military hospital for 
horses and elephants from 5000 B.C., at which time there 
also existed an extensive medical education program at the 
Hindu university at Takkasila. The formal discipline of 
veterinary pharmacology has its origins in the establish-
ment of veterinary colleges and hospitals in France, Austria, 
Germany, and the Netherlands in the 1760s as a response 
to epidemics of diseases such as rinderpest that decimated 
animal populations throughout Western Europe. The 
Royal College of Veterinary Surgeons was established in 
London in 1791 followed in 1823 by the Royal (Dick) 
School of Veterinary Studies in Edinburgh. The earliest 
veterinary colleges were established in the United States in 
1852 in Philadelphia and in Boston in 1854; however, 
both were short-lived. Modern existing North American 
veterinary schools founded in the late 1800s, and which 

continue in operation, include those in Iowa, Ohio, 
Ontario, Pennsylvania, and New York.

In these early colleges, teaching of pharmacology in 
veterinary schools was essentially material medica, and 
remained closely aligned with parallel efforts occurring in 
medical schools, especially when colleges were colocated 
on the same campuses. This was evident in the European 
schools, with a separation really occurring in the 20th 
century. However, this linkage was not absolute. An early 
mid-19th century veterinary textbook The Veterinarian’s 
Vade Mecum was published by John Gamgee in England. 
It was essentially a material medica and did not refl ect the 
biological-based classifi cation system for substances used 
by Professor Buchheim in the same period. The fi rst Amer-
ican professor of therapeutics at the School of Veterinary 
Medicine at Iowa State was a physician, D. Fairchild. 
Similarly, a textbook of veterinary pharmacology Veteri-
nary Material Medica and Therapeutics published by the 
School of Veterinary Medicine at Harvard was authored 
by Kenelm Winslow, a veterinarian and physician. This 
book, an 8th Edition of which was published in 1919, 
began to follow the modern thrust described earlier of 
relating drug actions to biological effects on tissues. It 
seems veterinary medicine’s 21st-century preoccupation 
with the “one-medicine” concept has deep historical 
roots.

The important event, which fully shifted veterinary 
pharmacology from one focused on material medica to the 
actual science of pharmacology, was the publication by 
Professor L. Meyer Jones in 1954 of the 1st Edition of the 
textbook you are now reading. From this point forward, 
veterinary pharmacology positions have existed in Colleges 
of Veterinary Medicine throughout the world, the struc-
ture of which are often a refl ection of local university 
history, priorities, and academic structure.

Organized veterinary pharmacology occurred rather 
simultaneously in Europe and the Americas. The Ameri-
can Academy of Veterinary Pharmacology and Therapeu-
tics (AAVPT) was founded in 1977 and the European 
Association for Veterinary Pharmacology and Toxicology 
(EAVPT) in 1978. These two organizations, together with 
the British Association for Veterinary Clinical Pharmacol-
ogy and Therapeutics, launched the Journal of Veterinary 
Pharmacology and Therapeutics (JVPT) in 1978. Its 
founder, Dr. Andrew Yoxall, hoped that the journal would 
improve coordination and communication among phar-
macologists and veterinary clinicians, and designed it for 
the publication of topics relating both to the clinical 
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aspects of veterinary pharmacology, and to the fundamen-
tal pharmacological topics of veterinary relevance. Now in 
its 30th year of publication, and also cosponsored by both 
the American College of Veterinary Clinical Pharmacology 
(ACVCP) and the Chapter of Veterinary Pharmacology of 
the Australian College of Veterinary Scientists, this journal 
remains the primary outlet for publication of veterinary-
related science-based pharmacology investigations.

The discipline of clinical pharmacology is more directly 
related to applying pharmacological principles—particu-
larly pharmacokinetics—to clinical patients. Fellows of 
the AAVPT formed the AVMA-recognized board certifi ed 
specialty—the American College of Veterinary Clinical 
Pharmacology (ACVCP)—in 1991. The establishment of 
the ACVCP paralleled the establishment of the American 
Board of Clinical Pharmacology (ABCP)—the human 
medical counterpart—in the same year with the coopera-
tion of the American College of Clinical Pharmacology.

REGULATIONS

A different perspective of the development of veterinary 
pharmacology over the last century is the development of 
regulatory bodies to insure that safe, effective, and pure 
drugs reach commerce. As discussed above, material medica 
and pharmacopeia were in large part the force that held 
pharmacology together as a discipline for centuries. Since 
1820, the United States Pharmacopeia (USP), a private, 
not-for-profi t organization, has endeavored to establish 
standards for strength, quality, purity, packaging, and 
labeling for all manufacturers of pharmaceutical substances 
in the United States. It took until 1990, under the pressure 
of Dr. Lloyd Davis, one of the founding fathers of AAVPT 
and ACVCP, to have USP specifi cally develop Committees 
to develop USP standards and information for veterinary 
drugs. Until this time, veterinary drugs whose manufactur-
ers desired the “USP Label” processed drugs through com-
mittees that were largely populated by experts in human 
pharmaceutical sciences and medicine.

In the 20th century, due to the proliferation of charla-
tans and fraud in manufacture and distribution of so-
called “pure” medicinal products, coupled with serious 
human health calamities due to nonregulated drugs reach-
ing the market, Congress in 1927 established the Food, 
Drug and Insecticide Administration, which later became 
known as the Food and Drug Administration (FDA). In 
1938, the pivotal Federal Food, Drug and Cosmetic Act 
was passed giving FDA the authority to regulate animal 

drugs by requiring evidence of product safety before dis-
tribution. In 1959, a veterinary medical branch was devel-
oped as a division and the Food Additive Amendments 
Act was passed, which gave FDA authority over animal 
food additives and drug residues in animal-derived foods. 
A Bureau of Veterinary Medicine, with Dr. M. Clarkson 
as its fi rst director, was established in 1965 to handle the 
increasing regulatory responsibilities of animal drugs. 
Today, the FDA Center for Veterinary Medicine, directed 
by Dr. Bernadette Dunham, is the primary regulatory 
body for veterinary drugs in the United States. The inter-
ested reader should consult Chapters 54 and 55 of the 
present text for a more in-depth discussion of the current 
state of veterinary regulatory authority.

WHAT IS VETERINARY 
PHARMACOLOGY?

As can be appreciated from the breadth of material covered 
by the present textbook, veterinary pharmacology covers 
all aspects of using chemical and biological substances to 
treat diseases of animals. The basic principles of drug 
action are identical across veterinary and human pharma-
cology. Thus the principles of absorption, distribution, 
metabolism, and elimination covered here are the same as 
in any human pharmacology text, except for a focus on 
crucial species differences in anatomy, physiology, or 
metabolism that would alter these processes. The topics of 
pharmacodynamics, pharmacogenomics, and pharmaco-
kinetics are also species-independent in basic concepts. 
These topics encompass what truly should be termed com-
parative pharmacology.

The subspecialties of veterinary pharmacology cover all 
those seen in human pharmacology, the classifi cation of 
which can be seen from the division of the present text. 
These include classifying drugs as acting on the nervous, 
infl ammatory, cardiovascular, renal, endocrine, reproduc-
tive, ocular, gastrointestinal, respiratory, and dermal 
systems as well as those used in chemotherapy of micro-
bial, parasitic, and neoplastic diseases. Because of the 
potential exposure and heavy parasite load of both com-
panion and production animals, antiparasitic drugs will 
get deeper coverage than seen in a human pharmacology 
text. There are a number of specialty areas that also refl ect 
unique aspects of veterinary medicine, including aquatic 
and avian species, as well as aspects of regulations related 
to using drugs in food-producing animals with the result-



PHARMACOLOGY: AN INTRODUCTION TO THE DISCIPLINE 9

ing production of chemical residues and potential human 
food safety issues. This is simply not an issue in human 
medicine.

The discipline is often simply divided into basic and 
clinical pharmacology, the distinction being whether 
studies are conducted in healthy or diseased animals, 
studying experimental models or natural disease states, or 
involve laboratory or clinical studies in an actual veterinary 
clinical situation. However, the common denominator 
that separates a veterinary pharmacologist from his/her 
human pharmacology colleagues is dealing with species 
differences in both disposition and action of drugs.

Comparative pharmacology is the true common theme 
that courses through the blood of all veterinary pharma-
cologists, be they basic or clinical in orientation. How does 
a drug behave in the species being treated? Is the disease 
pathophysiology similar across species? Do dosages need 
to be adjusted? Are microbial susceptibilities for pathogens 
different? Is a drug absorbed, eliminated, or metabolized 
differently in this species or breed? Can the dosage form 
developed for a dog be used in an equine patient? Are there 
unique individual variations in the population due to 
pharmacogenomic variability that would alter a drug’s 
effect in this patient? Are there unique species-specifi c 
toxicological effects for the drug in this patient? Is there a 
potential for drug-drug, drug-diet, or drug-environment 
interactions? Will this animal or its products be consumed 
by humans as food, and thus are potential residues from 
drug therapy a concern? All of these questions are addressed 
in the chapters that follow in this textbook.

The focus of veterinary pharmacology is to provide a 
rational basis for the use of drugs in a clinical setting in 
different animal species. These principles are fully dis-

cussed in the remainder of this text. The practicing vet-
erinarian should appreciate every day that when a drug is 
given to a patient in his/her care, an experiment in clinical 
pharmacology is being conducted. The astute and success-
ful practitioner will use principles of pharmacology to 
assure that the correct drug and dosage regimen is selected 
for the diagnosis in hand, that proper clinical outcomes 
will be assessed for both assuring effi cacy and avoiding 
adverse effects, and fi nally that if a food-producing animal 
is being treated, proper caution is taken to insure the safety 
of animal-derived products to the human consumer.
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The four key physiological processes that govern the time 
course of drug fate in the body are absorption, distribu-
tion, metabolism, and elimination, the so-called ADME 
processes. Pharmacokinetics, the study of the time course 
of drug concentrations in the body, provides a means of 
quantitating ADME parameters. When applied to a clini-
cal situation, pharmacokinetics provides the practitioner 
with a useful tool to design optimally benefi cial drug 
dosage schedules for each individual patient. In the research 
and premarketing phase of drug development, it is an 
essential component in establishing effective yet safe dosage 
forms and regimens. An understanding of pharmacoki-
netic principles allows more rational therapeutic decisions 
to be made. In food animals, pharmacokinetics provides 
the conceptual underpinnings for understanding and 
utilizing the withdrawal time to prevent violative drug 

residues from persisting in the edible tissues of food-
producing animals. A working knowledge of this discipline 
provides the framework upon which many aspects of 
pharmacology can be integrated into a rational plan for 
drug usage.

AN OVERVIEW OF DRUG DISPOSITION

To fully appreciate the ADME processes governing the fate 
of drugs in animals, the various steps involved must be 
defi ned and ultimately quantitated. The processes relevant 
to a discussion of the absorption and disposition of a drug 
administered by the intravenous (IV), intramuscular (IM), 
subcutaneous (SC), oral (PO), or topical (TOP) routes are 
illustrated in Figure 2.1. The normal reference point for 
pharmacokinetic discussion and analysis is the concentra-
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tion of free, non–protein-bound drug dissolved in the 
serum (or plasma), because this is the body fl uid that 
carries the drug throughout the body and from which 
samples for drug analysis can be readily and repeatedly 
collected. For the majority of drugs studied, concentra-
tions in the systemic circulation are in equilibrium with 
the extracellular fl uid of well-perfused tissues; thus, serum 
or plasma drug concentrations generally refl ect extracel-
lular fl uid drug concentrations.

A fundamental axiom of using pharmacokinetics to 
predict drug effect is that the drug must be present at its 
site of action in a tissue at a suffi cient concentration for a 
specifi c period of time to produce a pharmacologic effect. 
Since tissue concentrations of drugs are refl ected by extra-

cellular fl uid and thus serum drug concentrations, a phar-
macokinetic analysis of the disposition of drug in the 
scheme outlined in Figure 2.1 is useful to assess the activ-
ity of a drug in the in vivo setting.

This conceptualization is especially important in vet-
erinary medicine where species differences in any of the 
ADME processes may signifi cantly affect the extent and/or 
time course of drug absorption and disposition in the 
body. By dividing the overall process of drug fate into 
specifi c phases, this relatively complex situation can be 
more easily handled. It is the purpose of this chapter to 
overview the physiological basis of absorption, distribu-
tion, metabolism, (biotransformation) and elimination. 
This will provide a basis for the chapter on pharmacoki-

FIG. 2.1 Basic schema by which drug is absorbed, distributed, metabolized, and excreted from the body. These processes are those that form the 
basis for developing pharmacokinetic models.


