
http://vetbooks.ir


http://vetbooks.ir


FUNDAMENTALS OF  
PHARMACOLOGY 
FOR VETERINARY TECHNICIANS

THIRD EDITION

Australia • Brazil • Mexico • Singapore • United Kingdom • United States

Janet Amundson Romich, DVM, MS

61474_fm_ptg01_i-xviii.indd   1 1/13/20   1:46 PM

   

http://vetbooks.ir


This is an electronic version of the print textbook. Due to electronic rights restrictions,
some third party content may be suppressed. Editorial review has deemed that any suppressed 
content does not materially affect the overall learning experience. The publisher reserves the right 
to remove content from this title at any time if subsequent rights restrictions require it. For
valuable information on pricing, previous editions, changes to current editions, and alternate 
formats, please visit www.cengage.com/highered to search by ISBN#, author, title, or keyword for 
materials in your areas of interest.

Important Notice: Media content referenced within the product description or the product 
text may not be available in the eBook version.

   

http://vetbooks.ir


Fundamentals of Pharmacology for  
Veterinary Technicians, Third Edition
Janet Amundson Romich, DVM, MS

SVP, Higher Education & Skills Product: Erin 
Joyner

Product Director: Matthew Seeley

Product Manager: Lauren Whalen 

Product Assistant: Dallas Wilkes

Director, Learning Design: Rebecca von  
Gillern

Senior Manager, Learning Design: Leigh 
Hefferon

Learning Designer: Debbie Bordeaux

Marketing Director: Sean Chamberland

Marketing Manager: Jonathan Sheehan

Director, Content Creation: Juliet Steiner

Content Creation Manager: Stacey Lamodi 

Senior Content Manager: Thomas Heffernan

Digital Delivery Lead: David O’Connor

Design Director: Jack Pendleton

Senior Designer: Angela Sheehan

Cover images: Budimir Jevtic/ShutterStock.com, 
Phat1978/ShutterStock.com

© 2021, 2010 Cengage Learning, Inc.

Unless otherwise noted, all content is © Cengage.

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein 
may be reproduced or distributed in any form or by any means, except as 
permitted by U.S. copyright law, without the prior written permission of the 
copyright owner.

Library of Congress Control Number: 2019953843 

Book Only ISBN: 978-0-357-36147-4

Cengage 
200 Pier 4 Boulevard 
Boston, MA 02210 
USA

Cengage is a leading provider of customized learning solutions with employees 
residing in nearly 40 different countries and sales in more than 125 countries 
around the world. Find your local representative at www.cengage.com.

Cengage products are represented in Canada by Nelson Education, Ltd.

To learn more about Cengage platforms and services, register or access  
your online learning solution, or purchase materials for your course, visit  
www.cengage.com.

Printed in the United States of America  
Print Number: 01     Print Year: 2020

For product information and technology assistance, contact us at  
Cengage Customer & Sales Support, 1-800-354-9706  

or support.cengage.com.

For permission to use material from this text or product,  
submit all requests online at www.cengage.com/permissions.

Notice to the Reader

Publisher does not warrant or guarantee any of the products described herein or perform any independent analysis in connection with 
any of the product information contained herein. Publisher does not assume, and expressly disclaims, any obligation to obtain and include 
information other than that provided to it by the manufacturer. The reader is expressly warned to consider and adopt all safety precautions 
that might be indicated by the activities described herein and to avoid all potential hazards. By following the instructions contained herein, 
the reader willingly assumes all risks in connection with such instructions. The publisher makes no representations or warranties of any kind, 
including but not limited to, the warranties of fitness for particular purpose or merchantability, nor are any such representations implied 
with respect to the material set forth herein, and the publisher takes no responsibility with respect to such material. The publisher shall not 
be liable for any special, consequential, or exemplary damages resulting, in whole or part, from the readers’ use of, or reliance upon, this 
material. 

61474_fm_ptg01_i-xviii.indd   2 1/13/20   1:46 PM

WCN: 02-300

   

http://vetbooks.ir


CONTENTS
Chapter 1

A Brief History of Veterinary  
Pharmacology� 1

Introduction  /  2
A History of Veterinary Pharmacology  /  2
Pharmaceutical Terminology  /  3
Regulation of Drug Products  /  5

The Center for Veterinary Medicine  /  6
Categories of Drug Products  /  8
Summary  /  18
Chapter Review  /  20

Chapter 2
Veterinary Drug Development  
and Control� 25

Introduction  /  26
The Stages of Veterinary Drug 

Development  /  26
Stage One  /  28
Stage Two  /  28
Stage Three  /  29
Stage Four  /  29

Safety and Effectiveness Evaluation  /  29
Effective and Lethal Dose Evaluation  /  31

The Therapeutic Index  /  31
Systems-Oriented Screen  /  33
Evaluation of Long-Term (Chronic) 

Effects  /  33
Evaluating Reproductive Effects, 

Carcinogenicity, and Teratogenicity  /  33
Summary  /  34
Chapter Review  /  36

Chapter 3
Principles and Methods of Drug 
Administration� 39

Introduction  /  40
Safe Drug Use  /  40

The Right Drug  /  41
The Right Dose  /  42
The Right Time  /  42
The Right Route and Technique  /  42
The Right Patient  /  42
The Right Documentation  /  42

The Safe Zone: The Therapeutic Range  /  43
Staying in the Safe Zone  /  45

Route of Administration  /  45
Drug Dose  /  66
Dosing Interval  /  67

Tyler Olson/ShutterStock.com

61474_fm_ptg01_i-xviii.indd   3 1/13/20   1:46 PM

  

iii



iv	 CONTENTS

Out of the Safe Zone  /  67
Summary  /  69
Chapter Review  /  70

Chapter 4
Pharmacokinetics� 75

Introduction  /  76
Drug Movement  /  76

Passive Diffusion  /  77
Facilitated Diffusion  /  79
Active Transport  /  79
Pinocytosis and Phagocytosis  /  80

Pharmacokinetics Part I: Getting In  /  81
Amount of Drug in the Body  /  81
pH and Ionization  /  82
Ion Trapping  /  83
Oral Versus Parenteral Drug Forms  /  84
Patient Factors  /  85

Pharmacokinetics Part II: Moving Around  /  88
Membrane Permeability  /  88
Tissue Perfusion  /  88
Protein Binding  /  90
Volume of Distribution  /  91

Pharmacokinetics Part III: Changing  /  92
Pharmacokinetics Part IV: Getting Out  /  95
Measuring Drug Action  /  98
How Do Drugs Work?  /  101
Summary  /  103
Chapter Review  /  105

Chapter 5
Veterinary Drug Use, Prescribing,  
Acquisition, and Pharmacy  
Management� 109

Introduction  /  110
Brand Name (®) or Not?  /  110
Compounding  /  112
Getting Information  /  118

Drug Standards  /  118
Package Inserts  /  118

Drug Reference Material  /  121
The Internet  /  122

Dispensing Versus Prescribing  /  123
Pharmacy Economics  /  132

Inventory Control and Maintenance  /  134
Inventory Purchasing  /  136
Inventory Management  /  136
Pharmacy Organization  /  142
Disposal of Unused/Unwanted 

Drugs  /  142
Summary  /  144
Chapter Review  /  146

Chapter 6
Systems of Measurement in Veterinary 
Pharmacology� 151

Introduction  /  152
The Basics  /  152
How Do We Measure?  /  152

The Household System  /  153
The Apothecary System  /  154
The Metric System  /  155

Converting Within Systems  /  158
Converting Within the Metric 

System  /  158
Converting Within the Apothecary 

System  /  165
Converting Within the Household 

System  /  166
Converting Among Systems  /  167

Converting Between Metric and  
Household Systems of Measure  /  167

Conversions Between Metric and 
Apothecary Systems of Measure  /  168

Temperature Conversions  /  170
Dose Calculations  /  171

Determining the Dose and the Amount 
of Drug Dispensed  /  171

Calculating Total Dose  /  175
Calculating Number of Doses  /  175
Determining the Amount in Each 

Dose  /  177

61474_fm_ptg01_i-xviii.indd   4 1/13/20   1:46 PM

   



	 CONTENTS	 v

Solutions  /  177
Percent Concentration Calculations  /  178

Reconstitution  /  185
Summary  /  188
Chapter Review  /  190

Chapter 7
Drugs Affecting the Nervous System� 201

Introduction  /  202
Basic Nervous System Anatomy and 

Physiology  /  202
Sympathetic Nervous System  /  205
Parasympathetic Nervous System  /  205

Central Nervous System Drugs  /  207
Anticonvulsants (Seizure Stopping)  /  207
Tranquilizers, Sedatives, and Antianxiety 

Agents (Calming)  /  213
Analgesic Drugs (Pain Relieving)  /  220
Opioid Antagonist (Opioid Blocking)  /  232
Neuroleptanalgesics (Pain Relieving and 

Anxiety Calming)  /  233
Anesthetics (No Perception)  /  233
CNS Stimulants  /  251
Euthanasia Solutions  /  251

Autonomic Nervous System Drugs  /  252
Parasympathetic Nervous System 

Drugs  /  252
Sympathetic Nervous System Drugs  /  256

Summary  /  262
Chapter Review  /  267

Chapter 8
Drugs Acting on the Heart, Blood Vessels, 
and Blood� 273

Introduction  /  274
Basic Cardiac Anatomy and Physiology  /  274

The Heart  /  275
Blood Vessels  /  281
Blood  /  286

Cardiovascular Disease  /  286
Congestive Heart Failure  /  286

Cardiac Arrhythmias  /  290
Alterations of Blood Pressure  /  292

Drugs Affecting the Heart and Blood 
Vessels  /  292

Positive Inotropes (Increasing Force)  /  292
Vasoconstrictors (Increasing Blood 

Pressure Through Vasoconstriction)  /  295
Vasodilators (Correcting 

Vasoconstriction)  /  296
Inodilator (Combined Inotrope and 

Vasodilator)  /  298
Diuretics (Eliminating Excess Fluid)  /  299
Other Cardiac and Vascular Drugs  /  299
Antiarrhythmic Drugs (Fixing the 

Rhythm)  /  301
Drugs Affecting Blood  /  303

Anticoagulants (Clot Stopping)  /  303
Hemostatic Drugs (Bleeding Control)  /  305
Blood-Enhancing Drugs  /  306

Summary  /  307
Chapter Review  /  312

Chapter 9
Respiratory System Drugs� 315

Introduction  /  316
Basic Respiratory Anatomy and 

Physiology  /  316
Respiratory Conditions  /  318
Respiratory Drugs  /  318

Expectorants (Debris Clearing)  /  318
Mucolytics (Mucus Breaking)  /  319
Antitussives (Cough Controlling)  /  319
Decongestants (Reducers of 

Swelling)  /  321
Bronchodilators (Bronchi Widening)  /  321
Antihistamines (Histamine  

Blocking)  /  324
Respiratory Stimulants  /  325

Common Respiratory Diseases  /  325
Asthma  /  325
RAO  /  327
Infectious Tracheobronchitis  /  328

61474_fm_ptg01_i-xviii.indd   5 1/13/20   1:46 PM

   



vi	 CONTENTS

Bovine Respiratory Disease  /  328
Pulmonary Edema  /  328

Summary  /  328
Chapter Review  /  332

Chapter 10
Hormonal and Reproductive Drugs� 335

Introduction  /  336
Basic Endocrine System Anatomy and 

Physiology  /  336
Regulation of the Endocrine System  /  337

Hormonal Drugs  /  338
Master Gland Control  /  339
Blood Glucose Regulation  /  341
Regulation of Metabolic Rate  /  347
Regulation of the Adrenal Cortex  /  351

Basic Reproductive System Anatomy and 
Physiology  /  355

Drugs Affecting Reproduction  /  357
Male Hormone–like Drugs  /  358
Female Hormone–like Drugs  /  358
Progesterone Drugs (The “Gest”s)  /  359
Prostaglandin Drugs (The “Prost”s)  /  362
Gonadotropins (Gonadal Hormone-

Production Stimulators)  /  362
Hormonal Implants  /  365

Summary  /  366
Chapter Review  /  370

Chapter 11
Gastrointestinal Drugs� 377

Introduction  /  378
Basic Digestive System Anatomy and 

Physiology  /  378
Gastrointestinal Disorders  /  380
Gastrointestinal Drugs  /  380

Antisialogues (Saliva Stopping)  /  380
Antidiarrheals (Diarrhea Stopping)  /  381
Laxatives (Stool Loosening)  /  386
Antiemetics (Vomit Stopping)  /  389
Emetics (Vomit Producing)  /  394

Antiulcer Drugs (Ulcer Stopping)  /  396
Antifoaming Agents (Foam Stopping)  /  400
Prokinetic Agents (Motility 

Enhancing)  /  400
Enzyme Supplements (Digestion 

Helpers)  /  402
Orexigenic Drugs (Appetite 

Stimulators)  /  403
Dental Prophylaxis and Treatment  /  405

Summary  /  408
Chapter Review  /  412

Chapter 12
Urinary System Drugs� 415

Introduction  /  416
Basic Urinary System Anatomy and 

Physiology  /  416
Urinary System Disorders  /  417
Urinary System Drugs  /  418

Diuretics (Urine Producing)  /  418
Antihypertensives (Blood Pressure 

Lowering)  /  422
Phosphate Binders  /  425
Urolith Treatment  /  425
Urinary Incontinence and Its 

Treatment  /  431
Miscellaneous Drugs  /  433

Summary  /  434
Chapter Review  /  436

Chapter 13
Drugs Used to Treat Musculoskeletal 
Dysfunction� 441

Introduction  /  442
Basic Muscle Anatomy and Physiology  /  442
Muscle Disorders  /  443
Drugs Affecting Skeletal Muscle  /  444

Anti-inflammatory Drugs (Inflammation 
Reducers)  /  444

Neuromuscular Blocking Agents (Muscle 
Paralyzing)  /  445

61474_fm_ptg01_i-xviii.indd   6 1/13/20   1:46 PM

   



	 CONTENTS	 vii

Spasmolytics (Spasm Stopping)  /  448
Summary  /  449
Chapter Review  /  451

Chapter 14
Antimicrobial Drugs� 455

Introduction  /  456
Pathogenic Microbes and Infectious Animal 

Disease  /  456
Antimicrobial Terminology  /  457
Antibiotic Drugs (Antimicrobial Therapy of 

Bacterial Infections)  /  458
How Antibiotic Drugs Work  /  464
Antimicrobial Drug Resistance  /  466

Classes of Antibiotic Drugs  /  469
Cell Wall Agents  /  469
Cell Membrane Agents  /  477
Protein Synthesis-Inhibiting Agents  /  478
Antimetabolites  /  485
Nucleic Acid Agents  /  486
Miscellaneous Antibiotics  /  488

Promoting Growth  /  494
Antifungal Drugs (Antimicrobial Therapy of 

Fungal Infections)  /  496
Polyene Antifungal Drugs  /  498
Imidazole Antifungal Drugs  /  498
Antimetabolite Antifungal Drugs  /  500
Superficial Antifungal Agents  /  500

Antiviral Drugs (Antimicrobial Therapy of Viral 
Infections)  /  501

Controlling Growth of Microorganisms  /  505
Types of Disinfecting/Antiseptic 

Agents  /  512
Summary  /  521
Chapter Review  /  523

Chapter 15
Antiparasitic Drugs� 527

Introduction  /  528
Parasites and Animal Disease  /  528
Types of Parasites  /  528

Endoparasites  /  529
Antiparasitic Drugs  /  531

Antinematodal Drugs  /  533
Anticestodal Drugs  /  539
Antitrematodal Drugs  /  541
Anticoccidial and Other Antiprotozoal 

Drugs  /  542
Heartworm Disease Prevention and 

Treatment  /  548
Prevention of Heartworm Disease  /  548
Treatment of Heartworm Disease  /  551

Ectoparasites  /  552
Ectoparasite Drugs  /  552
Summary  /  560
Chapter Review  /  562

Chapter 16
Anti-Inflammatory and  
Pain-Reducing Drugs� 565

Introduction  /  566
Inflammation  /  566
Anti-Inflammatory Drugs (Inflammation 

Reducers)  /  567
Steroidal Anti-Inflammatory Drugs  /  568
Nonsteroidal Anti-Inflammatory 

Drugs  /  575
Other Anti-Inflammatory Drugs  /  584

Analgesics (Pain Relievers)  /  584
N-methyl-D-aspartate (NMDA) Receptor 

Antagonist  /  586
Local Anesthetic  /  587
Osteoarthritis Treatments  /  587
Antihistamines  /  588

Immunomodulators  /  589
Summary  /  592
Chapter Review  /  595

Chapter 17
Drugs for Skin Conditions� 599

Introduction  /  600
Basic Skin Anatomy and Physiology  /  600

61474_fm_ptg01_i-xviii.indd   7 1/13/20   1:46 PM

   



viii	 CONTENTS

Skin Conditions  /  602
Drugs Used in the Treatment of Skin 

Disorders  /  604
Topical Antibiotic and Antifungal 

Drugs  /  604
Topical Antipruritic Drugs  /  609
Oral Antipruritic Drugs  /  612
Topical Antiseborrheic Drugs  /  614
Miscellaneous Topical Drugs  /  617

Hoof Conditions  /  620
Conditions of Uncontrolled Growth  /  622
Summary  /  624
Chapter Review  /  627

Chapter 18
Ophthalmic and Otic Medications� 631

Introduction  /  632
Basic Ocular System Anatomy and 

Physiology  /  632
Ophthalmic Drugs  /  634

Drug Penetration  /  636
Frequency and Ease of Drug 

Application  /  636
Diagnostic Drugs  /  637
Mydriatics (Pupil Opening)  /  639
Miotics (Pupil Closing)  /  641
Pressure Reducing  /  641
Dry Eye Correctors  /  645
All the Rest  /  646

Basic Ear Anatomy and Physiology  /  650
Otic Medications  /  653
Summary  /  658
Chapter Review  /  661

Chapter 19
Fluid Therapy and Emergency Drugs� 665

Introduction  /  666
Basics of Body Fluid  /  666
Fluid Therapy  /  670
How Do We Get It There?  /  671
What Can We Give?  /  674

What Can We Add?  /  681
Fifty Percent Dextrose  /  681
Potassium  /  683
Sodium Bicarbonate  /  683
Calcium  /  685
Vitamins  /  685

How Much Do We Give?  /  685
Rehydration Volumes  /  685
Maintenance Fluid Volumes  /  686
Ongoing Fluid Loss Volumes  /  686

Examples of Fluid Calculations  /  686
How Fast Do We Give It?  /  688
What Do We Use to Give It?  /  691
Keeping Watch  /  691
Cardiopulmonary Cerebral Resuscitation (CPCR) 

and Emergency Drugs  /  694
Basic Life Support (BLS)  /  696
Advanced Life Support (ALS)  /  698

Summary  /  706
Chapter Review  /  708

Chapter 20
Antineoplastic and  
Immunomodulatory Drugs� 713

Introduction  /  714
Neoplasms  /  714
Antineoplastic Drugs (Cancer-Fighting 

Drugs)  /  715
Nonspecific Versus Specific  /  716
Adverse Effects of Antineoplastic 

Drugs  /  720
Administering Antineoplastic Drugs  /  722

Cancer Pain  /  727
Paraneoplastic Syndromes  /  727
Immunomodulatory Drugs  /  729
Immunostimulant Drugs (Immune 

Enhancers)  /  729
Immunosuppressive Drugs (Immune 

Inhibitors)  /  732
Enzymes  /  732
Enzyme Inhibitors  /  733

Summary  /  734
Chapter Review  /  741

61474_fm_ptg01_i-xviii.indd   8 1/13/20   1:46 PM

   



	 CONTENTS	 ix

Chapter 21
Vaccines� 745

Introduction  /  746
Protection Against Disease  /  746

Why Vaccinate?  /  748
Primary and Secondary Immune 

Responses  /  749
What Is a Vaccine?  /  751

Types of Vaccines  /  752
Issues of Vaccine Use  /  758

Vaccine Allergies and Adverse 
Consequences  /  758

Care and Handling  /  760
Route of Administration  /  761
Using Vaccines  /  762
Patient Considerations  /  763
Vaccine Claims  /  763

Vaccine Protocols  /  764
Core Versus Noncore  /  765

Vaccine Examples  /  765
Vaccines Available for Dogs  /  766
Vaccines Available for Cats  /  767
Vaccines Available for Cattle  /  768
Vaccines Available for Sheep  /  769
Vaccines Available for Goats  /  769
Vaccines Available for Swine  /  770
Vaccines Available for Horses  /  770
Vaccines Available for Ferrets  /  771
Vaccines Available for Chickens and 

Turkeys  /  772
Vaccines Available for Ducks  /  772
Vaccines Available for Pet Birds  /  772

Summary  /  772
Chapter Review  /  775

Chapter 22
Behavior-Modifying Drugs� 779

Introduction  /  780
Behavior Problems in Animals  /  780
Classes of Behavior-Modifying  

Drugs  /  782
Antianxiety Drugs  /  782

Antidepressants  /  788
Alpha-2 Adrenergic Agonist  /  793
Hormones  /  794
Pheromones  /  795

Summary  /  800
Chapter Review  /  802

Chapter 23
Herbal Therapeutics� 807

Introduction  /  808
Alternatives  /  808
What’s in a Name?  /  808
West Versus East  /  811

Why Herbs?  /  811
Quality Control  /  812
Herb Forms and Administration  /  812

Herbal Countdown  /  813
Ginkgo  /  813
St. John’s Wort  /  814
Ginseng  /  815
Garlic  /  816
Echinacea  /  816
Saw Palmetto  /  817
Evening Primrose  /  817
Cranberry  /  818
Goldenseal  /  818
Valerian  /  819
Hawthorn Berry  /  820
Ginger  /  820
Milk Thistle  /  821
Cannabis  /  822

Advice To Clients  /  824
Summary  /  825
Chapter Review  /  830

Appendix A
Proper Use of Needles and Syringes� 835

Appendix B
Reconstituting a Powder Medication 
for Administration� 837

61474_fm_ptg01_i-xviii.indd   9 1/13/20   1:46 PM

   



x	 CONTENTS

Appendix C
Withdrawing (Aspirating) Medication  
from a Vial*� 841

Appendix D
Withdrawing (Aspirating) Medication from 
an Ampule� 843

Appendix E
The Dos and Don’ts of Drug  
Administration� 845

Appendix F
Inventory Management� 847

Appendix G
Unit Conversions and Math References� 849

Appendix H
Conversion of Body Weight in Kilograms 
to Body Surface Area in Meters  
(for Dogs and Cats)� 851

Appendix I
Metric Conversions Guide� 853

Appendix J
Mathematics Review� 855

Appendix K
Constant Rate Infusion (CRI)  
Calculations� 869

Appendix L
Euthanasia Procedure� 875

Appendix M
Vitamin Supplements� 877

Appendix N
Managing Animal Toxicities� 881

Appendix O
Drugs People Should Avoid During  
Pregnancy� 885

Appendix P
Drugs Listed Alphabetically and  
Classified by Category� 889

Glossary� 901

Index� 923

61474_fm_ptg01_i-xviii.indd   10 1/13/20   1:46 PM

   



iStockPhoto.com/Image Source

61474_fm_ptg01_i-xviii.indd   11 1/13/20   1:46 PM

     
 
 
 
 
 
 
 
  
 

   
 
 
 
 

   
 
 
 
 
 
 
 
 
 
 

  

P R E FA C E
Veterinary medicine is an ever-expanding profession that continues to provide opportunities to 
prevent and treat animal diseases. One of the fields that continues to expand is the discipline of 
pharmacology. As veterinary professionals, we have already been dragged into the brave new 
world of pharmaceutical-savvy clients armed with their Internet research on the latest medica- 
tions available to treat animal diseases because veterinary drugs are now being marketed and 
sold directly to the consumer. Clients are bombarded with colorful, pop-up ads on the Internet 
about pain control that also contain testimonials about the superiority of their products over oth- 
ers. Magazines contain full-color ads for drugs such as Frontline® and Cosequin®. Television ads 
featuring friendly veterinarians discussing flea and tick control with not-so-compliant companion 
animal owners are now frequently seen by the viewing public.

  In addition to marketing techniques used to sell drugs, new categories of drugs, new drug for- 
mulations that provide a variety of ways to administer drugs, and new uses for existing drugs con- 
tinue to be presented in the literature and media on a regular basis. As more clients are willing to 
treat their animals and manage clinical disease, there has been an increased use of pharmaceutical 
agents in the veterinary field that has helped manage a variety of medical conditions that occur in 
veterinary patients.

  Despite this enthusiasm, not all animals have an equal chance of being treated for their medical 
conditions. Although new FDA-approved veterinary drugs continue to be developed, many are not 
available for all species or clients. For example, pain-relieving drugs may be available for compan- 
ion animals but not for livestock. Prescription drugs may be too expensive for some clients, and 
human generic alternatives may not be available or feasible for animal use. Even with the increase 
in online pharmacies that can purchase drugs in bulk at reduced costs and pass those savings on 
to clients, some clients cannot afford their animals’ prescriptions. Human drug availability has also 
affected veterinary medicine. The globalization of the human pharmaceutical industry has resulted in 
drug shortages, as some drugs are only made by one company in a select country. If that company 
experiences manufacturing problems, the supply of a particular drug quickly diminishes. Human 
drug abuse has also affected veterinary medicine. The human opioid crisis has altered the availabil- 
ity of some controlled substances that are used in veterinary patients and has put new constraints

xi



xii	 PREFACE

on veterinary professionals, such as their participation in Prescription Drug Monitoring Programs 
to help police the amount of controlled substances a client can get for themselves and their pets.

How are we, as veterinary professionals, preparing ourselves to respond to these changes in the 
veterinary profession—changes that will require us to stay current in the knowledge of drugs and 
their applications as well are their marketing, availability, and affordability? The key ingredient in 
professional preparedness is a good understanding of the fundamentals of pharmacology. This 
text is designed to give veterinary professionals the solid foundation in pharmacology that the 
professional habit of staying current in emerging trends in pharmacology is built upon. Building a 
solid foundation of understanding in pharmacology requires a textbook in an easy-to-read format 
that provides practical applications of new information and review of concepts, calculations, 
and critical thinking skills. These applications during a course of study using this text will give 
student technicians ample opportunity to develop their confidence and proficiency in the area of 
pharmacology. Developing the confidence in applying pharmacological agents to specific medical 
uses and acquiring the language needed to explain these uses in both professional and lay terms 
are considered the benchmark for veterinary professionals.

This textbook and the accompanying learning materials make the process of understanding, 
applying, and staying current of the changes in pharmacology as straightforward as possible. This 
textbook presents brief but thorough explanations and reviews of basic terminology, anatomy and 
physiology, and disease processes needed to understand how drug therapy is utilized. Introductory 
case studies in each chapter presented as “Setting the Scene,” practice calculations throughout 
the text and on the Student Companion Website and MindTap®, and interesting facts presented 
as “Clinical Cues” provide the learner with many ways to examine the material presented in 
pharmacology. Summary sections, tables of drugs described for a variety of medical conditions, 
and chapter reviews provide the learner guidance in understanding the key points of each 
pharmacological topic. An introduction to how drugs are developed, made, and delivered to the 
veterinary community provides the learner with key insights into the world of pharmacology.

About the Author
Dr. Janet Romich received her Bachelor of Science degree in Animal Science from the University 
of Wisconsin–River Falls, and her Doctor of Veterinary Medicine and Master of Science degrees 
from the University of Wisconsin–Madison. She worked as a pharmacy technician in both 
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based on FDA research for a veterinary pharmaceutical company. Dr. Romich has taught a 
variety of veterinary technician and science courses at Madison Area Technical College in 
Madison, Wisconsin. Dr. Romich was honored with the Distinguished Teacher Award for her 
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and fundraising efforts. She also received the Wisconsin Veterinary Technician Association’s 
Veterinarian of the Year Award for her work in teaching and mentoring veterinary technician 
students. Dr. Romich has authored the textbooks An Illustrated Guide to Veterinary Medical 
Terminology, 4th edition, with MindTap® and Understanding Zoonotic Diseases, as well as 
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•	 End-of-chapter drug tables that describe the drugs presented in the chapter,
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(orange),
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Chapter 2

•	 Updated tables that clarify the role of regulatory agencies in veterinary pharmacology.
•	 Graphs added to depict how the therapeutic index relates to drug safety.
•	 Added information on reporting adverse drug reactions to the FDA and drug manufacturer.
•	 Additional case study that incorporates a scenario of drug testing in animals.

Chapter 3

•	 Improved description of the various drug administration routes.
•	 Added images of routes of drug administration.
•	 Added descriptions relative to the role veterinary technicians play in drug preparation and adminis-

tration, such as the use of pill splitters, periodontal fillers, and metered dose inhalers.

Chapter 4

•	 Updated use of the acronym ADME to help the reader better understand pharmacokinetics.
•	 Updated description of protein binding in a clinical setting.
•	 Additional graphic depiction of steady-state concentration.
•	 Addition of table describing organs of elimination.

Chapter 5

•	 Expanded description of drug compounding including description of adulterated drugs.
•	 Updated drug references including veterinary digital resources as well as human digital databases.
•	 Added examples of electronic software and its use in electronic medical record keeping,  

prescription label generation, and inventory management.
•	 Added description of inventory shipment information to include free on board (FOB) destination 

and FOB shipping point.
•	 Added information on disposal of unused/unwanted drugs.
•	 Examples of Safety Data Sheets available on the Student Companion Website.

 Chapter 6

•	 Added dilution examples of commonly used solutions such as chlorhexidine and bleach.
•	 Added information about the concept of quantity sufficient.

Chapter 7

•	 Updated information about opioid categories and controlled substance schedules.
•	 Added table on opioids and their use and duration of action in providing analgesia.
•	 Added clinical examples of ceiling effect (buprenorphine) and dual dosing (dopamine and 

dobutamine).
•	 Expanded coverage of inhalant anesthetics to include solubility via the blood–gas partition  

coefficient and vapor pressure.
•	 Expanded descriptions of sympathetic nervous system drugs especially as they pertain to 

anesthesia.
•	 Added information about constant rate infusions (CRIs) in a new appendix to complement this 

chapter.
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Chapter 8

•	 Expanded description of cardiac output and an animal’s adaptations to decreased cardiac 
output.

•	 Added figure describing factors affecting blood pressure and the clinical effects they produce.
•	 Expanded description of congestive heart failure.
•	 Updated information on antiarrhythmic drugs.

Chapter 9

•	 Expanded information on nebulizers and metered dose inhalers including their care to prevent 
contamination.

•	 Expanded descriptions of asthma, recurrent airway obstruction in horses (formerly known as 
chronic obstructive pulmonary disease), infectious tracheobronchitis (kennel cough), bovine  
respiratory disease, and pulmonary edema.

Chapter 10

•	 Updated information on diabetes mellitus and the types of insulin available for veterinary use.
•	 Updated information on drugs available to treat hyperadrenocorticism and pituitary pars intermedia 

dysfunction.
•	 Updated information regarding anabolic steroid availability.
•	 Updated information on the use of growth promotants in livestock.
•	 Updated information on drugs used for estrus synchronization in animals.

Chapter 11

•	 Updated terminology to include orexigenic drugs as well as descriptions about clinical signs of  
gastrointestinal (GI) diseases such as obstipation and constipation.

•	 Added description of the enteric nervous system.
•	 Expanded description of veterinary dental products including topically applied antibiotic drugs.
•	 Expanded description of drugs used to stimulate an animal’s appetite.
•	 Added description of equine colic and illustration of common impaction sites in horses.

Chapter 12

•	 Expanded description of urolith management.
•	 Expanded description of carbonic anhydrase inhibitors.
•	 Added description of angiotensin receptor blocker.

 Chapter 13

•	 Added warning about accidental injection of neuromuscular blocking agents.

Chapter 14

•	 Added description of concepts of antibiotic drug use including breakpoints and antibiotic drug 
resistance.

•	 Added information about the judicious use of antimicrobial drugs.
•	 Added information about antimicrobial growth promotants.
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•	 Expanded information on bacteria commonly identified in veterinary patients.
•	 Added information about antiviral drugs used in veterinary medicine.
•	 Updated description of disinfection including information on product labels, cleaning and disinfect-

ing protocols, and accelerated hydrogen peroxide products.
•	 Additional tables containing information on antimicrobial drugs used in various species is available 

on the Student Companion Website.

Chapter 15

•	 Added description of parasitic control methods including FAMCAHA® and fecal egg count  
reduction testing (FECRT).

•	 Updated ectoparasitic drugs section.
•	 Expanded description of adverse drug reactions to antiparasitic drugs (e.g., MDR1 mutation in  

collie and collie-type dogs, feline reactions to pyrethrins, topical spot-on reactions, etc.).
•	 Additional tables containing information on antiparasitic drugs used in various species is available 

on the Student Companion Website.

Chapter 16

•	 Expanded description of selective COX-2 inhibitors.
•	 Added descriptions of new FDA-approved nonsteroidal anti-inflammatory drugs (NSAIDs).
•	 Expanded descriptions of analgesics used in veterinary medicine including the use of ketamine 

CRIs, local anesthetics, and transdermal applications of analgesics.
•	 Expanded descriptions of immunomodulators to include oclacitinib, piroxicam, and tacrolimus.

Chapter 17

•	 Added description of hoof health and management of hoof conditions such as hairy heel wart and 
foot rot.

•	 Added description of conditions of uncontrolled growth such as proud flesh and sarcoids in 
horses.

•	 Added descriptions of oral antipruritic drugs such as oclacitinib, lokivetmab, and cyclosporine.

Chapter 18

•	 Added description of intracameral and intravitreal injections.
•	 Added information of otic preparations that have a longer duration of action with a single 

application.

Chapter 19

•	 Updated information on potassium supplement limitations to avoid bradycardia.
•	 Updated information on dosages of emergency drugs when administered intratracheally.
•	 Updated information and photos on labeling fluids for administration.
•	 Added description on advanced life support.
•	 Added description of cardiac pump versus thoracic pump theory of chest compressions during  

cardiopulmonary cerebral resuscitation (CPCR).
•	 Expanded descriptions of emergency drugs.
•	 Additional table about oxygen supplementation methods.
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Chapter 20

•	 Added description of goals of chemotherapy differentiating remission versus palliative care.
•	 Added description of adverse effects of antineoplastic drugs.
•	 Expanded description of administering and handling of antineoplastic drugs.
•	 Added description of cancer pain and its management.
•	 Added description of paraneoplastic syndromes.
•	 Expanded description of immunomodulatory drugs.
•	 Added description of the melanoma vaccine.

Chapter 21

•	 Expanded description of primary and secondary immune responses.
•	 Expanded description of feline injection site sarcomas.
•	 Added description of vaccine claims and new vaccine labeling requirements.
•	 Updated lists of vaccines available for various animal species.

 Chapter 22

•	 Added descriptions of anxiety and fear and their relationship to abnormal behaviors.
•	 Updated uses for behavior-modifying drug categories.

Chapter 23

•	 Updated description of commercially available sources of herbal supplements.
•	 Added information about cannabis available at the time of publication.
•	 Added information about the National Animal Supplement Council (NASC) Quality Seal.
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biologics
controlled substance
drug
Drug Enforcement Administration 
(DEA)
drug residue
electronic prescribing (E-prescribing)
extra-label drug use (ELDU)
Food and Drug Administration (FDA)
indication
over-the-counter (OTC) drugs
pharmaceutical
pharmacodynamics
pharmacokinetics
pharmacology
pharmacogenetics
pharmacogenomics
pharmacotherapeutics
pharmacotherapy
prescription drugs
telehealth
veterinarian/client/patient  
relationship (VCPR)
withdrawal time/withholding time

KEY TERMS

OBJECTIVES
Upon completion of this chapter, the reader should be able to:

	1.1	 describe the history of pharmaceuticals and their development.
	1.2	 define key terms used in pharmacology.
	1.3	 describe the FDA’s role in drug approval.
	1.4	 describe the FDA’s role in monitoring drug safety.
	1.5	� differentiate between the use of prescription drugs, over-the-

counter drugs, extra-label drugs, and controlled substances.
	1.6	� describe the use of withdrawal times and the prevention of 

drug residues in food-producing animals.
	1.7	� describe a veterinarian/client/patient relationship.
	1.8	� explain the differences between C-I, C-II, C-III, C-IV, and C-V 

controlled drugs.

A Brief History of  
Veterinary Pharmacology

CHAPTER 1

Dusan Petkovic/ShutterStock.com
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2	 CHAPTER 1

 Setting the Scene
The owner of a sick dog comes into a veterinary clinic seeking treatment for the animal. The owner is 
depending on the veterinarian to prescribe drugs that will effectively treat the dog’s illness, yet be safe 
for the dog and manufactured properly. How can this owner be sure that the drugs prescribed for his 
dog are safe and effective? How can the veterinary technician convince this owner that this is true? Can 
explaining how the FDA evaluates drugs for efficacy and safety prior to approval and oversees drug man-
ufacturing after drugs are approved address this client’s concerns? What agencies regulate drugs? Are all 
drugs regulated in the same way?

Introduction
Veterinary professionals use their knowledge of pharmacology to understand how drugs work in an 
animal’s body, select appropriate drugs to achieve intended therapeutic effects, and anticipate potential 
adverse effects. When providing patient care, veterinary technicians are often closest to the patient 
and best able to assess both the patient’s condition prior to administration of the medication and the 
patient’s response to the medication. Veterinary technicians also interact with owners who may tell 
them information about an animal’s condition first or in a different way than they do to a veterinarian. 
Veterinary technicians with an in-depth understanding of when and how medications are best used and 
the expected responses are able to provide optimal care to their patients and accurate, timely, and use-
ful client education.

A History of Veterinary Pharmacology
Veterinary medicine has existed since ancient times, as evidenced by archeological ruins in India of a 
hospital for horses and elephants that operated in 5000 b.c. However, veterinary pharmacology— 
the study and use of drugs in animal health care—is a much younger specialty. Its origins are 
traced to the early 1700s, when multiple epizootics (an epidemic within an animal population) in 
western Europe destroyed most of its cattle population. The first outbreak, which occurred in 1709, 
was rinderpest, a fatal and highly contagious viral disease causing fever, anorexia, and ocular 
discharge in cattle. The second outbreak which occurred in 1712, was anthrax, a fatal bacterial dis-
ease causing rapid death in cattle and potentially causing disease in humans. The third outbreak 
occurred in 1755 from foot-and-mouth disease, a highly contagious viral disease causing fever 
and blisters in cloven-hooved animals. Europeans realized, in the wake of these catastrophes, 
how little anyone knew about animal diseases. In France, this concern led to the establishment of 
five veterinary colleges in the 1760s. Austria, Germany, the Netherlands, England, and Scotland 
followed France’s lead in the late 1790s and established their own veterinary colleges. By the 
1850s, veterinary colleges were being organized in America, with a veterinary college opening in 
Philadelphia in 1852 and another one opening in Boston in 1854. There are currently 30 colleges 
of veterinary medicine in the United States with accreditation by the American Veterinary Medical 
Association (AVMA), along with 5 in Canada, 1 in Mexico, and more than a dozen outside North 
America.

What did the establishment of veterinary colleges have to do with the birth of veterinary pharma-
cology? Veterinary colleges were founded as adjuncts to schools of medicine, which taught materia 
medica, the study of the physical and chemical characteristics of materials used as medicines.  
Originally, these medicines were derived from plants or their components. As scientists extracted 
and synthesized more sophisticated drugs from these plant components, materia medica gave way 
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to a new field called pharmacology and veterinary materia medica became veterinary pharmacol-
ogy. Many drugs used today were originally derived from plants, bacteria, and animal sources 
(Table 1-1). Several anticancer drugs have been discovered in plants, most antibiotics have been 
discovered in soil bacteria, and many hormonal drugs are processed from animal tissue. These 
natural substances may now be made semi-synthetically, with substances chemically modified 
from a natural source or manufactured based on the understanding of the chemicals found in the 
original plant product. The vast majority of drugs currently in use are made by entirely synthetic 
means, through chemical reactions in a laboratory. These agents are synthesized after determi-
nation of how the chemical structure of a compound relates to its pharmacological properties. 
Because synthetic drugs are made in the laboratory, they tend to have greater purity than those 
that are naturally derived.

Table 1-1	 Original Drug Sources

Drug Source Example

Minerals Sulfur, iron, electrolytes

Botanical (from plants) Digitalis, opioids

Animal Insulin, thyroid hormone, lanolin

Synthetic (manmade or engineered) Aspirin, steroids, procaine

Biological (from molds or bacteria) Antibiotics, ergot

	Clinical Cue
The U.S. Food and Drug Administration (FDA) defines a drug as “A substance (other 
than food) intended for use in the diagnosis, cure, mitigation, treatment, or prevention 
of disease.” Drugs can be therapeutic (e.g., antihistamines used to treat clinical signs of 
allergies), curative (e.g., antibiotics that kill bacteria), replacement (e.g., thyroid hormone 
given to animals that do not produce enough hormone), preventive (e.g., ivermectin 
to prevent infestation by the parasite that causes heartworm disease), or diagnostic 
(e.g., radiopaque drugs used in conjunction with radiology to determine the location of 
a disease process). Drugs are “intended to affect the structure or any function of the 
body”; therefore, they can positively affect an animal’s health if given appropriately (such 
as giving the proper antibiotic to kill bacteria in a patient with bacterial pneumonia) or 
can negatively affect the animal if given inappropriately (such as giving an antibiotic to a 
patient with a viral infection).

Pharmaceutical Terminology
Understanding pharmaceutical terms is fundamental to understanding pharmacology. The root 
pharmaco- is Greek for “drug” or “medicine”; therefore, the term pharmacology is the study of 
drugs (-logy is the suffix that means “study of”). Pharmakeutikos is the Greek word for “druggist” 
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4	 CHAPTER 1

or someone who produces medicine; therefore, the term pharmaceutical is the science, prepara-
tion, and production of drugs. Pharmacotherapeutics, pharmacokinetics, and pharmacodynamics 
are three terms that are used to explain the mechanics of veterinary pharmacology. Pharmacoge-
netics and pharmacogenomics are terms that describe how genes and genetic variation influence 
an animal’s response to a drug. 

Pharmacotherapy is the treatment of disease with medicines. The use of medicine to treat disease 
has been prevalent for thousands of years. Hippocrates revolutionized medicine in ancient Greece 
by using medicines to heal illness. The use of antibiotics to treat a skin infection in dogs is an exam-
ple of pharmacotherapy.

Pharmacotherapeutics is the field of medicine that studies drug use in the treatment of disease. 
Veterinary pharmacotherapeutics involves investigating how a sick animal responds to drugs.

Pharmacokinetics is the study of the physiological movement of drugs within the body (kinetics 
is the medical term for the scientific study of motion). Pharmacokinetics includes the study of the 
absorption, distribution, metabolism (or biotransformation), and elimination (excretion) of drugs. 
Understanding pharmacokinetics helps determine how quickly the medicine is absorbed after 
administration, how quickly it travels through the body to the desired site of action, how long 
that medicine stays in the animal’s body, and how the drug leaves the body. Pharmacokinetic 
data enable us to determine how much of a drug should be given, by what route, and when, to 
maximize the effectiveness of drug treatment. Chapter 4 will take a closer look at the principles of 
pharmacokinetics.

Pharmacodynamics is the study of the mechanisms of drug action and involves understanding 
the interactions between the chemical components of living systems and the drugs that enter those 
systems. All living organisms function by a series of complicated, continual chemical reactions, and 
when a new chemical enters the system, multiple changes in cell function may occur. Veterinary 
pharmacodynamics involves the study of a healthy animal’s response to drugs to determine drug 
effects on the physiological and biochemical systems of the body. Understanding the interaction 
between a drug and its receptor is an example of pharmacodynamics. Clinically, pharmacodynam-
ics is used to avoid drug interactions and minimize the adverse effects that may result when drugs 
are administered to an animal.

	Clinical Cue
Think of pharmacodynamics as “what the drug does to the body” and pharmacokinetics as 
“what the body does to the drug.”

Pharmacogenetics is the branch of pharmacology that studies variation in drug response and/or 
drug behavior based on an individual’s genetic makeup; basically it is how variation in one single 
gene influences the response to a drug. Pharmacogenetics can help explain adverse (undesirable) 
drug reactions unique to a patient or breed of animal (such as ivermectin sensitivity in collie dogs) 
and can be used to create individualized drug therapies for veterinary patients. The current benefit of 
pharmacogenetics is that information about any breed-related adverse drug reactions is available to 
veterinarians so they can make appropriate decisions about drug therapy.

Pharmacogenomics is the study of the impact of genetic variation on drug effects and involves 
studying the whole genome (genes in all chromosomes); basically it is how all of the genes (the 
genome) can influence responses to drugs. The goal of pharmacogenomics is personalized med-
icine based on genetic tests to determine if an animal has the necessary enzyme to metabolize a 
specific drug, and then using that information to individualize the dosage for each patient.
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	Clinical Cue
Pharmacogenomics can explain why some breeds react differently to a drug than other 
breeds. For example, some dogs have variable activity of the enzyme thiopurine methyl-
transferase (TPMT). Dog breeds such as giant schnauzers have significantly lower TPMT 
activity, while Alaskan malamutes have higher TPMT activity. Drugs such as azathioprine 
can be metabolized to inactive substances by TPMT, which suggests that giant schnauzers 
who have lower TPMT levels are susceptible to adverse effects of azathioprine, while mala-
mutes who have higher TPMT levels may not gain any benefit from the medication.

Regulation of Drug Products
The U.S. Food and Drug Administration (FDA) became a government agency to enforce the fed-
eral Pure Food and Drugs Act of 1906. Before 1906, drug manufacturers had no obligation to 
establish the safety, purity, or effectiveness of their drugs; therefore, many questionable or even 
harmful products were legally sold. The Pure Food and Drug Act of 1906 established standards for 
drug strength and purity and guidelines for drug labeling.

During its first three decades of operation, the FDA was a small agency with limited influence 
and authority. The drugs available in that era were primarily from botanical (plant) and biologi-
cal (molds or bacteria) sources. Public concern focused on three botanical drugs: ergot, a deriv-
ative of rye fungus used to induce labor and treat migraines; quinine, a derivative of tree bark 
used to treat malaria; and digitalis, a derivative of the foxglove plant used to treat cardiac fail-
ure. All three drugs perform well if correctly dosed, but all are quite toxic if overdosed. At that 
time, dosing and overdosing were frequently a matter of trial and error. The FDA had little power 
to determine and enforce correct dosage information, and in 1933, the FDA introduced a bill to 
revise and strengthen the 1906 Pure Food and Drug Act. A five-year legislative battle ensued, 
until a drug disaster occurred. In 1937, the antibiotic drug elixir sulfanilamide was distributed in 
a vehicle of diethylene glycol (a vehicle is a substance in which a drug’s active agent is formu-
lated), which was never tested for safety on people or animals prior to being sold as a drug. It 
turns out that diethylene glycol is toxic to people; as a result of taking elixir sulfanilamide, over 
100 people died, many of them children. To help regulate drug dosing and improve drug safety, 
Congress passed the Federal Food, Drug, and Cosmetic Act in 1938, which required that a drug 
be adequately tested to demonstrate its safety when used as its label directs. The Act also pro-
hibited false therapeutic claims and established the inspection of drug manufacturing facilities 
by the federal government. The 1938 law greatly expanded the power and responsibilities of the 
FDA, and this expansion continued in the postwar years, as chemicals became widely used for 
drugs, cosmetics, food additives, and pesticides. In 1972, the Act was amended to include many 
more protections, such as over-the-counter (OTC) drug review, to enhance the safety, effective-
ness, and labeling of drugs sold without a prescription.

	Clinical Cue
Although the FDA regulates the development and sale of drugs in the United States, local 
laws further regulate the distribution and administration of drugs. In most cases, the strict-
est law is the one that prevails in legal proceedings.
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	Clinical Cue
It is important to note that FDA regulations do not cover certain medically significant com-
pounds known as biologics (therapeutic agents derived from living organisms, such as 
vaccines, antibodies, and toxoids). Biologics are governed by U.S. Department of Agricul-
ture (USDA) regulations and are brought to market differently than how drugs are brought 
to market.

The Center for Veterinary Medicine
The FDA is headed by a commissioner and organized into a number of different centers, each per-
forming a specific function. The FDA’s Center for Veterinary Medicine (CVM) ensures that approved 
veterinary medicines will not harm animals, or at least that the harm a drug produces will be 
outweighed by its benefit. The FDA’s CVM prohibits the sale and use of a drug that would cause 
animals to suffer serious health problems. For example, a dog with tachycardia (rapid heartbeat) 
is given a pill that returns the heartbeat to a normal rate within two hours. When the dog eats a 
bowl of food, the heart medication causes him to vomit, making him feel poorly again, but for 
a different reason. The drug that corrected the dog’s tachycardia made him vomit and feel very 
uncomfortable. The FDA’s CVM would determine whether the discomfort caused by the medica-
tion was acceptable in comparison to the benefit of lowering the dog’s heart rate. In this case, if 
the vomiting subsides and causes minimal discomfort, the drug’s ability to slow the heartbeat far 
outweighs the unpleasant but tolerable adverse effect of vomiting. The FDA would approve this 
drug and alert medical professionals of the adverse effects of the drug. The FDA thus strives to 
protect consumers, health professionals, and animals by maximizing the benefit of drugs while 
minimizing their dangers.

	Clinical Cue
An idiosyncratic reaction (an abnormal response to a drug that is peculiar to an individual 
animal and unrelated to the drug dosage) does not cause the FDA to disapprove a drug. 
FDA approval of a particular drug is based on the drug’s therapeutic effects and adverse 
effects in many test animals.

The FDA’s power to protect veterinarians and animals is a result of the 1968 amendments to the Act 
concerning “New Animal Drugs.” These amendments require a drug manufacturer to demonstrate 
that its drug is safe for animals and does what the label claims. However, the 1968 amendments also 
affect veterinarians in a completely different way: Drug manufacturers must now calculate and state 
on the drug label the withdrawal time (also called withholding time), which is the period follow-
ing the last drug dose during which the animal or its products (e.g., milk, eggs, or honey) may not 
be sold for human consumption. Observing label dosing regimens and withdrawal times ensures 
that animals and their products will be free of illegal drug contamination. These provisions were 
developed to assure consumers that dairy, poultry, and meat products do not contain drug resi-
dues above tolerance limits, which range from zero to levels in the range of parts per million. Since 
the 1968 amendments, veterinarians must instruct livestock owners about the laws governing any 
drugs administered to their animals.

Figure 1-1 provides a timeline for drug regulation in the United States.
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The original Pure Food and Drug Act is passed by Congress on June 30 and signed by President Theodore 
Roosevelt. It prohibits interstate commerce in misbranded and adulterated foods and drugs. The Meat Inspec-
tion Act is passed the same day (this Act was passed due to concern over insanitary conditions in meatpacking 
plants and the use of poisonous preservatives and dyes in foods). 

1906

The Harrison Narcotic Act imposes upper limits on the amount of opium, opium-derived products, and cocaine 
allowed in products available to the public; requires prescriptions for products exceeding the allowable limit of 
narcotics; and mandates increased record-keeping for physicians and pharmacists that dispense narcotics. 

1914

FDA recommends a complete revision of the obsolete 1906 Pure Food and Drug Act. The first bill is introduced 
into the Senate, launching a five-year legislative battle.  1933

Elixir of sulfanilamide, containing the poisonous solvent diethylene glycol, kills 107 persons, many of whom are 
children, dramatizing the need to establish drug safety before marketing and to enact the pending food and 
drug law. 

1937

The federal Food, Drug, and Cosmetic Act of 1938 is passed by Congress, containing new provisions such as 
authorizing factory inspections and requiring new drugs to be shown safe before marketing. This act started a 
new system of drug regulation.

1938

FDA drastically revises manufacturing and quality control standards due to nearly 300 deaths and injuries as a 
result of distribution of sulfathiazole tablets tainted with the sedative phenobarbital. The incident prompts the 
beginning of good manufacturing practices (GMPs).

1941

Durham-Humphrey Amendment defines the kinds of drugs that cannot be used safely without medical 
supervision and restricts their sale to prescription by a licensed practitioner.1951

Drug Abuse Control Amendments are enacted to deal with problems caused by abuse of depressants, 
stimulants, and hallucinogens.  1965

Animal Drug Amendments place all regulation of new animal drugs under one section of the Food, Drug, and 
Cosmetic Act (Section 512) making approval of animal drugs and medicated feeds more efficient.1968

The Comprehensive Drug Abuse Prevention and Control Act replaces previous laws and categorizes drugs 
based on abuse and addiction potential.1970

Environmental Protection Agency established; takes over FDA program for setting pesticide tolerances. 1970
Over-the-Counter Drug Review is initiated to enhance the safety, effectiveness, and appropriate labeling of 
drugs sold without prescription.  1972

Regulation of biologics (including serums, vaccines, and blood products) is transferred from National Institutes 
of Health to FDA. The Food Security Act of 1985 gave regulation of biologics to the USDA. 1972

Orphan Drug Act passed, enabling FDA to promote research and marketing of drugs needed for treating rare 
diseases.  1983

Drug Price Competition and Patent Term Restoration Act expedites the availability of less costly generic drugs 
by permitting FDA to approve applications to market generic versions of brand-name drugs without repeating 
the research done to prove them safe and effective. 

1984

Generic Animal Drug and Patent Term Restoration Act extends to veterinary products benefits given to human 
drugs under the 1984 Drug Price Competition and Patent Term Restoration Act. Companies can produce and 
sell generic versions of animal drugs approved after October 1962 without duplicating research done to prove 
them safe and effective. The act also authorizes extension of animal drug patents.

1988

Dietary Supplement Health and Education Act establishes specific labeling requirements, provides a regulatory 
framework, and authorizes FDA to mandate good manufacturing practice regulations for dietary supplements. 
This act defines "dietary supplements" and "dietary ingredients" and classifies them as food. 

1994

Animal Medicinal Drug Use Clarification Act (AMDUCA) allows veterinarians to prescribe extra-label use of 
veterinary drugs for animals under specific circumstances. In addition, the legislation allows licensed
veterinarians to prescribe human drugs for use in animals under certain conditions.

1994

Animal Drug Availability Act adds flexibility to animal drug approval process, providing for flexible labeling and 
more direct communication between drug sponsors and FDA. The Veterinary Feed Directive (VFD) is part of 
this Act, which identifies drugs that need approval by a veterinarian for use in animal feed. This prevented all 
commercially available animal drugs for use in medicated feeds to be available for over-the-counter purchase 
and gave the FDA's CVM more control of the use of animal feed additives.

1996

Food and Drug Administration Modernization Act reauthorizes the Prescription Drug User Fee Act of 1992 and 
mandates the most wide-ranging reforms in agency practices since 1938. Provisions include measures to 
accelerate review of devices, advertising unapproved uses of approved drugs and devices, health claims for 
foods in agreement with published data by a reputable public health source, and development of good guidance 
practices for agency decision-making.

1997

Minor Use and Minor Species Health Act is similar to the human Orphan Drug Act of 1983. It is intended to 
provide FDA-authorized drugs for those less common species and indications (provides labeled drugs for needy 
minor species and provides major species (cats, dogs, horses, cattle, swine, turkey, chickens) with needed 
therapeutics for uncommon indications called minor uses).  The Minor Use and Minor Species Animal Health 
Act encourages the development of treatments for species that would otherwise attract little interest in the 
development of veterinary therapies.

2001

The Animal Drug User Fee Act (ADUFA) permits FDA to collect subsidies for the review of certain animal drug 
applications from sponsors, analogous to laws passed for the evaluation of other products FDA regulates, 
ensuring the safety and effectiveness of drugs for animals and the safety of animals used as foodstuffs.

2003

The Animal Generic Drug User Fee Act (AGDUFA) permits FDA to study ways to improve the timeliness and 
predictability of the animal generic drug review process. The goals are to shorten the time to review and act on 
submissions by increasing staff and resources. 

Food Safety and Modernization Act (FSMA) gives the FDA new enforcement authorities related to food safety 
standards, provides the FDA tools to hold imported foods to the same standards as domestic foods, and directs 
FDA to build an integrated national food safety system in partnership with state and local authorities.

Drug Quality and Security Act (DQSA) was enacted following a 2012 deadly outbreak of fungal meningitis in 
people that was linked to a compounded glucocorticoid. DQSA gives the FDA more authority over compounded 
drugs by outlining steps for an electronic and interoperable system to identify and trace certain prescription 
drugs throughout the United States.

Veterinary Feed Directive (VFD) is updated to include veterinarian engagement with the client, examination of 
the patient and/or visit to the facility where the patient is managed, and provision of necessary follow-up 
evaluation or care when creating and maintaining a VCPR. 

2008

2011
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Figure 1-1 Chronology of drug regulation in the United States. (Adapted from A History of the FDA and Drug 
Regulation in the United States at http://www.fda.gov) (Continued)



8	 CHAPTER 1

Categories of Drug Products
Some drugs are available without a prescription for treating a variety of conditions. These drugs 
are referred to as over-the-counter (OTC) drugs and may be purchased by the client without a pre-
scription. Some of these drugs were approved as prescription drugs but later were found to be 
safe and useful in patients without the need of a prescription. Some of these drugs were not rigor-
ously screened and tested by the current drug evaluation protocols because they were approved 
prior to the creation of current standards. In 1972, the Over-the-Counter Drug Review was initiated 
to enhance the safety, effectiveness, and labeling of OTC drugs. Many OTC drugs do not have a 
significant potential for toxicity when “taken as directed” nor do they require special adminis-
tration; however, there are several problems related to OTC drug use. These problems include 
the drug’s potential to mask the signs of underlying disease, making diagnosis more difficult; to 
interact with prescription drug therapy; and to cause serious complications if they are not taken as 
directed. For example, bismuth subsalicylate (Pepto-Bismol®) is a common OTC human antidiar-
rheal drug, which may occasionally be used in veterinary medicine. In order to avoid toxic effects, 
bismuth subsalicylate must be given less frequently in dogs than it is given in humans. Subsalic-
ylate is an aspirin-like product, and because cats do not rapidly metabolize aspirin, Pepto-Bismol® 
should be used cautiously or not at all in cats. Examples of veterinary OTC drugs include nutri-
tional supplements such as glucosamine and chondroitin and some topical flea and tick products. 
Veterinary OTC drugs have label information for specific animal species, health concerns, and 
administration guidelines, which owners should follow or seek the advice of their animal’s veteri-
narian. Figure 1-2 is an example of an OTC drug label.

	Clinical Cue
A list of FDA-approved animal drug products can be found on the FDA web site at  
https://www.fda.gov/animalveterinary/products/approvedanimaldrugproducts/.

Figure 1-1  (Continued)
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sell generic versions of animal drugs approved after October 1962 without duplicating research done to prove 
them safe and effective. The act also authorizes extension of animal drug patents.

1988

Dietary Supplement Health and Education Act establishes specific labeling requirements, provides a regulatory 
framework, and authorizes FDA to mandate good manufacturing practice regulations for dietary supplements. 
This act defines "dietary supplements" and "dietary ingredients" and classifies them as food. 

1994

Animal Medicinal Drug Use Clarification Act (AMDUCA) allows veterinarians to prescribe extra-label use of 
veterinary drugs for animals under specific circumstances. In addition, the legislation allows licensed
veterinarians to prescribe human drugs for use in animals under certain conditions.

1994

Animal Drug Availability Act adds flexibility to animal drug approval process, providing for flexible labeling and 
more direct communication between drug sponsors and FDA. The Veterinary Feed Directive (VFD) is part of 
this Act, which identifies drugs that need approval by a veterinarian for use in animal feed. This prevented all 
commercially available animal drugs for use in medicated feeds to be available for over-the-counter purchase 
and gave the FDA's CVM more control of the use of animal feed additives.

1996

Food and Drug Administration Modernization Act reauthorizes the Prescription Drug User Fee Act of 1992 and 
mandates the most wide-ranging reforms in agency practices since 1938. Provisions include measures to 
accelerate review of devices, advertising unapproved uses of approved drugs and devices, health claims for 
foods in agreement with published data by a reputable public health source, and development of good guidance 
practices for agency decision-making.

1997

Minor Use and Minor Species Health Act is similar to the human Orphan Drug Act of 1983. It is intended to 
provide FDA-authorized drugs for those less common species and indications (provides labeled drugs for needy 
minor species and provides major species (cats, dogs, horses, cattle, swine, turkey, chickens) with needed 
therapeutics for uncommon indications called minor uses).  The Minor Use and Minor Species Animal Health 
Act encourages the development of treatments for species that would otherwise attract little interest in the 
development of veterinary therapies.

2001

The Animal Drug User Fee Act (ADUFA) permits FDA to collect subsidies for the review of certain animal drug 
applications from sponsors, analogous to laws passed for the evaluation of other products FDA regulates, 
ensuring the safety and effectiveness of drugs for animals and the safety of animals used as foodstuffs.

2003

The Animal Generic Drug User Fee Act (AGDUFA) permits FDA to study ways to improve the timeliness and 
predictability of the animal generic drug review process. The goals are to shorten the time to review and act on 
submissions by increasing staff and resources. 

Food Safety and Modernization Act (FSMA) gives the FDA new enforcement authorities related to food safety 
standards, provides the FDA tools to hold imported foods to the same standards as domestic foods, and directs 
FDA to build an integrated national food safety system in partnership with state and local authorities.

Drug Quality and Security Act (DQSA) was enacted following a 2012 deadly outbreak of fungal meningitis in 
people that was linked to a compounded glucocorticoid. DQSA gives the FDA more authority over compounded 
drugs by outlining steps for an electronic and interoperable system to identify and trace certain prescription 
drugs throughout the United States.

Veterinary Feed Directive (VFD) is updated to include veterinarian engagement with the client, examination of 
the patient and/or visit to the facility where the patient is managed, and provision of necessary follow-up 
evaluation or care when creating and maintaining a VCPR. 
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Every drug has the potential to cause harm (if given for the wrong reason, to the wrong animal, 
or in the wrong amount); therefore, drugs must be regulated to ensure their safe use. Prescription 
drugs, which the FDA regulates, are limited to use under the supervision of a veterinarian or  
physician because of potential toxicity concerns, administration difficulty, or other considerations. 
Prescription drugs for animals can be obtained from a veterinarian or from a pharmacy pursuant 
to a prescription issued by a veterinarian. Prescription drugs must be labeled with the statement or 
legend: “Caution: Federal law restricts this drug to use by or on the order of a licensed veterinarian.” 
Figure 1-3 is an example of a prescription drug label.

Before a prescription drug can be prescribed for an animal, a veterinarian/client/patient 
relationship (VCPR) must exist. The AVMA recognizes the existence of a VCPR when:

•	 the veterinarian has assumed the responsibility for making clinical judgments;
•	 the client has agreed to follow the veterinarian’s instruction;
•	 the veterinarian has sufficient knowledge of the animal to make the diagnosis because he or she 

is personally acquainted with the keeping and care of the animal based on a timely examination 
or medically appropriate and timely visits to the operation where the animal is managed;

•	 the veterinarian is available for follow-up evaluation in the event of an adverse reaction or 
failure of treatment,

•	 the veterinarian provides oversight of treatment, compliance, and outcome; and
•	 patient records are maintained.

There is no universal standard for how recently or often an animal must be examined by the vet-
erinarian in order for a valid VCPR to exist. In companion animals, it is generally agreed that the pet 
must be physically examined by a veterinarian at the outset of care, but changes to the therapeutic 
regimen as the case progresses may not always require repeated examinations. Among livestock 
species, individual examination of each animal prior to treatment is not always considered neces-
sary for the VCPR to be valid, provided that the veterinarian regularly visits the farm premises, com-
municates with the people who manage the animals, and is familiar with the management practices 
on the farm where the animal is kept. An established VCPR may be maintained through virtual care, 
which includes interaction between veterinarians, clients, and patients using any form of technology 
to deliver patient care. The term for the overarching care that encompasses use of all technologies 

Figure 1-2  Example of an over-the-counter drug label.
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