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Welcome to our eighth edition


Welcome to the eighth edition of Pharmacology for Nursing Care, the pharmacology text that students like to read. Really! This edition, like the first seven, was written to be a true textbook—that is, a book that focuses on essentials and plays down secondary details. To give the book focus, four primary techniques are employed: (1) teaching through prototypes, (2) using large print for essential information and small print for secondary information, (3) limiting discussion of adverse effects and drug interactions to information that matters most, and (4) using evidence-based clinical guidelines to determine what content to stress. To reinforce the relationship between pharmacologic knowledge and nursing practice, nursing implications are integrated into the body of each chapter. Also, to provide rapid access to nursing content, nursing implications are summarized at the end of most chapters, using a nursing process format. In addition, key points are summarized at the end of each chapter. As in prior editions, this edition emphasizes conceptual material, thereby reducing rote memorization, promoting comprehension, and increasing reader friendliness. For a description of the book’s classic distinguishing features, please refer to the Preface, which follows on page viii.








What’s new in the book?


Pharmacology for Nursing Care has been revised cover to cover. Topics with significantly expanded coverage include anticoagulant and antiplatelet drugs, drugs affecting uterine function, drugs for diabetes, antiviral drugs, and drugs for cancer. Chapter 107 addresses four new topics: fibromyalgia syndrome, hereditary angioedema, Huntington’s disease, and systemic lupus erythematosus. This edition introduces a host of new drugs, as well as three new Special Interest Topics. In the chapters on psychotherapeutic drugs and drugs of abuse, diagnostic criteria from DSM IV have been replaced with diagnostic criteria from DSM 5. Lastly, we’ve added Canadian drug trade names.








New drugs


This edition presents 126 new drugs and important new formulations. Among these are:




• Fingolimod [Gilenya], the first oral disease-modifying drug for multiple sclerosis


• Vilazodone [Viibryd], a first-in-class dual-acting antidepressant that blocks serotonin reuptake and also activates serotonin receptors directly


• Two new oral anticoagulants—dabigatran [Pradaxa], a direct thrombin inhibitor, and rivaroxaban [Xarelto], a Factor Xa inhibitor


• Tranexamic acid [Lysteda], an oral antifibrinolytic drug for cyclic heavy menstrual bleeding


• Hydroxyprogesterone caproate [Makena], the first drug approved to prevent preterm labor, rather than simply suppress it once it occurs


• Roflumilast [Daliresp], a first-in-class phosphodiesterase type 4 inhibitor for chronic obstructive pulmonary disease


• Denosumab [Prolia, Xgeva], a first-in-class RANKL inhibitor indicated for postmenopausal osteoporosis and for reducing skeletal-related events in patients with bone metastases from solid tumors


• Tocilizumab [Actemra], a first-in-class interleukin-6 receptor antagonist for rheumatoid arthritis


• Telavancin [Vibativ], a first-in-class lipoglycopeptide for infections caused by MRSA and other serious gram-positive pathogens


• Belimumab [Benlysta], the first drug approved for systemic lupus erythematosus since 1955


• Two protease inhibitors—boceprevir [Victrelis] and telaprevir [Incivek]—for chronic hepatitis C


• Four antiseizure drugs—lacosamide [Vimpat], rufinamide [Banzel], vigabatrin [Sabril], and ezogabine [Potiga], a first-in-class potassium channel modulator


• Nineteen anticancer drugs, including brentuximab vedotin [Adcetris], an antibody-drug conjugate for Hodgkin’s lymphoma and anaplastic large cell lymphoma; sipuleucel-T [Provenge], a patient-specific immunotherapy for prostate cancer; and vemurafenib [Zelboraf], a BRAF V600E kinase inhibitor for metastatic melanoma

















New special interest topics


This edition has 29 boxes on Special Interest Topics, which address issues that I find especially engaging and think you might too. Some boxes discuss cutting-edge therapies, some discuss ongoing controversies, some discuss topics of general interest, and some discuss issues featured in the popular press. Three boxes are new:




• Medication Reconciliation


• Smoking Cessation During Pregnancy


• Clostridium difficile Infection





Four boxes have been substantially revised:




• Melatonin: Keeper of the Circadian Clock


• Emergency Contraception


• Testosterone Replacement: Can It Enhance Sexuality in Men? Or Women?


• The Increasingly Strong Case Against Antioxidants





A complete list of Special Interest Topics appears on the inside back cover.














Restructured content


One chapter from the prior edition—Major Drugs of Abuse (Other than Alcohol)—has been divided into two chapters: Nicotine and Smoking and Major Drugs of Abuse Other Than Alcohol and Nicotine. Also, I made major changes to the internal structure of six chapters:




• Chapter 32—Antidepressants


• Chapter 52—Anticoagulants, Antiplatelet, and Thrombolytic Drugs


• Chapter 57—Drugs for Diabetes Mellitus


• Chapter 64—Drugs That Affect Uterine Function


• Chapter 93—Antiviral Agents I: Drugs for Non-HIV Viral Infections


• Chapter 103—Anticancer Drugs II: Hormonal Agents, Targeted Drugs, and Other Noncytotoxic Anticancer Drugs

















Canadian trade names


For our readers in Canada, we added Canadian trade names to this edition. Trade names unique to Canada are identified with this maple-leaf icon:[image: image]. Trade names shared by the United States and Canada have no icon. Of note, for the majority of drugs, trade names in the United States and Canada are the same. For a few drugs, such as isotretinoin [Accutane] and felodipine [Plendil], a trade name once used in both the United States and Canada, is now used in Canada alone, and hence will appear with the maple-leaf icon. So, if you’re an American, and you see a leaf where you think there shouldn’t be one, this is probably the reason why. As in our first 7 editions, Appendix D presents information on Canadian drug legislation.





















Learning supplements for students



Evolve student resources





Many free online resources accompany this edition, including Flashcards, an Audio Drug Glossary, Key Points, Review Questions for the NCLEX® Examination, Clinical References, Answers to Study Guide Case Studies, a Color Pill Atlas, and more. These resources are available at http://evolve.elsevier.com/Lehne.




• Flashcards summarize the need-to-know information for more than 100 key drugs.


• The Audio Drug Glossary contains sound files of the generic names of the 300 most commonly prescribed drugs.


• Key Points for each chapter can be downloaded or printed to review at your leisure.


• Approximately 700 Review Questions for the NCLEX® Examination help build confidence in test taking and help ensure comprehension in an engaging way.


• Clinical References include a concise overview of drug administration techniques, normal laboratory values, and much more.


• Answers to Study Guide Case Studies allow you to compare your answers to those from the Study Guide author.











Pharmacology online


Pharmacology Online for Pharmacology for Nursing Care, 8th edition, is a dynamic online course resource that includes interactive self-study modules, a collection of interactive learning resources, and a media-rich library of supplemental resources:




• Self-Study Modules cover the basic principles of pharmacology and key drug content, with animations and NCLEX® examination–style questions to help you assess your understanding of pharmacology concepts.


• Interactive Case Studies immerse you in true-to-life scenarios that require you to make important choices in patient care and patient teaching.


• Roadside Assistance Video Clips use humor and analogy in a uniquely fun and engaging way to teach key concepts.


• Also includes Interactive Learning Activities, Practice Quizzes for the NCLEX® Examination, and much more!

















Study guide


The Study Guide, which is keyed to the book, includes study questions; critical thinking, prioritization, and delegation questions; and case studies. Answers are provided in the back of the book for all questions except the case studies, for which answers are supplied on the Evolve site.





















Teaching supplements for instructors



Evolve instructor resources





The Instructor Resources for the eighth edition are available online. There are five components: an Instructor’s Manual, a Test Bank, a PowerPoint Collection, Audience Response System Questions, and an Image Collection.




• The Instructor’s Manual, which has been thoroughly revised, emphasizes creative learning strategies to help students apply knowledge of pharmacology to nursing practice. Included for each chapter are learning objectives, key terms, chapter outline, key points, teaching/learning strategies, open-book quizzes, and case studies. Answers for the quizzes and case studies are also provided.


• The Test Bank has 1200 NCLEX® examination–style questions presented in versatile ExamView software, which allows faculty to customize both paper-based and online exams through an easy-to-use, intuitive interface. For each question, we indicate the correct answer, rationale, text page reference, cognitive level, nursing process step, and NCLEX® Client Need category.


• The PowerPoint Collection has been updated, with images from the book inserted where applicable. The 700 or so slides may be used as-is, or adapted, for classroom or online presentation.


• The Audience Response System Questions contain approximately 225 questions appropriate for use with clickers/audience response systems.


• The Image Collection contains nearly every illustration from the book—about 170, most in full color. The images are presented in electronic format to facilitate classroom projection or online teaching.

















Please write


I’d like to hear from you. All feedback is welcome. Suggestions for improving the book are especially helpful, as are reports of mistakes you may spot. Of course, I also like to hear from students and teachers who simply have something nice to say. You can reach me by e-mail at rich@lehne.me, or by U.S. Mail at 1619 Willow Dale Lane, Charlottesville, VA 22911.








Rich Lehne












Preface


Pharmacology pervades all phases of nursing practice and relates directly to patient care and education. Yet, despite its importance, many students—and even some teachers—are often uncomfortable with the subject. Why? Because, traditional texts have stressed memorizing details rather than understanding. In this text, the guiding principle is to establish a basic understanding of drugs, after which secondary details can be learned as needed. Judging from the acceptance of this book, my departure from tradition has been welcome.


I wrote this text with two major objectives: To help you, the nursing student, establish a knowledge base in the basic science of drugs, and to show you how that knowledge can be applied in clinical practice. To achieve these goals, I use several innovative techniques, which are described below.








Laying foundations in basic principles


In order to understand drugs, you need a solid foundation in basic pharmacologic principles. To help you establish that foundation, the book has major chapters on the following topics: basic principles that apply to all drugs (Chapters 4 through 8), basic principles of drug therapy across the life span (Chapters 9 through 11), basic principles of neuropharmacology (Chapter 12), basic principles of antimicrobial therapy (Chapter 83), and basic principles of cancer chemotherapy (Chapter 101).














Reviewing physiology and pathophysiology


To understand the actions of a drug, I find it useful to understand the biologic systems that the drug influences. Accordingly, for all major drug families, relevant physiology and pathophysiology are reviewed. In almost all cases, these reviews are presented at the beginning of each chapter, rather than in a systems review at the beginning of a unit. This juxtaposition of pharmacology, physiology, and pathophysiology is designed to help you understand how these topics interrelate.














Teaching through prototypes


Within each drug family, we can usually identify a prototype, that is, a drug that embodies characteristics shared by all members of the group. Because other family members are similar to the prototype, to know the prototype is to know the basic properties of all family members.


The benefits of teaching through prototypes can be appreciated with an example. Let’s consider the nonsteroidal anti-inflammatory drugs (NSAIDs), a family that includes aspirin, ibuprofen [Motrin, others], naproxen [Aleve, others], celecoxib [Celebrex], and more than 20 other drugs. Traditionally, information on these drugs is presented in a series of paragraphs describing each drug in turn. When attempting to study from such a list, you are likely to learn many drug names and little else; the important concept of similarity among family members is easily lost. In this text, the family prototype—aspirin—is discussed first and in depth. After this, I simply point out the small ways in which individual NSAIDs differ from aspirin. Not only is this approach more efficient than the traditional approach, it is also more effective, in that similarities among family members are emphasized.














Large print and small print: a way to focus on essentials


Pharmacology is exceptionally rich in detail. There are many drug families, each with multiple members and each member with its own catalogue of indications, contraindications, adverse effects, and drug interactions. This abundance of detail confronts teachers with the difficult question of what to teach, and students with the equally difficult question of what to study. Attempting to answer these questions can frustrate teachers and students alike. Even worse, in the presence of myriad details, basic concepts can be obscured.


To help you focus on essentials, I use two sizes of type. Large type is intended to say, “On your first exposure to this topic, this is the core of information you should learn.” Small type is intended to say, “Here is additional information that you may want to learn after mastering the material in large type.” As a rule, I reserve large print for prototypes, basic principles of pharmacology, and reviews of physiology and pathophysiology. I use small print for secondary information about the prototypes and for discussion of drugs that are not prototypes. This technique allows the book to contain a large body of detail without having that detail cloud the big picture. Furthermore, because the technique highlights essentials, it minimizes questions about what to teach and what to study.


The use of large and small print is especially valuable for discussing adverse effects and drug interactions. Most drugs are associated with many adverse effects and interactions. As a rule, however, only a few of these are noteworthy. In traditional texts, practically all adverse effects and interactions are presented, creating long and tedious lists. In this text, I use large print to highlight the few adverse effects and interactions that are especially characteristic; the rest are noted briefly in small print. The result? Rather than overwhelming you with long and forbidding lists, this text delineates a moderate body of information that’s truly important, and thereby facilitates comprehension.














Using clinical reality to prioritize content


This book contains two broad categories of information: pharmacology (ie, basic science about drugs) and therapeutics (ie, clinical use of drugs). To ensure that content is clinically relevant, I use evidence-based treatment guidelines as a basis for deciding what to stress and what to play down. Unfortunately, clinical practice is a moving target: When effective new drugs are introduced, and when clinical trials reveal new benefits or new risks of older drugs, the guidelines change—and hence large sections of this book must be rewritten. Consider the following examples:




• When the first edition of this book published, heart failure was considered an absolute contraindication to the use of beta blockers. After all, in patients with heart failure, cardiac contractility is greatly reduced, and beta blockade can reduce contractility even further. Nonetheless, we now know that, when dosed properly, beta blockers can be of great benefit in heart failure, and hence these drugs are now considered first-line therapy—rather than drugs to be avoided.


• When the third edition of this book published, experts recommended that all postmenopausal women consider using estrogen replacement therapy long term to prevent osteoporosis and heart disease; adverse effects were considered trivial. Today, we know that the benefits of postmenopausal estrogen therapy are much smaller than previously believed, and the risks are greater. As a result, guidelines now recommend that estrogen therapy be used only to relieve severe menopausal symptoms, and that women use the lowest dosage possible for the shortest time necessary.





These examples illustrate two problems. First, because clinical practice is subject to change, I have to work hard to keep this book current. Second, despite my best efforts, the book and clinical reality may not agree: Some treatments discussed here will be considered inappropriate before the ninth edition comes out. Furthermore, in areas where there is controversy, the treatments discussed here may be considered inappropriate by some clinicians right now.














Nursing implications: demonstrating the application of pharmacology in nursing practice


The principal reason for asking you to learn pharmacology is to enhance your ability to provide patient care and education. To show you how pharmacologic knowledge can be applied to nursing practice, nursing implications are integrated into the body of each chapter. That is, as specific drugs and drug families are discussed, the nursing implications inherent in the pharmacologic information are noted side-by-side with the basic science. To facilitate access to nursing content, nursing implications are also summarized at the end of most chapters. These summaries serve to reinforce the information presented in the chapter body.


In chapters that are especially brief or that address drugs that are infrequently used, summaries of nursing implications have been omitted. However, even in these chapters, nursing implications are incorporated into the chapter body.














About dosage calculations


Unlike many nursing pharmacology texts, this one has no section on dosage calculation. Why? First, adequate discussion of this important subject simply isn’t feasible in a text dedicated to the basic science of drugs; the amount of space that can be allotted is too small. Second, thanks to the availability of excellent publications on the subject (eg, Calculate with Confidence, 5th edition, by Deborah Gray Morris), there is no need to include this content in a pharmacology text.














Ways to use this textbook


Thanks to its focus on essentials, this text is especially well suited to serve as the primary text for a course dedicated specifically to pharmacology. In addition, the book’s focused approach makes it a valuable resource for pharmacologic instruction within an integrated curriculum and for self-directed learning by students, teachers, and practitioners.








Richard A. Lehne
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CHAPTER 1


Orientation to pharmacology










Four Basic Terms
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The Big Three: Effectiveness, Safety, and Selectivity


Additional Properties of an Ideal Drug


Because No Drug Is Ideal . . .
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By now, you’ve been hitting the books for many years, and have probably asked yourself, “What’s the purpose of all this education?” In the past your question may have lacked a satisfying answer. Happily, now you have one: You’ve spent most of your life in school so you could study pharmacology!


There’s good reason why you haven’t approached pharmacology before now. Pharmacology is a science that draws on information from multiple disciplines, among them anatomy, physiology, chemistry, microbiology, and psychology. Consequently, before you could study pharmacology, you had to become familiar with these other sciences. Now that you’ve established the requisite knowledge base, you’re finally ready to learn about drugs.













Four basic terms


At this point, I’d like to define four basic terms: drug, pharmacology, clinical pharmacology, and therapeutics. As we consider these definitions, I will indicate the kinds of information that we will and will not discuss in this text.


















Drug.


A drug is defined as any chemical that can affect living processes. By this definition, virtually all chemicals can be considered drugs, since, when exposure is sufficiently high, all chemicals will have some effect on life. Clearly, it is beyond the scope of this text to address all compounds that fit the definition of a drug. Accordingly, rather than discussing all drugs, we will focus primarily on drugs that have therapeutic applications.














Pharmacology.


Pharmacology can be defined as the study of drugs and their interactions with living systems. Given this definition, the science of pharmacology can claim a huge body of knowledge as its own. Under our definition, pharmacology encompasses the study of the physical and chemical properties of drugs as well as their biochemical and physiologic effects. In addition, pharmacology includes knowledge of the history, sources, and uses of drugs as well as knowledge of drug absorption, distribution, metabolism, and excretion. Because pharmacology encompasses such a broad spectrum of information, it would be inappropriate (not to mention impossible) to address the entire scope of pharmacology in this text. Consequently, we limit consideration to information that is clinically relevant.














Clinical pharmacology.


Clinical pharmacology is defined as the study of drugs in humans. This discipline includes the study of drugs in patients as well as in healthy volunteers (during new drug development). Because clinical pharmacology encompasses all aspects of the interaction between drugs and people, and since our primary interest is the use of drugs to treat patients, clinical pharmacology includes some information that is outside the scope of this text.














Therapeutics.


Therapeutics, also known as pharmacotherapeutics, is defined as the use of drugs to diagnose, prevent, or treat disease or to prevent pregnancy. Alternatively, therapeutics can be defined simply as the medical use of drugs.


In this text, therapeutics is our principal concern. Accordingly, much of our discussion focuses on the basic science that underlies the clinical use of drugs. This information is intended to help you understand how drugs produce their effects—both therapeutic and adverse; the reasons for giving a particular drug to a particular patient; and the rationale underlying selection of dosage, route, and schedule of administration. This information will also help you understand the strategies employed to promote beneficial drug effects and to minimize undesired effects. Armed with this knowledge, you will be well prepared to provide drug-related patient care and education. In addition, by making drugs less mysterious, this knowledge should make working with drugs more comfortable, and perhaps even more satisfying.
































Properties of an ideal drug


If we were developing a new drug, we would want it to be the best drug possible. In order to approach perfection, our drug should have certain properties, such as effectiveness and safety. In the discussion below, we consider these two characteristics as well as others that an ideal drug might have. Please note, however, that the ideal medication exists in theory only: In reality, there’s no such thing as a perfect drug. The truth of this statement will become apparent as we consider the properties that an ideal drug should have.








The big three: effectiveness, safety, and selectivity


The three most important characteristics that any drug can have are effectiveness, safety, and selectivity.













Effectiveness.


An effective drug is one that elicits the responses for which it is given. Effectiveness is the most important property a drug can have. Regardless of its other virtues, if a drug is not effective—that is, if it doesn’t do anything useful—there is no justification for giving it. Current U.S. law requires that all new drugs be proved effective prior to release for marketing.














Safety.


A safe drug is defined as one that cannot produce harmful effects—even if administered in very high doses and for a very long time. There is no such thing as a safe drug. All drugs have the ability to cause injury, especially with high doses and prolonged use. The chances of producing adverse effects can be reduced by proper drug selection and proper dosing. However, the risk of adverse effects can never be eliminated. The following examples illustrate this point:




• Certain anticancer drugs (eg, cyclophosphamide, methotrexate), at usual therapeutic doses, always increase the risk of serious infection.


• Opioid analgesics (eg, morphine, meperidine), at high therapeutic doses, can cause potentially fatal respiratory depression.


• Aspirin and related drugs, when taken chronically in high therapeutic doses, can cause life-threatening gastric ulceration, perforation, and bleeding.





Clearly, drugs are not safe. This fact may explain why the Greeks chose the word pharmakon, which can be translated as poison, as a name for these agents.














Selectivity.


A selective drug is defined as one that elicits only the response for which it is given. A selective drug would not produce side effects. There is no such thing as a selective drug: All medications cause side effects. Common examples include the drowsiness that can be caused by many antihistamines; the morning sickness, cramps, and depression that can be caused by oral contraceptives; and the sexual dysfunction (eg, impotence, anorgasmia) commonly caused by fluoxetine [Prozac] and related antidepressants.


























Additional properties of an ideal drug













Reversible action.


For most drugs, it is important that effects be reversible. That is, in most cases, we want drug actions to subside within an appropriate time. General anesthetics, for example, would be useless if patients never woke up. Likewise, it is unlikely that oral contraceptives would find wide acceptance if they caused permanent sterility. And, despite what some gentlemen (and gentlewomen) might think, sildenafil [Viagra] would be more curse than blessing if it produced a perpetual gallant salute. For a few drugs, however, reversibility is not desirable. With antibiotics, for example, we want toxicity to microbes to endure.














Predictability.


It would be very helpful if, prior to drug administration, we could know with certainty just how a given patient will respond. Unfortunately, since each patient is unique, the accuracy of predictions cannot be guaranteed. Accordingly, in order to maximize the chances of eliciting desired responses, we must tailor therapy to the individual.














Ease of administration.


An ideal drug should be simple to administer: The route should be convenient, and the number of doses per day should be low. Diabetic patients, who must inject insulin multiple times a day, are not likely to judge this drug ideal. Similarly, nurses who must set up and monitor IV infusions are unlikely to consider intravenous drugs ideal.


In addition to convenience, ease of administration has two other benefits: (1) it can enhance patient adherence and (2) it can decrease administration errors. Patients are more likely to adhere to a dosing schedule that consists of one daily dose rather than several. Similarly, hospital personnel are less likely to commit medication errors when administering oral drugs than when preparing and administering intravenous agents.














Freedom from drug interactions.


When a patient is taking two or more drugs, those drugs can interact. These interactions may augment or reduce drug responses. For example, respiratory depression caused by diazepam [Valium], which is normally minimal, can be greatly intensified by alcohol. Conversely, the antibacterial effects of tetracycline can be greatly reduced by taking the drug with iron or calcium supplements. Because of the potential for interaction among drugs, when a patient is taking more than one agent, the possible impact of drug interactions must be considered. An ideal drug would not interact with other agents. Unfortunately, few medicines are devoid of significant interactions.














Low cost.


An ideal drug would be easy to afford. The cost of drugs can be a substantial financial burden. As an extreme example, treatment with adalimumab [Humira], a drug for rheumatoid arthritis and Crohn’s disease, can cost $50,000 or more per year. More commonly, expense becomes a significant factor when a medication must be taken chronically. For example, people with hypertension, arthritis, or diabetes must take medications every day for life. The cumulative expense of such treatment can be huge—even for drugs of moderate price.














Chemical stability.


Some drugs lose effectiveness during storage. Others that may be stable on the shelf can rapidly lose effectiveness when put into solution (eg, in preparation for infusion). These losses in efficacy result from chemical instability. Because of chemical instability, stocks of certain drugs must be periodically discarded. An ideal drug would retain its activity indefinitely.














Possession of a simple generic name.


Generic names of drugs are usually complex, and hence difficult to remember and pronounce. As a rule, the trade name for a drug is much simpler than its generic name. Examples of drugs that have complex generic names and simple trade names include acetaminophen [Tylenol], ciprofloxacin [Cipro], and simvastatin [Zocor]. Since generic names are preferable to trade names (for reasons discussed in Chapter 3), an ideal drug should have a generic name that is easy to recall and pronounce.


























Because no drug is ideal . . .


From the preceding, we can see that available medications are not ideal. No drug is safe. All drugs produce side effects. Drug responses may be difficult to predict and may be altered by drug interactions. Drugs may be expensive, unstable, and hard to administer. Because medications are not ideal, all members of the healthcare team must exercise care to promote therapeutic effects and minimize drug-induced harm.




















The therapeutic objective


The objective of drug therapy is to provide maximum benefit with minimum harm. If drugs were ideal, we could achieve this objective with relative ease. However, because drugs are not ideal, we must exercise skill and care if treatment is to result in more good than harm. As detailed in Chapter 2, you have a critical responsibility in achieving the therapeutic objective. In order to meet this responsibility, you must understand drugs. The primary purpose of this text is to help you achieve that understanding.














Factors that determine the intensity of drug responses


Multiple factors determine how an individual will respond to a prescribed dose of a particular drug (Fig. 1–1). By understanding these factors, you will be able to think rationally about how drugs produce their effects. As a result, you will be able to contribute maximally to achieving the therapeutic objective.




[image: image]


Figure 1–1 [image: ] Factors that determine the intensity of drug responses.
 (Adapted from Koch-Weser J: Drug therapy: serum drug concentrations as therapeutic guides. N Engl J Med 287:227, 1972.)








Our ultimate concern when administering a drug is the intensity of the response. Working our way up from the bottom of Figure 1–1, we can see that the intensity of the response is determined by the concentration of a drug at its sites of action. As the figure suggests, the primary determinant of this concentration is the administered dose. When administration is performed correctly, the dose that was given will bear a close relationship to the dose that was prescribed. The steps leading from prescribed dose to intensity of the response are considered below.








Administration


Dosage size and the route and timing of administration are important determinants of drug responses. Accordingly, the prescriber will consider these variables with care. Unfortunately, because of poor patient adherence and medication errors by hospital staff, drugs are not always administered as prescribed. The result may be toxicity (if the dosage is too high) or treatment failure (if the dosage is too low). To help minimize errors caused by poor adherence, you should give patients complete instruction about their medication and how to take it.


Medication errors made by hospital staff may result in a drug being administered by the wrong route, in the wrong dose, or at the wrong time; the patient may even be given the wrong drug. These errors can be made by pharmacists, physicians, and nurses. Any of these errors will detract from achieving the therapeutic objective. Medication errors are discussed at length in Chapter 7.














Pharmacokinetics


Pharmacokinetic processes determine how much of an administered dose gets to its sites of action. There are four major pharmacokinetic processes: (1) drug absorption, (2) drug distribution, (3) drug metabolism, and (4) drug excretion. Collectively, these processes can be thought of as the impact of the body on drugs. These pharmacokinetic processes are discussed at length in Chapter 4.














Pharmacodynamics


Once a drug has reached its sites of action, pharmacodynamic processes determine the nature and intensity of the response. Pharmacodynamics can be thought of as the impact of drugs on the body. In most cases, the initial step leading to a response is the binding of a drug to its receptor. This drug-receptor interaction is followed by a sequence of events that ultimately results in a response. As indicated in Figure 1–1, the patient’s “functional state” can influence pharmacodynamic processes. For example, a patient who has developed tolerance to morphine will respond less intensely to a particular dose than will a patient who lacks tolerance. Placebo (psychologic) effects also help determine the responses that a drug elicits. Pharmacodynamics is discussed at length in Chapter 5.














Sources of individual variation


Characteristics unique to each patient can influence pharmacokinetic and pharmacodynamic processes and, by doing so, can help determine the patient’s response to a drug. As indicated in Figure 1–1, sources of individual variation include drug interactions; physiologic variables (eg, age, gender, weight); pathologic variables (especially diminished function of the kidneys and liver, the major organs of drug elimination); and genetic variables. Genetic factors can alter the metabolism of drugs and can predispose the patient to unique drug reactions. Because individuals differ from one another, no two patients will respond identically to the same drug regimen. Accordingly, in order to achieve the therapeutic objective, we must tailor drug therapy to the individual. Individual variation in drug responses is the subject of Chapter 8.




















Summary


Whenever medicines are used, our goal is to promote desired effects and minimize adverse effects. In order to achieve this objective, we need to understand pharmacokinetics and pharmacodynamics, the principal determinants of drug responses. In addition, we must account for potential sources of individual variation in drug responses. When all of these considerations are made, the resulting regimen will be tailored to the individual, and hence should produce maximum benefit with minimum harm.




















Key points







[image: ] The most important properties of an ideal drug are effectiveness, safety, and selectivity.


[image: ] If a drug is not effective, it should not be used.


[image: ] There is no such thing as a safe drug: All drugs can cause harm.


[image: ] There is no such thing as a selective drug: All drugs can cause side effects.


[image: ] The objective of drug therapy is to provide maximum benefit with minimum harm.


[image: ] Because all patients are unique, drug therapy must be tailored to each individual.
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Our principal goal in this chapter is to answer the question “Why should a nursing student learn pharmacology?” By addressing this question, I want to give you some extra motivation to study. Why do I think you might need some motivation? Because I have known many students who, at the beginning of my pharmacology course, questioned the value of learning the material. With some luck, when you complete the chapter, you will be convinced that understanding drugs is essential for nursing practice, and that putting time and effort into learning about drugs will be a good investment. If you are already convinced that understanding pharmacology is important, then just scan the chapter quickly. However, if you are skeptical, then read it carefully. Hopefully, doing so will help you see the light, and thereby boost your motivation for the job ahead.













Evolution of nursing responsibilities regarding drugs


In the past, a nurse’s responsibility regarding medications focused on the Five Rights of Drug Administration, namely, give the right drug to the right patient in the right dose by the right route at the right time. More recently, a Sixth Right—right documentation—was added. Clearly, the Six Rights are important. However, although these basics are important, much more is required to achieve the therapeutic objective. The Six Rights guarantee only that a drug will be administered as prescribed. Correct administration, without additional interventions, cannot ensure that treatment will result in maximum benefit and minimum harm.


The limitations of the Six Rights can be illustrated with this analogy: The nurse who sees his or her responsibility as being done following correct drug administration would be like a major league baseball pitcher who felt that his responsibility was over once he had thrown the ball toward the batter. As the pitcher must be ready to respond to the consequences of the interaction between ball and bat, you must be ready to respond to the consequences of the interaction between drug and patient. Put another way, although both the nurse and the pitcher have a clear obligation to deliver their respective “pills” in the most appropriate fashion, proper delivery is only the beginning of their responsibilities: Important events will take place after the “pill” is delivered, and these must be responded to. Like the pitcher, the nurse can respond rapidly and effectively only by anticipating (knowing in advance) what the possible reactions to the pill might be.


In order to anticipate possible reactions, both the nurse and the pitcher require certain kinds of knowledge. Just as the pitcher must understand the abilities of the opposing batter, you must understand the patient and the disorder for which he or she is being treated. As the pitcher must know the most appropriate pitch (eg, fast ball, curve, slider) to deliver in specific circumstances, you must know what medications are appropriate for the patient and must check to ensure that the medication ordered is among them. Conversely, as the pitcher must know what pitches not to throw at a particular batter, you must know what drugs are contraindicated for the patient. As the pitcher must know the most likely outcome after the ball and bat interact, you must know the probable consequences of the interaction between drug and patient.


Although this analogy is not perfect (the nurse and patient are on the same team, whereas the pitcher and batter are not), it does help us appreciate that the nurse’s responsibility extends well beyond the Six Rights. Consequently, in addition to the limited information needed to administer drugs in accordance with the Six Rights, you must acquire a broad base of pharmacologic knowledge so as to contribute fully to achieving the therapeutic objective.


In drug therapy today, nurses, together with physicians and pharmacists, participate in a system of checks and balances designed to promote beneficial effects and minimize harm. Nurses are especially important in this system because it is the nurse—not the physician or pharmacist—who follows the patient’s status most closely. As a result, you are likely to be the first member of the healthcare team to observe and evaluate drug responses, and to intervene if required. In order to observe and evaluate drug responses, and in order to intervene rapidly and appropriately, you must know in advance the responses that a medication is likely to elicit. Put another way, in order to provide professional care, you must understand drugs. The better your knowledge of pharmacology, the better you will be able to anticipate drug responses and not simply react to them after the fact.


Within our system of checks and balances, the nurse has an important role as patient advocate. It is your responsibility to detect mistakes made by pharmacists and prescribers—and mistakes will be made. For example, the prescriber may overlook potential drug interactions, or may be unaware of alterations in the patient’s status that would preclude use of a particular drug, or may select the correct drug but may order an inappropriate dosage or route of administration. Because the nurse actually administers drugs, the nurse is the last person to check medications before they are given. Consequently, you are the patient’s last line of defense against medication errors. It is ethically and legally unacceptable for you to administer a drug that is harmful to the patient—even though the medication has been prescribed by a licensed prescriber and dispensed by a licensed pharmacist. In your role as patient advocate, you must protect the patient against medication errors made by other members of the healthcare team. In serving as patient advocate, it is impossible to know too much about drugs.














Application of pharmacology in patient care


The two major areas in which you can apply pharmacologic knowledge are patient care and patient education. Patient care is considered in this section. Patient education is considered in the section that follows. In discussing the applications of pharmacology in patient care, we focus on seven aspects of drug therapy: (1) preadministration assessment, (2) dosage and administration, (3) evaluating and promoting therapeutic effects, (4) minimizing adverse effects, (5) minimizing adverse interactions, (6) making PRN decisions, and (7) managing toxicity.








Preadministration assessment


All drug therapy begins with assessment of the patient. Assessment has three basic goals: (1) collecting baseline data needed to evaluate therapeutic and adverse responses, (2) identifying high-risk patients, and (3) assessing the patient’s capacity for self-care. The first two goals are highly specific for each drug. Accordingly, we cannot achieve these goals without understanding pharmacology. The third goal applies generally to all drugs, and hence it does not usually require specific knowledge of the drug you are about to give. Preadministration assessment is discussed here and again under Application of the Nursing Process in Drug Therapy.













Collecting baseline data.


Baseline data are needed to evaluate drug responses, both therapeutic and adverse. For example, if we plan to give a drug to lower blood pressure, we must know the patient’s blood pressure prior to treatment. Without these data, we would have no way of determining the effectiveness of our drug. Similarly, if we are planning to give a drug that can damage the liver, we need to assess baseline liver function in order to evaluate this potential toxicity. Obviously, in order to collect appropriate baseline data, we must first know the effects that our drug is likely to produce.














Identifying high-risk patients.


Multiple factors can predispose an individual to adverse reactions from specific drugs. Important predisposing factors are pathophysiology (especially liver and kidney impairment), genetic factors, drug allergies, pregnancy, old age, and extreme youth.


Patients with penicillin allergy provide a dramatic example of those at risk: Giving penicillin to such a patient can be fatal. Accordingly, whenever treatment with penicillin is under consideration, we must determine if the patient has had an allergic reaction to a penicillin in the past. If there is a history of penicillin allergy, an alternative antibiotic should be employed. If there is no effective alternative, facilities for managing a severe reaction should be in place before the drug is given.


From the preceding example, we can see that, when planning drug therapy, we must identify patients who are at high risk of reacting adversely. To identify such patients, we use three principal tools: the patient history, physical examination, and laboratory data. Of course, if identification is to be successful, you must know what to look for (ie, you must know the factors that can increase the risk of severe reactions to the drug in question). Once the high-risk patient has been identified, we can take steps to reduce the risk. We might select an alternative drug, or, if no alternative is available, we can at least prepare in advance to manage a possible adverse event.


























Dosage and administration


Earlier we noted the Six Rights of Drug Administration and agreed on their importance. Although you can implement the Six Rights without a detailed knowledge of pharmacology, having this knowledge can help reduce your contribution to medication errors. The following examples illustrate this point:




• Certain drugs have more than one indication, and dosage may differ depending on which indication the drug is used for. Aspirin, for example, is given in low doses to relieve pain and in high doses to suppress inflammation (eg, in patients with arthritis). If you don’t know about these differences, you might administer too much aspirin to the patient with pain or too little to the patient with inflammation.


• Many drugs can be administered by more than one route, and dosage may differ depending upon the route selected. Morphine, for example, may be administered by mouth or by injection (eg, subcutaneous, intramuscular, intravenous). Oral doses are generally much larger than injected doses. Accordingly, if a large dose intended for oral use were to be mistakenly administered by injection, the result could prove fatal. The nurse who understands the pharmacology of morphine is unlikely to make this error.


• Certain intravenous agents can cause severe local injury if the line through which they are being infused becomes extravasated. Accordingly, when such drugs are given, special care must be taken to prevent extravasation. The infusion must be monitored closely, and, if extravasation occurs, corrective steps must be taken immediately. The nurse who doesn’t understand these drugs will be unprepared to work with them safely.





The following basic guidelines can help ensure correct administration:




• Read the medication order carefully. If the order is unclear, verify it with the prescriber.


• Verify the identity of the patient by comparing the name on the wristband with the name on the drug order or medication administration record.


• Read the medication label carefully. Verify the identity of the drug, the amount of drug (per tablet, volume of liquid, etc.), and its suitability for administration by the intended route.


• Verify dosage calculations.


• Implement any special handling the drug may require.


• Don’t administer any drug if you don’t understand the reason for its use.





Measures to minimize medication errors are discussed further in Chapter 7 (Adverse Drug Reactions and Medication Errors).














Evaluating and promoting therapeutic effects













Evaluating therapeutic responses.


Evaluation is one of the most important aspects of drug therapy. After all, this is the process that tells us whether or not a drug is doing anything useful. Because the nurse follows the patient’s status most closely, the nurse is in the best position to evaluate therapeutic responses.


In order to make an evaluation, you must know the rationale for treatment and the nature and time course of the intended response. If you lack this knowledge, you will be unable to evaluate the patient’s progress. When beneficial responses develop as hoped for, ignorance of expected effects might not be so bad. However, when desired responses do not occur, it may be essential to identify the failure quickly, so that timely implementation of alternative therapy may ordered.


When evaluating responses to a drug that has more than one application, you can do so only if you know the specific indication for which the drug is being used. Nifedipine, for example, is given for two cardiovascular disorders: hypertension and angina pectoris. When the drug is used for hypertension, you should monitor for a reduction in blood pressure. In contrast, when this drug is used for angina, you should monitor for a reduction in chest pain. Clearly, if you are to make the proper evaluation, you must understand the reason for drug use.














Promoting patient adherence.


Adherence—also known as compliance or concordance—may be defined as the extent to which a patient’s behavior coincides with medical advice. If we are to achieve the therapeutic objective, adherence is essential. Drugs that are self-administered in the wrong dose, by the wrong route, or at the wrong time cannot produce maximum benefit—and may even prove harmful. Obviously, successful therapy requires active and informed participation by the patient. By educating patients about the drugs they are taking, you can help elicit the required participation.














Implementing nondrug measures.


Drug therapy can often be enhanced by nonpharmacologic measures. Examples include (1) enhancing drug therapy of asthma through breathing exercises, biofeedback, and emotional support; (2) enhancing drug therapy of arthritis through exercise, physical therapy, and rest; and (3) enhancing drug therapy of hypertension through weight reduction, smoking cessation, and sodium restriction. As a nurse, you may provide these supportive measures directly, through patient education, or by coordinating the activities of other healthcare providers.


























Minimizing adverse effects


All drugs have the potential to produce undesired effects. Common examples include gastric erosion caused by aspirin, sedation caused by older antihistamines, hypoglycemia caused by insulin, and excessive fluid loss caused by diuretics. When drugs are employed properly, the incidence and severity of such events can be reduced. Measures to reduce adverse events include identifying high-risk patients through the patient history, ensuring proper administration through patient education, and forewarning patients about activities that might precipitate an adverse event.


When untoward effects cannot be avoided, discomfort and injury can often be minimized by appropriate intervention. For example, timely administration of glucose will prevent brain damage from insulin-induced hypoglycemia. In order to help reduce adverse effects, you must know the following about the drugs you are working with:




• The major adverse effects the drug can produce


• When these reactions are likely to occur


• Early signs that an adverse reaction is developing


• Interventions that can minimize discomfort and harm

















Minimizing adverse interactions


When a patient is taking two or more drugs, those drugs may interact with one another to diminish therapeutic effects or intensify adverse effects. For example, the ability of oral contraceptives to protect against pregnancy can be reduced by concurrent therapy with carbamazepine (an antiseizure drug), and the risk of thromboembolism from oral contraceptives can be increased by smoking cigarettes.


As a nurse, you can help reduce the incidence and intensity of adverse interactions in several ways. These include taking a thorough drug history, advising the patient to avoid over-the-counter drugs that can interact with the prescribed medication, monitoring for adverse interactions known to occur between the drugs the patient is taking, and being alert for as-yet unknown interactions.














Making PRN decisions


A PRN medication order is one in which the nurse has discretion regarding how much drug to give and when to give it. (PRN stands for pro re nata, a Latin phrase meaning as needed or as the occasion arises.) PRN orders are common for drugs that promote sleep, relieve pain, and reduce anxiety. In order to implement a PRN order rationally, you must know the reason for drug use and be able to assess the patient’s medication needs. Clearly, the better your knowledge of pharmacology, the better your PRN decisions are likely to be.














Managing toxicity


Some adverse drug reactions are extremely dangerous. Hence, if toxicity is not diagnosed early and responded to quickly, irreversible injury or death can result. In order to minimize harm, you must know the early signs of toxicity and the procedure for toxicity management.




















Application of pharmacology in patient education


Very often, the nurse is responsible for educating patients about medications. In your role as educator, you must give the patient the following information:




• Drug name and therapeutic category (eg, penicillin: antibiotic)


• Dosage size


• Dosing schedule


• Route and technique of administration


• Expected therapeutic response and when it should develop


• Nondrug measures to enhance therapeutic responses


• Duration of treatment


• Method of drug storage


• Symptoms of major adverse effects, and measures to minimize discomfort and harm


• Major adverse drug-drug and drug-food interactions


• Whom to contact in the event of therapeutic failure, severe adverse reactions, or severe adverse interactions





In order to communicate this information effectively and accurately, you must first understand it. That is, to be a good drug educator, you must know pharmacology.


In the discussion below, we consider the relationship between patient education and the following aspects of drug therapy: dosage and administration, promoting therapeutic effects, minimizing adverse effects, and minimizing adverse interactions.








Dosage and administration













Drug name.


The patient should know the name of the medication he or she is taking. If the drug has been prescribed by trade name, the patient should be given its generic name too. This information will reduce the risk of overdose that can result when a patient fails to realize that two prescriptions that bear different names actually contain the same medicine.














Dosage size and schedule of administration.


Patients must be told how much drug to take and when to take it. For some medications, dosage must be adjusted by the patient. Insulin is a good example. For insulin therapy to be most beneficial, the patient must adjust doses to accommodate changes in caloric intake. How to make this adjustment is taught by the nurse.


With PRN medications, the schedule of administration is not fixed. Rather, these drugs are taken as conditions require. For example, some people with asthma experience exercise-induced bronchospasm. To minimize such attacks, they can take supplementary medication prior to anticipated exertion. It is your responsibility to teach patients when PRN drugs should be taken.


The patient should know what to do if a dose is missed. With certain oral contraceptives, for example, if one dose is missed, the omitted dose should be taken together with the next scheduled dose. However, if three or more doses are missed, a new cycle of administration must be initiated.


Some patients have difficulty remembering whether or not they have taken their medication. Possible causes include mental illness, advanced age, and complex regimens. To facilitate accurate dosing, you can provide the patient with a pill box that has separate compartments for each day of the week, and then teach him or her to load the compartments weekly. To determine if they have taken their medicine, patients can simply examine the box.














Technique of administration.


Patients must be taught how to administer their drugs. This is especially important for routes that may be unfamiliar (eg, sublingual for nitroglycerin) and for techniques that can be difficult (eg, subcutaneous injection of insulin). Patients taking oral medications may require special instructions. For example, some oral preparations must not be chewed or crushed; some should be taken with fluids; and some should be taken with meals, whereas others should not. Careful attention must be paid to the patient who, because of disability (eg, visual or intellectual impairment, limited manual dexterity), may find self-medication difficult.














Duration of drug use.


Just as patients must know when to take their medicine, they must know when to stop. In some cases (eg, treatment of acute pain), patients should discontinue drug use as soon as symptoms subside. In other cases (eg, treatment of hypertension), patients should know that therapy will probably continue lifelong. For other conditions (eg, gastric ulcers), medication may be prescribed for a specific time interval, after which the patient should return for re-evaluation.














Drug storage.


Certain medications are chemically unstable and hence deteriorate rapidly if stored improperly. Patients who are using unstable drugs must be taught how to store them correctly (eg, under refrigeration, in a light-proof container). All drugs should be stored where children can’t reach them.


























Promoting therapeutic effects


In order to participate fully in achieving the therapeutic objective, patients must know the nature and time course of expected beneficial effects. With this knowledge, patients can help evaluate the success or failure of treatment. By recognizing treatment failure, the informed patient will be able to seek timely implementation of alternative therapy.


With some drugs, such as those used to treat depression and schizophrenia, beneficial effects are delayed, taking several weeks to become maximal. Awareness that treatment may not produce immediate results allows the patient to have realistic expectations and helps reduce anxiety about therapeutic failure.


As noted, nondrug measures can complement drug therapy. For example, although drugs are useful in managing high cholesterol, exercise and diet are also important. Teaching the patient about nondrug measures can greatly increase the chances of success.














Minimizing adverse effects


Knowledge of adverse drug effects will enable the patient to avoid some adverse effects and minimize others through early detection. The following examples underscore the value of educating patients about the undesired effects of drugs:




• Insulin overdose can cause blood glucose levels to drop precipitously. Early signs of hypoglycemia include sweating and increased heart rate. The patient who has been taught to recognize these early signs can respond by ingesting glucose-rich foods, thereby restoring blood sugar to a safe level. In contrast, the patient who fails to recognize evolving hypoglycemia and does not ingest glucose may become comatose, and may even die.


• Many anticancer drugs predispose patients to acquiring serious infections. The patient who is aware of this possibility can take steps to avoid contagion (eg, avoiding contact with people who have an infection; avoiding foods likely to contain pathogens). In addition, the informed patient is in a position to notify the prescriber at the first sign that an infection is developing, thereby allowing rapid treatment. In contrast, the patient who has not received adequate education is at increased risk of illness or death from an infectious disease.


• Some side effects, although benign, can be disturbing if they occur without warning. For example, rifampin (a drug for tuberculosis) imparts a harmless red-orange color to urine, sweat, saliva, and tears. Your patient will appreciate knowing about this in advance.

















Minimizing adverse interactions


Patient education can help avoid hazardous drug-drug and drug-food interactions. For example, phenelzine (an antidepressant) can cause dangerous elevations in blood pressure if taken in combination with certain drugs (eg, amphetamines) or certain foods (eg, figs, avocados, most cheeses). Accordingly, it is essential that patients taking phenelzine be given explicit and emphatic instruction regarding the drugs and foods they must avoid.




















Application of the nursing process in drug therapy


The nursing process is a conceptual framework that nurses employ to guide healthcare delivery. In this section we consider how the nursing process can be applied in drug therapy.








Review of the nursing process


Before discussing the nursing process as it applies to drug therapy, we need to review the process itself. Since you are probably familiar with the process already, this review is brief.


In its simplest form, the nursing process can be viewed as a cyclic procedure that has five basic steps: (1) assessment, (2) analysis (including nursing diagnoses), (3) planning, (4) implementation, and (5) evaluation.













Assessment.


Assessment consists of collecting data about the patient. These data are used to identify actual and potential health problems. The database established during assessment provides a foundation for subsequent steps in the process. Important methods of data collection are the patient interview, medical and drug-use histories, the physical examination, observation of the patient, and laboratory tests.














Analysis: nursing diagnoses.


In this step, the nurse analyzes the database to determine actual and potential health problems. These problems may be physiologic, psychologic, or sociologic. Each problem is stated in the form of a nursing diagnosis, which can be defined as an actual or potential health problem that nurses are qualified and licensed to treat.


A complete nursing diagnosis consists of two statements: (1) a statement of the patient’s actual or potential health problem, followed by (2) a statement of the problem’s probable cause or risk factors. Typically, the statements are separated by the phrase related to, as in this example of a drug-associated nursing diagnosis: “noncompliance with the prescribed regimen [the problem] related to inability to self-administer medication [the cause].”














Planning.


In the planning step, the nurse delineates specific interventions directed at solving or preventing the problems identified in analysis. The plan must be individualized for each patient. When creating a care plan, the nurse must define goals, set priorities, identify nursing interventions, and establish criteria for evaluating success. In addition to nursing interventions, the plan should include interventions performed by other healthcare providers. Planning is an ongoing process that must be modified as new data are gathered.














Implementation (intervention).


Implementation begins with carrying out the interventions identified during planning. Some interventions are collaborative while others are independent. Collaborative interventions require a physician’s order, whereas independent interventions do not. In addition to carrying out interventions, implementation involves coordinating actions of other members of the healthcare team. Implementation is completed by observing and documenting the outcomes of treatment. Documentation should be thorough and precise.














Evaluation.


This step is performed to determine the degree to which treatment has succeeded. Evaluation is accomplished by analyzing the data collected during implementation. Evaluation should identify those interventions that should be continued, those that should be discontinued, and potential new interventions that might be implemented. Evaluation completes the initial cycle of the nursing process and provides the basis for beginning the cycle anew.


























Applying the nursing process in drug therapy


Having reviewed the nursing process itself, we can now discuss the process as it pertains to drug therapy. Recall that the overall objective in drug therapy is to produce maximum benefit with minimum harm. To accomplish this, we must take into account the unique characteristics of each patient. That is, we must individualize therapy. The nursing process is well suited to this goal. As the discussion below indicates, in order to apply the nursing process in drug therapy, you must first have a solid knowledge of pharmacology. You will also see that applying the nursing process to drug therapy is, in large part, an exercise in common sense.








Preadministration assessment


Preadministration assessment establishes the baseline data needed to tailor drug therapy to the individual. By identifying the variables that can affect an individual’s responses to drugs, we can adapt treatment so as to maximize benefits and minimize harm. Preadministration assessment has four basic goals:




• Collection of baseline data needed to evaluate therapeutic responses


• Collection of baseline data needed to evaluate adverse effects


• Identification of high-risk patients


• Assessment of the patient’s capacity for self-care





The first three goals are specific to the particular drug being used. Accordingly, in order to achieve these goals, you must know the pharmacology of the drug under consideration. The fourth goal applies more or less equally to all drugs—although this goal may be more critical for some drugs than others.


Important methods of data collection include interviewing the patient and family, observing the patient, performing a physical examination, ordering laboratory tests, and taking the patient’s medical and drug histories. The drug history should include prescription drugs, over-the-counter drugs, herbal remedies, and drugs taken for nonmedical purposes (alcohol, nicotine, caffeine, illicit drugs). Prior adverse drug reactions should be noted, including drug allergies and idiosyncratic reactions (ie, reactions unique to the individual).








Baseline data needed to evaluate therapeutic effects.


Drugs are administered to achieve a desired response. In order to know if we have produced that response, we need to establish baseline measurements of the parameter that therapy is directed at changing. For example, if we are giving a drug to lower blood pressure, we need to know what the patient’s blood pressure was prior to treatment. Without this information, we have no basis for determining the effect of our drug. And if we can’t determine whether or not a drug is working, there’s little justification for giving it. From the above example, it should be obvious that, in order to know what baseline measurements to make, you must first know the reason for drug use. This knowledge comes from studying pharmacology.














Baseline data needed to evaluate adverse effects.


All drugs have the ability to produce undesired effects. In most cases, the adverse effects that a particular drug can produce are known. In many cases, development of an adverse effect will be completely obvious in the absence of any baseline data. For example, we don’t need special baseline data to know that hair loss following cancer chemotherapy was caused by the drug. However, in other cases, baseline data are needed to determine whether or not an adverse effect has occurred. For example, some drugs can impair liver function. In order to know if a drug has compromised liver function, we need to know the state of liver function prior to drug use. Without this information, we can’t tell from later measurements whether liver dysfunction was pre-existing or caused by the drug. Clearly, in cases like this, baseline data are needed. As noted earlier, knowing what data to collect comes directly from your knowledge of the drug under consideration.














Identification of high-risk patients.


Because of his or her individual characteristics, a particular patient may be at high risk of experiencing an adverse response to a particular drug. Just which individual characteristics will predispose a patient to an adverse reaction depends on the drug under consideration. For example, if a drug is eliminated from the body primarily by renal excretion, an individual with impaired kidney function will be at risk of having this drug accumulate to a toxic level. Similarly, if a drug is eliminated by the liver, an individual with impaired liver function will be at risk of having that drug accumulate to a toxic level. The message here is that, in order to identify the patient at risk, you must know the pharmacology of the drug to be administered.


Multiple factors can increase the patient’s risk of adverse reactions to a particular drug. Impaired liver and kidney function were just mentioned. Other factors include age, body composition, pregnancy, diet, genetic heritage, other drugs being used, and practically any pathophysiologic condition. These factors are discussed at length in Chapter 6 (Drug Interactions), Chapter 7 (Adverse Drug Reactions and Medication Errors), Chapter 8 (Individual Variation in Drug Responses), Chapter 9 (Drug Therapy During Pregnancy and Breast-Feeding), Chapter 10 (Drug Therapy in Pediatric Patients), and Chapter 11 (Drug Therapy in Geriatric Patients).


When identifying factors that put the patient at risk, you should distinguish between factors that put the patient at extremely high risk versus factors that put the patient at moderate or low risk. The terms contraindication and precaution can be used for this distinction. A contraindication is defined as a pre-existing condition that precludes use of a particular drug under all but the most desperate circumstances. For example, a previous severe allergic reaction to penicillin (which can be life threatening) would be a contraindication to using penicillin again—unless the patient has a life-threatening infection that cannot be controlled with another antibiotic. A precaution, by contrast, can be defined as a pre-existing condition that significantly increases the risk of an adverse reaction to a particular drug, but not to a degree that is life threatening. For example, a previous mild allergic reaction to penicillin would constitute a precaution to using this drug again. That is, the drug may be used, but greater than normal caution must be exercised. Preferably, an alternative drug would be selected.














Assessment of the patient’s capacity for self-care.


If drug therapy is to succeed, the outpatient must be willing and able to self-administer medication as prescribed. Accordingly, his or her capacity for self-care must be determined. If assessment reveals that the patient is incapable of self-medication, alternative care must be arranged.


Multiple factors can affect the capacity for self-care and the probability of adhering to the prescribed regimen. Patients with reduced visual acuity or limited manual dexterity may be unable to self-medicate, especially if the technique for administration is complex. Patients with limited intellectual ability may be incapable of understanding or remembering what they are supposed to do. Patients with severe mental illness (eg, depression, schizophrenia) may lack the understanding or motivation needed to self-medicate. Some patients may lack the money to pay for drugs. Others may fail to take medications as prescribed because of individual or cultural attitudes toward drugs. Among geriatric patients, a common cause for failed self-medication is a conviction that the drug was simply not needed in the dosage prescribed. A thorough assessment will identify all of these factors, thereby enabling you to account for them when formulating nursing diagnoses and the patient care plan.




















Analysis and nursing diagnoses


With respect to drug therapy, the analysis phase of the nursing process has three objectives. First, you must judge the appropriateness of the prescribed regimen. Second, you must identify potential health problems that the drug might cause. Third, you must determine the patient’s capacity for self-care.


As the last link in the patient’s chain of defense against inappropriate drug therapy, you must analyze the data collected during assessment to determine if the proposed treatment has a reasonable likelihood of being effective and safe. This judgment is made by considering the medical diagnosis, the known actions of the prescribed drug, the patient’s prior responses to the drug, and the presence of contraindications to the drug. You should question the drug’s appropriateness if (1) the drug has no actions that are known to benefit individuals with the patient’s medical diagnosis, (2) the patient failed to respond to the drug in the past, (3) the patient had a serious adverse reaction to the drug in the past, or (4) the patient has a condition or is using a drug that contraindicates the prescribed drug. If any of these conditions apply, you should consult with the prescriber to determine if the drug should be given.


Analysis must identify potential adverse effects and drug interactions. This is accomplished by integrating knowledge of the drug under consideration and the data collected during assessment. Knowledge of the drug itself will indicate adverse effects that practically all patients are likely to experience. Data on the individual patient will indicate additional adverse effects and interactions to which the particular patient is predisposed. Once potential adverse effects and interactions have been identified, pertinent nursing diagnoses can be easily formulated. For example, if treatment is likely to cause respiratory depression, an appropriate nursing diagnosis would be “impaired gas exchange related to drug therapy.” Table 2–1 presents additional examples of nursing diagnoses that can be readily derived from your knowledge of adverse effects and interactions that treatment may cause.




TABLE 2–1 [image: ]


Examples of Nursing Diagnoses That Can Be Derived from Knowledge of Adverse Drug Effects








	Drug

	Adverse Effect

	Related Nursing Diagnosis










	Amphetamine

	CNS stimulation

	Disturbed sleep pattern related to drug-induced CNS excitation






	Aspirin

	Gastric erosion

	Pain related to aspirin-induced gastric erosion






	Atropine

	Urinary retention

	Urinary retention related to drug therapy






	Bethanechol

	Stimulation of GI smooth muscle

	Bowel incontinence related to drug-induced increase in bowel motility






	Clonidine

	Impotence

	Sexual dysfunction related to drug-induced impotence






	Cyclophosphamide

	Reduction in white blood cell counts

	Risk for infection related to drug-induced neutropenia






	Digoxin

	Dysrhythmias

	Ineffective tissue perfusion related to drug-induced cardiac dysrhythmias






	Furosemide

	Excessive urine production

	Deficient fluid volume related to drug-induced diuresis






	Gentamicin

	Damage to the eighth cranial nerve

	Disturbed sensory perception: hearing impairment related to drug therapy






	Glucocorticoids

	Thinning of the skin

	Impaired skin integrity related to drug therapy






	Haloperidol

	Involuntary movements

	Low self-esteem related to drug-induced involuntary movements






	Nitroglycerin

	Hypotension

	Risk for injury related to dizziness caused by drug-induced hypotension






	Propranolol

	Bradycardia

	Decreased cardiac output related to drug-induced bradycardia






	Warfarin

	Spontaneous bleeding

	Risk for injury related to drug-induced bleeding









CNS = central nervous system, GI = gastrointestinal.





Analysis must characterize the patient’s capacity for self-care. The analysis should indicate potential impediments to self-care (eg, visual impairment, reduced manual dexterity, impaired cognitive function, insufficient understanding of the prescribed regimen) so that these factors can be addressed in the care plan. To varying degrees, nearly all patients will be unfamiliar with self-medication and the drug regimen. Accordingly, a nursing diagnosis applicable to almost every patient is “deficient knowledge related to the drug regimen.”














Planning


Planning consists of defining goals, establishing priorities, identifying specific interventions, and establishing criteria for evaluating success. Good planning will allow you to promote beneficial drug effects. Of equal or greater importance, good planning will allow you to anticipate adverse effects—rather than react to them after the fact.








Defining goals.


In all cases, the goal of drug therapy is to produce maximum benefit with minimum harm. That is, we want to employ drugs in such a way as to maximize therapeutic responses while preventing or minimizing adverse reactions and interactions. The objective of planning is to formulate ways to achieve this goal.














Setting priorities.


This requires knowledge of the drug under consideration and the patient’s unique characteristics—and even then, setting priorities can be difficult. Highest priority is given to life-threatening conditions (eg, anaphylactic shock, ventricular fibrillation). These may be drug induced or the result of disease. High priority is also given to reactions that cause severe, acute discomfort and to reactions that can result in long-term harm. Since we cannot manage all problems simultaneously, less severe problems must wait until the patient and care provider have the time and resources to address them.














Identifying interventions.


The heart of planning is identification of nursing interventions. These interventions can be divided into four major groups: (1) drug administration, (2) interventions to enhance therapeutic effects, (3) interventions to minimize adverse effects and interactions, and (4) patient education (which encompasses information in the first three groups).


When planning drug administration, you must consider dosage size and route of administration as well as less obvious factors, including timing of administration with respect to meals and with respect to administration of other drugs. Timing with respect to side effects is also important. For example, if a drug causes sedation, it may be desirable to give the drug at bedtime, rather than in the morning or during the day.


Nondrug measures can help promote therapeutic effects and should be included in the plan. For example, drug therapy of hypertension can be combined with weight loss (in overweight patients), salt restriction, and smoking cessation.


Interventions to prevent or minimize adverse effects are of obvious importance. When planning these interventions, you should distinguish between reactions that develop quickly and reactions that are delayed. A few drugs can cause severe adverse reactions (eg, anaphylactic shock) shortly after administration. When planning to administer such a drug, you should ensure that facilities for managing possible reactions are immediately available. Delayed reactions can often be minimized, if not avoided entirely. The plan should include interventions to do so.


Well-planned patient education is central to success. The plan should account for the patient’s capacity to learn, and it should address the following: technique of administration, dosage size and timing, duration of treatment, method of drug storage, measures to promote therapeutic effects, and measures to minimize adverse effects. Patient education is discussed at length above.














Establishing criteria for evaluation.


The need for objective criteria by which to measure desired drug responses is obvious: Without such criteria we could not determine if our drug was doing anything useful. As a result, we would have no rational basis for making dosage adjustments or for deciding how long treatment should last. If the drug is to be used on an outpatient basis, follow-up visits for evaluation should be planned.




















Implementation


Implementation of the care plan in drug therapy has four major components: (1) drug administration, (2) patient education, (3) interventions to promote therapeutic effects, and (4) interventions to minimize adverse effects. These critical nursing activities are discussed at length above.














Evaluation


Over the course of drug therapy, the patient must be evaluated for (1) therapeutic responses, (2) adverse drug reactions and interactions, (3) adherence to the prescribed regimen, and (4) satisfaction with treatment. How frequently evaluations are performed depends on the expected time course of therapeutic and adverse effects. Like assessment, evaluation is based on laboratory tests, observation of the patient, physical examination, and patient interviews. The conclusions drawn during evaluation provide the basis for modifying nursing interventions and the drug regimen.


Therapeutic responses are evaluated by comparing the patient’s current status with the baseline data. In order to evaluate treatment, you must know the reason for drug use, the criteria for success (as defined during planning), and the expected time course of responses (some drugs act within minutes, whereas others may take weeks to produce beneficial effects).


The need to anticipate and evaluate adverse effects is self-evident. To make these evaluations, you must know which adverse effects are likely to occur, how they manifest, and their probable time course. The method of monitoring is determined by the expected effect. For example, if hypotension is expected, blood pressure is monitored; if constipation is expected, bowel function is monitored; and so on. Since some adverse effects can be fatal in the absence of timely detection, it is impossible to overemphasize the importance of monitoring and being prepared for rapid intervention.


Evaluation of adherence is desirable in all patients—and is especially valuable when therapeutic failure occurs or when adverse effects are unexpectedly severe. Methods of evaluating adherence include measurement of plasma drug levels, interviewing the patient, and counting pills. The evaluation should determine if the patient understands when to take medication, what dosage to take, and the technique of administration.


Patient satisfaction with drug therapy increases quality of life and promotes adherence. If the patient is dissatisfied, an otherwise effective regimen may not be taken as prescribed. Factors that can cause dissatisfaction include unacceptable side effects, inconvenient dosing schedule, difficulty of administration, and high cost. When evaluation reveals dissatisfaction, an attempt should be made to alter the regimen to make it more acceptable.




















Use of a modified nursing process format to summarize nursing implications in this text


Throughout this text, nursing implications are integrated into the body of each chapter. The reason for integrating nursing information with basic science information is to reinforce the relationship between pharmacologic knowledge and nursing practice. In addition to being integrated, nursing implications are summarized at the end of most chapters. The purpose of the summaries is to provide a concise and readily accessible reference on patient care and patient education related to specific drugs and drug families.


The format employed for summarizing nursing implications reflects the nursing process (Table 2–2). However, as you can see, I have modified the headings somewhat. This was done to accommodate the needs of pharmacology instruction and to keep the summaries concise. The components of the format are discussed below.
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Modified Nursing Process Format Used for Summarizing Nursing Implications in This Text


Preadministration Assessment
Therapeutic Goal
Baseline Data
Identifying High-Risk Patients


Implementation: Administration
Routes
Administration


Implementation: Measures to Enhance Therapeutic Effects


Ongoing Evaluation and Interventions


Summary of Monitoring
Evaluating Therapeutic Effects
Minimizing Adverse Effects
Minimizing Adverse Interactions
Managing Toxicity
















Preadministration assessment.


This section summarizes the information you should have before giving a drug. Each section begins by stating the reason for drug use. This is followed by a summary of the baseline data needed to evaluate therapeutic and adverse effects. After this, contraindications and precautions are summarized, under the heading Identifying High-Risk Patients.














Implementation: administration.


This section summarizes routes of administration, guidelines for dosage adjustment, and special considerations in administration, such as timing with respect to meals, preparation of intravenous solutions, and unusual techniques of administration.














Implementation: measures to enhance therapeutic effects.


This section addresses issues such as diet modification, measures to increase comfort, and ways to promote adherence to the prescribed regimen.














Ongoing evaluation and interventions.


This section summarizes nursing implications that relate to drug responses, both therapeutic and undesired. As indicated in Table 2–2, the section has five subsections: (1) summary of monitoring, (2) evaluating therapeutic effects, (3) minimizing adverse effects, (4) minimizing adverse interactions, and (5) managing toxicity. The monitoring section summarizes the physiologic and psychologic parameters that must be monitored in order to evaluate therapeutic and adverse responses. The section on therapeutic effects summarizes criteria and procedures for evaluating therapeutic responses. The section on adverse effects summarizes the major adverse reactions that should be monitored for and presents interventions to minimize harm. The section on adverse interactions summarizes the major drug interactions to be alert for and gives interventions to minimize them. The section on toxicity describes major symptoms of toxicity and treatment.














Patient education.


This topic does not have a section of its own. Rather, patient education is integrated into the other sections. That is, as we summarize the nursing implications that relate to a particular topic, such as drug administration or a specific adverse effect, patient education related to that topic is discussed concurrently. This integration is done to promote clarity and efficiency of communication. In order to make this important information stand out, it appears in colored type.














What about diagnosis and planning?


These headings are not used in the summaries. There are several reasons for the omission, the dominant one being efficiency of communication.


Nursing diagnoses have been left out because they are extremely numerous and largely self-evident. Yes, I could have included a list of diagnoses for each drug. However, since nursing diagnoses derive from drug effects, and since all drugs cause many effects (primarily adverse), the list of diagnoses for each drug would be very long. Accordingly, since nursing diagnoses can be readily formulated from one’s knowledge of pharmacology, and since a long list of diagnoses would dilute the impact of other important information, I decided to omit nursing diagnoses from the summaries.


Planning has not been used as a heading for three reasons. First, planning applies primarily to the overall management of the disorder for which a particular drug is being used—and much less to the drug itself. Second, because planning is discussed at length and more appropriately in nonpharmacology nursing texts, such as those on medical-surgical nursing, there is no need to repeat this information here. Third, most planning is done with the aid of standardized nursing care plans—either computerized or in print format. These standardized plans are sufficient for most drug-related planning. Please note, however, that although we don’t have a separate heading for planning, critical issues in planning are nonetheless included.
































Summary


We began this chapter by asking, “Why should a nursing student learn pharmacology?” To answer the question, we explored the applications of pharmacology in nursing practice. We observed that nursing responsibilities regarding drugs go far beyond the Six Rights of Drug Administration. We observed also that the nurse has a critical role as patient advocate, serving as the patient’s last line of defense against medication errors. We then discussed multiple ways in which pharmacologic knowledge can be put to practical use in patient care and patient education. We saw that, by applying knowledge of pharmacology, you can have a positive influence on virtually all aspects of drug therapy, thereby helping to maximize benefits and minimize harm. Hopefully, your appreciation of the importance of pharmacology in nursing practice, coupled with your desire to provide optimal care, will provide the motivation you will need to develop an in-depth understanding of drugs.




















Key points







[image: ] Nursing responsibilities with regard to drugs extend far beyond the Six Rights of Drug Administration.


[image: ] You are the patient’s last line of defense against medication errors.


[image: ] Your knowledge of pharmacology has a wide variety of practical applications in patient care and patient education.


[image: ] By applying your knowledge of pharmacology, you will make a large contribution to achieving the therapeutic objective of maximum benefit with minimum harm.


[image: ] Application of the nursing process in drug therapy is directed at individualizing treatment, which is critical to achieving the therapeutic objective.


[image: ] The goal of preadministration assessment is to gather data needed for (1) evaluation of therapeutic and adverse effects, (2) identification of high-risk patients, and (3) assessment of the patient’s capacity for self-care.


[image: ] The analysis and diagnosis phase of treatment is directed at (1) judging the appropriateness of the prescribed therapy, (2) identifying potential health problems treatment might cause, and (3) characterizing the patient’s capacity for self-care.


[image: ] Planning is directed at (1) defining goals, (2) establishing priorities, and (3) establishing criteria for evaluating success.


[image: ] In the evaluation stage, the objective is to evaluate (1) therapeutic responses, (2) adverse reactions and interactions, (3) patient adherence, and (4) patient satisfaction with treatment.
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In this chapter we complete our introduction to pharmacology by considering five diverse but important topics. These are (1) drug regulation, (2) new drug development, (3) the annoying problem of drug names, (4) over-the-counter drugs, and (5) sources of drug information.













Landmark drug legislation


The history of drug legislation in the United States reflects an evolution in our national posture toward regulating the pharmaceutical industry. That posture has changed from one of minimal control to one of extensive control. For the most part, increased regulation has been beneficial, resulting in safer and more effective drugs.


The first American law to regulate drugs was the Federal Pure Food and Drug Act of 1906. This law was very weak: It required only that drugs be free of adulterants. The law said nothing about safety or effectiveness.


The Food, Drug and Cosmetic Act, passed in 1938, was much stronger than the Pure Food and Drug Act, and was the first legislation to address drug safety. The motivation behind the 1938 law was a tragedy in which more than 100 people died following use of a new medication. The lethal preparation contained an antibiotic (sulfanilamide) plus a solubilizing agent (diethylene glycol). Tests showed that the solvent was the cause of death. (Diethylene glycol is commonly used as automotive antifreeze.) To reduce the chances of another such tragedy, Congress required that all new drugs undergo testing for toxicity. The results of these tests were to be reviewed by the Food and Drug Administration (FDA), and only those drugs judged safe would receive FDA approval for marketing.


In 1962, Congress passed the Harris-Kefauver Amendments to the Food, Drug and Cosmetic Act. This law was created in response to the thalidomide tragedy that occurred in Europe in the early 1960s. Thalidomide is a sedative now known to cause birth defects and fetal death. Because the drug was used widely by pregnant women, thousands of infants were born with phocomelia, a rare birth defect characterized by the gross malformation or complete absence of arms or legs. This tragedy was especially poignant in that it resulted from nonessential drug use: The women who took thalidomide could have done very well without it. Thalidomide was not a problem in the United States because the drug never received approval by the FDA (see Chapter 107, Box 107–1).


Because of the European experience with thalidomide, the Harris-Kefauver Amendments sought to strengthen all aspects of drug regulation. A major provision of the bill required that drugs be proved effective before marketing. Remarkably, this was the first law to demand that drugs actually offer some benefit. The new act also required that all drugs that had been introduced between 1932 and 1962 undergo testing for effectiveness; any drug that failed to prove useful would be withdrawn. Lastly, the Harris-Kefauver Amendments established rigorous procedures for testing new drugs. These procedures are discussed below under New Drug Development.


In 1970, Congress passed the Controlled Substances Act (Title II of the Comprehensive Drug Abuse Prevention and Control Act). This legislation set rules for the manufacture and distribution of drugs considered to have the potential for abuse. One provision of the law defines five categories of controlled substances, referred to as Schedules I, II, III, IV, and V. Drugs in Schedule I have no accepted medical use in the United States and are deemed to have a high potential for abuse. Examples include heroin, mescaline, and lysergic acid diethylamide (LSD). Drugs in Schedules II through V have accepted medical applications but also have the potential for abuse. The abuse potential of these agents becomes progressively less as we proceed from Schedule II to Schedule V. The Controlled Substances Act is discussed further in Chapter 37 (Drug Abuse: Basic Considerations).


In 1992, FDA regulations were changed to permit accelerated approval of drugs for acquired immunodeficiency syndrome (AIDS) and cancer. Under these guidelines, a drug could be approved for marketing prior to completion of Phase III trials (see below), provided that rigorous follow-up studies (Phase IV trials) were performed. The rationale for this change was that (1) medications are needed, even if their benefits may be marginal, and (2) the unknown risks associated with early approval are balanced by the need for more effective drugs. Although accelerated approval seems like a good idea, in actual practice, it has two significant drawbacks. First, manufacturers often fail to conduct or complete the required follow-up studies. Second, if the follow-up studies—which are more rigorous than the original—fail to confirm a clinical benefit, the guidelines have no clear mechanism for removing the drug from the market.


The Prescription Drug User Fee Act (PDUFA), passed in 1992, was a response to complaints that the FDA takes too long to review applications for new drugs. Under the Act, drug sponsors pay the FDA fees (about $500,000 per drug) that are used to fund additional reviewers. In return, the FDA must adhere to strict review timetables. Because of the PDUFA, new drugs now reach the market much sooner than in the past.


The Food and Drug Administration Modernization Act (FDAMA) of 1997—an extension of the Prescription Drug User Fee Act—called for widespread changes in FDA regulations. Implementation is in progress. For health professionals, four provisions of the act are of particular interest:




• The fast-track system created for AIDS drugs and cancer drugs now includes drugs for other serious and life-threatening illnesses.


• Manufacturers who plan to stop making a drug must inform patients at least 6 months in advance, thereby giving them time to find another source.


• A clinical trial database will be established for drugs directed at serious or life-threatening illnesses. These data will allow clinicians and patients to make informed decisions about using experimental drugs.


• Drug companies can now give prescribers journal articles and certain other information regarding “off-label” uses of drugs. (An “off-label” use is a use that has not been evaluated by the FDA.) Prior to the new act, clinicians were allowed to prescribe a drug for an off-label use, but the manufacturer was not allowed to promote the drug for that use—even if promotion was limited to providing potentially helpful information, including reprints of journal articles. In return for being allowed to give prescribers information regarding off-label uses, manufacturers must promise to do research to support the claims made in the articles.





Two laws—the Best Pharmaceuticals for Children Act (BPCA), passed in 2002, and the Pediatric Research Equity Act (PREA) of 2003—were designed to promote much-needed research on drug efficacy and safety in children. The BPCA offers a 6-month patent extension to manufacturers who evaluate a drug already on the market for its safety, efficacy, and dosage in children. The PREA gives the FDA the power, for the first time, to require drug companies to conduct pediatric clinical trials on new medications that might be used by children. (In the past, drugs were not tested in children. Hence, there is a general lack of reliable information upon which to base therapeutic decisions.)


In 2007, Congress passed the FDA Amendments Act (FDAAA), the most important legislation on drug safety since the Harris-Kefauver Amendments of 1962. The FDAAA expands the mission of the FDA to include rigorous oversight of drug safety after a drug has been approved. (Prior to this act, the FDA focused on drug efficacy and safety prior to approval, but had limited resources and authority to address drug safety after a drug was released for marketing.) Under the new law, the FDA has the legal authority to require postmarketing safety studies, to order changes in a drug’s label to include new safety information, and to restrict distribution of a drug based on safety concerns. In addition, the FDA is required to establish an active postmarketing risk surveillance system, mandated to include 25 million patients by July 2010, and 100 million by July 2012. Because of the FDAAA, adverse effects that were not discovered prior to drug approval will come to light much sooner than in the past, and the FDA now has the authority to take action (eg, limit distribution of a drug) if postmarketing information shows a drug to be less safe than previously understood.


In 2009, Congress passed the Family Smoking Prevention and Tobacco Control Act, which, at long last, allows the FDA to regulate cigarettes, the single most dangerous product available to U.S. consumers. Under the Act, the FDA can now strengthen advertising restrictions, including a prohibition on marketing to youth; require revised and more prominent warning labels; require disclosure of all ingredients in tobacco products and restrict harmful additives; and monitor nicotine yields and mandate gradual reduction of nicotine to nonaddictive levels.














New drug development


The development and testing of new drugs is an expensive and lengthy process, requiring 6 to 12 years for completion. Of the thousands of compounds that undergo testing, only a few enter clinical trials, and of these, only 1 in 5 gains approval. Because of this high failure rate, the cost of developing a new drug can exceed $1 billion.


Rigorous procedures for testing have been established so that newly released drugs might be both safe and effective. Unfortunately, although testing can determine effectiveness, it cannot guarantee that a new drug will be safe: Significant adverse effects may evade detection during testing, only to become apparent after a new drug has been released for general use.








The randomized controlled trial


Randomized controlled trials (RCTs) are the most reliable way to objectively assess drug therapies. Accordingly, RCTs are used to evaluate all new drugs. RCTs have three distinguishing features: use of controls, randomization, and blinding. All three serve to minimize the influence of personal bias on the results.













Use of controls.


When a new drug is under development, we want to know how it compares with a standard drug used for the same disorder, or perhaps how it compares with no treatment at all. In order to make these comparisons, some subjects in the RCT are given the new drug and some are given either (1) a standard treatment or (2) a placebo (ie, an inactive compound formulated to look like the experimental drug). Subjects receiving either the standard drug or the placebo are referred to as controls. Controls are important because they help us determine if the new treatment is more (or less) effective than standard treatments, or at least if the new treatment is better (or worse) than no treatment at all. Likewise, controls allow us to compare the safety of the new drug with that of the old drug, a placebo, or both.














Randomization.


In an RCT, subjects are randomly assigned to either the control group or the experimental group (ie, the group receiving the new drug). The purpose of randomization is to prevent allocation bias, which results when subjects in the experimental group are different from those in the control group. For example, in the absence of randomization, researchers could load the experimental group with patients who have mild disease and load the control group with patients who have severe disease. In this case, any differences in outcome may well be due to the severity of the disease rather than differences in treatment. And even if researchers try to avoid bias by purposely assigning subjects who appear similar to both groups, allocation bias can result from unknown factors that can influence outcome. By assigning subjects randomly to the control and experimental groups, all factors—known and unknown, important and unimportant—should be equally represented in both groups. As a result, the influences of these factors on outcome should tend to cancel each other out, leaving differences in the treatments as the best explanation for any differences in outcome.














Blinding.


A blinded study is one in which the people involved do not know to which group—control or experimental—individual subjects have been randomized. If only the subjects have been “blinded,” the trial is referred to as single blind. If the researchers as well as the subjects are kept in the dark, the trial is referred to as double blind. Of the two, double-blind trials are more objective. Blinding is accomplished by administering the experimental drug and the control compound (either placebo or comparison drug) in identical formulations (eg, green capsules, purple pills) that bear a numeric code. At the end of the study, the code is accessed to reveal which subjects were controls and which received the experimental drug. When subjects and researchers are not blinded, their preconceptions about the benefits and risks of the new drug can readily bias the results. Hence, blinding is done to minimize the impact of personal bias.


























Stages of new drug development


The testing of new drugs has two principal steps: preclinical testing and clinical testing. Preclinical tests are performed in animals. Clinical tests are done in humans. The steps in drug development are outlined in Table 3–1.
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Steps in New Drug Development










	
Preclinical Testing (in animals)
 Toxicity
 Pharmacokinetics
 Possible Useful Effects

  [image: image]  
 Investigational New Drug (IND) Status

  [image: image]  
Clinical Testing (in humans)
 Phase I
    Subjects: healthy volunteers
  [image: image]  Tests: metabolism, pharmacokinetics, and biologic effects
 Phase II
    Subjects: patients
  [image: image]  Tests: therapeutic utility and dosage range
 Phase III
    Subjects: patients
  [image: image]  Tests: safety and effectiveness
 Conditional Approval of New Drug Application (NDA)

  [image: image]  
 Phase IV: Postmarketing Surveillance
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Preclinical testing


Preclinical testing is required before a new drug may be tested in humans. During preclinical testing, drugs are evaluated for toxicities, pharmacokinetic properties, and potentially useful biologic effects. Preclinical tests may take 1 to 5 years. When sufficient preclinical data have been gathered, the drug developer may apply to the FDA for permission to begin testing in humans. If the application is approved, the drug is awarded Investigational New Drug status and clinical trials may begin.














Clinical testing


Clinical trials occur in four phases and may take 2 to 10 years to complete. The first three phases are done before a new drug is marketed. The fourth is done after marketing has begun.








Phase I.


Phase I trials are usually conducted in healthy volunteers. However, if a drug is likely to have severe side effects, as many anticancer drugs do, the trial is done in volunteer patients who have the disease under consideration. Phase I testing has three goals: evaluating drug metabolism, pharmacokinetics, and biologic effects.














Phases II and III.


In these trials, drugs are tested in patients. The objective is to determine therapeutic effects, dosage range, safety, and effectiveness. During Phase II and Phase III trials, only 500 to 5000 patients receive the drug, and only a few hundred take it for more than 3 to 6 months. Upon completing Phase III, the drug manufacturer applies to the FDA for conditional approval of a New Drug Application. If conditional approval is granted, Phase IV may begin.














Phase IV: postmarketing surveillance.


In Phase IV, the new drug is released for general use, permitting observation of its effects in a large population. Thanks to the FDAAA of 2007, postmarketing surveillance is now much more effective than in the past.


























Limitations of the testing procedure


It is important for nurses and other healthcare professionals to appreciate the limitations of the drug development process. Two problems are of particular concern. First, until recently, information on drug use in women and children has been limited. Second, new drugs are likely to have adverse effects that were not detected during clinical trials.








Limited information in women and children








Women.


Until recently, very little drug testing was done in women. In almost all cases, women of child-bearing age were excluded from early clinical trials. The reason? Concern for fetal safety. Unfortunately, FDA policy took this concern to an extreme, effectively barring all women of child-bearing age from Phase I and Phase II trials—even if the women were not pregnant and were using adequate birth control. The only women allowed to participate in early clinical trials were those with a life-threatening illness that might respond to the drug under study.


Because of limited drug testing in women, we don’t know with precision how women will respond to drugs. We don’t know if beneficial effects in women will be equivalent to those seen in men. Nor do we know if adverse effects will be equivalent to those in men. We don’t know how timing of drug administration with respect to the menstrual cycle will affect beneficial and adverse responses. We don’t know if drug disposition (absorption, distribution, metabolism, and excretion) will be the same in women as in men. Furthermore, of the drugs that might be used to treat a particular illness, we don’t know if the drugs that are most effective in men will also be most effective in women. Lastly, we don’t know about the safety of drug use during pregnancy.


During the 1990s, the FDA issued a series of guidelines mandating participation of women (and minorities) in trials of new drugs. In addition, the FDA revoked a 1977 guideline that barred women from most trials. Because of these changes, the proportion of women in trials of most new drugs now equals the proportion of women in the population. The data generated since the implementation of the new guidelines have been reassuring: Most gender-related effects have been limited to pharmacokinetics. More importantly, for most drugs, gender has shown little impact on efficacy, safety, or dosage. However, although the new guidelines are an important step forward, even with them, it will take a long time to close the gender gap in our knowledge of drugs.














Children.


Until recently, children, like women, had been excluded from clinical trials. As a result, information on dosage, therapeutic responses, and adverse effects in children has been limited. As noted above, the FDA can now force drug companies to conduct clinical trials in children. However, it will still be a long time before we have the information needed to use drugs safely and effectively in young patients.




















Failure to detect all adverse effects


The testing procedure cannot detect all adverse effects before a new drug is released. There are three reasons why: (1) during clinical trials, a relatively small number of patients are given the drug; (2) because these patients are carefully selected, they do not represent the full spectrum of individuals who will eventually take the drug; and (3) patients in trials take the drug for a relatively short time. Because of these unavoidable limitations in the testing process, effects that occur infrequently, effects that take a long time to develop, and effects that occur only in certain types of patients can go undetected. Hence, despite our best efforts, when a new drug is released, it may well have adverse effects of which we are as yet unaware. In fact, about half of the drugs that reach the market have serious adverse effects that were not detected until after they were released for general use.


The hidden dangers in new drugs are illustrated by the data in Table 3–2. This table presents information on 11 drugs that were withdrawn from the U.S. market soon after receiving FDA approval. In all cases, the reason for withdrawal was a serious adverse effect that went undetected in clinical trials. Admittedly, only a few hidden adverse effects are as severe as the ones in the table. Hence, most do not necessitate drug withdrawal. Nonetheless, the drugs in the table should serve as a strong warning about the unknown dangers that a new drug may harbor.
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Some New Drugs That Were Withdrawn from the U.S. Market for Safety Reasons










	Drug

	Indication

	Year Introduced/Year Withdrawn

	Months on the Market

	Reason for Withdrawal










	Rotigotine* [Neupro]

	Parkinson’s disease

	2007/2008

	10

	Patch formulation delivered erratic dosages






	Natalizumab† [Tysabri]

	Multiple sclerosis

	2004/2005

	3

	Progressive multifocal leukoencephalopathy






	Rapacuronium [Raplon]

	Neuromuscular blockade

	1999/2001

	19

	Bronchospasm, unexplained fatalities






	Alosetron† [Lotronex]

	Irritable bowel syndrome

	2000/2000

	9

	Ischemic colitis, severe constipation; deaths have occurred






	Troglitazone [Rezulin]

	Type 2 diabetes

	1999/2000

	12

	Fatal liver failure






	Grepafloxacin [Raxar]

	Infection

	1997/1999

	19

	Severe cardiovascular events, including seven deaths






	Bromfenac [Duract]

	Acute pain

	1997/1998

	11

	Severe hepatic failure






	Mibefradil [Posicor]

	Hypertension, angina pectoris

	1997/1998

	11

	Inhibits drug metabolism, causing toxic accumulation of many drugs






	Dexfenfluramine [Redux]

	Obesity

	1996/1997

	16

	Valvular heart disease






	Flosequinan [Manoplax]

	Heart failure

	1992/1993

	4

	Increased hospitalization; decreased survival






	Temafloxacin [Omniflox]

	Infection

	1992/1992

	4

	Hypoglycemia; hemolytic anemia, often associated with renal failure, hepatotoxicity, and coagulopathy
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*Note that rotigotine was withdrawn because the formulation was unsafe, not because the drug itself is inherently dangerous.


†Alosetron and natalizumab were returned to the market in 2002 and 2006, respectively. These two drugs and one other—tegaserod [Zelnorm]—are the only drugs the Food and Drug Administration has ever reapproved after withdrawing them for safety reasons. With all three drugs, risk management guidelines must be followed.





Because adverse effects may go undetected, when working with a new drug, you should be especially watchful for previously unreported drug reactions. If a patient taking a new drug begins to show unusual symptoms, it is prudent to suspect that the new drug may be the cause—even though the symptoms are not yet mentioned in the literature.




















Exercising discretion regarding new drugs


When thinking about prescribing a new drug, clinicians would do well to follow this guideline: Be neither the first to adopt the new nor the last to abandon the old. Recall that the therapeutic objective is to produce maximum benefit with minimum harm. To achieve this objective, we must balance the potential benefits of a drug against its inherent risks. As a rule, new drugs have actions very similar to those of older agents. That is, it is rare for a new drug to be able to do something that an older drug can’t do already. Consequently, the need to treat a particular disorder seldom constitutes a compelling reason to select a new drug over an agent that has been available for years. Furthermore, new drugs generally present greater risks than the old ones. As noted, at the time of its introduction, a new drug is likely to have adverse effects that have not yet been reported, and these effects may prove very bad for some patients. In contrast, older, more familiar drugs are less likely to cause unpleasant surprises. Consequently, when we weigh the benefits of a new drug against its risks, it is likely that the benefits will be insufficient to justify the risks—especially when an older drug, whose properties are well known, would probably provide adequate treatment. Accordingly, when it comes to the use of new drugs, it is usually better to adopt a wait-and-see policy, letting more adventurous prescribers discover the hidden dangers that a new drug may hold.




















Drug names


The topic of drug names is important and confusing. The topic is important because the names we employ affect our ability to communicate about medicines. The subject is confusing because we have evolved a system in which any drug can have a large number of names.


In approaching drug names, we begin by defining the types of names that drugs have. After that we consider (1) the complications that arise from assigning multiple names to a drug, and (2) the benefits of using just one name: the generic (nonproprietary) name.








The three types of drug names


Drugs have three types of names: (1) a chemical name, (2) a generic or nonproprietary name, and (3) a trade or proprietary name. Examples appear in Table 3–3. All of the names in the table are for the same drug, a compound most familiar to us under the trade name Tylenol.
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The Three Types of Drug Names
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	Type of Drug Name

	Examples






	Chemical Name

	
N-acetyl-para-aminophenol






	
Generic Name (nonproprietary name)

	Acetaminophen






	
Trade Name (proprietary name)

	Acephen, Aminofen, Apap, Cetafen, Ed-Apap Children’s, ElixSure Children’s Fever Reducer, FeverAll, Genapap, Infantaire Drops, Mapap, Masophen, Nortemp Children’s, Pain and Fever, Pain Reliever, Q-Pap, Quick Melts Children’s Non-Aspirin, Silapap, Tylenol, Valorin
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The chemical, generic, and trade names listed are all names for the drug whose structure is pictured in this table. This drug is most familiar to us as Tylenol, one of its trade names.
















Chemical name.


The chemical name constitutes a description of a drug using the nomenclature of chemistry. As you can see from the example in Table 3–3, a drug’s chemical name can be long and complex. Because of their complexity, chemical names are inappropriate for everyday use. For example, few people would communicate using the chemical term N-acetyl-para-aminophenol when a more simple generic name (acetaminophen) or trade name (eg, Tylenol) could be used.














Generic name.


The generic name of a drug is assigned by the United States Adopted Names Council. Each drug has only one generic name. The generic name is also known as the nonproprietary name or United States Adopted Name. Generic names are less complex than chemical names but typically more complex than trade names.


In many cases, the final syllables of the generic name indicate a drug’s pharmacologic class. For example, the syllables cillin at the end of amoxicillin indicate that amoxicillin belongs to the penicillin class of antibiotics. Similarly, the syllables statin at the end of lovastatin indicate that lovastatin is an HMG-CoA reductase inhibitor, our most effective class of drugs for lowering cholesterol. Table 3–4 presents additional examples of generic names whose final syllables indicate the class to which the drug belongs.
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Generic Drug Names Whose Final Syllables Indicate Pharmacologic Class










	Representative Drugs

	Class-Indicating Final Syllable(s)

	Pharmacologic Class

	Therapeutic Use










	Amoxicillin
Ticarcillin

	cillin

	Penicillin antibiotic

	Infection






	Lovastatin
Simvastatin

	statin

	HMG-CoA reductase inhibitor

	High cholesterol






	Propranolol
Metoprolol

	olol

	Beta-adrenergic blocker

	Hypertension, angina






	Phenobarbital
Secobarbital

	barbital

	Barbiturate

	Epilepsy, anxiety






	Benazepril
Captopril

	pril

	Angiotensin-converting enzyme inhibitor

	Hypertension, heart failure






	Candesartan
Valsartan

	sartan

	Angiotensin II receptor blocker

	Hypertension, heart failure






	Nifedipine
Amlodipine

	dipine

	Dihydropyridine calcium channel blocker

	Hypertension






	Eletriptan
Sumatriptan

	triptan

	Serotonin1B/1D receptor agonist

	Migraine






	Dalteparin
Enoxaparin

	parin

	Low-molecular-weight heparin

	Anticoagulation






	Sildenafil
Tadalafil

	afil

	Phosphodiesterase type 5 inhibitor

	Erectile dysfunction






	Rosiglitazone
Pioglitazone

	glitazone

	Thiazolidinedione

	Type 2 diabetes






	Omeprazole
Pantoprazole

	prazole

	Proton pump inhibitor

	Peptic ulcer disease






	Alendronate
Zoledronate

	dronate

	Bisphosphonate

	Osteoporosis






	Ciprofloxacin
Norfloxacin

	floxacin

	Fluoroquinolone antibiotic

	Infection
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For reasons presented below, generic names are preferable to trade names for general use.














Trade name.


Trade names, also known as proprietary or brand names, are the names under which a drug is marketed. These names are created by drug companies with the intention that they be easy for nurses, physicians, pharmacists, and consumers to recall and pronounce. Since any drug can be marketed in different formulations and by multiple companies, the number of trade names that a drug can have is large. By way of illustration, Table 3–3 gives 19 American trade names, including Tylenol, that currently exist for the drug whose generic name is acetaminophen.


Trade names must be approved by the FDA. The review process tries to ensure that no two trade names are too similar. In addition, trade names are not supposed to imply unlikely efficacy—which may be why orlistat (a diet pill) is named Xenical, rather than something more suggestive, like Fat-B-Gone or PoundsOff. However, despite the rule against suggestive names, some still slip by FDA scrutiny, like these two gems: Flomax (tamsulosin) and Rapaflo (silodosin). Can you guess what these drugs are used for? (Hint: It’s an old guy malady.)


























Which name to use, generic or trade?


We employ drug names in two ways: (1) for written and oral communication about medicines and (2) for labeling medication containers. In both cases, accurate communication is imperative. For communication to be accurate, when we read or hear a drug name, we must know what compound that name is referring to. We can’t know what’s in a pill if we don’t know what the name on its bottle means. Likewise, we can’t communicate orally about drugs if the names we employ go unrecognized. Clearly, if we are to communicate accurately, name recognition is essential. For reasons discussed below, name recognition would be facilitated through universal use of generic names.








The little problems with generic names


In almost all cases, the generic name for a drug is more complicated than its trade name. This fact is illustrated in Table 3–5, which compares the generic and trade names for six common drugs. A simple analysis reveals that the average generic name in the table has 4.3 syllables. In contrast, the average trade name has only 2.3 syllables. That is, the generic names are nearly twice as long as the trade names.
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Generic Names and Trade Names of Some Common Drugs








	Generic Name

	Trade Name










	Acetaminophen

	Tylenol






	Ciprofloxacin

	Cipro






	Fluoxetine

	Prozac






	Furosemide

	Lasix






	Ibuprofen

	Motrin






	Sildenafil

	Viagra












Because generic names are more complex than trade names, generic names can be more difficult to remember and pronounce. As an exercise, try pronouncing the names in Table 3–5. While trade names like Motrin and Prozac roll off the tongue with ease, their generic counterparts—ibuprofen and fluoxetine—tend to tie the tongue in knots.


Why is it that generic names are more complicated than trade names? One reason is that the pharmaceutical industry has an important role in establishing generic names. When a pharmaceutical company has developed a new drug, that company submits a suggested generic name to the United States Adopted Names Council, the body responsible for assigning a drug its generic name. As a rule, the Council adopts the name the company suggests. Since, from a marketing perspective, it is to the company’s advantage to have a product whose trade name is more easily recognized than its generic name, it seems unlikely that a company will suggest a simple, euphonious generic name. Also contributing to the complexity of generic names are the guidelines established by the Council for naming drugs.














The big problems with trade names








A single drug can have multiple trade names.


The principal objection to trade names is their vast number. Although a drug can have only one generic name, it can have unlimited trade names. As the number of trade names for a single drug expands, the burden of name recognition becomes progressively heavier. By way of illustration, the drug whose generic name is acetaminophen has at least 19 trade names (see Table 3–3). Although most clinicians will recognize this drug’s generic name, few are familiar with all the trade names. As you can see, recalling a single generic name—even if it’s complex—is still easier than recalling a host of trade names. Accordingly, if generic names were employed universally, accurate communication would be facilitated. Conversely, using multiple trade names does nothing but create confusion.


By clouding communication about drugs, use of trade names can result in “double medication”—with potentially disastrous results. Because patients frequently see more than one physician or nurse practitioner, a patient may receive prescriptions for the same drug by two (or more) prescribers. If those prescriptions are written for different brand names, then the two bottles the patient receives will be labeled with different names. Consequently, although both bottles contain the same drug, the patient may not know it. If both medications are taken as prescribed, excessive dosing will result. However, if generic names had been used, both labels would bear the same name, thereby informing the patient that both bottles contain the same drug. Given this information, the patient is likely to consult the prescribers to determine if both prescriptions should be honored.














Over-the-counter (OTC) products with the same trade name may have different active ingredients.


As indicated in Table 3–6, OTC products that have similar or identical trade names can actually contain different drugs. For example, although the two Lotrimin AF products have identical trade names, they actually contain two different drugs: miconazole and clotrimazole. Confusion would be avoided by labeling these products miconazole spray and clotrimazole cream, rather than labeling both Lotrimin AF.
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Some OTC Products That Share the Same Trade Name








	Product Name

	Drugs in the Product










	Lotrimin AF

	Miconazole (spray)






	Lotrimin AF

	Clotrimazole (cream)






	Excedrin Migraine

	Acetaminophen + aspirin + caffeine






	Excedrin P.M.

	Acetaminophen + diphenhydramine






	4-Way 12-Hour Nasal Spray

	Oxymetazoline






	4-Way Fast-Acting Nasal Spray

	Phenylephrine






	Kaopectate

	Originally formulated as kaolin + pectin
Reformulated to attapulgite in the late 1980s
Reformulated to bismuth subsalicylate in 2003












The problem becomes even more complex for products that contain two or more drugs. When such combination products are referred to by trade name, the name is unlikely to indicate either the number of drugs present or their identity. Referring to the Excedrin products in Table 3–6, there is nothing about the trade name Excedrin Migraine to suggest that the product consists of three different drugs: acetaminophen, aspirin, and caffeine. Moreover, there is nothing in the trade names Excedrin Migraine and Excedrin P.M. to tell us that these two products have different compositions. By discarding the trade names and labeling one product acetaminophen plus aspirin plus caffeine and the other acetaminophen plus diphenhydramine, we could eliminate any confusion.


The two 4-Way products listed in Table 3–6 further illustrate the potential for confusion. If nothing else, the name 4-Way suggests that the product contains more than one drug. In fact, the name seems to imply the presence of four drugs. However, this implication is not correct. Neither 4-Way preparation is composed of four drugs. Rather, they both contain only one drug. Furthermore, note that these similarly named products are, in fact, completely different; they have no ingredients in common. Hence, in the case of these 4-Way products, we can see that the trade name cannot be taken to mean either (1) the presence of four different drugs or (2) that these preparations that bear similar names have the same composition. Had generic names been employed to label these products, there could be no confusion about their makeup.


Perhaps the most disturbing aspect of trade names is illustrated by the reformulation of Kaopectate, a well-known antidiarrheal product. In 2003, the manufacturer switched the active ingredient in Kaopectate from attapulgite (which had replaced kaolin and pectin in the late 1980s) to bismuth subsalicylate. However, although the active ingredient changed, the brand name did not. As a result, current bottles of Kaopectate contain a drug that is completely different from the one found in bottles of Kaopectate produced in 2002—posing a risk for patients who should not take salicylates, but may be unaware of their presence in the newer product. This example illustrates an important point: Manufacturers of OTC drugs can reformulate brand-name products whenever they want—without changing the name at all. Hence, there is no guarantee that the brand-name product you buy today contains the same drug as the brand-name product you bought last week, last month, or last year.


In the spring of 1999, the FDA issued a ruling to help reduce the confusion created by OTC trade names. Under the ruling, generic names for the drugs in OTC products are now clearly and prominently listed on the label, using a standardized format.














Trade names can endanger international travelers.


For people who travel to other countries, trade names present two kinds of problems. First, the trade name used in one country may differ from the trade name used in another country. Hence, if you have a prescription for a trade-name product, a foreign pharmacist may not be able to identify the drug that you need. The second (and more disturbing) problem is this: Products with the identical trade name may have different active ingredients, depending on where you buy the drug (Table 3–7). As a result, when a prescription for a trade-name product is filled in another country, the patient may receive the wrong drug. For example, when visiting Mexico, Americans (or Canadians) with a prescription for Vantin will be given naproxen (an anti-inflammatory drug) rather than the cefpodoxime (an antibiotic) that they were expecting. Not only can this lead to unnecessary side effects (possible kidney damage and GI ulceration), but the target infection will continue unabated. Hence, the patient is exposed to all the risks of medication without getting any of the benefits. To ensure that travelers get the medicine they need, prescriptions should bear generic drug names, not trade names.
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Products from the United States and Canada That Have the Same Trade Name but Different Active Ingredients in Other Countries










	Trade Name

	Country

	Active Drug

	Indication










	Norpramin

	United States, Canada
Spain

	Desipramine
Omeprazole

	Depression
Peptic ulcer disease






	Flomax

	United States, Canada
Italy

	Tamsulosin
Morniflumate

	Enlarged prostate
Inflammation






	Allegra

	United States, Canada
Germany

	Fexofenadine
Frovatriptan

	Allergies
Migraine






	Mobic

	United States, Canada
India

	Meloxicam
Amoxicillin

	Inflammation, pain
Bacterial infection






	Avastin

	United States, Canada
India

	Bevacizumab
Atorvastatin

	Cancer, macular degeneration
High cholesterol






	Vantin

	United States, Canada
Mexico

	Cefpodoxime
Naproxen

	Bacterial infection
Inflammation, pain
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What if peas were marketed like drugs?


Given the problems that trade names create, why do we use trade names at all? We use trade names because the pharmaceutical industry wants them. Why? Because trade names give this industry a unique and powerful tool for marketing. As we shall see, the extent to which trade names are exploited to promote drug sales is without parallel in the marketing of any other product.


To understand the immense marketing benefit that trade names have, let’s consider the marketing of a product that is not a drug. Take peas, for example. All companies that sell peas use the same name—peas—to identify their product. When we buy peas, no matter whose, all pea packages say “PEAS” in big letters on the label. Pea packages even have a picture of peas to help us identify what’s inside. Consequently, when we choose a package of peas, we know with certainty what we’re buying.


When we want to compare different brands of peas, the task is easy. Company A’s peas are easily distinguished from those of company B or company C by the presence of a company name and logo on the label. Consequently, thanks to the way peas are marketed, we have no trouble understanding just what we are buying and who made it. As a result, we can easily select the product we want from the manufacturer we like best.


Now let’s consider what we could expect if peas were marketed like drugs. Under the new system, pea packages would have no pictures of peas. Nor would pea packages proclaim “PEAS” in big letters to help us identify their contents. Instead, pea packages would be emblazoned with trade names like Vegi-P or Producin or NuPod-500’s. If peas were marketed using trade names, when we went shopping for peas we’d be obliged to read a lot of fine print to find the product we wanted. And, once we finally did turn up a package with peas in it—for example, the one labeled NuPod-500’s—we’d probably buy NuPod-500’s for life, it being too much trouble to figure out which of the other packages with meaningless names also contain peas. From the point of view of the people who sell NuPod-500’s, this technique of marketing by trade names is a terrific arrangement. Consumers will be loyal to their product not because that product is better or cheaper than someone else’s, but because product labeling with trade names makes it very difficult to identify the competition so that comparisons can be made. Fortunately, we don’t allow this kind of marketing for peas. When we shop for peas, we demand that all pea packages bear the word peas—not Vegi-P or NuPod-500’s or any other trade name. Why we permit medicines to be marketed in any less informative a manner is a disturbing question.


When we consider that drugs, unlike peas, cannot be identified by simple observation, the use of trade names for marketing becomes especially unsettling. With peas, once we open the package, we no longer need the label to identify the contents. We know what peas look like. Hence, even if peas were marketed like drugs, we would not be completely dependent upon labeling to identify the product. With drugs we have no options: Since we cannot identify a drug by looking at it, we cannot escape reliance on package labeling to inform us about the medicine inside. It is ironic that a product whose label is so essential for identification can be marketed under a system that employs multiple trade names, thereby making product identification needlessly and dangerously difficult.














Generic products versus brand-name products


To complete our discussion of drug names, we need to address two questions: (1) Do significant differences exist between different brands of the same drug? and (2) If such differences do exist, do they justify the use of trade names? The answer to both questions is NO!








Are generic products and brand-name products therapeutically equivalent?


When a new drug comes to market, it is sold under a trade name by the company that developed it. When that company’s patent expires, other companies can produce the drug and market it under its generic name. Our question, then, is, “Are the generic formulations equivalent to the brand-name formulation produced by the original manufacturer?”


Because all equivalent products—generic or brand name—contain the same dose of the same drug, the only real concern with generic formulations is their rate and extent of absorption. For a few drugs (eg, phenytoin, warfarin), a slight increase in absorption can result in toxicity, and a slight decrease can result in therapeutic failure. Hence, for these agents, a small difference in absorption can be important. In the past, there was concern that generic formulation of these drugs were not as safe or reliable as the brand-name formulation. However, there is no well-documented evidence to support this concern. Hence, it is reasonable to conclude that all FDA-approved generic products are therapeutically equivalent to their brand-name counterparts.* A list of FDA-approved generic equivalents is available online at www.fda.gov/cder/ob/default.htm.














Would a difference between brand-name and generic products justify the use of trade names?


Even if generic formulations were significantly different from brand-name formulations, this would not justify using trade names to identify preferred products. If clinicians want to prescribe a drug made by a particular company, they needn’t resort to trade names to do so; their preference can be indicated simply by including the manufacturer’s name on the prescription. As with peas, if we prefer a particular brand (eg, BIRDS EYE), that’s what we ask for. We haven’t found it necessary to create a complicated system of alternative names for peas in order to distinguish one brand from another. On the contrary, common sense tells us that such a system of trade names would make it more difficult—not easier—for us to clearly communicate our needs. Perhaps some day we will market medicines with as much common sense as we use for vegetables.




















Conclusion regarding generic names and trade names


In the preceding discussion, we considered the advantages and disadvantages associated with trade names and generic names. We noted that, although generic names may be long, this disadvantage is more than offset by the fact that each drug has only one generic name. In contrast, the sole virtue of trade names—ease of recall and pronunciation—is far outweighed by the problems that stem from the existence of multiple trade names for a single drug. Multiple trade names can impede name recognition and can thereby promote medication errors and miscommunication about drugs. With generic names, the opposite is achieved: facilitation of communication and promotion of safe and effective drug use. Clearly, generic names are preferable to trade names. Accordingly, until such time as trade names are outlawed, the least we can do is actively discourage their use. In this text, generic names are employed for routine discussion. Although trade names are presented, they are not emphasized. We may eventually see the day when trade names are abandoned and generic names are employed universally. On that day, our ability to achieve the therapeutic objective will be greatly enhanced.


























Over-the-counter drugs


Over-the-counter drugs are defined as drugs that can be purchased without a prescription. These agents are used for a wide variety of complaints, including mild pain, motion sickness, allergies, colds, constipation, and heartburn. Whether a drug is available by prescription or over the counter is ultimately determined by the FDA.


OTC drugs are an important part of healthcare. When used properly, these agents can provide relief from many ailments while saving consumers the expense and inconvenience of visiting a prescriber. The following facts underscore how important the OTC market is:




• Americans spend about $20 billion annually on OTC drugs.


• OTC drugs account for 60% of all doses administered.


• Forty percent of Americans take at least one OTC drug every 2 days.


• Four times as many illnesses are treated by a consumer using an OTC drug as by a consumer visiting a prescriber.


• With most illnesses (60% to 95%), initial therapy consists of self-care, including self-medication with an OTC drug.


• The average home medicine cabinet contains 24 OTC preparations.





Some drugs that were originally sold only by prescription are now sold over the counter. Since the 1970s, over 60 prescription drugs have been switched to OTC status. About 50 more are under FDA consideration for the change. Because of this process, more and more highly effective drugs are becoming directly available to consumers. Unfortunately, most consumers lack the knowledge needed to choose the most appropriate drug from among the steadily increasing options.


In 2006, the FDA began phasing in new labeling requirements for OTC drugs. The goal is to standardize labels and to make them more informative and easy to understand. The labels, titled Drug Facts, are to be written in plain language, have a user-friendly format, and use type that is big enough to read. Active ingredients will be listed first, followed by uses, warnings, directions, and inactive ingredients. This information is designed to help consumers select drugs that can provide the most benefit with the least risk.


In contrast to some texts, which present all OTC drugs in a single chapter, this text presents OTC drugs throughout. Why? Because this format allows discussion of OTC drugs in their proper pharmacologic and therapeutic contexts. I believe this makes more sense than lumping these drugs together solely because they can be purchased without a prescription.














Sources of drug information


There is much more to pharmacology than we can address in this text. When you need additional information, the sources discussed below should help.








People













Clinicians and pharmacists.


Nurses and other clinicians can be invaluable sources of information about medicines. Pharmacists know a great deal about drugs and are usually eager to share their insight.














Poison control centers.


Poison control centers are located throughout the United States and Canada. These centers are accessible by telephone, permitting rapid access to information about poisoning with medicines and toxic compounds. In the United States, calling the national emergency hotline (1-800-222-1222) will connect you with the certified poison center nearest you. In Canada, each province has its own contact number.














Pharmaceutical sales representatives.


Pharmaceutical sales representatives (drug representatives, detail persons) can be useful sources of drug information. These people know their own products very well, and they can provide detailed, authoritative information about them. Keep in mind, however, that the ultimate job of the drug representative is sales, not education. Because their objective is sales, drug representatives may fail to volunteer negative information about their product. Likewise, they are unlikely to point out superior qualities in a competing drug. (Is a Honda salesperson going to extol the virtues of a Ford?) Such a lack of complete candor does not mean that drug representatives are unethical; they are simply doing their job. However, since full disclosure may be inconsistent with successful sales, the drug representative may not be your best source of information—especially if you are trying to establish an unbiased comparison between the representative’s product and a drug from a competing manufacturer.


























Published information


The publications described below are general references. These works cover a broad range of topics but in limited depth. Accordingly, these references are most useful as initial sources of information. If more detail is needed, specialty publications should be consulted. Some important drug references, including the ones described below, are listed in Table 3–8.




TABLE 3–8 [image: ]


Some Important Drug References


General Information on Drug Actions, Pharmacokinetics, Therapeutics, Adverse Effects, and Drug Interactions


Goodman & Gilman’s The Pharmacological Basis of Therapeutics, 11th ed. (Brunton L, Chabner B, Knollman B, eds.). New York: McGraw-Hill, 2011.
Pharmacotherapy: A Pathophysiologic Approach, 8th ed. (DiPiro JT, et al., eds.). New York: McGraw-Hill, 2011.
Applied Therapeutics: The Clinical Use of Drugs, 9th ed. (Koda-Kimble MA, et al., eds.). Philadelphia: Lippincott Williams & Wilkins, 2009.


Detailed Information on Specific Drugs and Drug Families


AHFS Drug Information. (McEvoy GK, et al., eds.). Bethesda, MD: American Society of Hospital Pharmacists. [updated annually]
Drug Facts and Comparisons, Loose-leaf ed. St. Louis: Wolters Kluwer. [updated monthly]
Physicians’ Desk Reference. Montvale, NJ: Medical Economics Data Production Co. [updated annually]


Very Current Information


The Medical Letter on Drugs and Therapeutics. New Rochelle, NY: The Medical Letter, Inc. [published bimonthly]
Prescriber’s Letter. Stockton, CA: Therapeutic Research Center. [published monthly]











Text-like books


Goodman & Gilman’s The Pharmacological Basis of Therapeutics is the classic text/reference on pharmacology used by generations of medical students and practicing physicians. As its name implies, this book focuses on the basic science information that underlies drug use—and not on therapeutics per se. New editions are released every 4 to 5 years.


Pharmacotherapy: A Pathophysiologic Approach is a comprehensive text on drug therapy. Each chapter focuses on the treatment of a specific disorder. To facilitate understanding of drug therapy, the book presents thorough reviews of pathophysiology.


Applied Therapeutics: The Clinical Use of Drugs is another comprehensive text on drug therapy, with each chapter focusing on a specific disorder. However, this book is different from the others in that it employs a case-study approach to present content on pharmacology and therapeutics.














Newsletters


The Medical Letter on Drugs and Therapeutics is a bimonthly publication that gives current information on drugs. A typical issue addresses two or three agents. Discussions consist of a summary of data from clinical trials plus a conclusion regarding the drug’s therapeutic utility. The conclusions can be a valuable guide when deciding whether or not to use a new drug.


Prescriber’s Letter is a monthly publication with very current information. Unlike The Medical Letter, which usually focuses on just two or three drugs, this newsletter addresses (briefly) most major drug-related developments—from new drugs to FDA warnings to new uses of older agents. In addition, subscribers can access an Internet site that provides expanded information on all topics addressed in the monthly letter.














Reference books


The Physicians’ Desk Reference, also known as the PDR, is a reference work financed by the pharmaceutical industry. The information on each drug is identical to the information on its package insert. In addition to textual content, the PDR has a pictorial section for product identification. The PDR is updated annually.


Drug Facts and Comparisons is a comprehensive reference that contains monographs on virtually every drug marketed in the United States. Information is provided on drug actions, indications, warnings, precautions, adverse reactions, dosage, and administration. In addition to describing the properties of single medications, the book lists the contents of most combination products sold in this country. Indexing is by generic name and trade name. Drug Facts and Comparisons is available in a loose-leaf format (updated monthly), an online format (updated monthly), and a hard-cover format (published annually).


A number of drug references have been compiled expressly for nurses. All address topics of special interest to nurses, including information on administration, assessment, evaluation, and patient education. Representative nursing drug references include Saunders Nursing Drug Handbook and Mosby’s Drug Guide for Nurses, both published annually.














The internet


The Internet can be a valuable source of drug information. However, since anyone, regardless of qualifications, can post information, not everything you find will be accurate. Accordingly, you need to exercise discretion when searching for information. A list of reliable sites for drug-related information is available online at http://evolve.elsevier.com/Lehne.
































Key points







[image: ] The Food, Drug and Cosmetic Act of 1938 was the first legislation to regulate drug safety.


[image: ] The Harris-Kefauver Amendments, passed in 1962, were the first legislation to demand that drugs actually be of some benefit.


[image: ] The Controlled Substances Act, passed in 1970, set rules for the manufacture and distribution of drugs considered to have potential for abuse.


[image: ] The FDA Amendments Act, passed in 2007, expanded the mission of the FDA to include rigorous oversight of drug safety after a drug has been released for marketing.


[image: ] Development of a new drug is a very expensive process that takes years to complete.


[image: ] The randomized controlled trial is the most reliable way to objectively assess drug efficacy and safety.


[image: ] Drug testing in Phase II and Phase III clinical trials is limited to a relatively small number of patients, most of whom take the drug for a relatively short time.


[image: ] Since women and children have been excluded from drug trials in the past, our understanding of drug efficacy and safety in these groups is limited.


[image: ] When a new drug is released for general use, it may well have adverse effects that have not yet been detected. Consequently, when working with a new drug, you should be especially watchful for previously unreported adverse events.


[image: ] Drugs have three types of names: a chemical name, a generic or nonproprietary name, and a trade or proprietary name.


[image: ] Each drug has only one generic name but can have many trade names.


[image: ] With OTC products, the same trade name may be used for more than one drug.


[image: ] Trade names for the same drug may differ from one country to another.


[image: ] Generic names facilitate communication and therefore are good. Trade names confuse communication and should be outlawed. (Even science writers are allowed to voice an opinion now and then.)


[image: ] Over-the-counter (OTC) drugs are defined as drugs that can be purchased without a prescription.


[image: ] Since the job of the drug representative is sales and not education, this person may not be your best source of drug information—especially if you are trying to establish an unbiased comparison between the representative’s product and a drug from a competing manufacturer.


[image: ] As pharmacology students, you should know that Goodman & Gilman’s The Pharmacological Basis of Therapeutics (aka G & G) is the classic text/reference on pharmacology.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.


















*There is one important exception to this statement: levothyroxine. As discussed in Chapter 58 (Drugs for Thyroid Disorders), the FDA maintains that certain generic formulations of levothyroxine are interchangeable with brand name formulations (Synthroid, Levoxyl, Unithroid). However, leading authorities strongly disagree.
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The term pharmacokinetics is derived from two Greek words: pharmakon (drug or poison) and kinesis (motion). As this derivation implies, pharmacokinetics is the study of drug movement throughout the body. Pharmacokinetics also includes drug metabolism and drug excretion.


There are four basic pharmacokinetic processes: absorption, distribution, metabolism, and excretion (Fig. 4–1). Absorption is defined as the movement of a drug from its site of administration into the blood. Distribution is defined as drug movement from the blood to the interstitial space of tissues and from there into cells. Metabolism (biotransformation) is defined as enzymatically mediated alteration of drug structure. Excretion is the movement of drugs and their metabolites out of the body. The combination of metabolism plus excretion is called elimination. The four pharmacokinetic processes, acting in concert, determine the concentration of a drug at its sites of action.




[image: image]


Figure 4–1 [image: ] The four basic pharmacokinetic processes.
Dotted lines represent membranes that must be crossed as drugs move throughout the body.



















Application of pharmacokinetics in therapeutics


By applying knowledge of pharmacokinetics to drug therapy, we can help maximize beneficial effects and minimize harm. Recall that the intensity of the response to a drug is directly related to the concentration of the drug at its site of action. To maximize beneficial effects, we must achieve concentrations that are high enough to elicit desired responses; to minimize harm, we must avoid concentrations that are too high. This balance is achieved by selecting the most appropriate route, dosage, and dosing schedule. The only way we can rationally choose the most effective route, dosage, and schedule is by considering pharmacokinetic factors.


As a nurse, you will have ample opportunity to apply knowledge of pharmacokinetics in clinical practice. For example, by understanding the reasons behind selection of route, dosage, and dosing schedule, you will be less likely to commit medication errors than will the nurse who, through lack of this knowledge, administers medications by blindly following prescribers’ orders. Also, as noted in Chapter 2, prescribers do make mistakes. Accordingly, you will have occasion to question or even challenge prescribers regarding their selection of dosage, route, or schedule of administration. In order to alter a prescriber’s decision, you will need a rational argument to support your position. To present that argument, you will need to understand pharmacokinetics.


Knowledge of pharmacokinetics can increase job satisfaction. Working with medications is a significant component of nursing practice. If you lack knowledge of pharmacokinetics, drugs will always be somewhat mysterious and, as a result, will be a potential source of unease. By helping to demystify drug therapy, knowledge of pharmacokinetics can decrease some of the stress of nursing practice and can increase intellectual and professional satisfaction.














A note to chemophobes


Before we proceed, some advance notice (and encouragement) are in order for chemophobes (students who fear chemistry). Because drugs are chemicals, we cannot discuss pharmacology meaningfully without occasionally talking about chemistry. This chapter has some chemistry in it. In fact, the chemistry presented here is the most difficult in the book. Accordingly, once you’ve worked your way through this chapter, the chapters that follow will be a relative breeze. Because the concepts addressed here are fundamental, and because they reappear frequently, all students, including chemophobes, are encouraged to learn this material now, regardless of the effort and anxiety involved.


I also want to comment on the chemical structures that appear in the book. Structures are presented only to illustrate and emphasize concepts. They are not intended for memorization, and they are certainly not intended for exams. So, relax, look at the pictures, and focus on the concepts I am trying to help you grasp.














Passage of drugs across membranes


All four phases of pharmacokinetics—absorption, distribution, metabolism, and excretion—involve drug movement. To move throughout the body, drugs must cross membranes. Drugs must cross membranes to enter the blood from their site of administration. Once in the blood, drugs must cross membranes to leave the vascular system and reach their sites of action. In addition, drugs must cross membranes to undergo metabolism and excretion. Accordingly, the factors that determine the passage of drugs across biologic membranes have a profound influence on all aspects of pharmacokinetics.








Membrane structure


Biologic membranes are composed of layers of individual cells. The cells composing most membranes are very close to one another—so close, in fact, that drugs must usually pass through cells, rather than between them, in order to cross the membrane. Hence, the ability of a drug to cross a biologic membrane is determined primarily by its ability to pass through single cells. The major barrier to passage through a cell is the cytoplasmic membrane (the membrane that surrounds every cell).


The basic structure of the cell membrane is depicted in Figure 4–2. As indicated, the basic membrane structure consists of a double layer of molecules known as phospholipids. Phospholipids are simply lipids (fats) that contain an atom of phosphate.




[image: image]


Figure 4–2 [image: ] Structure of the cell membrane.
The cell membrane consists primarily of a double layer of phospholipid molecules. The large globular structures represent protein molecules imbedded in the lipid bilayer. (Modified from Singer SJ, Nicolson GL: The fluid mosaic model of the structure of cell membranes. Science 175:720, 1972.)








In Figure 4–2, the phospholipid molecules are depicted as having a round head (the phosphate-containing component) and two tails (long-chain hydrocarbons). The large objects embedded in the membrane represent protein molecules, which serve a variety of functions.














Three ways to cross a cell membrane


The three most important ways by which drugs cross cell membranes are (1) passage through channels or pores, (2) passage with the aid of a transport system, and (3) direct penetration of the membrane itself. Of the three, direct penetration of the membrane is most common.








Channels and pores


Very few drugs cross membranes via channels or pores. The channels in membranes are extremely small (approximately 4 angstroms), and are specific for certain molecules. Consequently, only the smallest of compounds (molecular weight below 200) can pass through these channels, and then only if the channel is the right one. Compounds with the ability to cross membranes via channels include small ions, such as potassium and sodium.














Transport systems


Transport systems are carriers that can move drugs from one side of the cell membrane to the other. Some transport systems require the expenditure of energy; others do not. All transport systems are selective: They will not carry just any drug. Whether a transporter will carry a particular drug depends on the drug’s structure.


Transport systems are an important means of drug transit. For example, certain orally administered drugs could not be absorbed unless there were transport systems to move them across the membranes that separate the lumen of the intestine from the blood. A number of drugs could not reach intracellular sites of action without a transport system to move them across the cell membrane. Renal excretion of many drugs would be extremely slow were it not for transport systems in the kidney that can pump drugs from the blood into the renal tubules.








P-glycoprotein.


One transporter, known as P-glycoprotein or multidrug transporter protein, deserves special mention. P-glycoprotein is a transmembrane protein that transports a wide variety of drugs out of cells. This transporter is present in cells at many sites, including the liver, kidney, placenta, intestine, and capillaries of the brain. In the liver, P-glycoprotein transports drugs into the bile for elimination. In the kidney, it pumps drugs into the urine for excretion; in the placenta, it transports drugs back into the maternal blood, thereby reducing fetal drug exposure. In the intestine, it transports drugs into the intestinal lumen, and can thereby reduce drug absorption into the blood. And in brain capillaries, it pumps drugs into the blood, thereby limiting drug access to the brain.




















Direct penetration of the membrane


For most drugs, movement throughout the body is dependent on the ability to penetrate membranes directly. Why? Because (1) most drugs are too large to pass through channels or pores and (2) most drugs lack transport systems to help them cross all of the membranes that separate them from their sites of action, metabolism, and excretion.


In order to directly penetrate membranes, a drug must be lipid soluble (lipophilic). Recall that membranes are composed primarily of lipids. Consequently, if a drug is to penetrate a membrane, it must be able to dissolve into the lipids the membrane is made of.


Certain kinds of molecules are not lipid soluble and therefore cannot penetrate membranes. This group consists of polar molecules and ions.




















Polar molecules


Polar molecules are molecules with uneven distribution of electrical charge. That is, positive and negative charges within the molecule tend to congregate separately from one another. Water is the classic example. As depicted in Figure 4–3A, the electrons (negative charges) in the water molecule spend more time in the vicinity of the oxygen atom than in the vicinity of the two hydrogen atoms. As a result, the area around the oxygen atom tends to be negatively charged, whereas the area around the hydrogen atoms tends to be positively charged. Kanamycin (Fig. 4–3B), an antibiotic, is an example of a polar drug. The hydroxyl groups, which attract electrons, give kanamycin its polar nature.
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Figure 4–3 [image: ] Polar molecules.
A, Stippling shows the distribution of electrons within the water molecule. As indicated, water’s electrons spend more time near the oxygen atom than near the hydrogen atoms, making the area near the oxygen atom somewhat negative and the area near the hydrogen atoms more positive. B, Kanamycin is a polar drug. The 2 –OH groups of kanamycin attract electrons, thereby causing the area around these groups to be more negative than the rest of the molecule.








Although polar molecules have an uneven distribution of charge, they have no net charge. Polar molecules have an equal number of protons (which bear a single positive charge) and electrons (which bear a single negative charge). As a result, the positive and negative charges balance each other exactly, and the molecule as a whole has neither a net positive charge nor a net negative charge. Molecules that do bear a net charge are called ions. These are discussed below.


There is a general rule in chemistry that states: “like dissolves like.” In accord with this rule, polar molecules will dissolve in polar solvents (such as water) but not in nonpolar solvents (such as oil). Table sugar provides a common example. I’m sure you’ve observed that sugar, a polar compound, readily dissolves in water but not in salad oil, butter, and other lipids, which are nonpolar compounds. Just as sugar is unable to dissolve in lipids, polar drugs are unable to dissolve in the lipid bilayer of the cell membrane.














Ions


Ions are defined as molecules that have a net electrical charge (either positive or negative). Except for very small molecules, ions are unable to cross membranes.








Quaternary ammonium compounds


Quaternary ammonium compounds are molecules that contain at least one atom of nitrogen and carry a positive charge at all times. The constant charge on these compounds results from atypical bonding to the nitrogen. In most nitrogen-containing compounds, the nitrogen atom bears only three chemical bonds. In contrast, the nitrogen atoms of quaternary ammonium compounds have four chemical bonds (Fig. 4–4A). Because of the fourth bond, quaternary ammonium compounds always carry a positive charge. And because of the charge, these compounds are unable to cross most membranes.
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Figure 4–4 [image: ] Quaternary ammonium compounds.
A, The basic structure of quaternary ammonium compounds. Because the nitrogen atom has bonds to four organic radicals, quaternary ammonium compounds always carry a positive charge. Because of this charge, quaternary ammonium compounds are not lipid soluble and cannot cross most membranes. B, Tubocurarine is a representative quaternary ammonium compound. Note that tubocurarine contains two “quaternized” nitrogen atoms.








Tubocurarine (Fig. 4–4B) is a representative quaternary ammonium compound. Until recently, purified tubocurarine was employed as a muscle relaxant for surgery and other procedures. A crude preparation—curare—is used by South American Indians as an arrow poison. When employed for hunting, tubocurarine (curare) produces paralysis of the diaphragm and other skeletal muscles, causing death by asphyxiation. Interestingly, even though meat from animals killed with curare is laden with poison, it can be eaten with no ill effect. Why? Because tubocurarine, being a quaternary ammonium compound, cannot cross membranes, and therefore cannot be absorbed from the intestine; as long as it remains in the lumen of the intestine, curare can do no harm. As you might gather, when tubocurarine was used clinically, it could not be administered by mouth. Instead, it had to be injected. Once in the bloodstream, tubocurarine then had ready access to its sites of action on the surface of muscles.














PH-dependent ionization


Unlike quaternary ammonium compounds, which always carry a charge, certain drugs can exist in either a charged or uncharged form. Many drugs are either weak organic acids or weak organic bases, which can exist in charged and uncharged forms. Whether a weak acid or base carries a charge is determined by the pH of the surrounding medium.


A review of acid-base chemistry should help. An acid is defined as a compound that can give up a hydrogen ion (proton). Put another way, an acid is a proton donor. A base is defined as a compound that can take on a hydrogen ion. That is, a base is a proton acceptor. When an acid gives up its proton, which is positively charged, the acid itself becomes negatively charged. Conversely, when a base accepts a proton, the base becomes positively charged. These reactions are depicted in Figure 4–5, which shows aspirin as a representative acid and amphetamine as a representative base. Because the process of an acid giving up a proton or a base accepting a proton converts the acid or base into a charged particle (ion), the process for either an acid or a base is termed ionization.
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Figure 4–5 [image: ] Ionization of weak acids and weak bases.
The extent of ionization of weak acids (A) and weak bases (B) depends on the pH of their surroundings. The ionized (charged) forms of acids and bases are not lipid soluble and hence do not readily cross membranes. Note that acids ionize by giving up a proton and that bases ionize by taking on a proton.








The extent to which a weak acid or weak base becomes ionized is determined in part by the pH of its environment. The following rules apply:




• Acids tend to ionize in basic (alkaline) media.


• Bases tend to ionize in acidic media.





To illustrate the importance of pH-dependent ionization, let’s consider the ionization of aspirin. Being an acid, aspirin tends to give up its proton (become ionized) in basic media. Conversely, aspirin keeps its proton and remains nonionized in acidic media. Accordingly, when aspirin is in the stomach (an acidic environment), most of the aspirin molecules remain nonionized. Because aspirin molecules are nonionized in the stomach, they can be absorbed across the membranes that separate the stomach from the bloodstream. When aspirin molecules pass from the stomach into the small intestine, where the environment is relatively alkaline, they change to their ionized form. As a result, absorption of aspirin from the intestine is impeded.














Ion trapping (pH partitioning)


Because the ionization of drugs is pH dependent, when the pH of the fluid on one side of a membrane differs from the pH of the fluid on the other side, drug molecules will tend to accumulate on the side where the pH most favors their ionization. Accordingly, since acidic drugs tend to ionize in basic media, and since basic drugs tend to ionize in acidic media, when there is a pH gradient between two sides of a membrane,




• Acidic drugs will accumulate on the alkaline side.


• Basic drugs will accumulate on the acidic side.





The process whereby a drug accumulates on the side of a membrane where the pH most favors its ionization is referred to as ion trapping or pH partitioning. Figure 4–6 shows the steps of ion trapping using aspirin as an example.
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Figure 4–6 [image: ] Ion trapping of drugs.
This figure demonstrates ion trapping using aspirin as an example. Because aspirin is an acidic drug, it will be nonionized in acid media and ionized in alkaline media. As indicated, ion trapping causes molecules of orally administered aspirin to move from the acidic (pH 1) environment of the stomach to the more alkaline (pH 7.4) environment of the plasma, thereby causing aspirin to accumulate in the blood. In the figure, aspirin (acetylsalicylic acid) is depicted as ASA with its COOH (carboxylic acid) group attached.
Step 1: Once ingested, ASA dissolves in the stomach contents, after which some ASA molecules give up a proton and become ionized. However, most of the ASA in the stomach remains nonionized. Why? Because the stomach is acidic, and acidic drugs don’t ionize in acidic media.
Step 2: Because most ASA molecules in the stomach are nonionized (and therefore lipid soluble), most ASA molecules in the stomach can readily cross the membranes that separate the stomach lumen from the plasma. Because of the concentration gradient that exists between the stomach and the plasma, nonionized ASA molecules will begin moving into the plasma. (Note that, because of their charge, ionized ASA molecules cannot leave the stomach.)
Step 3: As the nonionized ASA molecules enter the relatively alkaline environment of the plasma, most give up a proton (H+) and become negatively charged ions. ASA molecules that become ionized in the plasma cannot diffuse back into the stomach.
Step 4: As the nonionized ASA molecules in the plasma become ionized, more nonionized molecules will pass from the stomach to the plasma to replace them. This movement occurs because the laws of diffusion demand equal concentrations of diffusible substances on both sides of a membrane. Because only the nonionized form of ASA is able to diffuse across the membrane, it is this form that the laws of diffusion will attempt to equilibrate. Nonionized ASA will continue to move from the stomach to the plasma until the amount of ionized ASA in plasma has become large enough to prevent conversion of newly arrived nonionized molecules into the ionized form. Equilibrium will then be established between the plasma and the stomach. At equilibrium, there will be equal amounts of nonionized ASA in the stomach and plasma. However, on the plasma side, the amount of ionized ASA will be much larger than on the stomach side. Because there are equal concentrations of nonionized ASA on both sides of the membrane but a much higher concentration of ionized ASA in the plasma, the total concentration of ASA in plasma will be much higher than in the stomach.








Because ion trapping can influence the movement of drugs throughout the body, the process is not simply of academic interest. Rather, ion trapping has practical clinical implications. Knowledge of ion trapping helps us understand drug absorption as well as the movement of drugs to sites of action, metabolism, and excretion. Understanding of ion trapping can be put to practical use when we need to actively influence drug movement. Poisoning is the principal example: By manipulating urinary pH, we can employ ion trapping to draw toxic substances from the blood into the urine, thereby accelerating their removal.


























Absorption


Absorption is defined as the movement of a drug from its site of administration into the blood. The rate of absorption determines how soon effects will begin. The amount of absorption helps determine how intense effects will be.








Factors affecting drug absorption


The rate at which a drug undergoes absorption is influenced by the physical and chemical properties of the drug itself and by physiologic and anatomic factors at the absorption site.













Rate of dissolution.


Before a drug can be absorbed, it must first dissolve. Hence, the rate of dissolution helps determine the rate of absorption. Drugs in formulations that allow rapid dissolution have a faster onset than drugs formulated for slow dissolution.














Surface area.


The surface area available for absorption is a major determinant of the rate of absorption. The larger the surface area, the faster absorption will be. For this reason, orally administered drugs are usually absorbed from the small intestine rather than from the stomach. (Recall that the small intestine, because of its lining of microvilli, has an extremely large surface area, whereas the surface area of the stomach is relatively small.)














Blood flow.


Drugs are absorbed most rapidly from sites where blood flow is high. Why? Because blood containing newly absorbed drug will be replaced rapidly by drug-free blood, thereby maintaining a large gradient between the concentration of drug outside the blood and the concentration of drug in the blood. The greater the concentration gradient, the more rapid absorption will be.














Lipid solubility.


As a rule, highly lipid-soluble drugs are absorbed more rapidly than drugs whose lipid solubility is low. Why? Because lipid-soluble drugs can readily cross the membranes that separate them from the blood, whereas drugs of low lipid solubility cannot.














PH partitioning.


pH partitioning can influence drug absorption. Absorption will be enhanced when the difference between the pH of plasma and the pH at the site of administration is such that drug molecules will have a greater tendency to be ionized in the plasma.


























Characteristics of commonly used routes of administration


The routes of administration that are used most commonly fall into two major groups: enteral (via the gastrointestinal [GI] tract) and parenteral. The literal definition of parenteral is outside the GI tract. However, in common parlance, the term parenteral is used to mean by injection. The principal parenteral routes are intravenous, subcutaneous, and intramuscular.


For each of the major routes of administration—oral (PO), intravenous (IV), intramuscular (IM), and subcutaneous (subQ)—the pattern of drug absorption (ie, the rate and extent of absorption) is unique. Consequently, the route by which a drug is administered will significantly affect both the onset and the intensity of effects. Why do patterns of absorption differ between routes? Because the barriers to absorption associated with each route are different. In the discussion below, we examine these barriers and their influence on absorption pattern. In addition, as we discuss each major route, we will consider its clinical advantages and disadvantages. The distinguishing characteristics of the four major routes are summarized in Table 4–1.




TABLE 4–1 [image: ]


Properties of Major Routes of Drug Administration










	Route

	Barriers to Absorption

	Absorption Pattern

	Advantages

	Disadvantages










	Parenteral






	Intravenous (IV)

	None (absorption is bypassed)

	Instantaneous

	Rapid onset, and hence ideal for emergencies
Precise control over drug levels
Permits use of large fluid volumes
Permits use of irritant drugs

	Irreversible
Expensive
Inconvenient
Difficult to do, and hence poorly suited for self-administration
Risk of fluid overload, infection, and embolism
Drug must be water soluble






	Intramuscular (IM)

	Capillary wall (easy to pass)

	Rapid with water-soluble drugs
Slow with poorly soluble drugs

	Permits use of poorly soluble drugs
Permits use of depot preparations

	Possible discomfort
Inconvenient
Potential for injury






	Subcutaneous (subQ)

	Same as IM

	Same as IM

	Same as IM

	Same as IM






	Enteral






	Oral (PO)

	Epithelial lining of GI tract; capillary wall

	Slow and variable

	Easy
Convenient
Inexpensive
Ideal for self-medication
Potentially reversible, and hence safer than parenteral routes

	Variability
Inactivation of some drugs by gastric acid and digestive enzymes
Possible nausea and vomiting from local irritation
Patient must be conscious and cooperative
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Intravenous








Barriers to absorption.


When a drug is administered IV, there are no barriers to absorption. Why? Because, with IV administration, absorption is bypassed. Recall that absorption is defined as the movement of a drug from its site of administration into the blood. Since IV administration puts a drug directly into the blood, all barriers are bypassed.














Absorption pattern.


Intravenous administration results in “absorption” that is both instantaneous and complete. Intravenous “absorption” is instantaneous in that drug enters the blood directly. “Absorption” is complete in that virtually all of the administered dose reaches the blood.














Advantages. 







Rapid onset.


Intravenous administration results in rapid onset of action. Although rapid onset is not always important, it has obvious benefit in emergencies.













Control.


Because the entire dose is administered directly into the blood, we have precise control over levels of drug in the blood. This contrasts with the other major routes of administration, and especially with oral administration (see below), in which the amount absorbed is less predictable.













Permits use of large fluid volumes.


The IV route is the only parenteral route that permits the use of large volumes of fluid. Some drugs that require parenteral administration are poorly soluble in water, and hence must be dissolved in a large volume. Because of the physical limitations presented by soft tissues (eg, muscle, subcutaneous tissue), injection of large volumes at these sites is not feasible. In contrast, the amount of fluid that can be infused into a vein, although limited, is nonetheless relatively big.













Permits use of irritant drugs.


Certain drugs, because of their irritant properties, can only be given IV. A number of anticancer drugs, for example, are very chemically reactive. If present in high concentrations, these agents can cause severe local injury. However, when administered through a freely flowing IV line, these drugs are rapidly diluted in the blood, thereby minimizing the risk of injury.




















Disadvantages. 







High cost, difficulty, and inconvenience.


Intravenous administration is expensive, difficult, and inconvenient. The cost of IV administration sets and their set-up charges can be substantial. Also, setting up an IV line takes time and special training. Because of the difficulty involved, most patients are unable to self-administer IV drugs, and therefore must depend on a healthcare professional. Because patients are tethered to lines and bottles, their mobility is limited. In contrast, oral administration is easy, convenient, and cheap.













Irreversibility.


More important than cost or convenience, IV administration can be dangerous. Once a drug has been injected, there is no turning back: The drug is in the body and cannot be retrieved. Hence, if the dose is excessive, avoiding harm may be impossible.


To minimize risk, IV drugs should be injected slowly (over 1 minute or more). Because all of the blood in the body is circulated about once every minute, by injecting a drug over a 1-minute interval, we cause it to be diluted in the largest volume of blood possible. By doing so, we can avoid drug concentrations that are unnecessarily high—or even dangerously high.


Performing IV injections slowly has the additional advantage of reducing the risk of toxicity to the central nervous system (CNS). When a drug is injected into the antecubital vein of the arm, it takes about 15 seconds to reach the brain. Consequently, if the dose is sufficient to cause CNS toxicity, signs of toxicity may become apparent 15 seconds after starting the injection. If the injection is being done slowly (eg, over a 1-minute interval), only 25% of the total dose will have been administered when signs of toxicity appear. If administration is discontinued immediately, adverse effects will be much less than they would have been had the entire dose been given.













Fluid overload.


When drugs are administered in a large volume, fluid overload can occur. This can be a significant problem for patients with hypertension, kidney disease, or heart failure.













Infection.


Infection can occur from injecting a contaminated drug. Fortunately, the risk of infection is much lower today than it was before the development of modern techniques for sterilizing drugs intended for IV use.













Embolism.


Intravenous administration carries a risk of embolism (blood vessel blockage at a site distant from the point of administration). Embolism can be caused in several ways. First, insertion of an IV needle can injure the venous wall, leading to formation of a thrombus (clot); embolism can result if the clot breaks loose and becomes lodged in another vessel. Second, injection of hypotonic or hypertonic fluids can destroy red blood cells; the debris from these cells can produce embolism.


Lastly, injection of drugs that are not fully dissolved can cause embolism. Particles of undissolved drug are like small grains of sand, which can become embedded in blood vessels and cause blockage. Because of the risk of embolism, you should check IV solutions prior to administration to ensure that drugs are in solution. If the fluid is cloudy or contains particles, the drug is not dissolved and must not be administered.













The importance of reading labels.


Not all formulations of the same drug are appropriate for IV administration. Accordingly, it is essential to read the label before giving a drug IV. Two examples illustrate why this is so important. The first is insulin. Seven types of insulin are now available (eg, regular insulin, insulin aspart, NPH insulin). Some of these formulations can be given IV; others cannot. Regular insulin, for example, is formulated as a clear liquid, and is safe for IV use. In contrast, NPH insulin is formulated as a particulate suspension. This suspension is safe for subQ use, but its particles could be fatal if given IV. By checking the label, inadvertent IV injection of particulate insulin can be avoided.


Epinephrine provides our second example of why you should read the label before giving a drug IV. Epinephrine, which stimulates the cardiovascular system, can be injected by several routes (IM, IV, subQ, intracardiac, intraspinal). Be aware, however, that a solution prepared for use by one route will differ in concentration from a solution prepared for use by other routes. For example, whereas solutions intended for subcutaneous administration are concentrated, solutions intended for intravenous use are dilute. If a solution prepared for subQ use were to be inadvertently administered IV, the result could prove fatal. (Intravenous administration of concentrated epinephrine could overstimulate the heart and blood vessels, causing severe hypertension, cerebral hemorrhage, stroke, and death.) The take-home message is that simply giving the right drug is not sufficient; you must also be sure that the formulation and concentration are appropriate for the intended route.


























Intramuscular








Barriers to absorption.


When a drug is injected IM, the only barrier to absorption is the capillary wall. In capillary beds that serve muscles and most other tissues, there are “large” spaces between the cells that compose the capillary wall (Fig. 4–7). Drugs can pass through these spaces with ease, and need not cross cell membranes to enter the bloodstream. Accordingly, like IV administration, IM administration presents no significant barrier to absorption.




[image: image]


Figure 4–7 [image: ] Drug movement at typical capillary beds.
In most capillary beds, “large” gaps exist between the cells that compose the capillary wall. Drugs and other molecules can pass freely into and out of the bloodstream through these gaps. As illustrated, lipid-soluble compounds can also pass directly through the cells of the capillary wall.




















Absorption pattern.


Drugs administered IM may be absorbed rapidly or slowly. The rate of absorption is determined largely by two factors: (1) water solubility of the drug and (2) blood flow to the site of injection. Drugs that are highly soluble in water will be absorbed rapidly (within 10 to 30 minutes), whereas drugs that are poorly soluble will be absorbed slowly. Similarly, absorption will be rapid from sites where blood flow is high, and slow where blood flow is low.














Advantages.


The IM route can be used for parenteral administration of poorly soluble drugs. Recall that drugs must be dissolved if they are to be administered IV. Consequently, the IV route cannot be used for poorly soluble compounds. In contrast, since little harm will come from depositing a suspension of undissolved drug in the interstitial space of muscle tissue, the IM route is acceptable for drugs whose water solubility is poor.


A second advantage of the IM route is that we can use it to administer depot preparations (preparations from which the drug is absorbed slowly over an extended time). Depending on the depot formulation, the effects of a single injection may persist for days, weeks, or even months. For example, benzathine penicillin G, a depot preparation of penicillin, can release therapeutically effective amounts of penicillin for a month following a single IM injection. In contrast, a single IM injection of penicillin G itself would be absorbed and excreted in less than 1 day. The obvious advantage of depot preparations is that they can greatly reduce the number of injections required during long-term therapy.














Disadvantages.


The major drawbacks of IM administration are discomfort and inconvenience. Intramuscular injection of some preparations can be painful. Also, IM injections can cause local tissue injury and possibly nerve damage (if the injection is done improperly). Lastly, because of bleeding risk, IM injections cannot be used for patients receiving anticoagulant therapy. Like all other forms of parenteral administration, IM injections are less convenient than oral administration.




















Subcutaneous


The pharmacokinetics of subQ administration are nearly identical to those of IM administration. As with IM administration, there are no significant barriers to absorption: Once a drug has been injected subQ, it readily enters the blood by passing through the spaces between cells of the capillary wall. As with IM administration, blood flow and drug solubility are the major determinants of how fast absorption takes place. Because of the similarities between subQ and IM administration, these routes have similar advantages (suitability for poorly soluble drugs and depot preparations) and similar drawbacks (discomfort, inconvenience, potential for injury).














Oral


In the discussion below, the abbreviation PO is used in reference to oral administration. This abbreviation stands for per os, a Latin phrase meaning by way of the mouth.








Barriers to absorption.


Following oral administration, drugs may be absorbed from the stomach, the intestine, or both. In either case, there are two barriers to cross: (1) the layer of epithelial cells that lines the GI tract, and (2) the capillary wall. Because the walls of the capillaries that serve the GI tract offer no significant resistance to absorption, the major barrier to absorption is the GI epithelium. To cross this layer of tightly packed cells, drugs must pass through cells rather than between them. For some drugs, intestinal absorption may be reduced by P-glycoprotein, a transporter that can pump certain drugs out of epithelial cells back into the intestinal lumen.














Absorption pattern.


Because of multiple factors, the rate and extent of drug absorption following oral administration can be highly variable. Factors that can influence absorption include (1) solubility and stability of the drug, (2) gastric and intestinal pH, (3) gastric emptying time, (4) food in the gut, (5) coadministration of other drugs, and (6) special coatings on the drug preparation.














Drug movement following absorption.


Before proceeding, we need to quickly review what happens to drugs following their absorption from the GI tract. As depicted in Figure 4–8, drugs absorbed from all sites along the GI tract (except the oral mucosa and the distal segment of the rectum) must pass through the liver (via the portal blood) before they can reach the general circulation. For many drugs, this passage is uneventful: they go through the liver, enter the inferior vena cava, and eventually reach the general circulation. Other drugs undergo extensive hepatic metabolism. And still others may undergo enterohepatic recirculation, a repeating cycle in which a drug moves from the liver into the duodenum (via the bile duct) and then back to the liver (via the portal blood). This cycle is discussed further under Enterohepatic Recirculation.
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Figure 4–8 [image: ] Movement of drugs following GI absorption.
All drugs absorbed from sites along the GI tract—stomach, small intestine, and large intestine (but not the oral mucosa or distal rectum)—must go through the liver, via the portal vein, on their way to the heart and then the general circulation. For some drugs, passage is uneventful. Others undergo extensive hepatic metabolism. And still others undergo enterohepatic recirculation, a repeating cycle in which a drug moves from the liver into the duodenum (via the bile duct) and then back to the liver (via the portal blood). As discussed in the text under Enterohepatic Recirculation, the process is limited to drugs that have first undergone hepatic glucuronidation.




















Advantages.


Oral administration is easy, convenient, and inexpensive. (By inexpensive, we don’t mean that oral drugs themselves are inexpensive, but rather there is no cost for the administration process.) Because of its relative ease, oral administration is the preferred route for self-medication.


Although absorption of oral drugs can be highly variable, this route is still safer than injection. With oral administration, there is no risk of fluid overload, infection, or embolism. Furthermore, since oral administration is potentially reversible, whereas injections are not, oral administration is safer. Recall that with parenteral administration there is no turning back: Once a drug has been injected, there is little we can do to prevent absorption and subsequent effects. Therefore, when giving drugs parenterally, we must live with the consequences of our mistakes. In contrast, if need be, there are steps we can take to prevent absorption following inappropriate oral administration. For example, we can decrease absorption by giving activated charcoal, a compound that adsorbs (soaks up) drugs while they are still in the GI tract; once drugs are adsorbed onto the charcoal, they cannot be absorbed into the bloodstream. Our ability to prevent the absorption of orally administered drugs gives PO medications a safety factor that is unavailable with drugs given by injection.














Disadvantages. 







Variability.


The major disadvantage of PO therapy is that absorption can be highly variable. That is, a drug administered to patient A may be absorbed rapidly and completely, whereas the same drug given to patient B may be absorbed slowly and incompletely. This variability makes it difficult to control the concentration of a drug at its sites of action, and therefore makes it difficult to control the onset, intensity, and duration of responses.













Inactivation.


Oral administration can lead to inactivation of certain drugs. Penicillin G, for example, can’t be taken orally because it would be destroyed by stomach acid. Similarly, insulin can’t be taken orally because it would be destroyed by digestive enzymes. Other drugs (eg, nitroglycerin) undergo extensive inactivation as they pass through the liver, a phenomenon known as the “first-pass effect” (see below under Special Considerations in Drug Metabolism).













Patient requirements.


Oral drug administration requires a conscious, cooperative patient. Drugs cannot be administered PO to comatose individuals or to individuals who, for whatever reason (eg, psychosis, seizure, obstinacy, nausea), are unable or unwilling to swallow medication.













Local irritation.


Some oral preparations cause local irritation of the GI tract, which can result in discomfort, nausea, and vomiting.


























Comparing oral administration with parenteral administration


Because of ease, convenience, and relative safety, oral administration is generally preferred to parenteral administration. However, there are situations in which parenteral administration may be superior. These are




• Emergencies that require rapid onset of drug action.


• Situations in which plasma drug levels must be tightly controlled. (Because of variable absorption, oral administration does not permit tight control of drug levels.)


• Treatment with drugs that would be destroyed by gastric acidity, digestive enzymes, or hepatic enzymes if given orally (eg, insulin, penicillin G, nitroglycerin).


• Treatment with drugs that would cause severe local injury if administered by mouth (eg, certain anticancer agents).


• Treating a systemic disorder with drugs that cannot cross membranes (eg, quaternary ammonium compounds).


• Treating conditions for which the prolonged effects of a depot preparation might be desirable.


• Treating patients who cannot or will not take drugs orally.























Pharmaceutical preparations for oral administration


There are several kinds of “packages” (formulations) into which a drug can be put for oral administration. Three such formulations—tablets, enteric-coated preparations, and sustained-release preparations—are discussed below.


Before we discuss drug formulations, it will be helpful to define two terms: chemical equivalence and bioavailability. Drug preparations are considered chemically equivalent if they contain the same amount of the identical chemical compound (drug). Preparations are considered equal in bioavailability if the drug they contain is absorbed at the same rate and to the same extent. Please note that it is possible for two formulations of the same drug to be chemically equivalent while differing in bioavailability.













Tablets.


A tablet is a mixture of a drug plus binders and fillers, all of which have been compressed together. Tablets made by different manufacturers can differ in their rates of disintegration and dissolution, causing differences in bioavailability. As a result, two tablets that contain the same amount of the same drug can differ with respect to onset and intensity of effects.














Enteric-coated preparations.


Enteric-coated preparations consist of drugs that have been covered with a material designed to dissolve in the intestine but not the stomach. Materials used for enteric coatings include fatty acids, waxes, and shellac. Because enteric-coated preparations release their contents into the intestine and not the stomach, these preparations are employed for two general purposes: (1) to protect drugs from acid and pepsin in the stomach and (2) to protect the stomach from drugs that can cause gastric discomfort.


The primary disadvantage of enteric-coated preparations is that absorption can be even more variable than with standard tablets. Because gastric emptying time can vary from minutes up to 12 hours, and because enteric-coated preparations cannot be absorbed until they leave the stomach, variations in gastric emptying time can alter time of onset. Furthermore, enteric coatings sometimes fail to dissolve, thereby allowing medication to pass through the GI tract without being absorbed at all.














Sustained-release preparations.


Sustained-release formulations are capsules filled with tiny spheres that contain the actual drug; the individual spheres have coatings that dissolve at variable rates. Because some spheres dissolve more slowly than others, drug is released steadily throughout the day. The primary advantage of sustained-release preparations is that they permit a reduction in the number of daily doses. These formulations have the additional advantage of producing relatively steady drug levels over an extended time (much like giving a drug by infusion). The major disadvantages of sustained-release formulations are high cost and the potential for variable absorption.


























Additional routes of administration


Drugs can be administered by a number of routes in addition to those already discussed. Drugs can be applied topically for local therapy of the skin, eyes, ears, nose, mouth, and vagina. In a few cases, topical agents (eg, nitroglycerin, nicotine, testosterone, estrogen) are formulated for transdermal absorption into the systemic circulation. Some drugs are inhaled to elicit local effects in the lung, especially in the treatment of asthma. Other inhalational agents (eg, volatile anesthetics, oxygen) are used for their systemic effects. Rectal suppositories may be employed for local effects or for effects throughout the body. Vaginal suppositories may be employed to treat local disorders. For management of some conditions, drugs must be given by direct injection into a specific site (eg, heart, joints, nerves, CNS). The unique characteristics of these routes are addressed throughout the book as we discuss specific drugs that employ them.




















Distribution


Distribution is defined as the movement of drugs throughout the body. Drug distribution is determined by three major factors: blood flow to tissues, the ability of a drug to exit the vascular system, and, to a lesser extent, the ability of a drug to enter cells.








Blood flow to tissues


In the first phase of distribution, drugs are carried by the blood to the tissues and organs of the body. The rate at which drugs are delivered to a particular tissue is determined by blood flow to that tissue. Since most tissues are well perfused, regional blood flow is rarely a limiting factor in drug distribution.


There are two pathologic conditions—abscesses and tumors—in which low regional blood flow can affect drug therapy. An abscess is a pus-filled pocket of infection that has no internal blood vessels. Because abscesses lack a blood supply, antibiotics cannot reach the bacteria within. Accordingly, if drug therapy is to be effective, the abscess must first be surgically drained.


Solid tumors have a limited blood supply. Although blood flow to the outer regions of tumors is relatively high, blood flow becomes progressively lower toward the core. As a result, we cannot achieve high drug levels deep inside tumors. Limited blood flow is a major reason why solid tumors are resistant to drug therapy.














Exiting the vascular system


After a drug has been delivered to an organ or tissue via the blood, the next step is to exit the vasculature. Since most drugs do not produce their effects within the blood, the ability to leave the vascular system is an important determinant of drug actions. Exiting the vascular system is also necessary for drugs to undergo metabolism and excretion. Drugs in the vascular system leave the blood at capillary beds.








Typical capillary beds


Most capillary beds offer no resistance to the departure of drugs. Why? Because, in most tissues, drugs can leave the vasculature simply by passing through pores in the capillary wall. Since drugs pass between capillary cells rather than through them, movement into the interstitial space is not impeded. The exit of drugs from a typical capillary bed is depicted in Figure 4–7.














The blood-brain barrier


The term blood-brain barrier (BBB) refers to the unique anatomy of capillaries in the CNS. As shown in Figure 4–9, there are tight junctions between the cells that compose the walls of most capillaries in the CNS. These junctions are so tight that they prevent drug passage. Consequently, in order to leave the blood and reach sites of action within the brain, a drug must be able to pass through cells of the capillary wall. Only drugs that are lipid soluble or have a transport system can cross the BBB to a significant degree.
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Figure 4–9 [image: ] Drug movement across the blood-brain barrier.
Tight junctions between cells that compose the walls of capillaries in the CNS prevent drugs from passing between cells to exit the vascular system. Consequently, in order to reach sites of action within the brain, a drug must pass directly through cells of the capillary wall. To do this, the drug must be lipid soluble or be able to use an existing transport system.








Recent evidence indicates that, in addition to tight junctions, the BBB has another protective component: P-glycoprotein. As noted earlier, P-glycoprotein is a transporter that pumps a variety of drugs out of cells. In capillaries of the CNS, P-glycoprotein pumps drugs back into the blood, and thereby limits their access to the brain.


The presence of the blood-brain barrier is a mixed blessing. The good news is that the barrier protects the brain from injury by potentially toxic substances. The bad news is that the barrier can be a significant obstacle to therapy of CNS disorders. The barrier can, for example, impede access of antibiotics to CNS infections.


The blood-brain barrier is not fully developed at birth. As a result, newborns have heightened sensitivity to medicines that act on the brain. Likewise, neonates are especially vulnerable to CNS poisons.














Placental drug transfer


The membranes of the placenta separate the maternal circulation from the fetal circulation (Fig. 4–10). The membranes of the placenta do NOT constitute an absolute barrier to the passage of drugs. The same factors that determine the movement of drugs across other membranes determine the movement of drugs across the placenta. Accordingly, lipid-soluble, nonionized compounds readily pass from the maternal bloodstream into the blood of the fetus. In contrast, compounds that are ionized, highly polar, or protein bound (see below) are largely excluded—as are drugs that are substrates for P-glycoprotein, a transporter that can pump a variety of drugs out of placental cells into the maternal blood.
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Figure 4–10 [image: ] Placental drug transfer.
To enter the fetal circulation, drugs must cross membranes of the maternal and fetal vascular systems. Lipid-soluble drugs can readily cross these membranes and enter the fetal blood, whereas ions and polar molecules are prevented from reaching the fetal blood.








Drugs that have the ability to cross the placenta can cause serious harm. Some compounds can cause birth defects, ranging from low birth weight to mental retardation to gross malformations. (Recall the thalidomide experience.) If a pregnant woman is a habitual user of opioids (eg, heroin), her child will be born drug dependent, and hence will need treatment with a heroin substitute to prevent withdrawal. The use of respiratory depressants (anesthetics and analgesics) during delivery can depress respiration in the neonate. Accordingly, infants exposed to respiratory depressants must be monitored until breathing has normalized.














Protein binding


Drugs can form reversible bonds with various proteins in the body. Of all the proteins with which drugs can bind, plasma albumin is the most important, being the most abundant protein in plasma. Like other proteins, albumin is a large molecule, having a molecular weight of 69,000. Because of its size, albumin always remains in the bloodstream: Albumin is too large to squeeze through pores in the capillary wall, and no transport system exists by which it might leave.


Figure 4–11A depicts the binding of drug molecules to albumin. Note that the drug molecules are much smaller than albumin. (The molecular mass of the average drug is about 300 to 500 compared with 69,000 for albumin.) As indicated by the two-way arrows, binding between albumin and drugs is reversible. Hence, drugs may be bound or unbound (free).
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Figure 4–11 [image: ] Protein binding of drugs.
A, Albumin is the most prevalent protein in plasma and the most important of the proteins to which drugs bind. B, Only unbound (free) drug molecules can leave the vascular system. Bound molecules are too large to fit through the pores in the capillary wall.








Even though a drug can bind albumin, only some molecules will be bound at any moment. The percentage of drug molecules that are bound is determined by the strength of the attraction between albumin and the drug. For example, the attraction between albumin and warfarin (an anticoagulant) is strong, causing nearly all (99%) of the warfarin molecules in plasma to be bound, leaving only 1% free. For gentamicin (an antibiotic), the ratio of bound to free is quite different; since the attraction between gentamicin and albumin is relatively weak, less than 10% of the gentamicin molecules in plasma are bound, leaving more than 90% free.


An important consequence of protein binding is restriction of drug distribution. Because albumin is too large to leave the bloodstream, drug molecules that are bound to albumin cannot leave either (Fig. 4–11B). As a result, bound molecules cannot reach their sites of action, metabolism, or excretion.


In addition to restricting drug distribution, protein binding can be a source of drug interactions. As suggested by Figure 4–11A, each molecule of albumin has only a few sites to which drug molecules can bind. Because the number of binding sites is limited, drugs with the ability to bind albumin will compete with one another for those sites. As a result, one drug can displace another from albumin, causing the free concentration of the displaced drug to rise. By increasing levels of free drug, competition for binding can increase the intensity of drug responses. Toxicity can result.




















Entering cells


Some drugs must enter cells to reach their sites of action, and practically all drugs must enter cells to undergo metabolism and excretion. The factors that determine the ability of a drug to cross cell membranes are the same factors that determine the passage of drugs across all other membranes, namely, lipid solubility, the presence of a transport system, or both.


As discussed in Chapter 5, many drugs produce their effects by binding with receptors located on the external surface of the cell membrane. Obviously, these drugs do not need to cross the cell membrane to act.




















Metabolism


Drug metabolism, also known as biotransformation, is defined as the enzymatic alteration of drug structure. Most drug metabolism takes place in the liver.








Hepatic drug-metabolizing enzymes


Most drug metabolism that takes place in the liver is performed by the hepatic microsomal enzyme system, also known as the P450 system. The term P450 refers to cytochrome P450, a key component of this enzyme system.


It is important to appreciate that cytochrome P450 is not a single molecular entity, but rather a group of 12 closely related enzyme families. Three of the cytochrome P450 (CYP) families—designated CYP1, CYP2, and CYP3—metabolize drugs. The other nine families metabolize endogenous compounds (eg, steroids, fatty acids). Each of the three P450 families that metabolize drugs is itself composed of multiple forms, each of which metabolizes only certain drugs. To identify the individual forms of cytochrome P450, we use designations such as CYP1A2, CYP2D6, and CYP3A4, indicating specific members of the CYP1, CYP2, and CYP3 families, respectively. I mention this nomenclature only so that it will be familiar when you come across it in your reading. This information is not intended for memorization.


Hepatic microsomal enzymes are capable of catalyzing a wide variety of reactions using drugs as substrates. Some of these reactions are illustrated in Figure 4–12. As these examples indicate, drug metabolism doesn’t always result in the breakdown of drugs into smaller molecules; drug metabolism can also result in the synthesis of a molecule that is larger than the parent drug.
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Figure 4–12 [image: ] Therapeutic consequences of drug metabolism.
(See text for details.)




















Therapeutic consequences of drug metabolism


Drug metabolism has six possible consequences of therapeutic significance:




• Accelerated renal excretion of drugs


• Drug inactivation


• Increased therapeutic action


• Activation of “prodrugs”


• Increased toxicity


• Decreased toxicity





The reactions shown in Figure 4–12 illustrate these outcomes.













Accelerated renal drug excretion.


The most important consequence of drug metabolism is promotion of renal drug excretion. As discussed below under Renal Drug Excretion, the kidney, which is the major organ of drug excretion, is unable to excrete drugs that are highly lipid soluble. Hence, by converting lipid-soluble drugs into more hydrophilic (water-soluble) forms, metabolic conversion can accelerate renal excretion of many agents. For certain highly lipid-soluble drugs (eg, thiopental), complete renal excretion would take years were it not for their conversion into more hydrophilic forms.


What kinds of metabolic transformations enhance excretion? Two important mechanisms are shown in Figure 4–12, panels 1A and 1B. In panel 1A, a simple structural change (addition of a hydroxyl group) converts pentobarbital into a more polar (less lipid-soluble) form. In panel 1B, a highly lipophilic drug (phenytoin) is converted into a highly hydrophilic form by undergoing glucuronidation, a process in which a hydrophilic glucose derivative (glucuronic acid) is attached to phenytoin. As a result of glucuronidation, phenytoin is rendered much more water soluble, and hence can be rapidly excreted by the kidneys.


It should be noted that not all glucuronides are excreted by the kidneys. In many cases, glucuronidated drugs are secreted into the bile and then transported to the duodenum (via the bile duct), after which they can undergo excretion in the feces. However, in some cases, secretion into the bile can result in enterohepatic recirculation (see below).














Drug inactivation.


Drug metabolism can convert pharmacologically active compounds to inactive forms. This process is illustrated by the conversion of procaine (a local anesthetic) into para-aminobenzoic acid (PABA), an inactive metabolite (see Fig. 4–12, panel 2).














Increased therapeutic action.


Metabolism can increase the effectiveness of some drugs. This concept is illustrated by the conversion of codeine into morphine (see Fig. 4–12, panel 3). The analgesic activity of morphine is so much greater than that of codeine that formation of morphine may account for virtually all the pain relief that occurs following codeine administration.














Activation of prodrugs.


A prodrug is a compound that is pharmacologically inactive as administered and then undergoes conversion to its active form within the body. Activation of a prodrug is illustrated by the metabolic conversion of prazepam into desmethyldiazepam (see Fig. 4–12, panel 4). (Prazepam is a close relative of diazepam, a drug familiar to us under the trade name Valium.)














Increased or decreased toxicity.


By converting drugs into inactive forms, metabolism can decrease toxicity. Conversely, metabolism can increase the potential for harm by converting relatively safe compounds into forms that are toxic. Increased toxicity is illustrated by the conversion of acetaminophen [Tylenol, others] into a hepatotoxic metabolite (see Fig. 4–12, panel 5). It is this product of metabolism, and not acetaminophen itself, that causes injury when acetaminophen is taken in overdose.


























Special considerations in drug metabolism


Several factors can influence the rate at which drugs are metabolized. These must be accounted for in drug therapy.













Age.


The drug-metabolizing capacity of infants is limited. The liver does not develop its full capacity to metabolize drugs until about 1 year after birth. During the time prior to hepatic maturation, infants are especially sensitive to drugs, and care must be taken to avoid injury.














Induction of drug-metabolizing enzymes.


Some drugs act on the liver to increase rates of drug metabolism. For example, when phenobarbital is administered for several days, it can cause the drug-metabolizing capacity of the liver to double. Phenobarbital increases metabolism by causing the liver to synthesize drug-metabolizing enzymes. This process of stimulating enzyme synthesis is known as induction.


Induction of drug-metabolizing enzymes can have two therapeutic consequences. First, by stimulating the liver to produce more drug-metabolizing enzymes, a drug can increase the rate of its own metabolism, thereby necessitating an increase in its dosage to maintain therapeutic effects. Second, induction of drug-metabolizing enzymes can accelerate the metabolism of other drugs used concurrently, necessitating an increase in their dosages.














First-pass effect.


The term first-pass effect refers to the rapid hepatic inactivation of certain oral drugs. As discussed earlier, when oral drugs are absorbed from the GI tract, they are carried directly to the liver via the hepatic portal vein. If the capacity of the liver to metabolize a drug is extremely high, that drug can be completely inactivated on its first pass through the liver. As a result, no therapeutic effects can occur. To circumvent the first-pass effect, a drug that undergoes rapid hepatic metabolism is often administered parenterally. This permits the drug to temporarily bypass the liver, thereby allowing it to reach therapeutic levels in the systemic blood.


Nitroglycerin is the classic example of a drug that undergoes such rapid hepatic metabolism that it is largely without effect following oral administration. However, when administered sublingually (under the tongue), nitroglycerin is very active. Sublingual administration is effective because it permits nitroglycerin to be absorbed directly into the systemic circulation. Once in the circulation, the drug is carried to its sites of action prior to passage through the liver. Hence, therapeutic action can be exerted before the drug is exposed to hepatic enzymes.














Nutritional status.


Hepatic drug-metabolizing enzymes require a number of cofactors to function. In the malnourished patient, these cofactors may be deficient, causing drug metabolism to be compromised.














Competition between drugs.


When two drugs are metabolized by the same metabolic pathway, they may compete with each other for metabolism, and may thereby decrease the rate at which one or both agents are metabolized. If metabolism is depressed enough, a drug can accumulate to dangerous levels.


























Enterohepatic recirculation


As noted earlier and depicted in Figure 4–8, enterohepatic recirculation is a repeating cycle in which a drug is transported from the liver into the duodenum (via the bile duct) and then back to the liver (via the portal blood). It is important to note, however, that only certain drugs can participate. Specifically, the process is limited to drugs that have undergone glucuronidation (see Fig. 4–12, panel 1B). Following glucuronidation, these drugs can enter the bile and then pass to the duodenum. Once there, they can be hydrolyzed by intestinal beta-glucuronidase, an enzyme that breaks the bond between the original drug and the glucuronide moiety, thereby releasing free drug. Because the free drug is more lipid soluble than the glucuronidated form, the free drug can undergo reabsorption across the intestinal wall, followed by transport back to the liver, where the cycle can start again. Because of enterohepatic recycling, drugs can remain in the body much longer than they otherwise would.


Do all glucuronidated drugs undergo extensive recycling? No. Glucuronidated drugs that are more stable to hydrolysis will be excreted intact in the feces, without significant recirculation.




















Excretion


Drug excretion is defined as the removal of drugs from the body. Drugs and their metabolites can exit the body in urine, bile, sweat, saliva, breast milk, and expired air. The most important organ for drug excretion is the kidney.








Renal drug excretion


The kidneys account for the majority of drug excretion. When the kidneys are healthy, they serve to limit the duration of action of many drugs. Conversely, if renal failure occurs, both the duration and intensity of drug responses may increase.








Steps in renal drug excretion


Urinary excretion is the net result of three processes: (1) glomerular filtration, (2) passive tubular reabsorption, and (3) active tubular secretion (Fig. 4–13).
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Figure 4–13 [image: ] Renal drug excretion.
(MW = molecular weight.) (Redrawn from Binns TB [ed]: Absorption and Distribution of Drugs. Edinburgh: Churchill Livingstone, 1964.)














Glomerular filtration.


Renal excretion begins at the glomerulus of the kidney tubule. The glomerulus consists of a capillary network surrounded by Bowman’s capsule; small pores perforate the capillary walls. As blood flows through the glomerular capillaries, fluids and small molecules—including drugs—are forced through the pores of the capillary wall. This process, called glomerular filtration, moves drugs from the blood into the tubular urine. Blood cells and large molecules (eg, proteins) are too big to pass through the capillary pores and therefore do not undergo filtration. Because large molecules are not filtered, drugs bound to albumin remain behind in the blood.














Passive tubular reabsorption.


As depicted in Figure 4–13, the vessels that deliver blood to the glomerulus return to proximity with the renal tubule at a point distal to the glomerulus. At this distal site, drug concentrations in the blood are lower than drug concentrations in the tubule. This concentration gradient acts as a driving force to move drugs from the lumen of the tubule back into the blood. Because lipid-soluble drugs can readily cross the membranes that compose the tubular and vascular walls, drugs that are lipid soluble undergo passive reabsorption from the tubule back into the blood. In contrast, drugs that are not lipid soluble (ions and polar compounds) remain in the urine to be excreted. By converting lipid-soluble drugs into more polar forms, drug metabolism reduces passive reabsorption of drugs and thereby accelerates their excretion.














Active tubular secretion.


There are active transport systems in the kidney tubules that pump drugs from the blood to the tubular urine. The tubules have two primary classes of pumps, one for organic acids and one for organic bases. In addition, tubule cells contain P-glycoprotein, which can pump a variety of drugs into the urine. These pumps have a relatively high capacity and play a significant role in excreting certain compounds.




















Factors that modify renal drug excretion








PH-dependent ionization.


The phenomenon of pH-dependent ionization can be used to accelerate renal excretion of drugs. Recall that passive tubular reabsorption is limited to lipid-soluble compounds. Because ions are not lipid soluble, drugs that are ionized at the pH of tubular urine will remain in the tubule and be excreted. Consequently, by manipulating urinary pH in such a way as to promote the ionization of a drug, we can decrease passive reabsorption back into the blood, and can thereby hasten the drug’s elimination. This principle has been employed to promote the excretion of poisons as well as medications that have been taken in toxic doses.


The treatment of aspirin poisoning provides an example of how manipulation of urinary pH can be put to therapeutic advantage. When children have been exposed to toxic doses of aspirin, they can be treated, in part, by giving an agent that elevates urinary pH (ie, makes the urine more basic). Since aspirin is an acidic drug, and since acids tend to ionize in basic media, elevation of urinary pH causes more of the aspirin molecules in urine to become ionized. As a result, less drug is passively reabsorbed and hence more is excreted.














Competition for active tubular transport.


Competition between drugs for active tubular transport can delay renal excretion, thereby prolonging effects. The active transport systems of the renal tubules can be envisioned as motor-driven revolving doors that carry drugs from the plasma into the renal tubules. These “revolving doors” can carry only a limited number of drug molecules per unit of time. Accordingly, if there are too many molecules present, some must wait their turn. Because of competition, if we administer two drugs at the same time, and if both use the same transport system, excretion of each will be delayed by the presence of the other.


Competition for transport has been employed clinically to prolong the effects of drugs that normally undergo rapid renal excretion. For example, when administered alone, penicillin is rapidly cleared from the blood by active tubular transport. Excretion of penicillin can be delayed by concurrent administration of probenecid, an agent that is removed from the blood by the same tubular transport system that pumps penicillin. Hence, if a large dose of probenecid is administered, renal excretion of penicillin will be delayed while the transport system is occupied with moving the probenecid. Years ago, when penicillin was expensive to produce, combined use with probenecid was common. Today penicillin is cheap. As a result, rather than using probenecid to preserve penicillin levels, we simply give penicillin in huge doses.














Age.


The kidneys of newborns are not fully developed. Until their kidneys reach full capacity (a few months after birth), infants have a limited capacity to excrete drugs. This must be accounted for when medicating an infant.


























Nonrenal routes of drug excretion


In most cases, excretion of drugs by nonrenal routes has minimal clinical significance. However, in certain situations, nonrenal excretion can have important therapeutic and toxicologic consequences.








Breast milk


Drugs taken by breast-feeding women can undergo excretion into milk. As a result, breast-feeding can expose the nursing infant to drugs. The factors that influence the appearance of drugs in breast milk are the same factors that determine the passage of drugs across membranes. Accordingly, lipid-soluble drugs have ready access to breast milk, whereas drugs that are polar, ionized, or protein bound cannot enter in significant amounts. Because infants may be harmed by compounds excreted in breast milk, nursing mothers should avoid all drugs. If a woman must take medication, she should consult with her prescriber to ensure that the drug will not reach concentrations in her milk high enough to harm her baby.














Other nonrenal routes of excretion


The bile is an important route of excretion for certain drugs. Recall that bile is secreted into the small intestine and then leaves the body in the feces. In some cases, drugs entering the intestine in bile may undergo reabsorption back into the portal blood. This reabsorption, referred to as enterohepatic recirculation, can substantially prolong a drug’s sojourn in the body (see Special Considerations in Drug Metabolism).


The lungs are the major route by which volatile anesthetics are excreted.


Small amounts of drugs can appear in sweat and saliva. These routes have little therapeutic or toxicologic significance.


























Time course of drug responses


To achieve the therapeutic objective, we must control the time course of drug responses. We need to regulate the time at which drug responses start, the time they are most intense, and the time they cease. Because the four pharmacokinetic processes—absorption, distribution, metabolism, and excretion—determine how much drug will be at its sites of action at any given time, these processes are the major determinants of the time course over which drug responses take place. Having discussed the individual processes that contribute to determining the time course of drug action, we can now discuss the time course itself.








Plasma drug levels


In most cases, the time course of drug action bears a direct relationship to the concentration of a drug in the blood. Hence, before discussing the time course per se, we need to review several important concepts related to plasma drug levels.








Clinical significance of plasma drug levels


Clinicians frequently monitor plasma drug levels in efforts to regulate drug responses. When measurements indicate that drug levels are inappropriate, these levels can be adjusted up or down by changing dosage size, dosage timing, or both.


The practice of regulating plasma drug levels in order to control drug responses should seem a bit odd, given that (1) drug responses are related to drug concentrations at sites of action and that (2) the site of action of most drugs is not in the blood. The question arises, “Why adjust plasma levels of a drug when what really matters is the concentration of that drug at its sites of action?” The answer begins with the following observation: More often than not, it is a practical impossibility to measure drug concentrations at sites of action. For example, when a patient with epilepsy takes phenytoin (an antiseizure agent), we cannot routinely draw samples from inside the skull to see if brain levels of the medication are adequate for seizure control. Fortunately, in the case of phenytoin and most other drugs, it is not necessary to measure drug concentrations at actual sites of action in order to have an objective basis for adjusting dosage. Experience has shown that, for most drugs, there is a direct correlation between therapeutic and toxic responses and the amount of drug present in plasma. Therefore, although we can’t usually measure drug concentrations at sites of action, we can determine plasma drug concentrations that, in turn, are highly predictive of therapeutic and toxic responses. Accordingly, the dosing objective is commonly spoken of in terms of achieving a specific plasma level of a drug.














Two plasma drug levels defined


Two plasma drug levels are of special importance: (1) the minimum effective concentration and (2) the toxic concentration. These levels are depicted in Figure 4–14 and defined below.
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Figure 4–14 [image: ] Single-dose time course.














Minimum effective concentration.


The minimum effective concentration (MEC) is defined as the plasma drug level below which therapeutic effects will not occur. Hence, to be of benefit, a drug must be present in concentrations at or above the MEC.














Toxic concentration.


Toxicity occurs when plasma drug levels climb too high. The plasma level at which toxic effects begin is termed the toxic concentration. Doses must be kept small enough so that the toxic concentration is not reached.




















Therapeutic range


As indicated in Figure 4–14, there is a range of plasma drug levels, falling between the MEC and the toxic concentration, that is termed the therapeutic range. When plasma levels are within the therapeutic range, there is enough drug present to produce therapeutic responses but not so much that toxicity results. The objective of drug dosing is to maintain plasma drug levels within the therapeutic range.


The width of the therapeutic range is a major determinant of the ease with which a drug can be used safely. Drugs that have a narrow therapeutic range are difficult to administer safely. Conversely, drugs that have a wide therapeutic range can be administered safely with relative ease. Acetaminophen, for example, has a relatively wide therapeutic range: The toxic concentration is about 30 times greater than the MEC. Because of this wide therapeutic range, the dosage does not need to be highly precise; a broad range of doses can be employed to produce plasma levels that will be above the MEC and below the toxic concentration. In contrast, lithium (used for bipolar disorder [manic-depressive illness]) has a very narrow therapeutic range: The toxic concentration is only 3 times greater than the MEC. Because toxicity can result from lithium levels that are not much greater than those needed for therapeutic effects, lithium dosing must be done carefully. If lithium had a wider therapeutic range, the drug would be much easier to use.


Understanding the concept of therapeutic range can facilitate patient care. Because drugs with a narrow therapeutic range are more dangerous than drugs with a wide therapeutic range, patients taking drugs with a narrow therapeutic range are the most likely to require intervention for drug-related complications. The nurse who is aware of this fact can focus attention on these patients. In contrast, the nurse who has no basis for predicting which drugs are most likely to produce toxicity has no basis for allocating attention, and therefore is obliged to monitor all patients with equal diligence—a process that is both stressful and inefficient.


However, lest you get the wrong impression, the above advice should not be construed as a license to be lax about patients taking drugs that have a wide therapeutic range. Even these drugs can cause harm. Hence, although patients receiving drugs with a narrow therapeutic range should be monitored most closely, common sense dictates that patients receiving safer drugs must not be neglected.




















Single-dose time course


Figure 4–14 shows how plasma drug levels change over time after a single dose of an oral medication. Drug levels rise as the medicine undergoes absorption. Drug levels then decline as metabolism and excretion eliminate the drug from the body.


Because responses cannot occur until plasma drug levels have reached the MEC, there is a latent period between drug administration and onset of effects. The extent of this delay is determined by the rate of absorption.


The duration of effects is determined largely by the combination of metabolism and excretion. As long as drug levels remain above the MEC, therapeutic responses will be maintained; when levels fall below the MEC, benefits will cease. Since metabolism and excretion are the processes most responsible for causing plasma drug levels to fall, these processes are the primary determinants of how long drug effects will persist.














Drug half-life


Before proceeding to the topic of multiple dosing, we need to discuss the concept of half-life. When a patient ceases drug use, the combination of metabolism and excretion will cause the amount of drug in the body to decline. The half-life of a drug is an index of just how rapidly that decline occurs.


Drug half-life is defined as the time required for the amount of drug in the body to decrease by 50%. A few drugs have half-lives that are extremely short—on the order of minutes. In contrast, the half-lives of some drugs exceed 1 week. Drugs with short half-lives leave the body quickly. Drugs with long half-lives leave slowly.


Note that, in our definition of half-life, a percentage—not a specific amount—of drug is lost during one half-life. That is, the half-life does not specify, for example, that 2 gm or 18 mg will leave the body in a given time. Rather, the half-life tells us that, no matter what the amount of drug in the body may be, half (50%) will leave during a specified period of time (the half-life). The actual amount of drug that is lost during one half-life depends on just how much drug is present: The more drug that is in the body, the larger the amount lost during one half-life.


The concept of half-life is best understood through an example. Morphine provides a good illustration. The half-life of morphine is approximately 3 hours. By definition, this means that body stores of morphine will decrease by 50% every 3 hours—regardless of how much morphine is in the body. If there is 50 mg of morphine in the body, 25 mg (50% of 50 mg) will be lost in 3 hours; if there is only 2 mg of morphine in the body, only 1 mg (50% of 2 mg) will be lost in 3 hours. Note that, in both cases, morphine levels drop by 50% during an interval of one half-life. However, the actual amount lost is larger when total body stores of the drug are higher.


The half-life of a drug determines the dosing interval (ie, how much time separates each dose). For drugs with a short half-life, the dosing interval must be correspondingly short. If a long dosing interval were used, drug levels would fall below the MEC between doses, and therapeutic effects would be lost. Conversely, if a drug has a long half-life, a long time can separate doses without loss of benefits.














Drug levels produced with repeated doses


Multiple dosing leads to drug accumulation. When a patient takes a single dose of a drug, plasma levels simply go up and then come back down. In contrast, when a patient takes repeated doses of a drug, the process is more complex and results in drug accumulation. The factors that determine the rate and extent of accumulation are considered below.








The process by which plateau drug levels are achieved


Administering repeated doses will cause a drug to build up in the body until a plateau (steady level) has been achieved. What causes drug levels to reach plateau? To begin with, common sense tells us that, if a second dose of a drug is administered before all of the prior dose has been eliminated, total body stores of that drug will be higher after the second dose than after the initial dose. As succeeding doses are administered, drug levels will climb even higher. The drug will continue to accumulate until a state has been achieved in which the amount of drug eliminated between doses equals the amount administered. When the amount of drug eliminated between doses equals the dose administered, average drug levels will remain constant and plateau will have been reached.


The process by which multiple dosing produces a plateau is illustrated in Figure 4–15. The drug in this figure is a hypothetical agent with a half-life of exactly 1 day. The regimen consists of a 2-gm dose administered once daily. For the purpose of illustration, we assume that absorption takes place instantly. Upon giving the first 2-gm dose (day 1 in the figure), total body stores go from zero to 2 gm. Within one half-life (1 day), body stores drop by 50%—from 2 gm down to 1 gm. At the beginning of day 2, the second 2-gm dose is given, causing body stores to rise from 1 gm up to 3 gm. Over the next day (one half-life), body stores again drop by 50%, this time from 3 gm down to 1.5 gm. When the third dose is given, body stores go from 1.5 gm up to 3.5 gm. Over the next half-life, stores drop by 50% down to 1.75 gm. When the fourth dose is given, drug levels climb to 3.75 gm and, between doses, levels again drop by 50%, this time to approximately 1.9 gm. When the fifth dose is given (at the beginning of day 5), drug levels go up to about 3.9 gm. This process of accumulation continues until body stores reach 4 gm. When total body stores of this drug are 4 gm, 2 gm will be lost each day (ie, over one half-life). Since a 2-gm dose is being administered each day, when body stores reach 4 gm, the amount lost between doses will equal the dose administered. At this point, body stores will simply alternate between 4 gm and 2 gm; average body stores will be stable, and plateau will have been reached. Note that the reason that plateau is finally reached is that the actual amount of drug lost between doses gets larger each day. That is, although 50% of total body stores is lost each day, the amount in grams grows progressively larger because total body stores are getting larger day by day. Plateau is reached when the amount lost between doses grows to be as large as the amount administered.
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Figure 4–15 [image: ] Drug accumulation with repeated administration.
This figure illustrates the accumulation of a hypothetical drug during repeated administration. The drug has a half-life of 1 day. The dosing schedule is 2 gm given once a day on days 1 through 9. Note that plateau is reached at about the beginning of day 5 (ie, after four half-lives). Note also that, when administration is discontinued, it takes about 4 days (four half-lives) for most (94%) of the drug to leave the body.




















Time to plateau


When a drug is administered repeatedly in the same dose, plateau will be reached in approximately four half-lives. For the hypothetical agent illustrated in Figure 4–15, total body stores approached their peak near the beginning of day 5, or approximately 4 full days after treatment began. Because the half-life of this drug is 1 day, reaching plateau in 4 days is equivalent to reaching plateau in four half-lives.


As long as dosage remains constant, the time required to reach plateau is independent of dosage size. Put another way, the time required to reach plateau when giving repeated large doses of a particular drug is identical to the time required to reach plateau when giving repeated small doses of that drug. Referring to the drug in Figure 4–15, just as it took four half-lives (4 days) to reach plateau when a dose of 2 gm was administered daily, it would also take four half-lives to reach plateau if a dose of 4 gm were administered daily. It is true that the height of the plateau would be greater if a 4-gm dose were given, but the time required to reach plateau would not be altered by the increase in dosage. To confirm this statement, substitute a dose of 4 gm in the exercise we just went through and see when plateau is reached.














Techniques for reducing fluctuations in drug levels


As we can see in Figure 4–15, when a drug is administered repeatedly, its level will fluctuate between doses. The highest level is referred to as the peak concentration, and the lowest level is referred to as the trough concentration. The acceptable height of the peaks and troughs will depend upon the drug’s therapeutic range: The peaks must be kept below the toxic concentration, and the troughs must be kept above the MEC. If there is not much difference between the toxic concentration and the MEC, then fluctuations must be kept to a minimum.


Three techniques can be employed to reduce fluctuations in drug levels. One technique is to administer drugs by continuous infusion. With this procedure, plasma levels can be kept nearly constant. Another is to administer a depot preparation, which releases the drug slowly and steadily. The third is to reduce both the size of each dose and the dosing interval (keeping the total daily dose constant). For example, rather than giving the drug from Figure 4–15 in 2-gm doses once every 24 hours, we could give this drug in 1-gm doses every 12 hours. With this altered dosing schedule, the total daily dose would remain unchanged, as would total body stores at plateau. However, instead of fluctuating over a range of 2 gm between doses, levels would fluctuate over a range of 1 gm.














Loading doses versus maintenance doses


As discussed above, if we administer a drug in repeated doses of equal size, an interval equivalent to about four half-lives is required to achieve plateau. For drugs whose half-lives are long, achieving plateau could take days or even weeks. When plateau must be achieved more quickly, a large initial dose can be administered. This large initial dose is called a loading dose. After high drug levels have been established with a loading dose, plateau can be maintained by giving smaller doses. These smaller doses are referred to as maintenance doses.


The claim that use of a loading dose will shorten the time to plateau may appear to contradict an earlier statement, which said that the time to plateau is not affected by dosage size. However, there is no contradiction. For any specified dosage, it will always take about four half-lives to reach plateau. When a loading dose is administered followed by maintenance doses, we have not reached plateau for the loading dose. Rather, we have simply used the loading dose to rapidly produce a drug level equivalent to the plateau level for a smaller dose. If we wished to achieve plateau level for the loading dose, we would be obliged to either administer repeated doses equivalent to the loading dose for a period of four half-lives or administer a dose even larger than the original loading dose. Think about it.














Decline from plateau


When drug administration is discontinued, most (94%) of the drug in the body will be eliminated over an interval equal to about four half-lives. This statement can be validated with simple arithmetic. Let’s consider a patient who has been taking morphine. In addition, let’s assume that, at the time dosing ceased, the total body store of morphine was 40 mg. Within one half-life after drug withdrawal, morphine stores will decline by 50%—down to 20 mg. During the second half-life, stores will again decline by 50%, dropping from 20 mg to 10 mg. During the third half-life, the level will decline once more by 50%—from 10 mg down to 5 mg. During the fourth half-life, the level will again decline by 50%—from 5 mg down to 2.5 mg. Hence, over a period of four half-lives, total body stores of morphine will drop from an initial level of 40 mg down to 2.5 mg, an overall decline of 94%. Most of the drug in the body will be cleared within four half-lives.


The time required for drugs to leave the body is important when toxicity develops. Let’s consider the elimination of digitoxin (a drug once used for heart failure). Digitoxin, true to its name, is a potentially dangerous drug with a narrow therapeutic range. In addition, the half-life of digitoxin is prolonged—about 7 days. What will be the consequence of digitoxin overdose? Toxic levels of the drug will remain in the body for a long time: Since digitoxin has a half-life of 7 days, and since four half-lives are required for most of the drug to be cleared from the body, it could take weeks for digitoxin stores to fall to a safe level. During the time that excess drug remains in the body, significant effort will be required to keep the patient alive. If digitoxin had a shorter half-life, body stores would decline more rapidly, thereby making management of overdose less difficult. (Because of its long half-life and potential for toxicity, digitoxin has been replaced by digoxin, a drug with identical actions but a much shorter half-life.)


It is important to note that the concept of half-life does not apply to the elimination of all drugs. A few agents, most notably ethanol (alcohol), leave the body at a constant rate, regardless of how much is present. The implications of this kind of decline for ethanol are discussed in Chapter 38.
































Key points







[image: ] Pharmacokinetics consists of four basic processes: absorption, distribution, metabolism, and excretion.


[image: ] Pharmacokinetic processes determine the concentration of a drug at its sites of action, and thereby determine the intensity and time course of responses.


[image: ] To move around the body, drugs must cross membranes, either by (1) passing through pores, (2) undergoing transport, or (3) penetrating the membrane directly.


[image: ] P-glycoprotein—found in the liver, kidney, placenta, intestine, and brain capillaries—can transport a variety of drugs out of cells.


[image: ] To cross membranes, most drugs must dissolve directly into the lipid bilayer of the membrane. Accordingly, lipid-soluble drugs can cross membranes easily, whereas drugs that are polar or ionized cannot.


[image: ] Acidic drugs ionize in basic (alkaline) media, whereas basic drugs ionize in acidic media.


[image: ] Absorption is defined as the movement of a drug from its site of administration into the blood.


[image: ] Absorption is enhanced by rapid drug dissolution, high lipid solubility of the drug, a large surface area for absorption, and high blood flow at the site of administration.


[image: ] Intravenous administration has several advantages: rapid onset, precise control over the amount of drug entering the blood, suitability for use with large volumes of fluid, and suitability for irritant drugs.


[image: ] Intravenous administration has several disadvantages: high cost; difficulty; inconvenience; danger because of irreversibility; and the potential for fluid overload, infection, and embolism.


[image: ] Intramuscular administration has two advantages: suitability for insoluble drugs and suitability for depot preparations.


[image: ] Intramuscular administration has two disadvantages: inconvenience and the potential for discomfort.


[image: ] Subcutaneous administration has the same advantages and disadvantages as IM administration.


[image: ] Oral administration has the advantages of ease, convenience, economy, and safety.


[image: ] The principal disadvantages of oral administration are high variability and possible inactivation by stomach acid, digestive enzymes, and liver enzymes (because oral drugs must pass through the liver before reaching the general circulation).


[image: ] Enteric-coated oral formulations are designed to release their contents in the small intestine—not in the stomach.


[image: ] Sustained-release oral formulations are designed to release their contents slowly, thereby permitting a longer interval between doses.


[image: ] Distribution is defined as the movement of drugs throughout the body.


[image: ] In most tissues, drugs can easily leave the vasculature through spaces between the cells that compose the capillary wall.


[image: ] The term blood-brain barrier refers to the presence of tight junctions between the cells that compose capillary walls in the CNS. Because of this barrier, drugs must pass through the cells of the capillary wall (rather than between them) in order to reach the CNS.


[image: ] The membranes of the placenta do not constitute an absolute barrier to the passage of drugs. The same factors that determine drug movements across all other membranes determine the movement of drugs across the placenta.


[image: ] Many drugs bind reversibly to plasma albumin. While bound to albumin, drug molecules cannot leave the vascular system.


[image: ] Drug metabolism (biotransformation) is defined as the enzymatic alteration of drug structure.


[image: ] Most drug metabolism takes place in the liver and is catalyzed by the cytochrome P450 system of enzymes.


[image: ] The most important consequence of drug metabolism is promotion of renal drug excretion (by converting lipid-soluble drugs into more hydrophilic forms).


[image: ] Other consequences of drug metabolism are conversion of drugs to less active (or inactive) forms, conversion of drugs to more active forms, conversion of prodrugs to their active forms, and conversion of drugs to more toxic or less toxic forms.


[image: ] Some drugs can induce (stimulate) synthesis of hepatic drug-metabolizing enzymes, and can thereby accelerate their own metabolism and the metabolism of other drugs.


[image: ] The term first-pass effect refers to the rapid inactivation of some oral drugs as they pass through the liver after being absorbed.


[image: ] Enterohepatic recirculation is a repeating cycle in which a drug undergoes glucuronidation in the liver, transport to the duodenum via the bile, hydrolytic release of free drug by intestinal enzymes, followed by transport in the portal blood back to the liver, where the cycle can begin again.


[image: ] Most drugs are excreted by the kidneys.


[image: ] Renal drug excretion has three steps: glomerular filtration, passive tubular reabsorption, and active tubular secretion.


[image: ] Drugs that are highly lipid soluble undergo extensive passive reabsorption back into the blood, and therefore cannot be excreted by the kidney (until they are converted to more polar forms by the liver).


[image: ] Drugs can be excreted into breast milk, thereby posing a threat to the nursing infant.


[image: ] For most drugs, there is a direct correlation between the level of drug in plasma and the intensity of therapeutic and toxic effects.


[image: ] The minimum effective concentration (MEC) is defined as the plasma drug level below which therapeutic effects will not occur.


[image: ] The therapeutic range of a drug lies between the MEC and the toxic concentration.


[image: ] Drugs with a wide therapeutic range are relatively easy to use safely, whereas drugs with a narrow therapeutic range are difficult to use safely.


[image: ] The half-life of a drug is defined as the time required for the amount of drug in the body to decline by 50%.


[image: ] Drugs that have a short half-life must be administered more frequently than drugs that have a long half-life.


[image: ] When drugs are administered repeatedly, their levels will gradually rise and then reach a steady plateau.


[image: ] The time required to reach plateau is equivalent to about four half-lives.


[image: ] The time required to reach plateau is independent of dosage size, although the height of the plateau will be higher with larger doses.


[image: ] If plasma drug levels fluctuate too much between doses, the fluctuations could be reduced by (1) giving smaller doses at shorter intervals (keeping the total daily dose the same), (2) using a continuous infusion, or (3) using a depot preparation.


[image: ] For a drug with a long half-life, it may be necessary to use a loading dose to achieve plateau quickly.


[image: ] When drug administration is discontinued, most (94%) of the drug in the body will be eliminated over four half-lives.
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Pharmacodynamics is defined as the study of the biochemical and physiologic effects of drugs and the molecular mechanisms by which those effects are produced. In short, pharmacodynamics is the study of what drugs do to the body and how they do it.


In order to participate rationally in achieving the therapeutic objective, nurses need a basic understanding of pharmacodynamics. You must know about drug actions in order to educate patients about their medications, make PRN decisions, and evaluate patients for drug responses, both beneficial and harmful. You also need to understand drug actions when conferring with prescribers about drug therapy: If you believe a patient is receiving inappropriate medication or is being denied a required drug, you will need to support that conviction with arguments based at least in part on knowledge of pharmacodynamics.













Dose-response relationships


The dose-response relationship (ie, the relationship between the size of an administered dose and the intensity of the response produced) is a fundamental concern in therapeutics. Dose-response relationships determine the minimum amount of drug we can use, the maximum response a drug can elicit, and how much we need to increase the dosage in order to produce the desired increase in response.








Basic features of the dose-response relationship


The basic characteristics of dose-response relationships are illustrated in Figure 5–1. Part A shows dose-response data plotted on linear coordinates. Part B shows the same data plotted on semilogarithmic coordinates (ie, the scale on which dosage is plotted is logarithmic rather than linear). The most obvious and important characteristic revealed by these curves is that the dose-response relationship is graded. That is, as the dosage increases, the response becomes progressively larger. Because drug responses are graded, therapeutic effects can be adjusted to fit the needs of each patient. To tailor treatment to a particular patient, all we need do is raise or lower the dosage until a response of the desired intensity is achieved. If drug responses were all-or-nothing instead of graded, drugs could produce only one intensity of response. If that response were too strong or too weak for a particular patient, there would be nothing we could do to adjust the intensity to better suit the patient. Clearly, the graded nature of the dose-response relationship is essential for successful drug therapy.




[image: image]


Figure 5–1 [image: ] Basic components of the dose-response curve.
A, A dose-response curve with dose plotted on a linear scale. B, The same dose-response relationship shown in A but with the dose plotted on a logarithmic scale. Note the three phases of the dose-response curve: Phase 1, The curve is relatively flat; doses are too low to elicit a significant response. Phase 2, The curve climbs upward as bigger doses elicit correspondingly bigger responses. Phase 3, The curve levels off; bigger doses are unable to elicit a further increase in response. (Phase 1 is not indicated in A because very low doses cannot be shown on a linear scale.)








As indicated in Figure 5–1, the dose-response relationship can be viewed as having three phases. Phase 1 (Fig. 5–1B) occurs at low doses. The curve is flat during this phase because doses are too low to elicit a measurable response. During phase 2, an increase in dose elicits a corresponding increase in the response. This is the phase during which the dose-response relationship is graded. As the dose goes higher, we eventually reach a point where an increase in dose is unable to elicit a further increase in response. At this point, the curve flattens out into phase 3.














Maximal efficacy and relative potency


Dose-response curves reveal two characteristic properties of drugs: maximal efficacy and relative potency. Curves that reflect these properties are shown in Figure 5–2.




[image: image]


Figure 5–2 [image: ] Dose-response curves demonstrating efficacy and potency.
A, Efficacy, or “maximal efficacy,” is an index of the maximal response a drug can produce. The efficacy of a drug is indicated by the height of its dose-response curve. In this example, meperidine has greater efficacy than pentazocine. Efficacy is an important quality in a drug. B, Potency is an index of how much drug must be administered to elicit a desired response. In this example, achieving pain relief with meperidine requires higher doses than with morphine. We would say that morphine is more potent than meperidine. Note that, if administered in sufficiently high doses, meperidine can produce just as much pain relief as morphine. Potency is usually not an important quality in a drug.














Maximal efficacy


Maximal efficacy is defined as the largest effect that a drug can produce. Maximal efficacy is indicated by the height of the dose-response curve.


The concept of maximal efficacy is illustrated by the dose-response curves for meperidine [Demerol] and pentazocine [Talwin], two morphine-like pain relievers (Fig. 5–2A). As you can see, the curve for pentazocine levels off at a maximum height below that of the curve for meperidine. This tells us that the maximum degree of pain relief we can achieve with pentazocine is smaller than the maximum degree of pain relief we can achieve with meperidine. Put another way, no matter how much pentazocine we administer, we can never produce the degree of pain relief that we can with meperidine. Accordingly, we would say that meperidine has greater maximal efficacy than pentazocine.


Despite what intuition might tell us, a drug with very high maximal efficacy is not always more desirable than a drug with lower efficacy. Recall that we want to match the intensity of the response to the patient’s needs. This may be difficult to do with a drug that produces extremely intense responses. For example, certain diuretics (eg, furosemide) have such high maximal efficacy that they can cause dehydration. If we only want to mobilize a modest volume of water, a diuretic with lower maximal efficacy (eg, hydrochlorothiazide) would be preferred. Similarly, if a patient has a mild headache, we would not select a powerful analgesic (eg, morphine) for relief. Rather, we would select an analgesic with lower maximal efficacy, such as aspirin. Put another way, it is neither appropriate nor desirable to hunt squirrels with a cannon.














Relative potency


The term potency refers to the amount of drug we must give to elicit an effect. Potency is indicated by the relative position of the dose-response curve along the x (dose) axis.


The concept of potency is illustrated by the curves in Figure 5–2B. These curves plot doses for two analgesics—morphine and meperidine—versus the degree of pain relief achieved. As you can see, for any particular degree of pain relief, the required dose of meperidine is larger than the required dose of morphine. Because morphine produces pain relief at lower doses than meperidine, we would say that morphine is more potent than meperidine. That is, a potent drug is one that produces its effects at low doses.


Potency is rarely an important characteristic of a drug. The fact that morphine is more potent than meperidine does not mean that morphine is a superior medicine. In fact, the only consequence of morphine’s greater potency is that morphine can be given in smaller doses. The difference between providing pain relief with morphine versus meperidine is much like the difference between purchasing candy with a dime instead of two nickels; although the dime is smaller (more potent) than the two nickels, the purchasing power of the dime and the two nickels is identical.


Although potency is usually of no clinical concern, it can be important if a drug is so lacking in potency that doses become inconveniently large. For example, if a drug were of extremely low potency, we might need to administer that drug in huge doses multiple times a day to achieve beneficial effects. In this case, an alternative drug with higher potency would be desirable. Fortunately, it is rare for a drug to be so lacking in potency that doses of inconvenient magnitude need be given.


It is important to note that the potency of a drug implies nothing about its maximal efficacy! Potency and efficacy are completely independent qualities. Drug A can be more effective than drug B even though drug B may be more potent. Also, drugs A and B can be equally effective even though one may be more potent. As we saw in Figure 5–2B, although meperidine happens to be less potent than morphine, the maximal degree of pain relief that we can achieve with these drugs is identical.


A final comment on the word potency is in order. In everyday parlance, we tend to use the word potent to express the pharmacologic concept of effectiveness. That is, when most people say, “This drug is very potent,” what they mean is, “This drug produces powerful effects.” They do not mean, “This drug produces its effects at low doses.” In pharmacology, we use the words potent and potency with the specific meanings given above. Accordingly, whenever you see those words in this book, they will refer only to the dosage needed to produce effects—never to the maximal effects a drug can produce.



























Drug-receptor interactions



Introduction to drug receptors





Drugs are not “magic bullets”—they are simply chemicals. Being chemicals, the only way drugs can produce their effects is by interacting with other chemicals. Receptors are the special “chemicals” in the body that most drugs interact with to produce effects.


We can define a receptor as any functional macromolecule in a cell to which a drug binds to produce its effects. Under this broad definition, many cellular components could be considered drug receptors, since drugs bind to many cellular components (eg, enzymes, ribosomes, tubulin) to produce their effects. However, although the formal definition of a receptor encompasses all functional macromolecules, the term receptor is generally reserved for what is arguably the most important group of macromolecules through which drugs act: the body’s own receptors for hormones, neurotransmitters, and other regulatory molecules. The other macromolecules to which drugs bind, such as enzymes and ribosomes, can be thought of simply as target molecules, rather than as true receptors.


The general equation for the interaction between drugs and their receptors is as follows (where D = drug and R = receptor):





D + R I D-R COMPLEX → RESPONSE


As suggested by the equation, binding of a drug to its receptor is usually reversible.


A receptor is analogous to a light switch, in that it has two configurations: “ON” and “OFF.” Like the switch, a receptor must be in the “ON” configuration to influence cellular function. Receptors are activated (“turned on”) by interaction with other molecules. Under physiologic conditions, receptor activity is regulated by endogenous compounds (neurotransmitters, hormones, other regulatory molecules). When a drug binds to a receptor, all that it can do is mimic or block the actions of endogenous regulatory molecules. By doing so, the drug will either increase or decrease the rate of the physiologic activity normally controlled by that receptor.


An illustration should help clarify the receptor concept. Let’s consider receptors for norepinephrine (NE) in the heart. Cardiac output is controlled in part by NE acting at specific receptors in the heart. Norepinephrine is supplied to those receptors by neurons of the autonomic nervous system (Fig. 5–3). When the body needs to increase cardiac output, the following events take place: (1) the firing rate of autonomic neurons to the heart increases, causing increased release of NE; (2) NE then binds to receptors on the heart; and (3) as a consequence of the interaction between NE and its receptors, both the rate and force of cardiac contractions increase, thereby increasing cardiac output. When the demand for cardiac output subsides, the autonomic neurons reduce their firing rate, binding of NE to its receptors diminishes, and cardiac output returns to resting levels.




[image: image]


Figure 5–3 [image: ] Interaction of drugs with receptors for norepinephrine.
Under physiologic conditions, cardiac output can be increased by the binding of norepinephrine (NE) to receptors (R) on the heart. Norepinephrine is supplied to these receptors by nerves. These same receptors can be acted on by drugs, which can either mimic the actions of endogenous NE (and thereby increase cardiac output) or block the actions of endogenous NE (and thereby reduce cardiac output).








The same cardiac receptors whose function is regulated by endogenous NE can also serve as receptors for drugs. That is, just as endogenous molecules can bind to these receptors, so can compounds that enter the body as drugs. The binding of drugs to these receptors can have one of two effects: (1) drugs can mimic the action of endogenous NE (and thereby increase cardiac output), or (2) drugs can block the action of endogenous NE (and thereby prevent stimulation of the heart by autonomic neurons).


Several important properties of receptors and drug-receptor interactions are illustrated by this example:




• The receptors through which drugs act are normal points of control of physiologic processes.


• Under physiologic conditions, receptor function is regulated by molecules supplied by the body.


• All that drugs can do at receptors is mimic or block the action of the body’s own regulatory molecules.


• Because drug action is limited to mimicking or blocking the body’s own regulatory molecules, drugs cannot give cells new functions. Rather, drugs can only alter the rate of pre-existing processes. In other words, drugs cannot make the body do anything that it is not already capable of doing.*


• Drugs produce their therapeutic effects by helping the body use its pre-existing capabilities to the patient’s best advantage. Put another way, medications simply help the body help itself.


• In theory, it should be possible to synthesize drugs that can alter the rate of any biologic process for which receptors exist.











The four primary receptor families


Although the body has many different receptors, they comprise only four primary families: cell membrane–embedded enzymes, ligand-gated ion channels, G protein–coupled receptor systems, and transcription factors. These families are depicted in Figure 5–4. In the discussion below, the term ligand-binding domain refers to the specific region of the receptor where binding of drugs and endogenous regulatory molecules takes place.




[image: image]


Figure 5–4 [image: ] The four primary receptor families.
1, Cell membrane–embedded enzyme. 2, Ligand-gated ion channel. 3, G protein–coupled receptor system (G = G protein). 4, Transcription factor. (See text for details.)



















Cell membrane–embedded enzymes.


As shown in Figure 5–4, receptors of this type span the cell membrane. The ligand-binding domain is located on the cell surface, and the enzyme’s catalytic site is inside. Binding of an endogenous regulatory molecule or agonist drug (one that mimics the action of the endogenous regulatory molecule) activates the enzyme, thereby increasing its catalytic activity. Responses to activation of these receptors occur in seconds. Insulin is a good example of an endogenous ligand that acts through this type of receptor.














Ligand-gated ion channels.


Like membrane-embedded enzymes, ligand-gated ion channels span the cell membrane. The function of these receptors is to regulate flow of ions into and out of cells. Each ligand-gated channel is specific for a particular ion (eg, Na+, Ca++). As shown in Figure 5–4, the ligand-binding domain is on the cell surface. When an endogenous ligand or agonist drug binds the receptor, the channel opens, allowing ions to flow inward or outward. (The direction of flow is determined by the concentration gradient of the ion across the membrane.) Responses to activation of a ligand-gated ion channel are extremely fast, usually occurring in milliseconds. Several neurotransmitters, including acetylcholine and gamma-aminobutyric acid (GABA), act through this type of receptor.














G protein–coupled receptor systems.


G protein–coupled receptor systems have three components: the receptor itself, G protein (so named because it binds GTP), and an effector (typically an ion channel or an enzyme). These systems work as follows: binding of an endogenous ligand or agonist drug activates the receptor, which in turn activates G protein, which in turn activates the effector. Responses to activation of this type of system develop rapidly. Numerous endogenous ligands—including NE, serotonin, histamine, and many peptide hormones—act through G protein–coupled receptor systems.


As shown in Figure 5–4, the receptors that couple to G proteins are serpentine structures that traverse the cell membrane 7 times. For some of these receptors, the ligand-binding domain is on the cell surface. For others, the ligand-binding domain is located in a pocket accessible from the cell surface.














Transcription factors.


Transcription factors differ from other receptors in two ways: (1) transcription factors are found within the cell rather than on the surface, and (2) responses to activation of these receptors are delayed. Transcription factors are situated on DNA in the cell nucleus. Their function is to regulate protein synthesis. Activation of these receptors by endogenous ligands or by agonist drugs stimulates transcription of messenger RNA molecules, which then act as templates for synthesis of specific proteins. The entire process—from activation of the transcription factor through completion of protein synthesis—may take hours or even days. Because transcription factors are intracellular, they can be activated only by ligands that are sufficiently lipid soluble to cross the cell membrane. Endogenous ligands that act through transcription factors include thyroid hormone and all of the steroid hormones (eg, progesterone, testosterone, cortisol).


























Receptors and selectivity of drug action


In Chapter 1 we noted that selectivity is a highly desirable characteristic of a drug, in that the more selective a drug is, the fewer side effects it will produce. Selective drug action is possible, in large part, because drugs act through specific receptors.


The body employs many different kinds of receptors to regulate its sundry physiologic activities. There are receptors for each neurotransmitter (eg, NE, acetylcholine, dopamine); there are receptors for each hormone (eg, progesterone, insulin, thyrotropin); and there are receptors for all of the other molecules the body uses to regulate physiologic processes (eg, histamine, prostaglandins, leukotrienes). As a rule, each type of receptor participates in the regulation of just a few processes.


Selective drug action is made possible by the existence of many types of receptors, each regulating just a few processes. Common sense tells us that, if a drug interacts with only one type of receptor, and if that receptor type regulates just a few processes, then the effects of the drug will be limited. Conversely, intuition also tells us that, if a drug interacts with several different receptor types, then that drug is likely to elicit a wide variety of responses.


How can a drug interact with one receptor type and not with others? In some important ways, a receptor is analogous to a lock and a drug is analogous to a key for that lock: Just as only keys with the proper profile can fit a particular lock, only those drugs with the proper size, shape, and physical properties can bind to a particular receptor.


The binding of acetylcholine (a neurotransmitter) to its receptor illustrates the lock-and-key analogy (Fig. 5–5). To bind with its receptor, acetylcholine must have a shape that is complementary to the shape of the receptor. In addition, acetylcholine must possess positive charges that are positioned so as to permit their interaction with corresponding negative sites on the receptor. If acetylcholine lacked these properties, it would be unable to interact with the receptor.




[image: image]


Figure 5–5 [image: ] Interaction of acetylcholine with its receptor.
A, Three-dimensional model of the acetylcholine molecule. B, Binding of acetylcholine to its receptor. Note how the shape of acetylcholine closely matches the shape of the receptor. Note also how the positive charges on acetylcholine align with the negative sites on the receptor. (Modified from Goldstein A, Aronow L, Sumner MK: Principles of Drug Action: The Basis of Pharmacology, 2nd ed. New York: John Wiley & Sons, 1974.)








Like the acetylcholine receptor, all other receptors impose specific requirements on the molecules with which they will interact. Because receptors have such specific requirements, it is possible to synthesize drugs that interact with just one receptor type to the exclusion of all others. Such medications tend to elicit selective responses.


Even though a drug is selective for only one type of receptor, is it possible for that drug to produce nonselective effects? Yes: If a single receptor type is responsible for regulating several physiologic processes, then drugs that interact with that receptor will also influence several processes. For example, in addition to modulating perception of pain, morphine receptors help regulate other processes, including respiration and motility of the bowel. Consequently, although morphine is selective for one class of receptor, the drug can still produce a variety of effects. In clinical practice, it is common for morphine to cause respiratory depression and constipation along with reduction of pain. Note that morphine produces these varied effects not because it lacks receptor selectivity, but because the receptor for which morphine is selective helps regulate a variety of processes.


One final comment on selectivity: Selectivity does not guarantee safety. A compound can be highly selective for a particular receptor and still be dangerous. For example, although botulinum toxin is highly selective for one type of receptor, the compound is anything but safe: Botulinum toxin can cause paralysis of the muscles of respiration, resulting in death from respiratory arrest.














Theories of drug-receptor interaction


In the discussion below, we consider two theories of drug-receptor interaction: (1) the simple occupancy theory and (2) the modified occupancy theory. These theories help explain dose-response relationships and the ability of drugs to mimic or block the actions of endogenous regulatory molecules.








Simple occupancy theory


The simple occupancy theory of drug-receptor interaction states that (1) the intensity of the response to a drug is proportional to the number of receptors occupied by that drug and that (2) a maximal response will occur when all available receptors have been occupied. This relationship between receptor occupancy and the intensity of the response is depicted in Figure 5–6.
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Figure 5–6 [image: ] Model of simple occupancy theory.
The simple occupancy theory states that the intensity of response to a drug is proportional to the number of receptors occupied; maximal response is reached with 100% receptor occupancy. Because the hypothetical cell in this figure has only four receptors, maximal response is achieved when all four receptors are occupied. (Note: Real cells have thousands of receptors.)








Although certain aspects of dose-response relationships can be explained by the simple occupancy theory, other important phenomena cannot. Specifically, there is nothing in this theory to explain why one drug should be more potent than another. In addition, this theory cannot explain how one drug can have higher maximal efficacy than another. That is, according to this theory, two drugs acting at the same receptor should produce the same maximal effect, providing that their dosages were high enough to produce 100% receptor occupancy. However, we have already seen this is not true. As illustrated in Figure 5–2A, there is a dose of pentazocine above which no further increase in response can be elicited. Presumably, all receptors are occupied when the dose-response curve levels off. However, at 100% receptor occupancy, the response elicited by pentazocine is less than that elicited by morphine. Simple occupancy theory cannot account for this difference.














Modified occupancy theory


The modified occupancy theory of drug-receptor interaction explains certain observations that cannot be accounted for with the simple occupancy theory. The simple occupancy theory assumes that all drugs acting at a particular receptor are identical with respect to (1) the ability to bind to the receptor and (2) the ability to influence receptor function once binding has taken place. The modified occupancy theory is based on different assumptions.


The modified theory ascribes two qualities to drugs: affinity and intrinsic activity. The term affinity refers to the strength of the attraction between a drug and its receptor. Intrinsic activity refers to the ability of a drug to activate the receptor following binding. Affinity and intrinsic activity are independent properties.








Affinity.


As noted, the term affinity refers to the strength of the attraction between a drug and its receptor. Drugs with high affinity are strongly attracted to their receptors. Conversely, drugs with low affinity are weakly attracted.


The affinity of a drug for its receptors is reflected in its potency. Because they are strongly attracted to their receptors, drugs with high affinity can bind to their receptors when present in low concentrations. Because they bind to receptors at low concentrations, drugs with high affinity are effective in low doses. That is, drugs with high affinity are very potent. Conversely, drugs with low affinity must be present in high concentrations to bind to their receptors. Accordingly, these drugs are less potent.














Intrinsic activity.


The term intrinsic activity refers to the ability of a drug to activate a receptor upon binding. Drugs with high intrinsic activity cause intense receptor activation. Conversely, drugs with low intrinsic activity cause only slight activation.


The intrinsic activity of a drug is reflected in its maximal efficacy. Drugs with high intrinsic activity have high maximal efficacy. That is, by causing intense receptor activation, they are able to cause intense responses. Conversely, if intrinsic activity is low, maximal efficacy will be low as well.


It should be noted that, under the modified occupancy theory, the intensity of the response to a drug is still related to the number of receptors occupied. The wrinkle added by the modified theory is that intensity is also related to the ability of the drug to activate receptors once binding has occurred. Under the modified theory, two drugs can occupy the same number of receptors but produce effects of different intensity; the drug with greater intrinsic activity will produce the more intense response.


























Agonists, antagonists, and partial agonists


As noted, when drugs bind to receptors they can do one of two things: they can either mimic the action of endogenous regulatory molecules or they can block the action of endogenous regulatory molecules. Drugs that mimic the body’s own regulatory molecules are called agonists. Drugs that block the actions of endogenous regulators are called antagonists. Like agonists, partial agonists also mimic the actions of endogenous regulatory molecules, but they produce responses of intermediate intensity.








Agonists


Agonists are molecules that activate receptors. Because neurotransmitters, hormones, and all other endogenous regulators of receptor function activate the receptors to which they bind, all of these compounds are considered agonists. When drugs act as agonists, they simply bind to receptors and mimic the actions of the body’s own regulatory molecules.


In terms of the modified occupancy theory, an agonist is a drug that has both affinity and high intrinsic activity. Affinity allows the agonist to bind to receptors, while intrinsic activity allows the bound agonist to “activate” or “turn on” receptor function.


Many therapeutic agents produce their effects by functioning as agonists. Dobutamine, for example, is a drug that mimics the action of NE at receptors on the heart, thereby causing heart rate and force of contraction to increase. The insulin that we administer as a drug mimics the actions of endogenous insulin at receptors. Norethindrone, a component of many oral contraceptives, acts by “turning on” receptors for progesterone.


It is important to note that agonists do not necessarily make physiologic processes go faster; receptor activation by these compounds can also make a process go slower. For example, there are receptors on the heart that, when activated by acetylcholine (the body’s own agonist for these receptors), will cause heart rate to decrease. Drugs that mimic the action of acetylcholine at these receptors will also decrease heart rate. Because such drugs produce their effects by causing receptor activation, they would be called agonists—even though they cause heart rate to decline.














Antagonists


Antagonists produce their effects by preventing receptor activation by endogenous regulatory molecules and drugs. Antagonists have virtually no effects of their own on receptor function.


In terms of the modified occupancy theory, an antagonist is a drug with affinity for a receptor but with no intrinsic activity. Affinity allows the antagonist to bind to receptors, but lack of intrinsic activity prevents the bound antagonist from causing receptor activation.


Although antagonists do not cause receptor activation, they most certainly do produce pharmacologic effects. Antagonists produce their effects by preventing the activation of receptors by agonists. Antagonists can produce beneficial effects by blocking the actions of endogenous regulatory molecules or by blocking the actions of drugs. (The ability of antagonists to block the actions of drugs is employed most commonly to treat overdose.)


It is important to note that the response to an antagonist is determined by how much agonist is present. Because antagonists act by preventing receptor activation, if there is no agonist present, administration of an antagonist will have no observable effect; the drug will bind to its receptors but nothing will happen. On the other hand, if receptors are undergoing activation by agonists, administration of an antagonist will shut the process down, resulting in an observable response. This is an important concept, so please think about it.


Many therapeutic agents produce their effects by acting as receptor antagonists. Antihistamines, for example, suppress allergy symptoms by binding to receptors for histamine, thereby preventing activation of these receptors by histamine released in response to allergens. The use of antagonists to treat drug toxicity is illustrated by naloxone, an agent that blocks receptors for morphine and related opioids; by preventing activation of opioid receptors, naloxone can completely reverse all symptoms of opioid overdose.








Noncompetitive versus competitive antagonists.


Antagonists can be subdivided into two major classes: (1) noncompetitive antagonists and (2) competitive antagonists. Most antagonists are competitive.







Noncompetitive (insurmountable) antagonists.


Noncompetitive antagonists bind irreversibly to receptors. The effect of irreversible binding is equivalent to reducing the total number of receptors available for activation by an agonist. Because the intensity of the response to an agonist is proportional to the total number of receptors occupied, and because noncompetitive antagonists decrease the number of receptors available for activation, noncompetitive antagonists reduce the maximal response that an agonist can elicit. If sufficient antagonist is present, agonist effects will be blocked completely. Dose-response curves illustrating inhibition by a noncompetitive antagonist are shown in Figure 5–7A.
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Figure 5–7 [image: ] Dose-response curves in the presence of competitive and noncompetitive antagonists.
A, Effect of a noncompetitive antagonist on the dose-response curve of an agonist. Note that noncompetitive antagonists decrease the maximal response achievable with an agonist. B, Effect of a competitive antagonist on the dose-response curve of an agonist. Note that the maximal response achievable with the agonist is not reduced. Competitive antagonists simply increase the amount of agonist required to produce any given intensity of response.








Because the binding of noncompetitive antagonists is irreversible, inhibition by these agents cannot be overcome, no matter how much agonist may be available. Because inhibition by noncompetitive antagonists cannot be reversed, these agents are rarely used therapeutically. (Recall from Chapter 1 that reversibility is one of the properties of an ideal drug.)


Although noncompetitive antagonists bind irreversibly, this does not mean that their effects last forever. Cells are constantly breaking down “old” receptors and synthesizing new ones. Consequently, the effects of noncompetitive antagonists wear off as the receptors to which they are bound are replaced. Since the life cycle of a receptor can be relatively short, the effects of noncompetitive antagonists may subside in a few days.













Competitive (surmountable) antagonists.


Competitive antagonists bind reversibly to receptors. As their name implies, competitive antagonists produce receptor blockade by competing with agonists for receptor binding. If an agonist and a competitive antagonist have equal affinity for a particular receptor, then the receptor will be occupied by whichever agent—agonist or antagonist—is present in the highest concentration. If there are more antagonist molecules present than agonist molecules, antagonist molecules will occupy the receptors and receptor activation will be blocked. Conversely, if agonist molecules outnumber the antagonists, receptors will be occupied mainly by the agonist and little inhibition will occur.


Because competitive antagonists bind reversibly to receptors, the inhibition they cause is surmountable. In the presence of sufficiently high amounts of agonist, agonist molecules will occupy all receptors and inhibition will be completely overcome. The dose-response curves shown in Figure 5–7B illustrate the process of overcoming the effects of a competitive antagonist with large doses of an agonist.


























Partial agonists


A partial agonist is an agonist that has only moderate intrinsic activity. As a result, the maximal effect that a partial agonist can produce is lower than that of a full agonist. Pentazocine is an example of a partial agonist. As the curves in Figure 5–2A indicate, the degree of pain relief that can be achieved with pentazocine is much lower than the relief that can be achieved with meperidine (a full agonist).


Partial agonists are interesting in that they can act as antagonists as well as agonists. For example, when pentazocine is administered by itself, it occupies opioid receptors and produces moderate relief of pain. In this situation, the drug is acting as an agonist. However, if a patient is already taking meperidine (a full agonist at opioid receptors) and is then given a large dose of pentazocine, pentazocine will occupy the opioid receptors and prevent their activation by meperidine. As a result, rather than experiencing the high degree of pain relief that meperidine can produce, the patient will experience only the limited relief that pentazocine can produce. In this situation, pentazocine is acting as both an agonist (producing moderate pain relief) and an antagonist (blocking the higher degree of relief that could have been achieved with meperidine by itself).




















Regulation of receptor sensitivity


Receptors are dynamic components of the cell. In response to continuous activation or continuous inhibition, the number of receptors on the cell surface can change, as can their sensitivity to agonist molecules (drugs and endogenous ligands). For example, when the receptors of a cell are continually exposed to an agonist, the cell usually becomes less responsive. When this occurs, the cell is said to be desensitized or refractory, or to have undergone down-regulation. Several mechanisms may be responsible, including destruction of receptors by the cell and modification of receptors such that they respond less fully. Continuous exposure to antagonists has the opposite effect, causing the cell to become hypersensitive (also referred to as supersensitive). One mechanism that can cause hypersensitivity is synthesis of more receptors.




















Drug responses that do not involve receptors


Although the effects of most drugs result from drug-receptor interactions, some drugs do not act through receptors. Rather, they act through simple physical or chemical interactions with other small molecules.


Common examples of “receptorless drugs” include antacids, antiseptics, saline laxatives, and chelating agents. Antacids neutralize gastric acidity by direct chemical interaction with stomach acid. The antiseptic action of ethyl alcohol results from precipitating bacterial proteins. Magnesium sulfate, a powerful laxative, acts by retaining water in the intestinal lumen through an osmotic effect. Dimercaprol, a chelating agent, prevents toxicity from heavy metals (eg, arsenic, mercury) by forming complexes with these compounds. All of these pharmacologic effects are the result of simple physical or chemical interactions, and not interactions with cellular receptors.














Interpatient variability in drug responses


The dose required to produce a therapeutic response can vary substantially from patient to patient. Why? Because people differ from one another. In this section we consider interpatient variation as a general issue. The specific kinds of differences that underlie variability in drug responses are discussed in Chapter 8.


In order to promote the therapeutic objective, you must be alert to interpatient variation in drug responses. Because of interpatient variation, it is not possible to predict exactly how an individual patient will respond to medication. Hence, each patient must be evaluated to determine his or her actual response. The nurse who appreciates the reality of interpatient variability will be better prepared to anticipate, evaluate, and respond appropriately to each patient’s therapeutic needs.













Measurement of interpatient variability


An example of how interpatient variability is measured will facilitate discussion. Let’s assume we’ve just developed a drug that suppresses production of stomach acid, and now want to evaluate variability in patient responses. To make this evaluation, we must first define a specific therapeutic objective or endpoint. Because our drug reduces gastric acidity, an appropriate endpoint is elevation of gastric pH to a value of 5.


Having defined a therapeutic endpoint, we can now perform our study. Subjects for the study are 100 people with gastric hyperacidity. We begin our experiment by giving each subject a low initial dose (100 mg) of our drug. Next we measure gastric pH to determine how many individuals achieved the therapeutic goal of pH 5. Let’s assume that only two people responded to the initial dose. To the remaining 98 subjects, we give an additional 20-mg dose and again determine whose gastric pH rose to 5. Let’s assume that six more responded to this dose (120 mg total). We continue the experiment, administering doses in 20-mg increments, until all 100 subjects have responded with the desired elevation in pH.


The data from our hypothetical experiment are plotted in Figure 5–8. The plot is called a frequency distribution curve. We can see from the curve that a wide range of doses is required to produce the desired response in all subjects. For some subjects, a dose of only 100 mg was sufficient to produce the target response. For other subjects, the therapeutic endpoint was not achieved until the dose totaled 240 mg.




[image: image]


Figure 5–8 [image: ] Interpatient variation in drug responses.
A, Data from tests of a hypothetical acid suppressant in 100 patients. The goal of the study is to determine the dosage required by each patient to elevate gastric pH to 5. Note the wide variability in doses needed to produce the target response for the 100 subjects. B, Frequency distribution curve for the data in A. The dose at the middle of the curve is termed the ED50—the dose that will produce a predefined intensity of response in 50% of the population.




















The ED50



The dose at the middle of the frequency distribution curve is termed the ED50 (Fig. 5–8B). (ED50 is an abbreviation for average effective dose.) The ED50 is defined as the dose that is required to produce a defined therapeutic response in 50% of the population. In the case of our new drug, the ED50 was 170 mg—the dose needed to elevate gastric pH to a value of 5 in 50 of the 100 people tested.


The ED50 can be considered a “standard” dose and, as such, is frequently the dose selected for initial treatment. After evaluating a patient’s response to this “standard” dose, we can then adjust subsequent doses up or down to meet the patient’s needs.














Clinical implications of interpatient variability


Interpatient variation has four important clinical consequences. As a nurse you should be aware of these implications:




• The initial dose of a drug is necessarily an approximation. Subsequent doses must be “fine tuned” based on the patient’s response. Because initial doses are approximations, it would be wise not to challenge the prescriber if the initial dose differs by a small amount (eg, 10% to 20%) from recommended doses in a drug reference. Rather, you should administer the medication as prescribed and evaluate the response. Dosage adjustments can then be made as needed. Of course, if the prescriber’s order calls for a dose that differs from the recommended dose by a large amount, that order should be challenged.


• When given an average effective dose (ED50), some patients will be undertreated, whereas others will have received more drug than they need. Accordingly, when therapy is initiated with a dose equivalent to the ED50, it is especially important to evaluate the response. Patients who fail to respond may need an increase in dosage. Conversely, patients who show signs of toxicity will need a dosage reduction.


• Because drug responses are not completely predictable, you must look at the patient (and not the Physicians’ Desk Reference) to determine if too much or too little medication has been administered. In other words, dosage should be adjusted on the basis of the patient’s response and not just on the basis of what some reference says is supposed to work. For example, although many postoperative patients receive adequate pain relief with an “average” dose of morphine, this dose is not appropriate for everyone: An average dose may be effective for some patients, ineffective for others, and toxic for still others. Clearly, dosage must be adjusted on the basis of the patient’s response, and must not be given in blind compliance with the dosage recommended in a book.


• Because of variability in responses, nurses, patients, and other concerned individuals must evaluate actual responses and be prepared to inform the prescriber about these responses so that proper adjustments in dosage can be made.





























The therapeutic index


The therapeutic index is a measure of a drug’s safety. The therapeutic index, determined using laboratory animals, is defined as the ratio of a drug’s LD50 to its ED50. (The LD50, or average lethal dose, is the dose that is lethal to 50% of the animals treated.) A large (or high) therapeutic index indicates that a drug is relatively safe. Conversely, a small (or low) therapeutic index indicates that a drug is relatively unsafe.


The concept of therapeutic index is illustrated by the frequency distribution curves in Figure 5–9. Part A of the figure shows curves for therapeutic and lethal responses to drug “X.” Part B shows equivalent curves for drug “Y.” As you can see in Figure 5–9A, the average lethal dose (100 mg) for drug X is much larger than the average therapeutic dose (10 mg). Because this drug’s lethal dose is much larger than its therapeutic dose, common sense tells us that the drug should be relatively safe. The safety of this drug is reflected in its high therapeutic index, which is 10. In contrast, drug Y is unsafe. As shown in Figure 5–9B, the average lethal dose for drug Y (20 mg) is only twice the average therapeutic dose (10 mg). Hence, for drug Y, a dose only twice the ED50 could be lethal to 50% of those treated. Clearly, drug Y is not safe. This lack of safety is reflected in its low therapeutic index.




[image: image]


Figure 5–9 [image: ] The therapeutic index.
A, Frequency distribution curves indicating the ED50 and LD50 for drug “X.” Because its LD50 is much greater than its ED50, drug X is relatively safe. B, Frequency distribution curves indicating the ED50 and LD50 for drug “Y.” Because its LD50 is very close to its ED50, drug Y is not very safe. Also note the overlap between the effective-dose curve and the lethal-dose curve.








The curves for drug Y illustrate a phenomenon that is even more important than the therapeutic index. As you can see, there is overlap between the curve for therapeutic effects and the curve for lethal effects. This overlap tells us that the high doses needed to produce therapeutic effects in some people may be large enough to cause death. The message here is that, if a drug is to be truly safe, the highest dose required to produce therapeutic effects must be substantially lower than the lowest dose required to produce death.




















Key points







[image: ] Pharmacodynamics is the study of the biochemical and physiologic effects of drugs and the molecular mechanisms by which those effects are produced.


[image: ] For most drugs, the dose-response relationship is graded. That is, the response gets more intense with increasing dosage.


[image: ] Maximal efficacy is defined as the biggest effect a drug can produce.


[image: ] Although efficacy is important, there are situations in which a drug with relatively low efficacy is preferable to a drug with very high efficacy.


[image: ] A potent drug is simply a drug that produces its effects at low doses. As a rule, potency is not important.


[image: ] Potency and efficacy are independent qualities. Drug A can be more effective than drug B even though drug B may be more potent. Also, drugs A and B can be equally effective, although one may be more potent than the other.


[image: ] A receptor can be defined as any functional macromolecule in a cell to which a drug binds to produce its effects.


[image: ] Binding of drugs to their receptors is almost always reversible.


[image: ] The receptors through which drugs act are normal points of control for physiologic processes.


[image: ] Under physiologic conditions, receptor function is regulated by molecules supplied by the body.


[image: ] All that drugs can do at receptors is mimic or block the action of the body’s own regulatory molecules.


[image: ] Because drug action is limited to mimicking or blocking the body’s own regulatory molecules, drugs cannot give cells new functions. Rather, drugs can only alter the rate of pre-existing processes.


[image: ] Receptors make selective drug action possible.


[image: ] There are four primary families of receptors: cell membrane–embedded enzymes, ligand-gated ion channels, G protein–coupled receptor systems, and transcription factors.


[image: ] If a drug interacts with only one type of receptor, and if that receptor type regulates just a few processes, then the effects of the drug will be relatively selective.


[image: ] If a drug interacts with only one type of receptor, but that receptor type regulates multiple processes, then the effects of the drug will be nonselective.


[image: ] If a drug interacts with multiple receptors, its effects will be nonselective.


[image: ] Selectivity does not guarantee safety.


[image: ] The term affinity refers to the strength of the attraction between a drug and its receptor.


[image: ] Drugs with high affinity have high relative potency.


[image: ] The term intrinsic activity refers to the ability of a drug to activate receptors.


[image: ] Drugs with high intrinsic activity have high maximal efficacy.


[image: ] Agonists are molecules that activate receptors.


[image: ] In terms of the modified occupancy theory, agonists have both affinity and high intrinsic activity. Affinity allows them to bind to receptors, while intrinsic activity allows them to activate the receptor after binding.


[image: ] Antagonists are drugs that prevent receptor activation by endogenous regulatory molecules and by other drugs.


[image: ] In terms of the modified occupancy theory, antagonists have affinity for receptors but no intrinsic activity. Affinity allows the antagonist to bind to receptors, but lack of intrinsic activity prevents the bound antagonist from causing receptor activation.


[image: ] Antagonists have no observable effects in the absence of agonists.


[image: ] Partial agonists have only moderate intrinsic activity. Hence their maximal efficacy is lower than that of full agonists.


[image: ] Partial agonists can act as agonists (if there is no full agonist present) and as antagonists (if a full agonist is present).


[image: ] Continuous exposure of cells to agonists can result in receptor desensitization (aka refractoriness or down-regulation), whereas continuous exposure to antagonists can result in hypersensitivity (aka supersensitivity).


[image: ] Some drugs act through simple physical or chemical interactions with other small molecules rather than through receptors.


[image: ] The ED50 is defined as the dose required to produce a defined therapeutic response in 50% of the population.


[image: ] An average effective dose (ED50) is perfect for some people, insufficient for others, and excessive for still others.


[image: ] The initial dose of a drug is necessarily an approximation. Subsequent doses must be “fine tuned” based on the patient’s response.


[image: ] Because drug responses are not completely predictable, you must look at the patient (and not a reference book) to determine if dosage is appropriate.


[image: ] The therapeutic index—defined as the LD50:ED50 ratio—is a measure of a drug’s safety. Drugs with a high therapeutic index are safe. Drugs with a low therapeutic index are not safe.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.


















*The only exception to this rule is gene therapy. By inserting genes into cells, we actually can make them do something they were previously incapable of.
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Drug interactions
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Drug-Supplement Interactions










In this chapter we consider the interactions of drugs with other drugs, with foods, and with dietary supplements. Our principal focus is on the mechanisms and clinical consequences of drug-drug interactions and drug-food interactions. Drug-supplement interactions are discussed briefly here and at greater length in Chapter 108.













Drug-drug interactions


Drug-drug interactions can occur whenever a patient takes two or more drugs. Some interactions are both intended and desired, as when we combine drugs to treat hypertension. In contrast, some interactions are both unintended and undesired, as when we precipitate malignant hyperthermia in a patient receiving halothane and succinylcholine. Some adverse interactions are well known, and hence generally avoidable. Others are yet to be documented.


Drug interactions occur because patients frequently take more than one drug. They may take multiple drugs to treat a single disorder. They may have multiple disorders that require treatment with different drugs. They may take over-the-counter drugs in addition to prescription medicines. And they may take caffeine, nicotine, alcohol, and other drugs that have nothing to do with illness.


Our objective in this chapter is to establish an overview of drug interactions, emphasizing the basic mechanisms by which drugs can interact. We will not attempt to catalog the huge number of specific interactions that are known. For information on interactions of specific drugs, you can refer to the chapters in which those drugs are discussed.








Consequences of drug-drug interactions


When two drugs interact, there are three possible outcomes: (1) one drug may intensify the effects of the other, (2) one drug may reduce the effects of the other, or (3) the combination may produce a new response not seen with either drug alone.








Intensification of effects


When a patient is taking two medications, one drug may intensify the effects of the other. This type of interaction is often termed potentiative. Potentiative interactions may be beneficial or detrimental. A potentiative interaction that enhances therapeutic effects is clearly beneficial. Conversely, a potentiative interaction that intensifies adverse effects is clearly detrimental. Examples of beneficial and detrimental potentiative interactions follow.








Increased therapeutic effects.


The interaction between sulbactam and ampicillin represents a beneficial potentiative interaction. When administered alone, ampicillin undergoes rapid inactivation by bacterial enzymes. Sulbactam inhibits those enzymes, and thereby prolongs and intensifies ampicillin’s therapeutic effects.














Increased adverse effects.


The interaction between aspirin and warfarin represents a potentially detrimental potentiative interaction. Warfarin is an anticoagulant used to suppress formation of blood clots. Unfortunately, if the dosage of warfarin is too high, the patient is at risk of spontaneous bleeding. Accordingly, for therapy to be safe and effective, the dosage must be high enough to suppress clot formation but not so high that bleeding occurs. Like warfarin, aspirin also suppresses clotting. As a result, if aspirin and warfarin are taken concurrently, the risk of bleeding is significantly increased. Clearly, potentiative interactions such as this are undesirable.




















Reduction of effects


Interactions that result in reduced drug effects are often termed inhibitory. As with potentiative interactions, inhibitory interactions can be beneficial or detrimental. Inhibitory interactions that reduce toxicity are beneficial. Conversely, inhibitory interactions that reduce therapeutic effects are detrimental. Examples follow.








Reduced therapeutic effects.


The interaction between propranolol and albuterol represents a detrimental inhibitory interaction. Albuterol is taken by people with asthma to dilate the bronchi. Propranolol, a drug for cardiovascular disorders, can act in the lung to block the effects of albuterol. Hence, if propranolol and albuterol are taken together, propranolol can reduce albuterol’s therapeutic effects. Inhibitory actions such as this, which can result in therapeutic failure, are clearly detrimental.














Reduced adverse effects.


The use of naloxone to treat morphine overdose is an excellent example of a beneficial inhibitory interaction. When administered in excessive dosage, morphine can produce coma and profound respiratory depression; death can result. Naloxone, a drug that blocks morphine’s actions, can completely reverse all symptoms of toxicity. The benefits of such an inhibitory interaction are obvious.




















Creation of a unique response


Rarely, the combination of two drugs produces a new response not seen with either agent alone. To illustrate, let’s consider the combination of alcohol with disulfiram [Antabuse], a drug used to treat alcoholism. When alcohol and disulfiram are combined, a host of unpleasant and dangerous responses can result. These effects do not occur when disulfiram or alcohol is used alone.




















Basic mechanisms of drug-drug interactions


Drugs can interact through four basic mechanisms: (1) direct chemical or physical interaction, (2) pharmacokinetic interaction, (3) pharmacodynamic interaction, and (4) combined toxicity.








Direct chemical or physical interactions


Some drugs, because of their physical or chemical properties, can undergo direct interaction with other drugs. Direct physical and chemical interactions usually render both drugs inactive.


Direct interactions occur most commonly when drugs are combined in IV solutions. Frequently, but not always, the interaction produces a precipitate. If a precipitate appears when drugs are mixed together, that solution should be discarded. Keep in mind, however, that direct drug interactions may not always leave visible evidence. Hence you cannot rely on simple inspection to reveal all direct interactions. Because drugs can interact in solution, never combine two or more drugs in the same container unless it has been established that a direct interaction will not occur.


The same kinds of interactions that can take place when drugs are mixed together in a bottle can also occur when drugs are mixed together in the patient. However, since drugs are diluted in body water following administration, and since dilution decreases chemical interactions, significant interactions within the patient are much less likely than in a bottle.














Pharmacokinetic interactions


Drug interactions can affect all four of the basic pharmacokinetic processes. That is, when two drugs are taken together, one may alter the absorption, distribution, metabolism, or excretion of the other.








Altered absorption.


Drug absorption may be enhanced or reduced by drug interactions. In some cases, these interactions have great clinical significance. There are several mechanisms by which one drug can alter the absorption of another:




• By elevating gastric pH, antacids can decrease the ionization of basic drugs in the stomach, thereby increasing the ability of basic drugs to cross membranes and be absorbed. Antacids have the opposite effect on acidic drugs.


• Laxatives can reduce absorption of other oral drugs by accelerating their passage through the intestine.


• Drugs that depress peristalsis (eg, morphine, atropine) prolong drug transit time in the intestine, thereby increasing the time for absorption.


• Drugs that induce vomiting can decrease absorption of oral drugs.


• Cholestyramine and certain other adsorbent drugs, which are administered orally but do not undergo absorption, can adsorb other drugs onto themselves, thereby preventing absorption of the other drugs into the blood.


• Drugs that reduce regional blood flow can reduce absorption of other drugs from that region. For example, when epinephrine is injected together with a local anesthetic (as is often done), the epinephrine causes local vasoconstriction, thereby reducing regional blood flow and delaying absorption of the anesthetic.

















Altered distribution.


There are two principal mechanisms by which one drug can alter the distribution of another: (1) competition for protein binding and (2) alteration of extracellular pH.























Competition for protein binding.


When two drugs bind to the same site on plasma albumin, coadministration of those drugs produces competition for binding. As a result, binding of one or both agents is reduced, causing plasma levels of free drug to rise. In theory, the increase in free drug can intensify effects. However, since the newly freed drug usually undergoes rapid elimination, the increase in plasma levels of free drug is rarely sustained or significant.








Alteration of extracellular pH.


Because of the pH partitioning effect (see Chapter 4), a drug with the ability to change extracellular pH can alter the distribution of other drugs. For example, if a drug were to increase extracellular pH, that drug would increase the ionization of acidic drugs in extracellular fluids (ie, plasma and interstitial fluid). As a result, acidic drugs would be drawn from within cells (where the pH was below that of the extracellular fluid) into the extracellular space. Hence, the alteration in pH would change drug distribution.


The ability of drugs to alter pH and thereby alter the distribution of other drugs can be put to practical use in the management of poisoning. For example, symptoms of aspirin toxicity can be reduced with sodium bicarbonate, a drug that elevates extracellular pH. By increasing the pH outside cells, bicarbonate causes aspirin to move from intracellular sites into the interstitial fluid and plasma, thereby minimizing injury to cells.






































Altered metabolism.


Altered metabolism is one of the most important—and most complex—mechanisms by which drugs interact. Some drugs increase the metabolism of other drugs, and some drugs decrease the metabolism of other drugs. Drugs that increase the metabolism of other drugs do so by inducing synthesis of hepatic drug-metabolizing enzymes. Drugs that decrease the metabolism of other drugs do so by inhibiting those enzymes.


As we discussed in Chapter 4, the majority of drug metabolism is catalyzed by the cytochrome P450 (CYP) group of enzymes, which is composed of a large number of isozymes (closely related enzymes). Of all the isozymes in the P450 group, five are responsible for the metabolism of most drugs. These five isozymes of CYP are designated CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4. Table 6–1 lists major drugs that are metabolized by each isozyme, and indicates drugs that can inhibit or induce those isozymes.




TABLE 6–1 [image: ]


Drugs That Are Important Substrates, Inhibitors, or Inducers of Specific CYP Isozymes










	CYP

	Substrates

	Inhibitors

	Inducers










	CYP1A2

	
CNS Drugs: amitriptyline, clomipramine, clozapine, desipramine, duloxetine, fluvoxamine, haloperidol, imipramine, methadone, ramelteon, rasagiline, ropinirole, tacrine
Others: theophylline, tizanidine, warfarin

	Acyclovir
Ciprofloxacin
Ethinyl estradiol
Fluvoxamine
Isoniazid
Norfloxacin
Oral contraceptives
Zafirlukast
Zileuton

	 

	Carbamazepine
Phenobarbital
Phenytoin
Primidone
Rifampin
Ritonavir
Tobacco
St. John’s wort






	CYP2C9

	Diazepam, phenytoin, ramelteon, voriconazole, warfarin

	Amiodarone
Azole antifungals
Efavirenz
Fenofibrate
Fluorouracil
Fluoxetine

	Fluvastatin
Fluvoxamine
Gemfibrozil
Isoniazid
Leflunomide
Zafirlukast

	Aprepitant
Carbamazepine
Phenobarbital
Phenytoin
Primidone
Rifampin
Rifapentine
Ritonavir
St. John’s wort






	CYP2C19

	Citalopram, clopidogrel, methadone, phenytoin, thioridazine, voriconazole

	Chloramphenicol
Cimetidine
Esomeprazole
Etravirine
Felbamate
Fluconazole
Fluoxetine

	Fluvoxamine
Isoniazid
Ketoconazole
Lansoprazole
Modafinil
Omeprazole
Ticlopidine
Voriconazole

	Carbamazepine
Phenobarbital
Phenytoin
St. John’s wort
Tipranavir/ritonavir






	CYP2D6

	
CNS Drugs: amitriptyline, atomoxetine, clozapine, desipramine, donepezil, doxepin, duloxetine, fentanyl, haloperidol, iloperidone, imipramine, meperidine, nortriptyline, propoxyphene, tetrabenazine, thioridazine, tramadol, trazodone
Antidysrhythmic Drugs: flecainide, mexiletine, propafenone
Beta Blocker: metoprolol
Opioids: codeine, dextromethorphan, hydrocodone

	Amiodarone
Cimetidine
Darifenacin
Darunavir/ritonavir
Duloxetine
Fluoxetine
Methadone

	Paroxetine
Propoxyphene
Propranolol
Quinidine
Ritonavir
Sertraline
Tipranavir/ritonavir

	Not an inducible enzyme






	CYP3A4

	
Antibacterials/Antifungals: clarithromycin, erythromycin, ketoconazole, itraconazole, rifabutin, telithromycin, voriconazole,
Anticancer Drugs: busulfan, dasatinib, doxorubicin, erlotinib, etoposide, ixabepilone, lapatinib, paclitaxel, pazopanib, romidepsin, sunitinib, tamoxifen, vinblastine, vincristine
Calcium Channel Blockers: amlodipine, felodipine, isradipine, nifedipine, nimodipine, nisoldipine, verapamil
Drugs for HIV Infections: amprenavir, darunavir, etravirine, indinavir, maraviroc, nelfinavir, ritonavir, saquinavir, tipranavir
Drugs for Erectile Dysfunction: sildenafil, tadalafil, vardenafil
Drugs for Urge Incontinence: darifenacin, fesoterodine, solifenacin, tolterodine
Immunosuppressants: cyclosporine, everolimus, sirolimus, tacrolimus
Opioids: alfentanil, alfuzosin, fentanyl, methadone, oxycodone
Sedative-Hypnotics: alprazolam, eszopiclone, midazolam, ramelteon, triazolam

	Amiodarone
Amprenavir
Aprepitant
Atazanavir
Azole antifungals
Chloramphenicol
Cimetidine
Clarithromycin
Conivaptan
Cyclosporine
Darunavir/ritonavir
Delavirdine
Diltiazem
Dronedarone
Erythromycin
Fluvoxamine
Fosamprenavir
Grapefruit juice

	Indinavir
Isoniazid
Methylprednisolone
Nefazodone
Nelfinavir
Nicardipine
Nifedipine
Norfloxacin
Pazopanib
Prednisone
Quinine
Ritonavir
Saquinavir
Synercid
Telithromycin
Tipranavir/ritonavir
Verapamil

	Amprenavir
Aprepitant
Bosentan
Carbamazepine
Dexamethasone
Efavirenz
Ethosuximide
Etravirine
Garlic supplements
Nevirapine
Oxcarbazepine
Phenobarbital
Phenytoin
Primidone
Rifabutin
Rifampin
Rifapentine
Ritonavir
St. John’s wort






	 

	
Statins: atorvastatin, lovastatin, simvastatin
Antidysrhythmics Drugs: disopyramide, dronedarone, lidocaine, quinidine
Others: aprepitant, bosentan, cinacalcet, cisapride, colchicine, conivaptan, dihydroergotamine, dronabinol, eplerenone, ergotamine, estrogens, ethosuximide, fluticasone, guanfacine, iloperidone, ondansetron, oral contraceptives, pimozide, ranolazine, saxagliptin, sertraline, silodosin, tiagabine, tolvaptan, trazodone, warfarin

	(See p. 61)

	(See p. 61)
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CNS = central nervous system, HIV = human immunodeficiency virus.










Induction of CYP isozymes.


Drugs that stimulate the synthesis of CYP isozymes are referred to as inducing agents. The classic example of an inducing agent is phenobarbital, a member of the barbiturate family. By increasing the synthesis of specific CYP isozymes, phenobarbital and other inducing agents can stimulate their own metabolism as well as that of other drugs.


Inducing agents can increase the rate of drug metabolism by as much as two- to threefold. This increase develops over 7 to 10 days. Rates of metabolism return to normal 7 to 10 days after the inducing agent has been withdrawn.


When an inducing agent is taken with another medicine, dosage of the other medicine may need adjustment. For example, if a woman taking oral contraceptives were to begin taking phenobarbital, induction of drug metabolism by phenobarbital would accelerate metabolism of the contraceptive, thereby lowering its level. If drug metabolism is increased enough, protection against pregnancy would be lost. To maintain contraceptive efficacy, dosage of the contraceptive should be increased. Conversely, when a patient discontinues an inducing agent, dosages of other drugs may need to be lowered. If dosage is not reduced, drug levels may climb dangerously high as rates of hepatic metabolism decline to their baseline (noninduced) values.













Inhibition of CYP isozymes.


If drug A inhibits the metabolism of drug B, then levels of drug B will rise. The result may be beneficial or harmful. The interaction of ketoconazole (an antifungal drug) with cisapride* (a GI stimulant) and cyclosporine (an expensive immunosuppressant) provides an interesting case in point. Ketoconazole inhibits CYP3A4, the CYP isozyme that metabolizes cisapride and cyclosporine. If ketoconazole is combined with either drug, that drug’s level will rise. In the case of cisapride, the result can be a fatal cardiac dysrhythmia—a clearly undesirable outcome. However, in the case of cyclosporine, inhibition of CYP3A4 allows us to achieve therapeutic drug levels at lower doses, thereby greatly reducing the cost of treatment—a clearly beneficial result.


Although inhibition of drug metabolism can be beneficial, as a rule inhibition has undesirable results. That is, in most cases, when an inhibitor increases the level of another drug, the outcome is toxicity. Accordingly, when a patient is taking an inhibitor along with his or her other medicines, you should be alert for possible adverse effects. Unfortunately, since the number of possible interactions of this type is large, keeping track is a challenge.




















Altered renal excretion.


Drugs can alter all three phases of renal excretion: filtration, reabsorption, and active secretion. By doing so, one drug can alter the renal excretion of another. Glomerular filtration can be decreased by drugs that reduce cardiac output: A reduction in cardiac output decreases renal blood flow, which decreases drug filtration at the glomerulus, which in turn decreases the rate of drug excretion. By altering urinary pH, one drug can alter the ionization of another, and thereby increase or decrease the extent to which that drug undergoes passive tubular reabsorption. Lastly, competition between two drugs for active tubular secretion can decrease the renal excretion of both agents.














Interactions that involve P-glycoprotein.


As we discussed in Chapter 4 (Pharmacokinetics), P-glycoprotein (PGP) is a transmembrane protein that transports a wide variety of drugs out of cells, including cells of the intestinal epithelium, placenta, blood-brain barrier, liver, and kidney tubules. Like P450 isozymes, PGP is subject to induction and inhibition by drugs. In fact (and curiously), most of the drugs that induce or inhibit P450 have the same impact on PGP. Drugs that induce PGP can have the following impact on other drugs:




• Reduced absorption—by increasing drug export from cells of the intestinal epithelium into the intestinal lumen


• Reduced fetal drug exposure—by increasing drug export from placental cells into the maternal blood


• Reduced brain drug exposure—by increasing drug export from cells of brain capillaries into the blood


• Increased drug elimination—by increasing drug export from liver into the bile and from renal tubular cells into the urine





Drugs that inhibit PGP will have opposite effects.




















Pharmacodynamic interactions


By influencing pharmacodynamic processes, one drug can alter the effects of another. Pharmacodynamic interactions are of two basic types: (1) interactions in which the interacting drugs act at the same site and (2) interactions in which the interacting drugs act at separate sites. Pharmacodynamic interactions may be potentiative or inhibitory, and can be of great clinical significance.








Interactions at the same receptor.


Interactions that occur at the same receptor are almost always inhibitory. Inhibition occurs when an antagonist drug blocks access of an agonist drug to its receptor. These agonist-antagonist interactions are described in Chapter 5. There are many agonist-antagonist interactions of clinical importance. Some reduce therapeutic effects and are therefore undesirable. Others reduce toxicity and are of obvious benefit. The interaction between naloxone and morphine noted above is an example of a beneficial inhibitory interaction: By blocking access of morphine to its receptors, naloxone can reverse all symptoms of morphine overdose.














Interactions resulting from actions at separate sites.


Even though two drugs have different mechanisms of action and act at separate sites, if both drugs influence the same physiologic process, then one drug can alter responses produced by the other. Interactions resulting from effects produced at different sites may be potentiative or inhibitory.








The interaction between morphine and diazepam [Valium] illustrates a potentiative interaction resulting from concurrent use of drugs that act at separate sites. Morphine and diazepam are central nervous system (CNS) depressants, but these drugs do not share the same mechanism of action. Hence, when these agents are administered together, the ability of each to depress CNS function reinforces the depressant effects of the other. This potentiative interaction can result in profound CNS depression.


The interaction between two diuretics—hydrochlorothiazide and spironolactone—illustrates how the effects of a drug acting at one site can counteract the effects of a second drug acting at a different site. Hydrochlorothiazide acts on the distal convoluted tubule of the nephron to increase excretion of potassium. Acting at a different site in the kidney, spironolactone works to decrease renal excretion of potassium. Consequently, when these two drugs are administered together, the potassium-sparing effects of spironolactone tend to balance the potassium-wasting effects of hydrochlorothiazide, leaving renal excretion of potassium at about the same level it would have been had no drugs been given at all.























Combined toxicity


Common sense tells us that, if drug A and drug B are both toxic to the same organ, then taking them together will cause more injury than if they were not combined. For example, when we treat tuberculosis with isoniazid and rifampin, both of which are hepatotoxic, we cause more liver injury than we would using just one of the drugs. As a rule, drugs with overlapping toxicity are not used together. Unfortunately, when treating tuberculosis, the combination is essential, and hence can’t be avoided.




















Clinical significance of drug-drug interactions


From the foregoing it should be clear that drug interactions have the potential to affect the outcome of therapy. As a result of drug-drug interactions, the intensity of responses may be increased or reduced. Interactions that increase therapeutic effects or reduce toxicity are desirable. Conversely, interactions that reduce therapeutic effects or increase toxicity are detrimental.


Common sense tells us that the risk of a serious drug interaction is proportional to the number of drugs that a patient is taking. That is, the more drugs the patient receives, the greater the risk of a detrimental interaction. Because the average hospitalized patient receives 6 to 10 drugs, interactions are common. Be alert for them.


Interactions are especially important for drugs that have a narrow therapeutic range. For these agents, an interaction that produces a modest increase in drug levels can cause toxicity. Conversely, an interaction that produces a modest decrease in drug levels can cause therapeutic failure.


Although a large number of important interactions have been documented, many more are yet to be identified. Therefore, if a patient develops unusual symptoms, it is wise to suspect that a drug interaction may be the cause—especially since yet another drug might be given to control the new symptoms.














Minimizing adverse drug-drug interactions


We can minimize adverse interactions in several ways. The most obvious is to minimize the number of drugs a patient receives. Indiscriminate use of multiple-drug therapy does not constitute good treatment—and increases the risk of undesired interactions. A second and equally important way to avoid detrimental interactions is to take a thorough drug history. A history that identifies all drugs the patient is taking allows the prescriber to adjust the regimen accordingly. Please note, however, that patients taking illicit drugs or over-the-counter preparations may fail to report such drug use. You should be aware of this possibility and make a special effort to ensure that the patient’s drug use profile is complete. Additional measures for reducing adverse interactions include adjusting the dosage when an inducer of metabolism is added to or deleted from the regimen, adjusting the timing of administration to minimize interference with absorption, monitoring for early signs of toxicity when combinations of toxic agents cannot be avoided, and being especially vigilant when the patient is taking a drug with a narrow therapeutic range.




















Drug-food interactions


Drug-food interactions are both important and poorly understood. They are important because they can result in toxicity or therapeutic failure. They are poorly understood because research has been largely lacking.








Impact of food on drug absorption













Decreased absorption.


Food frequently decreases the rate of drug absorption, and occasionally decreases the extent of absorption. Reducing the rate of absorption merely delays the onset of effects; peak effects are not lowered. In contrast, reducing the extent of absorption reduces the intensity of peak responses.


The interaction between calcium-containing foods and tetracycline antibiotics is a classic example of food reducing drug absorption. Tetracyclines bind with calcium to form an insoluble and nonabsorbable complex. Hence, if tetracyclines are administered with milk products or calcium supplements, absorption is reduced and antibacterial effects may be lost.


High-fiber foods can reduce absorption of some drugs. For example, absorption of digoxin [Lanoxin], used for cardiac disorders, is reduced significantly by wheat bran, rolled oats, and sunflower seeds. Since digoxin has a narrow therapeutic range, reduced absorption can result in therapeutic failure.














Increased absorption.


With some drugs, food increases the extent of absorption. When this occurs, peak effects are heightened. For example, a high-calorie meal more than doubles the absorption of saquinavir [Invirase], a drug for HIV infection. If saquinavir is taken without food, absorption may be insufficient for antiviral activity.


























Impact of food on drug metabolism: the grapefruit juice effect


Grapefruit juice can inhibit the metabolism of certain drugs, thereby raising their blood levels. The effect is quite remarkable. In one study, coadministration of grapefruit juice produced a 406% increase in blood levels of felodipine [Plendil], a calcium channel blocker used for hypertension. In addition to felodipine and other calcium channel blockers, grapefruit juice can increase blood levels of lovastatin [Mevacor], cyclosporine [Sandimmune], midazolam [Versed], and many other drugs (Table 6–2). This effect is not seen with other citrus juices, including orange juice.




TABLE 6–2 [image: ]


Some Drugs Whose Levels Can Be Increased by Grapefruit Juice








	Drug

	Indications

	Potential Consequences of Increased Drug Levels










	
Dihydropyridine CCBs: amlodipine, felodipine, nicardipine, nifedipine, nimodipine, nisoldipine

	Hypertension; angina pectoris

	Toxicity: flushing, headache, tachycardia, hypotension






	
Nondihydropyridine CCBs: diltiazem, verapamil

	Hypertension; angina pectoris

	Toxicity: bradycardia, AV heart block, hypotension, constipation






	
Statins: lovastatin, simvastatin (minimal effect on atorvastatin, fluvastatin, pravastatin, or rosuvastatin)

	Cholesterol reduction

	Toxicity: headache, GI disturbances, liver and muscle toxicity






	Amiodarone

	Cardiac dysrhythmias

	Toxicity






	Caffeine

	Prevents sleepiness

	Toxicity: restlessness, insomnia, convulsions, tachycardia






	Carbamazepine

	Seizures; bipolar disorder

	Toxicity: ataxia, drowsiness, nausea, vomiting, tremor






	Buspirone

	Anxiety

	Drowsiness, dysphoria






	Triazolam

	Anxiety; insomnia

	Increased sedation






	Midazolam

	Induction of anesthesia; conscious sedation

	Increased sedation






	Saquinavir

	HIV infection

	Increased therapeutic effect






	Cyclosporine

	Prevents rejection of organ transplants

	Increased therapeutic effects; if levels rise too high, renal and hepatic toxicity will occur






	Sirolimus and tacrolimus

	Prevent rejection of organ transplants

	Toxicity






	
SSRIs: fluoxetine, fluvoxamine, sertraline

	Depression

	Toxicity: serotonin syndrome






	Pimozide

	Tourette’s syndrome

	Toxicity: QT prolongation resulting in a life-threatening ventricular dysrhythmia






	Praziquantel

	Schistosomiasis

	Toxicity






	Dextromethorphan

	Cough

	Toxicity






	Sildenafil

	Erectile dysfunction

	Toxicity









AV = atrioventricular, CCBs = calcium channel blockers, GI = gastrointestinal, HIV = human immunodeficiency virus, SSRIs = selective serotonin reuptake inhibitors.





Grapefruit juice raises drug levels mainly by inhibiting metabolism. Specifically, grapefruit juice inhibits CYP3A4, an isozyme of cytochrome P450 found in the liver and the intestinal wall. Inhibition of the intestinal isozyme is much greater than inhibition of the liver isozyme. By inhibiting CYP3A4, grapefruit juice decreases the intestinal metabolism of many drugs (see Table 6–2), and thereby increases the amount available for absorption. As a result, blood levels of these drugs rise, causing peak effects to be more intense. Since inhibition of CYP3A4 in the liver is minimal, grapefruit juice does not usually affect metabolism of drugs after they have been absorbed. Importantly, grapefruit juice has little or no effect on drugs administered IV. Why? Because, with IV administration, intestinal metabolism is not involved. Inhibition of CYP3A4 is dose dependent: The more grapefruit juice the patient drinks, the greater the inhibition.


What’s in grapefruit juice that can inhibit CYP3A4? Four compounds have been identified. Two of them—bergapten and 6′,7′-dihydroxybergamottin—are furanocoumarins. The other two—naringin and naringenin—are flavenoids.


Inhibition of CYP3A4 persists after grapefruit juice is consumed. Therefore, a drug needn’t be administered concurrently with grapefruit juice for an interaction to occur. Put another way, metabolism can still be inhibited even if a patient drinks grapefruit juice in the morning but waits until later in the day to take his or her medicine. In fact, when grapefruit juice is consumed on a regular basis, inhibition can persist up to 3 days after the last glass.


The effects of grapefruit juice vary considerably among patients. Why? Because levels of CYP3A4 show great individual variation. In patients with very little CYP3A4, inhibition by grapefruit juice may be sufficient to stop metabolism completely. As a result, large increases in drug levels may occur. Conversely, in patients with lots of CYP3A4, metabolism may continue more or less normally, despite inhibition by grapefruit juice.


The clinical consequences of inhibition may be good or bad. As indicated in Table 6–2, by elevating levels of certain drugs, grapefruit juice can increase the risk of serious toxicity, an outcome that is obviously bad. On the other hand, by increasing levels of two other drugs—saquinavir and cyclosporine—grapefruit juice can intensify therapeutic effects, an outcome that is clearly good.


What should patients do if the drugs they are taking can be affected by grapefruit juice? Unless a predictable effect is known, prudence dictates avoiding grapefruit juice entirely.














Impact of food on drug toxicity


Drug-food interactions sometimes increase toxicity. The most dramatic example is the interaction between monoamine oxidase (MAO) inhibitors (a family of antidepressants) and foods rich in tyramine (eg, aged cheeses, yeast extracts, Chianti wine). If an MAO inhibitor is combined with these foods, blood pressure can rise to a life-threatening level. To avoid disaster, patients taking MAO inhibitors must be warned about the consequences of consuming tyramine-rich foods, and must be given a list of foods to strictly avoid (see Chapter 32). Other drug-food combinations that can increase toxicity include the following:




• Theophylline (an asthma medicine) plus caffeine, which can result in excessive CNS excitation


• Potassium-sparing diuretics (eg, spironolactone) plus salt substitutes, which can result in dangerously high potassium levels


• Aluminum-containing antacids (eg, Maalox) plus citrus beverages (eg, orange juice), which can result in excessive absorption of aluminum

















Impact of food on drug action


Although most drug-food interactions concern drug absorption or drug metabolism, food may also (rarely) have a direct impact on drug action. For example, foods rich in vitamin K (eg, broccoli, Brussels sprouts, cabbage) can reduce the effects of warfarin, an anticoagulant. How? As discussed in Chapter 52, warfarin acts by inhibiting vitamin K–dependent clotting factors. Accordingly, when vitamin K is more abundant, warfarin is less able to inhibit the clotting factors, and therapeutic effects decline.














Timing of drug administration with respect to meals


Administration of drugs at the appropriate time with respect to meals is an important part of drug therapy. As discussed, the absorption of some drugs can be significantly decreased by food, and hence these drugs should be administered on an empty stomach. Conversely, the absorption of other drugs can be increased by food, and hence these drugs should be administered with meals.


Many drugs cause stomach upset when taken without food. If food does not reduce their absorption, then these drugs should definitely be administered with meals. However, if food does reduce their absorption, then we have a difficult choice: We can administer them with food and thereby reduce stomach upset (good news), but also reduce absorption (bad news)—or, we can administer them without food and thereby improve absorption (good news), but also increase stomach upset (bad news). Unfortunately, the correct choice is not obvious. The best solution may be to select an alternative drug that doesn’t upset the stomach.


When the medication order says to administer a drug “with food” or “on an empty stomach,” just what does this mean? To administer a drug with food means to administer it with or shortly after a meal. To administer a drug on an empty stomach means to administer it either 1 hour before a meal or 2 hours after.


Medication orders frequently fail to indicate when a drug should be administered with respect to meals. As a result, inappropriate administration may occur. If you are uncertain about when to give a drug, ask the prescriber if it should be taken on an empty stomach or with food, and if there are any foods or beverages to avoid.




















Drug-supplement interactions


Dietary supplements (herbal medicines and other nonconventional remedies) are used widely, creating the potential for frequent and significant interactions with conventional drugs. Of greatest concern are interactions that reduce beneficial responses to conventional drugs and interactions that increase toxicity. How do these interactions occur? Through the same pharmacokinetic and pharmacodynamic mechanisms by which conventional drugs interact with each other. Unfortunately, reliable information about dietary supplements is largely lacking, including information on interactions with conventional agents. Interactions that have been well documented are discussed as appropriate throughout this text. Dietary supplements and their interactions are discussed at length in Chapter 108.




















Key points







[image: ] Some drug-drug interactions are intended and beneficial; others are unintended and detrimental.


[image: ] Drug-drug interactions may result in intensified effects, diminished effects, or an entirely new effect.


[image: ] Potentiative interactions are beneficial when they increase therapeutic effects and detrimental when they increase adverse effects.


[image: ] Inhibitory interactions are beneficial when they decrease adverse effects and detrimental when they decrease beneficial effects.


[image: ] Because drugs can interact in solution, never combine two or more drugs in the same container unless you are certain that a direct interaction will not occur.


[image: ] Drug interactions can result in increased or decreased absorption.


[image: ] Competition for protein binding rarely results in a sustained or significant increase in plasma levels of free drug.


[image: ] Drugs that induce hepatic drug-metabolizing enzymes can accelerate the metabolism of other drugs.


[image: ] When an inducing agent is added to the regimen, it may be necessary to increase the dosages of other drugs. Conversely, when an inducing agent is discontinued, dosages of other drugs may need to be reduced.


[image: ] A drug that inhibits the metabolism of other drugs will increase their levels. Sometimes the result is beneficial, but usually it’s detrimental.


[image: ] Drugs that act as antagonists at a particular receptor will diminish the effects of drugs that act as agonists at that receptor. The result may be beneficial (if the antagonist prevents toxic effects of the agonist) or detrimental (if the antagonist prevents therapeutic effects of the agonist).


[image: ] Drugs that are toxic to the same organ should not be combined (if at all possible).


[image: ] We can help reduce the risk of adverse interactions by minimizing the number of drugs the patient is given and by taking a thorough drug history.


[image: ] Food may reduce the rate or extent of drug absorption. Reducing the extent of absorption reduces peak therapeutic responses; reducing the rate of absorption merely delays the onset of effects.


[image: ] For some drugs, food may increase the extent of absorption.


[image: ] Grapefruit juice can inhibit the intestinal metabolism of certain drugs, thereby increasing their absorption, which in turn increases their blood levels.


[image: ] Foods may increase drug toxicity. The combination of an MAO inhibitor with tyramine-rich food is the classic example.


[image: ] When the medication order says to administer a drug on an empty stomach, this means administer it either 1 hour before a meal or 2 hours after.


[image: ] Conventional drugs can interact with dietary supplements. The biggest concerns are increased toxicity and reduced therapeutic effects of the conventional agent.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.


















*In the United States, cisapride [Propulsid] availability is restricted.
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Adverse drug reactions and medication errors
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In this chapter we discuss two related issues of drug safety: (1) adverse drug reactions (ADRs), also known as adverse drug events (ADEs), and (2) medication errors, a major cause of ADRs. We begin with ADRs and then discuss medication errors.













Adverse drug reactions


An ADR, as defined by the World Health Organization, is any noxious, unintended, and undesired effect that occurs at normal drug doses. Note that this definition excludes undesired effects that occur when dosage is excessive (eg, because of accidental poisoning or medication error). Adverse reactions can range in intensity from mildly annoying to life threatening. Fortunately, when drugs are used properly, many ADRs can be avoided, or at least minimized.








Scope of the problem


Drugs can adversely affect all body systems in varying degrees of intensity. Among the more mild reactions are drowsiness, nausea, itching, and rash. Severe reactions include neutropenia, hepatocellular injury, cardiac dysrhythmias, anaphylaxis, and hemorrhage—all of which can be fatal.


Although ADRs can occur in all patients, some patients are more vulnerable than others. Adverse events are most common in the elderly and the very young. (Patients over 60 account for nearly 50% of all ADR cases.) Severe illness also increases the risk of an ADR. Likewise, adverse events are more common in patients receiving multiple drugs than in patients taking just one drug.


Some data on ADRs will underscore their significance. Each year in the United States, about 700,000 people visit emergency departments because of ADRs. Among patients already in a hospital, estimates suggest that over 770,000 experience a serious ADR, and about 110,000 die. If these numbers are correct, ADRs would be the fourth leading cause of death, exceeded only by heart disease, cancer, and stroke.














Definitions








Side effect


A side effect is formally defined as a nearly unavoidable secondary drug effect produced at therapeutic doses. Common examples include drowsiness caused by traditional antihistamines and gastric irritation caused by aspirin. Side effects are generally predictable and their intensity is dose dependent. Some side effects develop soon after drug use starts, whereas others may not appear until a drug has been taken for weeks or months.














Toxicity


The formal definition of toxicity is an adverse drug reaction caused by excessive dosing. Examples include coma from an overdose of morphine and severe hypoglycemia from an overdose of insulin. Although the formal definition of toxicity includes only those severe reactions that occur when dosage is excessive, in everyday parlance the term toxicity has come to mean any severe ADR, regardless of the dose that caused it. For example, when administered in therapeutic doses, many anticancer drugs cause neutropenia (profound loss of neutrophilic white blood cells), thereby putting the patient at high risk of infection. This neutropenia would be called a toxicity even though it was produced when dosage was therapeutic.














Allergic reaction


An allergic reaction is an immune response. For an allergic reaction to occur, there must be prior sensitization of the immune system. Once the immune system has been sensitized to a drug, re-exposure to that drug can trigger an allergic response. The intensity of allergic reactions can range from mild itching to severe rash to anaphylaxis. (Anaphylaxis is a life-threatening response characterized by bronchospasm, laryngeal edema, and a precipitous drop in blood pressure.) Estimates suggest that less than 10% of ADRs are of the allergic type.


The intensity of an allergic reaction is determined primarily by the degree of sensitization of the immune system, not by drug dosage. Put another way, the intensity of allergic reactions is largely independent of dosage. As a result, a dose that elicits a very strong reaction in one allergic patient may elicit a very mild reaction in another. Furthermore, since a patient’s sensitivity to a drug can change over time, a dose that elicits a mild reaction early in treatment may produce an intense reaction later on.


Very few medications cause severe allergic reactions. In fact, most serious reactions are caused by just one drug family—the penicillins. Other drugs noted for causing allergic reactions include the nonsteroidal anti-inflammatory drugs (eg, aspirin) and the sulfonamide group of compounds, which includes certain diuretics, antibiotics, and oral hypoglycemic agents.














Idiosyncratic effect


An idiosyncratic effect is defined as an uncommon drug response resulting from a genetic predisposition. To illustrate this concept, let’s consider responses to succinylcholine, a drug used to produce flaccid paralysis of skeletal muscle. In most patients, succinylcholine-induced paralysis is brief, lasting only a few minutes. In contrast, genetically predisposed patients may become paralyzed for hours. Why the difference? Because in all patients the effects of succinylcholine are terminated through enzymatic inactivation of the drug. Since most people have very high levels of the inactivating enzyme, paralysis is short lived. However, in a small percentage of patients, the genes that code for succinylcholine-metabolizing enzymes are abnormal, producing enzymes that inactivate the drug very slowly. As a result, paralysis is greatly prolonged.














Iatrogenic disease


The word iatrogenic is derived from two words: iatros, the Greek word for physician, and -genic, a combining form meaning to produce. Hence, an iatrogenic disease is a disease produced by a physician. The term iatrogenic disease is also used to denote a disease produced by drugs.


Iatrogenic diseases are nearly identical to idiopathic (naturally occurring) diseases. For example, patients taking certain antipsychotic drugs may develop a syndrome whose symptoms closely resemble those of Parkinson’s disease. Because this syndrome is (1) drug induced and (2) essentially identical to a naturally occurring pathology, we would call the syndrome an iatrogenic disease.














Physical dependence


Physical dependence develops during long-term use of certain drugs, such as opioids, alcohol, barbiturates, and amphetamines. We can define physical dependence as a state in which the body has adapted to drug exposure in such a way that an abstinence syndrome will result if drug use is discontinued. The precise nature of the abstinence syndrome is determined by the drug involved.


Although physical dependence is usually associated with “narcotics” (heroin, morphine, and other opioids), these are not the only dependence-inducing drugs. In addition to the opioids, a variety of other centrally acting drugs (eg, ethanol, barbiturates, amphetamines) can promote dependence. Furthermore, some drugs that work outside the central nervous system can cause physical dependence of a sort. Because a variety of drugs can cause physical dependence of one type or another, and because withdrawal reactions have the potential for harm, patients should be warned against abrupt discontinuation of any medication without first consulting a health professional.














Carcinogenic effect


The term carcinogenic effect refers to the ability of certain medications and environmental chemicals to cause cancers. Fortunately, only a few therapeutic agents are carcinogenic. Ironically, several of the drugs used to treat cancer are among those with the greatest carcinogenic potential.


Evaluating drugs for the ability to cause cancer is extremely difficult. Evidence of neoplastic disease may not appear until 20 or more years after initial exposure to a cancer-causing compound. Consequently, it is nearly impossible to detect carcinogenic potential during preclinical and clinical trials. Accordingly, when a new drug is released for general marketing, we cannot know with certainty that it will not eventually prove carcinogenic.


Diethylstilbestrol (DES) illustrates the problem posed by the delayed appearance of cancer following exposure to a carcinogenic drug. DES is a synthetic hormone with actions similar to those of estrogen. At one time, DES was used to prevent spontaneous abortion during high-risk pregnancies. It was not until years later, when vaginal and uterine cancers developed in females who had been exposed to this drug in utero, that the carcinogenic actions of DES became known.














Teratogenic effect


A teratogenic effect can be defined as a drug-induced birth defect. Medicines and other chemicals capable of causing birth defects are called teratogens. Teratogenesis is discussed at length in Chapter 9.




















Organ-specific toxicity


Many drugs are toxic to specific organs. Common examples include injury to the kidneys caused by amphotericin B (an antifungal drug), injury to the heart caused by doxorubicin (an anticancer drug), injury to the lungs caused by amiodarone (an antidysrhythmic drug), and injury to the inner ear caused by aminoglycoside antibiotics (eg, gentamicin). Patients using such drugs should be monitored for signs of developing injury. In addition, patients should be educated about these signs and advised to seek medical attention if they appear.


Two types of organ-specific toxicity deserve special comment. These are (1) injury to the liver and (2) altered cardiac function, as evidenced by a prolonged QT interval on the electrocardiogram. Both are discussed below.








Hepatotoxic drugs


In the United States, drugs are the leading cause of acute liver failure, a rare condition that can rapidly prove fatal. Most cases end with a liver transplant or in death. The ability to cause severe liver damage is the most common reason for withdrawing an approved drug from the market.


Fortunately, liver failure from using known hepatotoxic drugs is rare, with an incidence of less than 1 in 50,000. (Drugs that cause liver failure more often than this are removed from the market—unless they are indicated for a life-threatening illness.) More than 50 drugs are known to be hepatotoxic. Some of these are listed in Table 7–1.
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Some Hepatotoxic Drugs


Statins and Other Lipid-Lowering Drugs


Atorvastatin [Lipitor]
Fenofibrate [Tricor]
Fluvastatin [Lescol]
Gemfibrozil [Lopid]
Lovastatin [Mevacor]
Niacin [Niaspan, others]
Pravastatin [Pravachol]
Simvastatin [Zocor]


Oral Antidiabetic Drugs


Acarbose [Precose]
Pioglitazone [Actos]
Rosiglitazone [Avandia]


Antiseizure Drugs


Carbamazepine [Tegretol]
Felbamate [Felbatol]
Valproic acid [Depakene, others]


Antifungal Drugs


Itraconazole [Sporanox]
Ketoconazole [Nizoral]
Terbinafine [Lamisil]


Drugs for Tuberculosis


Isoniazid
Pyrazinamide
Rifampin [Rifadin]


Immunosuppressants


Azathioprine [Imuran]
Methotrexate [Rheumatrex]


Antiretroviral Drugs


Nevirapine [Viramune]
Ritonavir [Norvir]


Other Drugs


Acetaminophen [Tylenol, others], but only when combined with alcohol, or when taken in excessive dosage
Amiodarone [Cordarone]
Diclofenac [Voltaren]
Duloxetine [Cymbalta]
Halothane [Fluothane]
Leflunomide [Arava]
Methyldopa [Aldomet]
Nefazodone 
Nitrofurantoin [Macrodantin]
Tacrine [Cognex]
Tamoxifen [Nolvadex]
Zileuton [Zyflo]





How do drugs damage the liver? Recall that the liver is the primary site of drug metabolism. As some drugs undergo metabolism, they are converted to toxic products that can injure liver cells.


Combining a hepatotoxic drug with certain other drugs may increase the risk of liver damage. A good example is the combination of acetaminophen [Tylenol] with alcohol. When taken in therapeutic doses in the absence of alcohol, acetaminophen cannot harm the liver. However, if the drug is taken with just two or three drinks, severe liver injury can result. Of course, excessive doses of acetaminophen, without any alcohol, can also damage the liver.


Patients taking hepatotoxic drugs should undergo liver function tests (LFTs) at baseline and periodically thereafter. How do we assess liver function? By testing a blood sample for the presence of two liver enzymes: aspartate aminotransferase (AST, formerly known as SGOT) and alanine aminotransferase (ALT, formerly known as SGPT). Under normal conditions blood levels of AST and ALT are low. However, when liver cells are injured, blood levels of these enzymes rise. LFTs are performed on a regular schedule (eg, every 3 months) in hopes of detecting injury early. Unfortunately, since drug-induced liver injury can develop very quickly, it may progress from undetectable to advanced between scheduled tests. Nonetheless, since death from liver failure can often be avoided with early detection, routine testing of liver function is still indicated.


All patients receiving hepatotoxic drugs should be informed about signs of liver injury—jaundice (yellow skin and eyes), dark urine, light-colored stools, nausea, vomiting, malaise, abdominal discomfort, loss of appetite—and advised to seek medical attention if these develop.














QT interval drugs


The term QT interval drugs—or simply QT drugs—refers to the ability of some medications to prolong the QT interval on the electrocardiogram, thereby creating a risk of serious dysrhythmias. As discussed in Chapter 49 (Antidysrhythmic Drugs), the QT interval is a measure of the time required for the ventricles to repolarize after each contraction. When the QT interval is prolonged, patients can develop a dysrhythmia known as torsades de pointes, which can progress to potentially fatal ventricular fibrillation. How long must the QT interval be to be considered long? More than 470 msec for postpubertal males, or more than 480 msec for postpubertal females.


More than 100 drugs are known to cause QT prolongation, torsades de pointes, or both. As shown in Table 7–2, QT drugs are found in many drug families. Seven QT drugs—including astemizole [Hismanal], terfenadine [Seldane], and fenfluramine [Pondimin]—have been withdrawn because of deaths linked to their use, and use of another QT drug—cisapride [Propulsid]—is now restricted. To reduce the risks from QT drugs, the Food and Drug Administration (FDA) now requires that all new drugs be tested for the ability to cause QT prolongation.




TABLE 7–2 [image: ]


Drugs That Prolong the QT Interval, Induce Torsades de Pointes, or Both


Cardiovascular: Antidysrhythmics


Amiodarone [Cordarone]
Disopyramide [Norpace]
Dofetilide [Tikosyn]
Flecainide [Tambocor]
Ibutilide [Corvert]
Mexiletine [Mexitil]
Procainamide [Procan, Pronestyl]
Quinidine
Sotalol [Betapace]


Cardiovascular: ACE Inhibitors/CCBs


Bepridil [Vascor]
Isradipine [DynaCirc]
Moexipril
Nicardipine [Cardene]


Cardiovascular: Others


Dobutamine [Dobutrex]
Dopamine
Norepinephrine [Levophed]
Ranolazine [Ranexa]


Antibiotics


Azithromycin [Zithromax]
Clarithromycin [Biaxin]
Erythromycin
Gatifloxacin [Tequin]
Gemifloxacin [Factive]
Levofloxacin [Levaquin]
Moxifloxacin [Avelox]
Ofloxacin [Floxin]
Sparfloxacin [Zagam]
Telithromycin [Ketek]


Antifungal Drugs



Fluconazole [Diflucan]
Itraconazole [Sporanox]
Ketoconazole [Nizoral]
Voriconazole [Vfend]


Antidepressants


Amitriptyline [Elavil]
Citalopram [Celexa]
Desipramine [Norpramin]
Doxepin [Sinequan]
Fluoxetine [Prozac]
Imipramine [Tofranil]
Protriptyline [Pamelor, Aventyl]
Sertraline [Zoloft]
Trimipramine [Surmontil]
Venlafaxine [Effexor]


Antipsychotics


Chlorpromazine [Thorazine]
Clozapine [Clozaril]
Haloperidol [Haldol]
Mesoridazine [Serentil]
Pimozide [Orap]
Quetiapine [Seroquel]
Risperidone [Risperdal]
Thioridazine [Mellaril]
Ziprasidone [Geodon]


Antiemetics/Antinausea Drugs


Dolasetron [Anzemet]
Domperidone [Motilium]
Droperidol [Inapsine]
Granisetron [Kytril]
Ondansetron [Zofran]


Bronchodilators


Albuterol [Proventil, Ventolin]
Ephedrine
Epinephrine [Bronkaid, Primatene]
Isoproterenol [Isuprel]
Levalbuterol [Xopenex]
Metaproterenol [Alupent]
Salmeterol [Serevent]
Terbutaline


Anticancer Drugs


Arsenic trioxide [Trisenox]
Sunitinib [Sutent]
Tamoxifen [Nolvadex]


Drugs for ADHD


Amphetamine/dextroamphetamine [Adderall]
Atomoxetine [Strattera]
Dexmethylphenidate [Focalin]
Dextroamphetamine [Dexedrine]
Methylphenidate [Ritalin, Concerta]


Nasal Decongestants


Phenylephrine [Neo-Synephrine, Sudafed PE]
Pseudoephedrine [Sudafed]


Other Drugs


Alfuzosin [Uroxatral]
Amantadine [Symmetrel]
Chloroquine [Aralen]
Cisapride [Propulsid]*
Cocaine
Felbamate [Felbatol]
Foscarnet [Foscavir]
Fosphenytoin [Cerebyx]
Galantamine [Razadyne]
Halofantrine [Halfan]
Indapamide [Lozol]
Lithium [Lithobid, Eskalith]
Methadone [Dolophine]
Midodrine [ProAmatine]
Octreotide [Sandostatin]
Pentamidine [Pentam, Nebupent]
Phentermine [Fastin]
Ritodrine [Yutopar]
Salmeterol [Serevent]
Solifenacin [Vesicare]
Tacrolimus [Prograf]
Tizanidine [Zanaflex]
Tolterodine [Detrol]
Vardenafil [Levitra]


ACE = angiotensin-converting enzyme; ADHD = attention-deficit/hyperactivity disorder; CCB = calcium channel blocker.


*Restricted availability.





When QT drugs are used, care is needed to minimize the risk of dysrhythmias. These agents should be used with caution in patients predisposed to dysrhythmias. Among these are the elderly and patients with bradycardia, heart failure, congenital QT prolongation, and low levels of potassium or magnesium. Women are also at risk. Why? Because their normal QT interval is longer than the QT interval in men. Concurrent use of two or more QT drugs should be avoided, as should the concurrent use of a QT drug with another drug that can raise its blood level (eg, by inhibiting its metabolism). Obviously, excessive dosing should be avoided. Additional information on QT drugs, including a current list of these agents, is available online at www.QTdrugs.org.




















Identifying adverse drug reactions


It can be very difficult to determine whether a specific drug is responsible for an observed adverse event. Why? Because other factors—especially the underlying illness and other drugs being taken—could be the actual cause. To help determine if a particular drug is responsible, the following questions should be asked:




• Did symptoms appear shortly after the drug was first used?


• Did symptoms abate when the drug was discontinued?


• Did symptoms reappear when the drug was reinstituted?


• Is the illness itself sufficient to explain the event?


• Are other drugs in the regimen sufficient to explain the event?





If the answers reveal a temporal relationship between the presence of the drug and the adverse event, and if the event cannot be explained by the illness itself or by other drugs in the regimen, then there is a high probability that the drug under suspicion is indeed the culprit. Unfortunately, this process is limited: It can only identify adverse effects that occur while the drug is being used; it cannot identify adverse events that develop years after drug withdrawal. Nor can it identify effects that develop slowly, that is, over the course of prolonged drug use.














Adverse reactions to new drugs


As we discussed in Chapter 3, preclinical and clinical trials of new drugs cannot detect all of the ADRs that a drug may be able to cause. In fact, about 50% of all new drugs have serious ADRs that are not revealed during Phase II and Phase III trials.


Because newly released drugs may have as-yet unreported adverse effects, you should be alert for unusual responses when giving new drugs. If the patient develops new symptoms, it is wise to suspect that the drug may be responsible—even if the symptoms are not described in the literature. If the drug is especially new, you may be the first clinician to have observed the effect.


If you suspect a drug of causing a previously unknown adverse effect, you should report the effect to MEDWATCH, the FDA Medical Products Reporting Program. You can file your report online at www.fda.gov/medwatch. The form used for reporting is shown in Figure 7–1. Because voluntary reporting by healthcare professionals is an important mechanism for bringing ADRs to light, you should report all suspected ADRs, even if absolute proof of the drug’s complicity has not been established.




[image: image]


Figure 7–1 [image: ] Form for reporting adverse drug events to the FDA.








In addition to the MEDWATCH program, which applies to all drugs, both new and old, the FDA has launched a new program—Postmarketing Drug Safety Evaluations—dedicated to providing safety information on recently approved drugs. Evaluations are conducted 18 months after a drug is approved, or after 10,000 patients have used the drug, whichever comes later. Data for the evaluations are drawn from multiple sources, including MEDWATCH, the Vaccine Adverse Event Reporting System, safety reports from manufacturers, postapproval clinical trials, and the medical literature. Summaries of the safety evaluations are available online at www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/ucm204091.htm.














Ways to minimize adverse drug reactions


The responsibility for reducing ADRs lies with everyone associated with drug production and use. The pharmaceutical industry must strive to produce the safest medicines possible; the prescriber must select the least harmful medicine for a particular patient; the nurse must evaluate patients for ADRs and educate patients in ways to avoid or minimize harm; and patients and their families must watch for signs that an ADR may be developing, and should seek medical attention if one appears.


Anticipating ADRs can help minimize them. Nurses and patients should know the major ADRs that a drug can produce. This knowledge allows early identification of adverse effects, thereby permitting timely implementation of measures to minimize harm.


As noted, certain drugs are toxic to specific organs. When patients are using these drugs, function of the target organ should be monitored. The liver, kidneys, and bone marrow are important sites of drug toxicity. For drugs that are toxic to the liver, the patient should be monitored for signs and symptoms of liver damage (jaundice, dark urine, light-colored stools, nausea, vomiting, malaise, abdominal discomfort, loss of appetite), and periodic LFTs should be performed. For drugs that are toxic to the kidneys, the patient should undergo routine urinalysis and measurement of serum creatinine. In addition, periodic tests of creatinine clearance should be performed. For drugs that are toxic to bone marrow, periodic blood cell counts are required.


Adverse effects can be reduced by individualizing therapy. When choosing a drug for a particular patient, the prescriber must balance potential risks of that drug versus its probable benefits. Drugs that are likely to harm a specific patient should be avoided. For example, if a patient has a history of penicillin allergy, we can avoid a potentially severe reaction by withholding penicillin and administering a suitable substitute. Similarly, when treating pregnant patients, we must withhold drugs that can injure the fetus (see Chapter 9).


Lastly, we must be aware that patients with chronic disorders are especially vulnerable to ADRs. In this group are patients with hypertension, epilepsy, heart disease, and psychoses. When drugs must be used long term, the patient should be informed about the adverse effects that may develop over time and should be monitored for their appearance.














Medication guides, boxed warnings, and REMS


For drugs with especially serious adverse effects, the FDA now requires one or more of the following: a Medication Guide for patients, a boxed warning to alert prescribers, and/or a Risk Evaluation and Mitigation Strategy (REMS), which can involve patients, prescribers, and pharmacists.








Medication guides


Medication Guides, commonly called MedGuides, are FDA-approved documents created to educate patients about how to minimize harm from potentially dangerous drugs. In addition, a Medication Guide is required when the FDA has determined that (1) patient adherence to directions for drug use is essential for efficacy or (2) patients need to know about potentially serious effects when deciding to use a drug.


All Medication Guides use a standard format that provides information under the following main headings:




• What is the most important information I should know about (name of drug)?


• What is (name of drug)? Including: a description of the drug and its indications.


• Who should not take (name of drug)?


• How should I take (name of drug)? Including: importance of adherence to dosing instructions, special instructions about administration, what to do in case of overdose, and what to do if a dose is missed.


• What should I avoid while taking (name of drug)? Including: activities (eg, driving, sunbathing), other drugs, foods, pregnancy, breast-feeding.


• What are the possible or reasonably likely side effects of (name of drug)?


• General information about the safe and effective use of prescription drugs.





Additional headings may be added by the manufacturer as appropriate, with the approval of the FDA.


The Medication Guide should be provided whenever a prescription is filled, and even when drug samples are handed out. However, under special circumstances, the Guide can be withheld. For example, if the prescriber feels that the information in the Guide might deter a patient from taking a potentially lifesaving drug, the prescriber can ask the pharmacy to withhold the Guide. Nonetheless, if the patient asks for the information, the pharmacist must provide it, regardless of the request to withhold it.


Medication Guides for all drug products that have one are available online at www.fda.gov/Drugs/DrugSafety/UCM085729.














Boxed warnings


The boxed warning, also known as a black box warning, is the strongest safety warning a drug can carry and still remain on the market. Text for the warning is presented inside a box with a heavy black border. The FDA requires a boxed warning for drugs it considers especially dangerous. The purpose of the warning is to alert prescribers to (1) potentially severe side effects (eg, life-threatening dysrhythmias, suicidality, major fetal harm) as well as (2) ways to prevent or reduce harm (eg, avoiding a teratogenic drug during pregnancy). The boxed warning should provide a concise summary of the adverse effects of concern, not a detailed explanation. A boxed warning must appear prominently on the package insert, on the product label, and even in magazine advertising. Drugs that have a boxed warning must also have a Medication Guide.














Risk evaluation and mitigation strategies


A Risk Evaluation and Mitigation Strategy (REMS) is simply a plan to minimize drug-induced harm. Many REMS are very simple, but some are complex. The simplest REMS have only one component: a Medication Guide. For the majority of drugs that have a REMS, a Medication Guide is all that is needed. For a few drugs, however, the REMS may have additional components. For example, the REMS for isotretinoin, a drug for severe acne, has provisions that pertain to the patient, prescriber, and pharmacist. This program, known as iPLEDGE, is needed because isotretinoin can cause serious birth defects. The iPLEDGE program was designed to ensure that women who are pregnant, or may become pregnant, will not have access to the drug. Details of the iPLEDGE program are presented in Chapter 105 (Drugs for the Skin). All REMS that have received FDA approval can be accessed online at www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm111350.htm.


























Medication errors


Medication errors are a major cause of morbidity and mortality, as documented in two landmark reports: To Err is Human, issued in 1999, and Preventing Medication Errors, issued in 2006. Both were produced by special committees of the Institute of Medicine (IOM), a branch of the National Academies. According to the IOM reports, every year medication errors injure at least 1.5 million Americans, and kill an estimated 7000. The financial costs are staggering: Among hospitalized patients alone, treatment of drug-related injuries costs about $3.5 billion a year. Some authorities argue that the IOM estimates exaggerate the problem; others argue that the estimates are too low. However, all agree that medication errors are a real problem—even if the IOM estimates are in dispute. In response to the IOM reports, healthcare organizations throughout the country intensified efforts to reduce medical errors and thereby improve patient safety.








What’s a medication error and who makes them?


The National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) defines a medication error as “any preventable event that may cause or lead to inappropriate medication use or patient harm, while the medication is in the control of the healthcare professional, patient, or consumer. Such events may be related to professional practice, healthcare products, procedures, and systems, including prescribing; order communication; product labeling, packaging and nomenclature; compounding; dispensing; distribution; administration; education; monitoring; and use.” Note that, by this definition, medication errors can be made by many people—beginning with workers in the pharmaceutical industry, followed by people in the healthcare delivery system, and ending with patients and their family members.


In the hospital setting, a medication order must be processed by several people before it reaches the patient. All of these people can make a mistake. Fortunately, most are also in a position to catch mistakes made by others. The process typically begins with a physician or nurse practitioner writing a prescription; then someone transcribes the order; in the pharmacy, someone enters the order into a computer; then a pharmacy technician prepares the order, after which a pharmacist checks it; and finally a nurse checks the order again and then administers the drug. Each of these people is in a position to make an error. Except for the prescriber, each is also in a position to catch errors made by others as the order moves down the line. Because the nurse is the last person in the sequence, the nurse is the patient’s last line of defense against mistakes—and also the last person with the opportunity to make one. Note also that the nurse is the only person whose actions are not routinely checked by anyone else. Because the nurse is the last person who can catch mistakes made by others, and because no one is there to catch mistakes the nurse might make, the nurse bears a heavy responsibility for ensuring patient safety. Can you think of a better reason to learn all you can about drugs?














Types of medication errors


Medication errors fall into 13 major categories (Table 7–3). Some types of errors cause harm directly, and some cause harm indirectly. For example, giving an excessive dose can cause direct harm (adverse effects or even death) from having too much drug in the body. Conversely, giving too little medication can lead to harm, not through direct effects of the drug, but through failure to adequately treat an illness. According to the 1999 IOM report, among fatal medication errors, the most common types are giving an overdose (36.4%), giving the wrong drug (16.2%), and using the wrong route (9.5%).




TABLE 7–3 [image: ]


Types of Medication Errors


Wrong patient
Wrong drug
Wrong route
Wrong time
Wrong dose
  Overdose
  Underdose
  Extra dose
Omitted dose
Wrong dosage form
Wrong diluent
Wrong strength/concentration
Wrong infusion rate
Wrong technique (includes inappropriate crushing of tablets)
Deteriorated drug error (dispensing a drug after its expiration date)
Wrong duration of treatment (continuing too long or stopping too soon)

















Causes of medication errors


Medication errors can result from many causes (Table 7–4). Among fatal medication errors, the 1999 IOM report identified three categories—human factors, communication mistakes, and name confusion—that account for 90% of all errors. Of the human factors that can cause errors, performance deficits (eg, administering a drug IV instead of IM) are the most common (29.8%), followed by knowledge deficits (14.2%) and miscalculation of dosage (13%).
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Causes of Medication Errors










	Cause

	Examples










	Human Factors






	Performance deficit

	Administration by IV infusion when IM injection was intended






	Knowledge deficit

	Failure to know and follow reasonable practice standards






	Miscalculation of dosage

	 






	Drug preparation error

	Using the wrong diluent; using the wrong amount of diluent; adding the wrong drug; adding the wrong amount of drug






	Computer error

	Incorrect selection from a list by computer operator; incorrect programming into the database; inadequate screening for allergies, interactions, etc.






	Stocking error

	Error in stocking or restocking; error in cart filling






	Transcription error

	Original to paper/carbon paper; original to computer; original to fax






	Stress

	High-volume workload, etc.






	Fatigue or lack of sleep

	 






	Communication






	Written miscommunication

	Illegible handwriting; misreading or failure to read; confusion regarding decimal point placement in dosage






	Oral miscommunication

	 






	Name Confusion






	Trade name confusion

	Name sounds or looks like another drug name






	Generic name confusion

	Name sounds or looks like another drug name






	Packaging, Formulations, and Delivery Devices






	Inappropriate packaging

	Topical product packaged in sterile IV multidose vial






	Tablet or capsule confusion

	Confusion because the tablet or capsule is similar in color, shape, or size to tablets or capsules that contain a different drug or a different strength of the same drug






	Delivery device problems

	Malfunction; infusion pump problems; selection of wrong device






	Labeling and Reference Materials






	Manufacturer’s carton

	Carton looks similar to other cartons from the same manufacturer or cartons from a different manufacturer






	Manufacturer’s container label

	Label looks similar to other labels from the same manufacturer or to labels from a different manufacturer






	Label of dispensed product

	Wrong patient name; wrong drug name; wrong strength; wrong or incomplete directions






	Reference materials (package insert and other printed material, electronic material)

	Inaccurate, incomplete, misleading, or outdated information
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Miscommunication involving oral and written orders underlies 15.8% of fatal errors. Poor handwriting is an infamous cause of mistakes. In one example, an order for 2 mg of warfarin (an anticoagulant) was misread as 5 mg, and resulted in death from hemorrhage. In another case, a woman with arthritis died because her prescription to take 10 mg of methotrexate (an immunosuppressant) once a week was misread as 10 mg once a day. Because of illegible handwriting by prescribers, pharmacists make an estimated 150 million phone calls a year for clarification. When patients are admitted to the hospital, errors can result from poor communication regarding medications they were taking at home. For example, a child who was taking cisapride at home died because his prescription for one-fourth of a 10-mg tablet 4 times a day was incorrectly transcribed to read one 10-mg tablet 4 times a day. Other causes of communication errors include careless use of zeros and decimal points, and confusion between metric and apothecary units.


Confusion over drug names underlies 15% of all reports to the Medication Errors Reporting Program (see below). Why is there confusion? Because many drugs have names that sound like or look like the names of other drugs. Table 7–5 lists some good examples, such as Anaspaz/Antispas, Nasarel/Nizoral, and Renagel/Remegel. Note that most of the examples in Table 7–5 are trade names, not generic names. The potential for lethal confusion among trade names is a powerful reason for abandoning them in favor of universal use of generic names. (In case you skipped the discussion on trade names in Chapter 3, your author feels very strongly that trade names should be outlawed.) To reduce name-related medication errors, all hospitals are now required to have a “read-back” system, in which verbal orders given to pharmacists or medical staff are transcribed and then read back to the prescriber.
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Examples of Drugs with Names That Sound Alike or Look Alike*








	
Amicar
Anaspaz
Celebrex
Clinoril
Cycloserine
Depo-Estradiol
Dioval
Estratab
Etidronate
Flomax
Lamisil
Levoxine
Lithobid
Lodine
Naprelan
Nasarel
Neoral
Nephron
Nicoderm
Preven
Renagel
Sarafem
Serentil
Synagis
Tamiflu
Tramadol


	
Omacar
Antispas
Cerebyx
Clozaril
Cyclosporine
Depo-Testadiol
Diovan
Estratest
Etretinate
Volmax
Lamictal
Levoxyl
Lithostat
Iodine
Naprosyn
Nizoral
Neosar
Nephrox
Nitroderm
Preveon
Remegel
Serophene
Seroquel
Synergis
Theraflu
Toradol










*Trade names are italicized; generic names are not.

















Ways to reduce medication errors


Healthcare organizations throughout the country are working to design and implement measures to reduce medication errors. A central theme in these efforts is to change institutional culture—from one that focuses on “naming, shaming, and blaming” those who make mistakes to one focused on designing institution-wide processes and systems that can prevent errors from happening. Measures stressed in the 2006 IOM report include (1) helping and encouraging patients and their families to be active, informed members of the healthcare team, and (2) giving healthcare providers the tools and information needed to prescribe, dispense, and administer drugs as safely as possible.


In southeastern Pennsylvania, a consortium of hospitals has developed a unique system for reducing medication errors. This system, known as the Regional Medication Safety Program for Hospitals (RMSPH), can be considered a model for other hospitals to follow. The RMSPH has a total of 16 action goals divided into four major categories: institutional culture, infrastructure, clinical practice, and technology (Table 7–6). Note that creating an institutional culture dedicated to safety tops the list, and that the institutional environment should be nonpunitive so as to encourage both the identification of errors and the development of new safety systems. This is a radical departure from the past, when organizations focused largely on identifying and punishing caregivers who made mistakes. As you read through Table 7–6, the potential benefits of all 16 objectives should be apparent. To help practitioners achieve these 16 goals, the RMSPH contains a “tool kit” with detailed supporting information on how to meet each objective. For example, the kit includes safety checklists to follow when using high-alert drugs, such as anticoagulants, thrombolytics, and neuromuscular blocking agents. (About 20 such drugs cause 80% of medication error–related deaths.)
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Sixteen Ways to Cut Medication Errors*










	Institutional Culture






	



• Establish an organizational commitment to a culture of safety.


• Provide medication safety education for all new and existing professional employees.


• Maintain ongoing recognition of safety innovation.


• Create a nonpunitive environment that encourages identification of errors and the development of new patient safety systems.











	Infrastructure






	



• Designate a medication safety coordinator/officer and identify physician champions.


• Promote greater use of clinical pharmacists in high-risk areas.


• Establish area-specific guidelines for unit-stocked medications.


• Establish a mechanism to ensure availability of critical medication information to all members of the patient’s care team.











	Clinical Practice






	



• Eliminate dangerous abbreviations and dose designations.


• Implement safety checklists for high-alert medications.


• Implement safety checklists for infusion pumps.


• Develop limitations and safeguards regarding verbal orders.


• Perform failure-mode analysis during procurement process.


• Implement triggers and markers to indicate potential adverse medication events.











	Technology






	



• Eliminate the use of infusion pumps that lack free-flow protection.


• Prepare for implementation of computerized prescriber order entry systems.
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*These strategies are recommended in the Regional Medication Safety Program for Hospitals (RMSPH), developed by a consortium of hospitals in southeastern Pennsylvania.





Some measures to reduce errors have had remarkable success. For example,




• Replacing handwritten medication orders with a computerized order entry system has reduced medication errors by 50%. (The 2006 IOM report recommended that all prescriptions be written electronically by the year 2010.)


• In ICUs, medication errors have been reduced by 66% by having a senior clinical pharmacist accompany physicians on rounds.


• Hospitals in the Department of Veterans Affairs (VA) system have reduced medication errors by up to 70% with a bar-code system. In this system, all nurses and patients wear bar-coded ID strips, and all medications have bar codes too. Before giving a medication, the nurse scans all three codes into a computer, which then either (1) verifies that the patient-drug match is correct and adverse interactions are unlikely or (2) flashes a warning if there is a potential problem. (In 2006, the FDA issued a rule requiring that all hospitals employ a bar-code system like the one used in VA hospitals.)


• As discussed in Box 7–1, medication reconciliation can reduce errors that occur when patients undergo a transition in care (eg, hospital admission, transfer from one hospital unit to another, transfer from hospital to home.).
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MEDICATION RECONCILIATION


Since 2005, The Joint Commission has required all hospitals to conduct medication reconciliations for all patients. The purpose is to reduce medication errors (eg, omissions, duplications, dosing errors) as well as adverse drug events and interactions.








What is medication reconciliation and when is it done?


Medication reconciliation is the process of comparing a list of all medications that a patient is currently taking with a list of new medications that are about to be provided. Reconciliation is conducted whenever a patient undergoes a transition in care in which new medications may be ordered, or existing orders may be changed. Transitions in care include hospital admission, hospital discharge, and stepping up or stepping down to a different level of care within a hospital.








How is medication reconciliation conducted?


There are 5 steps:




Step 1. Create a list of current medications. For each drug, include the name, indication, route, dosage size, and dosing interval. For patients entering a hospital, the list would consist of all medications being taken at home, including vitamins, herbal products, and prescription and nonprescription drugs.


Step 2. Create a list of all medications to be prescribed in the new setting.


Step 3. Compare the medications on both lists.


Step 4. Adjust medications based on the comparison. For example, the prescriber would discontinue drugs that are duplicates or inappropriate, and would avoid drugs that can interact adversely.


Step 5. When the next transition in care occurs, provide the updated, reconciled list to the patient and the new provider. By consulting the list, the new provider will be less likely to omit a prescribed medication or commit a dosing error, and less likely to prescribe a new medication that might duplicate or negate the effects of a current medication, or interact with a current medication to cause a serious adverse event.





Every time a new transition in care occurs, reconciliation should be conducted again.








Does medication reconciliation reduce medication errors?


Definitely. Roughly 60% of medication errors occur when patients undergo a transition in care. Medication reconciliation can eliminate most of these errors.








Should medication reconciliation be conducted at discharge?


Definitely. When patients leave a facility, they should receive a single, clear, comprehensive list of all medications they will be taking after discharge. The list should include any medications ordered at the time of discharge, as well as any other medications the patient will be taking, including over-the-counter drugs, vitamins, and herbal products and other nutritional supplements. In addition, the list should include all prescription medications that the patient had been taking at home but had been temporarily discontinued during the episode of care. The discharge list should not include drugs that had been used during the episode of care but are no longer needed. Who should receive the discharge list? The patient, and, with the patient’s permission, the next provider of care, so that the new provider will be able to continue the reconciliation process.














As noted above, many medication errors result from errors in communication. To help reduce such errors, the Institute for Safe Medication Practices (ISMP) has compiled a list of error-prone abbreviations, symbols, and dose designations (Table 7–7), and has recommended against their use. This list includes eight entries (at the top of Table 7–7) that have been banned by The Joint Commission (TJC), formerly known as the Joint Commission on Accreditation of Healthcare Organizations (JCAHO). These banned abbreviations can no longer be used by hospitals and other organizations that require TJC accreditation.
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Abbreviations, Symbols, and Dose Designations That Can Promote Medication Errors










	Abbreviations, Symbols, or Dose Designations

	Intended Meaning

	Potential Misinterpretation

	Preferred Alternative










	Abbreviations and Notations for Which the Alternative MUST be Used (TJC Mandated)






	U or u

	Unit

	Misread as 0 or 4 (eg, 4U seen as 40; 4u seen as 44); mistaken to mean “cc” so dose given in volume instead of units (eg, 4u mistaken to mean 4cc)

	Write “unit”






	IU

	International unit

	Misread as IV (intravenous) or “10”

	Write “international unit”






	q.d./Q.D.

	Every day

	Misread as q.i.d. (four times a day)

	Write “daily”






	q.o.d./Q.O.D.

	Every other day

	Misread as q.d. (daily) or q.i.d. (four times a day)

	Write “every other day”






	MS or MSO4


	Morphine sulfate

	Mistaken as magnesium sulfate

	Write “morphine sulfate”






	MgSO4


	Magnesium sulfate

	Mistaken as morphine sulfate

	Write “magnesium sulfate”






	Trailing zero after final decimal point (eg, 1.0 mg)

	1 mg

	Mistaken as 10 mg if the decimal point is missed

	Never write a zero by itself after a decimal point






	Leading decimal point not preceded by a zero (eg, .5 mg)

	0.5 mg

	Mistaken as 5 mg if the decimal point is missed

	Write “0” before a leading decimal point






	Some Abbreviations and Notations for Which the Alternative Is RECOMMENDED (but not yet TJC mandated)






	μg

	Microgram

	Mistaken as “mg”

	Write “mcg”






	cc

	Cubic centimeters

	Mistaken as “u” (units)

	Write “mL”






	IN

	Intranasal

	Mistaken as “IM” or “IV”

	Write “intranasal” or “NAS”






	H.S., hs

	Half-strength; at bedtime

	Mistaken as opposite of what was intended

	Write “half-strength” or “at bedtime”






	qhs

	At bedtime

	Mistaken as qhr (every hour)

	Write “at bedtime”






	q1d

	Daily

	Mistaken as q.i.d. (four times daily)

	Write “daily”






	q6pm, etc.

	Nightly at 6 pm


	Mistaken as every 6 hours

	Write “nightly at 6 pm”






	T.I.W.

	Three times a week

	Mistaken as three times a day or twice weekly

	Write “three times weekly”






	SC, SQ, sub q

	Subcutaneous

	SC mistaken as “SL” (sublingual); SQ mistaken as “5 every”; the “q” in “sub q” mistaken as “every” (eg, a heparin dose ordered “sub q 2 hours before surgery” mistaken as “every 2 hours before surgery”)

	Write “subQ,” “sub-Q,” “subcut,” or “subcutaneously”; write “every”






	D/C

	Discharge or discontinue

	Premature discontinuation of medications if D/C (intended to mean “discharge”) has been interpreted as “discontinued” when followed by a list of discharge medications

	Write “discharge” or “discontinue”






	AD, AS, AU

	Right ear, left ear, each ear

	Mistaken as OD, OS, OU (right eye, left eye, each eye)

	Write “right ear,” “left ear,” or “each ear”






	OD, OS, OU

	Right eye, left eye, each eye

	Mistaken as AD, AS, AU (right ear, left ear, each ear)

	Write “right eye,” “left eye,” or “each eye”






	Per os

	By mouth, orally

	The “os” can be mistaken as “left eye” (OS = oculus sinister)

	Write “PO,” “by mouth,” or “orally”






	> or <

	Greater than or less than

	Mistaken for the opposite

	Write “greater than” or “less than”






	AZT

	Zidovudine [Retrovir]

	Mistaken as azathioprine or aztreonam

	Write complete drug name






	CPZ

	Prochlorperazine [Compazine]

	Mistaken as chlorpromazine

	Write complete drug name






	ARA A

	Vidarabine

	Mistaken as cytarabine (ARA C)

	Write complete drug name






	HCT

	Hydrocortisone

	Mistaken as hydrochlorothiazide

	Write complete drug name






	HCTZ

	Hydrochlorothiazide

	Mistaken as hydrocortisone

	Write complete drug name
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TJC = The Joint Commission, formerly known as the Joint Commission on Accreditation of Healthcare Organizations (JCAHO).


Adapted from a list compiled by the Institute for Safe Medication Practices, as modified in 2005. The complete list is available online at www.ismp.org/PDF/ErrorProne.pdf.





There is a wealth of information available on reducing medication errors. If you would like more, a good place to start is the 2006 IOM report: Reducing Medication Errors. You can purchase the full report or download free summaries from the National Academies Press at www.nap.edu/catalog.php?record_id=11623. Comprehensive information can also be found at www.nccmerp.org, the web site of the National Coordinating Council for Medication Error Reporting and Prevention. The NCC MERP was established to facilitate the reporting, understanding, and prevention of medication errors. Member organizations include the American Nurses Association, American Medical Association, American Hospital Association, FDA, and U.S. Pharmacopeia (USP). The NCC MERP web site has extensive recommendations for reducing medication errors related to drug administration, drug dispensing, and verbal medication orders and prescriptions. In addition, the site presents recommendations for promoting and standardizing bar coding on medication packaging. Even more information is available from the ISMP (at http://www.ismp.org/MSAarticles/AHA-ISMP.html) and the FDA (at http://www.fda.gov/Drugs/DrugSafety/MedicationErrors/default.htm).














How to report a medication error


You can report a medication error via the Medication Errors Reporting (MER) Program, a nationwide system run by the ISMP. All reporting is confidential and can be done by phone or fax, or through the Internet. Details on submitting a report are available online at https://www.ismp.org/orderForms/reporterrortoISMP.asp. The MER Program encourages participation by all healthcare providers, including pharmacists, nurses, physicians, and students. The objective is not to establish blame, but to improve patient safety by increasing our knowledge of medication errors. All information gathered by the MER Program is forwarded to the FDA, the ISMP, and the product manufacturer.


























Key points







[image: ] An adverse drug reaction can be defined as any noxious, unintended, and undesired effect that occurs at normal drug doses.


[image: ] Patients at increased risk of adverse drug events include the very young, the elderly, the very ill, and those taking multiple drugs.


[image: ] An iatrogenic disease is a drug- or physician-induced disease.


[image: ] An idiosyncratic effect is an adverse drug reaction based on a genetic predisposition.


[image: ] A carcinogenic effect is a drug-induced cancer.


[image: ] A teratogenic effect is a drug-induced birth defect.


[image: ] The intensity of an allergic drug reaction is based on the degree of immune system sensitization—not on drug dosage.


[image: ] Drugs are the most common cause of acute liver failure, and hepatotoxicity is the most common reason for removing drugs from the market.


[image: ] Drugs that prolong the QT interval pose a risk of torsades de pointes, a dysrhythmia that can progress to fatal ventricular fibrillation.


[image: ] At the time a new drug is released, it may well be able to cause adverse effects that are as yet unreported.


[image: ] Measures to minimize adverse drug events include avoiding drugs that are likely to harm a particular patient, monitoring the patient for signs and symptoms of likely adverse effects, educating the patient about possible adverse effects, and monitoring organs that are vulnerable to a particular drug.


[image: ] To reduce the risk of serious reactions to certain drugs, the FDA may require the manufacturer to create a Medication Guide for patients, a boxed warning to alert prescribers, and/or a Risk Evaluation and Mitigation Strategy, which may involve patients, prescribers, and pharmacists.


[image: ] Medication errors are a major cause of morbidity and mortality.


[image: ] Medication errors can be made by many people, including pharmaceutical workers, pharmacists, prescribers, transcriptionists, nurses, and patients and their families.


[image: ] In a hospital, a medication order is processed by several people. Each is in a position to introduce errors, and, except for the prescriber, each is in a position to catch errors made by others.


[image: ] The nurse is the patient’s last line of defense against medication errors made by others—and the last person with the opportunity to introduce an error.


[image: ] Because the nurse is the last person who can catch mistakes made by others, and because no one is there to catch mistakes the nurse might make, the nurse bears a unique responsibility for ensuring patient safety.


[image: ] The three most common types of fatal medication errors are giving an overdose, giving the wrong drug, and using the wrong route.


[image: ] The three most common causes of fatal medication errors are human factors (eg, performance or knowledge deficits), miscommunication (eg, because of illegible prescriber handwriting), and confusion caused by similarities in drug names.


[image: ] At the heart of efforts to reduce medication errors is a change in institutional culture—from a punitive system focused on “naming, blaming, and shaming” to a nonpunitive system in which medication errors can be discussed openly, thereby facilitating the identification of errors and the development of new safety procedures.


[image: ] Effective measures for reducing medication errors include (1) using a safety checklist for high-alert drugs; (2) replacing handwritten medication orders with a computerized order entry system; (3) having a clinical pharmacist accompany ICU physicians on rounds; (4) avoiding error-prone abbreviations; (5) helping and encouraging patients and their families to be active, informed participants in the healthcare team; (6) conducting a medication reconciliation whenever a patient undergoes a transition in care; and (7) using a computerized bar-code system that (a) identifies the administering nurse and (b) ensures that the drug is going to the right patient and that adverse interactions are unlikely.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.
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Individual variation in drug responses has been a recurrent theme throughout the early chapters of this text. We noted that, because of individual variation, we must tailor drug therapy to each patient. In this chapter, we discuss the major factors that can cause one patient to respond to drugs differently than another. With this information, you will be better prepared to reduce individual variation in drug responses, thereby maximizing the benefits of treatment and reducing the potential for harm. Much of this chapter is a review of information presented in previous chapters.













Body weight and composition


If we do not adjust dosage, body size can be a significant determinant of drug effects. Recall that the intensity of the response to a drug is determined in large part by the concentration of the drug at its sites of action—the higher the concentration, the more intense the response. Common sense tells us that, if we give the same dose to a small person and a large person, the drug will achieve a higher concentration in the small person, and therefore will produce more intense effects. To compensate for this potential source of individual variation, dosages must be adapted to the size of the patient.


When adjusting dosage to account for body weight, the prescriber may base the adjustment on body surface area rather than on weight per se. Why? Because surface area determinations account not only for the patient’s weight but also for how fat or lean he or she may be. Since percentage body fat can change drug distribution, and since altered distribution can change the concentration of a drug at its sites of action, dosage adjustments based on body surface area provide a more precise means of controlling drug responses than do adjustments based on weight alone.














Age


Drug sensitivity varies with age. Infants are especially sensitive to drugs, as are the elderly. In the very young, heightened drug sensitivity is the result of organ immaturity. In the elderly, heightened sensitivity results largely from organ degeneration. Other factors that affect sensitivity in the elderly are increased severity of illness, the presence of multiple pathologies, and treatment with multiple drugs. The clinical challenge created by heightened drug sensitivity in the very young and in the elderly is the subject of Chapters 10 and 11, respectively.














Pathophysiology


Abnormal physiology can alter drug responses. In this section we examine the impact of four pathologic conditions: (1) kidney disease, (2) liver disease, (3) acid-base imbalance, and (4) altered electrolyte status.








Kidney disease


Kidney disease can reduce drug excretion, causing drugs to accumulate in the body. If dosage is not lowered, drugs may accumulate to toxic levels. Accordingly, if a patient is taking a drug that is eliminated by the kidneys, and if renal function declines, dosage must be decreased.


The impact of kidney disease is illustrated in Figure 8–1, which shows the decline in plasma levels of kanamycin (an antibiotic) following injection into two patients, one with healthy kidneys and one with renal failure. (Elimination of kanamycin is exclusively renal.) As indicated, kanamycin levels fall off rapidly in the patient with good kidney function. In this patient, the drug’s half-life is brief—only 1.5 hours. In contrast, drug levels decline very slowly in the patient with renal failure. Because of kidney disease, the half-life of kanamycin has increased by nearly 17-fold—from 1.5 hours to 25 hours. Under these conditions, if dosage is not reduced, kanamycin will quickly accumulate to dangerous levels.




[image: image]


Figure 8–1 [image: ] Effect of renal failure on kanamycin half-life.
Kanamycin was administered at time “0” to two patients, one with healthy kidneys and one with renal failure. Note that drug levels declined very rapidly in the patient with healthy kidneys and extremely slowly in the patient with renal failure, indicating that renal failure greatly reduced the capacity to remove this drug from the body. (T1/2 = half-life.)




















Liver disease


Like kidney disease, liver disease can cause drugs to accumulate. Recall that the liver is the major site of drug metabolism. Hence, if liver function declines, rates of metabolism will decline too, and drug levels will climb. Accordingly, to prevent accumulation to toxic levels, dosage must be reduced if liver disease develops. Of course, this guideline applies only to those drugs that are eliminated primarily by the liver, not to drugs that are eliminated by the kidneys and other nonhepatic routes.




















Acid-base imbalance


By altering pH partitioning (see Chapter 4), changes in acid-base status can alter the absorption, distribution, metabolism, and excretion of drugs.


Figure 8–2 illustrates the impact of altered acid-base status on drug distribution. Specifically, it shows the results of altered acid-base status on the distribution of phenobarbital (a weak acid) in a dog. The upper curve shows plasma levels of phenobarbital. The lower curve shows plasma pH. Acid-base status was altered by having the dog inhale a mixture of gas rich in carbon dioxide (CO2), thereby causing respiratory acidosis. In the figure, acidosis is indicated by the drop in plasma pH. Note that the decline in pH is associated with a parallel drop in levels of phenobarbital. Upon discontinuation of CO2, plasma pH returned to normal and phenobarbital levels moved upward.




[image: image]


Figure 8–2 [image: ] Altered drug distribution in response to altered plasma pH.
Lower curve, Plasma (extracellular) pH. Note the decline in pH in response to inhalation of CO2. Upper curve, Plasma levels of phenobarbital. Note the decline in plasma drug levels during the period of extracellular acidosis. This decline results from the redistribution of phenobarbital into cells. (See text for details.) (Redrawn from Waddell WJ, Butler TC: The distribution and excretion of phenobarbital. J Clin Invest 36:1217, 1957.)








Why did acidosis alter plasma levels of phenobarbital? Recall that, because of pH partitioning, if there is a difference in pH on two sides of a membrane, a drug will accumulate on the side where the pH most favors its ionization. Hence, because acidic drugs ionize in alkaline media, acidic drugs will accumulate on the alkaline side of the membrane. Conversely, basic drugs will accumulate on the acidic side. Since phenobarbital is a weak acid, it tends to accumulate in alkaline environments. Accordingly, when the dog inhaled CO2, causing extracellular pH to decline, phenobarbital left the plasma and entered cells, where the environment was less acidic (more alkaline) than in plasma. When CO2 administration ceased and plasma pH returned to normal, the pH partitioning effect caused phenobarbital to leave cells and re-enter the blood, causing blood levels to rise.








Altered electrolyte status


Electrolytes (eg, potassium, sodium, calcium, magnesium) have important roles in cell physiology. Consequently, when electrolyte levels become disturbed, multiple cellular processes can be disrupted. Excitable tissues (nerves and muscles) are especially sensitive to alterations in electrolyte status. Given that disturbances in electrolyte balance can have widespread effects on cell physiology, we might expect that electrolyte imbalances would cause profound and widespread effects on responses to drugs. However, this does not seem to be the case; examples in which electrolyte changes have a significant impact on drug responses are rare.


Perhaps the most important example of an altered drug effect occurring in response to electrolyte imbalance involves digoxin, a drug for heart disease. The most serious toxicity of digoxin is production of potentially fatal dysrhythmias. The tendency of digoxin to disturb cardiac rhythm is related to levels of potassium: When potassium levels are depressed, the ability of digoxin to induce dysrhythmias is greatly increased. Accordingly, all patients receiving digoxin must undergo regular measurement of serum potassium to ensure that levels remain within a safe range. Digoxin toxicity and its relationship to potassium levels are discussed at length in Chapter 48.





























Tolerance


Tolerance can be defined as decreased responsiveness to a drug as a result of repeated drug administration. Patients who are tolerant to a drug require higher doses to produce effects equivalent to those that could be achieved with lower doses before tolerance developed. There are three categories of drug tolerance: (1) pharmacodynamic tolerance, (2) metabolic tolerance, and (3) tachyphylaxis.








Pharmacodynamic tolerance


The term pharmacodynamic tolerance refers to the familiar type of tolerance associated with long-term administration of drugs such as morphine and heroin. The person who is pharmacodynamically tolerant requires increased drug levels to produce effects that could formerly be elicited at lower drug levels. Put another way, in the presence of pharmacodynamic tolerance, the minimum effective concentration (MEC) of a drug is abnormally high. Pharmacodynamic tolerance is the result of adaptive processes that occur in response to chronic receptor occupation.














Metabolic tolerance


Metabolic tolerance is defined as tolerance resulting from accelerated drug metabolism. This form of tolerance is brought about by the ability of certain drugs (eg, barbiturates) to induce synthesis of hepatic drug-metabolizing enzymes, thereby causing rates of drug metabolism to increase. Because of increased metabolism, dosage must be increased to maintain therapeutic drug levels. Unlike pharmacodynamic tolerance, which causes the MEC to increase, metabolic tolerance does not affect the MEC.





The experiment summarized in Table 8–1 demonstrates the development of metabolic tolerance in response to repeated administration of pentobarbital, a central nervous system depressant. The study employed two groups of rabbits, a control group and an experimental group. Rabbits in the experimental group were pretreated with pentobarbital for 3 days (60 mg/kg/day subQ) and then given an IV challenging dose (30 mg/kg) of the same drug. Drug effect (sleeping time) and plasma drug levels were then measured. The control rabbits received the challenging dose of pentobarbital but did not receive any pretreatment. As indicated in Table 8–1, the challenging dose of pentobarbital had less effect on the pretreated rabbits than on the control animals. Specifically, whereas the control rabbits slept an average of 67 minutes, the pretreated rabbits slept only 30 minutes—less than half the sleeping time seen in controls.




TABLE 8–1 [image: ]


Development of Metabolic Tolerance as a Result of Repeated Pentobarbital Administration










	 

	Type of Pretreatment






	Results

	None

	Pentobarbital










	Sleeping time (minutes)

	67 ± 4

	30 ± 7






	Pentobarbital half-life in plasma (minutes)

	79 ± 3

	26 ± 2






	Plasma level of pentobarbital upon awakening (mcg/mL)

	9.9 ± 1.4

	7.9 ± 0.6














[image: image]





Data from Remmer H: Drugs as activators of drug enzymes. In Brodie BB, Erdos EG (eds): Metabolic Factors Controlling Duration of Drug Action (Proceedings of First International Pharmacological Meeting, Vol 6). New York: Macmillan, 1962:235. (See text for details.)





Why was pentobarbital less effective in the pretreated animals? The data on half-life suggest an answer. As shown in the table, the half-life of pentobarbital was much shorter in the experimental group than in the control group. Since pentobarbital is eliminated primarily by hepatic metabolism, the reduced half-life indicates accelerated metabolism. This increase in metabolism, which was brought on by pentobarbital pretreatment, explains why the experimental rabbits were more tolerant than the controls.


You might ask, “How do we know that the experimental rabbits had not developed pharmacodynamic tolerance?” The answer lies in the plasma drug levels when the rabbits awoke. In the pretreated rabbits, the waking drug levels were slightly below the waking drug levels in the control group. Had the experimental animals developed pharmacodynamic tolerance, they would have required an increase in drug concentration to maintain sleep. Hence, if pharmacodynamic tolerance were present, drug levels would have been abnormally high at the time of awakening, rather than reduced.











Tachyphylaxis


Tachyphylaxis is a form of tolerance that can be defined as a reduction in drug responsiveness brought on by repeated dosing over a short time. Hence, unlike pharmacodynamic and metabolic tolerance, which take days to develop, tachyphylaxis occurs quickly. Tachyphylaxis is not a common mechanism of drug tolerance.


Transdermal nitroglycerin provides a good example of tachyphylaxis. When nitroglycerin is administered using a transdermal patch, effects are lost in less than 24 hours (if the patch is left in place around the clock). As discussed in Chapter 51, the loss of effect results from depletion of a cofactor required for nitroglycerin to act. When nitroglycerin is administered on an intermittent schedule, rather than continuously, the cofactor can be replenished between doses and no loss of effect occurs.



































Placebo effect


A placebo is a preparation that is devoid of intrinsic pharmacologic activity. Hence, any response that a patient may have to a placebo is based solely on his or her psychologic reaction to the idea of taking a medication and not to any direct physiologic or biochemical action of the placebo itself. The primary use of the placebo is as a control preparation during clinical trials.


In pharmacology, the placebo effect is defined as that component of a drug response that is caused by psychologic factors and not by the biochemical or physiologic properties of the drug. Although it is impossible to assess with precision the contribution that psychologic factors make to the overall response to any particular drug, it is widely believed that, with practically all medications, some fraction of the total response results from a placebo effect. Although placebo effects are determined by psychologic factors and not physiologic ones, the presence of a placebo response does not imply that a patient’s original pathology was “all in the head.”


Not all placebo responses are beneficial; placebo responses can also be negative. If a patient believes that a medication is going to be effective, then placebo responses are likely to help promote recovery. Conversely, if a patient is convinced that a particular medication is ineffective or perhaps even harmful, then placebo effects are likely to detract from his or her progress.


Because the placebo effect depends on the patient’s attitude toward medicine, fostering a positive attitude may help promote beneficial effects. In this regard, it is desirable that all members of the healthcare team present the patient with an optimistic (but realistic) assessment of the effects that therapy is likely to produce. It is also important that members of the team be consistent with one another; the beneficial placebo responses may well be decreased if, for example, nurses on the day shift repeatedly reassure a patient about the likely benefits of his or her regimen, while nurses on the night shift express pessimism about those same drugs.


Until recently, the power of the placebo effect was unquestioned by most clinicians and researchers. However, evidence now suggests that responses to placebos may be much smaller than previously believed (Box 8–1).





[image: image]BOX 8–1 [image: ]   SPECIAL INTEREST TOPIC


HAS THE PLACEBO LOST ITS EFFECT?


In 1955, H. K. Beecher wrote his famous paper—“The Powerful Placebo”1—which was heralded as solid proof for the long-held (but largely unsubstantiated) belief that placebos can effectively relieve symptoms in many patients. This widely cited paper had gone unchallenged until 2001, when two Danish scientists—Hróbjartsson and Gøtzsche—wrote their own paper on the subject, titled “Is the Placebo Powerless?”2 From their research, the Danes concluded that, at least in the context of clinical trials, placebo treatment has little or no measurable effect. Who’s right? Let’s consider both papers and see if we can decide.


Beecher analyzed the data from 15 placebo-controlled clinical trials. In all of these trials, patients in the placebo groups were evaluated at baseline, treated with placebo for a prescribed time, and then re-evaluated. Beecher then looked to see if improvement took place between baseline and the end of the treatment period. Based on his analysis, he concluded “It is evident that placebos have a high degree of effectiveness, decided improvement . . . being produced in 35.2% of cases.” Pretty impressive. Unfortunately, there’s a flaw: How do we know the placebos produced the benefits? Perhaps 35.2% of the patients would have improved with no treatment, owing simply to the natural course of their disease or to other factors. After all, many people do get better on their own—without doctors, drugs, placebos, or anything else. Furthermore, although Beecher claims to have selected the 15 papers at random, this seems improbable in that seven of them were his own.


To address questions left open by Beecher, Hróbjartsson and Gøtzsche took a different approach. First, they analyzed data from 114 published trials—not just 15. More than 8500 patients were involved. More importantly, in all of these trials, placebo treatment was compared with no treatment. That is, in each trial, some subjects received placebo treatment and some received no treatment. (Of course, in most [112] of the trials, there was a third group of subjects who received an active treatment.) The trials involved 40 clinical conditions, including anemia, asthma, hypertension, hyperglycemia, epilepsy, Parkinson’s disease, schizophrenia, depression, smoking, and pain. In 38 of the trials, the measured outcomes were objective (eg, reduction in blood pressure, increase in red blood cell count), and in 76 the outcomes were subjective (eg, improvement in mood, reduction of pain). Of the 114 trials, 45 evaluated pharmacologic interventions, 26 evaluated physical interventions, and 43 evaluated psychologic interventions. The type of placebo employed was matched to the active treatment: For the pharmacologic studies, typical placebo treatment consisted of giving a lactose pill; for the physical studies (eg, evaluating the effect of transcutaneous electrical nerve stimulation on pain), typical placebo treatment consisted of performing the procedure but with the equipment turned off; and for the psychologic studies (eg, evaluating the effect of psychotherapy on depression), typical placebo treatment consisted of nondirectional, neutral discussion between the patient and the treatment provider.


What did the analysis reveal? In trials with objective outcomes, placebo treatment had virtually no measurable effect: outcomes in patients receiving placebo treatment were identical to those in patients receiving no treatment at all. However, in some trials with subjective outcomes, placebo treatment did have a convincing effect—but it was small, and limited primarily to studies of pain. In their conclusion, the authors stated, “We found little evidence that placebos in general have powerful clinical effects,” although they go on to say they did find “significant effects of placebo . . . for the treatment of pain.” In addition, they concede that their analysis does “leave open the question of whether placebo effects in clinical practice might differ from placebo effects among research subjects.”


Is this the end of the story? Is the placebo effect really just a myth? Well, we really can’t say. Yes, the Danish study, which was far superior to Beecher’s, failed to reveal a powerful effect of placebo treatment. However, this does not prove there is no placebo effect. Rather, it may simply indicate that we can’t readily measure a placebo effect in clinical trials. There are some good arguments supporting this possibility:




• If the placebo response is based primarily on the clinician-patient relationship, then, even if there is a placebo response, it would be invisible in clinical trials. Why? Because subjects who receive placebo treatment and those who receive no treatment all share the same relationship with the clinician.


• Placebo responses (assuming they exist) are based on the patient’s strong belief that he or she is getting an effective treatment. However, in clinical trials, there is always doubt—because all participants are aware that they may be getting a placebo, rather than the real deal. In the presence of significant doubt, the placebo effect may be greatly diminished. If this is true, then placebo effects would not be expected in clinical trials.


• If placebo effects exist only in real practice—and not in clinical trials—then proving their existence may well be impossible. Why? Because we’d have to do a clinical trial to prove they exist—and we already know we can’t see them in clinical trials.





What’s the bottom line? First, owing to a major weakness in design, Beecher’s study does not constitute proof that placebos have beneficial effects. Second, by using a more appropriate design, Hróbjartsson and Gøtzsche have shown clearly that, in the context of clinical trials, placebo interventions are largely devoid of measurable effects—with the exception of producing modest reductions in pain. Third, although Hróbjartsson and Gøtzsche failed to see a placebo effect, their study does not rule out the possibility that, in the real world, placebo treatments can indeed be beneficial. However, this is yet to be proved—and possibly never will be.





1Beecher HK: The powerful placebo. JAMA 159:1602–1606, 1955.


2Hróbjartsson A, Gøtzsche PC: Is the placebo powerless? An analysis of clinical trials comparing placebo with no treatment. N Engl J Med 344:1594–1602, 2001.

















Variability in absorption


Both the rate and extent of drug absorption can vary among patients. As a result, both the timing and intensity of responses can be changed. Differences in manufacturing are a major cause of variability in drug absorption. Other causes include the presence or absence of food, diarrhea or constipation, and differences in gastric emptying time. Several causes of variable absorption are discussed in previous chapters, primarily Chapter 4 (Pharmacokinetics) and Chapter 6 (Drug Interactions), and hence their discussion here is brief.








Bioavailability


The term bioavailability refers to the ability of a drug to reach the systemic circulation from its site of administration. Different formulations of the same drug can vary in bioavailability. As discussed in Chapter 4, such factors as tablet disintegration time, enteric coatings, and sustained-release formulations can alter bioavailability, and can thereby make drug responses variable.


Differences in bioavailability occur primarily with oral preparations rather than parenteral preparations. Fortunately, even with oral agents, when differences in bioavailability do exist between preparations, those differences are usually so small as to lack clinical significance.


Differences in bioavailability are of greatest concern for drugs with a narrow therapeutic range. Why? Because with these agents, a relatively small change in drug level can produce a significant change in response: A small decline in drug level may cause therapeutic failure, whereas a small increase in drug level may cause toxicity. Under these conditions, differences in bioavailability could have a significant impact.














Other causes of variable absorption


Several factors in addition to bioavailability can alter drug absorption, and thereby lead to variations in drug responses. Alterations in gastric pH can affect absorption through the pH partitioning effect. For drugs that undergo absorption in the intestine, absorption will be delayed when gastric emptying time is prolonged. Diarrhea can reduce absorption by accelerating transport of drugs through the intestine. Conversely, constipation can enhance absorption by prolonging the time available for absorption. The presence of food in the stomach tends to slow the absorption of most drugs, without reducing the total amount absorbed. However, in some cases, food can decrease the extent of absorption as well. For example, absorption of tetracycline is reduced substantially by milk or any other dairy product that contains calcium. Lastly, there are multiple mechanisms by which drug interactions can decrease or increase absorption (see Chapter 6).




















Genetics and pharmacogenomics


A patient’s unique genetic makeup can lead to drug responses that are qualitatively and quantitatively different from those of the population at large. Adverse effects and therapeutic effects may be increased or reduced. The major underlying causes of these unique responses are alterations in genes that code for drug-metabolizing enzymes and drug targets.


Pharmacogenomics is the study of how genetic variations can affect individual responses to drugs. Although pharmacogenomics is a relatively young science, it has already produced clinically relevant information—information that can be used to enhance therapeutic effects and reduce harm. As a result, genetic testing is now done routinely for some drugs. In fact, for a few drugs, such as maraviroc [Selzentry] and trastuzumab [Herceptin], the Food and Drug Administration (FDA) now requires genetic testing before use, and for a few other drugs, including warfarin [Coumadin] and carbamazepine [Tegretol], genetic testing is recommended but not required. In the distant future, pharmacogenetic analysis of each patient may allow us to pick a drug and dosage that best fits his or her genotype, thereby reducing the risk of adverse reactions, increasing the likelihood of a strong therapeutic response, and decreasing the cost, inconvenience, and risks associated with prescribing a drug to which the patient is unlikely to respond.


In the discussion below, we look at ways in which genetic variations can influence an individual’s responses to drugs, and then indicate how pharmacogenomic tests may be used to guide treatment. Table 8–2 summarizes much of the information from the discussion below.




TABLE 8–2 [image: ]


Examples of How Genetic Variations Can Affect Drugs Responses










	Genetic Variation

	Drug Affected

	Impact of the Genetic Variation

	Explanation

	FDA Stand on Genetic Testing










	Variants That Alter Drug Metabolism






	CYP2D6 variants

	Tamoxifen [Nolvadex]

	Reduced therapeutic effect

	Women with inadequate CYP2D6 activity cannot convert tamoxifen to its active form, and hence the drug cannot protect them from breast cancer.

	No recommendation






	CYP2C19 variants

	Clopidogrel [Plavix]

	Reduced therapeutic effect

	Patients with inadequate CYP2C19 activity cannot convert clopidogrel to its active form, and hence the drug cannot protect them against cardiovascular events.

	No recommendation






	CYP2C9 variants

	Warfarin [Coumadin]

	Increased toxicity

	In patients with abnormal CYP2C9, warfarin may accumulate to a level that causes bleeding.

	Recommended






	TMPT variants

	Thiopurines (eg, thioguanine, mercaptopurine)

	Increased toxicity

	In patients with reduced TPMT activity, thiopurines can accumulate to levels that cause severe bone marrow toxicity.

	Recommended






	Variants That Alter Drug Targets on Normal Cells






	ADRB1 variants

	Metoprolol and other beta blockers

	Increased therapeutic effect

	Beta1 receptors produced by ADRB1 variant genes respond more intensely to beta agonists, and hence the effects of blockade by beta antagonists will also be enhanced.

	No recommendation






	VKORC1 variants

	Warfarin [Coumadin]

	Increased drug sensitivity

	Variant VKORC1 is readily inhibited by warfarin, allowing anticoagulation with a reduced warfarin dosage. 

	Recommended






	Variants That Alter Drug Targets on Cancer Cells or Viruses






	HER2 overexpression

	Trastuzumab [Herceptin]

	Increased therapeutic effect

	Trastuzumab only acts against breast cancers that overexpress HER2.

	Required






	EGFR expression

	Cetuximab [Erbitux]

	Increased therapeutic effect

	Cetuximab only works against colorectal cancers that express EGFR.

	Required






	CCR5 tropism

	Maraviroc [Selzentry, Celsentri[image: image]]

	Increased therapeutic effect

	Maraviroc only acts against HIV strains that express CCR5.

	Required






	Variants That Alter Immune Responses to Drugs






	HLA-B*1502

	Carbamazepine [Tegretol, Carbatrol]

	Increased toxicity

	The HLA-B*1502 variant increases the risk of life-threatening skin reactions in patients taking carbamazepine.

	Recommended






	HLA-B*5701

	Abacavir [Ziagen]

	Increased toxicity

	The HLA-B*5701 variant increases the risk of fatal hypersensitivity reactions in patients taking abacavir.

	Recommended














[image: image]





ADRB1 = gene for beta1 adrenergic receptor, CCR5 = chemokine receptor 5, CYP2C9 = 2C9 isozyme of cytochrome P450 (CYP), CYP2C19 = 2C19 isozyme of CYP, CYP2D6 = 2D6 isozyme of CYP, EGFR = epidermal growth factor receptor, HER2 = human epidermal growth factor receptor type 2, HLA-B*1502 = human leukocyte antigen B*1502, HLA-B*5701 = human leukocyte antigen B*5701, TPMT = thiopurine methyltransferase, VKORC1 = vitamin K epoxide reductase complex1.











Genetic variants that alter drug metabolism


The most common mechanism by which genetic variants modify drug responses is by altering drug metabolism. These gene-based changes can either accelerate or slow the metabolism of many drugs. The usual consequence is either a reduction in benefits or an increase in toxicity.


For drugs that have a high therapeutic index (TI), altered rates of metabolism may have little effect on the clinical outcome. However, if the TI is low, then relatively small increases in drug levels can lead to toxicity, and relatively small decreases in drug levels can lead to therapeutic failure. In these cases, altered rates of metabolism can be significant.


The following examples show how a genetically determined variation in drug metabolism can reduce the benefits of therapy:




• Variants in the gene that codes for cytochrome P450-2D6 (CYP2D6) can greatly reduce the benefits of tamoxifen [Nolvadex, Tamofen[image: image]], a drug used to prevent breast cancer recurrence. Here’s how. In order to work, tamoxifen must first be converted to its active form—endoxifen—by CYP2D6. Women with an inherited deficiency in the CYP2D6 gene cannot activate the drug well, and hence get minimal benefit from treatment. In one study, the cancer recurrence rate in these poor metabolizers was 9.5 times higher than in good metabolizers. Who are the poor metabolizers? Between 8% and 10% of Caucasian women have gene variants that prevent them from metabolizing tamoxifen to endoxifen. At this time, the FDA neither requires nor recommends testing for variants in the CYP2D6 gene. However, a test kit is available.


• Variants of the gene that codes for CYP2C19 can greatly reduce the benefits of clopidogrel [Plavix], a drug that prevents platelet aggregation. Like tamoxifen, clopidogrel is a prodrug that must undergo conversion to an active form. With clopidogrel, the conversion is catalyzed by CYP2C19. Unfortunately, about 25% of patients produce a variant form of the enzyme—CYP2C19*2—that doesn’t work very well. As a result, these people experience a weak antiplatelet response, and hence are at increased risk of stroke, myocardial infarction, and other events. People with this genetic variation should use a different antiplatelet drug.


• Among white Americans, about 52% metabolize isoniazid (a drug for tuberculosis) slowly and 48% metabolize it rapidly. Why? Because, owing to genetic differences, these people produce two different forms of N-acetyltransferase-2, the enzyme that metabolizes isoniazid. If dosage is not adjusted for these differences, the rapid metabolizers may experience treatment failure and the slow metabolizers may experience toxicity.


• About 1 in 14 Caucasians has a form of CYP2D6 that is unable to convert codeine into morphine, the active form of codeine. As a result, codeine cannot relieve pain in these people.





The following examples show how a genetically determined variation in drug metabolism can increase drug toxicity:




• Variants in the gene that codes for CYP2C9 can increase the risk of toxicity (bleeding) from warfarin [Coumadin], an anticoagulant with a low TI. Bleeding occurs because (1) warfarin is inactivated by CYP2D9 and (2) patients with altered CYP2D9 genes produce a form of the enzyme that metabolizes warfarin slowly, allowing it to accumulate to dangerous levels. To reduce bleeding risk, the FDA now recommends that patients be tested for variants of the CYP2C9 gene. It should be noted, however, that in this case, outcomes using expensive genetic tests are no better than outcomes using cheaper traditional tests, which directly measure the impact of warfarin on coagulation.


• Variants in the gene that codes for thiopurine methyltransferase (TPMT) can reduce TPMT activity, and can thereby delay the metabolic inactivation of two thiopurine anticancer drugs: thioguanine [Tabloid, Lanvis[image: image]] and mercaptopurine [Purinethol]. As a result, in patients with inherited TPMT deficiency, standard doses of thiopurine or mercaptopurine can accumulate to high levels, posing a risk of potentially fatal bone marrow damage. To reduce risk, the FDA recommends testing for TPMT variants before using either drug. Patients who are found to be TPMT deficient—about 10% of African Americans and Caucasians—should be given these drugs in reduced dosage.


• In the United States, about 1% of the population produces a form of dihydropyrimidine dehydrogenase that does a poor job of metabolizing fluorouracil, a drug used to treat cancer. Several people with this inherited difference, while receiving standard doses of fluorouracil, have died from central nervous system injury owing to accumulation of the drug to toxic levels.

















Genetic variants that alter drug targets


Genetic variations can alter the structure of drug receptors and other target molecules, and can thereby influence drug responses. These variants have been documented in normal cells, and in cancer cells and viruses.


Genetic variants that affect drug targets on normal cells are illustrated by these two examples:




• Variants in the genes that code for the beta1-adrenergic receptor (ADRB1) produce receptors that are hyper-responsive to activation, which can be a mixed blessing. The bad news is that, in people with hypertension, activation of these receptors may produce an exaggerated increase in blood pressure. The good news is that, in people with hypertension, blockade of these receptors will therefore produce an exaggerated decrease in blood pressure. Population studies indicate that variant ADRB1 receptors occur more often in Caucasians than in African Americans, which may explain why beta blockers work better against hypertension in Caucasians than in African Americans.


• The anticoagulant warfarin (discussed above) works by inhibiting vitamin K epoxide reductase complex 1 (VKORC1). Variant genes that code for VKORC1 produce a form of the enzyme that can be easily inhibited, and hence anticoagulation can be achieved with low warfarin doses. If normal doses are given, anticoagulation will be excessive, and bleeding could result. To reduce risk, the FDA recommends testing for variants in the VKORC1 gene before warfarin is used.





Genetic variants that affect drug targets on cancer cells and viruses are illustrated by these three examples:




• Trastuzumab [Herceptin], used for breast cancer, only works against tumors that overexpress human epidermal growth factor receptor type 2 (HER2). The HER2 protein, which serves as a receptor for hormones that stimulate tumor growth, is overexpressed in about 25% of breast cancer patients. Overexpression of HER2 is associated with a poor prognosis, but also predicts a better response to trastuzumab. Accordingly, the FDA requires a positive test result for HER2 overexpression before trastuzumab is used.


• Cetuximab [Erbitux], used mainly for metastatic colorectal cancer, only works against tumors that express the epidermal growth factor receptor (EGFR). All other tumors are unresponsive. Accordingly, the FDA requires evidence of EGFR expression if the drug is to be used.


• Maraviroc [Selzentry, Celsentri[image: image]], a drug for HIV infection, works by binding with a viral surface protein known as chemokine receptor 5 (CCR5), which certain strains of HIV require for entry into immune cells. HIV strains that use CCR5 are known as being CCR5 tropic. Clearly, if maraviroc is to be of benefit, patients must be infected with one of these strains. Accordingly, before maraviroc is used, the FDA requires that testing be done to confirm that the infecting strain is indeed CCR5 tropic.

















Genetic variants that alter immune responses to drugs


Genetic variants that affect the immune system can increase the risk of severe hypersensitivity reactions to certain drugs. Two examples follow.




• Carbamazepine [Tegretol, Carbatrol], used for epilepsy and bipolar disorder, can cause life-threatening skin reactions in some patients—specifically, patients of Asian ancestry who carry genes that code for an unusual human leukocyte antigen (HLA) known as HLA-B*1502. (HLA molecules are essential elements of the immune system.) Although the mechanism underlying toxicity is unclear, a good guess is that interaction between HLA-B*1502 molecules and carbamazepine (or a metabolite) may trigger a cellular immune response. To reduce risk, the FDA recommends that patients of Asian descent be screened for the HLA-B*1502 gene before carbamazepine is used. If the test is positive, carbamazepine should be avoided.


• Abacavir [Ziagen], used for HIV infection, can cause potentially fatal hypersensitivity reactions in patients who have a variant gene that codes for HLA-B*5701. Accordingly, the FDA recommends screening for the variant gene before using this drug. If the test is positive, abacavir should be avoided.























Gender


Men and women can respond differently to the same drug. A drug may be more effective in men than in women, or vice versa. Likewise, adverse effects may be more intense in men than in women, or vice versa. Unfortunately, for most drugs, we don’t know much about gender-related differences. Why? Because, until recently, essentially all drug research was done in men. Nonetheless, enough research has been done to indicate that significant gender-related differences really do exist. Here are four examples:




• When used to treat heart failure, digoxin may increase mortality in women while having no effect on mortality in men (see Chapter 48, Box 48–1).


• Alcohol is metabolized more slowly by women than by men. As a result, a woman who drinks the same amount as a man (on a weight-adjusted basis) will become more intoxicated.


• Certain opioid analgesics (eg, pentazocine, nalbuphine) are much more effective in women than in men. As a result, pain relief can be achieved at lower doses in women.


• Quinidine causes greater QT interval prolongation in women than in men. As a result, women given the drug are more likely to develop torsades de pointes, a potentially fatal cardiac dysrhythmia.





In 1997, the FDA put pressure on drug companies to include women in trials of new drugs, especially drugs directed at serious or life-threatening illnesses. The information generated by these trials will permit drug therapy in women to be more rational than is possible today. In the meantime, clinicians must keep in mind that the information currently available may fail to accurately predict responses in female patients. Accordingly, clinicians should remain alert for treatment failures and unexpected adverse effects.


It is important to appreciate that gender- and race-related differences in drug responses are, ultimately, genetically based. Hence, the preceding can be considered an extension of our discussion on pharmacogenomics.














Race


Race-related drug responses have two primary determinants: genetic variations and psychosocial factors. Hence, to a large extent, discussion here is an extension of our discussion on pharmacogenomics. However, keep in mind that, in addition to genetics, psychosocial factors can be important determinants of how individuals in a particular ethnic group respond to drugs.


In general, “race” is not very helpful as a basis for predicting individual variation in drug responses. Why? To start with, race is nearly impossible to define. Do we define it by skin color and other superficial characteristics? Or do we define it by group genetics? If we define race by skin color, how dark must skin be, for example, to define a patient as “black?” On the other hand, if we define race by group genetics, how many black ancestors must an African American have to be considered genetically “black?” And what about most people, whose ancestry is ethnically heterogeneous? Latinos, for example, represent a mix of multiple ethnic backgrounds from three continents. I think you get the picture. So, if a prescriber can’t even decide what “race” a patient belongs to, it would seem very difficult indeed to use race as a basis for making therapeutic decisions.


Of course, what we really care about is not race per se, but rather the specific genetic and psychosocial factors—shared by many members of an ethnic group—that influence drug responses. Armed with this knowledge, we can identify group members who share those genetic and/or psychosocial factors and tailor drug therapy accordingly. Perhaps more importantly, application of this knowledge is not limited to members of the ethnic group from which the knowledge arose: We can use it in the management of all patients, regardless of ethnic background. How can this be? Owing to ethnic heterogeneity, these factors are not limited to members of any one race. Hence, once we know about a factor (eg, a specific genetic variation), we can screen all patients for it, and, if it’s present, adjust drug therapy as indicated.


This discussion of race-based therapy would be incomplete without mentioning BiDil, a fixed-dose combination of two vasodilators: isosorbide dinitrate (ISDN) and hydralazine, both of which have been available separately for years. In 2005, BiDil became the first drug product approved by the FDA for treating members of just one race, specifically, African Americans. Approval was based on results of the African-American Heart Failure Trial (A-HeFT), which showed that, in self-described black patients, adding ISDN plus hydralazine to standard therapy of heart failure reduced 1-year mortality by 43%—a very impressive and welcome result. Does BiDil benefit African Americans more than white Americans? We don’t know: No white patients were enrolled in A-HeFT, so the comparison can’t be made. The bottom line? Even though BiDil is approved for treating a specific racial group, there’s no proof that it wouldn’t work just as well (or even better) in some other group. Why then, you might ask, was A-HeFT conducted? Partly because of older data suggesting a possible increased benefit in black patients. However, the principal reason seems to be a combination of regulatory and market incentives, which made it worthwhile for NitroMed, the manufacturer of BiDil, to limit research to blacks. Here’s the story. NitroMed holds two patents on BiDil, one for the fixed-dose combination itself, and one for using the combination in black patients. By getting FDA approval for black patients only, NitroMed acquired patent protection through the year 2020—13 years longer than it would have gotten in the absence of the race-specific indication. Of course, now that BiDil is approved, physicians are free to prescribe it for anyone. So the ploy of getting race-specific approval did not actually limit the number of patients NitroMed could profit from. Is this a great country, or what?














Drug interactions


A drug interaction is a process in which one drug alters the effects of another. Drug interactions can be an important source of variability. The mechanisms by which one drug can alter the effects of another and the clinical consequences of drug interactions are discussed at length in Chapter 6.














Diet


Diet can affect responses to drugs, primarily by affecting the patient’s general health status. A diet that promotes good health can enable drugs to elicit therapeutic responses and increase the patient’s capacity to tolerate adverse effects. Poor nutrition can have the opposite effect.


Starvation can reduce protein binding of drugs (by decreasing the level of plasma albumin). Because of reduced binding, levels of free drug rise, thereby making drug responses more intense. For certain drugs (eg, warfarin), the resultant increase in effects could be disastrous.


Although nutrition can affect drug responses by the general mechanisms noted, there are but few examples of a specific nutrient affecting the response to a specific drug. Perhaps the best example involves the monoamine oxidase (MAO) inhibitors, drugs used to treat depression. The most serious adverse effect of these drugs is malignant hypertension, which can be triggered by foods that contain tyramine, a breakdown product of the amino acid tyrosine. Accordingly, patients taking MAO inhibitors must rigidly avoid all tyramine-rich foods (eg, beef liver, ripe cheeses, yeast products, Chianti wine). The interaction of tyramine-containing foods with MAO inhibitors is discussed at length in Chapter 32.














Failure to take medicine as prescribed


Medications are not always administered as prescribed: Dosage size and timing may be altered, doses may be omitted, and extra doses may be taken. Failure to administer medication as prescribed is a common explanation for variability in the response to a prescribed dose. As a rule, such failure results either from poor patient adherence (compliance) or from medication errors made by hospital staff.


Adherence can be hard to achieve. Factors that can influence adherence include manual dexterity, visual acuity, intellectual capacity, psychologic state, attitude toward drugs, and the ability to pay for medication. As noted in Chapter 3, patient education that is both clear and convincing may help improve adherence, and may thereby help reduce variability.


Medication errors are an obvious source of individual variation. Medication errors can originate with physicians, nurses, technicians, and pharmacists. However, since the nurse is usually the last member of the healthcare team to check medications prior to administration, it is ultimately the nurse’s responsibility to ensure that medication errors are avoided. Medication errors are discussed at length in Chapter 7.




















Key points







[image: ] In order to maximize beneficial drug responses and minimize harm, we must adjust therapy to account for sources of individual variation.


[image: ] As a rule, small patients need smaller doses than large patients.


[image: ] Dosage adjustments made to account for size are often based on body surface area, rather than simply on body weight.


[image: ] Infants and the elderly are more sensitive to drugs than are older children and younger adults.


[image: ] Kidney disease can decrease drug excretion, thereby causing drug levels to rise. To prevent toxicity, drugs that are eliminated by the kidneys should be given in reduced dosage.


[image: ] Liver disease can decrease drug metabolism, thereby causing levels to rise. To prevent toxicity, drugs that are eliminated by the liver should be given in reduced dosage.


[image: ] When a patient becomes tolerant to a drug, the dosage must be increased to maintain beneficial effects.


[image: ] Pharmacodynamic tolerance results from adaptive changes that occur in response to prolonged drug exposure. Pharmacodynamic tolerance increases the MEC of a drug.


[image: ] Pharmacokinetic tolerance results from accelerated drug metabolism. Pharmacokinetic tolerance does not increase the MEC.


[image: ] A placebo effect is defined as the component of a drug response that can be attributed to psychologic factors, rather than to direct physiologic or biochemical actions of the drug. Solid proof that most placebo effects are real is lacking.


[image: ] Bioavailability refers to the ability of a drug to reach the systemic circulation from its site of administration.


[image: ] Differences in bioavailability matter most for drugs that have a narrow therapeutic range.


[image: ] Alterations in the genes that code for drug-metabolizing enzymes can result in increased or decreased metabolism of many drugs.


[image: ] Genetic variations can alter the structure of drug receptors and other target molecules, and can thereby influence drug responses.


[image: ] Genetic variations that alter immune reactions to drugs can result in severe injury, and even death.


[image: ] Therapeutic and adverse effects of drugs may differ between males and females. Unfortunately, for most drugs, data are insufficient to predict what the differences might be.


[image: ] Race is a poor predictor of drug responses. What really matters is not race, but rather the specific genetic variations and psychosocial factors, shared by some group members, that can influence drug responses.


[image: ] Poor patient adherence and medication errors are major sources of individual variation.
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Drug Therapy During Breast-Feeding










Our topic for this chapter is drug therapy in women who are pregnant or breast-feeding. The clinical challenge is to provide effective treatment for the mother while avoiding harm to the fetus or nursing infant. Unfortunately, meeting this challenge is confounded by a shortage of reliable data on drug toxicity during pregnancy or breast-feeding.













Drug therapy during pregnancy: basic considerations


Drug use during pregnancy is common: About two-thirds of pregnant women take at least one medication, and the majority take more. Some drugs are used to treat pregnancy-related conditions, such as nausea, constipation, and preeclampsia. Some are used to treat chronic disorders, such as hypertension, diabetes, and epilepsy. And some are used for infectious diseases or cancer. In addition to taking these therapeutic agents, pregnant women may take drugs of abuse, such as alcohol, cocaine, and heroin.


Drug therapy in pregnancy presents a vexing dilemma. In pregnant patients, as in all other patients, the benefits of treatment must balance the risks. Of course, when drugs are used during pregnancy, risks apply to the fetus as well as the mother. Unfortunately, most drugs have not been tested during pregnancy. As a result, the risks for most drugs are unknown—hence the dilemma: The prescriber is obliged to balance risks versus benefits, without knowing what the risks really are.


Despite the imposing challenge of balancing risks versus benefits, drug therapy during pregnancy cannot and should not be avoided. The health of the fetus depends on the health of the mother. Hence, conditions that threaten the mother’s health must be addressed—for the sake of the baby as well as the mother. Chronic asthma is a good example. Uncontrolled maternal asthma is far more dangerous to the fetus than the drugs used to treat it. Among asthmatic women who fail to take medication, the incidence of stillbirth is doubled. If all women with asthma took medication, an estimated 2000 babies would be saved each year.


In late 2009, the Food and Drug Administration (FDA) launched a new program to increase our knowledge of drug risks during pregnancy. This program—the Medication Exposure in Pregnancy Risk Evaluation Program—is a collaborative effort between the FDA, Kaiser Permanente, Vanderbilt University, and a consortium of health maintenance organizations (HMOs) called the HMO Research Network Center for Education and Research in Therapeutics. Participants will analyze medical records that relate to about 1 million births that took place between 2001 and 2007. The goal is to see if specific drugs are associated with adverse birth outcomes. These data will go a long way toward taking the guesswork out of selecting drugs for pregnant women.








Physiologic changes during pregnancy and their impact on drug disposition and dosing


Pregnancy brings on physiologic changes that can alter drug disposition. Changes in the kidney, liver, and GI tract are of particular interest. Because of these changes, a compensatory change in dosage may be needed.


By the third trimester, renal blood flow is doubled, causing a large increase in glomerular filtration rate. As a result, there is accelerated clearance of drugs that are eliminated by glomerular filtration. Elimination of lithium, for example, is increased by 100%. To compensate for accelerated excretion, dosage must be increased.


For some drugs, hepatic metabolism increases during pregnancy. Three antiseizure drugs—phenytoin, carbamazepine, and valproic acid—provide examples.


Tone and motility of the bowel decrease in pregnancy, causing intestinal transit time to increase. Because of prolonged transit, there is more time for drugs to be absorbed. In theory, this could increase levels of drugs whose absorption is normally poor. Similarly, there is more time for reabsorption of drugs that undergo enterohepatic recirculation, and hence effects of these drugs could be prolonged. In both cases, a reduction in dosage might be needed.














Placental drug transfer


Essentially all drugs can cross the placenta, although some cross more readily than others. The factors that determine drug passage across the membranes of the placenta are the same factors that determine drug passage across all other membranes. Accordingly, drugs that are lipid soluble cross the placenta easily, whereas drugs that are ionized, highly polar, or protein bound cross with difficulty. Nonetheless, for practical purposes, the clinician should assume that any drug taken during pregnancy will reach the fetus.














Adverse reactions during pregnancy


Drugs taken during pregnancy can adversely affect both the mother and fetus. The effect of greatest concern is teratogenesis (production of birth defects). This issue is discussed separately below. Not only are pregnant women subject to the same adverse effects as everyone else, they may also suffer effects unique to pregnancy. For example, when heparin (an anticoagulant) is taken by pregnant women, it can cause osteoporosis, which in turn can cause compression fractures of the spine. Use of prostaglandins (eg, misoprostol), which stimulate uterine contraction, can cause abortion. Conversely, use of aspirin near term can suppress contractions in labor. In addition, aspirin increases the risk of serious bleeding.


Regular use of dependence-producing drugs (eg, heroin, barbiturates, alcohol) during pregnancy can result in the birth of a drug-dependent infant. If the infant is not supplied with a drug that can support its dependence, a withdrawal syndrome will ensue. Symptoms include shrill crying, vomiting, and extreme irritability. The neonate should be weaned from dependence by giving progressively smaller doses of the drug on which he or she is dependent.


Certain pain relievers used during delivery can depress respiration in the neonate. The infant should be closely monitored until respiration is normal.




















Drug therapy during pregnancy: teratogenesis


The term teratogenesis is derived from teras, the Greek word for monster. Translated literally, teratogenesis means to produce a monster. Consistent with this derivation, we usually think of birth defects in terms of gross malformations, such as cleft palate, clubfoot, and hydrocephalus. However, birth defects are not limited to distortions of gross anatomy; they also include neurobehavioral and metabolic anomalies.








Incidence and causes of congenital anomalies


The incidence of major structural abnormalities (eg, abnormalities that are life threatening or require surgical correction) is between 1% and 3%. Half of these are obvious and are reported at birth. The other half involve internal organs (eg, heart, liver, GI tract) and are not discovered until later in life or at autopsy. The incidence of minor structural abnormalities is unknown, as is the incidence of functional abnormalities (eg, growth retardation, mental retardation).


Congenital anomalies have multiple causes, including genetic predisposition, environmental chemicals, and drugs. Genetic factors account for about 25% of all birth defects. Of the genetically based anomalies, Down’s syndrome is the most common. Less than 1% of all birth defects are caused by drugs. For the majority of congenital anomalies, the cause is unknown.














Teratogenesis and stage of development


Fetal sensitivity to teratogens changes during development, and hence the effect of a teratogen is highly dependent upon when the drug is given. As shown in Figure 9–1, development occurs in three major stages: the preimplantation/presomite period (conception through week 2), the embryonic period (weeks 3 through 8), and the fetal period (week 9 through term). During the preimplantation/presomite period, teratogens act in an “all-or-nothing” fashion. That is, if the dose is sufficiently high, the result is death of the conceptus. Conversely, if the dose is sublethal, the conceptus is likely to recover fully.




[image: image]


Figure 9–1 [image: ] Effects of teratogens at various stages of development of the fetus. (From Moore KL: The Developing Human: Clinically Oriented Embryology, 5th ed. Philadelphia: WB Saunders Company, 1993, with permission.)








Gross malformations are produced by exposure to teratogens during the embryonic period (roughly the first trimester). This is the time when the basic shape of internal organs and other structures is being established. Hence, it is not surprising that interference at this stage results in conspicuous anatomic distortions. Because the fetus is especially vulnerable during the embryonic period, expectant mothers must take special care to avoid teratogen exposure during this time.


Teratogen exposure during the fetal period (ie, the second and third trimesters) usually disrupts function rather than gross anatomy. Of the developmental processes that occur in the fetal period, growth and development of the brain are especially important. Disruption of brain development can result in learning deficits and behavioral abnormalities.














Identification of teratogens


For the following reasons, human teratogens are extremely difficult to identify:




• The incidence of congenital anomalies is generally low.


• Animal tests may not be applicable.


• Prolonged exposure may be required.


• Teratogenic effects may be delayed.


• Behavioral effects are difficult to document.


• Controlled experiments can’t be done in humans.





As a result, only a few drugs are considered proven teratogens. Drugs whose teratogenicity has been documented (or at least is highly suspected) are listed in Table 9–1. It is important to note, however, that lack of proof of teratogenicity does not mean that a drug is safe; it only means that the available data are insufficient to make a definitive judgment. Conversely, proof of teratogenicity does not mean that every exposure will result in a birth defect. In fact, with most teratogens, the risk of malformation following exposure is only about 10%.




TABLE 9–1 [image: ]


Drugs That Should Be Avoided During Pregnancy Because of Proven or Strongly Suspected Teratogenicity*










	Drug

	Teratogenic Effect










	Anticancer/Immunosuppressant Drugs






	Cyclophosphamide

	CNS malformation, secondary cancer






	Methotrexate

	CNS and limb malformations






	Antiseizure Drugs






	Carbamazepine

	Neural tube defects






	Valproic acid

	Neural tube defects






	Phenytoin

	Growth retardation, CNS defects






	Sex Hormones






	Androgens (eg, danazol)

	Masculinization of the female fetus






	Diethylstilbestrol

	Vaginal carcinoma in female offspring






	Antimicrobials






	Nitrofurantoin

	Abnormally small or absent eyes, heart defects, cleft lip with cleft palate






	Sulfonamides

	Anencephaly, heart defects, transverse limb deficiency, diaphragmatic hernia






	Tetracycline

	Tooth and bone anomalies






	Other Drugs






	Alcohol

	Fetal alcohol syndrome, stillbirth, spontaneous abortion, low birth weight, mental retardation






	Angiotensin-converting enzyme inhibitors

	Renal failure, renal tubular dysgenesis, skull hypoplasia (from exposure during the second and third trimesters)






	Antithyroid drugs (propylthiouracil, methimazole)

	Goiter and hypothyroidism






	Nonsteroidal anti-inflammatory drugs

	Premature closure of the ductus arteriosus






	Lithium

	Ebstein’s anomaly (cardiac defects)






	Oral hypoglycemic drugs (eg, tolbutamide)

	Neonatal hypoglycemia






	Isotretinoin and other vitamin A derivatives (etretinate, megadoses of vitamin A)

	Multiple defects (CNS, craniofacial, cardiovascular, others)






	Thalidomide

	Shortened limbs, internal organ defects






	Warfarin

	Skeletal and CNS defects














[image: image]





CNS = central nervous system.


*The absence of a drug from this table does not mean that the drug is not a teratogen; it only means that teratogenicity has not been proved. For most proven teratogens, the risk of a congenital anomaly is only 10%.





To prove that a drug is a teratogen, three criteria must be met:




• The drug must cause a characteristic set of malformations.


• It must act only during a specific window of vulnerability (eg, weeks 4 through 7 of gestation).


• The incidence of malformations should increase with increasing dosage and duration of exposure.





Obviously, we can’t do experiments in humans to see if a drug meets these criteria. The best we can do is systematically collect and analyze data on drugs taken during pregnancy in the hope that useful information on teratogenicity will be revealed.


Studies in animals may be of limited value, in part because teratogenicity may depend on species. That is, drugs that are teratogens in laboratory animals may nonetheless be safe in humans. Conversely, and more importantly, drugs that fail to cause anomalies in animals may later prove teratogenic in humans. The most notorious example is thalidomide. In studies with pregnant animals, thalidomide was harmless. However, when thalidomide was taken by pregnant women, about 30% had babies with severe malformations. The take-home message is this: Lack of teratogenicity in animals is not proof of safety in humans. Accordingly, we cannot assume that a new drug is safe for use in human pregnancy just because it has met FDA requirements, which are based on tests done in pregnant animals.


Some teratogens act quickly, whereas others require prolonged exposure. Thalidomide represents a fast-acting teratogen: a single dose can cause malformation. In contrast, alcohol (ethanol) must be taken repeatedly in high doses if gross malformation is to result. (Lower doses of alcohol may produce subtle anomalies.) Because a single exposure to a rapid-acting teratogen can produce obvious malformation, rapid-acting teratogens are easier to identify than slow-acting teratogens.


Teratogens that produce delayed effects are among the hardest to identify. The best example is diethylstilbestrol, an estrogenic substance that causes vaginal cancer in female offspring 18 or so years after they were born.


Teratogens that affect behavior may be nearly impossible to identify. Behavioral changes are often delayed, and therefore may not become apparent until the child goes to school. By this time, it may be difficult to establish a correlation between drug use during pregnancy and the behavioral deficit. Furthermore, if the deficit is subtle, it may not even be recognized.














FDA pregnancy risk categories


In 1983, the FDA established a system for classifying drugs according to their probable risks to the fetus. According to this system, drugs can be put into one of five risk categories: A, B, C, D, and X (Table 9–2). Drugs in Risk Category A are the least dangerous; controlled studies have been done in pregnant women and have failed to demonstrate a risk of fetal harm. In contrast, drugs in Category X are the most dangerous; these drugs are known to cause human fetal harm, and their risk to the fetus outweighs any possible therapeutic benefit. Drugs in Categories B, C, and D are progressively more dangerous than drugs in Category A and less dangerous than drugs in Category X. The law does not require classification of drugs that were in use before 1983; hence many drugs are not classified.




TABLE 9–2 [image: ]


FDA Pregnancy Risk Categories








	Category

	Category Description










	A

	
Remote Risk of Fetal Harm: Controlled studies in women have been done and have failed to demonstrate a risk of fetal harm during the first trimester, and there is no evidence of risk in later trimesters.






	B

	
Slightly More Risk Than A: Animal studies show no fetal risk, but controlled studies have not been done in women.
or
Animal studies do show a risk of fetal harm, but controlled studies in women have failed to demonstrate a risk during the first trimester, and there is no evidence of risk in later trimesters.






	C

	
Greater Risk Than B: Animal studies show a risk of fetal harm, but no controlled studies have been done in women.
or
No studies have been done in women or animals.






	D

	
Proven Risk of Fetal Harm: Studies in women show proof of fetal damage, but the potential benefits of use during pregnancy may be acceptable despite the risks (eg, treatment of life-threatening disease for which safer drugs are ineffective). A statement on risk will appear in the “WARNINGS” section of drug labeling.






	X

	
Proven Risk of Fetal Harm: Studies in women or animals show definite risk of fetal abnormality.
or
Adverse reaction reports indicate evidence of fetal risk. The risks clearly outweigh any possible benefit. A statement on risk will appear in the “CONTRAINDICATIONS” section of drug labeling.












Although the current rating system is helpful, it is far from ideal, and hence the FDA has proposed major revisions. Specifically, the FDA plans to phase out the use of letter categories, and replace them with detailed information about the effects of drugs during pregnancy. The format employed will have three sections:




• Fetal Risk Summary—This section will describe what we know about drug effects on the fetus, and will offer a conclusion, such as, “Human data indicate this drug increases the risk of cardiac abnormalities.”


• Clinical Considerations—This section will describe the likely effects if a drug is taken before a woman knows she is pregnant. The section will also discuss the risks to the mother and fetus of the disease being treated, along with dosing information, and ways to deal with complications.


• Data—This section will give detailed evidence from human and animal studies regarding the information presented in the Fetal Risk Summary.

















Minimizing the risk of drug-induced teratogenesis


Common sense tells us that the best way to minimize teratogenesis is to minimize use of drugs. If possible, pregnant women should avoid drugs entirely. At the least, all unnecessary drug use should be eliminated. Alcohol and cocaine, for example, which are known to harm the developing fetus, have no valid indications, and their use cannot be justified. Nurses and other health professionals should warn pregnant women against use of all nonessential drugs.


As noted, some disease states (eg, epilepsy, asthma, diabetes) pose a greater risk to fetal health than do the drugs used for treatment. However, even with these disorders, in which drug therapy reduces the risk of disease-induced fetal harm, we must still take steps to minimize harm from drugs. Accordingly, drugs that pose a high risk of teratogenesis should be discontinued and safer alternatives substituted.


Rarely, a pregnant woman has a disease that requires use of drugs that have a high probability of causing teratogenesis. Some anticancer drugs, for example, are highly toxic to the developing fetus, yet cannot be ethically withheld from the pregnant patient. If a woman elects to use such drugs, termination of pregnancy should be considered.


Reducing the risk of teratogenesis also applies to female patients who are not pregnant. Why? Because about 50% of pregnancies are unintended. Accordingly, if a women of reproductive age is taking a teratogenic medication, she should be educated about the teratogenic risk as well as the necessity of using at least one reliable form of birth control.














Responding to teratogen exposure


When a pregnant woman has been exposed to a known teratogen, the first step is to determine exactly when the drug was taken, and exactly when the pregnancy began. If drug exposure was not during the period of organogenesis (ie, weeks 3 through 8), the patient should be reassured that the risk of drug-induced malformation is minimal. In addition, she should be reminded that 3% of all babies have some kind of conspicuous malformation, independent of teratogen exposure. This is important because otherwise the drug is sure to be blamed if the baby is abnormal.


What should be done if the exposure did occur during organogenesis? First, a reference (eg, Briggs GG, Freeman RK, Yaffe SJ: Drugs in Pregnancy and Lactation, 9th Edition. Philadelphia: JB Lippincott, 2011) should be consulted to determine the type of malformation expected. Next, at least two ultrasound scans should be done to assess the extent of injury. If the malformation is severe, termination of pregnancy should be considered. If the malformation is minor (eg, cleft palate), it may be correctable by surgery, either shortly after birth or later in childhood.




















Drug therapy during breast-feeding


Drugs taken by lactating women can be excreted in breast milk. If drug concentrations in milk are high enough, a pharmacologic effect can occur in the infant, raising the possibility of harm. Unfortunately, very little systematic research has been done on this issue. As a result, although a few drugs are known to be hazardous (Table 9–3), the possible danger posed by many others remains undetermined.




TABLE 9–3 [image: ]


Drugs That Are Contraindicated During Breast-Feeding


Controlled Substances


Amphetamine
Cocaine
Heroin
Marijuana
Phencyclidine


Anticancer Agents/Immunosuppressants


Cyclophosphamide
Cyclosporine
Doxorubicin
Methotrexate


Others


Bromocriptine
Ergotamine
Lithium
Nicotine





Although nearly all drugs can enter breast milk, the extent of entry varies greatly. The factors that determine entry into breast milk are the same factors that determine passage of drugs across membranes. Accordingly, drugs that are lipid soluble enter breast milk readily, whereas drugs that are ionized, highly polar, or protein bound tend to be excluded.


Most drugs can be detected in milk, but concentrations are generally too low to cause harm. Hence, breast-feeding is usually safe, even though drugs are being taken. Nonetheless, prudence is always in order: If the nursing mother can avoid drugs, she certainly should. Moreover, when drugs must be used, steps should be taken to minimize risk. These include:




• Dosing immediately after breast-feeding (to minimize drug concentrations in milk at the next feeding)


• Avoiding drugs that have a long half-life


• Avoiding sustained-release formulations


• Choosing drugs that tend to be excluded from milk


• Choosing drugs that are least likely to affect the infant (Table 9–4)




TABLE 9–4 [image: ]


Drugs of Choice for Breast-Feeding Women*








	Drug Category

	Drugs and Drug Groups of Choice

	Comments










	Analgesic drugs

	Acetaminophen, ibuprofen, flurbiprofen, ketorolac, mefenamic acid, sumatriptan, morphine

	Sumatriptan may be given for migraine. Morphine may be given for severe pain.






	Anticoagulant drugs

	Warfarin, acenocoumarol, heparin (unfractionated and low molecular weight)

	Among breast-fed infants whose mothers were taking warfarin, the drug was undetectable in plasma and bleeding time was not affected.






	Antidepressant drugs

	Sertraline, tricyclic antidepressants

	Other antidepressants, such as fluoxetine [Prozac], may be given with caution.






	Antiepileptic drugs

	Carbamazepine, phenytoin, valproic acid

	The estimated level of exposure to these drugs in infants is less than 10% of the therapeutic dose standardized by weight.






	Antihistamines (histamine1 blockers)

	Loratadine

	Other antihistamines may be given, but data on the concentrations of these drugs in breast milk are lacking.






	Antimicrobial drugs

	Penicillins, cephalosporins, aminoglycosides, macrolides

	Avoid chloramphenicol and tetracycline






	Beta-adrenergic antagonists

	Labetalol, propranolol

	Angiotensin-converting enzyme inhibitors and calcium channel–blocking agents are also considered safe.






	Endocrine drugs

	Propylthiouracil, insulin, levothyroxine

	The estimated level of exposure to propylthiouracil in breast-feeding infants is less than 1% of the therapeutic dose standardized by weight; thyroid function of the infants is not affected.






	Glucocorticoids

	Prednisolone and prednisone

	The amount of prednisolone the infant would ingest in breast milk is less than 0.1% of the therapeutic dose standardized by weight.









*This list is not exhaustive. Cases of overdoses of these drugs must be assessed on an individual basis.


Adapted from Shinya I: Drug therapy for breast-feeding women. N Engl J Med 343:118–126, 2000.





• Avoiding drugs that are known to be hazardous (see Table 9–3)


• Using the lowest effective dosage for the shortest possible time























Key points







[image: ] Because hepatic metabolism and glomerular filtration increase during pregnancy, dosages of some drugs may need to be increased.


[image: ] Lipid-soluble drugs cross the placenta readily, whereas drugs that are ionized, polar, or protein bound cross with difficulty. Nonetheless, all drugs cross to some extent.


[image: ] When prescribing drugs during pregnancy, the clinician must try to balance the benefits of treatment versus the risks—often without knowing what the risks really are.


[image: ] About 3% of all babies are born with gross structural malformations.


[image: ] Less than 1% of birth defects are caused by drugs.


[image: ] Teratogen-induced gross malformations result from exposure early in pregnancy (weeks 3 through 8 of gestation), the time of organogenesis.


[image: ] Functional impairments (eg, mental retardation) result from exposure to teratogens later in pregnancy.


[image: ] For most drugs, we lack reliable data on the risks of use during pregnancy.


[image: ] Lack of teratogenicity in animals is not proof of safety in humans.


[image: ] Some drugs (eg, thalidomide) cause birth defects with just one dose, whereas others (eg, alcohol) require prolonged exposure.


[image: ] FDA Pregnancy Risk Categories indicate the relative risks of drug use. Drugs in Category X pose the highest risk of fetal harm and are contraindicated during pregnancy.


[image: ] Any woman of reproductive age who is taking a known teratogen must be counseled about the teratogenic risk and the necessity of using at least one reliable form of birth control.


[image: ] Drugs that are lipid soluble readily enter breast milk, whereas drugs that are ionized, polar, or protein bound tend to be excluded. Nonetheless, all drugs enter to some extent.


[image: ] Although most drugs can be detected in breast milk, concentrations are usually too low to harm the nursing infant.


[image: ] If possible, drugs should be avoided during breast-feeding.


[image: ] If drugs cannot be avoided during breast-feeding, common sense dictates choosing drugs known to be safe (Table 9–4) and avoiding drugs known to be dangerous (Table 9–3).





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.
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Patients who are very young or very old respond differently to drugs than do the rest of the population. Most differences are quantitative. Specifically, patients in both age groups are more sensitive to drugs than other patients, and they show greater individual variation. Drug sensitivity in the very young results largely from organ system immaturity. Drug sensitivity in the elderly results largely from organ system degeneration. Because of heightened drug sensitivity, patients in both age groups are at increased risk of adverse drug reactions. In this chapter we discuss the physiologic factors that underlie heightened drug sensitivity in pediatric patients, as well as ways to promote safe and effective drug use. Drug therapy in geriatric patients is discussed in Chapter 11.


Pediatrics covers all patients up to the age of 16. Because of ongoing growth and development, pediatric patients in different age groups present different therapeutic challenges. Traditionally, the pediatric population is subdivided into six groups:




• Premature infants (less than 36 weeks’ gestational age)


• Full-term infants (36 to 40 weeks’ gestational age)


• Neonates (first 4 postnatal weeks)


• Infants (weeks 5 to 52 postnatal)


• Children (1 to 12 years)


• Adolescents (12 to 16 years)





Not surprisingly, as young patients grow older, they become more like adults physiologically, and hence more like adults with regard to drug therapy. Conversely, the very young—those less than 1 year old, and especially those less than 1 month old—are very different from adults. If drug therapy in these patients is to be safe and effective, we must account for these differences.


Pediatric drug therapy is made even more difficult by insufficient drug information: Fully two-thirds of drugs used in pediatrics have never been tested in children. As a result, we lack reliable information on dosing, pharmacokinetics, and effects, both therapeutic and adverse. Is this lack of knowledge causing adverse events and even death? Possibly, but no one knows. Is it preventing optimal treatment? Probably, but again, we just don’t know. To help expand our knowledge, Congress enacted two important laws: the Best Pharmaceuticals for Children Act, passed in 2002, and the Pediatric Research Equity Act of 2003. Both are designed to promote drug research in children. What we have learned so far underscores both the state of our ignorance and the need for much more work. For example, of the drugs studied to date:




• About 20% were ineffective in children, even though they were effective in adults.


• About 30% caused unanticipated side effects, some of them potentially lethal.


• About 20% required dosages different from those that had been extrapolated from dosages used in adults.





As more studies are done, the huge gaps in our knowledge will shrink. In the meantime, we must still treat children with drugs—even though we lack the information needed to prescribe rationally. Hence, similar to drug therapy during pregnancy, prescribers must try to balance benefits versus risks, without knowing with precision what the benefits and risks really are.













Pharmacokinetics: neonates and infants


As we discussed in Chapter 4, pharmacokinetic factors determine the concentration of a drug at its sites of action, and hence determine the intensity and duration of responses. If drug levels are elevated, responses will be more intense. If drug elimination is delayed, responses will be prolonged. Because the organ systems that regulate drug levels are not fully developed in the very young, these patients are at risk of both possibilities: drug effects that are unusually intense and prolonged. By accounting for pharmacokinetic differences in the very young, we can increase the chances that drug therapy will be both effective and safe.


Figure 10–1 illustrates how drug levels differ between infants and adults following administration of equivalent doses (ie, doses adjusted for body weight). When a drug is administered intravenously (Fig. 10–1A), levels decline more slowly in the infant than in the adult. As a result, drug levels in the infant remain above the minimum effective concentration (MEC) longer than in the adult, thereby causing effects to be prolonged. When a drug is administered subcutaneously (Fig. 10–1B), not only do levels in the infant remain above the MEC longer than in the adult, but these levels also rise higher, causing effects to be more intense as well as prolonged. From these illustrations, it is clear that adjustment of dosage for infants on the basis of body size alone is not sufficient to achieve safe results.




[image: image]


Figure 10–1 [image: ] Comparison of plasma drug levels in adults and infants.
A, Plasma drug levels following IV injection. Dosage was adjusted for body weight. Note that plasma levels remain above the minimum effective concentration (MEC) much longer in the infant. B, Plasma drug levels following subQ injection. Dosage was adjusted for body weight. Note that both the maximum drug level and the duration of action are greater in the infant. (Redrawn from Levine RR: Pharmacology: Drug Actions and Reactions. Boston: Little, Brown, 1973:238.)








If small body size is not the major reason for heightened drug sensitivity in infants, what is? The increased sensitivity of infants is due largely to the immature state of five pharmacokinetic processes: (1) drug absorption, (2) protein binding of drugs, (3) exclusion of drugs from the central nervous system (CNS) by the blood-brain barrier, (4) hepatic drug metabolism, and (5) renal drug excretion.








Absorption













Oral administration.


Gastrointestinal physiology in the infant is very different from that in the adult. As a result, drug absorption may be enhanced or impeded, depending on the physicochemical properties of the drug involved.


Gastric emptying time is both prolonged and irregular in early infancy, and then gradually reaches adult values by 6 to 8 months. For drugs that are absorbed primarily from the stomach, delayed gastric emptying enhances absorption. On the other hand, for drugs that are absorbed primarily from the intestine, absorption is delayed. Because gastric emptying time is irregular, the precise impact on absorption is not predictable.


Gastric acidity is very low 24 hours after birth and does not reach adult values for 2 years. Because of low acidity, absorption of acid-labile drugs is increased.














Intramuscular administration.


Drug absorption following IM injection in the neonate is slow and erratic. Delayed absorption is due in part to low blood flow through muscle during the first days of postnatal life. By early infancy, absorption of IM drugs becomes more rapid than in neonates and adults.














Transdermal absorption.


Drug absorption through the skin is more rapid and complete with infants than with older children and adults. Why? Because (1) the stratum corneum of the infant’s skin is very thin and (2) blood flow to the skin is greater in infants than in older patients. Because of this enhanced absorption, infants are at increased risk of toxicity from topical drugs.


























Distribution













Protein binding.


Binding of drugs to albumin and other plasma proteins is limited in the infant. Why? Because (1) the amount of albumin is relatively low and (2) endogenous compounds (eg, fatty acids, bilirubin) compete with drugs for available binding sites. Consequently, drugs that ordinarily undergo extensive protein binding in adults undergo much less binding in infants. As a result, the concentration of free levels of such drugs is relatively high in the infant, thereby intensifying effects. To ensure that effects are not too intense, dosages in infants should be reduced. Protein-binding capacity reaches adult values within 10 to 12 months.














Blood-brain barrier.


The blood-brain barrier is not fully developed at birth. As a result, drugs and other chemicals have relatively easy access to the central nervous system (CNS), making the infant especially sensitive to drugs that affect CNS function. Accordingly, all medicines employed for their CNS effects (eg, morphine, phenobarbital) should be given in reduced dosage. Dosage should also be reduced for drugs used for actions outside the CNS if those drugs are capable of producing CNS toxicity as a side effect.


























Hepatic metabolism


The drug-metabolizing capacity of newborns is low. As a result, neonates are especially sensitive to drugs that are eliminated primarily by hepatic metabolism. When these drugs are used, dosages must be reduced. The capacity of the liver to metabolize many drugs increases rapidly about 1 month after birth, and approaches adult levels a few months later. Complete maturation of the liver develops by 1 year.








The data in Table 10–1 illustrate the limited drug-metabolizing capacity of newborns. These data are from experiments on the metabolism and effects of hexobarbital (a CNS depressant) in newborn and adult animals. Metabolism was measured in microsomal enzyme preparations made from the livers of guinea pigs. The effect of hexobarbital—CNS depression—was assessed in mice. Duration of sleeping time following hexobarbital injection was used as the index of CNS depression.


As indicated in Table 10–1, the drug-metabolizing capacity of the adult liver is much greater than the drug-metabolizing capacity of the newborn liver. Whereas the adult liver preparation metabolized an average of 33% of the hexobarbital presented to it, there was virtually no measurable metabolism by the newborn preparation.


The physiologic impact of limited drug-metabolizing capacity is indicated by observing sleeping time in newborns versus sleeping time in adults following injection of hexobarbital. As shown in Table 10–1, a low dose (10 mg/kg) of hexobarbital caused adult mice to sleep less than 5 minutes. In contrast, the same dose caused newborns to sleep 6 hours. The differential effects on adults and newborns are much more dramatic at a higher dose (50 mg/kg): Whereas the adults merely slept longer, the newborns died.







TABLE 10–1 [image: ]


Comparison of the Metabolism and Effect of Hexobarbital in Adult Versus Newborn Animals










	Age

	Percentage of Hexobarbital Metabolized (in 1 hr)

	Duration of Drug-Induced Sleep






	Dose: 10 mg/kg

	Dose: 50 mg/kg










	Newborn

	“0”

	6 hr

	Eternal*







	Adult

	28–39

	Less than 5 min

	12–22 min














[image: image]





*The 50-mg/kg dose was lethal to newborn animals.


Data from Jondorf WR, Maickel RP, Brodie BB: Inability of newborn mice and guinea pigs to metabolize drugs. Biochem Pharmacol 1:352, 1958.

















Renal excretion


Renal drug excretion is significantly reduced at birth. Renal blood flow, glomerular filtration, and active tubular secretion are all low during infancy. Because the drug-excreting capacity of infants is limited, drugs that are eliminated primarily by renal excretion must be given in reduced dosage and/or at longer dosing intervals. Adult levels of renal function are achieved by 1 year.


The data in Table 10–2 illustrate the limited ability of the infant kidney to excrete foreign compounds. These data show rates of renal excretion for two compounds: inulin and para-aminohippuric acid (PAH). Inulin is excreted entirely by glomerular filtration. PAH is excreted by a combination of glomerular filtration and active tubular secretion. Note that the half-life for inulin is 630 minutes in infants but only 120 minutes in adults. Since inulin is eliminated by glomerular filtration alone, these data tell us that the glomerular filtration rate in the infant is much slower than in the adult. From the data for clearance of PAH, taken together with the data for clearance of inulin, we can conclude that tubular secretion in infants is also much slower than in adults.




TABLE 10–2 [image: ]


Renal Function in Adults Versus Infants










	 

	Average Infant

	Average Adult










	Body Weight (kg)

	3.5

	70






	Inulin Clearance






	Rate (mL/min)

	3 (approximate)

	130






	Half-time (min)

	630

	120






	
Para-aminohippuric Acid (PAH) Clearance






	Rate (mL/min)

	12 (approximate)

	650






	Half-time (min)

	160

	43














[image: image]





Adapted from Goldstein A, Aronow L, Kalman SM: Principles of Drug Action: The Basis of Pharmacology, 2nd ed. New York: Churchill Livingstone, 1974:215.























Pharmacokinetics: children 1 year and older


By the age of 1 year, most pharmacokinetic parameters in children are similar to those in adults. Hence, drug sensitivity in children over the age of 1 is more like that of adults than that of the very young. Although pharmacokinetically similar to adults, children do differ in one important way: They metabolize drugs faster than adults. Drug-metabolizing capacity is markedly elevated until the age of 2 years, and then gradually declines. A further sharp decline takes place at puberty, when adult values are reached. Because of enhanced drug metabolism in children, an increase in dosage or a reduction in dosing interval may be needed for drugs that are eliminated by hepatic metabolism.














Adverse drug reactions


Like adults, pediatric patients are subject to adverse reactions when drug levels rise too high. In addition, pediatric patients are vulnerable to unique adverse effects related to organ system immaturity and to ongoing growth and development. Among these age-related effects are growth suppression (caused by glucocorticoids), discoloration of developing teeth (caused by tetracyclines), and kernicterus (caused by sulfonamides). Table 10–3 presents a list of drugs that can cause unique adverse effects in pediatric patients of various ages. These drugs should be avoided in patients whose age puts them at risk.




TABLE 10–3 [image: ]


Adverse Drug Reactions Unique to Pediatric Patients








	Drug

	Adverse Effect










	Androgens

	Premature puberty in males; reduced adult height from premature epiphyseal closure






	Aspirin and other salicylates

	Severe intoxication from acute overdose (acidosis, hyperthermia, respiratory depression); Reye’s syndrome in children with chickenpox or influenza






	Chloramphenicol

	Gray syndrome (neonates and infants)






	Glucocorticoids

	Growth suppression with prolonged use






	Fluoroquinolones

	Tendon rupture






	Hexachlorophene

	CNS toxicity (infants)






	Nalidixic acid

	Cartilage erosion






	Phenothiazines

	Sudden infant death syndrome






	Promethazine

	Pronounced respiratory depression in children under 2 years old






	Sulfonamides

	Kernicterus (neonates)






	Tetracyclines

	Staining of developing teeth









CNS = central nervous system.

















Dosage determination


Because of the pharmacokinetic factors discussed above, dosage selection for pediatric patients is difficult. Selecting a dosage is especially difficult in the very young, since pharmacokinetic factors are undergoing rapid change.


Pediatric doses have been established for a few drugs but not for most. For drugs that do not have an established pediatric dose, dosage can be extrapolated from adult doses. The method of conversion employed most commonly is based on body surface area:


Approx imate  child"s  dose=                                                                                    Body  surface  area  of  the  child×Adult  dose1.73  m2


[image: image]


Please note that initial pediatric doses—whether based on established pediatric doses or extrapolated from adult doses—are at best an approximation. Subsequent doses must be adjusted on the basis of clinical outcome and plasma drug concentrations. These adjustments are especially important in neonates and younger infants. Clearly, if dosage adjustments are to be optimal, it is essential that we monitor the patient for therapeutic and adverse responses.














Promoting adherence


Achieving accurate and timely dosing requires informed participation of the child’s caregiver and, to the extent possible, active involvement of the child as well. Effective education is critical. The following issues should be addressed:




• Dosage size and timing


• Route and technique of administration


• Duration of treatment


• Drug storage


• The nature and time course of desired responses


• The nature and time course of adverse responses





Written instructions should be provided. For techniques of administration that are difficult, a demonstration should be made, after which the parents should repeat the procedure to ensure they understand. With young children, spills and spitting out are common causes of inaccurate dosing; parents should be taught to estimate the amount of drug lost and to re-administer that amount, being careful not to overcompensate. When more than one person is helping medicate a child, all participants should be warned against multiple dosing. Multiple dosing can be avoided by maintaining a drug administration chart. With some disorders—especially infections—symptoms may resolve before the prescribed course of treatment has been completed. Parents should be instructed to complete the full course nonetheless. Additional ways to promote adherence include (1) selecting the most convenient dosage form and dosing schedule, (2) suggesting mixing oral drugs with food or juice (when allowed) to improve palatability, (3) providing a calibrated medicine spoon or syringe for measuring liquid formulations, and (4) taking extra time with young or disadvantaged parents to help ensure conscientious and skilled participation.




















Key points







[image: ] The majority of drugs used in pediatrics have never been tested in children. As a result, we lack reliable information on which to base drug selection or dosage.


[image: ] Because of organ system immaturity, very young patients are highly sensitive to drugs.


[image: ] In neonates and young infants, drug responses may be unusually intense and prolonged.


[image: ] Absorption of IM drugs in neonates is slower than in adults. In contrast, absorption of IM drugs in infants is more rapid than in adults.


[image: ] Protein-binding capacity is limited early in life. Hence, free concentrations of some drugs may be especially high.


[image: ] The blood-brain barrier is not fully developed at birth. Hence, neonates are especially sensitive to drugs that affect the CNS.


[image: ] The drug-metabolizing capacity of neonates is low. Hence, neonates are especially sensitive to drugs that are eliminated primarily by hepatic metabolism.


[image: ] Renal excretion of drugs is low in neonates. Hence, drugs that are eliminated primarily by the kidney must be given in reduced dosage and/or at longer dosing intervals.


[image: ] In children 1 year and older, most pharmacokinetic parameters are similar to those in adults. Hence, drug sensitivity is more like that of adults than the very young.


[image: ] Children (1 to 12 years) differ pharmacokinetically from adults in that children metabolize drugs faster.


[image: ] Initial pediatric doses are at best an approximation. Hence, subsequent doses must be adjusted on the basis of clinical outcome and plasma drug levels.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.
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Drug use among the elderly (those 65 years and older) is disproportionately high. Whereas the elderly constitute only 12% of the U.S. population, they consume 31% of the nation’s prescribed drugs. Reasons for this intensive use of drugs include increased severity of illness, multiple pathologies, and excessive prescribing.


Drug therapy in the elderly represents a special therapeutic challenge. As a rule, older patients are more sensitive to drugs than are younger adults, and they show wider individual variation. In addition, the elderly experience more adverse drug reactions and drug-drug interactions. The principal factors underlying these complications are (1) altered pharmacokinetics (secondary to organ system degeneration), (2) multiple and severe illnesses, (3) multidrug therapy, and (4) poor adherence. To help ensure that drug therapy is as safe and effective as possible, individualization of treatment is essential: Each patient must be monitored for desired and adverse responses, and the regimen must be adjusted accordingly. Because the elderly typically suffer from chronic illnesses, the usual objective is to reduce symptoms and improve quality of life, since cure is generally impossible.













Pharmacokinetic changes in the elderly


The aging process can affect all phases of pharmacokinetics. From early adulthood on, there is a gradual, progressive decline in organ function. This decline can alter the absorption, distribution, metabolism, and excretion of drugs. As a rule, these pharmacokinetic changes increase drug sensitivity (largely from reduced hepatic and renal drug elimination). It should be noted, however, that the extent of change varies greatly among patients: Pharmacokinetic changes may be minimal in patients who have remained physically fit, whereas they may be dramatic in patients who have aged less fortunately. Accordingly, you should keep in mind that age-related changes in pharmacokinetics are not only a potential source of increased sensitivity to drugs, they are also a potential source of increased variability. The physiologic changes that underlie alterations in pharmacokinetics are summarized in Table 11–1.




TABLE 11–1 [image: ]


Physiologic Changes That Can Affect Pharmacokinetics in the Elderly


Absorption of Drugs


Increased gastric pH
Decreased absorptive surface area
Decreased splanchnic blood flow
Decreased GI motility
Delayed gastric emptying


Distribution of Drugs


Increased body fat
Decreased lean body mass
Decreased total body water
Decreased serum albumin
Decreased cardiac output


Metabolism of Drugs


Decreased hepatic blood flow
Decreased hepatic mass
Decreased activity of hepatic enzymes


Excretion of Drugs


Decreased renal blood flow
Decreased glomerular filtration rate
Decreased tubular secretion
Decreased number of nephrons
















Absorption


Altered GI absorption is not a major factor in drug sensitivity in the elderly. As a rule, the percentage of an oral dose that becomes absorbed does not change with age. However, the rate of absorption may be slowed (because of delayed gastric emptying and reduced splanchnic blood flow). As a result, drug responses may be somewhat delayed. Gastric acidity is reduced in the elderly and may alter the absorption of certain drugs. For example, some drug formulations require high acidity to dissolve, and hence their absorption may be reduced.














Distribution


Four major factors can alter drug distribution in the elderly: (1) increased percent body fat, (2) decreased percent lean body mass, (3) decreased total body water, and (4) reduced concentration of serum albumin. The increase in body fat seen in the elderly provides a storage depot for lipid-soluble drugs (eg, thiopental). As a result, plasma levels of these drugs are reduced, causing a reduction in responses. Because of the decline in lean body mass and total body water, water-soluble drugs (eg, ethanol) become distributed in a smaller volume than in younger adults. As a result, the concentration of these drugs is increased, causing effects to be more intense. Although albumin levels are only slightly reduced in healthy adults, these levels can be significantly reduced in adults who are malnourished. Because of reduced albumin levels, protein binding of drugs decreases, causing levels of free drug to rise. As a result, drug effects may be more intense.














Metabolism


Rates of hepatic drug metabolism tend to decline with age. Principal reasons are reduced hepatic blood flow, reduced liver mass, and decreased activity of some hepatic enzymes. Because liver function is diminished, the half-lives of certain drugs may be increased, thereby prolonging responses. Responses to oral drugs that ordinarily undergo extensive first-pass metabolism may be enhanced. Please note, however, that the degree of decline in drug metabolism varies greatly among individuals. As a result, we cannot predict whether drug responses will be significantly reduced in any particular patient.














Excretion


Renal function, and hence renal drug excretion, undergoes progressive decline beginning in early adulthood. Drug accumulation secondary to reduced renal excretion is the most important cause of adverse drug reactions in the elderly. The decline in renal function is the result of reductions in renal blood flow, glomerular filtration rate, active tubular secretion, and number of nephrons. Renal pathology can further compromise kidney function. The degree of decline in renal function varies greatly among individuals. Accordingly, when patients are taking drugs that are eliminated primarily by the kidneys, renal function should be assessed. In the elderly, the proper index of renal function is creatinine clearance, not serum creatinine levels. Creatinine levels do not reflect kidney function in the elderly because the source of serum creatinine—lean muscle mass—declines in parallel with the decline in kidney function. As a result, creatinine levels may be normal even though renal function is greatly reduced.


























Pharmacodynamic changes in the elderly


Alterations in receptor properties may underlie altered sensitivity to some drugs. However, information on such pharmacodynamic changes is limited. In support of the possibility of altered pharmacodynamics is the observation that beta-adrenergic blocking agents (drugs used primarily for cardiac disorders) are less effective in the elderly than in younger adults, even when present in the same concentrations. Possible explanations for this observation include (1) a reduction in the number of beta receptors and (2) a reduction in the affinity of beta receptors for beta-receptor blocking agents. Other drugs (warfarin, certain central nervous system depressants) produce effects that are more intense in the elderly, suggesting a possible increase in receptor number, receptor affinity, or both. Unfortunately, our knowledge of pharmacodynamic changes in the elderly is restricted to a few families of drugs.














Adverse drug reactions and drug interactions


Adverse drug reactions (ADRs) are 7 times more common in the elderly than in younger adults, accounting for about 16% of hospital admissions among older individuals and 50% of all medication-related deaths. The vast majority of these reactions are dose related, not idiosyncratic. Symptoms in the elderly are often nonspecific (eg, dizziness, cognitive impairment), making identification of ADRs difficult.


Perhaps surprisingly, the increase in ADRs seen in the elderly is not the direct result of aging per se. Rather, multiple factors predispose older patients to ADRs. The most important are:




• Drug accumulation secondary to reduced renal function


• Polypharmacy (treatment with multiple drugs)


• Greater severity of illness


• The presence of multiple pathologies


• Greater use of drugs that have a low therapeutic index (eg, digoxin, a drug for heart failure)


• Increased individual variation secondary to altered pharmacokinetics


• Inadequate supervision of long-term therapy


• Poor patient adherence





The majority of ADRs in the elderly are avoidable. Measures that can reduce their incidence include:




• Taking a thorough drug history, including over-the-counter medications


• Accounting for the pharmacokinetic and pharmacodynamic changes that occur with aging


• Initiating therapy with low doses


• Monitoring clinical responses and plasma drug levels to provide a rational basis for dosage adjustment


• Employing the simplest regimen possible


• Monitoring for drug-drug interactions and iatrogenic illness


• Periodically reviewing the need for continued drug therapy, and discontinuing medications as appropriate


• Encouraging the patient to dispose of old medications


• Taking steps to promote adherence (see below)


• Avoiding drugs on the Beers list (see below)





The Beers list identifies drugs with a high likelihood of causing adverse effects in the elderly. Accordingly, drugs on this list should generally be avoided. A partial listing of these drugs appears in Table 11–2. The full list, updated in 2003, is available online at http://archinte.ama-assn.org/cgi/reprint/163/22/2716.




TABLE 11–2 [image: ]


Some Drugs to Generally Avoid in the Elderly










	Drugs

	Reason for Concern

	Alternative Treatments










	Analgesics






	Ketorolac [Toradol]

	GI bleeding

	Mild pain: acetaminophen, ibuprofen






	Meperidine [Demerol]

	Not effective at usual doses, confusion

	Moderate to severe pain: morphine, oxycodone






	Propoxyphene* [Darvon]

	No better than acetaminophen, but has the ADRs of an opioid






	Antidepressants






	Amitriptyline
Doxepin [Sinequan]

	Anticholinergic effects (constipation, urinary retention, blurred vision)

	SSRIs (other than daily fluoxetine) or other antidepressants






	Long half-life; agitation, insomnia, anorexia

	SSRI with a shorter half-life (eg, sertraline [Zoloft])






	Fluoxetine [Prozac], taken daily






	Antihistamines, first generation






	Chlorpheniramine [Chlor-Trimeton[image: image], Chlor-tripolon, others]

	Anticholinergic effects: constipation, urinary retention, blurred vision

	Second-generation antihistamines, such as cetirizine [Zyrtec], fexofenadine [Allegra], or loratadine [Claritin]






	Diphenhydramine [Benadryl, others]






	Hydroxyzine [Vistaril, Atarax[image: image]]






	Promethazine [Phenergan, others]






	Antihypertensives






	Alpha-adrenergic blocking agents

	Hypotension, dry mouth, incontinence

	Thiazide diuretic, ACE inhibitor, beta-adrenergic blocker, calcium channel blocker






	Doxazosin [Cardura]






	Prazosin [Minipress]






	Terazosin [Hytrin]






	Clonidine [Catapres]

	Orthostatic hypotension, adverse CNS effects






	Guanethidine

	Orthostatic hypotension, depression






	Methyldopa

	Bradycardia, depression






	Reserpine

	Depression, impotence, sedation, orthostatic hypotension






	Sedative-Hypnotics






	Barbiturates

	Physical dependence; compared with other hypnotics, higher risk of falls, confusion, cognitive impairment

	Temazepam [Restoril], zolpidem [Ambien], zaleplon [Sonata], ramelteon [Rozerem], eszopiclone [Lunesta]






	Benzodiazepines, long acting

	Prolonged sedation

	A short-acting benzodiazepine, such as lorazepam [Ativan], given in low dosage






	Chlordiazepoxide [Librium]






	Diazepam [Valium, others]






	Flurazepam






	Drugs for Urge Incontinence






	Oxybutynin [Ditropan]

	Urinary retention, confusion, hallucinations, sedation

	Behavioral therapy (eg, bladder retraining, urge suppression)






	Tolterodine [Detrol]






	Muscle Relaxants






	Carisoprodol [Soma]

	Anticholinergic effects, sedation, cognitive impairment; may not be effective at tolerable dosage

	For spasticity, use nerve block, or an antispasmodic, such as baclofen [Lioresal]






	Cyclobenzaprine [Flexeril, others]






	Metaxalone [Skelaxin]






	Methocarbamol [Robaxin]














[image: image]





ACE = angiotensin-converting enzyme, ADR = adverse drug reaction, CNS = central nervous system, GI = gastrointestinal, SSRI = selective serotonin reuptake inhibitor.


*No longer available in the United States or Canada.


Adapted from Fick DM, Cooper JW, Wade WE, et al: Updating the Beers criteria for potentially inappropriate medication use in older adults. Arch Intern Med 163:2716–2724, 2003. (Note: The paper by Fick et al. lists many drugs in addition to those in this table.)

















Promoting adherence


Between 26% and 59% of elderly patients fail to take their medicines as prescribed. Some patients never fill their prescriptions, some fail to refill their prescriptions, and some don’t follow the prescribed dosing schedule. Nonadherence can result in therapeutic failure (from underdosing or erratic dosing) or toxicity (from overdosing). Of the two possibilities, underdosing with resulting therapeutic failure is by far (90%) the more common. Problems arising from nonadherence account for up to 10% of all hospital admissions, and their management may cost over $100 billion a year.


Multiple factors underlie nonadherence to the prescribed regimen (Table 11–3). Among these are forgetfulness; failure to comprehend instructions (because of intellectual, visual, or auditory impairment); inability to pay for medications; and use of complex regimens (several drugs taken several times a day). All of these factors can contribute to unintentional nonadherence. However, in the majority of cases (about 75%), nonadherence among the elderly is intentional. The principal reason given for intentional nonadherence is the patient’s conviction that the drug was simply not needed in the dosage prescribed. Unpleasant side effects and expense also contribute to intentional nonadherence.




TABLE 11–3 [image: ]


Factors That Contribute to Poor Adherence in the Elderly










	



• Multiple chronic disorders


• Multiple prescription medications


• Multiple doses/day for each medication


• Drug packaging that is difficult to open


• Multiple prescribers


• Changes in the regimen (addition of drugs, changes in dosage size or timing)


• Cognitive or physical impairment (reduction in memory, hearing, visual acuity, color discrimination, or manual dexterity)


• Living alone


• Recent discharge from hospital


• Low literacy


• Inability to pay for drugs


• Personal conviction that a drug is unnecessary or the dosage too high


• Presence of side effects



















[image: image]








Several measures can promote adherence, including:




• Simplifying the regimen so that the number of drugs and doses per day is as small as possible


• Explaining the treatment plan using clear, concise verbal and written instructions


• Choosing an appropriate dosage form (eg, a liquid formulation if the patient has difficulty swallowing)


• Labeling drug containers clearly, and avoiding containers that are difficult to open by patients with impaired dexterity (eg, those with arthritis)


• Suggesting the use of a calendar, diary, or pill counter to record drug administration


• Asking the patient if he or she has access to a pharmacy and can afford the medication


• Enlisting the aid of a friend, relative, or visiting healthcare professional


• Monitoring for therapeutic responses, adverse reactions, and plasma drug levels





It must be noted, however, that the benefits of these measures will be restricted primarily to patients whose nonadherence is unintentional. Unfortunately, these measures are generally inapplicable to the patient whose nonadherence is intentional. For these patients, intensive education may help.




















Key points







[image: ] Older patients are generally more sensitive to drugs than are younger adults, and they show wider individual variation.


[image: ] Individualization of therapy for the elderly is essential: Each patient must be monitored for desired and adverse responses, and the regimen must be adjusted accordingly.


[image: ] Aging-related organ decline can change drug absorption, distribution, metabolism, and (especially) excretion.


[image: ] The rate of drug absorption may be slowed in the elderly, although the extent of absorption is usually unchanged.


[image: ] Plasma concentrations of lipid-soluble drugs may be low in the elderly, and concentrations of water-soluble drugs may be high.


[image: ] Reduced liver function may prolong drug effects.


[image: ] Reduced renal function, with resultant drug accumulation, is the most important cause of adverse drug reactions in the elderly.


[image: ] Because the degree of renal impairment among the elderly varies, creatinine clearance (a test of renal function) should be determined for all patients taking drugs that are eliminated primarily by the kidneys.


[image: ] Adverse drug reactions are much more common in the elderly than in younger adults.


[image: ] Factors underlying the increase in adverse reactions include polypharmacy, severe illness, multiple pathologies, and treatment with dangerous drugs.


[image: ] Nonadherence is common among the elderly.


[image: ] Reasons for unintentional nonadherence include complex regimens, awkward drug packaging, forgetfulness, side effects, low income, and failure to comprehend instructions.


[image: ] Most cases (75%) of nonadherence among the elderly are intentional. Reasons include expense, side effects, and the patient’s conviction that the drug is unnecessary or the dosage too high.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.
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Neuropharmacology can be defined as the study of drugs that alter processes controlled by the nervous system. Neuropharmacologic drugs produce effects equivalent to those produced by excitation or suppression of neuronal activity. Neuropharmacologic agents can be divided into two broad categories: (1) peripheral nervous system (PNS) drugs and (2) central nervous system (CNS) drugs.


The neuropharmacologic drugs constitute a large and important family of therapeutic agents. These drugs are used to treat conditions ranging from depression to epilepsy to hypertension to asthma. The clinical significance of these agents is reflected in the fact that over 25% of this text is dedicated to them.


Why do we have so many neuropharmacologic drugs? The answer lies in a concept discussed in Chapter 5: Most therapeutic agents act by helping the body help itself. That is, most drugs produce their therapeutic effects by coaxing the body to perform normal processes in a fashion that benefits the patient. Since the nervous system participates in the regulation of practically all bodily processes, practically all bodily processes can be influenced by drugs that alter neuronal regulation. By mimicking or blocking neuronal regulation, neuropharmacologic drugs can modify such diverse processes as skeletal muscle contraction, cardiac output, vascular tone, respiration, GI function, uterine motility, glandular secretion, and functions unique to the CNS, such as ideation, mood, and perception of pain. Given the broad spectrum of processes that neuropharmacologic drugs can alter, and given the potential benefits to be gained by manipulating those processes, it should be no surprise that neuropharmacologic drugs have widespread clinical applications.


We begin our study of neuropharmacology by discussing PNS drugs (Chapters 14 through 19), after which we discuss CNS drugs (Chapters 20 through 40). The principal rationale for this order of presentation is that our understanding of PNS pharmacology is much clearer than our understanding of CNS pharmacology. Why? Because the PNS is less complex than the CNS, and more accessible to experimentation. By placing our initial focus on the PNS, we can establish a firm knowledge base in neuropharmacology before proceeding to the less definitive and vastly more complex realm of CNS pharmacology.













How neurons regulate physiologic processes


As a rule, if we want to understand the effects of a drug on a particular physiologic process, we must first understand the process itself. Accordingly, if we wish to understand the impact of drugs on neuronal regulation of bodily function, we must first understand how neurons regulate bodily function when drugs are absent.


Figure 12–1 illustrates the basic process by which neurons elicit responses from other cells. The figure depicts two cells: a neuron and a postsynaptic cell. The postsynaptic cell might be another neuron, a muscle cell, or a cell within a secretory gland. As indicated, there are two basic steps—axonal conduction and synaptic transmission—in the process by which the neuron influences the behavior of the postsynaptic cell. Axonal conduction is simply the process of conducting an action potential down the axon of the neuron. Synaptic transmission is the process by which information is carried across the gap between the neuron and the postsynaptic cell. As shown in the figure, synaptic transmission requires the release of neurotransmitter molecules from the axon terminal followed by binding of these molecules to receptors on the postsynaptic cell. As a result of transmitter-receptor binding, a series of events is initiated in the postsynaptic cell, leading to a change in its behavior. The precise nature of the change depends on the identity of the neurotransmitter and the type of cell involved. If the postsynaptic cell is another neuron, it may increase or decrease its firing rate; if the cell is part of a muscle, it may contract or relax; and if the cell is glandular, it may increase or decrease secretion.




[image: image]


Figure 12–1 [image: ] How neurons regulate other cells.
There are two basic steps in the process by which neurons elicit responses from other cells: (1) axonal conduction and (2) synaptic transmission. (T = neurotransmitter.)





















Basic mechanisms by which neuropharmacologic agents ACT



Sites of action: axons versus synapses





In order to influence a process under neuronal control, a drug can alter one of two basic neuronal activities: axonal conduction or synaptic transmission. Most neuropharmacologic agents act by altering synaptic transmission. Only a few alter axonal conduction. Why do drugs usually target synaptic transmission? Because drugs that alter synaptic transmission can produce effects that are much more selective than those produced by drugs that alter axonal conduction.








Axonal conduction


Drugs that act by altering axonal conduction are not very selective. Recall that the process of conducting an impulse along an axon is essentially the same in all neurons. As a consequence, a drug that alters axonal conduction will affect conduction in all nerves to which it has access. Such a drug cannot produce selective effects.


Local anesthetics are the only drugs proved to work by altering (decreasing) axonal conduction. Because these agents produce nonselective inhibition of axonal conduction, they suppress transmission in any nerve they reach. Hence, although local anesthetics are certainly valuable, their indications are limited.














Synaptic transmission


In contrast to drugs that alter axonal conduction, drugs that alter synaptic transmission can produce effects that are highly selective. Why? Because synapses, unlike axons, differ from one another. Synapses at different sites employ different transmitters. In addition, for most transmitters, the body employs more than one type of receptor. Hence, by using a drug that selectively influences a specific type of neurotransmitter or receptor, we can alter one neuronally regulated process while leaving most others unchanged. Because of their relative selectivity, drugs that alter synaptic transmission have many uses.














Receptors


The ability of a neuron to influence the behavior of another cell depends, ultimately, upon the ability of that neuron to alter receptor activity on the target cell. As discussed, neurons alter receptor activity by releasing transmitter molecules, which diffuse across the synaptic gap and bind to receptors on the postsynaptic cell. If the target cell lacked receptors for the transmitter that a neuron released, that neuron would be unable to affect the target cell.


The effects of neuropharmacologic drugs, like those of neurons, depend on altering receptor activity. That is, no matter what its precise mechanism of action, a neuropharmacologic drug ultimately works by influencing receptor activity on target cells. This commonsense concept is central to understanding the actions of neuropharmacologic drugs. In fact, this concept is so critical to our understanding of neuropharmacologic agents that I will repeat it: The impact of a drug on a neuronally regulated process is dependent on the ability of that drug to directly or indirectly influence receptor activity on target cells.














Steps in synaptic transmission


To understand how drugs alter receptor activity, we must first understand the steps by which synaptic transmission takes place—since it is by modifying these steps that neuropharmacologic drugs influence receptor function. The steps in synaptic transmission are summarized in Figure 12–2.
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Figure 12–2 [image: ] Steps in synaptic transmission.
Step 1, Synthesis of transmitter (T) from precursor molecules (Q, R, and S). Step 2, Storage of transmitter in vesicles. Step 3, Release of transmitter: In response to an action potential, vesicles fuse with the terminal membrane and discharge their contents into the synaptic gap. Step 4, Action at receptor: Transmitter binds (reversibly) to its receptor on the postsynaptic cell, causing a response in that cell. Step 5, Termination of transmission: Transmitter dissociates from its receptor and is then removed from the synaptic gap by (a) reuptake into the nerve terminal, (b) enzymatic degradation, or (c) diffusion away from the gap.



















Step 1: transmitter synthesis.


For synaptic transmission to take place, molecules of transmitter must be present in the nerve terminal. Hence, we can look upon transmitter synthesis as the first step in transmission. In the figure, the letters Q, R, and S represent the precursor molecules from which the transmitter (T) is made.














Step 2: transmitter storage.


Once transmitter is synthesized, it must be stored until the time of its release. Transmitter storage takes place within vesicles—tiny packets present in the axon terminal. Each nerve terminal contains a large number of transmitter-filled vesicles.














Step 3: transmitter release.


Release of transmitter is triggered by the arrival of an action potential at the axon terminal. The action potential initiates a process in which vesicles undergo fusion with the terminal membrane, causing release of their contents into the synaptic gap. Each action potential causes only a small fraction of all vesicles present in the axon terminal to discharge their contents.














Step 4: receptor binding.


Following release, transmitter molecules diffuse across the synaptic gap and then undergo reversible binding to receptors on the postsynaptic cell. This binding initiates a cascade of events that result in altered behavior of the postsynaptic cell.














Step 5: termination of transmission.


Transmission is terminated by dissociation of transmitter from its receptors, followed by removal of free transmitter from the synaptic gap. Transmitter can be removed from the synaptic gap by three processes: (1) reuptake, (2) enzymatic degradation, and (3) diffusion. In those synapses where transmission is terminated by reuptake, axon terminals contain “pumps” that transport transmitter molecules back into the neuron from which they were released (Step 5a in Fig. 12–2). Following reuptake, molecules of transmitter may be degraded, or they may be packaged in vesicles for reuse. In synapses where transmitter is cleared by enzymatic degradation (Step 5b), the synapse contains large quantities of transmitter-inactivating enzymes. Although simple diffusion away from the synaptic gap (Step 5c) is a potential means of terminating transmitter action, this process is very slow and generally of little significance.


























Effects of drugs on the steps of synaptic transmission


As emphatically noted, all neuropharmacologic agents (except local anesthetics) produce their effects by directly or indirectly altering receptor activity. We also noted that the way in which drugs alter receptor activity is by interfering with synaptic transmission. Because synaptic transmission has multiple steps, the process offers a number of potential targets for drugs. In this section, we examine the specific ways in which drugs can alter the steps of synaptic transmission. By way of encouragement, although this information may appear complex, it isn’t. In fact, it’s largely self-evident.


Before discussing specific mechanisms by which drugs can alter receptor activity, we need to understand what drugs are capable of doing to receptors in general terms. From the broadest perspective, when a drug influences receptor function, that drug can do just one of two things: it can enhance receptor activation or it can reduce receptor activation. What do we mean by receptor activation? For our purposes, we can define activation as an effect on receptor function equivalent to that produced by the natural neurotransmitter at a particular synapse. Hence, a drug whose effects mimic the effects of a natural transmitter would be said to increase receptor activation. Conversely, a drug whose effects were equivalent to reducing the amount of natural transmitter available for receptor binding would be said to decrease receptor activation.


Please note that activation of a receptor does not necessarily mean that a physiologic process will go faster; receptor activation can also make a process go slower. For example, a drug that mimics acetylcholine at receptors on the heart will cause the heart to beat more slowly. Since the effect of this drug on receptor function mimicked the effect of the natural neurotransmitter, we would say that the drug activated acetylcholine receptors, even though activation caused heart rate to decline.


Having defined receptor activation, we are ready to discuss the mechanisms by which drugs, acting on specific steps of synaptic transmission, can increase or decrease receptor activity. These mechanisms are summarized in Table 12–1. As we consider these mechanisms one by one, their commonsense nature should become apparent.




TABLE 12–1 [image: ]


Effects of Drugs on Synaptic Transmission and the Resulting Impact on Receptor Activation










	Step of Synaptic Transmission

	Drug Action

	Impact on Receptor Activation*











	



1. Synthesis of transmitter






	Increased synthesis of T
Decreased synthesis of T
Synthesis of “super” T

	Increase
Decrease
Increase






	



2. Storage of transmitter






	Reduced storage of T

	Decrease






	



3. Release of transmitter






	Promotion of T release
Inhibition of T release

	Increase
Decrease






	



4. Binding to receptor






	Direct receptor activation
Enhanced response to T
Blockade of T binding

	Increase
Increase
Decrease






	



5. Termination of transmission






	Blockade of T reuptake
Inhibition of T breakdown

	Increase
Increase














[image: image]





T = transmitter.


*Receptor activation is defined as producing an effect equivalent to that produced by the natural transmitter that acts on a particular receptor.
















Transmitter synthesis.


There are three different effects that drugs are known to have on transmitter synthesis. They can (1) increase transmitter synthesis, (2) decrease transmitter synthesis, or (3) cause the synthesis of transmitter molecules that are more effective than the natural transmitter itself.


The impact of increased or decreased transmitter synthesis on receptor activity should be obvious. A drug that increases transmitter synthesis will cause receptor activation to increase. The process is this: As a result of increased transmitter synthesis, storage vesicles will contain transmitter in abnormally high amounts. Hence, when an action potential reaches the axon terminal, more transmitter will be released, and therefore more transmitter will be available to receptors on the postsynaptic cell, causing activation of those receptors to increase. Conversely, a drug that decreases transmitter synthesis will cause the transmitter content of vesicles to decline, resulting in reduced transmitter release and decreased receptor activation.


Some drugs can cause neurons to synthesize transmitter molecules whose structure is different from that of normal transmitter molecules. For example, by acting as substrates for enzymes in the axon terminal, drugs can be converted into “super” transmitters (molecules whose ability to activate receptors is greater than that of the naturally occurring transmitter at a particular site). Release of these supertransmitters will cause receptor activation to increase. In theory, it should be possible to cause the synthesis of faulty transmitter molecules (ie, molecules with a reduced ability to activate a particular receptor). However, we have no medicines that are known to act this way.














Transmitter storage.


Drugs that interfere with transmitter storage will cause receptor activation to decrease. Why? Because disruption of storage depletes vesicles of their transmitter content, thereby decreasing the amount of transmitter available for release.














Transmitter release.


Drugs can either promote or inhibit transmitter release. Drugs that promote release will increase receptor activation. Conversely, drugs that inhibit release will reduce receptor activation. The amphetamines (CNS stimulants) represent drugs that act by promoting transmitter release. Botulinum toxin, in contrast, acts by inhibiting transmitter release.*














Receptor binding.


Many drugs act directly at receptors. These agents can either (1) bind to receptors and cause activation, (2) bind to receptors and thereby block receptor activation by other agents, or (3) bind to receptor components and thereby enhance receptor activation by the natural transmitter at the site.


In the terminology introduced in Chapter 5, drugs that directly activate receptors are called agonists, whereas drugs that prevent receptor activation are called antagonists. We have no special name for drugs that bind to receptors and thereby enhance the effects of the natural transmitter. The direct-acting receptor agonists and antagonists constitute the largest and most important groups of neuropharmacologic drugs.


Examples of drugs that act directly at receptors are numerous. Drugs that bind to receptors and cause activation include morphine (used for its effects on the CNS), epinephrine (used mainly for its effects on the cardiovascular system), and insulin (used for its effects in diabetes). Drugs that bind to receptors and prevent their activation include naloxone (used to treat overdose with morphine-like drugs), antihistamines (used to treat allergic disorders), and propranolol (used to treat hypertension, angina pectoris, and cardiac dysrhythmias). The principal examples of drugs that bind to receptors and thereby enhance the actions of a natural transmitter are the benzodiazepines. Drugs in this family, which includes diazepam [Valium] and related agents, are used to treat anxiety, seizure disorders, and muscle spasm.














Termination of transmitter action.


Drugs can interfere with the termination of transmitter action by two mechanisms: (1) blockade of transmitter reuptake and (2) inhibition of transmitter degradation. Drugs that act by either mechanism will increase transmitter availability, thereby causing receptor activation to increase.
































Multiple receptor types and selectivity of drug action


As we discussed in Chapter 1, selectivity is one of the most desirable qualities a drug can have. Why? Because a selective drug is able to alter a specific disease process while leaving other physiologic processes largely unaffected.


Many neuropharmacologic agents display a high degree of selectivity. This selectivity is possible because the nervous system works through multiple types of receptors to regulate processes under its control. If neurons had only one or two types of receptors through which to act, selective effects by neuropharmacologic drugs could not be achieved.


The relationship between multiple receptor types and selective drug action is illustrated by Mort and Merv, whose unique physiologies are depicted in Figure 12–3. Let’s begin with Mort. Mort can perform four functions: he can pump blood, digest food, shake hands, and empty his bladder. As indicated in the figure, all four functions are under neuronal control, and, in all cases, that control is exerted by activation of the same type of receptor (designated A).
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Figure 12–3 [image: ] Multiple drug receptors and selective drug action.
Mort, All of Mort’s organs are regulated through activation of type A receptors. Drugs that affect type A receptors on one organ will affect type A receptors on all other organs. Hence, selective drug action is impossible. Merv, Merv has four types of receptors (A, B, C, and D) to regulate his four organs. A drug that acts at one type of receptor will not affect the others. Hence, selective drug action is possible.








As long as Mort remains healthy, having only one type of receptor to regulate his various functions is no problem. Selective physiologic regulation can be achieved simply by sending impulses down the appropriate nerves. When there is a need to increase cardiac output, impulses are sent down the nerve to his heart; when digestion is needed, impulses are sent down the nerve to his stomach; and so forth.


Although having only one receptor type is no disadvantage when all is well, if Mort gets sick, having only one receptor type creates a therapeutic challenge. Let’s assume he develops heart disease and we need to give a drug that will help increase cardiac output. To stimulate cardiac function, we need to administer a drug that will activate receptors on his heart. Unfortunately, since the receptors on his heart are the same as the receptors on his other organs, a drug that stimulates cardiac function will stimulate his other organs too. Consequently, any attempt to improve cardiac output with drugs will necessarily be accompanied by side effects. These will range from silly (compulsive handshaking) to embarrassing (enuresis) to hazardous (gastric ulcers). Such side effects are not likely to elicit either gratitude or adherence. Please note that all of these undesirable effects are the direct result of Mort having a nervous system that works through just one type of receptor to regulate all organs. That is, the presence of only one receptor type has made selective drug action impossible.


Now let’s consider Merv. Although Merv appears to be Mort’s twin, Merv differs in one important way: Whereas all functions in Mort are regulated through just one type of receptor, Merv employs different receptors to control each of his four functions. Because of this simple but important difference, the selective drug action that was impossible with Mort can be achieved easily with Merv. We can, for example, selectively enhance cardiac function in Merv without risking the side effects to which Mort was predisposed. This can be done simply by administering an agonist agent that binds selectively to receptors on the heart (type A receptors). If this medication is sufficiently selective for type A receptors, it will not interact with receptor types B, C, or D. Hence, function in structures regulated by those receptors will be unaffected. Note that our ability to produce selective drug action in Merv is made possible because his nervous system works through different types of receptors to regulate function in his various organs. The message from this example is clear: The more types of receptors we have to work with, the greater our chances of producing selective drug effects.














An approach to learning about peripheral nervous system drugs


As discussed, to understand the ways in which drugs can alter a process under neuronal control, we must first understand how the nervous system itself regulates that process. Accordingly, when preparing to study PNS pharmacology, you must first establish a working knowledge of the PNS itself. In particular, you need to know two basic types of information about PNS function. First, you need to know the types of receptors through which the PNS works when influencing the function of a specific organ. Second, you need to know what the normal response to activation of those receptors is. All of the information you need about PNS function is reviewed in Chapter 13.


Once you understand the PNS itself, you can go on to learn about PNS drugs. Although learning about these drugs will require significant effort, the learning process itself is straightforward. To understand any particular PNS drug, you need three types of information: (1) the type (or types) of receptor through which the drug acts; (2) the normal response to activation of those receptors; and (3) what the drug in question does to receptor function (ie, does it increase or decrease receptor activation?). Armed with these three types of information, you can predict the major effects of any PNS drug.


An example will illustrate this process. Let’s consider a drug named isoproterenol. The first information we need is the identity of the receptors at which isoproterenol acts. Isoproterenol acts at two types of receptors, named beta1 and beta2. Next, we need to know the normal responses to activation of these receptors. The most prominent responses to activation of beta1 receptors are increased heart rate and increased force of cardiac contraction. The primary responses to activation of beta2 receptors are bronchial dilation and elevation of blood glucose levels. Lastly, we need to know whether isoproterenol increases or decreases the activation of beta1 and beta2 receptors. At both types of receptor, isoproterenol causes activation. Armed with these three primary pieces of information about isoproterenol, we can now predict the principal effects of this drug. By activating beta1 and beta2 receptors, isoproterenol can elicit three major responses: (1) increased cardiac output (by increasing heart rate and force of contraction); (2) dilation of the bronchi; and (3) elevation of blood glucose. Depending on the patient to whom this drug is given, these responses may be beneficial or detrimental.


From this example, you can see how easy it is to predict the effects of a PNS drug. Accordingly, I strongly encourage you to take the approach suggested when studying these agents. That is, for each PNS drug, you should learn (1) the identity of the receptors at which that drug acts, (2) the normal responses to activation of those receptors, and (3) whether the drug increases or decreases receptor activation.




















Key points







[image: ] Except for local anesthetics, which suppress axonal conduction, all neuropharmacologic drugs act by altering synaptic transmission.


[image: ] Synaptic transmission consists of five basic steps: transmitter synthesis, transmitter storage, transmitter release, binding of transmitter to its receptors, and termination of transmitter action by dissociation of transmitter from the receptor followed by transmitter reuptake or degradation.


[image: ] Ultimately, the impact of a drug on a neuronally regulated process depends on that drug’s ability to directly or indirectly alter receptor activity on target cells.


[image: ] Drugs can do one of two things to receptor function: they can increase receptor activation or they can decrease receptor activation.


[image: ] Drugs that increase transmitter synthesis increase receptor activation.


[image: ] Drugs that decrease transmitter synthesis decrease receptor activation.


[image: ] Drugs that promote synthesis of “super” transmitters increase receptor activation.


[image: ] Drugs that impede transmitter storage decrease receptor activation.


[image: ] Drugs that promote transmitter release increase receptor activation.


[image: ] Drugs that suppress transmitter release decrease receptor activation.


[image: ] Agonist drugs increase receptor activation.


[image: ] Antagonist drugs decrease receptor activation.


[image: ] Drugs that bind to receptors and enhance the actions of the natural transmitter at the receptor increase receptor activation.


[image: ] Drugs that block transmitter reuptake increase receptor activation.


[image: ] Drugs that inhibit transmitter degradation increase receptor activation.


[image: ] The presence of multiple receptor types increases our ability to produce selective drug effects.


[image: ] For each PNS drug that you study, you should learn the identity of the receptors at which the drug acts, the normal responses to activation of those receptors, and whether the drug increases or decreases receptor activation.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.


















*Botulinum toxin blocks release of acetylcholine from the neurons that control skeletal muscles, including the muscles of respiration. The potential for disaster is obvious.
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To understand peripheral nervous system drugs, we must first understand the peripheral nervous system itself. The purpose of this chapter is to help you develop that understanding.


It’s not uncommon for students to be at least slightly apprehensive about studying the peripheral nervous system—especially the autonomic component. In fact, it’s not uncommon for students who have studied this subject before to be thoroughly convinced that they will never, ever really understand it. This reaction is unfortunate in that, although there is a lot to learn, the information is not terribly difficult. My approach to teaching this information is untraditional. Hopefully, it will make your work easier.


Since our ultimate goal concerns pharmacology—and not physiology—I do not address everything there is to know about the peripheral nervous system. Rather, I limit the discussion to those aspects of peripheral nervous system physiology that have a direct bearing on your ability to understand drugs.













Divisions of the nervous system


The nervous system has two main divisions, the central nervous system (CNS) and the peripheral nervous system. The CNS is subdivided into the brain and spinal cord.


The peripheral nervous system has two major subdivisions: (1) the somatic motor system and (2) the autonomic nervous system. The autonomic nervous system is further subdivided into the parasympathetic nervous system and the sympathetic nervous system. The somatic motor system controls voluntary movement of muscles. The two subdivisions of the autonomic nervous system regulate many “involuntary” processes.


The autonomic nervous system is the principal focus of this chapter. The somatic motor system is also considered, but discussion is brief.














Overview of autonomic nervous system functions


The autonomic nervous system has three principal functions: (1) regulation of the heart; (2) regulation of secretory glands (salivary, gastric, sweat, and bronchial glands); and (3) regulation of smooth muscles (muscles of the bronchi, blood vessels, urogenital system, and GI tract). These regulatory activities are shared between the sympathetic and parasympathetic divisions of the autonomic nervous system.








Functions of the parasympathetic nervous system


The parasympathetic nervous system performs seven regulatory functions that have particular relevance to drugs. Specifically, stimulation of appropriate parasympathetic nerves causes




• Slowing of heart rate


• Increased gastric secretion


• Emptying of the bladder


• Emptying of the bowel


• Focusing the eye for near vision


• Constricting the pupil


• Contracting bronchial smooth muscle





Just how the parasympathetic nervous system elicits these responses is discussed later under Functions of Cholinergic Receptor Subtypes.


From the above we can see that the parasympathetic nervous system is concerned primarily with what might be called the “housekeeping” chores of the body (digestion of food and excretion of wastes). In addition, the system helps control vision and conserve energy (by reducing cardiac work).


Therapeutic agents that alter parasympathetic nervous system function are used primarily for their effects on the GI tract, bladder, and eye. Occasionally, these drugs are also used for effects on the heart and lungs.


A variety of poisons act by mimicking or blocking effects of parasympathetic stimulation. Among these are insecticides, nerve gases, and toxic compounds found in certain mushrooms and plants.














Functions of the sympathetic nervous system


The sympathetic nervous system has three main functions:




• Regulating the cardiovascular system


• Regulating body temperature


• Implementing the “fight-or-flight” reaction





The sympathetic nervous system exerts multiple influences on the heart and blood vessels. Stimulation of sympathetic nerves to the heart increases cardiac output. Stimulation of sympathetic nerves to arterioles and veins causes vasoconstriction. Release of epinephrine from the adrenal medulla results in vasoconstriction in most vascular beds and vasodilation in certain others. By influencing the heart and blood vessels, the sympathetic nervous system can achieve three homeostatic objectives:




• Maintenance of blood flow to the brain


• Redistribution of blood flow during exercise


• Compensation for loss of blood, primarily by causing vasoconstriction





The sympathetic nervous system helps regulate body temperature in three ways: (1) By regulating blood flow to the skin, sympathetic nerves can increase or decrease heat loss. By dilating surface vessels, sympathetic nerves increase blood flow to the skin and thereby accelerate heat loss. Conversely, constricting cutaneous vessels conserves heat. (2) Sympathetic nerves to sweat glands promote secretion of sweat, thereby helping the body cool. (3) By inducing piloerection (erection of hair), sympathetic nerves can promote heat conservation.


When we are faced with adversity, the sympathetic nervous system orchestrates the fight-or-flight response, which consists of




• Increasing heart rate and blood pressure


• Shunting blood away from the skin and viscera and into skeletal muscles


• Dilating the bronchi to improve oxygenation


• Dilating the pupils (perhaps to enhance visual acuity)


• Mobilizing stored energy, thereby providing glucose for the brain and fatty acids for muscles





The sensation of being “cold with fear” is brought on by shunting of blood away from the skin. The phrase “wide-eyed with fear” may be based on pupillary dilation.


Many therapeutic agents produce their effects by altering functions under sympathetic control. These drugs are used primarily for effects on the heart, blood vessels, and lungs. Agents that alter cardiovascular function are used to treat hypertension, heart failure, angina pectoris, and other disorders. Drugs affecting the lungs are used primarily for asthma.




















Basic mechanisms by which the autonomic nervous system regulates physiologic processes


To understand how drugs influence processes under autonomic control, we must first understand how the autonomic nervous system itself regulates those activities. The basic mechanisms by which the autonomic nervous system regulates physiologic processes are discussed below.













Patterns of innervation and control


Most structures under autonomic control are innervated by sympathetic nerves and parasympathetic nerves. The relative influence of sympathetic and parasympathetic nerves depends on the organ under consideration.


In many organs that receive dual innervation, the influence of sympathetic nerves opposes that of parasympathetic nerves. For example, in the heart, sympathetic nerves increase heart rate, whereas parasympathetic nerves slow heart rate (Fig. 13–1).




[image: image]


Figure 13–1 [image: ] Opposing effects of parasympathetic and sympathetic nerves.








In some organs that receive nerves from both divisions of the autonomic nervous system, the effects of sympathetic and parasympathetic nerves are complementary, rather than opposite. For example, in the male reproductive system, erection is regulated by parasympathetic nerves while ejaculation is controlled by sympathetic nerves. If attempts at reproduction are to succeed, cooperative interaction of both systems is needed.


A few structures under autonomic control receive innervation from only one division. The principal example is blood vessels, which are innervated exclusively by sympathetic nerves.


In summary, there are three basic patterns of autonomic innervation and regulation:




• Innervation by both divisions of the autonomic nervous system in which the effects of the two divisions are opposed


• Innervation by both divisions of the autonomic nervous system in which the effects of the two divisions are complementary


• Innervation and regulation by only one division of the autonomic nervous system

















Feedback regulation


Feedback regulation is a process that allows a system to adjust itself by responding to incoming information. Practically all physiologic processes are regulated at least in part by feedback control.


Figure 13–2 depicts a feedback loop typical of those used by the autonomic nervous system. The main elements of this loop are (1) a sensor, (2) an effector, and (3) neurons connecting the sensor to the effector. The purpose of the sensor is to monitor the status of a physiologic process. Information picked up by the sensor is sent to the central nervous system (spinal cord and brain), where it is integrated with other relevant information. Signals (instructions for change) are then sent from the central nervous system along nerves of the autonomic system to the effector. In response to these instructions, the effector makes appropriate adjustments in the process. The entire procedure is called a reflex.




[image: image]


Figure 13–2 [image: ] Feedback loop of the autonomic nervous system.














Baroreceptor reflex.


From a pharmacologic perspective, the most important feedback loop of the autonomic nervous system is one that helps regulate blood pressure. This system is referred to as the baroreceptor reflex. (Baroreceptors are receptors that sense blood pressure.) This reflex is important to us because it frequently opposes our attempts to modify blood pressure with drugs.


Feedback (reflex) control of blood pressure is achieved as follows: (1) Baroreceptors located in the carotid sinus and aortic arch monitor changes in blood pressure and send this information to the brain. (2) In response, the brain sends impulses along nerves of the autonomic nervous system, instructing the heart and blood vessels to behave in a way that restores blood pressure to normal. Accordingly, when blood pressure falls, the baroreceptor reflex causes vasoconstriction and increases cardiac output. Both actions help bring blood pressure back up. Conversely, when blood pressure rises too high, the baroreceptor reflex causes vasodilation and reduces cardiac output, thereby causing blood pressure to drop. The baroreceptor reflex is discussed in greater detail in Chapter 43 (Review of Hemodynamics).




















Autonomic tone


The term autonomic tone refers to the steady, day-to-day influence exerted by the autonomic nervous system on a particular organ or organ system. Autonomic tone provides a basal level of control over which reflex regulation is superimposed.


When an organ is innervated by both divisions of the autonomic nervous system, one division—either sympathetic or parasympathetic—provides most of the basal control, thereby obviating conflicting instruction. Recall that, when an organ receives nerves from both divisions of the autonomic nervous system, those nerves frequently exert opposing influences. If both divisions were to send impulses simultaneously, the resultant conflicting instructions would be counterproductive (like running heating and air conditioning simultaneously). By having only one division of the autonomic nervous system provide the basal control to an organ, conflicting signals are avoided.


The branch of the autonomic nervous system that controls organ function most of the time is said to provide the predominant tone to that organ. In most organs, the parasympathetic nervous system provides the predominant tone. The vascular system, which is regulated almost exclusively by the sympathetic nervous system, is the principal exception.


























Anatomic considerations


Although we know a great deal about the anatomy of the peripheral nervous system, very little of this information helps us understand peripheral nervous system drugs. The few details that do pertain to pharmacology are summarized in Figure 13–3.




[image: image]


Figure 13–3 [image: ] The basic anatomy of the parasympathetic and sympathetic nervous systems and the somatic motor system.



















Parasympathetic nervous system


Pharmacologically relevant aspects of parasympathetic anatomy are shown in Figure 13–3. Note that there are two neurons in the pathway leading from the spinal cord to organs innervated by parasympathetic nerves. The junction (synapse) between these two neurons occurs within a structure called a ganglion. (A ganglion is simply a lump created by a group of nerve cell bodies.) Not surprisingly, the neurons that go from the spinal cord to the parasympathetic ganglia are called preganglionic neurons, whereas the neurons that go from the ganglia to effector organs are called postganglionic neurons. The anatomy of the parasympathetic nervous system offers two general sites at which drugs can act: (1) the synapses between preganglionic neurons and postganglionic neurons and (2) the junctions between postganglionic neurons and their effector organs.














Sympathetic nervous system


Pharmacologically relevant aspects of sympathetic nervous system anatomy are illustrated in Figure 13–3. As you can see, these features are nearly identical to those of the parasympathetic nervous system. Like the parasympathetic nervous system, the sympathetic nervous system employs two neurons in the pathways leading from the spinal cord to organs under its control. As with the parasympathetic nervous system, the junctions between those neurons are located in ganglia. Neurons leading from the spinal cord to the sympathetic ganglia are termed preganglionic neurons, and neurons leading from ganglia to effector organs are termed postganglionic neurons.


The medulla of the adrenal gland is a feature of the sympathetic nervous system that requires comment. Although not a neuron per se, the adrenal medulla can be looked on as the functional equivalent of a postganglionic neuron of the sympathetic nervous system. (The adrenal medulla influences the body by releasing epinephrine into the bloodstream, which then produces effects much like those that occur in response to stimulation of postganglionic sympathetic nerves.) Because the adrenal medulla is similar in function to a postganglionic neuron, it is appropriate to refer to the nerve leading from the spinal cord to the adrenal as preganglionic, even though there is no ganglion, as such, in this pathway.


As with the parasympathetic nervous system, drugs that affect the sympathetic nervous system have two general sites of action: (1) the synapses between preganglionic and postganglionic neurons (including the adrenal medulla), and (2) the junctions between postganglionic neurons and their effector organs.














Somatic motor system


Pharmacologically relevant anatomy of the somatic motor system is depicted in Figure 13–3. Note that there is only one neuron in the pathway from the spinal cord to the muscles innervated by somatic motor nerves. Because this pathway contains only one neuron, peripherally acting drugs that affect somatic motor system function have only one site of action: the neuromuscular junction (ie, the junction between the somatic motor nerve and the muscle).


























Introduction to transmitters of the peripheral nervous system


The peripheral nervous system employs three neurotransmitters: acetylcholine, norepinephrine, and epinephrine. Any given junction in the peripheral nervous system uses only one of these transmitter substances. A fourth compound—dopamine—may also serve as a peripheral nervous system transmitter, but this role has not been demonstrated conclusively.


To understand peripheral nervous system pharmacology, it is necessary to know the identity of the transmitter employed at each of the junctions of the peripheral nervous system. This information is summarized in Figure 13–4. As indicated, acetylcholine is the transmitter employed at most junctions of the peripheral nervous system. Acetylcholine is the transmitter released by (1) all preganglionic neurons of the parasympathetic nervous system, (2) all preganglionic neurons of the sympathetic nervous system, (3) all postganglionic neurons of the parasympathetic nervous system, (4) all motor neurons to skeletal muscles, and (5) most postganglionic neurons of the sympathetic nervous system that go to sweat glands.




[image: image]


Figure 13–4 [image: ] Transmitters employed at specific junctions of the peripheral nervous system.
Summary:
1.All preganglionic neurons of the parasympathetic and sympathetic nervous systems release acetylcholine as their transmitter.
2.All postganglionic neurons of the parasympathetic nervous system release acetylcholine as their transmitter.
3.Most postganglionic neurons of the sympathetic nervous system release norepinephrine as their transmitter.
4.Postganglionic neurons of the sympathetic nervous system that innervate sweat glands release acetylcholine as their transmitter.
5.Epinephrine is the principal transmitter released by the adrenal medulla.
6.All motor neurons to skeletal muscles release acetylcholine as their transmitter.








Norepinephrine is the transmitter released by practically all postganglionic neurons of the sympathetic nervous system. The only exceptions are the postganglionic sympathetic neurons that go to sweat glands, which employ acetylcholine as their transmitter.


Epinephrine is the major transmitter released by the adrenal medulla. (The adrenal medulla also releases some norepinephrine.)


Much of what follows in this chapter is based on the information summarized in Figure 13–4. Accordingly, I strongly urge you to learn (memorize) this information now.














Introduction to receptors of the peripheral nervous system


The peripheral nervous system works through several different types of receptors. Understanding these receptors is central to understanding peripheral nervous system pharmacology. All effort that you invest in learning about these receptors now will be richly rewarded as we discuss peripheral nervous system drugs in the chapters to come.













Primary receptor types: cholinergic receptors and adrenergic receptors


There are two basic categories of receptors associated with the peripheral nervous system: cholinergic receptors and adrenergic receptors. Cholinergic receptors are defined as receptors that mediate responses to acetylcholine. These receptors mediate responses at all junctions where acetylcholine is the transmitter. Adrenergic receptors are defined as receptors that mediate responses to epinephrine (adrenaline) and norepinephrine. These receptors mediate responses at all junctions where norepinephrine or epinephrine is the transmitter.














Subtypes of cholinergic and adrenergic receptors


Not all cholinergic receptors are the same; likewise, not all adrenergic receptors are the same. For each of these two major receptor classes there are receptor subtypes. There are three major subtypes of cholinergic receptors, referred to as nicotinicN, nicotinicM, and muscarinic.* And there are four major subtypes of adrenergic receptors, referred to as alpha1, alpha2, beta1, and beta2.


In addition to the four major subtypes of adrenergic receptors, there is another adrenergic receptor type, referred to as the dopamine receptor. Although dopamine receptors are classified as adrenergic, these receptors do not respond to epinephrine or norepinephrine. Rather, they respond only to dopamine, a neurotransmitter found primarily in the central nervous system.


























Exploring the concept of receptor subtypes


The concept of receptor subtypes is important and potentially confusing. In this section we discuss what a receptor subtype is and why receptor subtypes matter.













What do we mean by the term receptor subtype?



Receptors that respond to the same transmitter but nonetheless are different from one another would be called receptor subtypes. For example, peripheral receptors that respond to acetylcholine can be found (1) in ganglia of the autonomic nervous system, (2) at neuromuscular junctions, and (3) on organs regulated by the parasympathetic nervous system. However, even though all of these receptors can be activated by acetylcholine, there is clear evidence that the receptors at these three sites are, in fact, different from one another. Hence, although all of these receptors belong to the same major receptor category (cholinergic), they are sufficiently different as to constitute distinct receptor subtypes.














How do we know that receptor subtypes exist?


Historically, our knowledge of receptor subtypes came from observing responses to drugs. In fact, were it not for drugs, receptor subtypes might never have been discovered.


The data in Table 13–1 illustrate the types of drug responses that led to the realization that receptor subtypes exist. These data summarize the results of an experiment designed to study the effects of a natural transmitter (acetylcholine) and a series of drugs (nicotine, muscarine, d-tubocurarine, and atropine) on two tissues: skeletal muscle and ciliary muscle. (The ciliary muscle is the muscle responsible for focusing the eye for near vision.) As these data indicate, although skeletal muscle and ciliary muscle both contract in response to acetylcholine, these tissues differ in their responses to drugs. In the discussion below, we examine the selective responses of these tissues to drugs and see how those responses reveal the existence of receptor subtypes.




TABLE 13–1 [image: ]


Responses of Skeletal Muscle and Ciliary Muscle to a Series of Drugs










	Drug

	Response






	Skeletal Muscle

	Ciliary Muscle










	Acetylcholine

	Contraction

	Contraction






	Nicotine

	Contraction

	No response






	Muscarine

	No response

	Contraction






	Acetylcholine






	  After d-tubocurarine

	No response

	Contraction






	  After atropine

	Contraction

	No response
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At synapses on skeletal muscle and ciliary muscle, acetylcholine is the transmitter employed by neurons to elicit contraction. Because both types of muscle respond to acetylcholine, it is safe to conclude that both muscles have receptors for this substance. Because acetylcholine is the natural transmitter for these receptors, we would classify these receptors as cholinergic.


What do the effects of nicotine on skeletal muscle and ciliary muscle suggest? The effects of nicotine on these muscles suggest four possible conclusions: (1) Because skeletal muscle contracts when nicotine is applied, we can conclude that skeletal muscle has receptors at which nicotine can act. (2) Because ciliary muscle does not respond to nicotine, we can tentatively conclude that ciliary muscle does not have receptors for nicotine. (3) Because nicotine mimics the effects of acetylcholine on skeletal muscle, we can conclude that nicotine may act at the same receptors on skeletal muscle as does acetylcholine. (4) Because both types of muscle have receptors for acetylcholine, and because nicotine appears to act only at the acetylcholine receptors on skeletal muscle, we can tentatively conclude that the acetylcholine receptors on skeletal muscle are different from the acetylcholine receptors on ciliary muscle.


What do the responses to muscarine suggest? The conclusions that can be drawn regarding responses to muscarine are exactly parallel to those drawn for nicotine. These conclusions are: (1) ciliary muscle has receptors that respond to muscarine, (2) skeletal muscle may not have receptors for muscarine, (3) muscarine may be acting at the same receptors on ciliary muscle as does acetylcholine, and (4) the receptors for acetylcholine on ciliary muscle may be different from the receptors for acetylcholine on skeletal muscle.


The responses of skeletal muscle and ciliary muscle to nicotine and muscarine suggest, but do not prove, that the cholinergic receptors on these two tissues are different. However, the responses of these two tissues to d-tubocurarine and atropine, both of which are receptor blocking agents, eliminate any doubts as to the presence of cholinergic receptor subtypes. When both types of muscle are pretreated with d-tubocurarine and then exposed to acetylcholine, the response to acetylcholine is blocked—but only in skeletal muscle. Tubocurarine pretreatment does not reduce the ability of acetylcholine to stimulate ciliary muscle. Conversely, pretreatment with atropine selectively blocks the response to acetylcholine in ciliary muscle—but atropine does nothing to prevent acetylcholine from stimulating receptors on skeletal muscle. Because tubocurarine can selectively block cholinergic receptors in skeletal muscle, whereas atropine can selectively block cholinergic receptors in ciliary muscle, we can conclude with certainty that the receptors for acetylcholine in these two types of muscle must be different.


The data just discussed illustrate the essential role of drugs in revealing the presence of receptor subtypes. If acetylcholine were the only probe that we had, all that we would have been able to observe is that both skeletal muscle and ciliary muscle can respond to this agent. This simple observation would provide no basis for suspecting that the receptors for acetylcholine in these two tissues were different. It is only through the use of selectively acting drugs that the presence of receptor subtypes was initially revealed.


Today, the technology for identifying receptors and their subtypes is extremely sophisticated—not that studies like the one just discussed are no longer of value. In addition to performing traditional drug-based studies, scientists are now cloning receptors using DNA hybridization technology. As you can imagine, this allows us to understand receptors in ways that were unthinkable in the past.*














How can drugs be more selective than natural transmitters at receptor subtypes?


Drugs achieve their selectivity for receptor subtypes by having structures that are different from those of natural transmitters. The relationship between structure and receptor selectivity is illustrated in Figure 13–5. In this figure, cartoon drawings are used to represent drugs (nicotine and muscarine), receptor subtypes (nicotinic and muscarinic), and acetylcholine (the natural transmitter at nicotinic and muscarinic receptors). From the structures shown, we can easily imagine how acetylcholine is able to interact with both kinds of receptor subtypes, whereas nicotine and muscarine can interact only with the receptor subtypes whose structure is complementary to their own. By synthesizing chemicals that are structurally related to natural transmitters, pharmaceutical chemists have been able to produce drugs that are more selective for specific receptor subtypes than are the natural transmitters that act at those sites.
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Figure 13–5 [image: ] Drug structure and receptor selectivity.
These cartoon figures illustrate the relationship between structure and receptor selectivity. The structure of acetylcholine allows this transmitter to interact with both receptor subtypes. In contrast, because of their unique structures, nicotine and muscarine are selective for the cholinergic receptor subtypes whose structure complements their own.




















Why do receptor subtypes exist?


It is not unreasonable for us to wonder why Mother Nature bothered to create more than one type of receptor for any given transmitter. Unfortunately, a definitive answer to that question will have to come from Mother Nature herself. That is, the physiologic benefits of having multiple receptor subtypes for the same transmitter are not immediately obvious. In fact, as noted earlier, were it not for drugs, we probably wouldn’t know that receptor subtypes existed at all.














Do receptor subtypes matter to us? you bet!


Although receptor subtypes are of uncertain physiologic relevance, from the viewpoint of therapeutics, receptor subtypes are invaluable. The presence of receptor subtypes makes possible a dramatic increase in drug selectivity. For example, thanks to the existence of subtypes of cholinergic receptors (and the development of drugs selective for those receptor subtypes), it is possible to influence the activity of certain cholinergic receptors (eg, receptors of the neuromuscular junction) without altering the activity of all other cholinergic receptors (eg, the cholinergic receptors found in all autonomic ganglia and all target organs of the parasympathetic nervous system). Were it not for the existence of receptor subtypes, a drug that acted on cholinergic receptors at one site would alter the activity of cholinergic receptors at all other sites. Clearly, the existence of receptor subtypes for a particular transmitter makes possible drug actions that are much more selective than could be achieved if all of the receptors for that transmitter were the same. (Recall our discussion of Mort and Merv in Chapter 12.)


























Locations of receptor subtypes


Since many of the drugs discussed in the following chapters are selective for specific receptor subtypes, knowledge of the sites at which specific receptor subtypes are located will help us predict which organs a drug will affect. Accordingly, in laying our foundation for studying peripheral nervous system drugs, it is important to learn the sites at which the subtypes of adrenergic and cholinergic receptors are located. This information is summarized in Figure 13–6. You will find it very helpful to master the contents of this figure before proceeding much further. (In the interest of minimizing confusion, subtypes of adrenergic receptors in Figure 13–6 are listed simply as alpha and beta rather than as alpha1, alpha2, beta1, and beta2. The locations of all four subtypes of adrenergic receptors are discussed in the section that follows.)
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Figure 13–6 [image: ] Locations of cholinergic and adrenergic receptor subtypes.
Summary:
1. NicotinicN receptors are located on the cell bodies of all postganglionic neurons of the parasympathetic and sympathetic nervous systems. NicotinicN receptors are also located on cells of the adrenal medulla.
2. NicotinicM receptors are located on skeletal muscle.
3. Muscarinic receptors are located on all organs regulated by the parasympathetic nervous system (ie, organs innervated by postganglionic parasympathetic nerves). Muscarinic receptors are also located on sweat glands.
4. Adrenergic receptors—alpha, beta, or both—are located on all organs (except sweat glands) regulated by the sympathetic nervous system (ie, organs innervated by postganglionic sympathetic nerves). Adrenergic receptors are also located on organs regulated by epinephrine released from the adrenal medulla.




















Functions of cholinergic and adrenergic receptor subtypes


Knowledge of receptor function is an absolute requirement for understanding peripheral nervous system drugs. By knowing the receptors at which a drug acts, and by knowing what those receptors do, we can predict the major effects of any peripheral nervous system drug.


Tables 13–2 and 13–3 summarize the pharmacologically relevant functions of peripheral nervous system receptors. Table 13–2 summarizes responses elicited by activation of cholinergic receptor subtypes. Table 13–3 summarizes responses to activation of adrenergic receptor subtypes. Before attempting to study specific peripheral nervous system drugs, you should master (memorize) the contents of the appropriate table. Accordingly, you should master Table 13–2 before studying cholinergic drugs (Chapters 14, 15, and 16). And you should master Table 13–3 before studying adrenergic drugs (Chapters 17, 18, and 19). If you master these tables in preparation for learning about peripheral nervous system drugs, you will find the process of learning the pharmacology relatively simple (and perhaps even enjoyable). Conversely, if you attempt to study the pharmacology without first mastering the appropriate table, you are likely to meet with frustration.




TABLE 13–2 [image: ]


Functions of Peripheral Cholinergic Receptor Subtypes










	Receptor Subtype

	Location

	Response to Receptor Activation










	NicotinicN

	All autonomic nervous system ganglia and the adrenal medulla

	Stimulation of parasympathetic and sympathetic postganglionic nerves and release of epinephrine from the adrenal medulla






	NicotinicM

	Neuromuscular junction

	Contraction of skeletal muscle






	Muscarinic

	All parasympathetic target organs:

	

Contraction of the ciliary muscle focuses the lens for near vision
Contraction of the iris sphincter muscle causes miosis (decreased pupil diameter)






	  Eye
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	  Heart
  Lung

  Bladder

	Decreased rate
Constriction of bronchi
Promotion of secretions
Contraction of detrusor increases bladder pressure
Relaxation of trigone and sphincter allows urine to leave the bladder
Coordinated contraction of detrusor and relaxation of trigone and sphincter causes voiding of the bladder






	



[image: image]












	  GI tract


  Sweat glands*
  Sex organs
  Blood vessels†


	Salivation
Increased gastric secretions
Increased intestinal tone and motility
Defecation
Generalized sweating
Erection
Vasodilation
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*Although sweating is due primarily to stimulation of muscarinic receptors by acetylcholine, the nerves that supply acetylcholine to sweat glands belong to the sympathetic nervous system rather than the parasympathetic nervous system.


†Cholinergic receptors on blood vessels are not associated with the nervous system.







TABLE 13–3 [image: ]


Functions of Peripheral Adrenergic Receptor Subtypes










	Receptor Subtype

	Location

	Response to Receptor Activation










	Alpha1

	Eye

	Contraction of the radial muscle of the iris causes mydriasis (increased pupil size)
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	Arterioles
  Skin
  Viscera
  Mucous membranes

	Constriction

	





[image: image]












	Veins

	Constriction






	Sex organs, male

	Ejaculation






	Prostatic capsule

	Contraction






	Bladder

	Contraction of trigone and sphincter






	Alpha2

	Presynaptic nerve terminals*


	Inhibition of transmitter release
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	Beta1

	Heart

	Increased rate

	 






	 

	Increased force of contraction






	 

	Increased AV conduction velocity






	Kidney

	Release of renin






	Beta2

	Arterioles
  Heart
  Lung
  Skeletal muscle

	Dilation






	Bronchi

	Dilation






	Uterus






	Relaxation






	Liver






	Glycogenolysis






	Skeletal muscle






	Enhanced contraction, glycogenolysis






	Dopamine

	Kidney

	Dilation of kidney vasculature
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AV = atrioventricular, NE = norepinephrine, R = receptor.


*Alpha2 receptors in the central nervous system are postsynaptic.











Functions of cholinergic receptor subtypes


Table 13–2 summarizes the pharmacologically relevant responses to activation of the three major subtypes of cholinergic receptors: nicotinicN, nicotinicM, and muscarinic. Please commit the information in this table to memory.


We can group responses to cholinergic receptor activation into three major categories based on the subtype of receptor involved:




• Activation of nicotinicN (neuronal) receptors promotes ganglionic transmission at all ganglia of the sympathetic and parasympathetic nervous systems. In addition, activation of nicotinicN receptors promotes release of epinephrine from the adrenal medulla.


• Activation of nicotinicM (muscle) receptors causes contraction of skeletal muscle.


• Activation of muscarinic receptors, which are located on target organs of the parasympathetic nervous system, elicits an appropriate response from the organ involved. Specifically, muscarinic activation causes (1) increased glandular secretions (from pulmonary, gastric, intestinal, and sweat glands); (2) contraction of smooth muscle in the bronchi and GI tract; (3) slowing of heart rate; (4) contraction of the sphincter muscle of the iris, resulting in miosis (reduction in pupillary diameter); (5) contraction of the ciliary muscle of the eye, causing the lens to focus for near vision; (6) dilation of blood vessels; and (7) voiding of the urinary bladder (by causing contraction of the detrusor muscle [which forms the bladder wall] and relaxation of the trigone and sphincter muscles [which block the bladder neck when contracted]).





Muscarinic cholinergic receptors on blood vessels require additional comment. These receptors are not associated with the nervous system in any way. That is, no autonomic nerves terminate at vascular muscarinic receptors. It is not at all clear as to how, or even if, these receptors are activated physiologically. However, regardless of their physiologic relevance, the cholinergic receptors on blood vessels do have pharmacologic significance. Why? Because drugs that are able to activate these receptors cause vasodilation, which in turn causes blood pressure to fall.














Functions of adrenergic receptor subtypes


Adrenergic receptor subtypes and their functions are summarized in Table 13–3. You should commit this information to memory.








Alpha1 receptors


Alpha1 receptors are located in the eyes, blood vessels, male sex organs, prostatic capsule, and bladder (trigone and sphincter).


Ocular alpha1 receptors are present on the radial muscle of the iris. Activation of these receptors leads to mydriasis (dilation of the pupil). As depicted in Table 13–3, the fibers of the radial muscle are arranged like the spokes of a wheel. Because of this configuration, contraction of the radial muscle causes the pupil to enlarge. (If you have difficulty remembering that mydriasis means pupillary enlargement, whereas miosis means pupillary constriction, just remember that mydriasis [enlargement] is a bigger word than miosis.)


Activation of alpha1 receptors in blood vessels produces vasoconstriction. Alpha1 receptors are present on veins and on arterioles in many capillary beds.


Activation of alpha1 receptors in the sexual apparatus of males causes ejaculation.


Activation of alpha1 receptors in smooth muscle of the bladder (trigone and sphincter) and prostatic capsule causes contraction.














Alpha2 receptors


Alpha2 receptors of the peripheral nervous system are located on nerve terminals (see Table 13–3) and not on the organs innervated by the autonomic nervous system. Because alpha2 receptors are located on nerve terminals, these receptors are referred to as presynaptic or prejunctional. The function of these receptors is to regulate transmitter release. As depicted in Table 13–3, norepinephrine can bind to alpha2 receptors located on the same neuron from which the norepinephrine was released. The consequence of this norepinephrine-receptor interaction is suppression of further norepinephrine release. Hence, presynaptic alpha2 receptors can help reduce transmitter release when too much transmitter has accumulated in the synaptic gap. Drug effects resulting from activation of peripheral alpha2 receptors are of minimal clinical significance.


Alpha2 receptors are also present in the CNS. In contrast to peripheral alpha2 receptors, central alpha2 receptors are therapeutically relevant. We will consider these receptors in later chapters.














Beta1 receptors


Beta1 receptors are located in the heart and the kidney. Cardiac beta1 receptors have great therapeutic significance. Activation of these receptors increases heart rate, force of contraction, and velocity of impulse conduction through the atrioventricular (AV) node.


Activation of beta1 receptors in the kidney causes release of renin into the blood. Since renin promotes synthesis of angiotensin, a powerful vasoconstrictor, activation of renal beta1 receptors is a means by which the nervous system helps elevate blood pressure. (The role of renin in the regulation of blood pressure is discussed in depth in Chapter 44.)














Beta2 receptors


Beta2 receptors mediate several important processes. Activation of beta2 receptors in the lung leads to bronchial dilation. Activation of beta2 receptors in the uterus causes relaxation of uterine smooth muscle. Activation of beta2 receptors in arterioles of the heart, lungs, and skeletal muscles causes vasodilation (an effect opposite to that of alpha1 activation). Activation of beta2 receptors in the liver and skeletal muscle promotes glycogenolysis (breakdown of glycogen into glucose), thereby increasing blood levels of glucose. In addition, activation of beta2 receptors in skeletal muscle enhances contraction.














Dopamine receptors


In the periphery, the only dopamine receptors of clinical significance are located in the vasculature of the kidney. Activation of these receptors dilates renal blood vessels, thereby enhancing renal perfusion.


In the central nervous system, receptors for dopamine are of great therapeutic significance. The functions of these receptors are discussed in Chapter 21 (Drugs for Parkinson’s Disease) and Chapter 31 (Antipsychotic Agents and Their Use in Schizophrenia).


























Receptor specificity of the adrenergic transmitters


The receptor specificity of adrenergic transmitters is more complex than the receptor specificity of acetylcholine. Whereas acetylcholine can activate all three subtypes of cholinergic receptors, not every adrenergic transmitter (epinephrine, norepinephrine, dopamine) can interact with each of the five subtypes of adrenergic receptors.


Receptor specificity of adrenergic transmitters is as follows: (1) epinephrine can activate all alpha and beta receptors, but not dopamine receptors; (2) norepinephrine can activate alpha1, alpha2, and beta1 receptors, but not beta2 or dopamine receptors; and (3) dopamine can activate alpha1, beta1, and dopamine receptors. (Note that dopamine itself is the only transmitter capable of activating dopamine receptors.) Receptor specificity of the adrenergic transmitters is summarized in Table 13–4.




TABLE 13–4 [image: ]


Receptor Specificity of Adrenergic Transmitters*










	 

	Adrenergic Receptor Subtype






	Transmitter

	Alpha1


	Alpha2


	Beta1


	Beta2


	Dopamine










	Epinephrine

	[image: image]

	 






	Norepinephrine
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	Dopamine
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*Arrows indicate the range of receptors that the transmitters can activate.





Knowing that epinephrine is the only transmitter that acts at beta2 receptors can serve as an aid to remembering the functions of this receptor subtype. Recall that epinephrine is released from the adrenal medulla—not from neurons—and that the function of epinephrine is to prepare the body for fight or flight. Accordingly, since epinephrine is the only transmitter that activates beta2 receptors, and since epinephrine is released only in preparation for fight or flight, times of fight or flight will be the only occasions on which beta2 receptors will undergo significant physiologic activation. As it turns out, the physiologic changes elicited by beta2 activation are precisely those needed for success in the fight-or-flight response. Specifically, activation of beta2 receptors will (1) dilate blood vessels in the heart, lungs, and skeletal muscles, thereby increasing blood flow to these organs; (2) dilate the bronchi, thereby increasing oxygenation; (3) increase glycogenolysis, thereby increasing available energy; and (4) relax uterine smooth muscle, thereby preventing delivery (a process that would be inconvenient for a pregnant woman preparing to fight or flee). Accordingly, if you think of the physiologic requirements for success during fight or flight, you will have a good picture of the responses that beta2 activation can cause.














Transmitter life cycles


In this section we consider the life cycles of acetylcholine, norepinephrine, and epinephrine. Because a number of drugs produce their effects by interfering with specific phases of the transmitters’ life cycles, knowledge of these cycles helps us understand drug actions.








Life cycle of acetylcholine


The life cycle of acetylcholine (ACh) is depicted in Figure 13–7. The cycle begins with synthesis of ACh from two precursors: choline and acetylcoenzyme A. Following synthesis, ACh is stored in vesicles and later released in response to an action potential. Following release, ACh binds to receptors (nicotinicN, nicotinicM, or muscarinic) located on the postjunctional cell. Upon dissociating from its receptors, ACh is destroyed almost instantaneously by acetylcholinesterase (AChE), an enzyme present in abundance on the surface of the postjunctional cell. AChE degrades ACh into two inactive products: acetate and choline. Uptake of choline into the cholinergic nerve terminal completes the life cycle of ACh. Note that an inactive substance (choline), and not the active transmitter (acetylcholine), is taken back up for reuse.




[image: image]


Figure 13–7 [image: ] Life cycle of acetylcholine.
Note that transmission is terminated by enzymatic degradation of ACh and not by uptake of intact ACh back into the nerve terminal. (Acetyl CoA = acetylcoenzyme A, ACh = acetylcholine, AChE = acetylcholinesterase.)








Therapeutic and toxic agents can interfere with the ACh life cycle at several points. Botulinum toxin inhibits ACh release. A number of medicines and poisons act at cholinergic receptors to mimic or block the actions of ACh. Several therapeutic and toxic agents act by inhibiting AChE, thereby causing ACh to accumulate in the junctional gap.














Life cycle of norepinephrine


The life cycle of norepinephrine is depicted in Figure 13–8. As indicated, the cycle begins with synthesis of norepinephrine from a series of precursors. The final step of synthesis takes place within vesicles, where norepinephrine is then stored prior to release. Following release, norepinephrine binds to adrenergic receptors. As shown in the figure, norepinephrine can interact with postsynaptic alpha1 and beta1 receptors (but not with beta2 receptors) and with presynaptic alpha2 receptors. Transmission is terminated by reuptake of norepinephrine back into the nerve terminal. (Note that the termination process for norepinephrine differs from that for acetylcholine, whose effects are terminated by enzymatic degradation rather than reuptake.) Following reuptake, norepinephrine can undergo one of two fates: (1) uptake into vesicles for reuse or (2) inactivation by monoamine oxidase (MAO), an enzyme found in the nerve terminal.




[image: image]


Figure 13–8 [image: ] Life cycle of norepinephrine.
Note that transmission mediated by NE is terminated by reuptake of NE into the nerve terminal, and not by enzymatic degradation. Be aware that, although postsynaptic cells may have alpha1, beta1, and beta2 receptors, NE can only activate postsynaptic alpha1 and beta1 receptors; physiologic activation of beta2 receptors is done by epinephrine. (DA = dopamine, MAO = monoamine oxidase, NE = norepinephrine.)








Practically every step in the life cycle of norepinephrine can be altered by therapeutic agents. We have drugs that alter the synthesis, storage, and release of norepinephrine; we have drugs that act at adrenergic receptors to mimic or block the effects of norepinephrine; we have drugs, such as cocaine and tricyclic antidepressants, that inhibit the reuptake of norepinephrine (and thereby intensify transmission); and we have drugs that inhibit the breakdown of norepinephrine by MAO, causing an increase in the amount of transmitter available for release.














Life cycle of epinephrine


The life cycle of epinephrine is much like that of norepinephrine—although there are significant differences. The cycle begins with synthesis of epinephrine within chromaffin cells of the adrenal medulla. These cells produce epinephrine by first making norepinephrine, which is then converted enzymatically to epinephrine. (Because sympathetic neurons lack the enzyme needed to convert norepinephrine to epinephrine, epinephrine is not produced in sympathetic nerves.) Following synthesis, epinephrine is stored in vesicles to await release. Once released, epinephrine travels via the bloodstream to target organs throughout the body, where it can activate alpha1, alpha2, beta1, and beta2 receptors. Termination of epinephrine actions is accomplished primarily by hepatic metabolism, and not by uptake into nerves.


I know it’s a lot of work, but there’s really no way around it: You’ve got to incorporate this information into your personal database (ie, ya gotta memorize it).


























Key points







[image: ] The peripheral nervous system has two major divisions: the autonomic nervous system and the somatic motor system.


[image: ] The autonomic nervous system has two major divisions: the sympathetic nervous system and the parasympathetic nervous system.


[image: ] The parasympathetic nervous system has several functions relevant to pharmacology: it slows heart rate, increases gastric secretion, empties the bladder and bowel, focuses the eye for near vision, constricts the pupil, and contracts bronchial smooth muscle.


[image: ] Principal functions of the sympathetic nervous system are regulation of the cardiovascular system, regulation of body temperature, and implementation of the fight-or-flight response.


[image: ] In some organs (eg, the heart), sympathetic and parasympathetic nerves have opposing effects. In other organs (eg, male sex organs), the sympathetic and parasympathetic systems have complementary effects. And in still other organs (notably blood vessels), function is regulated by only one branch of the autonomic nervous system.


[image: ] The baroreceptor reflex helps regulate blood pressure.


[image: ] In most organs regulated by the autonomic nervous system, the parasympathetic nervous system provides the dominant tone.


[image: ] In blood vessels, the sympathetic nervous system provides the dominant tone.


[image: ] Pathways from the spinal cord to organs under sympathetic and parasympathetic control consist of two neurons: a preganglionic neuron and a postganglionic neuron.


[image: ] The adrenal medulla is the functional equivalent of a postganglionic sympathetic neuron.


[image: ] Somatic motor pathways from the spinal cord to skeletal muscles have only one neuron.


[image: ] The peripheral nervous system employs three transmitters: acetylcholine, norepinephrine, and epinephrine.


[image: ] Acetylcholine is the transmitter released by all preganglionic neurons of the sympathetic nervous system, all preganglionic neurons of the parasympathetic nervous system, all postganglionic neurons of the parasympathetic nervous system, postganglionic neurons of the sympathetic nervous system that go to sweat glands, and all motor neurons.


[image: ] Norepinephrine is the transmitter released by all postganglionic neurons of the sympathetic nervous system, except those that go to sweat glands.


[image: ] Epinephrine is the major transmitter released by the adrenal medulla.


[image: ] There are three major subtypes of cholinergic receptors: nicotinicN, nicotinicM, and muscarinic.


[image: ] There are four major subtypes of adrenergic receptors: alpha1, alpha2, beta1, and beta2.


[image: ] Although receptor subtypes are of uncertain physiologic significance, they are of great pharmacologic significance.


[image: ] Activation of nicotinicN receptors promotes transmission at all autonomic ganglia, and promotes release of epinephrine from the adrenal medulla.


[image: ] Activation of nicotinicM receptors causes contraction of skeletal muscle.


[image: ] Activation of muscarinic receptors increases glandular secretion (from pulmonary, gastric, intestinal, and sweat glands); contracts smooth muscle in the bronchi and Gl tract; slows heart rate; contracts the iris sphincter; contracts the ciliary muscle (thereby focusing the lens for near vision); dilates blood vessels; and promotes bladder voiding (by contracting the bladder detrusor muscle and relaxing the trigone and sphincter).


[image: ] Activation of alpha1 receptors contracts the radial muscle of the eye (causing mydriasis), constricts veins and arterioles, promotes ejaculation, and contracts smooth muscle in the prostatic capsule and bladder (trigone and sphincter).


[image: ] Activation of peripheral alpha2 receptors is of minimal pharmacologic significance.


[image: ] Activation of beta1 receptors increases heart rate, force of myocardial contraction, and conduction velocity through the AV node, and promotes release of renin by the kidney.


[image: ] Activation of beta2 receptors dilates the bronchi, relaxes uterine smooth muscle, increases glycogenolysis, enhances contraction of skeletal muscle, and dilates arterioles (in the heart, lungs, and skeletal muscle).


[image: ] Activation of dopamine receptors dilates blood vessels in the kidney.


[image: ] Norepinephrine can activate alpha1, alpha2, and beta1 receptors, whereas epinephrine can activate alpha1, alpha2, beta1, and beta2 receptors.


[image: ] Neurotransmission at cholinergic junctions is terminated by degradation of acetylcholine by acetylcholinesterase.


[image: ] Neurotransmission at adrenergic junctions is terminated by reuptake of intact norepinephrine into nerve terminals.


[image: ] Following reuptake, norepinephrine may be stored in vesicles for reuse or destroyed by monoamine oxidase.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.


















*Evidence gathered over the last 15 years indicates that muscarinic receptors, like nicotinic receptors, come in subtypes. Five have been identified. Of these, only three—designated M1, M2, and M3—have clearly identified functions. At this time, practically all drugs that affect muscarinic receptors are nonselective. Accordingly, since our understanding of these receptors is limited, and since drugs that can selectively alter their function are few, we will not discuss muscarinic receptor subtypes further in this chapter. However, we will discuss them in Chapter 14, in the context of drugs for overactive bladder.


*In addition to revealing exciting new information about receptors previously identified, this spiffy technology is so powerful that new receptors and receptor subtypes are being discovered at a dizzying rate. Which means, of course, that students in the future will have many more receptors to contend with than you do. So, when it seems like you’re working awfully hard to master the information on receptors in this chapter and the ones that follow, look on the bright side—you could be studying pharmacology 10 years from now!
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Introduction to Cholinergic Drugs


The cholinergic drugs are agents that influence the activity of cholinergic receptors. Most of these drugs act directly at cholinergic receptors, where they either mimic or block the actions of acetylcholine. Some of these drugs—the cholinesterase inhibitors—influence cholinergic receptors indirectly by preventing the breakdown of acetylcholine.


The cholinergic drugs have both therapeutic and toxicologic significance. Therapeutic applications are limited but valuable. The toxicology of cholinergic drugs is extensive, encompassing such agents as nicotine, insecticides, and compounds designed for chemical warfare.


There are six categories of cholinergic drugs. These categories, along with representative agents, are summarized in Table 1. The muscarinic agonists, represented by bethanechol, selectively mimic the effects of acetylcholine at muscarinic receptors. The muscarinic antagonists, represented by atropine, selectively block the effects of acetylcholine (and other agonists) at muscarinic receptors. Ganglionic stimulating agents, represented by nicotine itself, selectively mimic the effects of acetylcholine at nicotinicN receptors of autonomic ganglia. Ganglionic blocking agents, represented by mecamylamine, selectively block ganglionic nicotinicN receptors. Neuromuscular blocking agents, represented by d-tubocurarine and succinylcholine, selectively block the effects of acetylcholine at nicotinicM receptors at the neuromuscular junction. The cholinesterase inhibitors, represented by neostigmine and physostigmine, prevent the breakdown of acetylcholine by acetylcholinesterase, and thereby increase the activation of all cholinergic receptors.




TABLE 1 [image: ]


Categories of Cholinergic Drugs








	Category

	Representative Drugs










	Muscarinic agonists

	Bethanechol






	Muscarinic antagonists

	Atropine






	Ganglionic stimulating agents

	Nicotine






	Ganglionic blocking agents

	Mecamylamine






	Neuromuscular blocking agents

	
d-Tubocurarine, succinylcholine






	Cholinesterase inhibitors

	Neostigmine, physostigmine












Table 2 is your master key to understanding the cholinergic drugs. This table lists the three major subtypes of cholinergic receptors (muscarinic, nicotinicN, and nicotinicM) and indicates for each receptor type: (1) location, (2) responses to activation, (3) drugs that produce activation (agonists), and (4) drugs that prevent activation (antagonists). This information, along with the detailed information on cholinergic receptor function summarized in Table 13–2, is just about all you need to predict the actions of cholinergic drugs.




TABLE 2 [image: ]


Summary of Cholinergic Drugs and Their Receptors










	 

	Receptor Subtype






	 

	Muscarinic

	NicotinicN


	NicotinicM











	Receptor Location

	Sweat glands

	All ganglia of the autonomic nervous system

	Neuromuscular junctions (NMJs)






	Blood vessels






	All organs regulated by the parasympathetic nervous system






	Effects of Receptor Activation

	Many, including:

	Promotes ganglionic transmission

	Skeletal muscle contraction






	( Heart rate






	) Gland secretion






	Smooth muscle contraction






	Receptor Agonists

	Bethanechol

	Nicotine

	(Nicotine*)






	Receptor Antagonists

	Atropine

	Mecamylamine

	
d-Tubocurarine, succinylcholine






	Indirect-Acting Cholinomimetics

	Cholinesterase inhibitors: Physostigmine, neostigmine, and other cholinesterase inhibitors can activate all cholinergic receptors (by causing accumulation of acetylcholine at cholinergic junctions)†















[image: image]





*The doses of nicotine needed to activate nicotinicM receptors of the NMJs are much higher than the doses needed to activate nicotinicN receptors in autonomic ganglia.


†In all prior editions of this book, the cholinesterase inhibitors were grouped together with the receptor agonists, which, by definition, bind directly with receptors to cause activation. Although cholinesterase inhibitors do indeed cause receptor activation, they do so by an indirect mechanism, and hence I should not have grouped them with the true receptor agonists. Rather, they should have been called indirect-acting cholinomimetics. I apologize for any confusion my long-standing oversight may have caused.





An example will demonstrate the combined value of Tables 2 and 13–2. Let’s consider bethanechol. As indicated in Table 2, bethanechol is a selective agonist at muscarinic cholinergic receptors. Referring to Table 13–2, we see that activation of muscarinic receptors can produce the following: ocular effects (miosis and ciliary muscle contraction), slowing of heart rate, bronchial constriction, urination, glandular secretion, stimulation of the GI tract, penile erection, and vasodilation. Since bethanechol activates muscarinic receptors, the drug is capable of eliciting all of these responses. Hence, by knowing which receptors bethanechol activates (from Table 2), and by knowing what those receptors do (from Table 13–2), you can predict the kinds of responses you might expect bethanechol to produce.


In the chapters that follow, we will employ the approach just described. That is, for each cholinergic drug discussed, you will want to know (1) the receptors that the drug affects, (2) the normal responses to activation of those receptors, and (3) whether the drug in question increases or decreases receptor activation. All of this information is contained in Tables 2 and 13–2. Accordingly, if you master the information in these tables now, you will be prepared to follow discussions in succeeding chapters with relative ease—and perhaps even pleasure. In contrast, if you postpone mastery of these tables, you are likely to find it both difficult and dissatisfying to proceed.












CHAPTER 14


Muscarinic agonists and antagonists
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Toxicology of Muscarinic Antagonists













The muscarinic agonists and antagonists produce their effects through direct interaction with muscarinic receptors. The muscarinic agonists cause receptor activation; the antagonists produce receptor blockade. Like the muscarinic agonists, another group of drugs—the cholinesterase inhibitors—can also cause receptor activation, but they do so by an indirect mechanism. These drugs are discussed separately in Chapter 15.













Muscarinic agonists


The muscarinic agonists bind to muscarinic receptors and thereby cause receptor activation. Since nearly all muscarinic receptors are associated with the parasympathetic nervous system, responses to muscarinic agonists closely resemble those produced by stimulation of parasympathetic nerves. Accordingly, muscarinic agonists are also known as parasympathomimetic agents.








Bethanechol


Bethanechol [Urecholine, Duvoid[image: image]] embodies the properties that typify all muscarinic agonists, and hence will serve as our prototype for the group.








Mechanism of action


Bethanechol is a direct-acting muscarinic agonist. The drug binds reversibly to muscarinic cholinergic receptors to cause activation. At therapeutic doses, bethanechol acts selectively at muscarinic receptors, having little or no effect on nicotinic receptors, either in ganglia or in skeletal muscle.














Pharmacologic effects


Bethanechol can elicit all of the responses typical of muscarinic receptor activation. Accordingly, we can readily predict the effects of bethanechol by knowing the information on muscarinic responses summarized in Table 13–2.


The principal structures affected by muscarinic activation are the heart, exocrine glands, smooth muscles, and eye. Muscarinic agonists act on the heart to cause bradycardia (decreased heart rate) and on exocrine glands to increase sweating, salivation, bronchial secretions, and secretion of gastric acid. In smooth muscles of the lung and GI tract, muscarinic agonists promote contraction. The result is constriction of the bronchi and increased tone and motility of GI smooth muscle. In the bladder, muscarinic activation causes contraction of the detrusor muscle and relaxation of the trigone and sphincter; the result is bladder emptying. In vascular smooth muscle, these drugs cause relaxation; the resultant vasodilation can produce hypotension. Activation of muscarinic receptors in the eye has two effects: (1) miosis (pupillary constriction); and (2) contraction of the ciliary muscle, resulting in accommodation for near vision. (The ciliary muscle, which is attached to the lens, focuses the eye for near vision by altering lens curvature.)

















Pharmacokinetics


Bethanechol is available for oral administration only. (A subQ formulation, available in the past, has been withdrawn.) With oral dosing, effects begin in 30 to 60 minutes and persist about 1 hour. Because bethanechol is a quaternary ammonium compound (Fig. 14–1), the drug crosses membranes poorly. As a result, only a small fraction of each dose is absorbed.




[image: image]


Figure 14–1 [image: ] Structures of muscarinic agonists.
Note that, with the exception of pilocarpine, all of these agents are quaternary ammonium compounds, and hence always carry a positive charge. Because of this charge, these compounds cross membranes poorly.






































Therapeutic uses


Although bethanechol can produce a broad spectrum of pharmacologic effects, the drug is approved only for urinary retention.








Urinary retention.


Bethanechol relieves urinary retention by activating muscarinic receptors of the urinary tract. Muscarinic activation relaxes the trigone and sphincter muscles and increases voiding pressure (by contracting the detrusor muscle, which composes the bladder wall). Bethanechol is used to treat urinary retention in postoperative and postpartum patients. The drug should not be used to treat urinary retention caused by physical obstruction of the urinary tract. Why? Because increased pressure in the tract in the presence of blockage could cause injury. When patients are treated with bethanechol, a bedpan or urinal should be readily available.




















Investigational GI uses.


Bethanechol has been used on an investigational basis to treat gastroesophageal reflux. Benefits may result from increased esophageal motility and increased pressure in the lower esophageal sphincter.


Bethanechol can help treat disorders associated with GI paralysis. Benefits derive from increased tone and motility of GI smooth muscle. Specific applications are adynamic ileus, gastric atony, and postoperative abdominal distention. Bethanechol should not be given if physical obstruction of the GI tract is present. Why? Because, in the presence of blockage, increased propulsive contractions might result in damage to the intestinal wall.









































Adverse effects


In theory, bethanechol can produce the full range of muscarinic responses as side effects. However, with oral dosing, side effects are relatively rare. (When the drug was available for subQ administration, side effects were much more common.)








Cardiovascular system.


Bethanechol can cause hypotension (secondary to vasodilation) and bradycardia. Accordingly, the drug is contraindicated for patients with low blood pressure or low cardiac output.














Alimentary system.


At usual therapeutic doses, bethanechol can cause excessive salivation, increased secretion of gastric acid, abdominal cramps, and diarrhea. Higher doses can cause involuntary defecation. Bethanechol is contraindicated in patients with gastric ulcers. Why? Because stimulation of acid secretion could intensify gastric erosion, causing bleeding and possibly perforation. The drug is also contraindicated for patients with intestinal obstruction and for those recovering from recent surgery of the bowel. In both cases, the ability of bethanechol to increase the tone and motility of intestinal smooth muscle could result in rupture of the bowel wall.














Urinary tract.


Because of its ability to contract the bladder detrusor, and thereby increase pressure within the urinary tract, bethanechol can be hazardous to patients with urinary tract obstruction or weakness of the bladder wall. In both groups, elevation of pressure within the urinary tract could rupture the bladder. Accordingly, bethanechol is contraindicated for patients with either disorder.














Exacerbation of asthma.


By activating muscarinic receptors in the lungs, bethanechol can cause bronchoconstriction. Accordingly, the drug is contraindicated for patients with latent or active asthma.














Dysrhythmias in hyperthyroid patients.


Bethanechol can cause dysrhythmias in hyperthyroid patients, and hence is contraindicated for these people. The mechanism of dysrhythmia induction is explained below.





If given to hyperthyroid patients, bethanechol may increase heart rate to the point of initiating a dysrhythmia. (Note that increased heart rate is opposite to the effect that muscarinic agonists have in most patients.) When hyperthyroid patients are given bethanechol, their initial cardiovascular responses are like those of anyone else: bradycardia and hypotension. In reaction to hypotension, the baroreceptor reflex attempts to return blood pressure to normal. Part of this reflex involves the release of norepinephrine from sympathetic nerves that regulate heart rate. In patients who are not hyperthyroid, norepinephrine release serves to increase cardiac output, and thereby helps restore blood pressure. However, in hyperthyroid patients, norepinephrine can induce cardiac dysrhythmias. The reason for this unusual response is that, in hyperthyroid patients, the heart is exquisitely sensitive to the effects of norepinephrine, and hence relatively small amounts can cause stimulation sufficient to elicit a dysrhythmia.














Preparations, dosage, and administration


Bethanechol [Urecholine] is available in tablets (5, 10, 25, and 50 mg) for oral therapy. For adults, the oral dosage ranges from 10 to 50 mg given 3 to 4 times a day. Administration with food can cause nausea and vomiting, and hence dosing should be done 1 hour before meals or 2 hours after.











Other muscarinic agonists





Cevimeline





Actions and uses.


Cevimeline [Evoxac] is a derivative of acetylcholine with actions much like those of bethanechol. The drug is indicated for relief of xerostomia (dry mouth) in patients with Sjögren’s syndrome, an autoimmune disorder characterized by xerostomia, keratoconjunctivitis sicca (inflammation of the cornea and conjunctiva), and connective tissue disease (typically rheumatoid arthritis). Dry mouth results from extensive damage to salivary glands. Left untreated, dry mouth can lead to multiple complications, including periodontal disease, dental caries, altered taste, oral ulcers and candidiasis, and difficulty eating and speaking. Cevimeline relieves dry mouth by activating muscarinic receptors on residual healthy tissue in salivary glands, thereby promoting salivation. The drug also increases tear production, which can help relieve keratoconjunctivitis. Because it stimulates salivation, cevimeline may also benefit patients with xerostomia induced by radiation therapy for head and neck cancer, although the drug is not approved for this use.








Adverse effects.


Adverse effects result from activating muscarinic receptors, and hence are similar to those of bethanechol. The most common effects are excessive sweating (18.9%), nausea (13.8%), rhinitis (11.2%), and diarrhea (10.3%). To compensate for fluid loss caused by sweating and diarrhea, patients should increase fluid intake. Like bethanechol, cevimeline promotes miosis (constriction of the pupil) and may also cause blurred vision. Both actions can make driving dangerous, especially at night.


Activation of cardiac muscarinic receptors can reduce heart rate and slow cardiac conduction. Accordingly, cevimeline should be used with caution in patients with a history of heart disease.


Because muscarinic activation increases airway resistance, cevimeline is contraindicated for patients with uncontrolled asthma, and should be used with caution in patients with controlled asthma, chronic bronchitis, or chronic obstructive pulmonary disease.


Because miosis can exacerbate symptoms of both narrow-angle glaucoma and iritis (inflammation of the iris), cevimeline is contraindicated for people with these disorders.








Drug interactions.


Cevimeline can intensify cardiac depression caused by beta blockers (because both drugs decrease heart rate and cardiac conduction).


Beneficial effects of cevimeline can be antagonized by drugs that block muscarinic receptors. Among these are atropine, tricyclic antidepressants (eg, imipramine), antihistamines (eg, diphenhydramine), and phenothiazine antipsychotics (eg, chlorpromazine).








Preparations, dosage, and administration.


Cevimeline [Evoxac] is supplied in 30-mg capsules. The dosage is 30 mg 3 times a day. The drug may be administered with food to reduce gastric upset.











Pilocarpine


Pilocarpine is a muscarinic agonist used mainly for topical therapy of glaucoma, an ophthalmic disorder characterized by elevated intraocular pressure with subsequent injury to the optic nerve. The basic pharmacology of pilocarpine and its use in glaucoma are discussed in Chapter 104 (Drugs for the Eye).


In addition to its use in glaucoma, pilocarpine is approved for oral therapy of dry mouth resulting from Sjögren’s syndrome or from salivary gland damage caused by radiation therapy of head and neck cancer. For these applications, pilocarpine is available in 5-mg tablets under the trade name Salagen. The recommended dosage is 5 mg 3 or 4 times a day. At this dosage, the principal adverse effect is sweating, which occurs in 29% of patients. However, if dosage is excessive, pilocarpine can produce the full spectrum of muscarinic effects.








Acetylcholine


Clinical use of acetylcholine [Miochol-E] is limited primarily to producing rapid miosis (pupil constriction) following lens delivery in cataract surgery. Two factors explain the limited utility of this drug. First, acetylcholine lacks selectivity (in addition to activating muscarinic cholinergic receptors, acetylcholine can also activate all nicotinic cholinergic receptors). Second, because of rapid destruction by cholinesterase, acetylcholine has a half-life that is extremely short—too short for most clinical applications.








Muscarine


Although muscarine is not used clinically, this agent has historic and toxicologic significance. Muscarine is of historic interest because of its role in the discovery of cholinergic receptor subtypes. The drug has toxicologic significance because of its presence in certain poisonous mushrooms.









































Toxicology of muscarinic agonists













Sources of muscarinic poisoning.


Muscarinic poisoning can result from ingestion of certain mushrooms and from overdose with two kinds of medications: (1) direct-acting muscarinic agonists (eg, bethanechol, pilocarpine), and (2) cholinesterase inhibitors (indirect-acting cholinomimetics).


Of the mushrooms that cause poisoning, only a few do so through muscarinic activation. Mushrooms of the Inocybe and Clitocybe species have lots of muscarine, hence their ingestion can produce typical signs of muscarinic toxicity. Interestingly, Amanita muscaria, the mushroom from which muscarine was originally extracted, actually contains very little muscarine. Poisoning by this mushroom is due to toxins other than muscarinic agonists.














Symptoms.


Manifestations of muscarinic poisoning result from excessive activation of muscarinic receptors. Prominent symptoms are profuse salivation, lacrimation (tearing), visual disturbances, bronchospasm, diarrhea, bradycardia, and hypotension. Severe poisoning can produce cardiovascular collapse.














Treatment.


Management is direct and specific: administer atropine (a selective muscarinic blocking agent) and provide supportive therapy. By blocking access of muscarinic agonists to their receptors, atropine can reverse most signs of toxicity.
































Muscarinic antagonists (anticholinergic drugs)


Muscarinic antagonists competitively block the actions of acetylcholine at muscarinic receptors. Because the majority of muscarinic receptors are located on structures innervated by parasympathetic nerves, the muscarinic antagonists are also known as parasympatholytic drugs. Additional names for these agents are antimuscarinic drugs, muscarinic blockers, and anticholinergic drugs.


The term anticholinergic can be a source of confusion and requires comment. This term is unfortunate in that it implies blockade at all cholinergic receptors. However, as normally used, the term anticholinergic only denotes blockade of muscarinic receptors. Therefore, when a drug is characterized as being anticholinergic, you can take this to mean that it produces selective muscarinic blockade—and not blockade of all cholinergic receptors. In this chapter, I use the terms muscarinic antagonist and anticholinergic agent interchangeably.








Atropine


Atropine [Sal-Tropine, AtroPen, others] is the best-known muscarinic antagonist and will serve as our prototype for the group. The actions of all other muscarinic blockers are much like those of this drug.


Atropine is found naturally in a variety of plants, including Atropa belladonna (deadly nightshade) and Datura stramonium (aka Jimson weed, stinkweed, and devil’s apple). Because of its presence in Atropa belladonna, atropine is referred to as a belladonna alkaloid.








Mechanism of action


Atropine produces its effects through competitive blockade at muscarinic receptors. Like all other receptor antagonists, atropine has no direct effects of its own. Rather, all responses to atropine result from preventing receptor activation by endogenous acetylcholine (or by drugs that act as muscarinic agonists).


At therapeutic doses, atropine produces selective blockade of muscarinic cholinergic receptors. However, if the dosage is sufficiently high, the drug will produce some blockade of nicotinic receptors too.














Pharmacologic effects


Since atropine acts by causing muscarinic receptor blockade, its effects are opposite to those caused by muscarinic activation. Accordingly, we can readily predict the effects of atropine by knowing the normal responses to muscarinic receptor activation (see Table 13–2) and by knowing that atropine will reverse those responses. Like the muscarinic agonists, the muscarinic antagonists exert their influence primarily on the heart, exocrine glands, smooth muscles, and eye.








Heart.


Atropine increases heart rate. Because activation of cardiac muscarinic receptors decreases heart rate, blockade of these receptors will cause heart rate to increase.














Exocrine glands.


Atropine decreases secretion from salivary glands, bronchial glands, sweat glands, and the acid-secreting cells of the stomach. Note that these effects are opposite to those of muscarinic agonists, which increase secretion from exocrine glands.














Smooth muscle.


By preventing activation of muscarinic receptors on smooth muscle, atropine causes relaxation of the bronchi, decreased tone of the urinary bladder detrusor, and decreased tone and motility of the GI tract. In the absence of an exogenous muscarinic agonist (eg, bethanechol), muscarinic blockade has no effect on vascular smooth muscle tone. Why? Because there is no parasympathetic innervation to muscarinic receptors in blood vessels.














Eye.


Blockade of muscarinic receptors on the iris sphincter causes mydriasis (dilation of the pupil). Blockade of muscarinic receptors on the ciliary muscle produces cycloplegia (relaxation of the ciliary muscle), thereby focusing the lens for far vision.














Central nervous system (cns).


At therapeutic doses, atropine can cause mild CNS excitation. Toxic doses can cause hallucinations and delirium, which can resemble psychosis. Extremely high doses can result in coma, respiratory arrest, and death.














Dose dependency of muscarinic blockade.


It is important to note that not all muscarinic receptors are equally sensitive to blockade by atropine and most other anticholinergic drugs: At some sites, muscarinic receptors can be blocked with relatively low doses, whereas at other sites much higher doses are needed. Table 14–1 indicates the sequence in which specific muscarinic receptors are blocked as the dose of atropine is increased.




TABLE 14–1 [image: ]


Relationship Between Dosage and Responses to Atropine










	Dosage of Atropine

	Response Produced










	Low Doses



[image: image]







	Salivary glands—decreased secretion
Sweat glands—decreased secretion
Bronchial glands—decreased secretion
Heart—increased rate
Eye—mydriasis, blurred vision
Urinary tract—interference with voiding
Intestine—decreased tone and motility
Lung—dilation of bronchi






	High Doses

	Stomach—decreased acid secretion
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Note that doses of atropine that are high enough to decrease gastric acid secretion or dilate the bronchi will also affect all other structures under muscarinic control. As a result, atropine and most other muscarinic antagonists are not very desirable for treating peptic ulcer disease or asthma.





Differences in receptor sensitivity to muscarinic blockers are of clinical significance. As indicated in Table 14–1, the doses needed to block muscarinic receptors in the stomach and bronchial smooth muscle are higher than the doses needed to block muscarinic receptors at all other locations. Accordingly, if we want to use atropine to treat peptic ulcer disease (by suppressing gastric acid secretion) or asthma (by dilating the bronchi), we cannot do so without also affecting the heart, exocrine glands, many smooth muscles, and the eye. Because of these obligatory side effects, atropine and most other muscarinic antagonists are not preferred drugs for treating peptic ulcers or asthma.

















Pharmacokinetics


Atropine may be administered orally, topically (to the eye), and by injection (IM, IV, and subQ). The drug is rapidly absorbed following oral administration and distributes to all tissues, including the CNS. Elimination is by a combination of hepatic metabolism and urinary excretion. Atropine has a half-life of approximately 3 hours.






































Therapeutic uses








Preanesthetic medication.


The cardiac effects of atropine can help during surgery. Procedures that stimulate baroreceptors of the carotid body can initiate reflex slowing of the heart, resulting in profound bradycardia. Since this reflex is mediated by muscarinic receptors on the heart, pretreatment with atropine can prevent a dangerous reduction in heart rate.


Certain anesthetics—especially ether, which is obsolete—irritate the respiratory tract, and thereby stimulate secretion from salivary, nasal, pharyngeal, and bronchial glands. If these secretions are sufficiently profuse, they can interfere with respiration. By blocking muscarinic receptors on secretory glands, atropine can help prevent excessive secretions. Fortunately, modern anesthetics are much less irritating than ether. The availability of these new anesthetics has greatly reduced the use of atropine as an antisecretagogue during anesthesia.














Disorders of the eye.


By blocking muscarinic receptors in the eye, atropine can cause mydriasis and paralysis of the ciliary muscle. Both actions can be of help during eye examinations and ocular surgery. The ophthalmic uses of atropine and other muscarinic antagonists are discussed in Chapter 104.














Bradycardia.


Atropine can accelerate heart rate in certain patients with bradycardia. Heart rate is increased because blockade of cardiac muscarinic receptors reverses parasympathetic slowing of the heart.














Intestinal hypertonicity and hypermotility.


By blocking muscarinic receptors in the intestine, atropine can decrease both the tone and motility of intestinal smooth muscle. This can be beneficial in conditions characterized by excessive intestinal motility, such as mild dysentery and diverticulitis. When taken for these disorders, atropine can reduce both the frequency of bowel movements and associated abdominal cramps.














Muscarinic agonist poisoning.


Atropine is a specific antidote to poisoning by agents that activate muscarinic receptors. By blocking muscarinic receptors, atropine can reverse all signs of muscarinic poisoning. As discussed above, muscarinic poisoning can result from an overdose with medications that promote muscarinic activation (eg, bethanechol, cholinesterase inhibitors) or from ingestion of certain mushrooms.




















Peptic ulcer disease.


Because it can suppress secretion of gastric acid, atropine has been used to treat peptic ulcer disease. Unfortunately, when administered in doses that are strong enough to block the muscarinic receptors that regulate secretion of gastric acid, atropine also blocks most other muscarinic receptors. Hence, treatment of ulcers is necessarily associated with a broad range of antimuscarinic side effects (dry mouth, blurred vision, urinary retention, constipation, and so on). Because of these side effects, atropine is not a first-choice drug for ulcer therapy. Rather, atropine is reserved for rare cases in which symptoms cannot be relieved with preferred medications (eg, antibiotics, histamine2 receptor antagonists, proton pump inhibitors).








Asthma.


By blocking bronchial muscarinic receptors, atropine can promote bronchial dilation, thereby improving respiration in patients with asthma. Unfortunately, in addition to dilating the bronchi, atropine also causes drying and thickening of bronchial secretions, effects that can be harmful to patients with asthma. Furthermore, when given in the doses needed to dilate the bronchi, atropine causes a variety of antimuscarinic side effects. Because of the potential for harm, and because superior medicines are available, atropine is rarely used for asthma.








Biliary colic.


Biliary colic is characterized by intense abdominal pain brought on by passage of a gallstone through the bile duct. The usual treatment is morphine. In some cases, atropine may be combined with morphine to relax biliary tract smooth muscle, thereby helping alleviate discomfort.









































Adverse effects


Most adverse effects of atropine and other anticholinergic drugs are the direct result of muscarinic receptor blockade. Accordingly, these effects can be predicted from your knowledge of muscarinic receptor function.








Xerostomia (dry mouth).


Blockade of muscarinic receptors on salivary glands can inhibit salivation, thereby causing dry mouth. Not only is this uncomfortable, it can impede swallowing, and can promote tooth decay, gum problems, and oral infections. Patients should be informed that dryness can be alleviated by sipping fluids, chewing sugar-free gum (eg, Altoids Chewing Gum, Biotene Dry Mouth Gum), treating the mouth with a saliva substitute (eg, Salivart, Biotene Gel), and using an alcohol-free mouthwash (Biotene mouthwash). Owing to increased risk of tooth decay, patients should avoid sugary gum, hard candy, and cough drops.














Blurred vision and photophobia.


Blockade of muscarinic receptors on the ciliary muscle and the sphincter of the iris can paralyze these muscles. Paralysis of the ciliary muscle focuses the eye for far vision, causing nearby objects to appear blurred. Patients should be forewarned about this effect and advised to avoid hazardous activities if vision is impaired.


Paralysis of the iris sphincter prevents constriction of the pupil, thereby rendering the eye unable to adapt to bright light. Patients should be advised to wear dark glasses if photophobia (intolerance to light) is a problem. Room lighting for hospitalized patients should be kept low.














Elevation of intraocular pressure.


Paralysis of the iris sphincter can raise intraocular pressure (IOP), by a mechanism discussed in Chapter 104 (Drugs for the Eye). Because they can increase IOP, anticholinergic drugs are contraindicated for patients with glaucoma, a disease characterized by abnormally high IOP. In addition, these drugs should be used with caution in patients who may not have glaucoma per se but for whom a predisposition to glaucoma may be present. Included in this group are all people older than 40.














Urinary retention.


Blockade of muscarinic receptors in the urinary tract reduces pressure within the bladder and increases the tone of the urinary sphincter and trigone. These effects can produce urinary hesitancy or urinary retention. In the event of severe urinary retention, catheterization or treatment with a muscarinic agonist (eg, bethanechol) may be required. Patients should be advised that urinary retention can be minimized by voiding just prior to taking their medication.














Constipation.


Muscarinic blockade decreases the tone and motility of intestinal smooth muscle. The resultant delay in transit through the intestine can produce constipation. Patients should be informed that constipation can be minimized by increasing dietary fiber, fluids, and physical activity. A laxative may be needed if constipation is severe. Because of their ability to decrease smooth muscle tone, muscarinic antagonists are contraindicated for patients with intestinal atony, a condition in which intestinal tone is already low.














Anhidrosis.


Blockade of muscarinic receptors on sweat glands can produce anhidrosis (a deficiency or absence of sweat). Since sweating is necessary for cooling, people who cannot sweat are at risk of hyperthermia. Patients should be warned of this possibility and advised to avoid activities that might lead to overheating (eg, exercising on a hot day).














Tachycardia.


Blockade of cardiac muscarinic receptors eliminates parasympathetic influence on the heart. By removing the “braking” influence of parasympathetic nerves, anticholinergic agents can cause tachycardia (excessive heart rate). Exercise caution in patients with pre-existing tachycardia.














Asthma.


In patients with asthma, antimuscarinic drugs can cause thickening and drying of bronchial secretions, and can thereby cause bronchial plugging. Consequently, although muscarinic antagonists can be used to treat asthma, they can also do harm.




















Drug interactions


A number of drugs that are not classified as muscarinic antagonists can nonetheless produce significant muscarinic blockade. Among these are antihistamines, phenothiazine antipsychotics, and tricyclic antidepressants. Because of their prominent anticholinergic actions, these drugs can greatly enhance the antimuscarinic effects of atropine and related agents. Accordingly, it is wise to avoid combined use of atropine with other drugs that can cause muscarinic blockade.

















Preparations, dosage, and administration





General systemic therapy.


Atropine sulfate is available in 0.4-mg tablets (sold as Sal-Tropine) for oral administration, and in solution (0.05 to 1 mg/mL) for IM, IV, and subQ administration. The average adult dose is 0.5 mg.








AtroPen for cholinesterase inhibitor poisoning.


The AtroPen is a pre-filled auto-injector indicated for IM therapy of poisoning with an organophosphate cholinesterase inhibitor (nerve agent or insecticide). Three strengths are available: 0.5 mg (for children weighing 15 to 40 pounds), 1 mg (for children 40 to 90 pounds), and 2 mg (for adults and children over 90 pounds). Injections are made into the lateral thigh, directly through clothing if necessary.








Ophthalmology.


Formulations for ophthalmic use are discussed in Chapter 104.









































Muscarinic antagonists for overactive bladder








Overactive bladder: characteristics and overview of treatment


Overactive bladder (OAB)—also known as urgency incontinence, detrusor instability, and sometimes “can’t-hold-it-anymore” incontinence—is a disorder with four major symptoms: urinary urgency (a sudden, compelling desire to urinate), urinary frequency (voiding 8 or more times in 24 hours), nocturia (waking 2 or more times to void), and urge incontinence (involuntary urine leakage associated with a strong urge to void). In almost all cases, urge incontinence results from involuntary contractions of the bladder detrusor (the smooth muscle component of the bladder wall). These contractions are often referred to as detrusor instability or detrusor overactivity. Urge incontinence should not be confused with stress incontinence, defined as involuntary urine leakage caused by activities (eg, exertion, sneezing, coughing, laughter) that increase pressure within the abdominal cavity.


OAB is a common disorder, affecting up to one-third of Americans. However, relatively few (about 15%) seek medical help. The condition can develop at any age, but is most prevalent in the elderly. Among people ages 40 to 44, symptoms are reported by 3% of men and 9% of women. In comparison, among those 75 and older, symptoms are reported by 42% of men and 31% of women. Because urine leakage, the most disturbing symptom, is both unpredictable and potentially embarrassing, many people with OAB curtail travel, social activities, and even work.


OAB has two primary modes of treatment: behavioral therapy and drug therapy. Behavioral therapy is at least as effective as drug therapy—and lacks side effects—and hence should be tried first. Behavioral interventions include scheduled voiding, timing fluid intake appropriately, doing Kegel exercises (to strengthen pelvic floor muscles), and avoiding caffeine (it’s a diuretic and may also increase detrusor activity). As a rule, drugs should be reserved for patients who don’t respond adequately to behavioral measures. Combining behavioral therapy and drug therapy seems to offer little benefit over either modality alone.


If behavioral therapy and drugs are inadequate, percutaneous tibial nerve stimulation (PTNS) may be tried. The goal is to reduce urinary urgency by stimulating the posterior tibial nerve, which projects to the sacral plexus, which in turn controls bladder function. Stimulation is accomplished by sending current through a fine needle that has been inserted through the skin into the tibial nerve at a site near the ankle. Treatments are done in the office or clinic for 30 minutes once a week for 12 weeks, and then repeated as needed. PTNS is both safe and effective, with benefits persisting for at least 1 year.














Introduction to anticholinergic therapy of OAB


When drug therapy is indicated, anticholinergic agents (eg, oxybutynin, tolterodine) are the only option. These drugs block muscarinic receptors on the bladder detrusor, and thereby inhibit bladder contractions and the urge to void.


Unfortunately, drugs that block muscarinic receptors in the bladder can also block muscarinic receptors elsewhere, and hence can cause typical anticholinergic side effects. Dry mouth is the primary concern. Other possible effects include constipation, urinary retention, blurred vision, photophobia, and tachycardia. Among the elderly, cognitive impairment is a major problem. All of these can be intensified by concurrent use of other drugs that have anticholinergic actions (eg, antihistamines, tricyclic antidepressants, phenothiazine antipsychotic agents).


Anticholinergic side effects can be reduced in at least three ways: (1) using long-acting formulations, (2) using drugs that don’t cross the blood-brain barrier, and (3) using drugs that are selective for muscarinic receptors in the bladder. Long-acting formulations (eg, extended-release capsules, transdermal patches) reduce side effects by providing a steady but relatively low level of drug, thereby avoiding the high peak levels that can cause intense side effects. Drugs that can’t cross the blood-brain barrier are unable to cause CNS effects.


What about drugs that are selective for muscarinic receptors in the bladder? To answer this question, we must first discuss muscarinic receptor subtypes. As noted in Chapter 13, there are five known muscarinic receptor subtypes. However, only three—designated M1, M2, and M3—have clearly identified functions. Locations of these receptor subtypes, and responses to their activation and blockade, are summarized in Table 14–2. As indicated, M3 receptors are the most widely distributed, being found in salivary glands, the bladder detrusor, GI smooth muscle, and the eye. M2 receptors are found only in the heart, and M1 receptors are found in salivary glands and the CNS. At each location, responses to receptor activation are the same as we discussed in Chapter 13—although, in that chapter, we didn’t identify the receptors by subtype; rather, we simply called all of them muscarinic.




TABLE 14–2 [image: ]


Muscarinic Receptor Subtypes










	Muscarinic Subtype

	Location

	Response to Activation

	Impact of Blockade










	M1

	Salivary glands
CNS

	Salivation
Enhanced cognition

	Dry mouth
Confusion, hallucinations






	M2

	Heart

	Bradycardia

	Tachycardia






	M3

	Salivary glands
Bladder: detrusor
GI smooth muscle
Eye: Iris sphincter
Eye: Ciliary muscle
Eye: Lacrimal gland

	Salivation
Contraction (increased pressure)
Increased tone and motility
Contraction (miosis)
Contraction (accommodation)
Tearing

	Dry mouth
Relaxation (decreased pressure)
Decreased tone and motility (constipation)
Relaxation (mydriasis)
Relaxation (blurred vision)
Dry eyes
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CNS = central nervous system, GI = gastrointestinal.





With this background, we can consider how receptor selectivity might decrease anticholinergic side effects of drugs for OAB. To be beneficial, an anticholinergic agent must block muscarinic receptors in the bladder detrusor. That is, it must block the M3 receptor subtype. Because M3 receptors are also found in GI smooth muscle, the eye, and salivary glands, an M3-selective blocker will still have some unwanted anticholinergic effects, namely, constipation (from reducing bowel motility), blurred vision and photophobia (from preventing contraction of the ciliary muscle and iris sphincter), dry eyes (from blocking tear production), and some degree of dry mouth (from blocking salivary gland M3 receptors, while sparing salivary M1 receptors). What an M3-selective blocker will not do is cause tachycardia (because muscarinic receptors in the heart are the M2 type) or impairment of CNS function (because muscarinic receptors in the brain are primarily the M1 type).














Specific anticholinergic drugs for OAB


In the United States, we have six anticholinergic drugs approved specifically for OAB (Table 14–3). All six work by M3-muscarinic receptor blockade, although most block M1 and M2 receptors as well. With all of these drugs, we want sufficient M3 blockade to reduce symptoms of OAB, but not so much as to cause urinary retention. You should be aware that responses to these agents are relatively modest—about 30% over the response to placebo (which produces about a 30% response by itself). According to a 2009 review, Treatment of Overactive Bladder in Women, commissioned by the Agency for Healthcare Research and Quality, none of the anticholinergics used for OAB is clearly superior to the others. However, if one anticholinergic fails to reduce symptoms, a trial with a different one may still help.




TABLE 14–3 [image: ]


Anticholinergic Drugs for Overactive Bladder










	 

	 

	Dosage

	 






	Generic and Trade Names

	Formulation*


	Initial

	Maximum

	Incidence of Dry Mouth










	Highly M3 Selective






	Darifenacin






	  Enablex

	ER tablets

	7.5 mg once daily

	15 mg once daily

	20% with 7.5 mg/day; 35% with 15 mg/day






	Primarily M3 Selective






	Oxybutynin






	  (generic only)

	Syrup

	5 mg 2–3 times/day

	5 mg 4 times/day

	Dose-related; can exceed 70%






	  (generic only)

	IR tablets

	5 mg 2–3 times/day

	5 mg 4 times/day

	Dose-related; can exceed 70%






	  Ditropan XL

	ER tablets

	5 mg once daily

	30 mg once daily†


	Dose-related; can exceed 60%






	  Oxytrol

	Transdermal patch

	1 patch twice weekly (delivers 3 mg/day)

	1 patch twice weekly

	Low: 12% vs. 11% with placebo






	  Gelnique

	Topical gel

	100 mg once daily‡


	100 mg once daily‡


	Low: 7%






	Solifenacin






	  VESIcare

	Tablets

	5 mg once daily

	10 mg once daily

	11% with 5 mg/day; 28% with 10 mg/day






	Nonselective






	Fesoterodine






	  Toviaz

	ER tablets

	4 mg once daily

	8 mg once daily

	19% with 4 mg once daily






	Tolterodine






	  Detrol

	IR tablets

	1–2 mg twice daily

	2 mg twice daily

	35% with 2 mg twice daily






	  Detrol LA

	ER capsules

	2–4 mg once daily

	4 mg once daily

	Up to 40%






	Trospium






	Sanctura, Trosec[image: image]


	Tablets

	20 mg twice daily§


	20 mg twice daily§


	20% with 20 mg twice daily






	  Sanctura XR

	ER capsules

	60 mg once daily

	60 mg once daily§


	10%
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*ER = extended release, IR = immediate release.


†Titrate dose upward as needed and tolerated.


‡Gelnique is a 10% oxybutynin gel. Therefore, to achieve 100 mg daily, patients must apply 1 gm of gel daily.


§Administer at least 1 hour before meals or on an empty stomach.























Oxybutynin.


Oxybutynin [Ditropan XL, Gelnique, Oxytrol] is an anticholinergic agent that acts primarily at M3 muscarinic receptors. The drug is approved only for OAB. Benefits derive from blocking M3-receptors on the bladder detrusor.


Oxybutynin is available in five formulations. Two are short acting (syrup and immediate-release [IR] tablets) and three are long acting (transdermal patch, transdermal gel, and extended-release [ER] tablets). Anticholinergic side effects are less intense with the long-acting products.





Immediate-release tablets.


Oxybutynin IR tablets (formerly available as Ditropan) can decrease the incidence of urinary urgency, urinary frequency, and urge incontinence. However, benefits are modest—and only somewhat greater than seen with placebo.


Oxybutynin is rapidly absorbed from the GI tract, achieving peak plasma levels about 1 hour after dosing. However, despite rapid absorption, absolute bioavailability is low (about 6%). Why? Because oxybutynin undergoes extensive first-pass metabolism—both in the gut wall and liver—primarily by CYP3A4, the 3A4 isozyme of cytochrome P450. One metabolite—N-desethyloxybutynin—is highly active, especially against muscarinic receptors in the salivary glands. Oxybutynin is very lipid soluble, and hence can penetrate the blood-brain barrier. The drug has a short half-life (2 to 3 hours), and hence multiple daily doses are required.


Anticholinergic side effects are common. The incidence of dry mouth is very high, in part because of muscarinic blockade by oxybutynin itself, and in part because of blockade by N-desethyloxybutynin. Other common side effects include constipation, tachycardia, urinary hesitancy, urinary retention, mydriasis, blurred vision, and dry eyes. In the CNS, cholinergic blockade can result in confusion, hallucinations, insomnia, and nervousness. In postmarketing reports of CNS effects, hallucinations and agitation were prominent among reports involving pediatric patients, while hallucinations, confusion, and sedation were prominent among reports involving elderly patients. Combined use of oxybutynin with other anticholinergic agents (eg, antihistamines, tricyclic antidepressants, phenothiazine antipsychotics) can intensify all anticholinergic side effects.


Drugs that inhibit or induce CYP3A4 may alter oxybutynin blood levels, and may thereby either increase toxicity (inhibitors of CYP3A4) or reduce effectiveness (inducers of CYP3A4).


Immediate-release oxybutynin is available in 5-mg tablets. The usual dosage is 5 mg 2 or 3 times a day. The maximal dosage is 5 mg 4 times a day.








Syrup.


The basic and clinical pharmacology of oxybutynin syrup (formerly available as Ditropan) is identical to that of the IR tablets. As with the IR tablets, the incidence of dry mouth and other anticholinergic side effects is high. The syrup contains 5 mg of oxybutynin/5 mL. The usual dosage is 5 mg 2 or 3 times a day. The maximal dosage is 5 mg 4 times a day.








Extended-release tablets.


Oxybutynin ER tablets [Ditropan XL] are as effective as the IR tablets and somewhat better tolerated. Although the incidence of dry mouth is reduced using ER tablets, it is nonetheless still high (about 60%). Other adverse effects include constipation (13%), dyspepsia (7%), blurred vision (8%), dry eyes (6%), and CNS effects: somnolence (12%), headache (10%), and dizziness (6%).


The ER tablets are available in three strengths: 5, 10, and 15 mg. The initial dosage is 5 mg once daily. Dosage may be raised weekly in 5-mg increments to a maximum of 30 mg/day. The dosing goal is to achieve a balance between symptom reduction and tolerability of anticholinergic side effects. The ER tablets have an insoluble shell that is eliminated intact in the feces. Patients should be informed of this fact.








Transdermal patch.


The oxybutynin transdermal system [Oxytrol] contains 39 mg of oxybutynin and delivers 3.9 mg/day. Owing to its high lipid solubility, oxybutynin from the patch is readily absorbed directly through the skin. A new patch is applied twice weekly to dry, intact skin of the abdomen, hip, or buttock, rotating the site with each change. Reduction of OAB symptoms is about the same as with the ER tablets.


Pharmacokinetically, the patch is unique in two ways. First, absorption is both slow and steady, and hence the patch produces low but stable blood levels of the drug. Second, transdermal absorption bypasses metabolism in the intestinal wall, and delays metabolism in the liver. As a result, levels of N-desethyloxybutynin, the active metabolite, are less than 20% of those achieved with oral therapy.


Transdermal oxybutynin is generally well tolerated. The most common side effect is application-site pruritus (itching), which develops in 15% of patients. The incidence of dry mouth is much lower than with the oral formulations (and only slightly higher than with placebo) presumably because (1) formation of N-desethyloxybutynin is low and (2) high peak levels of oxybutynin itself are avoided. Rates of constipation, blurred vision, and CNS effects are also low.








Topical gel.


Topical oxybutynin gel [Gelnique] is much like the transdermal patch. As with the patch, oxybutynin is absorbed directly through the skin. Stable blood levels are achieved following 10 days of daily application. The most common side effects are application-site reactions (6%) and dry mouth (7%). Other reactions include dizziness (1.5%), headache (1.5%), and constipation (1.3%). Topical oxybutynin is formulated as a 10% gel that contains 100 mg oxybutynin in each 1-gm packet. The recommended dosage is 100 mg oxybutynin (1 gm of gel) applied once daily to dry, intact skin of the abdomen, upper arm/shoulder, or thigh—but not to recently shaved skin—using a different site each day. Advise patients to wash their hands immediately after application, and to avoid showering for at least 1 hour. Applying a sunscreen before or after dosing does not alter efficacy. Topical oxybutynin can be transferred to another person through direct contact. To avoid transfer, patients should cover the application site with clothing.











Darifenacin.


Of the anticholinergic agents used for OAB, darifenacin [Enablex] displays the greatest degree of M3 selectivity. As a result, the drug can reduce OAB symptoms while having no effect on M1 receptors in the brain or M2 receptors in the heart. However, darifenacin does block M3 receptors outside the bladder, and hence still can cause dry mouth, constipation, and other M3-related effects.


Clinical benefits are similar to those of oxybutynin and tolterodine. On average, treatment reduces episodes of urge incontinence from 15/week down to 7/week (using 7.5 mg/day) and from 17/week down to 6/week (using 15 mg/day), compared with a decrease from 16/week down to 9/week with placebo. The bottom line? As with other drugs for OAB, responses are relatively modest, and only slightly greater than those seen with placebo.


Darifenacin is administered orally in ER tablets. Absorption is adequate (15% to 19%), and not affected by food. In the blood, darifenacin is 98% protein bound. The drug undergoes extensive hepatic metabolism, primarily by CYP3A4. The resulting inactive metabolites are excreted in the urine (60%) and feces (40%). The drug’s half-life is approximately 12 hours.


Darifenacin is relatively well tolerated. The most common side effect is dry mouth, which occurs in 35% of those taking 15 mg/day and 20% of those taking 7.5 mg/day, compared with only 8% of those taking placebo. In experimental animals, inhibition of salivation is less than that caused by oxybutynin, perhaps because darifenacin only blocks M3 receptors in salivary glands, permitting salivary M1 receptors to function normally. Constipation is also common, seen in 21% of those taking 15 mg/day and 15% of those taking 7.5 mg/day, compared with only 6% of those taking placebo. Other adverse effects include dyspepsia, gastritis, and headache. Darifenacin has little or no effect on memory, reaction time, word recognition, or cognition. The drug does not increase heart rate.


Levels of darifenacin can be raised significantly by strong inhibitors of CYP3A4. Among these are azole antifungal drugs (eg, ketoconazole, itraconazole), certain protease inhibitors used for HIV/AIDS (eg, ritonavir, nelfinavir), and clarithromycin (a macrolide antibiotic). If darifenacin is combined with any of these, its dosage must be kept low.


Darifenacin is available in 7.5- and 15-mg ER tablets, which should be swallowed whole with liquid. The initial dosage is 7.5 mg once daily. After 2 weeks, dosage may be doubled to 15 mg once daily. In patients with moderate liver impairment, and in those taking powerful inhibitors of CYP3A4, dosage should be kept low (7.5 mg/day or less). In patients with severe liver impairment, darifenacin should be avoided.








Solifenacin.


Solifenacin [VESIcare] is very similar to darifenacin, although it’s not quite as M3 selective. In clinical trials, the drug reduced episodes of urge incontinence from 18/week down to 8/week (using 5 mg/day) and from 20/week down to 8/week (using 10 mg/day), compared with from 21/week down to 10/week with placebo—indicating that, like other drugs for OAB, solifenacin is only moderately more effective than placebo.


Solifenacin undergoes nearly complete absorption after oral dosing, achieving peak plasma levels in 3 to 6 hours. In the blood, the drug is highly (98%) protein bound. Like darifenacin, solifenacin undergoes extensive metabolism by hepatic CYP3A4. The resulting inactive metabolites are excreted in the urine (62%) and feces (23%). Solifenacin has a long half-life (about 50 hours), and hence can be administered just once a day.


The most common adverse effects are dry mouth (28% at 10 mg/day), constipation (13% at 10 mg/day), and blurred vision (5% at 10 mg/day). Dyspepsia, urinary retention, headache, and nasal dryness occur infrequently. Rarely, solifenacin has caused potentially fatal angioedema of the face, lips, tongue, and/or larynx. At high doses (10 to 30 mg/day), solifenacin can prolong the QT interval, thereby posing a risk of a fatal dysrhythmia. Accordingly, caution is needed in patients with a history of QT prolongation and in those taking other QT-prolonging drugs. As with darifenacin, levels of solifenacin can be increased by strong inhibitors of CYP3A4 (eg, ketoconazole, ritonavir, clarithromycin).


Solifenacin is available in 5- and 10-mg film-coated tablets, which should be swallowed intact with liquid. Dosing may be done with or without food. The initial dosage is 5 mg once daily. If treatment is well tolerated, the dosage can be doubled to 10 mg once daily. For patients with moderate hepatic impairment or severe renal impairment, and for those taking a powerful CYP3A4 inhibitor, dosage should not exceed 5 mg/day. For patients with severe hepatic impairment, solifenacin should be not be used.








Tolterodine.


Tolterodine [Detrol, Detrol LA] is a nonselective muscarinic antagonist approved only for OAB. Like oxybutynin, tolterodine is available in short- and long-acting formulations. Anticholinergic side effects are less intense with the long-acting form.





Immediate-release tablets.


In patients with OAB, tolterodine IR tablets [Detrol] can reduce the incidence of urge incontinence, urinary frequency, and urinary urgency. However, as with other drugs for OAB, benefits are modest.


Tolterodine is rapidly but variably absorbed from the GI tract. Plasma levels peak 1 to 2 hours after dosing. Following absorption, the drug undergoes conversion to 5-hydroxymethyl tolterodine, its active form. The active metabolite is later inactivated by CYP3A4 and CYP2D6 (the 2D6 isozyme of cytochrome P450). Parent drug and metabolites are eliminated in the urine (77%) and feces (17%). Tolterodine has a relatively short half-life, and hence twice-daily dosing is required.


Anticholinergic side effects occur less often than with IR oxybutynin. At a dosage of 2 mg twice daily, the most common side effects are dry mouth (35% vs. 70% with IR oxybutynin), constipation (7%), and dry eyes (3%). Effects on the CNS—somnolence, vertigo, dizziness—occur infrequently. The incidence of tachycardia and urinary retention is less than 1%. Anticholinergic effects can be intensified by concurrent use of other drugs with anticholinergic actions (eg, antihistamines, tricyclic antidepressants, phenothiazine antipsychotics). Drugs that inhibit CYP3A4 (eg, erythromycin, ketoconazole) can raise levels of tolterodine, and can thereby intensify beneficial and adverse effects.


In addition to its anticholinergic effects, tolterodine can prolong the QT interval, and can thereby promote serious cardiac dysrhythmias. Because of this risk, dosage should not exceed 4 mg/day.


Tolterodine IR tablets are available in 1- and 2-mg strengths. The initial dosage is 2 mg twice daily, taken with or without food. If this dosage is poorly tolerated, it should be reduced to 1 mg twice daily. A dosage of 1 mg twice daily should also be used by patients with significant hepatic or renal impairment, and for those taking a strong inhibitor of CYP3A4.








Extended-release capsules.


Tolterodine ER capsules [Detrol LA] are as effective as the IR tablets, and cause less dry mouth (23% vs. 35%). The incidence of other anticholinergic effects is about the same with both formulations. Detrol LA is available in 2- and 4-mg strengths. The recommended dosage is 4 mg once daily. As with the IR tablets, a lower dosage—2 mg once daily—should be used for patients with significant hepatic or renal impairment, and for those taking an inhibitor of CYP3A4.











Fesoterodine.


Fesoterodine [Toviaz], approved in 2009, is a nonselective muscarinic antagonist very similar to tolterodine. Both agents are used only for OAB, and, at a dosage of 4 mg/day, both are equally effective. Furthermore, both agents undergo conversion to the same active metabolite—5-hydroxymethyl tolterodine—which is later inactivated by CYP3A4 and CYP2D6. In patients taking a strong inhibitor of CYP3A4 (eg, ketoconazole, clarithromycin), beneficial and adverse effects are increased. Conversely, in patients taking a strong inducer of CYP3A4 (eg, rifampin, carbamazepine), beneficial and adverse effects are reduced. As with tolterodine, the most common side effect is dry mouth (19% at 4 mg/day, 35% at 8 mg/day). The incidence of constipation is 4% to 6%. Less common side effects include dizziness, fatigue, and blurred vision. Unlike tolterodine, fesoterodine has not been associated with QT prolongation, and hence probably does not pose a risk of dysrhythmias.


Fesoterodine is available in 4- and 8-mg ER tablets. Dosing begins at 4 mg once daily, and can be increased to 8 mg once daily. In patients with severe renal impairment, and in those taking a strong inhibitor of CYP3A4, the maximum dosage is 4 mg once daily. In patients taking a strong inducer or inhibitor of CYP2D6, dosage does not need adjustment.








Trospium.


Trospium [Sanctura, Sanctura XR, Trosec[image: image]] is a nonselective muscarinic blocker indicated only for OAB. Like oxybutynin and tolterodine, trospium is available in short- and long-acting formulations. Anticholinergic side effects are less intense with the long-acting form. Compared with other drugs for OAB, trospium is notable for its low bioavailability, lack of CNS effects, and lack of metabolism-related interactions with other drugs.





Immediate-release tablets.


Trospium IR tablets [Sanctura, Trosec[image: image]] reduce episodes of urge incontinence from 27/week down to 12/week (compared with 30/week down to 16/week with placebo). Reductions in urinary frequency are minimal.


Trospium is a quaternary ammonium compound (always carries a positive charge), and hence crosses membranes poorly. Following oral dosing, absorption is poor (only 10%) on an empty stomach, and is greatly reduced (70% to 80%) by food. Plasma levels peak 3.5 to 6 hours after dosing, and decline with a half-life of 18 hours. Trospium does not undergo hepatic metabolism, and is eliminated unchanged in the urine.


Trospium IR tablets are generally well tolerated. The most common side effects are dry mouth (20% vs. 6% with placebo) and constipation (10% vs. 5%)—about the same as with long-acting oxybutynin and tolterodine. Rarely, the drug causes dry eyes and urinary retention. Owing to its positive charge, trospium cannot cross the blood-brain barrier, and hence is devoid of CNS effects.


No studies of drug interactions have been done. However, because trospium is eliminated by the kidneys, we can assume it may compete with other drugs that undergo renal tubular excretion. Among these are vancomycin (an antibiotic), metformin (used for diabetes), and digoxin and procainamide (both used for cardiac disorders). Because trospium is not metabolized, the drug is unlikely to influence hepatic metabolism of other agents.


Immediate-release trospium [Sanctura] is available in 20-mg tablets. The usual dosage is 20 mg twice daily, administered at least 1 hour before meals or on an empty stomach. For patients with severe renal impairment, the recommended dosage is 20 mg once daily at bedtime.








Extended-release capsules.


Trospium ER capsules [Sanctura XR] are as effective as the IR tablets, and cause less dry mouth (10% vs. 20%). The incidence of constipation and other side effects is about the same. Extended-release trospium is available in 60-mg capsules for once-daily dosing.

















Other muscarinic antagonists








Scopolamine.


Scopolamine is an anticholinergic drug with actions much like those of atropine, but with two exceptions. First, whereas therapeutic doses of atropine produce mild CNS excitation, therapeutic doses of scopolamine produce sedation. And second, scopolamine suppresses emesis and motion sickness, whereas atropine does not. Principal uses for scopolamine are motion sickness (see Chapter 80), production of cycloplegia and mydriasis for ophthalmic procedures (see Chapter 104), and production of preanesthetic sedation and obstetric amnesia.








Ipratropium bromide.


Ipratropium [Atrovent] is an anticholinergic drug used to treat asthma, chronic obstructive pulmonary disease, and rhinitis caused by allergies or the common cold. The drug is administered by inhalation, and systemic absorption is minimal. As a result, therapy is not associated with typical antimuscarinic side effects (dry mouth, blurred vision, urinary hesitancy, constipation, and so forth). Ipratropium is discussed fully in Chapter 76.








Antisecretory anticholinergics.


Muscarinic blockers can be used to suppress gastric acid secretion in patients with peptic ulcer disease. However, since superior antiulcer drugs are available, and since anticholinergic agents produce significant side effects (dry mouth, blurred vision, urinary retention, and so forth), most of these drugs have been withdrawn. Today, only four agents—glycopyrrolate [Robinul, Cuvposa], mepenzolate [Cantil], methscopolamine [Pamine], and propantheline [Pro-Banthine]—remain on the market. All four are administered orally, and one—glycopyrrolate—may also be given IM and IV. In 2010, glycopyrrolate oral solution [Cuvposa] was approved for reducing severe drooling in children with chronic severe neurologic disorders. The drug is also approved for treating peptic ulcers and for reducing salivation caused by anethesia.








Dicyclomine.


This drug is indicated for irritable bowel syndrome (spastic colon, mucous colitis) and functional bowel disorders (diarrhea, hypermotility). Administration may be oral (40 mg 4 times a day) or by IM injection (20 mg 4 times a day). Trade names include Bentyl and Dibent.








Pirenzepine and telenzepine.


These drugs produce selective blockade of M1-muscarinic receptors—the subtype of muscarinic receptor involved in regulating the secretion of gastric acid. Both drugs can effectively suppress acid secretion in patients with peptic ulcer disease, but neither is currently available in the United States. Because these drugs are selective blockers of M1-muscarinic receptors, the incidence of dry mouth, blurred vision, and other typical antimuscarinic side effects is low.








Mydriatic cycloplegics.


Five muscarinic antagonists—atropine, ho–matropine, scopolamine, cyclopentolate, and tropicamide—are employed to produce mydriasis and cycloplegia in ophthalmic procedures. These applications are discussed in Chapter 104.








Centrally acting anticholinergics.


Several anticholinergic drugs, including benztropine [Cogentin] and trihexyphenidyl (formerly available as Artane), are used to treat Parkinson’s disease and drug-induced parkinsonism. Benefits derive from blockade of muscarinic receptors in the CNS. The centrally acting anticholinergics and their use in Parkinson’s disease are discussed in Chapter 21.









































Toxicology of muscarinic antagonists













Sources of antimuscarinic poisoning.


Sources of poisoning include natural products (eg, Atropa belladonna, Datura stramonium), selective antimuscarinic drugs (eg, atropine, scopolamine), and other drugs with pronounced antimuscarinic properties (eg, antihistamines, phenothiazines, tricyclic antidepressants).














Symptoms.


Symptoms of antimuscarinic poisoning, which are the direct result of excessive muscarinic blockade, include dry mouth, blurred vision, photophobia, hyperthermia, CNS effects (hallucinations, delirium), and skin that is hot, dry, and flushed. Death results from respiratory depression secondary to blockade of cholinergic receptors in the brain.














Treatment.


Treatment consists of (1) minimizing intestinal absorption of the antimuscarinic agent and (2) administering an antidote. Absorption can be reduced by swallowing activated charcoal, which will adsorb the poison within the intestine, thereby preventing its absorption into the blood.


The most effective antidote to antimuscarinic poisoning is physostigmine, an inhibitor of acetylcholinesterase. By inhibiting cholinesterase, physostigmine causes acetylcholine to accumulate at all cholinergic junctions. As acetylcholine builds up, it competes with the antimuscarinic agent for receptor binding, thereby reversing excessive muscarinic blockade. The pharmacology of physostigmine is discussed in Chapter 15.














Warning.


It is important to differentiate between antimuscarinic poisoning, which often resembles psychosis (hallucinations, delirium), and an actual psychotic episode. We need to make the differential diagnosis because some antipsychotic drugs have antimuscarinic properties of their own, and hence will intensify symptoms if given to a victim of antimuscarinic poisoning. Fortunately, since a true psychotic episode is not ordinarily associated with signs of excessive muscarinic blockade (dry mouth, hyperthermia, dry skin, and so forth), differentiation is not usually difficult.






































Key points







[image: ] Muscarinic agonists cause direct activation of muscarinic cholinergic receptors, and can thereby cause bradycardia; increased secretion from sweat, salivary, bronchial, and gastric glands; contraction of intestinal and bronchial smooth muscle; contraction of the bladder detrusor and relaxation of the bladder trigone and sphincter; and, in the eye, miosis and accommodation for near vision.


[image: ] Bethanechol, the prototype of the muscarinic agonists, is used primarily to relieve urinary retention.


[image: ] Muscarinic agonist poisoning is characterized by profuse salivation, tearing, visual disturbances, bronchospasm, diarrhea, bradycardia, and hypotension.


[image: ] Muscarinic agonist poisoning is treated with atropine.


[image: ] Atropine, the prototype of the muscarinic antagonists (anticholinergic drugs), blocks the actions of acetylcholine (and all other muscarinic agonists) at muscarinic cholinergic receptors, and thereby (1) increases heart rate; (2) reduces secretion from sweat, salivary, bronchial, and gastric glands; (3) relaxes intestinal and bronchial smooth muscle; (4) causes urinary retention (by relaxing the bladder detrusor and contracting the trigone and sphincter); (5) acts in the eye to cause mydriasis and cycloplegia; and (6) acts in the CNS to produce excitation (at low doses) and delirium and hallucinations (at toxic doses).


[image: ] Applications of anticholinergic drugs include preanesthetic medication, ophthalmic examinations, reversal of bradycardia, treatment of overactive bladder (OAB), and management of muscarinic agonist poisoning.


[image: ] Anticholinergic drugs that are selective for M3 muscarinic receptors can still cause many anticholinergic side effects (eg, dry mouth, constipation, impaired vision), but will not slow heart rate (which is mediated by cardiac M2 receptors) and will be largely devoid of cognitive effects (which are mediated primarily by M1 receptors).


[image: ] Classic adverse effects of anticholinergic drugs are dry mouth, blurred vision, photophobia, tachycardia, urinary retention, constipation, and anhidrosis (suppression of sweating).


[image: ] Certain drugs—especially antihistamines, tricyclic antidepressants, and phenothiazine antipsychotics—have prominent antimuscarinic actions. These should be used cautiously, if at all, in patients receiving atropine or other muscarinic antagonists.


[image: ] The anticholinergic drugs used for OAB are only moderately effective: Symptom reduction is about 30% greater than with placebo, which itself decreases symptoms by 30%.


[image: ] The short-acting anticholinergic drugs used for OAB cause more dry mouth and other anticholinergic side effects than do the long-acting drugs.


[image: ] Muscarinic antagonist poisoning is characterized by dry mouth, blurred vision, photophobia, hyperthermia, hallucinations and delirium, and skin that is hot, dry, and flushed.


[image: ] The best antidote for muscarinic antagonist poisoning is physostigmine, a cholinesterase inhibitor.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.











Summary of Major Nursing Implications*





Bethanechol





Preadministration assessment





Therapeutic goal


Treatment of nonobstructive urinary retention.








Baseline data


Record fluid intake and output.








Identifying high-risk patients


Bethanechol is contraindicated for patients with peptic ulcer disease, urinary tract obstruction, intestinal obstruction, coronary insufficiency, hypotension, asthma, and hyperthyroidism.











Implementation: administration





Route


Oral.








Administration


Advise patients to take bethanechol 1 hour before meals or 2 hours after to reduce gastric upset.


Because effects on the intestine and urinary tract can be rapid and dramatic, ensure that a bedpan or bathroom is readily accessible.











Ongoing evaluation and interventions





Evaluating therapeutic effects


Monitor fluid intake and output to evaluate treatment of urinary retention.








Minimizing adverse effects


Excessive muscarinic activation can cause salivation, sweating, urinary urgency, bradycardia, and hypotension. Monitor blood pressure and pulse rate. Observe for signs of muscarinic excess and report these to the prescriber. Inform patients about manifestations of muscarinic excess and advise them to notify the prescriber if they occur.








Management of acute toxicity


Overdose produces manifestations of excessive muscarinic stimulation (salivation, sweating, involuntary urination and defecation, bradycardia, severe hypotension). Treat with parenteral atropine and supportive measures.














Atropine and other muscarinic antagonists (anticholinergic drugs)





Preadministration assessment





Therapeutic goal


Atropine has many applications, including preanesthetic medication and treatment of bradycardia, biliary colic, intestinal hypertonicity and hypermotility, and muscarinic agonist poisoning.








Identifying high-risk patients


Atropine and other muscarinic antagonists are contraindicated for patients with glaucoma, intestinal atony, urinary tract obstruction, and tachycardia. Use with caution in patients with asthma.











Implementation: administration





Routes


Atropine is administered PO, IV, IM, and subQ.








Administration


Dry mouth from muscarinic blockade may interfere with swallowing. Advise patients to moisten the mouth by sipping water prior to oral administration.











Ongoing evaluation and interventions





Minimizing adverse effects





Xerostomia (dry mouth).


Decreased salivation can dry the mouth. Teach patients that xerostomia can be relieved by sipping fluids, chewing sugar-free gum (eg, Altoids Chewing Gum, Biotene Dry Mouth Gum), treating the mouth with a saliva substitute (eg, Salivart, Entertainer’s Secret), and using an alcohol-free mouthwash (eg, Biotene Mouthwash). Owing to increased risk of tooth decay, advise patients to avoid sugary gum, hard candy, and cough drops.








Blurred vision.


Paralysis of the ciliary muscle may reduce visual acuity. Warn patients to avoid hazardous activities if vision is impaired.








Photophobia.


Muscarinic blockade prevents the pupil from constricting in response to bright light. Keep hospital room lighting low to reduce visual discomfort. Advise patients to wear sunglasses outdoors.








Urinary retention.


Muscarinic blockade in the urinary tract can cause urinary hesitancy or retention. Advise patients that urinary retention can be minimized by voiding just prior to taking anticholinergic medication. If urinary retention is severe, catheterization or treatment with bethanechol (a muscarinic agonist) may be required.








Constipation.


Reduced tone and motility of the gut may cause constipation. Advise patients that constipation can be reduced by increasing dietary fiber and fluids, and treated with a laxative if severe.








Hyperthermia.


Suppression of sweating may result in hyperthermia. Advise patients to avoid vigorous exercise in warm environments.








Tachycardia.


Blockade of cardiac muscarinic receptors can accelerate heart rate. Monitor pulse and report significant increases.











Minimizing adverse interactions


Antihistamines, tricyclic antidepressants, and phenothiazines have prominent antimuscarinic actions. Combining these agents with atropine and other anticholinergic drugs can cause excessive muscarinic blockade.








Management of acute toxicity





Symptoms.


Overdose produces dry mouth, blurred vision, photophobia, hyperthermia, hallucinations, and delirium; the skin becomes hot, dry, and flushed. Differentiate muscarinic antagonist poisoning from psychosis!








Treatment.


Treatment centers on limiting absorption of ingested poison (eg, by giving activated charcoal to adsorb the drug) and administering physostigmine, an inhibitor of acetylcholinesterase.

















*Patient education information is highlighted as blue text.





















CHAPTER 15


Cholinesterase inhibitors and their use in myasthenia gravis










Reversible Cholinesterase Inhibitors




Neostigmine


Other Reversible Cholinesterase Inhibitors





“Irreversible” Cholinesterase Inhibitors




Basic Pharmacology


Toxicology





Myasthenia Gravis




Pathophysiology


Treatment with Cholinesterase Inhibitors













Cholinesterase inhibitors are drugs that prevent the degradation of acetylcholine (ACh) by acetylcholinesterase (also known simply as cholinesterase [ChE]). By preventing the inactivation of ACh, cholinesterase inhibitors enhance the actions of ACh released from cholinergic neurons. Hence, the cholinesterase inhibitors can be viewed as indirect-acting cholinergic agonists. Since cholinesterase inhibitors can intensify transmission at all cholinergic junctions (muscarinic, ganglionic, and neuromuscular), these drugs can elicit a broad spectrum of responses. Because they lack selectivity, cholinesterase inhibitors have limited therapeutic applications. Cholinesterase inhibitors are also known as anticholinesterase agents.


There are two basic categories of cholinesterase inhibitors: (1) reversible inhibitors and (2) “irreversible” inhibitors. The reversible inhibitors produce effects of moderate duration, and the irreversible inhibitors produce effects of long duration.














Reversible cholinesterase inhibitors



Neostigmine





Neostigmine [Prostigmin] typifies the reversible cholinesterase inhibitors and will serve as our prototype for the group. The drug’s principal indication is myasthenia gravis.








Chemistry


As indicated in Figure 15–1, neostigmine contains a quaternary nitrogen atom, and hence always carries a positive charge. Because of this charge, neostigmine cannot readily cross membranes, including those of the GI tract, blood-brain barrier, and placenta. Consequently, neostigmine is absorbed poorly following oral administration and has minimal effects on the brain and fetus.




[image: image]


Figure 15–1 [image: ] Structural formulas of reversible cholinesterase inhibitors.
Note that neostigmine and edrophonium are quaternary ammonium compounds, but physostigmine is not. What does this difference imply about the relative abilities of these drugs to cross membranes, including the blood-brain barrier?




















Mechanism of action


Neostigmine and the other reversible cholinesterase inhibitors can be envisioned as poor substrates for ChE. As indicated in Figure 15–2, the normal function of ChE is to break down acetylcholine into choline and acetic acid. This process is termed a hydrolysis reaction because of the water molecule involved. As depicted in Figure 15–3A, hydrolysis of ACh takes place in two steps: (1) binding of ACh to the active center of ChE, followed by (2) splitting of ACh, which regenerates free ChE. The overall reaction between ACh and ChE is extremely fast. As a result, one molecule of ChE can break down a huge amount of ACh in a very short time.




[image: image]


Figure 15–2 [image: ] Hydrolysis of acetylcholine by cholinesterase.










[image: image]


Figure 15–3 [image: ] Inhibition of cholinesterase by reversible and “irreversible” inhibitors. (See text for details.)








As depicted in Figure 15–3B, the reaction between neostigmine and ChE is much like the reaction between ACh and ChE. The only difference is that ChE splits neostigmine more slowly than it splits ACh. Hence, once neostigmine becomes bound to the active center of ChE, the drug remains in place for a relatively long time, thereby preventing ChE from catalyzing the breakdown of ACh. ChE remains inhibited until it finally succeeds in splitting neostigmine off.














Pharmacologic effects


By preventing inactivation of ACh, neostigmine and the other cholinesterase inhibitors can intensify transmission at virtually all junctions where ACh is the transmitter. In sufficient doses, cholinesterase inhibitors can produce skeletal muscle stimulation, ganglionic stimulation, activation of peripheral muscarinic receptors, and activation of cholinergic receptors in the central nervous system (CNS). However, when used therapeutically, cholinesterase inhibitors usually affect only muscarinic receptors on organs and nicotinic receptors of the neuromuscular junction (NMJ). Ganglionic transmission and CNS function are usually unaltered.








Muscarinic responses.


Muscarinic effects of the cholinesterase inhibitors are identical to those of the direct-acting muscarinic agonists. By preventing breakdown of ACh, cholinesterase inhibitors can cause bradycardia, bronchial constriction, urinary urgency, increased glandular secretions, increased tone and motility of GI smooth muscle, miosis, and focusing of the lens for near vision.














Neuromuscular effects.


The effects of cholinesterase inhibitors on skeletal muscle are dose dependent. At therapeutic doses, these drugs increase force of contraction. In contrast, toxic doses reduce force of contraction. Contractile force is reduced because excessive amounts of ACh at the NMJ keep the motor end-plate in a state of constant depolarization, thereby causing depolarizing neuromuscular blockade (see Chapter 16).














Central nervous system.


Effects on the CNS vary with drug concentration. Therapeutic levels can produce mild stimulation, whereas toxic levels depress the CNS, including the areas that regulate respiration. However, keep in mind that, for CNS effects to occur, the inhibitor must first penetrate the blood-brain barrier, which some cholinesterase inhibitors can do only when present in very high concentrations.




















Pharmacokinetics


Neostigmine may be administered orally or by injection (IM, IV, subQ). Because neostigmine carries a positive charge, the drug is poorly absorbed following oral administration. Once absorbed, neostigmine can reach sites of action at the NMJ and peripheral muscarinic receptors, but cannot cross the blood-brain barrier to affect the CNS. Duration of action is 2 to 4 hours. Neostigmine is eliminated by enzymatic degradation: Cholinesterase, the enzyme that neostigmine inhibits, eventually converts neostigmine itself to an inactive product.














Therapeutic uses








Myasthenia gravis.


Myasthenia gravis is a major indication for neostigmine and several other reversible cholinesterase inhibitors. Treatment of myasthenia gravis is discussed separately later.














Reversal of competitive (nondepolarizing) neuromuscular blockade.


By causing accumulation of ACh at the NMJ, cholinesterase inhibitors can reverse the effects of competitive neuromuscular blocking agents (eg, pancuronium). This ability has two clinical applications: (1) reversal of neuromuscular blockade in postoperative patients and (2) treatment of overdose with a competitive neuromuscular blocker. When neostigmine is used to treat neuromuscular blocker overdose, artificial respiration must be maintained until muscle function has fully recovered. At the doses employed to reverse neuromuscular blockade, neostigmine is likely to elicit substantial muscarinic responses. If necessary, these can be reduced with atropine. It is important to note that cholinesterase inhibitors cannot be employed to counteract the effects of succinylcholine, a depolarizing neuromuscular blocker.




















Adverse effects








Excessive muscarinic stimulation.


Accumulation of ACh at muscarinic receptors can result in excessive salivation, increased gastric secretions, increased tone and motility of the GI tract, urinary urgency, bradycardia, sweating, miosis, and spasm of accommodation (focusing of the lens for near vision). If necessary, these responses can be suppressed with atropine.














Neuromuscular blockade.


If administered in toxic doses, cholinesterase inhibitors can cause accumulation of ACh in amounts sufficient to produce depolarizing neuromuscular blockade. Paralysis of the respiratory muscles can be fatal.




















Precautions and contraindications


Most of the precautions and contraindications regarding the cholinesterase inhibitors are the same as those for the direct-acting muscarinic agonists. These include (1) obstruction of the GI tract, (2) obstruction of the urinary tract, (3) peptic ulcer disease, (4) asthma, (5) coronary insufficiency, and (6) hyperthyroidism. The rationales underlying these precautions are discussed in Chapter 14. In addition to precautions related to muscarinic stimulation, cholinesterase inhibitors are contraindicated for patients receiving succinylcholine.














Drug interactions








Muscarinic antagonists.


The effects of cholinesterase inhibitors at muscarinic receptors are opposite to those of atropine (and all other muscarinic antagonists). Consequently, cholinesterase inhibitors can be used to overcome excessive muscarinic blockade caused by atropine. Conversely, atropine can be used to reduce excessive muscarinic stimulation caused by cholinesterase inhibitors.














Competitive neuromuscular blockers.


By causing accumulation of ACh at the NMJ, cholinesterase inhibitors can reverse muscle relaxation induced with pancuronium and other competitive neuromuscular blocking agents.














Depolarizing neuromuscular blockers.


Cholinesterase inhibitors do not reverse the muscle-relaxant effects of succinylcholine, a depolarizing neuromuscular blocker. In fact, because cholinesterase inhibitors will decrease the breakdown of succinylcholine by cholinesterase, cholinesterase inhibitors will actually intensify neuromuscular blockade caused by succinylcholine.




















Acute toxicity








Symptoms.


Overdose with cholinesterase inhibitors causes excessive muscarinic stimulation and respiratory depression. (Respiratory depression results from a combination of depolarizing neuromuscular blockade and CNS depression.) The state produced by cholinesterase inhibitor poisoning is sometimes referred to as cholinergic crisis.














Treatment.


Intravenous atropine can alleviate the muscarinic effects of cholinesterase inhibition. Respiratory depression from cholinesterase inhibitors cannot be managed with drugs. Rather, treatment consists of mechanical ventilation with oxygen. Suctioning may be necessary if atropine fails to suppress bronchial secretions.

















Preparations, dosage, and administration





Preparations.


Neostigmine [Prostigmin] is available as two salts: neostigmine bromide (for oral use) and neostigmine methylsulfate (for IM, IV, and subQ use). Neostigmine bromide is available in 15-mg tablets. Neostigmine methylsulfate is available in solution (0.25, 0.5, and 1 mg/mL).








Dosage and administration.


Dosages for myasthenia gravis are highly individualized, ranging from 15 to 375 mg/day administered PO in divided doses every 3 to 4 hours. You should note that oral doses are much higher than parenteral doses.


To treat poisoning by competitive neuromuscular blockers, the initial dose is 0.5 to 2 mg administered by slow IV injection. Additional doses totaling a maximum of 5 mg may be given as required.









































Other reversible cholinesterase inhibitors








Physostigmine


The basic pharmacology of physostigmine is identical to that of neostigmine—except that physostigmine readily crosses membranes whereas neostigmine does not. Why? Because, in contrast to neostigmine, physostigmine is not a quaternary ammonium compound and hence does not carry a charge. Because physostigmine is uncharged, the drug crosses membranes with ease.


Physostigmine is the drug of choice for treating poisoning by atropine and other drugs that cause muscarinic blockade, including antihistamines and phenothiazine antipsychotics—but not tricyclic antidepressants, owing to a risk of causing seizures and cardiotoxicity. Physostigmine counteracts antimuscarinic poisoning by causing ACh to build up at muscarinic junctions. The accumulated ACh competes with the muscarinic blocker for receptor binding, and thereby reverses receptor blockade. Physostigmine is preferred to neostigmine because, lacking a charge, physostigmine is able to cross the blood-brain barrier to reverse muscarinic blockade in the CNS. The usual dose to treat antimuscarinic poisoning is 2 mg given by IM or slow IV injection.

















Ambenonium, edrophonium, and pyridostigmine


Ambenonium [Mytelase], edrophonium [Enlon, Reversol], and pyridostigmine [Mestinon] have pharmacologic effects much like those of neostigmine. One of these drugs—edrophonium—is noteworthy for its very brief duration of action. All three drugs are used for myasthenia gravis. Routes of administration and indications are summarized in Table 15–1.




TABLE 15–1 [image: ]


Clinical Applications of Cholinesterase Inhibitors










	Generic Name [Trade Name]

	Routes

	Myasthenia Gravis

	Glaucoma

	Reversal of Competitive Neuromuscular Blockade

	Antidote to Poisoning by Muscarinic Antagonists

	Alzheimer’s Disease






	Diagnosis

	Treatment










	Reversible Inhibitors






	Neostigmine [Prostigmin]

	PO, IM, IV, subQ

	 

	[image: image]

	 

	[image: image]

	 

	 






	Ambenonium [Mytelase]

	PO

	 

	[image: image]

	 

	 

	 

	 






	Pyridostigmine [Mestinon]

	PO

	 

	[image: image]

	 

	 

	 

	 






	Edrophonium [Enlon, Reversol]

	IM, IV

	[image: image]

	 

	 

	[image: image]

	 

	 






	Physostigmine [Antilirium]

	IM, IV

	 

	 

	 

	 

	[image: image]

	 






	Donepezil [Aricept]*


	PO

	 

	 

	 

	 

	 

	[image: image]






	Galantamine [Razadyne]

	PO

	 

	 

	 

	 

	 

	[image: image]






	Rivastigmine [Exelon]*


	PO, Transdermal

	 

	 

	 

	 

	 

	[image: image]






	Tacrine [Cognex]

	PO

	 

	 

	 

	 

	 

	[image: image]






	Irreversible Inhibitor






	Echothiophate [Phospholine Iodide]

	Topical

	 

	 

	[image: image]

	 

	 

	 














[image: image]





*Also used for Parkinson"s disease dementia.











Drugs for alzheimer’s disease


Four cholinesterase inhibitors—donepezil [Aricept], galantamine [Razadyne], rivastigmine [Exelon], and tacrine [Cognex]—are approved for Alzheimer’s disease, and two of them—donepezil and rivastigmine—are also approved for dementia of Parkinson"s disease. With all four, benefits derive from inhibiting cholinesterase in the CNS. The pharmacology of these drugs is discussed in Chapter 22.












































“Irreversible” cholinesterase inhibitors


The “irreversible” cholinesterase inhibitors are highly toxic. These agents are employed primarily as insecticides. During World War II, huge quantities of irreversible cholinesterase inhibitors were produced for possible use as nerve agents, but were never deployed. Today, there is concern that these agents might be employed as weapons of terrorism. The only clinical indication for the irreversible inhibitors is glaucoma.








Basic pharmacology








Chemistry


All irreversible cholinesterase inhibitors contain an atom of phosphorus (Fig. 15–4). Because of this phosphorus atom, the irreversible inhibitors are known as organophosphate cholinesterase inhibitors.




[image: image]


Figure 15–4 [image: ] Structural formulas of “irreversible” cholinesterase inhibitors.
Note that irreversible cholinesterase inhibitors contain an atom of phosphorus. Because of this atom, these drugs are known as organophosphate cholinesterase inhibitors. With the exception of echothiophate, all of these drugs are highly lipid soluble, and therefore move throughout the body with ease.








Almost all irreversible cholinesterase inhibitors are highly lipid soluble. As a result, these drugs are readily absorbed from all routes of administration. They can even be absorbed directly through the skin. Easy absorption, coupled with high toxicity, is what makes these drugs good insecticides—and gives them potential as agents of chemical warfare. Once absorbed, the organophosphate inhibitors have ready access to all tissues and organs, including the CNS.














Mechanism of action


The irreversible cholinesterase inhibitors bind to the active center of cholinesterase, thereby preventing the enzyme from hydrolyzing ACh. Although these drugs can be split from ChE, the splitting reaction takes place extremely slowly (see Fig. 15–3C). Hence, under normal conditions, their binding to ChE can be considered irreversible. Because binding is “permanent,” effects persist until new molecules of cholinesterase can be synthesized.


Although we normally consider the bond between irreversible inhibitors and cholinesterase permanent, this bond can, in fact, be broken. To break the bond, and thereby reverse the inhibition of cholinesterase, we must administer pralidoxime (see below).














Pharmacologic effects


The irreversible cholinesterase inhibitors produce essentially the same spectrum of effects as the reversible inhibitors. The principal difference is that responses to irreversible inhibitors last a long time, whereas responses to reversible inhibitors are brief.














Therapeutic uses


The irreversible cholinesterase inhibitors have only one indication: treatment of glaucoma. And for that indication, only one drug—echothiophate—is available. The limited indications for these drugs should be no surprise given their potential for harm. The use of echothiophate for glaucoma is discussed in Chapter 104 (Drugs for the Eye).




















Toxicology













Sources of poisoning.


Poisoning by organophosphate cholinesterase inhibitors is not uncommon. Agricultural workers have been poisoned by accidental ingestion of organophosphate insecticides and by absorption of these lipid-soluble compounds through the skin. In addition, because organophosphate insecticides are readily available to the general public, poisoning may occur accidentally or from attempted homicide or suicide. Exposure could also occur if these drugs were used as instruments of warfare or terrorism (see Chapter 110).














Symptoms.


Toxic doses of irreversible cholinesterase inhibitors produce cholinergic crisis, a condition characterized by excessive muscarinic stimulation and depolarizing neuromuscular blockade. Overstimulation of muscarinic receptors results in profuse secretions from salivary and bronchial glands, involuntary urination and defecation, laryngospasm, and bronchoconstriction. Neuromuscular blockade can result in paralysis, followed by death from apnea. Convulsions of CNS origin precede paralysis and apnea.














Treatment.


Treatment involves the following: (1) mechanical ventilation using oxygen, (2) giving atropine to reduce muscarinic stimulation, (3) giving pralidoxime to reverse inhibition of cholinesterase (primarily at the NMJ), and (4) giving diazepam to suppress convulsions.














Pralidoxime.


Pralidoxime is a specific antidote to poisoning by the irreversible (organophosphate) cholinesterase inhibitors; the drug is not effective against poisoning by reversible cholinesterase inhibitors. In poisoning by irreversible inhibitors, benefits derive from causing the inhibitor to dissociate from the active center of cholinesterase. Reversal is most effective at the NMJ. Pralidoxime is much less effective at reversing cholinesterase inhibition at muscarinic and ganglionic sites. Furthermore, since pralidoxime is a quaternary ammonium compound, it cannot cross the blood-brain barrier, and therefore cannot reverse cholinesterase inhibition in the CNS.


To be effective, pralidoxime must be administered soon after organophosphate poisoning has occurred. If too much time elapses, a process called aging takes place. In this process, the bond between the organophosphate inhibitor and cholinesterase increases in strength. Once aging has occurred, pralidoxime is unable to cause the inhibitor to dissociate from the enzyme. The time required for aging depends on the agent involved. For example, with a nerve agent called soman, aging occurs in just 2 minutes. In contrast, with a nerve agent called tabun (see Fig. 15–4), aging requires 13 hours.


The usual dose for pralidoxime is 1 to 2 gm administered IV or IM. Intravenous doses should be infused slowly (over 20 to 30 minutes) to avoid hypertension. For prolonged treatment, dosing can be repeated every hour, or the drug can be given by continuous infusion (500 mg/hr). Pralidoxime is available alone under the trade name Protopam, and in combination with atropine under the trade name DuoDote.

































Myasthenia gravis



Pathophysiology





Myasthenia gravis (MG) is a neuromuscular disorder characterized by fluctuating muscle weakness and a predisposition to rapid fatigue. Common symptoms include ptosis (drooping eyelids), difficulty swallowing, and weakness of skeletal muscles. Patients with severe MG may have difficulty breathing owing to weakness of the muscles of respiration.


Symptoms of MG result from an autoimmune process in which the patient’s immune system produces antibodies that attack nicotinicM receptors on skeletal muscle. As a result, the number of functional receptors at the NMJ is reduced by 70% to 90%, thereby causing muscle weakness.








Treatment with cholinesterase inhibitors













Beneficial effects.


Reversible cholinesterase inhibitors (eg, neostigmine) are the mainstay of therapy. By preventing ACh inactivation, anticholinesterase agents can intensify the effects of ACh released from motor neurons, and can thereby increase muscle strength. Cholinesterase inhibitors do not cure MG. Rather, they only produce symptomatic relief, and hence patients usually need therapy lifelong.


When working with a hospitalized patient, keep in mind that muscle strength may be insufficient to permit swallowing. Accordingly, you should assess the ability to swallow before giving oral medications. Assessment is accomplished by giving the patient a few sips of water. If the patient is unable to swallow the water, parenteral medication must be substituted for oral medication.














Side effects.


Because cholinesterase inhibitors can inhibit acetylcholinesterase at any location, these drugs will cause ACh to accumulate at muscarinic junctions as well as at NMJs. If muscarinic responses are excessive, atropine may be given to suppress them. However, atropine should not be employed routinely. Why? Because the drug can mask the early signs (eg, excessive salivation) of overdose with anticholinesterase agents.














Dosage adjustment.


In the treatment of MG, establishing an optimal dosage for cholinesterase inhibitors can be a challenge. Dosage determination is accomplished by administering a small initial dose followed by additional small doses until an optimal level of muscle function has been achieved. Important signs of improvement include increased ease of swallowing and increased ability to raise the eyelids. You can help establish a correct dosage by keeping records of (1) times of drug administration, (2) times at which fatigue occurs, (3) the state of muscle strength before and after drug administration, and (4) signs of excessive muscarinic stimulation.


To maintain optimal responses, patients must occasionally modify dosage themselves. To do this, they must be taught to recognize signs of undermedication (ptosis, difficulty in swallowing) and signs of overmedication (excessive salivation and other muscarinic responses). Patients may also need to modify dosage in anticipation of exertion. For example, they may find it necessary to take supplementary medication 30 to 60 minutes prior to such activities as eating and shopping.


Usual adult dosages for the three agents used to treat myasthenia gravis are




• Ambenonium—15 to 100 mg/day in divided doses


• Neostigmine—15 to 375 mg/day in divided doses


• Pyridostigmine—60 to 1500 mg/day in divided doses

















Myasthenic crisis and cholinergic crisis. 







Myasthenic crisis.


Patients who are inadequately medicated may experience myasthenic crisis, a state characterized by extreme muscle weakness (caused by insufficient ACh at the NMJ). Left untreated, myasthenic crisis can result in death from paralysis of the muscles of respiration. A cholinesterase inhibitor (eg, neostigmine) is used to relieve the crisis.













Cholinergic crisis.


As noted, overdose with a cholinesterase inhibitor can produce cholinergic crisis. Like myasthenic crisis, cholinergic crisis is characterized by extreme muscle weakness or frank paralysis. In addition, cholinergic crisis is accompanied by signs of excessive muscarinic stimulation. Treatment consists of respiratory support plus atropine. The offending cholinesterase inhibitor should be withheld until muscle strength has returned.













Distinguishing myasthenic crisis from cholinergic crisis.


Because myasthenic crisis and cholinergic crisis share similar symptoms (muscle weakness or paralysis), but are treated very differently, it is essential to distinguish between them. A history of medication use or signs of excessive muscarinic stimulation are usually sufficient to permit a differential diagnosis. If these clues are inadequate, the differential diagnosis can be made by administering a challenging dose of edrophonium, an ultrashort-acting cholinesterase inhibitor. If edrophonium-induced elevation of ACh levels alleviates symptoms, the crisis is myasthenic. Conversely, if edrophonium intensifies symptoms, the crisis is cholinergic. Since the symptoms of cholinergic crisis will be made even worse by edrophonium, atropine and oxygen should be immediately available whenever edrophonium is used for this test.




















Use of identification by the patient.


Because of the possibility of experiencing either myasthenic crisis or cholinergic crisis, and because both crises can be fatal, patients with MG should be encouraged to wear a Medic Alert bracelet or some other form of identification to inform emergency medical personnel of their condition.






































Key points







[image: ] Cholinesterase inhibitors prevent breakdown of ACh by acetylcholinesterase, causing ACh to accumulate in synapses, which in turn causes activation of muscarinic receptors, nicotinic receptors in ganglia and the NMJ, and cholinergic receptors in the CNS.


[image: ] The major use of reversible cholinesterase inhibitors is treatment of myasthenia gravis. Benefits derive from accumulation of ACh at the NMJ.


[image: ] Secondary uses for reversible cholinesterase inhibitors are reversal of competitive (nondepolarizing) neuromuscular blockade and treatment of glaucoma, Alzheimer’s disease, Parkinson"s disease dementia, and poisoning by muscarinic antagonists.


[image: ] Because physostigmine crosses membranes easily, this drug is the preferred cholinesterase inhibitor for treating poisoning by muscarinic antagonists.


[image: ] Irreversible cholinesterase inhibitors, also known as organophosphate cholinesterase inhibitors, are used primarily as insecticides. The only indication for these potentially toxic drugs is glaucoma.


[image: ] Most organophosphate cholinesterase inhibitors are highly lipid soluble. As a result, they can be absorbed directly through the skin and distribute easily to all tissues and organs.


[image: ] Overdose with cholinesterase inhibitors produces cholinergic crisis, characterized by depolarizing neuromuscular blockade plus signs of excessive muscarinic stimulation (hypersalivation, tearing, sweating, bradycardia, involuntary urination and defecation, miosis, and spasm of accommodation). Death results from respiratory depression.


[image: ] Poisoning by reversible cholinesterase inhibitors is treated with atropine (to reverse muscarinic stimulation) plus mechanical ventilation.


[image: ] Poisoning by organophosphate cholinesterase inhibitors is treated with atropine, mechanical ventilation, pralidoxime (to reverse inhibition of cholinesterase, primarily at the NMJ), and diazepam (to suppress seizures).
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Summary of Major Nursing Implications*





Reversible cholinesterase inhibitors







Ambenonium


Donepezil


Edrophonium


Galantamine


Neostigmine


Physostigmine


Pyridostigmine


Rivastigmine


Tacrine








Preadministration assessment





Therapeutic goal


Cholinesterase inhibitors are used to treat myasthenia gravis, glaucoma, Alzheimer’s disease, Parkinson"s disease dementia, and poisoning by muscarinic antagonists, and to reverse competitive (nondepolarizing) neuromuscular blockade. Applications of individual agents are indicated in Table 15–1.








Baseline data





Myasthenia gravis.


Determine the extent of neuromuscular dysfunction by assessing muscle strength, fatigue, ptosis, and ability to swallow.











Identifying high-risk patients


Cholinesterase inhibitors are contraindicated for patients with mechanical obstruction of the intestine or urinary tract. Exercise caution in patients with peptic ulcer disease, bradycardia, asthma, or hyperthyroidism.











Implementation: administration





Routes


These drugs are given orally, topically (PO, transdermal), and parenterally (IM, IV, subQ). Routes for individual agents are summarized in Table 15–1.








Administration and dosage in myasthenia gravis





Administration.


Assess the patient’s ability to swallow before giving oral medication. If swallowing is impaired, substitute a parenteral medication.








Optimizing dosage.


Monitor for therapeutic responses (see below) and adjust the dosage accordingly. Teach patients to distinguish between insufficient and excessive dosing so they can participate effectively in dosage adjustment.











Reversing competitive (nondepolarizing) neuromuscular blockade


To reverse toxicity from overdose with a competitive neuromuscular blocking agent (eg, pancuronium), administer edrophonium IV. Support respiration until muscle strength has recovered fully.








Treating muscarinic antagonist poisoning


Physostigmine is the drug of choice for this indication. The usual dose is 2 mg administered by IM or slow IV injection.











Implementation: measures to enhance therapeutic effects





Myasthenia gravis





Promoting compliance.


Inform patients that MG is not usually curable, and hence treatment is lifelong. Encourage patients to take their medication as prescribed and to play an active role in dosage adjustment.








Using identification.


Because patients with MG are at risk of fatal complications (cholinergic crisis, myasthenic crisis), encourage them to wear a Medic Alert bracelet or similar identification to inform emergency medical personnel of their condition.














Ongoing evaluation and interventions





Evaluating therapeutic effects





Myasthenia gravis.


Monitor and record (1) times of drug administration; (2) times at which fatigue occurs; (3) state of muscle strength, ptosis, and ability to swallow; and (4) signs of excessive muscarinic stimulation. Dosage is increased or decreased based on these observations.


Monitor for myasthenic crisis (extreme muscle weakness, paralysis of respiratory muscles), which can occur when cholinesterase inhibitor dosage is insufficient. Manage with respiratory support and increased dosage.


Be certain to distinguish myasthenic crisis from cholinergic crisis. How? By observing for signs of excessive muscarinic stimulation, which will accompany cholinergic crisis but not myasthenic crisis. If necessary, these crises can be differentiated by giving edrophonium, which reduces symptoms of myasthenic crisis and intensifies symptoms of cholinergic crisis.











Minimizing adverse effects





Excessive muscarinic stimulation.


Accumulation of ACh at muscarinic receptors can cause profuse salivation, increased tone and motility of the gut, urinary urgency, sweating, miosis, spasm of accommodation, bronchoconstriction, and bradycardia. Inform patients about signs of excessive muscarinic stimulation and advise them to notify the prescriber if these occur. Excessive muscarinic responses can be managed with atropine.








Cholinergic crisis.


This condition results from cholinesterase inhibitor overdose. Manifestations are skeletal muscle paralysis (from depolarizing neuromuscular blockade) and signs of excessive muscarinic stimulation (eg, salivation, sweating, miosis, bradycardia).


Manage with mechanical ventilation and atropine. Cholinergic crisis must be distinguished from myasthenic crisis.

















*Patient education information is highlighted as blue text.





















CHAPTER 16


Drugs that block nicotinic cholinergic transmission: neuromuscular blocking agents and ganglionic blocking agents










NEUROMUSCULAR BLOCKING AGENTS




Control of Muscle Contraction


Competitive (Nondepolarizing) Neuromuscular Blockers




Group Properties


Properties of Individual Agents





Depolarizing Neuromuscular Blockers: Succinylcholine


Therapeutic Uses of Neuromuscular Blockers





GANGLIONIC BLOCKING AGENTS










The drugs discussed in this chapter block nicotinic cholinergic receptors. The neuromuscular blocking agents block nicotinicM receptors at the neuromuscular junction. The ganglionic blocking agents block nicotinicN receptors in autonomic ganglia. The neuromuscular blockers have important clinical applications. In contrast, the ganglionic blockers, once used widely for hypertension, have been replaced by newer drugs.








Neuromuscular blocking agents


Neuromuscular blocking agents prevent acetylcholine from activating nicotinicM receptors on skeletal muscles, and thereby cause muscle relaxation. These drugs are given to produce muscle relaxation during surgery, endotracheal intubation, mechanical ventilation, and other procedures. Based on mechanism of action, the neuromuscular blockers fall into two major groups: competitive (nondepolarizing) agents and depolarizing agents.








Control of muscle contraction


Before we discuss the neuromuscular blockers, we need to review physiologic control of muscle contraction. In particular, we need to understand excitation-contraction coupling, the process by which an action potential in a motor neuron leads to contraction of a muscle.













Basic concepts: polarization, depolarization, and repolarization


The concepts of polarization, depolarization, and repolarization are important to understanding both muscle contraction and the neuromuscular blocking drugs. In resting muscle there is uneven distribution of electrical charge across the inner and outer surfaces of the cell membrane. As shown in Figure 16–1, positive charges cover the outer surface of the membrane and negative charges cover the inner surface. Because of this uneven charge distribution, the resting membrane is said to be polarized.




[image: image]


Figure 16–1 [image: ] The depolarization-repolarization cycle of the motor end-plate and muscle membrane.
(ACh = acetylcholine.)








When the membrane depolarizes, positive charges move from outside to inside. So many positive charges move inward that the inside of the membrane becomes more positive than the outside (see Fig. 16–1).


Under physiologic conditions, depolarization of the muscle membrane is followed almost instantaneously by repolarization. Repolarization is accomplished by pumping positively charged ions out of the cell. Repolarization restores the original resting membrane state, with positive charges on the outer surface and negative charges on the inner surface.














Steps in muscle contraction


The steps leading to muscle contraction are summarized in Figure 16–2. The process begins with the arrival of an action potential at the terminal of a motor neuron, causing release of acetylcholine (ACh) into the subneural space. Acetylcholine then binds reversibly to nicotinicM receptors on the motor end-plate (a specialized region of the muscle membrane that contains the receptors for ACh) and causes the end-plate to depolarize. This depolarization initiates a muscle action potential (ie, a wave of depolarization that spreads rapidly over the entire muscle membrane), which in turn triggers the release of calcium from the sarcoplasmic reticulum (SR) of the muscle. This calcium permits the interaction of actin and myosin, thereby causing contraction. Very rapidly, ACh dissociates from the motor end-plate, the motor end-plate repolarizes, the muscle membrane repolarizes, and calcium is taken back up into the SR. Because there is no longer any calcium available to support the interaction of actin and myosin, the muscle relaxes.




[image: image]


Figure 16–2 [image: ] Steps in excitation-contraction coupling.
(ACh = acetylcholine.)








Sustained muscle contraction requires a continuous series of motor neuron action potentials. These action potentials cause repeated release of ACh, which causes repeated activation of nicotinic receptors on the motor end-plate. As a result, the end-plate goes through repeating cycles of depolarization and repolarization, which results in sufficient release of calcium to sustain contraction. If for some reason the motor end-plate fails to repolarize—that is, if the end-plate remains in a depolarized state—the signal for calcium release will stop, calcium will undergo immediate reuptake into the SR, and contraction will cease.


























Competitive (nondepolarizing) neuromuscular blockers


In this section, we discuss the competitive neuromuscular blocking agents, drugs that compete with ACh for binding to nicotinicM receptors. These drugs are also known as nondepolarizing neuromuscular blockers, because, unlike the depolarizing neuromuscular blockers (see below), they do not depolarize the motor end-plate.


The powers of tubocurarine, the oldest competitive neuromuscular blocker, were known to primitive hunters long before coming to the attention of modern scientists. Tubocurarine is one of several active principles found in curare, an arrow poison used for hunting by South American Indians. When shot into a small animal, curare-tipped arrows cause relaxation (paralysis) of skeletal muscles. Death results from paralyzing the muscles of respiration.


The clinical utility of the neuromuscular blockers is based on the same action that is useful in hunting: production of skeletal muscle relaxation. Relaxation of skeletal muscles is helpful in patients undergoing surgery, endotracheal intubation, mechanical ventilation, and other procedures.








Group properties


In all prior editions of this book, we have used tubocurarine as the prototype of the competitive neuromuscular blockers. However, since tubocurarine is no longer used, and since the similarities among the competitive agents are more striking than the differences, we will discuss the properties of these agents as a group, rather than picking one of them to be a prototype.








Chemistry


All of the neuromuscular blocking agents contain at least one quaternary nitrogen atom (Fig. 16–3). As a result, these drugs always carry a positive charge, and therefore cannot readily cross membranes.




[image: image]


Figure 16–3 [image: ] Structural formulas of representative neuromuscular blocking agents.
Note that both agents contain a quaternary nitrogen atom and therefore cross membranes poorly. Consequently, they must be administered parenterally and have little effect on the central nervous system or the developing fetus.








The inability to cross membranes has three clinical consequences. First, neuromuscular blockers cannot be administered orally. Instead, they must all be administered parenterally (almost always IV). Second, these drugs cannot cross the blood-brain barrier, and hence have no effect on the central nervous system (CNS). Third, neuromuscular blockers cannot readily cross the placenta, and hence have little or no effect on the fetus.














Mechanism of action


As their name implies, the competitive neuromuscular blockers compete with ACh for binding to nicotinicM receptors on the motor end-plate (Fig. 16–4). However, unlike ACh, these drugs do not cause receptor activation. When they bind to nicotinicM receptors, they block receptor activation by acetylcholine, causing the muscle to relax. Muscle relaxation persists as long as the amount of competitive neuromuscular blocker at the neuromuscular junction (NMJ) is sufficient to prevent receptor occupation by ACh. Muscle function can be restored by eliminating the drug from the body or by increasing the amount of ACh at the NMJ.




[image: image]


Figure 16–4 [image: ] Mechanism of competitive neuromuscular blockade.
Pancuronium, a competitive blocker, competes with acetylcholine (ACh) for binding to nicotinicM receptors on the motor end-plate. Binding of pancuronium does not depolarize the end-plate, and therefore does not cause contraction. At the same time, the presence of pancuronium prevents ACh from binding to the receptor, and hence contraction is prevented.




















Pharmacologic effects








Muscle relaxation.


The primary effect of neuromuscular blockers is relaxation of skeletal muscle, causing a state known as flaccid paralysis. Although these drugs can paralyze all skeletal muscles, not all muscles are affected at once. The first to become paralyzed are the levator muscle of the eyelid and the muscles of mastication. Paralysis occurs next in muscles of the limbs, abdomen, and glottis. The last muscles affected are the muscles of respiration—the intercostals and diaphragm.














Hypotension.


Some neuromuscular blockers can lower blood pressure. Two mechanisms may be involved: (1) release of histamine from mast cells and (2) partial blockade of nicotinicN receptors in autonomic ganglia. Histamine lowers blood pressure by causing vasodilation. Partial ganglionic blockade lowers blood pressure by decreasing sympathetic tone to arterioles and veins.














Central nervous system.


As noted, the neuromuscular blockers cannot cross the blood-brain barrier. Consequently, these drugs have no effect on the CNS. Please note: Neuromuscular blockers do not diminish consciousness or perception of pain—even when administered in doses that produce complete paralysis.




















Pharmacokinetics


With the competitive neuromuscular blockers in use today, paralysis develops within minutes of IV injection. Peak effects persist 20 to 45 minutes and then decline. Complete recovery takes about 1 hour. As shown in Table 16–1, the mode of elimination—spontaneous degradation, degradation by plasma cholinesterase, renal excretion, or hepatic metabolism—depends on the agent involved.




TABLE 16–1 [image: ]


Properties of Competitive and Depolarizing Neuromuscular Blockers










	 

	 

	Time Course of Action*


	 

	 






	Generic Name

	Route

	Time to Maximum Paralysis (min)

	Duration of Effective Paralysis (min)

	Time to Nearly Full Spontaneous Recovery†


	Promotes Histamine Release

	Mode of Elimination










	Competitive Agents






	Atracurium [Tracrium]

	IV

	2–5

	20–35

	60–70 min

	Yes

	Plasma cholinesterase






	Cisatracurium [Nimbex]

	IV

	2–5

	20–35

	—

	Minimal

	Spontaneous degradation






	Pancuronium

	IV

	3–4

	35–45

	60–70 min

	No

	Renal






	Rocuronium [Zemuron]

	IV

	1–3

	20–40

	—

	No

	Hepatic






	Vecuronium [Norcuron]

	IV

	3–5

	25–30

	45–60 min

	No

	Hepatic/biliary






	Depolarizing Agent






	Succinylcholine [Anectine, Quelicin]

	IV, IM‡


	1

	4–6

	—

	Yes

	Plasma cholinesterase
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*Time course of action can vary widely with dosage and route of administration. The values presented are for an average adult dose administered as a single IV injection.


†Because spontaneous recovery can take a long time, recovery from the competitive agents (all of the drugs listed except succinylcholine, which is a depolarizing agent) is often accelerated by giving a cholinesterase inhibitor.


‡Intramuscular administration is rare.

















Therapeutic uses


The competitive neuromuscular blockers are used to provide muscle relaxation during surgery, mechanical ventilation, and endotracheal intubation. These applications are discussed later under Therapeutic Uses of Neuromuscular Blockers.














Adverse effects








Respiratory arrest.


Paralysis of respiratory muscles can produce respiratory arrest. Because of this risk, facilities for artificial ventilation must be immediately available. Patients must be monitored closely and continuously. When neuromuscular blockers are withdrawn, vital signs must be monitored until muscle function fully recovers.














Hypotension.


One competitive agent—atracurium—can release significant amounts of histamine. Hypotension can result.




















Precautions and contraindications








Myasthenia gravis.


Neuromuscular blocking agents must be used with special care in patients with myasthenia gravis, a condition characterized by skeletal muscle weakness. The cause of weakness is a reduction in the number of nicotinicM receptors on the motor end-plate. Because receptor number is reduced, neuromuscular blockade occurs readily. Also, doses that would have a minimal effect on others can produce complete paralysis in patients with myasthenia. Accordingly, dosing must be done with great care. Myasthenia gravis and its treatment are discussed in Chapter 15.














Electrolyte disturbances.


Responses to neuromuscular blockers can be altered by electrolyte abnormalities. For example, low potassium levels can enhance paralysis, whereas high potassium levels can reduce paralysis. Because electrolyte status can influence the depth of neuromuscular blockade, it is important to maintain normal electrolyte balance.




















Drug interactions


Neuromuscular blockers can interact with many other drugs. Interactions of primary interest are discussed below.








General anesthetics.


All inhalation anesthetics produce some degree of skeletal muscle relaxation, and can thereby enhance the actions of neuromuscular blockers. Consequently, when general anesthetics and neuromuscular blockers are combined (as they often are), the dosage of the neuromuscular blocker should be reduced to avoid excessive neuromuscular blockade.














Antibiotics.


Several antibiotics can intensify responses to neuromuscular blockers. Among them are aminoglycosides (eg, gentamicin), tetracyclines, and certain other nonpenicillin antibiotics.














Cholinesterase inhibitors.


Cholinesterase inhibitors can decrease the effects of competitive neuromuscular blockers. How? By reducing the degradation of ACh, cholinesterase inhibitors increase the amount of ACh available to compete with the blocker. As more ACh (and less of the blocker) occupies nicotinicM receptors on the motor end-plate, the degree of neuromuscular blockade declines.


The ability of cholinesterase inhibitors to decrease responses to competitive neuromuscular blockers has two clinical applications: (1) management of overdose with a competitive neuromuscular blocker and (2) reversal of neuromuscular blockade following surgery and other procedures.


As discussed later in the chapter, cholinesterase inhibitors increase responses to succinylcholine, a depolarizing neuromuscular blocker. Note that this is opposite to the effect that cholinesterase inhibitors have on competitive neuromuscular blockade.




















Toxicity


When dosage is too high, all competitive neuromuscular blockers can produce prolonged apnea. Management consists of providing respiratory support plus a cholinesterase inhibitor (eg, neostigmine) to reverse neuromuscular blockade. One competitive agent—atracurium—can cause hypotension secondary to release of histamine. Antihistamines can be given to counteract this effect.




















Properties of individual agents


All competitive neuromuscular blockers share the same mechanism of action (blockade of ACh binding to nicotinicM receptors), and they all have the same indications: production of muscle relaxation during intubation, general anesthesia, and mechanical ventilation. Differences among the drugs relate primarily to histamine release and mode of elimination (see Table 16–1). With all of these agents, respiratory depression secondary to neuromuscular blockade is the major concern. Respiratory depression can be reversed with a cholinesterase inhibitor.

















Atracurium.


Atracurium [Tracrium] is approved for muscle relaxation during surgery, intubation, and mechanical ventilation. The drug can cause hypotension secondary to histamine release. Like succinylcholine (see below), atracurium is eliminated primarily by plasma cholinesterase, not by the liver or kidneys. Hence, atracurium may be desirable for patients with renal or hepatic dysfunction, since these disorders will not prolong the drug’s effects.








Cisatracurium.


Cisatracurium [Nimbex], a close relative of atracurium, is approved for muscle relaxation during surgery, intubation, and mechanical ventilation. Elimination is by spontaneous degradation, not by hepatic metabolism or renal excretion. Hence, like atracurium, cisatracurium would seem desirable for patients with kidney or liver dysfunction. Histamine release is minimal.








Pancuronium.


Pancuronium, formerly available as Pavulon, is approved for muscle relaxation during general anesthesia, intubation, and mechanical ventilation. The drug does not cause histamine release, ganglionic blockade, or hypotension. Vagolytic effects may produce tachycardia. Elimination is primarily renal.








Rocuronium.


Rocuronium [Zemuron] is approved for muscle relaxation during intubation, surgery, and mechanical ventilation. Muscle relaxation begins in 1 to 3 minutes, faster than with any other competitive agent. The only neuromuscular blocker with a faster onset is succinylcholine, a depolarizing agent. In contrast to succinylcholine, whose effects fade relatively quickly, effects of rocuronium persist for 20 to 40 minutes before starting to decline. Rocuronium does not cause histamine release. Elimination is by hepatic metabolism.








Vecuronium.


Vecuronium [Norcuron], an analog of pancuronium, is used for muscle relaxation during intubation, general anesthesia, and mechanical ventilation. The drug does not produce ganglionic or vagal block and does not release histamine. Consequently, cardiovascular effects are minimal. Vecuronium is excreted primarily in the bile, and hence paralysis may be prolonged in patients with liver dysfunction. Paralysis may also be prolonged in obese patients.






































Depolarizing neuromuscular blockers: succinylcholine


Succinylcholine [Anectine, Quelicin], an ultrashort-acting drug, is the only depolarizing neuromuscular blocker in clinical use. This drug differs from the competitive blockers with regard to time course, mechanism of action, mode of elimination, interaction with cholinesterase inhibitors, and management of toxicity.













Mechanism of action


Succinylcholine produces a state known as depolarizing neuromuscular blockade. Like acetylcholine, succinylcholine binds to nicotinicM receptors on the motor end-plate and thereby causes depolarization. This depolarization produces transient muscle contractions (fasciculations). Then, instead of dissociating rapidly from the receptor, succinylcholine remains bound, and thereby prevents the end-plate from repolarizing. That is, succinylcholine maintains the end-plate in a state of constant depolarization. Because the end-plate must repeatedly depolarize and repolarize to maintain muscle contraction, succinylcholine’s ability to keep the end-plate depolarized causes paralysis (following the brief initial period of contraction). Paralysis persists until plasma levels of succinylcholine decline, thereby allowing the drug to dissociate from its receptors.














Pharmacologic effects








Muscle relaxation.


The muscle-relaxant effects of succinylcholine are much like those of the competitive blockers, in that both produce a state of flaccid paralysis. However, despite this similarity, there are two important differences: (1) paralysis from succinylcholine is preceded by transient contractions and (2) paralysis from succinylcholine abates much more rapidly.














Central nervous system.


Like the depolarizing blockers, succinylcholine has no effect on the CNS. The drug can produce complete paralysis without decreasing consciousness or the ability to feel pain.




















Pharmacokinetics


Succinylcholine has an extremely short duration of action. Paralysis peaks about 1 minute after IV injection and fades completely 4 to 10 minutes later.


Paralysis is brief because succinylcholine is rapidly degraded by pseudocholinesterase, an enzyme present in plasma. (This enzyme is called pseudocholinesterase to distinguish it from “true” cholinesterase, the enzyme found at synapses where ACh is the transmitter.) Because of its presence in plasma, pseudocholinesterase is also known as plasma cholinesterase. In most individuals, pseudocholinesterase is highly active and can eliminate succinylcholine in minutes.














Therapeutic uses


Succinylcholine is used primarily for muscle relaxation during endotracheal intubation, electroconvulsive therapy, endoscopy, and other short procedures. Because of its brief duration, succinylcholine is poorly suited for use in prolonged procedures, such as surgery or mechanical ventilation, although it is approved for use in these situations.














Adverse effects








Prolonged apnea in patients with low pseudocholinesterase activity.


A few people, because of their genetic makeup, produce a form of pseudocholinesterase that has extremely low activity. As a result, they are unable to degrade succinylcholine rapidly. If succinylcholine is given to these people, paralysis can persist for hours, rather than just a few minutes. Not surprisingly, succinylcholine is contraindicated for these individuals.


Patients suspected of having low pseudocholinesterase activity should be tested for this possibility before receiving a full succinylcholine dose. Pseudocholinesterase activity can be assessed by direct measurement of a blood sample or by administering a tiny test dose of succinylcholine. If the test dose produces muscle relaxation that is unexpectedly intense and prolonged, pseudocholinesterase activity is probably low.














Malignant hyperthermia.


Malignant hyperthermia is a rare and potentially fatal condition that can be triggered by succinylcholine, and by all inhalation anesthetics as well. The condition is characterized by muscle rigidity associated with a profound elevation of body temperature—sometimes to as high as 43°C. Temperature becomes elevated owing to excessive and uncontrolled metabolic activity in muscle, secondary to increased release of calcium from the SR. Left untreated, the condition can rapidly prove fatal. Malignant hyperthermia is a genetically determined reaction that has an incidence of about 1 in 25,000. Individuals with a family history of the reaction should not receive succinylcholine.


Treatment of malignant hyperthermia includes (1) immediate discontinuation of succinylcholine and the accompanying anesthetic (and switching to nontrigger anesthesia), (2) cooling the patient with external ice packs and IV infusion of cold saline, and (3) administering intravenous dantrolene, a drug that stops heat generation by acting directly on skeletal muscle to reduce its metabolic activity. The pharmacology of dantrolene is discussed in Chapter 25 (Drugs for Muscle Spasm and Spasticity).














Postoperative muscle pain.


Between 10% and 70% of patients receiving succinylcholine experience postoperative muscle pain, most commonly in the neck, shoulders, and back. Pain develops 12 to 24 hours after surgery and may persist several hours or even days. The cause may be the muscle contractions that occur during the initial phase of succinylcholine action.














Hyperkalemia.


Succinylcholine promotes release of potassium from tissues. Rarely, potassium release is sufficient to cause severe hyperkalemia. Death from cardiac arrest has resulted. Significant hyperkalemia is most likely in patients with major burns, multiple trauma, denervation of skeletal muscle, or upper motor neuron injury. Accordingly, the drug is contraindicated for these patients.




















Drug interactions








Cholinesterase inhibitors.


These drugs potentiate (intensify) the effects of succinylcholine. How? Cholinesterase inhibitors decrease the activity of pseudocholinesterase, the enzyme that inactivates succinylcholine. Note that the effect of cholinesterase inhibitors on succinylcholine is opposite to their effect on competitive neuromuscular blockers.














Antibiotics.


The effects of succinylcholine can be intensified by certain antibiotics. Among these are aminoglycosides, tetracyclines, and certain other nonpenicillin antibiotics.




















Toxicology


Overdose can produce prolonged apnea. Since there is no specific antidote to succinylcholine poisoning, management is purely supportive. Recall that paralysis from overdose with a competitive agent can be reversed with a cholinesterase inhibitor. Since cholinesterase inhibitors delay the degradation of succinylcholine, use of these agents would prolong—not reverse—succinylcholine toxicity.

















Preparations, dosage, and administration


Succinylcholine chloride [Anectine, Quelicin] is available in solution and as a powder for reconstitution. The drug is usually administered IV but can also be given IM. Solutions of succinylcholine are unstable and should be used within 24 hours. Multidose vials are stable for up to 2 weeks.


Dosage must be individualized and depends on the specific application. A typical adult dose for a brief procedure is 0.6 mg/kg, administered as a single IV injection. For prolonged procedures, succinylcholine may be administered by infusion at a rate of 2.5 to 4.3 mg/min.












































Therapeutic uses of neuromuscular blockers


The primary applications of the neuromuscular blocking agents are discussed below. All of the competitive agents in current use are indicated for muscle relaxation during general anesthesia, mechanical ventilation, and intubation. Succinylcholine is used primarily for muscle relaxation during intubation, electroconvulsive therapy, and other short procedures.













Muscle relaxation during surgery


Production of muscle relaxation during surgery offers two benefits. First, relaxation of skeletal muscles, especially those of the abdominal wall, makes the surgeon’s work easier. Second, muscle relaxants allow us to decrease the dosage of the general anesthetic, thereby decreasing the risks associated with anesthesia. Before neuromuscular blockers became available, surgical muscle relaxation had to be achieved with the general anesthetic alone, often requiring high levels of anesthetic. (As noted earlier, inhalation anesthetics have muscle relaxant properties of their own.) By combining a neuromuscular blocker with the general anesthetic, we can achieve adequate surgical muscle relaxation with less anesthetic than was possible when paralysis had to be achieved with an anesthetic by itself. By allowing a reduction in anesthetic levels, neuromuscular blockers have decreased the risk of respiratory depression from anesthesia. In addition, because less anesthetic is administered, recovery from anesthesia occurs faster.


Whenever neuromuscular blockers are employed during surgery, it is very, very important that anesthesia be maintained at a level sufficient to produce unconsciousness. Recall that neuromuscular blockers do not enter the CNS, and therefore have no effect on hearing, thinking, or the ability to feel pain; all these drugs do is produce paralysis. Neuromuscular blockers are obviously and definitely not a substitute for anesthesia. It does not require much imagination to appreciate the horror of the surgical patient who is completely paralyzed from neuromuscular blockade yet fully awake because of inadequate anesthesia. Does this really happen? Yes. In fact, it happens in between 0.1% and 0.2% of surgeries in which neuromuscular blockers are used. Clearly, full anesthesia must be provided whenever surgery is performed on a patient who is under neuromuscular blockade.


With the agents in current use, full recovery from surgical neuromuscular blockade takes about an hour. (With long-acting agents, which are no longer used, recovery could take several hours.) During the recovery period, patients must be monitored closely to ensure adequate ventilation. A patent airway should be maintained until the patient can swallow or speak. Recovery from the effects of competitive neuromuscular blockers (eg, pancuronium) can be accelerated with a cholinesterase inhibitor.














Facilitation of mechanical ventilation


Some patients who require mechanical ventilation still have some spontaneous respiratory movements, which can fight the rhythm of the respirator. By suppressing these movements, neuromuscular blocking agents can reduce resistance to ventilation.


When neuromuscular blockers are used to facilitate mechanical ventilation, patients should be treated as if they were awake—even though they appear to be asleep. (Remember that the patient is paralyzed, and hence there is no way to assess state of consciousness.) Because the patient may be fully awake, steps should be taken to ensure comfort at all times. Furthermore, because neuromuscular blockade does not affect hearing, nothing should be said in the patient’s presence that might be inappropriate for him or her to hear.


Being fully awake but completely paralyzed can be a stressful and generally horrific experience. Think about it. Accordingly, many clinicians do not recommend routine use of neuromuscular blockers during prolonged mechanical ventilation in intensive care units.














Endotracheal intubation


An endotracheal tube is a large catheter that is inserted past the glottis and into the trachea to facilitate ventilation. Gag reflexes can fight tube insertion. By suppressing these reflexes, neuromuscular blockers can make intubation easier. Because of its short duration of action, succinylcholine is the preferred agent for this use, although all of the competitive agents are also approved for this use.














Adjunct to electroconvulsive therapy


Electroconvulsive therapy is an effective treatment for severe depression (see Chapter 32). Benefits derive strictly from the effects of electroshock on the brain; the convulsive movements that can accompany electroshock don’t help relieve depression. Since convulsions per se serve no useful purpose, and since electroshock-induced convulsions can be harmful, a neuromuscular blocker is now used to prevent convulsive movements during electroshock therapy. Because of its short duration of action, succinylcholine is the preferred neuromuscular blocker for this application.

















Diagnosis of myasthenia gravis


An intermediate-acting neuromuscular blocker can be used to diagnose myasthenia gravis (MG) when safer diagnostic procedures have been inconclusive. To diagnose MG, a small test dose of the blocker is administered. Because the dose is too small to affect individuals who do not have MG, a significant reduction in muscle strength would be diagnostic. If the test dose does decrease strength, neostigmine (a cholinesterase inhibitor) should be administered immediately; the resultant elevation in ACh at the NMJ will reverse neuromuscular blockade. It must be stressed that use of a neuromuscular blocker to diagnose myasthenia gravis is not without risk: If the patient does have MG, the challenging dose may be sufficient to cause pronounced respiratory depression. Consequently, facilities for artificial ventilation must be immediately available.

















Ganglionic blocking agents


Ganglionic blocking agents produce a broad spectrum of pharmacologic effects. Because they lack selectivity, ganglionic blockers have limited applications. In fact, use of these drugs is so limited that the last one available—mecamylamine [Inversine]—was voluntarily withdrawn in 2009. Prior to being withdrawn, mecamylamine had only one use: reduction of blood pressure in patients who could not be managed with any other drugs.


Although ganglionic blockers are no longer used, they remain worthy of our consideration. Why? Recall that selectivity of action is highly desirable in a drug, and that the opposite—lack of selectivity—is highly undesirable. The ganglionic blockers, which lacked selectivity, are a great example of why selectivity is so important.











Mechanism of action


Ganglionic blockers interrupt impulse transmission through ganglia of the autonomic nervous system. How? By competing with ACh for binding to nicotinicN receptors in autonomic ganglia. Because the nicotinicN receptors of sympathetic and parasympathetic ganglia are the same, ganglionic blockers stop transmission at all autonomic ganglia. By doing so, these drugs can, in effect, shut down the entire autonomic nervous system, thereby depriving organs of autonomic regulation.








Pharmacologic effects


Because ganglionic blockers act by depriving organs of autonomic regulation, to predict their effects, we need to know how the autonomic nervous system is affecting specific organs when these drugs are given. That is, we need to know which branch of the autonomic nervous system is providing the predominant tone to specific organs. By knowing the source of predominant tone to an organ, and by knowing that ganglionic blockade will remove that tone, we can predict the effects that ganglionic blockade will produce.


Table 16–2 indicates (1) the major structures innervated by autonomic nerves, (2) the branch of the autonomic nervous system that provides the predominant tone to those structures, and (3) the responses to ganglionic blockade. As indicated, the predominant autonomic tone to most organs is provided by the parasympathetic nervous system. The sympathetic branch provides the predominant tone only to sweat glands, arterioles, and veins.




TABLE 16–2 [image: ]


Predominant Autonomic Tone and Responses to Ganglionic Blockade








	Location

	Predominant Tone

	Response to Ganglionic Blockade










	Salivary glands

	Parasympathetic

	Dry mouth






	Ciliary muscle

	Parasympathetic

	Blurred vision






	Iris sphincter

	Parasympathetic

	Photophobia (from mydriasis)






	Urinary bladder

	Parasympathetic

	Urinary retention






	Gastrointestinal tract

	Parasympathetic

	Constipation






	Heart

	Parasympathetic

	Tachycardia






	Sweat glands

	Sympathetic*


	Anhidrosis






	Arterioles

	Sympathetic

	Hypotension (from vasodilation)






	Veins

	Sympathetic

	Orthostatic hypotension (from pooling of blood in veins secondary to venous dilation)









*Sympathetic nerves to sweat glands release acetylcholine as their transmitter, which acts at muscarinic receptors on the sweat glands.





Since the parasympathetic nervous system provides the predominant tone to most organs, and since the parasympathetic nervous system works through muscarinic receptors to influence organ function, most responses to ganglionic blockade resemble those produced by muscarinic antagonists. These responses include dry mouth, blurred vision, photophobia, urinary retention, constipation, tachycardia, and anhidrosis.


In addition to their parasympatholytic effects, ganglionic blockers produce hypotension. The mechanism is blockade of sympathetic nerve traffic to arterioles and veins, which results in vasodilation.








Therapeutic use


Prior to their withdrawal, ganglionic blockers were used for essential hypertension in selected patients. Specifically, these drugs were reserved for those rare cases in which blood pressure could not be reduced with more desirable medications.








Adverse effects


Ganglionic blockers can produce a broad spectrum of undesired effects, all of which are predictable consequences of generalized inhibition of the autonomic nervous system. Adverse effects fall into two major groups: (1) antimuscarinic effects, caused by parasympathetic blockade; and (2) hypotension, caused largely by sympathetic blockade.





Antimuscarinic effects.


Blockade of parasympathetic ganglia produces typical antimuscarinic responses: dry mouth, blurred vision, photophobia, urinary retention, constipation, tachycardia, and anhidrosis. Antimuscarinic responses are discussed in detail in Chapter 14.








Orthostatic hypotension.


Orthostatic hypotension, defined as a drop in blood pressure when we stand up, is the principal concern with these drugs. The mechanism is dilation of veins, which causes blood to “pool” in veins when we move from a recumbent to an upright position. As a result of venous pooling, return of blood to the heart is greatly reduced, causing a reduction in cardiac output and a subsequent fall in blood pressure. Patients can minimize hypotension by moving slowly when assuming an erect posture. Because hypotension can cause fainting, patients should sit or lie down if they become dizzy or lightheaded.


Overdose can cause a profound drop in blood pressure. If this occurs, pressure can be restored with a vasoconstrictor (eg, norepinephrine).








CNS effects.


Blockade of nicotinic receptors in the CNS can cause multiple effects, including tremor, convulsions, and mental aberrations. However, these reactions are rare.








Ask yourself.


Would I want to risk all of these side effects just to reduce my blood pressure? Or would I prefer a more selective drug, one that can reduce my blood pressure without causing all of these unpleasant effects? The answer, I hope, is obvious.





















































Key points


All of these key points apply to the neuromuscular blocking agents—not to ganglionic blocking agents.




[image: ] Sustained contraction of skeletal muscle results from repetitive activation of nicotinicM receptors on the motor end-plate, causing the end-plate to go through repeating cycles of depolarization and repolarization.


[image: ] Neuromuscular blockers interfere with nicotinicM receptor activation, and thereby cause muscle relaxation.


[image: ] Competitive neuromuscular blockers act by competing with ACh for binding to nicotinicM receptors.


[image: ] Succinylcholine, the only depolarizing neuromuscular blocker in use, binds to nicotinicM receptors, causing the end-plate to depolarize; the drug then remains bound, which keeps the end-plate from repolarizing.


[image: ] Neuromuscular blockers are used to produce muscle relaxation during surgery, endotracheal intubation, mechanical ventilation, and electroshock therapy.


[image: ] Neuromuscular blockers do not reduce consciousness or pain.


[image: ] The major adverse effect of neuromuscular blockers is respiratory depression.


[image: ] Cholinesterase inhibitors can reverse the effects of competitive neuromuscular blockers but will intensify the effects of succinylcholine.


[image: ] Succinylcholine can trigger malignant hyperthermia, a life-threatening condition.


[image: ] Succinylcholine is eliminated by plasma cholinesterase. Accordingly, effects are greatly prolonged in patients with low plasma cholinesterase activity.


[image: ] All of the neuromuscular blockers are quaternary ammonium compounds, and therefore must be administered parenterally (almost always IV).





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.











Summary of Major Nursing Implications*





Neuromuscular blocking agents







Atracurium


Cisatracurium


Pancuronium


Rocuronium


Succinylcholine


Vecuronium





Except where noted, the implications summarized below apply to all neuromuscular blocking agents.





Preadministration assessment





Therapeutic goal


Provision of muscle relaxation during surgery, endotracheal intubation, mechanical ventilation, electroconvulsive therapy, and other procedures.








Identifying high-risk patients


Use all neuromuscular blockers with caution in patients with myasthenia gravis.


Succinylcholine is contraindicated for patients with low pseudocholinesterase activity, a personal or familial history of malignant hyperthermia, or conditions that predispose to hyperkalemia (major burns, multiple trauma, denervation of skeletal muscle, upper motor neuron injury).











Implementation: administration





Routes





Intravenous.


All neuromuscular blockers, including succinylcholine.








Intramuscular.


Only succinylcholine, and only rarely.











Administration


Neuromuscular blockers are dangerous drugs that should be administered by clinicians skilled in their use.











Implementation: measures to enhance therapeutic effects


Neuromuscular blockers do not affect consciousness or perception of pain. When used during surgery, these drugs must be accompanied by adequate anesthesia. When neuromuscular blockers are used for prolonged paralysis during mechanical ventilation, care should be taken to ensure comfort (eg, positioning the patient comfortably, moistening the mouth periodically). Because patients may be awake (but won’t appear to be), conversations held in their presence should convey only information appropriate for them to hear.








Ongoing evaluation and interventions





Minimizing adverse effects





Apnea.


All neuromuscular blockers can cause respiratory arrest. Facilities for intubation and mechanical ventilation should be immediately available.


Monitor respiration constantly during the period of peak drug action. When drug administration is discontinued, take vital signs at least every 17 minutes until recovery is complete.


A cholinesterase inhibitor can be used to reverse respiratory depression caused by competitive neuromuscular blockers, but not by succinylcholine, a depolarizing blocker.








Hypotension.


Atracurium may cause hypotension by releasing histamine. Antihistamines can help counteract this effect.








Malignant hyperthermia.


Succinylcholine can trigger malignant hyperthermia. Predisposition to this reaction is genetic. Assess for a family history of the reaction. Management consists of stopping succinylcholine and the offending anesthetic (and substituting a safer anesthetic), cooling with ice packs and cold IV saline, and giving IV dantrolene.








Hyperkalemia with cardiac arrest.


Succinylcholine can cause severe hyperkalemia resulting in cardiac arrest if given to patients with major burns, multiple trauma, denervation of skeletal muscle, or upper motor neuron injury. Accordingly, the drug is contraindicated for these people.








Muscle pain.


Succinylcholine may cause muscle pain. Reassure the patient that this response, although unpleasant, is not unusual.











Minimizing adverse interactions





Antibiotics.


Certain antibiotics, including aminoglycosides and tetracyclines, can intensify neuromuscular blockade. Use them with caution.








Cholinesterase inhibitors.


These drugs delay inactivation of succinylcholine, thereby greatly prolonging paralysis. Accordingly, cholinesterase inhibitors are contraindicated for patients receiving succinylcholine.

















*Patient education information is highlighted as blue text.
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Epinephrine
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Dopamine
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Phenylephrine
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Discussion of Adrenergic Agonists in Other Chapters
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By definition, adrenergic agonists produce their effects by activating adrenergic receptors. Since the sympathetic nervous system acts through these same receptors, responses to adrenergic agonists and responses to stimulation of the sympathetic nervous system are very similar. Because of this similarity, adrenergic agonists are often referred to as sympathomimetics. Adrenergic agonists have a broad spectrum of indications, ranging from heart failure to asthma to preterm labor.


Learning about adrenergic agonists can be a challenge. To facilitate the process, our approach to these drugs has four stages. We begin with the general mechanisms by which drugs can activate adrenergic receptors. Next we establish an overview of the major adrenergic agonists, focusing on their receptor specificity and chemical classification. After that, we address the adrenergic receptors themselves; for each receptor type—alpha1, alpha2, beta1, beta2, and dopamine—we discuss the beneficial and harmful effects that can result from receptor activation. Finally, we integrate all of this information by discussing the characteristic properties of representative sympathomimetic drugs.


Please note that this chapter is intended only as an introduction to the adrenergic agonists. Our objective here is to discuss the basic properties of the sympathomimetic drugs and establish an overview of their applications and adverse effects. In later chapters, we will discuss the clinical applications of these agents in greater depth.













Mechanisms of adrenergic receptor activation


Drugs can activate adrenergic receptors by four basic mechanisms: (1) direct receptor binding, (2) promotion of norepinephrine (NE) release, (3) blockade of NE reuptake, and (4) inhibition of NE inactivation. Note that only the first mechanism is direct. With the other three, receptor activation occurs by an indirect process. Examples of drugs that act by these four mechanisms are presented in Table 17–1.




TABLE 17–1 [image: ]


Mechanisms of Adrenergic Receptor Activation










	Mechanism of Stimulation

	Examples










	Direct Mechanism






	Receptor activation through direct binding

	Dopamine
Epinephrine
Isoproterenol
Ephedrine*







	Indirect Mechanisms






	Promotion of NE release

	Amphetamine
Ephedrine*







	Inhibition of NE reuptake

	Cocaine
Tricyclic antidepressants






	Inhibition of MAO

	MAO inhibitors














[image: image]





MAO = monoamine oxidase, NE = norepinephrine.


*Ephedrine is a mixed-acting drug that activates receptors directly and by promoting release of norephinephrine.





















Direct receptor binding.


Direct interaction with receptors is the most common mechanism by which drugs activate peripheral adrenergic receptors. The direct-acting receptor stimulants produce their effects by binding to adrenergic receptors and mimicking the actions of natural transmitters (NE, epinephrine, dopamine). In this chapter, all of the drugs discussed activate receptors directly.














Promotion of ne release.


By acting on terminals of sympathetic nerves to cause NE release, drugs can bring about activation of adrenergic receptors. Agents that act by this mechanism include amphetamines and ephedrine. (Ephedrine can also activate adrenergic receptors directly.)














Inhibition of ne reuptake.


Recall that reuptake of NE into terminals of sympathetic nerves is the major mechanism for terminating adrenergic transmission. By blocking NE reuptake, drugs can cause NE to accumulate within the synaptic gap, and can thereby increase receptor activation. Agents that act by this mechanism include cocaine and the tricyclic antidepressants (eg, imipramine).














Inhibition of ne inactivation.


As discussed in Chapter 13, some of the NE in terminals of adrenergic neurons is subject to inactivation by monoamine oxidase (MAO). Hence, drugs that inhibit MAO can increase the amount of NE available for release, and can thereby enhance receptor activation. (It should be noted that, in addition to being present in sympathetic nerves, MAO is present in the liver and the intestinal wall. The significance of MAO at these other sites is considered later in the chapter.)


In this chapter, which is dedicated to peripherally acting sympathomimetics, nearly all of the drugs discussed act exclusively by direct receptor activation. The only exception is ephedrine, a drug that works by a combination of direct receptor activation and promotion of NE release.


Most of the indirect-acting adrenergic agonists are used for their ability to activate adrenergic receptors in the central nervous system (CNS)—not for their effects in the periphery. The indirect-acting sympathomimetics (eg, amphetamine, cocaine) are mentioned here to emphasize that, although these agents are employed for effects on the brain, they can and will cause activation of adrenergic receptors in the periphery. Peripheral activation is responsible for certain toxicities of these drugs (eg, cardiac dysrhythmias, hypertension).

































Overview of the adrenergic agonists



Chemical classification: catecholamines versus noncatecholamines





The adrenergic agonists fall into two major chemical classes: catecholamines and noncatecholamines. As discussed below, the catecholamines and noncatecholamines differ in three important respects: (1) oral usability, (2) duration of action, and (3) the ability to act in the CNS. Accordingly, if we know to which category a particular adrenergic agonist belongs, we will know three of its prominent features.








Catecholamines


The catecholamines are so named because they contain a catechol group and an amine group. A catechol group is simply a benzene ring that has hydroxyl groups on two adjacent carbons (Fig. 17–1). The amine component of the catecholamines is ethylamine. Structural formulas for each of the major catecholamines—epinephrine, norepinephrine, isoproterenol, dopamine, and dobutamine—are presented in Figure 17–1. Because of their chemistry, all catecholamines have three properties in common: (1) they cannot be used orally, (2) they have a brief duration of action, and (3) they cannot cross the blood-brain barrier.
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Figure 17–1 [image: ] Structures of representative catecholamines and noncatecholamines.
Catecholamines: Note that all of the catecholamines share the same basic chemical formula. Because of their biochemical properties, the catecholamines cannot be used orally, cannot cross the blood-brain barrier, and have short half-lives (owing to rapid inactivation by MAO and COMT).
Noncatecholamines: Although structurally similar to catecholamines, noncatecholamines differ from catecholamines in three important ways: they can be used orally; they can cross the blood-brain barrier; and, because they are not rapidly metabolized by MAO or COMT, they have much longer half-lives.








The actions of two enzymes—monoamine oxidase and catechol-O-methyltransferase (COMT)—explain why the catecholamines have short half-lives and cannot be used orally. MAO and COMT are located in the liver and in the intestinal wall. Both enzymes are very active and quickly destroy catecholamines administered by any route. Because these enzymes are located in the liver and intestinal wall, catecholamines that are administered orally become inactivated before they can reach the systemic circulation. Hence, catecholamines are ineffective if given by mouth. Because of rapid inactivation by MAO and COMT, three catecholamines—norepinephrine, dopamine, and dobutamine—are effective only if administered by continuous infusion. Administration by other parenteral routes (eg, subQ, IM) will not yield adequate blood levels, owing to rapid hepatic inactivation.


Catecholamines are polar molecules, and hence cannot cross the blood-brain barrier. (Recall from Chapter 4 that polar compounds penetrate membranes poorly.) The polar nature of the catecholamines is due to the hydroxyl groups on the catechol portion of the molecule. Because they cannot cross the blood-brain barrier, catecholamines have minimal effects on the CNS.


Be aware that catecholamine-containing solutions, which are colorless when first prepared, turn pink or brown over time. This pigmentation is caused by oxidation of the catecholamine molecule. As a rule, catecholamine solutions should be discarded as soon as discoloration develops. The only exception is dobutamine, which can be used up to 24 hours after the solution was made, even if discoloration appears.














Noncatecholamines


The noncatecholamines have ethylamine in their structure (see Fig. 17–1), but do not contain the catechol moiety that characterizes the catecholamines. In this chapter, we discuss three noncatecholamines: ephedrine, albuterol, and phenylephrine.


The noncatecholamines differ from the catecholamines in three important respects. First, because they lack a catechol group, noncatecholamines are not substrates for COMT and are metabolized slowly by MAO. As a result, the half-lives of noncatecholamines are much longer than those of catecholamines. Second, because they do not undergo rapid degradation by MAO and COMT, noncatecholamines can be given orally, whereas catecholamines cannot. Third, noncatecholamines are considerably less polar than catecholamines, and hence are more able to cross the blood-brain barrier.














Receptor specificity


To understand the actions of individual adrenergic agonists, we need to know their receptor specificity. Since the sympathomimetic drugs differ widely with respect to the receptors they can activate, learning the receptor specificity of these drugs will take some effort.


Variability in receptor specificity among the adrenergic agonists can be illustrated with three drugs: albuterol, isoproterenol, and epinephrine. Albuterol is highly selective, acting at beta2 receptors only. Isoproterenol is less selective, acting at beta1 receptors and beta2 receptors. Epinephrine is less selective yet, acting at all four adrenergic receptor subtypes: alpha1, alpha2, beta1, and beta2.


The receptor specificities of the major adrenergic agonists are summarized in Table 17–2. In the upper part of the table, receptor specificity is presented in tabular form. In the lower part, the same information is presented schematically. By learning (memorizing) the content of Table 17–2, you will be well on your way toward understanding the pharmacology of the sympathomimetic drugs.




TABLE 17–2 [image: ]


Receptor Specificity of Representative Adrenergic Agonists










	Catecholamines

	 

	Noncatecholamines






	Drug

	Receptors Activated

	 

	Drug

	Receptors Activated










	Epinephrine

	α1, α2, β1, β2


	 

	Ephedrine*


	α1, α2, β1, β2







	Norepinephrine

	α1, α2, β1


	 

	Phenylephrine

	α1







	Isoproterenol

	β1, β2


	 

	Albuterol

	β2







	Dobutamine

	β1


	 

	 

	 






	Dopamine†


	α1, β1, dopamine

	 

	 

	 






	
Receptors Activated‡







	Alpha1

	Alpha2

	Beta1

	Beta2

	Dopamine






	 

	Epinehrine
Ephedrine*


	 

	 






	 

	Norepinephrine

	 

	 






	Phenylephrine

	 

	Isoproterenol

	 






	 

	 

	Dobutamine

	Albuterol

	 






	Dopamine†


	 

	Dopamine†


	 

	Dopamine†
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α = alpha, β = beta.


*Ephedrine is a mixed-acting agent that causes NE release and also activates alpha and beta receptors directly.


†Receptor activation by dopamine is dose dependent.


‡This chart represents in graphic form the same information on receptor specificity given above. Arrows indicate the range of receptors that the drugs can activate (at usual therapeutic doses).





Please note that the concept of receptor specificity is relative, not absolute. The ability of a drug to selectively activate certain receptors to the exclusion of others depends on the dosage: at low doses, selectivity is maximal; as dosage increases, selectivity declines. For example, when albuterol is administered in low to moderate doses, the drug is highly selective for beta2-adrenergic receptors. However, if the dosage is high, albuterol will activate beta1 receptors as well. The information on receptor specificity in Table 17–2 refers to usual therapeutic doses. So-called selective agents will activate additional adrenergic receptors if the dosage is abnormally high.




















Therapeutic applications and adverse effects of adrenergic receptor activation


In this section we discuss the responses—both therapeutic and adverse—that can be elicited with sympathomimetic drugs. Since many adrenergic agonists activate more than one type of receptor (see Table 17–2), it could be quite confusing if we were to talk about the effects of the sympathomimetics while employing specific drugs as examples. Consequently, rather than attempting to structure this presentation around representative drugs, we discuss the actions of the adrenergic agonists one receptor at a time. Our discussion begins with alpha1 receptors, and then moves to alpha2 receptors, beta1 receptors, beta2 receptors, and finally dopamine receptors. For each receptor type, we discuss both the therapeutic and adverse responses that can result from receptor activation.


To understand the effects of any specific adrenergic agonist, all you need is two types of information: (1) the identity of the receptors at which the drug acts and (2) the effects produced by activating those receptors. Combining these two types of information will reveal a profile of drug action. This is the same approach to understanding neuropharmacologic agents that we discussed in Chapter 12.


Before you go deeper into this chapter, I encourage you (strongly advise you) to review Table 13–3. Since we are about to discuss the clinical consequences of adrenergic receptor activation, and since Table 13–3 summarizes the responses to activation of those receptors, the benefits of being familiar with Table 13–3 are obvious. If you choose not to memorize Table 13–3 now, at least be prepared to refer back to it as we discuss the consequences of receptor activation.








Clinical consequences of alpha1 activation


In this section we discuss the therapeutic and adverse effects that can result from activation of alpha1-adrenergic receptors. As shown in Table 17–2, drugs capable of activating alpha1 receptors include epinephrine, NE, phenylephrine, ephedrine, and dopamine.








Therapeutic applications of alpha1 activation


Activation of alpha1 receptors elicits two responses that can be of therapeutic use: (1) vasoconstriction (in blood vessels of the skin, viscera, and mucous membranes); and (2) mydriasis. Of the two, vasoconstriction is the one for which alpha1 agonists are used most often. Using these drugs for mydriasis is rare.








Hemostasis.


Hemostasis is defined as the arrest of bleeding, which alpha1 agonists accomplish through vasoconstriction. Alpha1 stimulants are given to stop bleeding primarily in the skin and mucous membranes. Epinephrine, applied topically, is the alpha1 agonist used most for this purpose.














Nasal decongestion.


Nasal congestion results from dilation and engorgement of blood vessels in the nasal mucosa. Drugs can relieve congestion by causing alpha1-mediated vasoconstriction. Specific alpha1-activating agents employed as nasal decongestants include phenylephrine (applied topically) and pseudoephedrine (taken orally).














Adjunct to local anesthesia.


Alpha1 agonists are frequently combined with local anesthetics to delay anesthetic absorption. The mechanism is alpha1-mediated vasoconstriction, which reduces blood flow to the site of anesthetic administration. Why delay anesthetic absorption? Because doing so prolongs anesthesia, allows a reduction in anesthetic dosage, and reduces the systemic effects that a local anesthetic might produce. The drug used most frequently to delay anesthetic absorption is epinephrine.














Elevation of blood pressure.


Because of their ability to cause vasoconstriction, alpha1 agonists can elevate blood pressure in hypotensive patients. Please note, however, that alpha1 agonists are not the primary therapy for hypotension. Rather, they are reserved for situations in which fluid replacement and other measures have failed to restore blood pressure to a satisfactory level.














Mydriasis.


Activation of alpha1 receptors on the radial muscle of the iris causes mydriasis (dilation of the pupil), which can facilitate eye examinations and ocular surgery. Note that producing mydriasis is the only clinical use of alpha1 activation that is not based on vasoconstriction.




















Adverse effects of alpha1 activation


All of the adverse effects caused by alpha1 activation result directly or indirectly from vasoconstriction.








Hypertension.


Alpha1 agonists can produce hypertension by causing widespread vasoconstriction. Severe hypertension is most likely with parenteral dosing. Accordingly, when alpha1 agonists are given parenterally, cardiovascular status must be monitored continuously. Never leave the patient unattended.














Necrosis.


If the IV line employed to administer an alpha1 agonist becomes extravasated, local seepage of the drug may result in necrosis (tissue death). The cause is lack of blood flow secondary to intense local vasoconstriction. If extravasation occurs, the area should be infiltrated with an alpha1-blocking agent (eg, phentolamine), which will counteract alpha1-mediated vasoconstriction, and thereby help minimize injury.














Bradycardia.


Alpha1 agonists can cause reflex slowing of the heart. The mechanism is this: Alpha1-mediated vasoconstriction elevates blood pressure, which triggers the baroreceptor reflex, causing heart rate to decline. In patients with marginal cardiac reserve, the decrease in cardiac output may compromise tissue perfusion.


























Clinical consequences of alpha2 activation


As discussed in Chapter 13, alpha2 receptors in the periphery are located presynaptically, and their activation inhibits NE release. Several adrenergic agonists (eg, epinephrine, NE) are capable of causing alpha2 activation. However, their ability to activate alpha2 receptors in the periphery has little clinical significance. There are no therapeutic applications related to activation of peripheral alpha2 receptors. Furthermore, activation of these receptors rarely causes significant adverse effects.


In contrast to alpha2 receptors in the periphery, alpha2 receptors in the CNS are of great clinical significance. By activating central alpha2 receptors, we can produce two useful effects: (1) reduction of sympathetic outflow to the heart and blood vessels and (2) relief of severe pain. The central alpha2 agonists used for effects on the heart and blood vessels, and the agents used to relieve pain, are discussed in Chapters 19 and 28, respectively.














Clinical consequences of beta1 activation


All of the clinically relevant responses to activation of beta1 receptors result from activating beta1 receptors in the heart; activation of renal beta1 receptors is not associated with either beneficial or adverse effects. As indicated in Table 17–2, beta1 receptors can be activated by epinephrine, NE, isoproterenol, dopamine, dobutamine, and ephedrine.








Therapeutic applications of beta1 activation








Heart failure.


Heart failure is characterized by a reduction in the force of myocardial contraction, resulting in insufficient cardiac output. Because activation of beta1 receptors in the heart has a positive inotropic effect (ie, increases the force of contraction), drugs that activate these receptors can improve cardiac performance.














Shock.


This condition is characterized by profound hypotension and greatly reduced tissue perfusion. The primary goal of treatment is to maintain blood flow to vital organs. By increasing heart rate and force of contraction, beta1 stimulants can increase cardiac output and can thereby improve tissue perfusion.














Atrioventricular heart block.


Atrioventricular (AV) heart block is a condition in which impulse conduction from the atria to the ventricles is either impeded or blocked entirely. As a consequence, the ventricles are no longer driven at an appropriate rate. Since activation of cardiac beta1 receptors can enhance impulse conduction through the AV node, beta1 stimulants can help overcome AV block. It should be noted, however, that drugs are only a temporary form of treatment. For long-term management, a pacemaker is implanted.














Cardiac arrest caused by asystole.


By activating cardiac beta1 receptors, drugs can initiate contraction in a heart that has stopped beating. It should be noted, however, that drugs are not the preferred treatment. Initial management focuses on cardiopulmonary resuscitation (CPR), external pacing (if available), and identification and treatment of the underlying cause (eg, hypoxia, severe acidosis, drug overdose). When a beta1 agonist is indicated, epinephrine, administered IV, is the preferred drug. If IV access is not possible, epinephrine can be injected directly into the heart.




















Adverse effects of beta1 activation


All of the adverse effects of beta1 activation result from activating beta1 receptors in the heart. Activating renal beta1 receptors is not associated with untoward effects.








Altered heart rate or rhythm.


Overstimulation of cardiac beta1 receptors can produce tachycardia (excessive heart rate) and dysrhythmias (irregular heartbeat).














Angina pectoris.


In some patients, drugs that activate beta1 receptors can precipitate an attack of angina pectoris, a condition characterized by substernal pain in the region of the heart. Anginal pain occurs when cardiac oxygen supply (blood flow) is insufficient to meet cardiac oxygen needs. The most common cause of angina is coronary atherosclerosis (accumulation of lipids and other substances in coronary arteries). Since beta1 agonists increase cardiac oxygen demand (by increasing heart rate and force of contraction), patients with compromised coronary circulation are at risk of an anginal attack.


























Clinical consequences of beta2 activation








Therapeutic applications of beta2 activation


Therapeutic applications of beta2 activation are limited to the lungs and the uterus. Drugs used for their beta2-activating ability include epinephrine, isoproterenol, and albuterol.








Asthma.


Asthma is a chronic condition characterized by inflammation and bronchoconstriction occurring in response to a variety of stimuli. During a severe attack, the airflow reduction can be life threatening. Since drugs that activate beta2 receptors in the lung promote bronchodilation, these drugs can help relieve or prevent asthma attacks.


For therapy of asthma, adrenergic agonists that are selective for beta2 receptors (eg, albuterol) are preferred to less selective agents (eg, isoproterenol). This is especially true for patients who also suffer from angina pectoris or tachycardia. Why? Because drugs that can activate beta1 receptors would aggravate these cardiac disorders.


Most beta2 agonists used to treat asthma are administered by inhalation. This route is desirable in that it helps minimize adverse systemic effects. It should be noted, however, that inhalation does not guarantee safety: Serious systemic toxicity can result from overdosing with inhaled sympathomimetics. Accordingly, patients must be warned against inhaling too much drug.














Delay of preterm labor.


Activation of beta2 receptors in the uterus relaxes uterine smooth muscle. This action can be exploited to delay preterm labor.




















Adverse effects of beta2 activation








Hyperglycemia.


The most important adverse response to beta2 activation is hyperglycemia (elevation of blood glucose). The mechanism is activation of beta2 receptors in the liver and skeletal muscles, which promotes breakdown of glycogen into glucose. As a rule, beta2 agonists cause hyperglycemia only in patients with diabetes; in patients with normal pancreatic function, insulin release will maintain blood glucose at an appropriate level. If hyperglycemia develops in the diabetic patient, insulin dosage should be increased.














Tremor.


Tremor is the most common side effect of beta2 agonists. It occurs because activation of beta2 receptors in skeletal muscle enhances contraction. Tremor generally fades over time and can be minimized by initiating therapy at low doses.


























Clinical consequences of dopamine receptor activation


Activation of peripheral dopamine receptors causes dilation of the renal vasculature. This effect is exploited in the treatment of shock: by dilating renal blood vessels, we can improve renal perfusion and can thereby reduce the risk of renal failure. Dopamine itself is the only drug available that can activate dopamine receptors. It should be noted that, when dopamine is given to treat shock, the drug also enhances cardiac performance (because it activates beta1 receptors in the heart).














Multiple receptor activation: treatment of anaphylactic shock













Pathophysiology of anaphylaxis.


Anaphylactic shock is a manifestation of severe allergy. The reaction is characterized by hypotension (from widespread vasodilation), bronchoconstriction, and edema of the glottis. Although histamine contributes to these responses, symptoms are due largely to release of other mediators (eg, leukotrienes). Anaphylaxis can be triggered by a variety of substances, including bee venom, wasp venom, latex rubber, certain foods (eg, peanuts, shellfish), and certain drugs (eg, penicillins).














Treatment.


Epinephrine, injected IM, is the treatment of choice for anaphylactic shock. Benefits derive from activating three types of adrenergic receptors: alpha1, beta1, and beta2. By activating these receptors, epinephrine can reverse the most severe manifestations of the anaphylactic reaction. Activation of beta1 receptors increases cardiac output, thereby helping elevate blood pressure. Blood pressure is also increased because epinephrine promotes alpha1-mediated vasoconstriction. In addition to increasing blood pressure, vasoconstriction helps suppress glottal edema. By activating beta2 receptors, epinephrine can counteract bronchoconstriction. Individuals who are prone to severe allergic responses should carry an epinephrine auto-injector (eg, EpiPen) at all times (Box 17–1). Antihistamines are not especially useful against anaphylaxis because histamine is only a minor contributor to the reaction.





[image: image]BOX 17–1 [image: ]   SPECIAL INTEREST TOPIC


THE EPIPEN: DON’T LEAVE HOME WITHOUT IT!


The EpiPen is an epinephrine auto-injector, one of three brands available in the United States.* The device is indicated for emergency treatment of anaphylaxis, a life-threatening allergic reaction caused by severe hypersensitivity to insect venoms (eg, from bees, wasps, fire ants), certain foods (eg, peanuts, walnuts, shellfish), and certain drugs (especially penicillins). Every year, anaphylaxis kills about 6000 Americans: 125 who have food allergies, between 40 and 400 who have venom allergies, and over 5400 who have penicillin allergy. Could most of these deaths be avoided? Yes—through immediate injection of epinephrine. Unfortunately, many of the people at risk don’t carry an epinephrine injector, and many of those who do aren’t sure how to use it. So listen up: By encouraging highly allergic clients to carry an EpiPen, and by teaching them when and how to use it, you could well save someone’s life.


EpiPen description and dosage


The EpiPen auto-injector is a single-use delivery device, featuring a spring-activated needle, designed for IM injection of epinephrine. Two strengths are available. The larger one, sold as EpiPen, delivers a 0.3-mg dose (for individuals weighing 66 pounds or more). The smaller one, sold as EpiPen Jr, delivers a 0.15-mg dose (for individuals between 33 and 66 pounds). If one injection fails to completely reverse symptoms, a second injection (using a second EpiPen) may be given. The EpiPen is available only by prescription.





EpiPen storage and replacement


Epinephrine is sensitive to extreme heat and light, and hence the EpiPen should be stored at room temperature in a dark place. The factory-issue storage tube provides additional protection from UV light. Refrigeration can compromise the injection mechanism, and should be avoided. If the epinephrine solution turns brown, if a precipitate forms, or if the expiration date has passed, the unit should be replaced. (The distributor offers a free service to remind patients when their EpiPen is about to expire.)








Who should carry an EpiPen and when should they use it?


Anyone who has experienced a severe, systemic allergic reaction should always carry at least one epinephrine auto-injector! Anaphylaxis can develop within minutes after allergen exposure. To prevent a full-blown reaction, epinephrine should be injected as soon as early symptoms appear (eg, swelling, shortness of breath). People who do not carry an EpiPen, and hence must wait for an emergency response team, greatly increase their risk of death.








What’s the self-injection procedure?


The EpiPen auto-injector is a tubular device with three prominent external features: a black tip (the needle comes out through this end), a clear window (for examining the epinephrine solution), and a gray cap (which prevents activation until being removed).


[image: image]


Injections are made into the outer thigh as follows:




1. Form a fist around the unit with the black tip pointing down.


2. With the free hand, pull off the gray activation cap.


3. Jab the device firmly into the outer thigh, at an angle perpendicular to the thigh, and hold it there for 10 seconds. (The injection may be made directly through clothing.)[image: image]


4. Remove the unit and massage the area for 10 seconds to facilitate absorption.





To ensure the injection was made, examine the used EpiPen: If the needle is projecting through the black tip, the procedure was a success; if the needle is not projecting, jab the device in again. Note: The EpiPen contains 2 mL of epinephrine solution, but only 0.3 mL is actually injected. Hence, even after a successful injection, the device will not be empty.








What should be done after the injection?


Following epinephrine injection, it is important to get immediate medical attention. Why? Because (1) the effects of epinephrine begin to fade in 10 to 20 minutes and (2) anaphylactic reactions can be biphasic and prolonged. Accordingly, to ensure a good outcome, hospitalization (up to 6 hours) is recommended. Hospital staff should be informed that epinephrine has been injected, and should be shown the used EpiPen (to confirm the dosage). Prednisone may be given to manage delayed or persistent symptoms.








Does IM epinephrine have side effects?


Of course. The injection itself may cause discomfort, and the epinephrine may cause tachycardia, palpitations, and a feeling of nervousness. The drug may also cause sweating, dizziness, headache, nausea, and vomiting.








*In addition to the EpiPen, two other epinephrine auto-injectors—Adrenaclick and Twinject—are now available. The Adrenaclick injector is nearly identical to the EpiPen. Twinject differs from the other two products in that it can deliver two separate doses. The first dose is injected automatically, just as with EpiPen and Adrenaclick. The second dose, if needed, is injected manually.



































Properties of representative adrenergic agonists


Our aim in this section is to establish an overview of the adrenergic agonists. The information is presented in the form of “drug digests” that highlight characteristic features of representative sympathomimetic agents.


As noted, there are two keys to understanding individual adrenergic agonists: (1) knowledge of the receptors that the drug can activate and (2) knowledge of the therapeutic and adverse effects that receptor activation can elicit. By integrating these two types of information, you can easily predict the spectrum of effects that a particular drug can produce.


Unfortunately, knowing the effects that a drug is capable of producing does not always indicate how that drug is actually used in a clinical setting. Why? Because some adrenergic agonists are not used for all the effects they can produce. Norepinephrine, for example, can activate alpha1 receptors and can therefore produce mydriasis. However, although NE can produce mydriasis, the drug is not actually used for this purpose. Similarly, although isoproterenol is capable of producing uterine relaxation (through beta2 activation), isoproterenol is not employed clinically for this effect. Because receptor specificity is not always a predictor of the therapeutic applications of a particular adrenergic agonist, for each of the drugs discussed below, approved clinical applications are indicated.








Epinephrine







• Receptor specificity: alpha1, alpha2, beta1, beta2


• Chemical classification: catecholamine





Epinephrine [Adrenalin, others] was among the first adrenergic agonists employed clinically and can be considered the prototype of the sympathomimetic drugs. Because of its prototypic status, epinephrine is discussed in detail.








Therapeutic uses


Epinephrine can activate all four subtypes of adrenergic receptors. As a consequence, the drug can produce a broad spectrum of beneficial sympathomimetic effects:




• Because it can cause alpha1-mediated vasoconstriction, epinephrine is used to (1) delay absorption of local anesthetics, (2) control superficial bleeding, and (3) elevate blood pressure. In the past, epinephrine-induced vasoconstriction was also used for nasal decongestion.


• Activation of alpha1 receptors on the iris can be used to produce mydriasis during ophthalmologic procedures.*


• Because it can activate beta1 receptors, epinephrine is used to (1) overcome AV heart block and (2) restore cardiac function in patients experiencing cardiac arrest caused by asystole.


• Activation of beta2 receptors in the lung promotes bronchodilation, which can be useful in patients with asthma (although other drugs are preferred).


• Because it can activate a combination of alpha and beta receptors, epinephrine is the treatment of choice for anaphylactic shock.

















Pharmacokinetics








Absorption.


Epinephrine may be administered topically or by injection. The drug cannot be given orally because, as discussed, epinephrine and other catecholamines undergo destruction by MAO and COMT before reaching the systemic circulation. Following subQ injection, absorption is slow owing to epinephrine-induced local vasoconstriction. Absorption is more rapid following IM injection.














Inactivation.


Epinephrine has a short half-life because of two processes: enzymatic inactivation and uptake into adrenergic nerves. The enzymes that inactivate epinephrine and other catecholamines are MAO and COMT.




















Adverse effects


Because it can activate the four major adrenergic receptor subtypes, epinephrine can produce multiple adverse effects.








Hypertensive crisis.


Vasoconstriction secondary to excessive alpha1 activation can produce a dramatic increase in blood pressure. Cerebral hemorrhage can occur. Because of the potential for severe hypertension, patients receiving parenteral epinephrine must undergo continuous cardiovascular monitoring.














Dysrhythmias.


Excessive activation of beta1 receptors in the heart can produce dysrhythmias. Because of their sensitivity to catecholamines, hyperthyroid patients are at high risk for epinephrine-induced dysrhythmias.














Angina pectoris.


By activating beta1 receptors in the heart, epinephrine can increase cardiac work and oxygen demand. If the increase in oxygen demand is big enough, an anginal attack may ensue. Causing angina is especially likely in patients with coronary atherosclerosis.














Necrosis following extravasation.


If an IV line containing epinephrine becomes extravasated, the resultant localized vasoconstriction may result in necrosis. Because of this possibility, patients receiving IV epinephrine should be monitored closely. If extravasation occurs, injury can be minimized by local injection of phentolamine, an alpha-adrenergic antagonist.














Hyperglycemia.


In diabetic patients, epinephrine can cause hyperglycemia. How? By causing breakdown of glycogen secondary to activation of beta2 receptors in liver and skeletal muscle. If hyperglycemia develops, insulin dosage should be increased.




















Drug interactions








MAO inhibitors.


As their name implies, MAO inhibitors suppress the activity of MAO. These drugs are used primarily to treat depression (see Chapter 32). Because MAO is one of the enzymes that inactivate epinephrine and other catecholamines, inhibition of MAO will prolong and intensify epinephrine’s effects. As a rule, patients receiving an MAO inhibitor should not receive epinephrine.














Tricyclic antidepressants.


Tricyclic antidepressants block the uptake of catecholamines into adrenergic neurons. Since neuronal uptake is one mechanism by which the actions of norepinephrine and other catecholamines are terminated, blocking uptake can intensify and prolong epinephrine’s effects. Accordingly, patients receiving a tricyclic antidepressant may require a reduction in epinephrine dosage.














General anesthetics.


Several inhalation anesthetics render the myocardium hypersensitive to activation by beta1 agonists. When the heart is in this hypersensitive state, exposure to epinephrine and other beta1 agonists can cause tachydysrhythmias.














Alpha-adrenergic blocking agents.


Drugs that block alpha-adrenergic receptors can prevent receptor activation by epinephrine. Alpha blockers (eg, phentolamine) can be used to treat toxicity (eg, hypertension, local vasoconstriction) caused by excessive epinephrine-induced alpha activation.














Beta-adrenergic blocking agents.


Drugs that block beta-adrenergic receptors can prevent receptor activation by epinephrine. Beta-blocking agents (eg, propranolol) can reduce adverse effects (eg, dysrhythmias, anginal pain) caused by epinephrine and other beta1 agonists.




















Preparations, dosage, and administration


Epinephrine [Adrenalin, EpiPen, Primatene Mist, others] is supplied in solution for administration by several routes: IV, IM, subQ, intracardiac, intraspinal, inhalation, and topical. As indicated in Table 17–3, the strength of the epinephrine solution employed depends on the route of administration. Note that solutions intended for intravenous administration are less concentrated than solutions intended for administration by most other routes. Why? Because intravenous administration of a concentrated epinephrine solution can produce potentially fatal reactions (severe dysrhythmias and hypertension). Therefore, before you give epinephrine IV, check to ensure that the concentration is appropriate! Aspirate prior to IM or subQ injection to avoid inadvertent injection into a vein.




TABLE 17–3 [image: ]


Epinephrine Solutions: Concentrations for Different Routes of Administration








	Concentration of Epinephrine Solution

	Route of Administration










	1% (1:100)

	Oral inhalation






	0.1% (1:1000)

	Subcutaneous
Intramuscular
Intraspinal






	0.01% (1:10,000)

	Intravenous
Intracardiac






	0.001% (1:100,000)

	In combination with local anesthetics












Patients receiving IV epinephrine should be monitored constantly. They should be observed for signs of excessive cardiovascular activation (eg, tachydysrhythmias, hypertension) and for possible extravasation of the IV line. If systemic toxicity develops, epinephrine should be discontinued; if indicated, an alpha-adrenergic blocker, a beta-adrenergic blocker, or both should be given to suppress symptoms. If an epinephrine-containing IV line becomes extravasated, administration should be discontinued and the region of extravasation infiltrated with an alpha-adrenergic blocker.


Treatment of anaphylaxis using an epinephrine auto-injector [EpiPen, Twinject, Adrenaclick] is discussed in Box 17–1.














Norepinephrine







• Receptor specificity: alpha1, alpha2, beta1


• Chemical classification: catecholamine





Norepinephrine [Levophed] is similar to epinephrine in several respects. With regard to receptor specificity, NE differs from epinephrine only in that NE does not activate beta2 receptors. Accordingly, NE can elicit all of the responses that epinephrine can, except those that are beta2 mediated. Because NE is a catecholamine, the drug is subject to rapid inactivation by MAO and COMT, and hence cannot be given orally. Adverse effects are nearly identical to those of epinephrine: tachydysrhythmias, angina, hypertension, and local necrosis upon extravasation. In contrast to epinephrine, NE does not promote hyperglycemia, a response that is beta2 mediated. As with epinephrine, responses to NE can be modified by MAO inhibitors, tricyclic antidepressants, general anesthetics, and adrenergic blocking agents.


Despite its similarity to epinephrine, NE has limited clinical applications. The only recognized indications are hypotensive states and cardiac arrest.


Norepinephrine is supplied in solution (1 mg/mL) for administration by IV infusion only. Never leave the patient unattended. Monitor cardiovascular status continuously. Take care to avoid extravasation.



































Isoproterenol







• Receptor specificity: beta1 and beta2


• Chemical classification: catecholamine





Isoproterenol (formerly available as Isuprel) differs significantly from NE and epinephrine in that isoproterenol acts only at beta-adrenergic receptors. Isoproterenol was the first beta-selective agent employed clinically and will serve as our prototype of the beta-selective adrenergic agonists.








Therapeutic uses








Cardiovascular.


By activating beta1 receptors in the heart, isoproterenol can benefit patients with cardiovascular disorders. Specifically, it can help overcome AV heart block, restart the heart following cardiac arrest, and increase cardiac output during shock.














Bronchospasm.


Although isoproterenol is no longer used for asthma, it is used to treat bronchospasm during anesthesia. Benefits derive from activating beta2 receptors in the lung.




















Asthma.


By activating beta2 receptors in the lung, isoproterenol can cause bronchodilation, thereby decreasing airway resistance. Following its introduction, isoproterenol became a mainstay of asthma therapy. However, because we now have even more selective beta-adrenergic agonists (ie, drugs that activate beta2 receptors only), use of isoproterenol for asthma has been abandoned.









































Adverse effects


Because isoproterenol does not activate alpha-adrenergic receptors, it produces fewer adverse effects than NE or epinephrine. The major undesired responses, caused by activating beta1 receptors in the heart, are tachydysrhythmias and angina pectoris. In diabetic patients, isoproterenol can cause hyperglycemia (by promoting beta2-mediated glycogenolysis).














Drug interactions


The major drug interactions of isoproterenol are nearly identical to those of epinephrine. Effects are enhanced by MAO inhibitors and tricyclic antidepressants and reduced by beta-adrenergic blocking agents. Like epinephrine, isoproterenol can cause dysrhythmias in patients receiving certain inhalation anesthetics.

















Preparations and administration


Isoproterenol hydrochloride is available in solution (0.2 and 0.02 mg/mL) for parenteral administration.


When used to stimulate the heart, isoproterenol can be administered IV and IM and by intracardiac injection. The dosage for IM administration is about 10 times greater than the dosage employed for the other two routes.


When used to relieve bronchospasm, isoproterenol is administered IV.






































Dopamine







• Receptor specificity: dopamine, beta1, and, at high doses, alpha1


• Chemical classification: catecholamine











Receptor specificity


Dopamine has dose-dependent receptor specificity. When administered in low therapeutic doses, dopamine acts on dopamine receptors only. At moderate therapeutic doses, dopamine activates beta1 receptors in addition to dopamine receptors. And at very high doses, dopamine activates alpha1 receptors along with beta1 and dopamine receptors.














Therapeutic uses








Shock.


The major indication for dopamine is shock. Benefits derive from effects on the heart and renal blood vessels. By activating beta1 receptors in the heart, dopamine can increase cardiac output, thereby improving tissue perfusion. By activating dopamine receptors in the kidney, dopamine can dilate renal blood vessels, thereby improving renal perfusion. Success can be evaluated by monitoring output of urine.














Heart failure.


Heart failure is characterized by reduced tissue perfusion secondary to reduced cardiac output. Dopamine can help alleviate symptoms by activating beta1 receptors on the heart, which increases myocardial contractility, and thereby increases cardiac output.














Acute renal failure.


Because of its ability to increase renal blood flow and urine output, low-dose dopamine has long been used in efforts to preserve renal function in patients with evolving acute renal failure (ARF). However, we now have evidence that the drug is not effective: In patients with early ARF, dopamine failed to protect renal function, shorten hospital stays, or reduce the number of patients needing a kidney transplant. Accordingly, it would appear that it is time to abandon low-dose dopamine as a treatment for ARF.




















Adverse effects


The most common adverse effects of dopamine—tachycardia, dysrhythmias, and anginal pain—result from activation of beta1 receptors in the heart. Because of its cardiac actions, dopamine is contraindicated for patients with tachydysrhythmias or ventricular fibrillation. Since high concentrations of dopamine cause alpha1 activation, extravasation may result in necrosis from localized vasoconstriction. Tissue injury can be minimized by local infiltration of phentolamine, an alpha-adrenergic antagonist.














Drug interactions


MAO inhibitors can intensify the effects of dopamine on the heart and blood vessels. If a patient is receiving an MAO inhibitor, the dosage of dopamine must be reduced by at least 90%. Tricyclic antidepressants can also intensify dopamine’s actions, but not to the extent seen with MAO inhibitors. Certain general anesthetics can sensitize the myocardium to stimulation by dopamine and other catecholamines, thereby increasing the risk of dysrhythmias. Diuretics can complement the beneficial effects of dopamine on the kidney.

















Preparations, dosage, and administration





Preparations.


Dopamine hydrochloride is supplied in aqueous solutions that range in concentration from 0.8 to 160 mg/mL.








Dosage.


Concentrated solutions must be diluted prior to infusion. For treatment of shock, a concentration of 400 mcg/mL can be used. The recommended initial rate of infusion is 2 to 5 mcg/kg/min. If needed, the infusion rate can be gradually increased to a maximum of 20 to 50 mcg/kg/min.








Administration.


Dopamine is administered IV. Because of extremely rapid inactivation by MAO and COMT, the drug must be given by continuous infusion. A metering device is needed to control flow rate. Cardiovascular status must be closely monitored. If extravasation occurs, the infusion should be stopped and the affected area infiltrated with an alpha-adrenergic antagonist (eg, phentolamine).














Dobutamine







• Receptor specificity: beta1


• Chemical classification: catecholamine











Actions and uses.


At therapeutic doses, dobutamine causes selective activation of beta1-adrenergic receptors. The only indication for the drug is heart failure.








Adverse effects.


The major adverse effect is tachycardia. Blood pressure and the electrocardiogram (ECG) should be monitored closely.








Drug interactions.


Effects of dobutamine on the heart and blood vessels are intensified greatly by MAO inhibitors. Accordingly, in patients receiving an MAO inhibitor, dobutamine dosage must be reduced at least 90%. Concurrent use of tricyclic antidepressants may cause a moderate increase in the cardiovascular effects. Certain general anesthetics can sensitize the myocardium to stimulation by dobutamine, thereby increasing the risk of dysrhythmias.








Preparations, dosage, and administration.


Dobutamine hydrochloride is supplied in concentrated and dilute solutions. The concentrated solution (12.5 mg/mL in 20- and 40-mL vials) must be diluted prior to use. The dilute solutions (1, 2, and 4 mg/mL in 250-mL single-use containers) can be used as is. Because of rapid inactivation by MAO and COMT, dobutamine is administered by continuous IV infusion. The usual rate is 2.5 to 10 mcg/kg/min.














Phenylephrine







• Receptor specificity: alpha1


• Chemical classification: noncatecholamine





Phenylephrine [Neo-Synephrine, others] is a selective alpha1 agonist. The drug can be administered locally to reduce nasal congestion and parenterally to elevate blood pressure. In addition, phenylephrine eye drops can be used to dilate the pupil. Also, phenylephrine can be coadministered with local anesthetics to retard anesthetic absorption.



































Albuterol







• Receptor specificity: beta2


• Chemical classification: noncatecholamine











Therapeutic uses








Asthma.


Albuterol [Ventolin, VoSpire, others] can reduce airway resistance in asthma by causing beta2-mediated bronchodilation. Because albuterol is “selective” for beta2 receptors, it produces much less activation of cardiac beta1 receptors than does isoproterenol. As a result, albuterol and other beta2-selective agents have replaced isoproterenol for therapy of asthma. Remember, however, that receptor selectivity is only relative: If administered in large doses, albuterol will lose selectivity and activate beta1 receptors as well as beta2 receptors. Accordingly, patients should be warned not to exceed recommended doses, since doing so may cause undesired cardiac stimulation. Preparations and dosages for asthma are presented in Chapter 76.




















Adverse effects


Adverse effects are minimal at therapeutic doses. Tremor is most common. If dosage is excessive, albuterol can cause tachycardia by activating beta1 receptors in the heart.














Ephedrine







• Receptor specificity: alpha1, alpha2, beta1, beta2


• Chemical classification: noncatecholamine





Ephedrine is referred to as a mixed-acting drug, because it activates adrenergic receptors by direct and indirect mechanisms. Direct activation results from binding of the drug to alpha and beta receptors. Indirect activation results from release of NE from adrenergic neurons.


Owing to the development of more selective adrenergic agonists, uses for ephedrine are limited. By promoting beta2-mediated bronchodilation, ephedrine can benefit patients with asthma. By activating a combination of alpha and beta receptors, ephedrine can improve hemodynamic status in patients with shock. In the past, the drug was used for nasal decongestion.


Because ephedrine activates the same receptors as epinephrine, both drugs share the same adverse effects: hypertension, dysrhythmias, angina, and hyperglycemia. In addition, because ephedrine can cross the blood-brain barrier, it can act in the CNS to cause insomnia.









































Discussion of adrenergic agonists in other chapters


All of the drugs presented in this chapter are discussed again in chapters that address specific applications. For example, the use of alpha1 agonists to relieve nasal congestion is discussed in Chapter 77. Table 17–4 summarizes the chapters in which adrenergic agonists are discussed again.




TABLE 17–4 [image: ]


Discussion of Adrenergic Agonists in Other Chapters








	Drug Class

	Discussion Topic

	Chapter










	Alpha1 Agonists

	Nasal congestion
Ophthalmology

	
77
104







	Alpha2 Agonists

	Cardiovascular effects
Pain relief
Hypertension
Ophthalmology

	
19
28
47
104







	Beta1 Agonists

	Heart failure

	 






	Beta2 Agonists

	Asthma
Preterm labor

	
76
64







	Amphetamines

	Basic pharmacology
Attention-deficit/hyperactivity disorder
Drug abuse
Appetite suppression

	
36
36

40
82































Key points







[image: ] Adrenergic agonists are also known as sympathomimetics. Why? Because their effects mimic those caused by the sympathetic nervous system.


[image: ] Most adrenergic agonists act by direct activation of adrenergic receptors. A few act by indirect mechanisms: promotion of norepinephrine release, blockade of norepinephrine uptake, and inhibition of norepinephrine breakdown.


[image: ] Adrenergic agonists fall into two chemical classes: catecholamines and noncatecholamines.


[image: ] Agents in the catecholamine family cannot be taken orally (because of destruction by MAO and COMT), have a brief duration of action (because of destruction by MAO and COMT), and cannot cross the blood-brain barrier (because they are polar molecules).


[image: ] Adrenergic agonists that are noncatecholamines can be taken orally, have a longer duration than the catecholamines, and can cross the blood-brain barrier.


[image: ] Activation of alpha1 receptors causes vasoconstriction and mydriasis.


[image: ] Alpha1 agonists are used for hemostasis, nasal decongestion, and elevation of blood pressure, and as adjuncts to local anesthetics.


[image: ] Major adverse effects that can result from alpha1 activation are hypertension and local necrosis (if extravasation occurs).


[image: ] Activation of alpha2 receptors in the periphery is of minimal clinical significance. In contrast, drugs that activate alpha2 receptors in the CNS produce useful effects (see Chapters 19 and 28).


[image: ] All of the clinically relevant responses to activation of beta1 receptors result from activating beta1 receptors in the heart.


[image: ] Activation of cardiac beta1 receptors increases heart rate, force of contraction, and conduction through the AV node.


[image: ] Drugs that activate beta1 receptors can be used to treat heart failure, AV block, and cardiac arrest caused by asystole.


[image: ] Potential adverse effects from beta1 activation are tachycardia, dysrhythmias, and angina.


[image: ] Drugs that activate beta2 receptors are used primarily for asthma.


[image: ] Principal adverse effects from beta2 activation are hyperglycemia (mainly in diabetic patients) and tremor.


[image: ] Activation of dopamine receptors dilates renal blood vessels, which helps maintain renal perfusion in shock.


[image: ] Epinephrine is a catecholamine that activates alpha1, alpha2, beta1, and beta2 receptors.


[image: ] Epinephrine is the drug of choice for treating anaphylactic shock: By activating alpha1, beta1, and beta2 receptors, epinephrine can elevate blood pressure, suppress glottal edema, and counteract bronchoconstriction.


[image: ] Epinephrine can also be used to control superficial bleeding, restart the heart after cardiac arrest, and delay absorption of local anesthetics.


[image: ] Epinephrine should not be combined with MAO inhibitors, and should be used cautiously in patients taking tricyclic antidepressants.


[image: ] Isoproterenol is a catecholamine that activates beta1 and beta2 receptors.


[image: ] Isoproterenol can be used to enhance cardiac performance (by activating beta1 receptors) and to treat bronchospasm (by activating beta2 receptors).


[image: ] Dopamine is a catecholamine whose receptor specificity is highly dose dependent: at low therapeutic doses, dopamine acts on dopamine receptors only; at moderate doses, dopamine activates beta1 receptors in addition to dopamine receptors; and at high doses, dopamine activates alpha1 receptors along with beta1 receptors and dopamine receptors.


[image: ] Albuterol is a noncatecholamine that produces selective activation of beta2 receptors.


[image: ] Albuterol is used to treat asthma.


[image: ] Because albuterol is “selective” for beta2 receptors, it produces much less stimulation of the heart than does isoproterenol. Accordingly, albuterol and related drugs have replaced isoproterenol for therapy of asthma.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.











Summary of Major Nursing Implications





Epinephrine





Preadministration assessment





Therapeutic goal


Epinephrine has multiple indications. The major use is treatment of anaphylaxis. Other uses include control of superficial bleeding, delay of local anesthetic absorption, and management of cardiac arrest.








Identifying high-risk patients


Epinephrine must be used with great caution in patients with hyperthyroidism, cardiac dysrhythmias, organic heart disease, or hypertension. Caution is also needed in patients with angina pectoris or diabetes and in those receiving MAO inhibitors, tricyclic antidepressants, or general anesthetics.











Implementation: administration





Routes


Topical, inhalation, and parenteral (IV, IM, subQ, intracardiac, intraspinal). Rapid inactivation by MAO and COMT prohibits oral use.








Administration


The concentration of epinephrine solutions varies according to the route of administration (see Table 17–3). To avoid serious injury, check solution strength to ensure that the concentration is appropriate for the intended route. Aspirate prior to IM and subQ administration to avoid inadvertent injection into a vein.


Epinephrine solutions oxidize over time, causing them to turn pink or brown. Discard discolored solutions.











Ongoing evaluation and interventions





Evaluating therapeutic effects


In patients receiving IV epinephrine, monitor cardiovascular status continuously.








Minimizing adverse effects





Cardiovascular effects.


By stimulating the heart, epinephrine can cause anginal pain, tachycardia, and dysrhythmias. These responses can be reduced with a beta-adrenergic blocking agent (eg, propranolol).


By activating alpha1 receptors on blood vessels, epinephrine can cause intense vasoconstriction, which can result in severe hypertension. Blood pressure can be lowered with an alpha-adrenergic blocking agent (eg, phentolamine).








Necrosis.


If an IV line delivering epinephrine becomes extravasated, necrosis may result. Exercise care to avoid extravasation. If extravasation occurs, infiltrate the region with phentolamine to minimize injury.








Hyperglycemia.


Epinephrine may cause hyperglycemia in diabetic patients. If hyperglycemia develops, insulin dosage should be increased.











Minimizing adverse interactions





MAO inhibitors and tricyclic antidepressants.


These drugs prolong and intensify the actions of epinephrine. Patients taking these antidepressants require a reduction in epinephrine dosage.








General anesthetics.


When combined with certain general anesthetics, epinephrine can induce cardiac dysrhythmias. Dysrhythmias may respond to a beta1-adrenergic blocker.

















Dopamine





Preadministration assessment





Therapeutic goal


Dopamine is used to improve hemodynamic status in patients with shock or heart failure. Benefits derive from enhanced cardiac performance and increased renal perfusion.








Baseline data


Full assessment of cardiac, hemodynamic, and renal status is needed.








Identifying high-risk patients


Dopamine is contraindicated for patients with tachydysrhythmias or ventricular fibrillation. Use with extreme caution in patients with organic heart disease, hyperthyroidism, or hypertension, and in patients receiving MAO inhibitors. Caution is also needed in patients with angina pectoris and in those receiving tricyclic antidepressants or general anesthetics.











Implementation: administration





Route


Intravenous.








Administration


Administer by continuous infusion, employing a metering device to control flow rate.


If extravasation occurs, stop the infusion immediately and infiltrate the region with an alpha-adrenergic antagonist (eg, phentolamine).











Ongoing evaluation and interventions





Evaluating therapeutic effects


Monitor cardiovascular status continuously. Increased urine output is one index of success. Diuretics may complement the beneficial effects of dopamine on the kidney.








Minimizing adverse effects





Cardiovascular effects.


By stimulating the heart, dopamine may cause anginal pain, tachycardia, or dysrhythmias. These reactions can be decreased with a beta-adrenergic blocking agent (eg, propranolol).








Necrosis.


If the IV line delivering dopamine becomes extravasated, necrosis may result. Exercise care to avoid extravasation. If extravasation occurs, infiltrate the region with phentolamine.











Minimizing adverse interactions





MAO inhibitors.


Concurrent use of MAO inhibitors and dopamine can result in severe cardiovascular toxicity. If a patient is taking an MAO inhibitor, dopamine dosage must be reduced by at least 90%.








Tricyclic antidepressants.


These drugs prolong and intensify the actions of dopamine. Patients receiving them may require a reduction in dopamine dosage.








General anesthetics.


When combined with certain general anesthetics, dopamine can induce dysrhythmias. These may respond to a beta1-adrenergic blocker.

















Dobutamine





Preadministration assessment





Therapeutic goal


Improvement of hemodynamic status in patients with heart failure.








Baseline data


Full assessment of cardiac, renal, and hemodynamic status is needed.








Identifying high-risk patients


Use with great caution in patients with organic heart disease, hyperthyroidism, tachydysrhythmias, or hypertension and in those taking an MAO inhibitor. Caution is also needed in patients with angina pectoris and in those receiving tricyclic antidepressants or general anesthetics.











Implementation: administration





Route


Intravenous.








Administration


Administer by continuous IV infusion. Dilute concentrated solutions prior to use. Infusion rates usually range from 2.5 to 10 mcg/kg/min. Adjust the infusion rate on the basis of the cardiovascular response.











Ongoing evaluation and interventions





Evaluating therapeutic effects


Monitor cardiac function (heart rate, ECG), blood pressure, and urine output. When possible, monitor central venous pressure and pulmonary wedge pressure.








Minimizing adverse effects


Major adverse effects are tachycardia and dysrhythmias. Monitor the ECG and blood pressure closely. Adverse cardiac effects can be reduced with a beta-adrenergic antagonist.








Minimizing adverse interactions





MAO inhibitors.


Concurrent use of an MAO inhibitor with dobutamine can cause severe cardiovascular toxicity. If a patient is taking an MAO inhibitor, dobutamine dosage must be reduced by at least 90%.








Tricyclic antidepressants.


These drugs can prolong and intensify the actions of dobutamine. Patients receiving them may require a reduction in dobutamine dosage.








General anesthetics.


When combined with certain general anesthetics, dobutamine can cause cardiac dysrhythmias. These may respond to a beta1-adrenergic antagonist.






























*Epinephrine for ophthalmic use is no longer available in the United States.












CHAPTER 18


Adrenergic antagonists










ALPHA-ADRENERGIC ANTAGONISTS




Therapeutic and Adverse Responses to Alpha Blockade 




Therapeutic Applications of Alpha Blockade


Adverse Effects of Alpha Blockade





Properties of Individual Alpha Blockers




Prazosin


Terazosin


Doxazosin


Tamsulosin


Alfuzosin


Silodosin


Phentolamine


Phenoxybenzamine








BETA-ADRENERGIC ANTAGONISTS




Therapeutic and Adverse Responses to Beta Blockade 




Therapeutic Applications of Beta Blockade


Adverse Effects of Beta Blockade





Properties of Individual Beta Blockers




Propranolol


Metoprolol


Other Beta-Adrenergic Blockers
















The adrenergic antagonists cause direct blockade of adrenergic receptors. With one exception, all of the adrenergic antagonists produce reversible (competitive) blockade.


Unlike many adrenergic agonists, which act at alpha- and beta-adrenergic receptors, most adrenergic antagonists are more selective. As a result, the adrenergic antagonists can be neatly divided into two major groups: (1) alpha-adrenergic blocking agents (drugs that produce selective blockade of alpha-adrenergic receptors); and (2) beta-adrenergic blocking agents (drugs that produce selective blockade of beta receptors).* Members of these two groups are listed in Table 18–1.




TABLE 18–1 [image: ]


Receptor Specificity of Adrenergic Antagonists










	Category

	Drugs

	Receptors Blocked










	Alpha-Adrenergic Blocking Agents






	Nonselective Agents

	Phenoxybenzamine
Phentolamine

	alpha1, alpha2
alpha1, alpha2







	Alpha1-Selective Agents

	Alfuzosin
Doxazosin
Prazosin
Silodosin
Tamsulosin
Terazosin

	alpha1
alpha1
alpha1
alpha1
alpha1
alpha1







	Beta-Adrenergic Blocking Agents






	Nonselective Agents

	Carteolol
Nadolol
Penbutolol
Pindolol
Propranolol
Sotalol
Timolol
Carvedilol
Labetalol

	beta1, beta2
beta1, beta2
beta1, beta2
beta1, beta2
beta1, beta2
beta1, beta2
beta1, beta2
beta1, beta2, alpha1
beta1, beta2, alpha1







	Beta1-Selective Agents

	Acebutolol
Atenolol
Betaxolol
Bisoprolol
Esmolol
Metoprolol
Nebivolol

	beta1
beta1
beta1
beta1
beta1
beta1
beta1















[image: image]








Our approach to the adrenergic antagonists mirrors the approach we took with the adrenergic agonists. That is, we begin by discussing the therapeutic and adverse effects that can result from alpha- and beta-adrenergic blockade, after which we discuss the individual drugs that produce receptor blockade.


Remember that it is much easier to understand responses to the adrenergic drugs if you first understand the responses to activation of adrenergic receptors. Accordingly, if you have not yet mastered (memorized) Table 13–3, you should do so now (or at least be prepared to consult the table as we proceed).









Alpha-adrenergic antagonists



Therapeutic and adverse responses to alpha blockade





In this section we discuss the beneficial and adverse responses that can result from blockade of alpha-adrenergic receptors. Properties of individual alpha-blocking agents are discussed after that.








Therapeutic applications of alpha blockade


Most of the clinically useful responses to alpha-adrenergic antagonists result from blockade of alpha1 receptors on blood vessels. Blockade of alpha1 receptors in the bladder and prostate can help men with benign prostatic hyperplasia (BPH). Blockade of alpha1 receptors in the eye and blockade of alpha2 receptors have no recognized therapeutic applications.













Essential hypertension.


Hypertension (high blood pressure) can be treated with a variety of drugs, including the alpha-adrenergic antagonists. Alpha antagonists lower blood pressure by blocking alpha1 receptors on arterioles and veins, causing vasodilation. Dilation of arterioles reduces arterial pressure directly. Dilation of veins lowers arterial pressure by an indirect process: In response to venous dilation, return of blood to the heart decreases, thereby decreasing cardiac output, which in turn reduces arterial pressure. The role of alpha-adrenergic blockers in essential hypertension is discussed further in Chapter 47 (Drugs for Hypertension).














Reversal of toxicity from alpha1 agonists.


Overdose with an alpha-adrenergic agonist (eg, epinephrine) can produce hypertension secondary to excessive activation of alpha1 receptors on blood vessels. When this occurs, blood pressure can be lowered by reversing the vasoconstriction with an alpha-blocking agent.


If an IV line containing an alpha agonist becomes extravasated, necrosis can occur secondary to intense local vasoconstriction. By infiltrating the region with phentolamine (an alpha-adrenergic antagonist), we can block the vasoconstriction and thereby prevent injury.














Benign prostatic hyperplasia.


BPH results from proliferation of cells in the prostate gland. Symptoms include dysuria, increased frequency of daytime urination, nocturia, urinary hesitance and intermittence, urinary urgency, a sensation of incomplete voiding, and a reduction in the size and force of the urinary stream. All of these symptoms can be improved with drugs that block alpha1 receptors. Benefits derive from reduced contraction of smooth muscle in the prostatic capsule and the bladder neck (trigone and sphincter). BPH is discussed at length in Chapter 66.














Pheochromocytoma.


A pheochromocytoma is a catecholamine-secreting tumor derived from cells of the sympathetic nervous system. These tumors are usually located in the adrenal medulla. If secretion of catecholamines (epinephrine, norepinephrine) is sufficiently great, persistent hypertension can result. The principal cause of hypertension is activation of alpha1 receptors on blood vessels, although activation of beta1 receptors on the heart can also contribute. The preferred treatment is surgical removal of the tumor, but alpha-adrenergic blockers may also be employed.


Alpha-blocking agents have two roles in managing pheochromocytoma. First, in patients with inoperable tumors, alpha blockers are given chronically to suppress hypertension. Second, when surgery is indicated, alpha blockers are administered preoperatively to reduce the risk of acute hypertension during the procedure. (The surgical patient is at risk because manipulation of the tumor can cause massive catecholamine release.)














Raynaud’s disease.


Raynaud’s disease is a peripheral vascular disorder characterized by vasospasm in the toes and fingers. Prominent symptoms are local sensations of pain and cold. Alpha blockers can suppress symptoms by preventing alpha-mediated vasoconstriction. It should be noted, however, that although alpha blockers can relieve symptoms of Raynaud’s disease, they are generally ineffective against other peripheral vascular disorders that involve inappropriate vasoconstriction.


























Adverse effects of alpha blockade


The most significant adverse effects of the alpha-adrenergic antagonists result from blockade of alpha1 receptors. Detrimental effects associated with alpha2 blockade are minor.








Adverse effects of alpha1 blockade








Orthostatic hypotension.


Orthostatic hypotension is the most serious adverse response to alpha-adrenergic blockade. This hypotension can reduce blood flow to the brain, thereby causing dizziness, lightheadedness, and even syncope (fainting).


The cause of hypotension is blockade of alpha receptors on veins, which reduces muscle tone in the venous wall. Because of reduced venous tone, blood tends to pool (accumulate) in veins when the patient assumes an erect posture. As a result, return of blood to the heart is reduced, which decreases cardiac output, which in turn causes blood pressure to fall.


Patients should be informed about symptoms of hypotension (lightheadedness, dizziness) and advised to sit or lie down if these occur. In addition, patients should be informed that orthostatic hypotension can be minimized by avoiding abrupt transitions from a supine or sitting position to an erect posture.














Reflex tachycardia.


Alpha-adrenergic antagonists can increase heart rate by triggering the baroreceptor reflex. The mechanism is this: (1) blockade of vascular alpha1 receptors causes vasodilation; (2) vasodilation reduces blood pressure; and (3) baroreceptors sense the reduction in blood pressure and, in an attempt to restore normal pressure, initiate a reflex increase in heart rate via the autonomic nervous system. If necessary, reflex tachycardia can be suppressed with a beta-adrenergic blocking agent.














Nasal congestion.


Alpha blockade can dilate the blood vessels of the nasal mucosa, producing nasal congestion.














Inhibition of ejaculation.


Since activation of alpha1 receptors is required for ejaculation (see Table 13–3), blockade of these receptors can cause impotence. This form of drug-induced impotence is reversible and resolves when the alpha blocker is withdrawn.


The ability of alpha blockers to inhibit ejaculation can be a major reason for nonadherence to the prescribed regimen. If a patient deems the adverse sexual effects of alpha blockade unacceptable, a change in medication will be required. Because males may be reluctant to discuss such concerns, a tactful interview may be needed to discern if drug-induced impotence is discouraging drug use.




















Sodium retention and increased blood volume.


By reducing blood pressure, alpha blockers can promote renal retention of sodium and water, thereby causing blood volume to increase. The steps in this process are as follows: (1) by reducing blood pressure, alpha1 blockers decrease renal blood flow; (2) in response to reduced perfusion, the kidney excretes less sodium and water; and (3) the resultant retention of sodium and water increases blood volume. As a result, blood pressure is elevated, blood flow to the kidney is increased, and, as far as the kidney is concerned, all is well. Unfortunately, when alpha blockers are used to treat hypertension (which they often are), this compensatory elevation in blood pressure can negate beneficial effects. In order to prevent the kidney from “neutralizing” hypotensive actions, alpha-blocking agents are usually combined with a diuretic when used in patients with hypertension.











Adverse effects of alpha2 blockade


The most significant adverse effect associated with alpha2 blockade is potentiation of the reflex tachycardia that can occur in response to blockade of alpha1 receptors. Why does alpha2 blockade intensify reflex tachycardia? Recall that peripheral alpha2 receptors are located presynaptically and that activation of these receptors inhibits norepinephrine release. Hence, if alpha2 receptors are blocked, release of norepinephrine will increase. Since the reflex tachycardia caused by alpha1 blockade is ultimately the result of increased firing of the sympathetic nerves to the heart, and since alpha2 blockade will cause each nerve impulse to release a greater amount of norepinephrine, alpha2 blockade will potentiate reflex tachycardia initiated by blockade of alpha1 receptors. Accordingly, drugs such as phentolamine, which block alpha2 as well as alpha1 receptors, cause greater reflex tachycardia than do drugs that block alpha1 receptors only.












































Properties of individual alpha blockers


Eight alpha-adrenergic antagonists are employed clinically. Because the alpha blockers often cause postural hypotension, therapeutic uses are limited.


As indicated in Table 18–1, the alpha-adrenergic blocking agents can be subdivided into two major groups. One group, represented by prazosin, contains drugs that produce selective alpha1 blockade. The second group, represented by phentolamine, consists of nonselective alpha blockers, which block alpha1 and alpha2 receptors.








Prazosin













Actions and uses.


Prazosin [Minipress] is a competitive antagonist that produces selective blockade of alpha1-adrenergic receptors. The result is dilation of arterioles and veins, and relaxation of smooth muscle in the bladder neck (trigone and sphincter) and prostatic capsule. Prazosin is approved only for hypertension. However, it can also benefit men with BPH.




















Pharmacokinetics.


Prazosin is administered orally. Antihypertensive effects peak in 1 to 3 hours and persist for 10 hours. The drug undergoes extensive hepatic metabolism followed by excretion in the bile. Only 10% is eliminated in the urine. The half-life is 2 to 3 hours.



































Adverse effects.


Blockade of alpha1 receptors can cause orthostatic hypotension, reflex tachycardia, inhibition of ejaculation, and nasal congestion. The most serious of these is hypotension. Patients should be educated about the symptoms of hypotension (dizziness, lightheadedness) and advised to sit or lie down if they occur. Also, patients should be informed that orthostatic hypotension can be minimized by moving slowly when changing from a supine or sitting position to an upright position.


About 1% of patients lose consciousness 30 to 60 minutes after receiving their initial prazosin dose. This “first-dose” effect is the result of severe postural hypotension. To minimize the first-dose effect, the initial dose should be small (1 mg or less). Subsequent doses can be gradually increased with little risk of fainting. Patients who are starting treatment should be forewarned about the first-dose effect and advised to avoid driving and other hazardous activities for 12 to 24 hours. Administering the initial dose at bedtime eliminates the risk of a first-dose effect.




















Preparations, dosage, and administration.


Prazosin hydrochloride [Minipress] is available in capsules (1, 2, and 5 mg) for oral use. The initial adult dosage for hypertension is 1 mg 2 or 3 times a day. The maintenance dosage is 6 to 15 mg/day taken in divided doses.














Terazosin








Actions and uses.


Like prazosin, terazosin [Hytrin] is a selective, competitive antagonist at alpha1-adrenergic receptors. The drug is approved for hypertension and BPH. Use in BPH is discussed further in Chapter 66.








Pharmacokinetics.


Peak effects develop 1 to 2 hours after oral dosing. The drug’s half-life is prolonged (9 to 12 hours), allowing benefits to be maintained with just one dose a day. Terazosin undergoes hepatic metabolism followed by excretion in the bile and urine.








Adverse effects.


Like other alpha-blocking agents, terazosin can cause orthostatic hypotension, reflex tachycardia, and nasal congestion. In addition, terazosin is associated with a high incidence (16%) of headache. As with prazosin, the first dose can cause profound hypotension. To minimize this first-dose effect, the initial dose should be administered at bedtime.








Preparations, dosage, and administration.


Terazosin [Hytrin] is available in tablets and capsules (1, 2, 5, and 10 mg). Antihypertensive therapy is initiated with a 1-mg dose, administered at bedtime to minimize the first-dose effect. Dosage can be gradually increased as needed and tolerated. The recommended dosage range for maintenance therapy is 1 to 5 mg once daily. Dosing for benign prostatic hyperplasia is similar to that for hypertension, except that the maintenance dosage is 10 mg/day for most men.














Doxazosin








Actions and uses.


Doxazosin [Cardura] is a selective, competitive inhibitor of alpha1-adrenergic receptors. The drug is indicated for hypertension and BPH. Use in BPH is discussed in Chapter 66.








Pharmacokinetics.


Doxazosin is administered orally, and peak effects develop in 2 to 3 hours. Its half-life is prolonged (22 hours), so once-a-day dosing is adequate. In the blood, most (98%) of the drug is protein bound. Doxazosin undergoes extensive hepatic metabolism followed by biliary excretion.








Adverse effects.


Like prazosin and terazosin, doxazosin can cause orthostatic hypotension, reflex tachycardia, and nasal congestion. As with prazosin and terazosin, the first dose can cause profound hypotension, which can be minimized by giving the initial dose at bedtime.








Preparations, dosage, and administration.


Doxazosin is available in two oral formulations: immediate-release tablets (1, 2, 4, and 8 mg), marketed as Cardura, and sustained-release tablets (4 and 8 mg), marketed as Cardura XL. Cardura is approved for hypertension and BPH, whereas Cardura XL is approved for BPH only.





Dosage using cardura.


The initial dosage for hypertension or BPH is 1 mg once a day. The dosage may be gradually increased as needed, up to a maximum of 16 mg once daily for hypertension or 8 mg once daily for BPH.








Dosage using cardura xl.


The initial dosage (for BPH) is 4 mg once a day administered with breakfast. If needed, the dosage may be increased to 8 mg once daily 3 to 4 weeks later.

















Tamsulosin








Actions and uses.


Tamsulosin [Flomax] is an alpha1-adrenergic antagonist that causes “selective” blockade of alpha1 receptors on smooth muscle of the bladder neck (trigone and sphincter), prostatic capsule, and prostatic urethra; blockade of vascular alpha1 receptors is weak. The drug is approved only for BPH. It is not useful for hypertension. In men with BPH, tamsulosin increases urine flow rate and decreases residual urine volume. Maximum benefits develop within 2 weeks. Use in BPH is discussed further in Chapter 66.








Pharmacokinetics.


Tamsulosin is administered orally, and absorption is slow. Food further decreases the rate and extent of absorption. The drug is metabolized in the liver and excreted in the urine.








Adverse effects.


The most common adverse effects are headache (20%) and dizziness (15%). Between 8% and 18% of patients experience abnormal ejaculation (ejaculation failure, ejaculation decrease, retrograde ejaculation). In addition, the drug is associated with increased incidence of infection. Because relaxation of vascular smooth muscle is relatively weak, the risk of orthostatic hypotension is much lower than with most other alpha blockers.








Drug interactions.


Combined use with cimetidine increases tamsulosin serum levels, which may cause toxicity. Combined use with hypotensive drugs—including sildenafil [Viagra] and related agents—may cause a significant reduction in blood pressure.








Preparations, dosage, and administration.


Tamsulosin is available alone in 0.4-mg capsules sold as Flomax, and combined with dutasteride (0.4 mg tamsulosin/0.5 mg dutasteride) in capsules sold as Jalyn. The usual dosage is 0.4 mg once a day, administered 30 minutes after the same meal each day.














Alfuzosin








Actions and uses.


Like tamsulosin, alfuzosin [Uroxatral, Xatral[image: image]] is an alpha1 blocker with selectivity for alpha1 receptors in the prostate and urinary tract. At recommended doses, blockade of alpha1 receptors on blood vessels is weak. Alfuzosin is indicated only for BPH. The drug is of no use for hypertension. Use in BPH is discussed further in Chapter 66.








Pharmacokinetics.


Alfuzosin is formulated in extended-release tablets, and hence absorption is slow. Plasma levels peak 8 hours after dosing. Bioavailability is 49%. Alfuzosin undergoes extensive hepatic metabolism, primarily by CYP3A4, an isozyme of cytochrome P450. Most (70%) of each dose is eliminated in the feces as inactive metabolites. A small fraction leaves unchanged in the urine. The half-life is 10 hours.


In patients with moderate to severe hepatic impairment, alfuzosin levels increase three- to fourfold. Accordingly, the drug is contraindicated for these patients.








Adverse effects.


Alfuzosin in generally well tolerated. The most common adverse effect is dizziness (5%). Syncope and clinically significant hypotension are rare. Unlike tamsulosin, alfuzosin does not interfere with ejaculation. Doses 4 times greater than recommended can prolong the QT interval, and might thereby pose a risk of ventricular dysrhythmias.








Drug interactions.


Levels of alfuzosin are markedly raised by powerful inhibitors of CYP3A4. Among these are erythromycin, clarithromycin, itraconazole, ketoconazole, nefazodone, and the HIV protease inhibitors, such as ritonavir. Concurrent use of alfuzosin with these drugs is contraindicated.


Although alfuzosin does not lower blood pressure much by itself, combining it with other hypotensive agents could produce a more dramatic reduction. Accordingly, such combinations should be used with caution. Drugs of concern include organic nitrates, antihypertensive agents, and the type 5 phosphodiesterase inhibitors used for impotence (eg, sildenafil [Viagra]).








Preparations, dosage, and administration.


Alfuzosin [Uroxatral] is available in 10-mg extended-release tablets. The recommended dosage is 10 mg once a day, taken immediately after the same meal each day.














Silodosin








Actions and uses.


Silodosin [Rapaflo], approved in October 2008, is an alpha-adrenergic antagonist that selectively blocks alpha1 receptors in the prostate, bladder, and urethra. Blockade of vascular alpha receptors is weak. The drug is indicated only for BPH (see Chapter 66).








Adverse effects.


Silodosin is generally well tolerated. However, like tamsulosin, silodosin can greatly reduce or eliminate release of semen during orgasm. This effect reverses when the drug is discontinued. Although blockade of vascular alpha receptors is usually minimal, silodosin can produce dizziness, lightheadedness, and nasal congestion.








Preparations, dosage, and administration.


Silodosin is supplied in 4- and 8-mg capsules. The usual dosage is 8 mg once daily, but should be reduced to 4 mg once daily in men with moderate renal or hepatic impairment. Men with severe renal or hepatic impairment should not use the drug.














Phentolamine








Actions and uses.


Like prazosin, phentolamine [OraVerse, Regitine[image: image]] is a competitive adrenergic antagonist. However, in contrast to prazosin, phentolamine blocks alpha2 receptors as well as alpha1 receptors. Phentolamine has three approved applications: (1) diagnosis and treatment of pheochromocytoma; (2) prevention of tissue necrosis following extravasation of drugs that produce alpha1-mediated vasoconstriction (eg, norepinephrine); and (3) reversal of soft tissue anesthesia (local anesthetics are often combined with epinephrine, which prolongs anesthetic action by causing alpha1-mediated vasoconstriction; phentolamine blocks epinephrine-mediated vasoconstriction, and thereby increases local blood flow, which increases the rate of anesthetic removal).








Adverse effects.


Like prazosin, phentolamine can produce the typical adverse effects associated with alpha-adrenergic blockade: orthostatic hypotension, reflex tachycardia, nasal congestion, and inhibition of ejaculation. Because it blocks alpha2 receptors, phentolamine produces greater reflex tachycardia than prazosin. If reflex tachycardia is especially severe, heart rate can be reduced with a beta blocker. Since tachycardia can aggravate angina pectoris and myocardial infarction (MI), phentolamine is contraindicated for patients with either disorder.


Overdose can produce profound hypotension. If necessary, blood pressure can be elevated with norepinephrine. Epinephrine should not be used, because the drug can cause blood pressure to drop even further! Why? Because in the presence of alpha1 blockade, the ability of epinephrine to promote vasodilation (via activation of vascular beta2 receptors) may outweigh the ability of epinephrine to cause vasoconstriction (via activation of vascular alpha1 receptors). Further lowering of blood pressure is not a problem with norepinephrine because norepinephrine does not activate beta2 receptors.








Preparations, dosage, and administration.


For IM and IV administration, phentolamine is supplied in a concentrated solution that contains 5 mg phentolamine/2 mL fluid. The dose for preventing hypertension during surgical excision of a pheochromocytoma is 5 mg (IM or IV) given 1 to 2 hours before surgery. To prevent necrosis following extravasation of IV norepinephrine, the region should be infiltrated with 5 to 10 mg of phentolamine diluted in 10 mL of saline.


The OraVerse formulation (0.4 mg phentolamine/0.7 mL fluid) is used to reverse local anesthesia (eg, following dental work). The dose employed is based on the dose of the local anesthetic.














Phenoxybenzamine








Actions and uses.


Phenoxybenzamine [Dibenzyline] is an old drug that, like phentolamine, blocks alpha1 and alpha2 receptors. However, unlike all of the other alpha-adrenergic antagonists, phenoxybenzamine is a noncompetitive receptor antagonist. Hence, receptor blockade is not reversible. As a result, the effects of phenoxybenzamine are long lasting. (Responses to a single dose can persist for several days.) Effects subside as newly synthesized receptors replace the ones that have been irreversibly blocked. Phenoxybenzamine is approved only for pheochromocytoma.








Adverse effects.


Like the other alpha-adrenergic antagonists, phenoxybenzamine can produce orthostatic hypotension, reflex tachycardia, nasal congestion, and inhibition of ejaculation. Reflex tachycardia is greater than that caused by prazosin and about equal to that caused by phentolamine.


If dosage is excessive, phenoxybenzamine, like phentolamine, will cause profound hypotension. Furthermore, since hypotension is the result of irreversible alpha1 blockade, it cannot be corrected with an alpha1 agonist. To restore blood pressure, patients must be given IV fluids, which elevate blood pressure by increasing blood volume.








Preparations, dosage, and administration.


Phenoxybenzamine hydrochloride [Dibenzyline] is available in 10-mg tablets for oral use. The initial adult dosage is 10 mg twice a day. The dosage can be increased every other day until the desired level of alpha blockade (blood pressure control) has been achieved. The usual adult maintenance dosage is 20 to 40 mg given 2 or 3 times a day.




























































Beta-adrenergic antagonists



Therapeutic and adverse responses to beta blockade





In this section we consider the beneficial and adverse responses that can result from blockade of beta-adrenergic receptors. Properties of individual beta blockers are discussed after that.








Therapeutic applications of beta blockade


Practically all of the therapeutic effects of the beta-adrenergic antagonists result from blockade of beta1 receptors in the heart. The major consequences of blocking these receptors are (1) reduced heart rate, (2) reduced force of contraction, and (3) reduced velocity of impulse conduction through the atrioventricular (AV) node. Because of these effects, beta blockers are useful in a variety of cardiovascular disorders.













Angina pectoris.


Angina pectoris (paroxysmal pain in the region of the heart) occurs when oxygen supply (blood flow) to the heart is insufficient to meet cardiac oxygen demand. Anginal attacks can be precipitated by exertion, intense emotion, and other factors. Beta-adrenergic blockers are a mainstay of antianginal therapy. By blocking beta1 receptors in the heart, these drugs decrease cardiac work. This brings oxygen demand back into balance with oxygen supply, and thereby prevents pain. Angina pectoris and its treatment are the subject of Chapter 51.














Hypertension.


For years, beta blockers were considered drugs of choice for hypertension. However, recent data indicate they are less beneficial than previously believed.


The exact mechanism by which beta blockers reduce blood pressure is not known. Older proposed mechanisms include reduction of cardiac output through blockade of beta1 receptors in the heart and suppression of renin release through blockade of beta1 receptors in the kidney (see Chapter 44 for a discussion of the role of renin in blood pressure control). More recently, we have learned that, with long-term use, beta blockers reduce peripheral vascular resistance, which could account for much of their antihypertensive effects. The role of beta-adrenergic blocking agents in hypertension is discussed further in Chapter 47.














Cardiac dysrhythmias.


Beta-adrenergic blocking agents are especially useful for treating dysrhythmias that involve excessive electrical activity in the sinus node and atria. By blocking cardiac beta1 receptors, these drugs can (1) decrease the rate of sinus nodal discharge and (2) suppress conduction of atrial impulses through the AV node, thereby preventing the ventricles from being driven at an excessive rate. The use of beta-adrenergic blockers to treat dysrhythmias is discussed at length in Chapter 49.














Myocardial infarction.


An MI is a region of myocardial necrosis caused by localized interruption of blood flow to the heart wall. Treatment with a beta blocker can reduce pain, infarct size, mortality, and the risk of reinfarction. To be effective, therapy with a beta blocker must commence soon after an MI has occurred, and should be continued for several years. The role of beta blockers in treating MI is discussed further in Chapter 53.














Reduction of perioperative mortality.


Beta blockers may decrease the risk for mortality associated with noncardiac surgery in high-risk patients. In the DECREASE-IV trial, pretreatment with bisoprolol reduced the incidence of perioperative MI and death. However, for treatment to be both safe and effective, dosing should begin early (several days to weeks before surgery) and doses should be low initially and then titrated up (to achieve a resting heart rate of 60 to 80 beats/min). In addition, treatment should continue for 1 month after surgery. As shown in an earlier trial, known as POISE, if the beta blocker is started late (just prior to surgery), and if the doses are large, such treatment can actually increase the risk of perioperative mortality.














Heart failure.


Beta blockers are now considered standard therapy for heart failure. This application is relatively new and may come as a surprise to some readers. Why? Because, until recently, heart failure was considered an absolute contraindication to beta blockers. At this time, only three beta blockers—carvedilol, bisoprolol, and metoprolol—have been shown effective for heart failure. Use of beta blockers for heart failure is discussed at length in Chapter 48.














Hyperthyroidism.


Hyperthyroidism (excessive production of thyroid hormone) is associated with an increase in the sensitivity of the heart to catecholamines (eg, norepinephrine, epinephrine). As a result, normal levels of sympathetic activity to the heart can generate tachydysrhythmias and angina pectoris. Blockade of cardiac beta1 receptors suppresses these responses.














Migraine prophylaxis.


When taken prophylactically, beta-adrenergic blocking agents can reduce the frequency and intensity of migraine attacks. However, although beta blockers are effective as prophylaxis, these drugs are not able to abort a migraine headache once it has begun. The mechanism by which beta blockers prevent migraine is not known. Treatment of migraine and other headaches is the subject of Chapter 30.














Stage fright.


Public speakers and other performers sometimes experience “stage fright.” Prominent symptoms are tachycardia and sweating brought on by generalized discharge of the sympathetic nervous system. Beta blockers help by preventing beta1-mediated tachycardia.














Pheochromocytoma.


As discussed above, a pheochromocytoma secretes large amounts of catecholamines, which can cause excessive stimulation of the heart. Cardiac stimulation can be prevented by beta1 blockade.














Glaucoma.


Beta blockers are important drugs for treating glaucoma, a condition characterized by elevated intraocular pressure with subsequent injury to the optic nerve. The group of beta blockers used in glaucoma (see Table 104–2) is different from the group of beta blockers discussed in this chapter. Glaucoma and its treatment are addressed in Chapter 104 (Drugs for the Eye).


























Adverse effects of beta blockade


Although therapeutic responses to beta blockers are due almost entirely to blockade of beta1 receptors, adverse effects involve both beta1 and beta2 blockade. Consequently, the nonselective beta-adrenergic blocking agents (drugs that block beta1 and beta2 receptors) produce a broader spectrum of adverse effects than do the “cardioselective” beta-adrenergic antagonists (drugs that block beta1 receptors only at therapeutic doses).








Adverse effects of beta1 blockade


All of the adverse effects of beta1 blockade are the result of blocking beta1 receptors in the heart. Blockade of renal beta1 receptors is not a concern.








Bradycardia.


Blockade of cardiac beta1 receptors can produce bradycardia (excessively slow heart rate). If necessary, heart rate can be increased using a combination of isoproterenol (a beta-adrenergic agonist) and atropine (a muscarinic antagonist). Isoproterenol competes with the beta blocker for cardiac beta1 receptors, thereby promoting cardiac stimulation. By blocking muscarinic receptors on the heart, atropine prevents slowing of the heart by the parasympathetic nervous system.














Reduced cardiac output.


Beta1 blockade can reduce cardiac output by decreasing heart rate and the force of myocardial contraction. Because they can decrease cardiac output, beta blockers must be used with great caution in patients with heart failure or reduced cardiac reserve. In both cases, any further decrease in cardiac output could result in insufficient tissue perfusion.














Precipitation of heart failure.


In some patients, suppression of cardiac function with a beta blocker can be so great as to cause heart failure. Patients should be informed about the early signs of heart failure (shortness of breath, night coughs, swelling of the extremities) and instructed to notify the prescriber if these occur. It is important to appreciate that, although beta blockers can precipitate heart failure, they are also used to treat heart failure.














AV heart block.


Atrioventricular heart block is defined as suppression of impulse conduction through the AV node. In its most severe form, AV block prevents all atrial impulses from reaching the ventricles. Because blockade of cardiac beta1 receptors can suppress AV conduction, production of AV block is a potential complication of beta-blocker therapy. These drugs are contraindicated for patients with pre-existing AV block.














Rebound cardiac excitation.


Long-term use of beta blockers can sensitize the heart to catecholamines. As a result, if a beta blocker is withdrawn abruptly, anginal pain or ventricular dysrhythmias may develop. This phenomenon of increased cardiac activity in response to abrupt cessation of beta-blocker therapy is referred to as rebound excitation. The risk of rebound excitation can be minimized by withdrawing these drugs gradually (eg, by tapering the dosage over a period of 1 to 2 weeks). If rebound excitation occurs, dosing should be temporarily resumed. Patients should be warned against abrupt cessation of treatment. Also, they should be advised to carry an adequate supply of their beta blocker when traveling.




















Adverse effects of beta2 blockade








Bronchoconstriction.


Blockade of beta2 receptors in the lung can cause constriction of the bronchi. (Recall that activation of these receptors promotes bronchodilation.) For most people, the degree of bronchoconstriction is insignificant. However, when bronchial beta2 receptors are blocked in patients with asthma, the resulting increase in airway resistance can be life threatening. Accordingly, drugs that block beta2 receptors are contraindicated for people with asthma. If these individuals must use a beta blocker, they should use an agent that is beta1 selective (eg, metoprolol).














Hypoglycemia from inhibition of glycogenolysis.


As noted in Chapter 13, epinephrine, acting at beta2 receptors in skeletal muscle and the liver, can stimulate glycogenolysis (breakdown of glycogen into glucose). Beta2 blockade will inhibit this process, posing a risk of hypoglycemia. Although suppression of beta2-mediated glycogenolysis is inconsequential for most people, interference with this process can be detrimental to patients with diabetes. Why? Because these people are especially dependent on beta2-mediated glycogenolysis as a way to overcome severe reductions in blood glucose levels (caused by overdosing with insulin). If the diabetic patient requires a beta blocker, a beta1-selective agent should be chosen.




















Adverse effects in neonates from beta1 and beta2 blockade


Use of beta blockers during pregnancy can have residual effects on the newborn infant. Specifically, because beta blockers can remain in the circulation for several days after birth, neonates may be at risk for bradycardia (from beta1 blockade), respiratory distress (from beta2 blockade), and hypoglycemia (from beta2 blockade). Accordingly, for 3 to 5 days after birth, newborns should be closely monitored for these effects. Adverse neonatal effects have been observed with at least one beta blocker (betaxolol), and may be a risk with others as well.




















Properties of individual beta blockers


The beta-adrenergic antagonists can be subdivided into three groups:




• First-generation (nonselective) beta blockers (eg, propranolol), which block beta1 and beta2 receptors


• Second-generation (cardioselective) beta blockers (eg, metoprolol), which produce selective blockade of beta1 receptors (at usual doses)


• Third-generation (vasodilating) beta blockers (eg, carvedilol), which act on blood vessels to cause dilation, but may produce nonselective or cardioselective beta blockade





Our discussion of the individual beta blockers focuses on two prototypes: propranolol and metoprolol. Properties of these and other beta blockers are summarized in Tables 18–2 and 18–3.




TABLE 18–2 [image: ]


Clinical Pharmacology of the Beta-Adrenergic Blocking Agents










	Generic Name

	Trade Name

	Receptors Blocked

	ISA

	Lipid Solubility

	Half-Life (hr)

	Route*


	Maintenance Dosage in Hypertension†











	First-Generation: Nonselective Beta Blockers






	Carteolol

	Cartrol

	Beta1, Beta2


	++

	Low

	6

	PO

	2.5 mg once/day






	Nadolol

	Corgard

	Beta1, Beta2


	0

	Low

	20–24

	PO

	40 mg once/day






	Penbutolol

	Levatol

	Beta1, Beta2


	+

	Moderate

	5

	PO

	20 mg once/day






	Pindolol

	Visken

	Beta1, Beta2


	+++

	Moderate

	3–4

	PO

	10 mg twice/day






	Propranolol (IR) Propranolol (SR)

	generic onlyInderal LA, InnoPran XL

	Beta1, Beta2


	0

	High

	3–5

	PO, IVPO

	60 mg twice/day80 mg once/day






	Sotalol

	Betapace

	Beta1, Beta2


	0

	High

	12

	PO

	Not for hypertension






	Timolol

	Blocadren

	Beta1, Beta2


	0

	Low

	4

	PO

	20 mg twice/day






	Second-Generation: Cardioselective Beta Blockers






	Acebutolol

	Sectral

	Beta1


	+

	Moderate

	3–4

	PO

	400 mg once/day






	Atenolol

	Tenormin

	Beta1


	0

	Low

	6–9

	PO, IV

	50 mg once/day






	Betaxolol

	Kerlone

	Beta1


	0

	Low

	14–22

	PO

	10 mg once/day






	Bisoprolol

	Zebeta, Monocor[image: image]


	Beta1


	0

	Moderate

	9–12

	PO

	5 mg once/day






	Esmolol

	Brevibloc

	Beta1


	0

	Low

	0.15

	IV

	Not for hypertension






	Metoprolol (IR)

  Metoprolol (SR)

	Lopressor, Betaloc[image: image]
Toprol XL, Betaloc CR[image: image]


	Beta1

Beta1


	0

	High

	3–7

	PO, IV

PO

	100 mg once/day

100 mg once/day






	Third-Generation: Beta Blockers with Vasodilating Actions






	Carvedilol (IR)
  Carvedilol (SR)

	Coreg
Coreg CR

	Beta1, Beta2, Alpha1


	0

	Moderate

	5–11

	PO
PO

	12.5 mg twice/day
40 mg once/day






	Labetalol

	Normodyne, Trandate

	Beta1, Beta2, Alpha1


	0

	Low

	6–8

	PO, IV

	300 mg twice/day






	Nebivolol

	Bystolic

	Beta1


	0

	High

	12–19

	PO

	20 mg once/day














[image: image]





IR = immediate release, ISA = intrinsic sympathomimetic activity (partial agonist activity), SR = sustained release.


*Oral administration is used for essential hypertension. Intravenous administration is reserved for acute myocardial infarction (atenolol, metoprolol), cardiac dysrhythmias (esmolol, propranolol), and severe hypertension (labetalol).


†These are the lowest doses normally used for maintenance in hypertension.







TABLE 18–3 [image: ]


Beta-Adrenergic Blocking Agents: Summary of Therapeutic Uses*










	 

	Hypertension

	Angina Pectoris

	Cardiac Dysrhythmias

	Myocardial Infarction

	Migraine Prophylaxis

	Stage Fright

	Heart Failure










	First-Generation: Nonselective Beta Blockers






	Carteolol

	A

	I

	 

	 

	 

	 

	 






	Nadolol

	A

	A

	I

	 

	I

	I

	 






	Penbutolol

	A

	 

	 

	 

	 

	 

	 






	Pindolol

	A

	I

	I

	 

	 

	I

	 






	Propranolol

	A

	A

	A

	A

	A

	I

	 






	Sotalol

	 

	 

	A

	 

	 

	 

	 






	Timolol

	A

	I

	I

	A

	A

	I

	 






	Second-Generation: Cardioselective Beta Blockers






	Acebutolol

	A

	I

	A

	I

	 

	 

	 






	Atenolol

	A

	A

	I

	A

	I

	I

	 






	Betaxolol

	A

	I

	 

	 

	 

	 

	 






	Bisoprolol

	A

	I

	I

	 

	 

	 

	I






	Esmolol

	 

	I

	A

	 

	 

	 

	 






	Metoprolol

	A

	A

	I

	A

	I

	 

	A






	Third-Generation: Beta Blockers with Vasodilating Actions






	Carvedilol

	A

	I

	 

	A

	 

	 

	A






	Labetalol

	A

	I

	 

	 

	 

	 

	 






	Nebivolol

	A

	 

	 

	 

	 

	 

	I














[image: image]





A = FDA-approved use, I = investigational use.


*Beta blockers used for glaucoma are discussed in Chapter 104 (Drugs for the Eye).











Propranolol


Propranolol [Inderal LA, InnoPran XL], our prototype of the first-generation beta blockers, produces nonselective beta blockade. That is, this drug blocks both beta1- and beta2-adrenergic receptors. Propranolol was the first beta blocker to receive widespread clinical use and remains one of our most important beta-blocking agents.








Pharmacologic effects


By blocking cardiac beta1 receptors, propranolol can reduce heart rate, decrease the force of ventricular contraction, and suppress impulse conduction through the AV node. The net effect is a reduction in cardiac output.


By blocking renal beta1 receptors, propranolol can suppress secretion of renin.


By blocking beta2 receptors, propranolol can produce three major effects: (1) bronchoconstriction (through beta2 blockade in the lung), (2) vasoconstriction (through beta2 blockade on certain blood vessels), and (3) reduced glycogenolysis (through beta2 blockade in skeletal muscle and liver).














Pharmacokinetics


Propranolol is highly lipid soluble and therefore can readily cross membranes. The drug is well absorbed following oral administration, but, because of extensive metabolism on its first pass through the liver, less than 30% of each dose reaches the systemic circulation. Because of its ability to cross membranes, propranolol is widely distributed to all tissues and organs, including the central nervous system (CNS). Propranolol undergoes hepatic metabolism followed by excretion in the urine.














Therapeutic uses


Practically all of the applications of propranolol are based on blockade of beta1 receptors in the heart. The most important indications are hypertension, angina pectoris, cardiac dysrhythmias, and myocardial infarction. The role of propranolol and other beta blockers in these disorders is discussed in Chapter 47 (Drugs for Hypertension), Chapter 49 (Antidysrhythmic Drugs), Chapter 51 (Drugs for Angina Pectoris), and Chapter 53 (Management of ST-Elevation Myocardial Infarction). Additional indications include prevention of migraine headache and “stage fright.”














Adverse effects


The most serious adverse effects result from blockade of beta1 receptors in the heart and blockade of beta2 receptors in the lung.








Bradycardia.


Beta1 blockade in the heart can cause bradycardia. Heart rate should be assessed before each dose. If necessary, heart rate can be increased by administering atropine and isoproterenol.














AV heart block.


By slowing conduction of impulses through the AV node, propranolol can cause AV heart block. The drug is contraindicated for patients with pre-existing AV block (if the block is greater than first degree).














Heart failure.


In patients with heart disease, suppression of myocardial contractility by propranolol can result in heart failure. Patients should be informed about the early signs of heart failure (shortness of breath, night coughs, swelling of the extremities) and instructed to notify the prescriber if these occur. Propranolol is generally contraindicated for patients with pre-existing heart failure (although other beta blockers are used to treat heart failure).














Rebound cardiac excitation.


Abrupt withdrawal of propranolol can cause rebound excitation of the heart, resulting in tachycardia and ventricular dysrhythmias. This problem is especially dangerous for patients with pre-existing cardiac ischemia. To avoid rebound excitation, propranolol should be withdrawn slowly (ie, by giving progressively smaller doses over 1 to 2 weeks). Patients should be warned against abrupt cessation of treatment. In addition, they should be advised to carry an adequate supply of propranolol when traveling.














Bronchoconstriction.


Blockade of beta2 receptors in the lung can cause bronchoconstriction. As a rule, increased airway resistance is hazardous only to patients with asthma and other obstructive pulmonary disorders.














Inhibition of glycogenolysis.


Blockade of beta2 receptors in skeletal muscle and the liver can inhibit glycogenolysis. This effect can be dangerous for people with diabetes (see below).














CNS effects.


Because of its lipid solubility, propranolol can readily cross the blood-brain barrier, and hence has ready access sites in the CNS. However, although propranolol is reputed to cause a variety of CNS reactions—depression, insomnia, nightmares, and hallucinations—these reactions are, in fact, very rare. Because of the possible risk of depression, prudence dictates avoiding propranolol in patients who already have this disorder.














Effects in neonates.


Use of propranolol and other beta blockers during pregnancy may put the newborn infant at risk of bradycardia, respiratory distress, and hypoglycemia. Neonates should be closely monitored for these effects.




















Precautions, warnings, and contraindications








Severe allergy.


Propranolol should be avoided in patients with a history of severe allergic reactions (anaphylaxis). Why? Recall that epinephrine, the drug of choice for anaphylaxis, relieves symptoms in large part by activating beta1 receptors in the heart and beta2 receptors in the lung. If these receptors are blocked by propranolol, the ability of epinephrine to help will be dangerously impaired.














Diabetes.


Propranolol can be detrimental to diabetic patients in two ways. First, by blocking beta2 receptors in muscle and liver, propranolol can suppress glycogenolysis, thereby eliminating an important mechanism for correcting hypoglycemia (which can occur when insulin dosage is excessive). Second, by blocking beta1 receptors, propranolol can suppress tachycardia, which normally serves as an early warning signal that blood glucose levels are falling too low. (When glucose drops below a safe level, the sympathetic nervous system is activated, causing an increase in heart rate.) By “masking” tachycardia, propranolol can delay awareness of hypoglycemia, thereby compromising the patient’s ability to correct the problem in a timely fashion. Diabetic patients who are taking propranolol should be warned that tachycardia may no longer be a reliable indicator of hypoglycemia. In addition, they should be taught to recognize alternative signs (sweating, hunger, fatigue, poor concentration) that blood glucose is falling perilously low.














Cardiac, respiratory, and psychiatric disorders.


Propranolol can exacerbate heart failure, AV heart block, sinus bradycardia, asthma, and bronchospasm. Accordingly, the drug is contraindicated for patients with these disorders. In addition, propranolol should be used with caution in patients with a history of depression.




















Drug interactions








Calcium channel blockers.


The cardiac effects of two calcium channel blockers—verapamil and diltiazem—are identical to those of propranolol: reduction of heart rate, suppression of AV conduction, and suppression of myocardial contractility. When propranolol and these drugs are combined, excessive cardiosuppression may result.














Insulin.


As discussed above, propranolol can impede early recognition of insulin-induced hypoglycemia. In addition, propranolol can block glycogenolysis, the body’s mechanism for correcting hypoglycemia.




















Preparations, dosage, and administration








General dosing considerations.


Establishing an effective propranolol dosage is difficult for two reasons: (1) patients vary widely in their requirements for propranolol and (2) there is a poor correlation between blood levels of propranolol and therapeutic responses. The explanation for these observations is that responses to propranolol are dependent on the activity of the sympathetic nervous system. If sympathetic activity is high, then the dose needed to reduce receptor activation will be high too. Conversely, if sympathetic activity is low, then low doses will be sufficient to produce receptor blockade. Since sympathetic activity varies among patients, propranolol requirements vary also. Accordingly, the dosage must be adjusted by monitoring the patient’s response, and not by relying on dosing information in a drug reference.




















Preparations.


Propranolol hydrochloride is available in three oral formulations: (1) immediate-release (IR) tablets (10 to 80 mg) sold generically, (2) extended-release (ER) capsules (60 to 160 mg) sold as Inderal LA and InnoPran XL, and (3) solution (4 and 8 mg/mL) sold generically. The drug is also available in solution (1 mg/mL) for IV administration.








Dosage.


For treatment of hypertension, the initial dosage is 40 mg twice a day (using IR tablets) or 80 mg once a day (using ER capsules). Usual maintenance dosages are 120 to 240 mg/day in two, three, or four divided doses (using IR tablets) or 80 to 160 mg once a day (using ER capsules).


For angina pectoris, the initial dosage is 80 mg once a day (using ER capsules). The usual maintenance dosage is 160 mg once a day (using ER capsules) or 80 to 320 mg/day in two, three, or four divided doses (using IR tablets).















































Metoprolol


Metoprolol [Lopressor, Toprol XL, Betaloc [image: image]], our prototype of the second-generation beta blockers, produces selective blockade of beta1 receptors in the heart. At usual therapeutic doses, the drug does not cause beta2 blockade. Please note, however, that selectivity for beta1 receptors is not absolute: At higher doses, metoprolol and the other “cardioselective” agents will block beta2 receptors as well. Because their effects on beta2 receptors are normally minimal, the cardioselective agents are not likely to cause bronchoconstriction or hypoglycemia. Accordingly, these drugs are preferred to the nonselective beta blockers for patients with asthma or diabetes.













Pharmacologic effects.


By blocking cardiac beta1 receptors, metoprolol has the same impact on the heart as propranolol: it reduces heart rate, force of contraction, and conduction velocity through the AV node. Also like propranolol, metoprolol reduces secretion of renin by the kidney. In contrast to propranolol, metoprolol does not block bronchial beta2 receptors (at usual doses), and therefore does not increase airway resistance.




















Pharmacokinetics.


Metoprolol is very lipid soluble and well absorbed following oral administration. Like propranolol, metoprolol undergoes extensive metabolism on its first pass through the liver. As a result, only 40% of an oral dose reaches the systemic circulation. Elimination is by hepatic metabolism and renal excretion.



































Therapeutic uses.


The primary indication for metoprolol is hypertension. The drug is also approved for angina pectoris, heart failure, and myocardial infarction.














Adverse effects.


Major adverse effects involve the heart. Like propranolol, metoprolol can cause bradycardia, reduced cardiac output, AV heart block, and rebound cardiac excitation following abrupt withdrawal. Also, even though metoprolol is approved for treating heart failure, it can cause heart failure if used incautiously. In contrast to propranolol, metoprolol causes minimal bronchoconstriction and does not interfere with beta2-mediated glycogenolysis.














Precautions, warnings, and contraindications.


Like propranolol, metoprolol is contraindicated for patients with sinus bradycardia and AV block greater than first degree. In addition, it should be used with great care in patients with heart failure. Because metoprolol produces only minimal blockade of beta2 receptors, the drug is safer than propranolol for patients with asthma or a history of severe allergic reactions. In addition, since metoprolol does not suppress beta2-mediated glycogenolysis, it can be used more safely than propranolol by patients with diabetes. Please note, however, that metoprolol, like propranolol, will “mask” tachycardia, thereby depriving the diabetic patient of an early indication that hypoglycemia is developing.




















Preparations, dosage, and administration.


Metoprolol is available in IR tablets (20, 50, and 100 mg) under the trade name Lopressor and in sustained-release (SR) tablets (25, 50, 100, and 200 mg) under the trade name Toprol XL. The drug is also available in solution (1 mg/mL) for IV administration. The initial dosage for hypertension is 100 mg/day in single or divided doses. Dosages for maintenance therapy range from 100 to 450 mg/day in divided doses. Intravenous administration is reserved for myocardial infarction.















































Other beta-adrenergic blockers


In the United States, 16 beta blockers are approved for cardiovascular disorders (hypertension, angina pectoris, cardiac dysrhythmias, MI). Principal differences among these drugs concern receptor specificity, pharmacokinetics, indications, side effects, intrinsic sympathomimetic activity, and the ability to cause vasodilation.


In addition to the agents used for cardiovascular disorders, there is a group of beta blockers used for glaucoma (see Chapter 104, Drugs for the Eye).


Properties of the beta blockers employed for cardiovascular disorders are discussed below.













Receptor specificity.


With regard to receptor specificity, beta blockers fall into two groups: nonselective agents and cardioselective agents. The nonselective agents block beta1 and beta2 receptors, whereas the cardioselective agents block beta1 receptors only (at usual doses). Because of their limited side effects, the cardioselective agents are preferred for patients with asthma or diabetes. Two beta blockers—labetalol and carvedilol—differ from all the others in that they block alpha-adrenergic receptors in addition to beta receptors. The receptor specificity of individual beta blockers is indicated in Tables 18–1 and 18–2.














Pharmacokinetics.


Pharmacokinetic properties of the beta blockers are summarized in Table 18–2. The relative lipid solubility of these agents is of particular importance. The drugs with high solubility (eg, propranolol, metoprolol) have two prominent features: (1) they penetrate the blood-brain barrier with ease and (2) they are eliminated primarily by hepatic metabolism. Conversely, the drugs with low lipid solubility (eg, nadolol, atenolol) penetrate the blood-brain barrier poorly and are eliminated primarily by renal excretion.














Therapeutic uses.


Principal indications for the beta-adrenergic blockers are hypertension, angina pectoris, and cardiac dysrhythmias. Other uses include prophylaxis of migraine headache, treatment of myocardial infarction, symptom suppression in individuals with situational anxiety (eg, stage fright), and treatment of heart failure (see Chapter 48). Approved and investigational uses of the beta blockers are summarized in Table 18–3.


Esmolol and sotalol differ from the other beta blockers in that they are not used for hypertension. Because of its very short half-life (15 minutes), esmolol is clearly unsuited for treating hypertension, which requires maintenance of blood levels throughout the day, every day, for an indefinite time. The only approved indication for esmolol is emergency IV therapy of supraventricular tachycardia. Sotalol is approved only for ventricular dysrhythmias. Esmolol and sotalol are discussed further in Chapter 49 (Antidysrhythmic Drugs).














Adverse effects.


By blocking beta1 receptors in the heart, all of the beta blockers can cause bradycardia, AV heart block, and, rarely, heart failure. By blocking beta2 receptors in the lung, the nonselective agents can cause significant bronchoconstriction in patients with asthma or chronic obstructive pulmonary disease. In addition, by blocking beta2 receptors in the liver and skeletal muscle, the nonselective agents can inhibit glycogenolysis, thereby compromising the ability of diabetic patients to compensate for insulin-induced hypoglycemia. Because of their ability to block alpha-adrenergic receptors, carvedilol and labetalol can cause postural hypotension.


Although CNS effects (insomnia, depression) can occur with all beta blockers, these effects are rare, and are most likely with the more lipid-soluble agents. Abrupt discontinuation of any beta blocker can produce rebound cardiac excitation. Accordingly, all beta blockers should be withdrawn slowly (by tapering the dosage over 1 to 2 weeks).














Intrinsic sympathomimetic activity (partial agonist activity).


The term intrinsic sympathomimetic activity (ISA) refers to the ability of certain beta blockers—especially pindolol—to act as partial agonists at beta-adrenergic receptors. (As discussed in Chapter 5, a partial agonist is a drug that, when bound to a receptor, produces a limited degree of receptor activation while preventing strong agonists from binding to that receptor to cause full activation.)


In contrast to other beta blockers, agents with ISA have very little effect on resting heart rate and cardiac output. When patients are at rest, stimulation of the heart by the sympathetic nervous system is low. If an ordinary beta blocker is given, it will block sympathetic stimulation, causing heart rate and cardiac output to decline. However, if a beta blocker has ISA, its own ability to cause limited receptor activation will compensate for blocking receptor activation by the sympathetic nervous system and, consequently, resting heart rate and cardiac output are not reduced.


Because of their ability to provide a low level of cardiac stimulation, beta blockers with ISA are preferred to other beta blockers for use in patients with bradycardia. Conversely, these agents should not be given to patients with myocardial infarction. Why? Because their ability to cause even limited cardiac stimulation can be detrimental.














Vasodilation.


The third-generation beta blockers—carvedilol, labetalol, and nebivolol—can dilate blood vessels. Two mechanisms are employed: Carvedilol and labetalol block vascular alpha1 receptors; nebivolol promotes synthesis and release of nitric oxide from the vascular epithelium. The exact clinical benefit of vasodilation by these drugs has not been clarified.




















Dosage and administration.


With the exception of esmolol, all of the beta blockers discussed in this chapter can be administered orally. Three drugs—atenolol, labetalol, and propranolol—may be given intravenously as well as orally. Esmolol is administered only by IV injection.


Maintenance dosages for hypertension are summarized in Table 18–2. For most beta blockers, dosing can be done just once a day. For the drugs with especially short half-lives, twice-a-day dosing is required (unless an extended-release formulation is available).



























































Key points







[image: ] Most beneficial responses to alpha blockers, including reduction of blood pressure in patients with hypertension, result from blockade of alpha1 receptors on blood vessels.


[image: ] Alpha blockers reduce symptoms of BPH by blocking alpha1 receptors in the bladder neck and prostatic capsule, which causes smooth muscle at those sites to relax.


[image: ] The major adverse effects of alpha blockers are orthostatic hypotension (caused by blocking alpha1 receptors on veins); reflex tachycardia (caused by blocking alpha1 receptors on arterioles); nasal congestion (caused by blocking alpha1 receptors in blood vessels of the nasal mucosa); and inhibition of ejaculation (caused by blocking alpha1 receptors in male sex organs).


[image: ] The first dose of an alpha blocker can cause fainting from profound orthostatic hypotension, the so-called first-dose effect.


[image: ] The alpha blockers used most frequently—prazosin, doxazosin, and terazosin—produce selective blockade of alpha1 receptors.


[image: ] Beta blockers produce most of their beneficial effects by blocking beta1 receptors in the heart, thereby reducing heart rate, force of contraction, and AV conduction.


[image: ] Principal indications for the beta blockers are cardiovascular: hypertension, angina pectoris, heart failure, and supraventricular tachydysrhythmias.


[image: ] Potential adverse effects from beta1 blockade are bradycardia, reduced cardiac output, AV block, and precipitation of heart failure (even though some beta blockers are used to treat heart failure).


[image: ] Potential adverse effects from beta2 blockade are bronchoconstriction (a concern for people with asthma) and reduced glycogenolysis (a concern for people with diabetes).


[image: ] Beta blockers can be divided into three groups: (1) first-generation agents (ie, nonselective beta blockers, such as propranolol, which block beta1 and beta2 receptors); (2) second-generation agents (ie, cardioselective beta blockers, such as metoprolol, which block beta1 receptors only at usual doses); and (3) third-generation agents (ie, vasodilating beta blockers, which may be cardioselective or nonselective).


[image: ] Beta blockers can be hazardous to patients with severe allergies because they can block beneficial actions of epinephrine, the drug of choice for treating anaphylactic shock.


[image: ] Beta blockers can be detrimental to diabetic patients because they suppress glycogenolysis (an important mechanism for correcting insulin-induced hypoglycemia), and they suppress tachycardia (an early warning signal that glucose levels are falling too low).


[image: ] Combining a beta blocker with a calcium channel blocker can produce excessive cardiosuppression.


[image: ] Cardioselective beta blockers are preferred to nonselective beta blockers for patients with asthma or diabetes.





Please visit http://evolve.elsevier.com/Lehne for chapter-specific NCLEX® examination review questions.











Summary of Major Nursing Implications*





Alpha1-adrenergic antagonists







Alfuzosin


Doxazosin


Prazosin


Silodosin


Tamsulosin


Terazosin








Preadministration assessment





Therapeutic goal





Doxazosin, prazosin, terazosin.


Reduction of blood pressure in patients with essential hypertension.








Doxazosin, terazosin, alfuzosin, silodosin, tamsulosin.


Reduction of symptoms in patients with benign prostatic hyperplasia.











Baseline data





Essential hypertension.


Determine blood pressure and heart rate.








Benign prostatic hyperplasia.


Determine the degree of nocturia, daytime frequency, hesitance, intermittency, terminal dribbling (at the end of voiding), urgency, impairment of size and force of urinary stream, dysuria, and sensation of incomplete voiding.











Identifying high-risk patients


The only contraindication is hypersensitivity to these drugs.











Implementation: administration





Route


Oral.








Administration


Instruct patients to take the initial dose at bedtime to minimize the “first-dose” effect. Except for tamsulosin, which is administered after eating, these drugs may be taken with food.











Ongoing evaluation and interventions





Evaluating therapeutic effects





Essential hypertension.


Evaluate by monitoring blood pressure.








Benign prostatic hyperplasia.


Evaluate for improvement in the symptoms listed under Baseline Data.











Minimizing adverse effects





Orthostatic hypotension.


Alpha1 blockade can cause postural hypotension. Inform patients about the symptoms of hypotension (dizziness, lightheadedness) and advise them to sit or lie down if these occur. Advise patients to move slowly when changing from a supine or sitting position to an upright posture.








First-dose effect.


The first dose may cause fainting from severe orthostatic hypotension. Forewarn patients about first-dose hypotension and advise them to avoid driving and other hazardous activities for 12 to 24 hours after the initial dose. To minimize risk, advise patients to take the first dose at bedtime.

















Beta-adrenergic antagonists







Acebutolol


Atenolol


Betaxolol


Bisoprolol


Carteolol


Carvedilol


Labetalol


Metoprolol


Nadolol


Nebivolol


Penbutolol


Pindolol


Propranolol


Timolol





Except where noted, the implications summarized here apply to all beta-adrenergic blocking agents.





Preadministration assessment





Therapeutic goal


Principal indications are hypertension, angina pectoris, heart failure, and cardiac dysrhythmias. Indications for individual agents are summarized in Table 18–3.








Baseline data





All patients.


Determine heart rate.








Hypertension.


Determine standing and supine blood pressure.








Angina pectoris.


Determine the incidence, severity, and circumstances of anginal attacks.








Cardiac dysrhythmias.


Obtain a baseline electrocardiogram (ECG).











Identifying high-risk patients


All beta blockers are contraindicated for patients with sinus bradycardia or AV heart block greater than first degree, and must be used with great caution in patients with heart failure. Use with caution (especially the nonselective agents) in patients with asthma, bronchospasm, diabetes, or a history of severe allergic reactions. Use all beta blockers with caution in patients with a history of depression and in those taking calcium channel blockers.











Implementation: administration





Routes





Oral.


All beta blockers listed above.








Intravenous.


Atenolol, labetalol, metoprolol, and propranolol.











Administration


For maintenance therapy of hypertension, administer one or more times daily (see Table 18–2 and text).


Warn patients against abrupt discontinuation of treatment.











Ongoing evaluation and interventions





Evaluating therapeutic effects





Hypertension.


Monitor blood pressure and heart rate prior to each dose. Advise outpatients to monitor blood pressure and heart rate daily.








Angina pectoris.


Advise patients to record the incidence, circumstances, and severity of anginal attacks.








Cardiac dysrhythmias.


Monitor for improvement in the ECG.











Minimizing adverse effects





Bradycardia.


Beta1 blockade can reduce heart rate. If bradycardia is severe, withhold medication and notify the physician. If necessary, administer atropine and isoproterenol to restore heart rate.








AV heart block.


Beta1 blockade can decrease AV conduction. Do not give beta blockers to patients with AV block greater than first degree.








Heart failure.


Suppression of myocardial contractility can cause heart failure. Inform patients about early signs of heart failure (shortness of breath, night coughs, swelling of the extremities), and instruct them to notify the prescriber if these occur.








Rebound cardiac excitation.


Abrupt withdrawal of beta blockers can cause tachycardia and ventricular dysrhythmias. Warn patients against abrupt discontinuation of drug use. Also, advise patients, when traveling, to carry an adequate supply of medication plus a copy of their prescription.








Postural hypotension.


By blocking alpha-adrenergic receptors, carvedilol and labetalol can cause postural hypotension. Inform patients about signs of hypotension (lightheadedness, dizziness) and advise them to sit or lie down if these develop. Advise patients to move slowly when changing from a supine or sitting position to an upright position.








Bronchoconstriction.


Beta2 blockade can cause substantial airway constriction in patients with asthma. The risk of bronchoconstriction is much lower with the cardioselective agents than with the nonselective agents.








Effects in diabetic patients.


Beta1 blockade can “mask” tachycardia, an early sign of hypoglycemia. Warn patients that tachycardia cannot be relied on as an indicator of impending hypoglycemia, and teach them to recognize other indicators (sweating, hunger, fatigue, poor concentration) that blood glucose is falling dangerously low. Beta2 blockade can prevent glycogenolysis, an emergency means of increasing blood glucose. Patients may need to reduce their insulin dosage. Cardioselective beta blockers are preferred to nonselective agents in patients with diabetes.








Effects in neonates.


Maternal use of betaxolol during pregnancy may cause bradycardia, respiratory distress, and hypoglycemia in the infant. Accordingly, for 3 to 5 days after birth, newborns should be closely monitored for these effects. Beta blockers other than betaxolol may pose a similar risk.








CNS effects.


Rarely, beta blockers cause depression, insomnia, and nightmares. If these occur, switching to a beta blocker with low lipid solubility may help (see Table 18–2).











Minimizing adverse interactions





Calcium channel blockers.


Two calcium channel blockers—verapamil and diltiazem—can intensify the cardiosuppressant effects of the beta blockers. Use these combinations with caution.








Insulin.


Beta blockers can prevent the compensatory glycogenolysis that normally occurs in response to insulin-induced hypoglycemia. Diabetic patients may need to reduce their insulin dosage.

















*Patient education information is highlighted as teal text.


















*Only two adrenergic antagonists—carvedilol and labetalol—act at alpha and beta receptors.












CHAPTER 19


Indirect-acting antiadrenergic agents










Centrally Acting Alpha2 Agonists




Clonidine


Guanabenz and Guanfacine


Methyldopa and Methyldopate





Adrenergic Neuron-Blocking Agents




Reserpine













The indirect-acting antiadrenergic agents are drugs that prevent the activation of peripheral adrenergic receptors, but by mechanisms that do not involve direct interaction with peripheral receptors. There are two categories of indirect-acting antiadrenergic drugs. The first group—centrally acting alpha2 agonists—consists of drugs that act within the central nervous system (CNS) to reduce the outflow of impulses along sympathetic neurons. The second group—adrenergic neuron-blocking agents—consists of drugs that act within the terminals of sympathetic neurons to decrease norepinephrine (NE) release. With both groups, the net result is reduced activation of peripheral adrenergic receptors. Hence, the pharmacologic effects of the indirect-acting adrenergic blocking agents are very similar to those of drugs that block adrenergic receptors directly.













Centrally acting alpha2 agonists


The drugs discussed in this section act within the CNS to reduce the firing of sympathetic neurons. Their primary use is hypertension.


Why are we discussing centrally acting drugs in a unit on peripheral nervous system pharmacology? Because the effects of these drugs are ultimately the result of decreased activation of alpha- and beta-adrenergic receptors in the periphery. That is, by inhibiting the firing of sympathetic neurons, the centrally acting agents decrease the release of NE from sympathetic nerves, and thereby decrease activation of peripheral adrenergic receptors. Hence, although these drugs act within the CNS, their effects are like those of the direct-acting adrenergic receptor blockers. Accordingly, it seems appropriate to discuss these agents in the context of peripheral nervous system pharmacology, rather than presenting them in the context of CNS drugs.








Clonidine


Clonidine [Catapres, Catapres-TTS, Jenloga] is a centrally acting alpha2 agonist with two approved indications: hypertension and severe pain. For treatment of hypertension, the drug is sold as Catapres and Jenloga. For treatment of pain it’s sold as Duraclon. Use for hypertension is discussed here. Use against pain is discussed in Chapter 28.


Clonidine is a widely used antihypertensive drug. Why? Because it’s both effective and safe. Except for rare instances of rebound hypertension, the drug is generally free of serious adverse effects. Dosing is done orally or by transdermal patch.








Mechanism of antihypertensive action


Clonidine is an alpha2-adrenergic agonist that causes “selective” activation of alpha2 receptors in the CNS—specifically, in brainstem areas associated with autonomic regulation of the cardiovascular system. By activating central alpha2 receptors, clonidine reduces sympathetic outflow to blood vessels and to the heart.














Pharmacologic effects


The most significant effects of clonidine concern the heart and vascular system. By suppressing the firing of sympathetic nerves to the heart, clonidine can cause bradycardia and a decrease in cardiac output. By suppressing sympathetic regulation of blood vessels, the drug promotes vasodilation. The net result of cardiac suppression and vasodilation is decreased blood pressure. Blood pressure is reduced in both supine and standing subjects. (Note that the effect of clonidine on blood pressure is unlike that of the peripheral alpha-adrenergic blockers, which tend to decrease blood pressure only when the patient is standing.) Because the hypotensive effects of clonidine are not posture dependent, orthostatic hypotension is minimal.

















Pharmacokinetics


Clonidine is very lipid soluble. As a result, the drug is readily absorbed after oral dosing and is widely distributed throughout the body, including the CNS. Hypotensive responses begin 30 to 60 minutes after administration and peak in 4 hours. Effects of a single dose may persist as long as 1 day. Clonidine is eliminated by a combination of hepatic metabolism and renal excretion.
































Therapeutic uses


Clonidine has two approved applications: treatment of hypertension (its main use) and relief of severe pain (see Chapter 28). Investigational uses include treating attention-deficit/hyperactivity disorder (ADHD), managing opioid withdrawal, facilitating smoking cessation, and treating Tourette’s syndrome, a CNS disease characterized by uncontrollable tics and verbal outbursts that are frequently obscene.














Adverse effects








Drowsiness.


CNS depression is common. About 35% of patients experience drowsiness; an additional 8% experience outright sedation. These responses become less intense with continued drug use. Patients in their early weeks of treatment should be advised to avoid hazardous activities if alertness is impaired.














Xerostomia.


Xerostomia (dry mouth) is common, occurring in about 40% of patients. The reaction usually diminishes over the first 2 to 4 weeks of therapy. Although not dangerous, xerostomia can be annoying enough to discourage drug use. Patients should be advised that discomfort can be reduced by chewing gum, sucking hard candy, and taking frequent sips of fluids.














Rebound hypertension.


Rebound hypertension is characterized by a large increase in blood pressure occurring in response to abrupt clonidine withdrawal. This rare but serious reaction is caused by overactivity of the sympathetic nervous system, and can be accompanied by nervousness, tachycardia, and sweating. Left untreated, the reaction may persist for a week or more. If blood pressure climbs dangerously high, it should be lowered with a combination of alpha- and beta-adrenergic blocking agents. Rebound effects can be avoided by withdrawing clonidine slowly (over 2 to 4 days). Patients should be informed about rebound hypertension and warned not to discontinue clonidine without consulting the prescriber.














Use in pregnancy.


Clonidine is embryotoxic in animals. Because of the possibility of fetal harm, clonidine is not recommended for pregnant women. Pregnancy should be ruled out before clonidine is given.














Abuse.


People who abuse cocaine, opioids (eg, morphine, heroin), and other drugs frequently abuse clonidine as well. Why? Because at high doses, clonidine can cause subjective effects—euphoria, sedation, hallucinations—that some individuals find desirable. In addition, clonidine can intensify the subjective effects of some abused drugs, including benzodiazepines, cocaine, and opioids. Since clonidine costs less than these drugs, the combination allows abusers to get high for less money.




















Other adverse effects.


Clonidine can cause a variety of adverse effects, including constipation, impotence, gynecomastia, and adverse CNS effects (eg, vivid dreams, nightmares, anxiety, depression). Localized skin reactions are common with transdermal clonidine patches.











Preparations, dosage, and administration





Preparations.


Clonidine hydrochloride is available in oral and transdermal formulations. Oral clonidine is available in standard tablets (0.1, 0.2, and 0.3 mg) marketed as Catapres, and in modified-release tablets (0.1 mg) marketed as Jenloga. Transdermal clonidine [Catapres-TTS] is available in 2.5-, 5-, and 7.5-mg patches that deliver 0.1, 0.2, and 0.3 mg/24 hr, respectively.








Dosage and administration. 





Oral.


For treatment of hypertension, the initial adult dosage is 0.1 mg twice a day. The usual maintenance dosage is 0.2 to 0.6 mg/day, administered in divided doses. By taking the majority of the daily dose at bedtime, daytime sedation can be minimized.








Transdermal.


Transdermal patches are applied to a region of hairless, intact skin on the upper arm or torso. A new patch is applied every 7 days.

















Guanabenz and guanfacine


The pharmacology of guanabenz [Wytensin] and guanfacine [Tenex] is very similar to that of clonidine. Like clonidine, both drugs are indicated for hypertension. In addition, guanfacine, marketed as Intuniv, is used for ADHD (see Chapter 36). Benefits in hypertension derive from activating brainstem alpha2-adrenergic receptors, an action that reduces sympathetic outflow to the heart and blood vessels. The result is a reduction in cardiac output and blood pressure. Both drugs have the same major adverse effects as clonidine: sedation and dry mouth. In addition, both can cause rebound hypertension following abrupt withdrawal. Guanabenz is available in 4- and 8-mg tablets. Dosing is begun at 4 mg twice daily and can be increased to 32 mg twice daily. For treatment of hypertension, guanfacine is available in 1- and 2-mg tablets. The usual dosage is 1 mg/day, taken at bedtime to minimize daytime sedation. Preparations and dosage for ADHD are presented in Chapter 36.









































Methyldopa and methyldopate


Methyldopa is an oral antihypertensive agent that lowers blood pressure by acting at sites within the CNS. Two side effects—hemolytic anemia and hepatic necrosis—can be severe. Methyldopate, an intravenous agent, is nearly identical to methyldopa in structure and pharmacologic effects. In the discussion below, the term methyldopa is used in reference to both methyldopate and methyldopa itself.








Mechanism of action


Methyldopa works much like clonidine. Like clonidine, methyldopa inhibits sympathetic outflow from the CNS by causing alpha2 activation in the brain. However, methyldopa differs from clonidine in that methyldopa itself is not an alpha2 agonist. Hence, before it can act, methyldopa must first be taken up into brainstem neurons, where it is then converted to methylnorepinephrine, a compound that is an effective alpha2 agonist. Release of methylnorepinephrine results in alpha2 activation.














Pharmacologic effects


The most prominent response to methyldopa is a drop in blood pressure. The principal mechanism is vasodilation, not cardiosuppression. Vasodilation occurs because of reduced sympathetic traffic to blood vessels. At usual therapeutic doses, methyldopa does not decrease heart rate or cardiac output. Hence, hypotensive actions cannot be ascribed to cardiac depression. The hemodynamic effects of methyldopa are very much like those of clonidine: Both drugs lower blood pressure in supine and standing subjects, and both produce relatively little orthostatic hypotension.














Therapeutic use


The only indication for methyldopa is hypertension. Methyldopa was one of the earliest antihypertensive agents available and remains in wide use. Methyldopate may be used for hypertensive crisis, but other drugs are preferred.














Adverse effects








Positive coombs’ test and hemolytic anemia.


A positive Coombs’ test* develops in 10% to 20% of patients who take methyldopa chronically. The test usually turns positive between the 6th and 12th month of treatment. Of the patients who have a positive Coombs’ test, only a few (about 5%) develop hemolytic anemia. Coombs-positive patients who do not develop hemolytic anemia may continue methyldopa treatment. However, if hemolytic anemia does develop, methyldopa should be withdrawn immediately. For most patients, hemolytic anemia then quickly resolves, although the Coombs’ test may remain positive for months. A Coombs’ test should be performed prior to treatment and 6 to 12 months later. Blood counts (hematocrit, hemoglobin, or red cell count) should be obtained prior to treatment and periodically thereafter.














Hepatotoxicity.


Methyldopa has been associated with hepatitis, jaundice, and, rarely, fatal hepatic necrosis. All patients should undergo periodic assessment of liver function. If signs of hepatotoxicity appear, methyldopa should be discontinued immediately. Liver function usually normalizes after drug withdrawal.




















Other adverse effects.


Methyldopa can cause xerostomia, sexual dysfunction, orthostatic hypotension, and a variety of CNS effects, including drowsiness, reduced mental acuity, nightmares, and depression. These responses are not usually dangerous, but they can detract from adherence.











Preparations, dosage, and administration





Preparations.


Methyldopa is available in tablets (250 and 500 mg) for oral use. Methyldopate is available in solution (50 mg/mL) for IV use.








Oral therapy with methyldopa.


For treatment of hypertension, the initial adult dosage is 250 mg 2 to 3 times a day. Daily maintenance dosages usually range from 0.5 to 2 gm administered in two to four divided doses.








Intravenous therapy with methyldopate.


Methyldopate, administered by slow IV infusion, is indicated for hypertensive emergencies. However, since faster acting drugs are available, use of methyldopate is rare. Methyldopate for infusion should be diluted in 5% dextrose to a concentration of 10 mg/mL. The usual adult dose is 250 to 500 mg infused over 30 to 60 minutes. Dosing may be repeated every 6 hours as required.

















Adrenergic neuron-blocking agents


The adrenergic neuron-blocking agents act presynaptically to reduce the release of NE from sympathetic neurons. These drugs have little or no effect on the release of epinephrine from the adrenal medulla. At this time, reserpine is the only adrenergic neuron blocker available. Two others—guanadrel [Hylorel] and guanethidine [Ismelin]—have been withdrawn.





Reserpine


Reserpine is a naturally occurring compound prepared from the root of Rauwolfia serpentina, a shrub indigenous to India. Because of its source, reserpine is classified as a Rauwolfia alkaloid. The primary indication for reserpine is hypertension. The side effect of greatest concern is severe depression.





Mechanism of action


Reserpine causes depletion of NE from postganglionic sympathetic neurons. By doing so, the drug can decrease activation of practically all adrenergic receptors. Hence, the effects of reserpine closely resemble those produced by a combination of alpha- and beta-adrenergic blockade.


Reserpine depletes NE in two ways. First, the drug acts on vesicles within the nerve terminal to cause displacement of stored NE, thereby exposing the transmitter to destruction by monoamine oxidase. Second, reserpine suppresses NE synthesis. How? By blocking the uptake of dopamine (the immediate precursor of NE) into presynaptic vesicles, which contain the enzymes needed to convert dopamine into NE (Fig. 19–1). A week or two may be required to produce maximal transmitter depletion.




[image: image]


Figure 19–1 [image: ] Mechanism of reserpine action.
Reserpine depletes neurons of norepinephrine (NE) by two mechanisms. (1) As indicated in this figure, reserpine blocks the uptake of dopamine (DA) into vesicles, thereby preventing NE synthesis. (2) Reserpine also displaces NE from vesicles, thereby allowing degradation of NE by monoamine oxidase present in the nerve terminal (not shown).








In addition to its peripheral effects, reserpine can cause depletion of transmitters (serotonin, catecholamines) from neurons in the CNS. Depletion of these CNS transmitters underlies the most serious side effect of reserpine—deep emotional depression—and also explains the occasional use of reserpine in psychiatry.








Pharmacologic effects





Peripheral effects.


By depleting sympathetic neurons of NE, reserpine decreases the activation of alpha- and beta-adrenergic receptors. Decreased activation of beta receptors slows heart rate and reduces cardiac output. Decreased alpha activation promotes vasodilation. All three effects cause a decrease in blood pressure.








Effects on the CNS.


Reserpine produces sedation and a state of indifference to the environment. In addition, the drug can cause severe depression. These effects are thought to result from depletion of certain neurotransmitters (catecholamines, serotonin) from neurons in the brain.











Therapeutic uses





Hypertension.


The principal indication for reserpine is hypertension. Benefits result from vasodilation and reduced cardiac output. Since these effects occur secondary to depletion of NE, and since transmitter depletion occurs slowly, full antihypertensive responses can take a week or more to develop. Conversely, when reserpine is discontinued, effects may persist for several weeks as the NE content of sympathetic neurons becomes replenished. Because its side effects can be severe, and because more desirable drugs are available (see Chapter 47), reserpine is not a preferred drug for hypertension.








Psychotic states.


Reserpine can be used to treat agitated psychotic patients, such as those suffering from certain forms of schizophrenia. However, since superior drugs are available, reserpine is rarely employed in psychotherapy.











Adverse effects





Depression.


Reserpine can produce severe depression that may persist for months after the drug is withdrawn. Suicide has occurred. All patients should be informed about the risk of depression. Also, they should be educated about signs of depression (eg, early morning insomnia, loss of appetite, change in mood) and instructed to notify the prescriber immediately if these develop. Because of the risk of suicide, patients who develop depression may require hospitalization. Reserpine is contraindicated for patients with a history of depressive disorders. The risk of depression can be minimized by keeping the dosage low (0.25 mg/day or less).








Cardiovascular effects.


Depletion of NE from sympathetic neurons can result in bradycardia, orthostatic hypotension, and nasal congestion. Bradycardia is caused by decreased activation of beta1 receptors in the heart. Hypotension and nasal congestion result from vasodilation secondary to decreased activation of alpha receptors on blood vessels. Patients should be informed that orthostatic hypotension, the most serious cardiovascular effect, can be minimized by moving slowly when changing from a seated or supine position to an upright position. In addition, patients should be advised to sit or lie down if lightheadedness or dizziness occurs.








GI effects.


By mechanisms that are not understood, reserpine can stimulate several aspects of GI function. The drug can increase secretion of gastric acid, which may result in ulcer formation. In addition, reserpine can increase the tone and motility of intestinal smooth muscle, thereby causing cramps and diarrhea.











Preparations, dosage, and administration


Reserpine is available in 0.1- and 0.25-mg tablets, which may be administered with food if GI upset occurs. The usual initial dosage for hypertension in adults is 0.5 mg/day for 1 to 2 weeks. The usual maintenance dosage is 0.1 to 0.25 mg/day.
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Dosage

Generic and Trade Names Formulation® Iritial Maximum Incidence of Dry Mouth
Darfenacin
Enablex ER ablets 75 mg once daily 15 g once daly | 20% with 7.5 mg/day; 35% with 15 ey
Primarly M, Selective
Oybutynin
(gereric only) Synp 5 mg 2-3 times/day 5 mg 4 times/dyy | Doserrelated; canexceed 70%
(gereric only) R tblets 5 mg 2-3 times/day 5 mg 4 times/dyy | Doserrlated; can exceed 70%
Ditropan XL ER blets 5 mg once daily 30 mg once daily’ | Dose-relaed; can exceed 60%
Owytrol “Transdermal poich)] 1 paich twice weekly (delivers 3 mg/day)] 1 patch twice weekly | Low: 12% vs. 11% with placebo
Gelnique “Topical gel 100 mg once daly’ 100 mg once iy | Low: 7%
Salifenacin
VESicare Tablets 5 mg once daily 10 mg once daly | 1% with’5 me/day; 28% with 10 mg/cay
Nonselective
Fesoterodine
Toviaz ER blets 4 g once dily Smgoncedily | 19% with 4 mg once daly
Tolterodine.
Detrol R tblets 12 mg tvice daly 2 mg twice daily | 35% with 2 mg twice daly
Detrol LA ERcapsules | 24 mg once daily Amgoncedily | Upto 0%
Trospium
Sanctura, Tosecde | Tablets 20 mg twice daly’ 20 mg twice daly’ | 20% with 20 mg, twice daily
Sanctua XK ERcopules | 60 mg once daly. 60 mg once caily’ | 10%
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For Taylor

November 5, 1985 — June

2011

For all that you were — creative and bright,
soft-spoken and strong, playful and prayerfil,

compassionate, gentle, and kind

we love, admire, and miss you
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‘Allorgars regubted by the parasy mpathetic nervos system.
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Indirect-Acting. | Cholinesterase inbibitors: Physostigrmine, neostigmine, and other cholinesterase inhibitors can activate
Chalinomimetics| _all cholinergic receplors (by causing accumulation of acetylcholine at cholinergic junctions)”






OEBPS/images/B9781437735826000187_f09-01-9781437735826.jpg
Main Embryoni Perod (i wesks) Fota Poiod (0 weoks)
=139 393933%
PV —=
’ Embryonc osc| _z—

[hnsiovoomste [ Gowriew ]
oo T owew ]
Ly e
- e g i T
— e =
ﬁ' Bl R e
e | (| g

| Norsmcamtioro __| [ ooy sensive posos: e

P — P ——






OEBPS/images/B9781437735826000229_u13-05-9781437735826.jpg





OEBPS/images/B9781437735826000138_f04-01-9781437735826.jpg
'ABSORFTION DISTRIBUTION METABOLISM EXCRETION

s
—_— \\y—» Ble —> Ou

—
/ o %} —> Uine —> ou
= (&)
&5l





OEBPS/images/B9781437735826000230_icon01b-9781437735826.jpg





OEBPS/images/squf.jpg





OEBPS/images/B9781437735826000229_t0010.png
Response.

Drug i
Skeletal Miscle Clary Miscle
‘Acetylcholine | Contraction | Contracton
Nicotine Contraction | No resporse
Muscarine No resporse | Cortmacion
‘Acetylcholine
‘At d-ubocurrine | No esporse | Conmaction
‘Afiraopine | Contraction

No response.






OEBPS/images/B9781437735826000242_f15-04-9781437735826.jpg
CaHs0 0 oHO. ,S o (CHaaN 0
P 3 [
CaHs0” > SCH,CHaN*(CHa)s CH0” NS — CHC—0—CHs cH0” Nen
H— CHC— 0 —CaHg
Echothiophate I Tabun
(medication) O (“nerve agent’)
Malathion
(insecticide)





OEBPS/images/B9781437735826000229_u13-02-9781437735826.jpg
Detrusor (smooth muscle of the bladder wall)

Trigone
Sphincter (in bladder neck)





OEBPS/images/B978143773582600014X_f05-02-9781437735826.jpg
¥V

POTENCY

431138 NIvd 40 336930

@

Y
Iy

EFFICACY

431138 Nivd 40 334930

DOSE

DOSE






OEBPS/images/B9781437735826000126_t0010.png
Preclinical Testing (in animals)
Toxicty
Pharmacokinetics
Possible Useful Effects

Investigational New Drug (IND) Status

Clincal Testing (in hurars)
Phase 1
Subjects healthy voluneers
metabolism, pharmacokinetics, and biologic effects
Tt
Phase Il
Subjcts: patients
therapetic ilty and dosage range
Tt
Phase I
Subjcts: patients
safety and effectiveness
Tt
‘Conditional Approval of New Drug Application (NDA)

Phase IV: Postmarketing Surwillance






OEBPS/images/B9781437735826000199_si1.gif
Approx imate child" s dose =

Body surface area of the child x Adult dose
173 m2





OEBPS/images/B9781437735826000138_f04-04-9781437735826.jpg





OEBPS/images/B9781437735826000138_t0010.png
[Route: Bamiersto Absorption AbsorptionPattem  Advantages Disadvantages
Parerteral
ntzavenous (IV) | None (absorption is Instananeous Rapid onset, and hence ideal for emergencies| Ineversible
bypassed) Precise control over drug levels Expersive
Permis use of lrge flid volumes. Inconvenient

Permiss use of itant drugs.

Diffcut o do, and bence poorly suited for
selfadmiistraion

Risk of flid overload, infection, and embolism|
Drug must be water soluble

tarusculr | Capilley wall(esy 1o pss) | Rapd with watersoluble | Fermis we of poorly soluble drgs Possibe discomort
o) dngs Permis we of depot preparaions Iocanvenient
Slow with paorly Potental ornjry
Soluble crugs.
Stbcutancons | Same 25 M Same s M Same s M Same s M
Q)
Eneral
Oal (FO) Epthelil lning of Glract, | Slow and variable Eay Varabilty
capilly wall Converient Inactivaion af some dugs by gastic cid and
Inexpersive digestive enzymes

Keal for selfmedication
Potentialy reversible, and hence safer

thon parerieral routes.

Possible nausea and vomiting fom local
iritation
Patient must be conscious and cooperative






OEBPS/images/B9781437735826000138_f04-10-9781437735826.jpg
Maternal
artery

Capillary in fetal
placental circulation

Maternal

vein

From
umbilical
artery

To umbilical
vein





OEBPS/images/B9781437735826000229_t13-02-9781437735826.jpg





OEBPS/images/B9781437735826000254_f16-04-9781437735826.jpg
Pancuronium N

Acetylcholine

Y, o

P R

Skeletal muscle
motor end-plate






OEBPS/images/B9781437735826000229_f13-02-9781437735826.jpg
SENSOR

EFFECTOR >————@

lf—

cord





OEBPS/images/B9781437735826000278_t0030.png
FirstGeneration: Norselective Beta Blockers

Hypertension

Angina Candiac

Pectoris

Dysthythmias  Infarction

Myocrdal  Migaine

Prophylaxis

Stage
Fight

Heart
Failure

Careolol

Nadolol

Perbuiolol

Pindolol

Propranalol

HEEEE

Sotlol

BB

‘Timolol

>

Second Generator: Cardoselective Beta Blockers.

>

Acebuolol

Atenolol

Betaolol

Bisoprolol

HEBE

Esmolol

Metoprolol

“Third Generator: Beta Blockers with Vasodlating
Actions

Carvediol

Labetlol

Nebivolol






OEBPS/images/B9781437735826000060_icon01-9781437735826.jpg





OEBPS/images/B978143773582600014X_f05-07-9781437735826.jpg
g a/ v
&
a = agonistalone
b = agarist + anlagonist (ow dose)
= agonist + antagonis (igher dose)
d = antagonist alone
Dose of Agonist Dose of Agonist





OEBPS/images/B9781437735826000138_f04-09-9781437735826.jpg
Tight junction

Capillary

lonized or polar drug
Lipid-soluble drug
= Transport system






OEBPS/images/B9781437735826000138_f04-15-9781437735826.jpg
Grams in the body

S N -
Plateau

5 6 7 8 9 10 11 12 13

Days





OEBPS/images/B9781437735826000023_elseviersaunders.jpg
SAUNDERS





OEBPS/images/B9781437735826000138_f04-03-9781437735826.jpg
A Water

B Kanamycin
CHNH; NH;
0, NH,
OH OH
HO 2
OH
H,C-OH
0
NH,
HO

NH,





OEBPS/images/B9781437735826000229_t13-01-9781437735826.jpg





OEBPS/images/B9781437735826000254_f16-01-9781437735826.jpg
Polarization of the resting motor end-plate
and muscle (M) membrane

M Membrane M Membrane
————— Motor End-Plate

4+ T4t k4 4+ 4+ 4+ Outside

Yt ST Inside

Repolarization Depolarization
follows the unbinding of the motor end-plate
of ACh from end-plate in response 1o the
nicotinioy receptors /(@) binding of ACh to

nicotinicy receptors

Depolarization of the end-plate triggers
awave of depolarization (action potential)
to move down the entire muscle membrane





OEBPS/images/B9781437735826000199_t0020.png
Average Infant Average Adult

Body Weght (kg) 35 70
ol Clearance

Rate (i) 3 (pprovimase) [ 130
Haltioe (win) w0 120
Para-aminabippuric Acid (PAF) Clearance

Rate (i) 12 (ppronimate) | 650
Halftime (min) 160 5






OEBPS/images/B9781437735826000175_icon01-9781437735826.jpg





OEBPS/images/B9781437735826000229_f13-07-9781437735826.jpg
Cholinergic
nerve terminal

Acetylcholine
w8
HaC—N*—CH,—CH,—0—C—CHs.
CHs
Choline
Acetate ACh

RECEPTOR

(Nicotinic or
muscarinic)

Postjunctional cell






OEBPS/images/B9781437735826000217_t0010.png
Step of Symptic Transmission  Drug Action Impact on Receptor Activation®

1. Synhesis of trarsmitier | Incresed synhesis of T | Increase
Decreased syntesis of T Decrease
Synhesis of “super” T Increase

2. Storage of warsmiter Reduced storage of T Decrease

3. Release of trarsmitier Promotion of T release Increase
Inkibition of T release Decrease

4 Binding to receptor Direct receptor activation | Increase
Erbuncedresporse o T | Increase
Blockad of T binding Decrease

5. Terminution of trarsmission| Blockade of T reuptake. Increase

Inkibition of T breakdown)

Increase






OEBPS/images/B9781437735826000229_t0030.png
[RecePer 1 pcation

s Resporse to Receptor Acthation
A, [ Ere Contracion of e adil mscle ofhe s caes
mycriss icreased pupl size) )
Radial muscle
Sphincter muscle
Pupil
Mydriasis
Arrioles Cortricton
Skin
Viscer
Muxous
membranes Detrusor {smeath muscls of the blacder wiall)
Veins Corstricton
ngane.
Sexorgans, mile | Bjaculation Sohiraler (in biader neck)
Prosttic cpsule_| Contraction
Blader Contraction ofrigore andsphincier
‘Alpha, | Presyapic rerve | Inibifon of rarsmiter eease
el
Beta, | Heat [
cresed orce of contction
Icresed AV conduction velociy
Koy Relewe of rerin
Beta, | Averioles Dilaion
Heart
Lung
Skeltal
muscle
Bronchi Dilaton
Uers Reloation
Liver Glycogenolysis
Skeleal macle | Entunced contaction glycogenolyss
Doparmine | Kidney Dilton o Kidhey vasculatre






OEBPS/images/B9781437735826000205_icon01a-9781437735826.jpg





OEBPS/images/B9781437735826000205_t0020.png
Drugs. Reason for Concern ‘Altemative Treatments
Analgesics
Ketorolac [Toradol] Glbleeding, Mid poin: acetaminophen, buprofen

Meperidine [Demerol]

Not efiective af sl doses, confision

Moderate to severe pein: morphine, oxycodone.

Propoxy phene [Darvan]

No better than acetaminophen, but has the ADR of an opioid

Antidepressants

‘Amitripeyline
Dosepin [Sinequan]

Antcholinergic eflects (constipation, urinary retention, blurred
vision)

‘SSRi (other than daily fluonetne) or other antidepressants

Fluosetine [Prozac), taken dily

Long halflif; agiaton, insommia, anorexa

Anthistamines, frt generation

‘SSRIwith a shorter halflife (eg, sertaline [Zolofd)

‘Chlorpheriramine [CHor Timeton
&, Chlortsipolon, others]

Antcholinergic efiets: constipation, urnary retention, blurred

Dipherhydramine [Benay), others]

Hydroxy zine [Vistarl, Ataracdle |

Promethine [Phenergan, others]

Anthy pertersives.

‘Secondgencration anthistamines, such as cetirzine [Zyriec],
fexoferadine [Allegral, or loratadine [Claritn]

Alphaadrenergic blocking agenis

Hypotersion, dry mouth, ncontinence

Doxazosin [Cardura]

Prazosin [Minipress]

‘Terazosin [Hytrin]

Thiazide diuretc, ACE inbibitor, betaackenergic blocker, caleium
channel blocker

Clonidine [Catapres]

Orthostatc hy potersion, adverse CNS effects

Guanethidine Orthostatc hy potersion, depression
Methyldopa Brady cardia, depression
Reserpine Depression, impotence, sedation, orthostaic hy potension

Sedative-Hyprotics

Barbiturates

Physical dependence; compared with other hy pratics, higher sk
ofalls, confusion, cognitive impairment

Temazepam [Restorl, zolpidem [ Ambien), zaleplon [Sorata,
famelieon [Rozerem), eszopiclone [Lunesta]

Benzodiazepines, long acting

Prolonged sedation

Chlordiazepoxide [Librium]

Diazepom [Valium others]

Flurazepom

Drugs for Urge Incontinence.

A shortacting benzodiazepine, such as lorazepam [Afivan], given
inlow dosage

Oxybutyrin [Ditropan]

Urinary retention, confusion, hallucinations, sedation

Tolierodine [Detrol]

Muscle Reloants

Behavioral therapy (eg, bladder retzining, urge suppression)

Carsoprodol [Soms]

Anticholinergic efects, sedation, cognitive impimen; may not

Cyclobenzaprine [Fleserl, others]

be effetive at olerable dosage

Metaalone [Skelavin]

Methocarbamol [Robain]

For spasticity, use nerve block, or an antispasmodic, such s
baclofen [Lioressl]
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Duration of Drug:Induced Slecp.

|Age  Percentage of Hexobarbital Metabolized (in1 h)
Dose: 10 mgfkg Dose: 50 mg/k|

Newbom] 0 b Erermal”

Addt | 2539 Less than 5 min 12-22 min
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Impact of the

Genetic Variation Drug Affected Gemetic  Explanation FDA Standon
Genetic Testing
Variation
Varants That Aler Drvg
Metbolism
CVP2D6 varants “Tamoxiten [Nolvadex] | Reduced | Women with inadequate CYP2D6 acivity camnotconvert amoxien o s acive | No
therapeutic | form, and herce th drug cannot protect hem frombreast cancer. recommendion|
effct
CVP2CI varants ‘Clopidogrel [Plavi] | Reduced | Patients withinadequue CYP2CI9 actvity cannot canvert clopidogeel @ i | No
therapeutic | actve form and hence the drug cannot protect temagainst cardovascular | recommendaton|
effct evens.
VP29 vartanss Warin [Coumadin] | Increased | In patients with abnoral CYP2C), warbain may accumulae to alovelth | Recommended
onicity causes bleeding
TMPT varanss Thiopurines (5, | Increased | b ptiens wih reduced TPNIT activiy, hiopurines can accumlat t levels | Recommended
thioguarire, onicity that case severe bone marrow focty.
mercaplopuring)
Variants That Aler Drvg
“Targets on Norml Cells
ADRBI varians Metoprololand ather | Increased | B, receptors produced by ADRBI varart geres respond more ntersely to | No
betablockers therapeutc | bet agonists, and hence the efects af bockade by beta antogorists will o | recommendiiion
effect be enburced.
VKORCI variets Warin [Coumdin] | Increased drug | Variant VKORCI i readly inbibied by wartari, llowing, anicangulaion with ] Recommended
sersitvity | reduced warkin dosage.
Varants That Aler Drvg
“Targets on Cancer Cells
or Vines
HER overoxpression | Trastuzmab Incremed | Trastuzumob only acts against breat cancers thatoverexpress HERZ Required
[Hercepin] terapeutc
effct
EGFR expression Cotunimab [Exbinn] | bcreased | Gennimeb only works against colorectal cancers thatexpress EGFR. Required
terapeutc
effct
CCRS mopism Maraviroc [Selzeniry, | Increased | Maraviroc only acts against HIV siins hatexpress CCRS. Required
Colsentrol ] terapeutc
effct
Variants That Alee e
Responses fo Drugs
HLABI1502 [ET— Iocreed | The HLAB1502 variantincreases the risk o fe-hacatening, skin reactors in | Recommended
[Tegretol, onicity patents tking carbomazepie.
Carbatol]
HLAB'701 Abocavie (Zingen] | Ioeremed | The HLAB'S701 variantincreases the risk ol by persensiivity reations in | Recommended
toxcity patents taking abacavir
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[Trade Name Country

ActiweDrug  Indication

Norpramin | United States, Canada| Desipramine | Depression
Spein Omeprazole | Peptic ucer disease
Flomax | United States, Canada Tamsulosin | Enlarged prostate
Taly Monifumie | Inflammation
Allegra | United States, Canada| Fexoferndine | Allergies.
Germany Frovaripn | Migraine
Mobic | United Staes, Canacha Meloxicam | inflanwmation, i
India Amoxicilin | Bacterial infection
Avastin | United States, Canada Bevacizumab | Cancer, macular degeneration)
India Atorvastatin | Highcholesterol
Vantin | United Staes, Canada Cefpodoxime | Bacterial infection

Mexico

Noproxen

Inflammation, pein
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[cause

Fuman Foctors

Examples

Performunce deficit

‘Administraion by IV infusion when IM injection was intended

Knowledge deficit

Failure o know and follow reasorable practice stndarcs

Miscalculaion of dosage

Drug preporation error

Using the wrong diluent; using the wrong amount of diluent; adding the wrong drug; adding the wrong amount of

g

Computer error

Incormect selection froma lst by computer operator; incormect programeming into the chtabase; inodequate
servening for allergies, interactions, etc

Stacking emor

Error instocking or restocking; eror n cartilling

‘Transcription error

Oviginal t poper/carbon poper original o compuer;orginal © ax

Stress

Highvalum: workdoad, et

Fatigue or lxck of skeep

Communication

Witien miscomemurication

legible handwriting; misreading or failure to read; confusion regarding decil point placement in dosage

Oral miscommurication

N Confusion

“Trade rame confusion

Nome sounds or looks like another drug name

Generic name corfision

Name sounds or laoks ike another drug name

Packaging, Formulations, and Delivery Devices.

Inoppropriate pockaging

Topical product pockaged in stele IV mulidose vial

‘Tablet or capstle confusion

Confision becasse the tblet or capstle is similar in calor, shape, or size fo tblets or capsules that confaina
different g or a diferent strength of the same drug

Delivery device problerrs.

Malfunctior; infusion pummp problems; selecton of wrong device

Labeling and Reference Materials

Manufcturers carton

Carton looks similar o other cartors from the same manufetrer or cartors froma different manufe rer

Manufacturer's container bbel

Label looks similar o other labels from the same manufacturer or to lbels from a different manfcturer,

Label of dispersed product

Wrong patient name; wrong deug name; wrong strengtly wrong or incomplete directions

Reference materials (pockage insertand other prnted
molerial, electronic muterial)

Inaceurate, incomplete, misleading, or outdhted information.
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[Receptor

oor, Location Response to Receptor Acthation

Nicotinc, | All utonomic nervous sysiemgangliamdhe | Simulaion of paasy mpahetic ol sy mpethetic postganglionic nerves and elese of pineptuine from.
aderal medila the aderal medila

Nicotinc, | Newomscular junction Contracion of skeletl muscle

Miscaric | Allpooy mpathetic rgetorgars,

Contraction of the cilfary muscle focuses the lens for near vision

Eye Contraction of the irs sphincter muscle causes mioss (decreased pupil dameter)
Radial muscle
Sphincter muscle
Pupil
Heart Decremed ate
Lung Constiction o bronchi
Promotion of secretons
Bladder Contraction of detnsor inreases bladder pressure
Rellxation of tigone an sphincter llows urine 10 leave the bladder
Coondined contraction of etrsor and relxtion of igone an sphinciercauses voiding of the
bladder
Detrusor (smooth muscle of the bladder wall)
Trigene
Sphincter (in bladder neck)
Gl Salivaon
Incresed gastric secrtiors:
Incresed intestral tone and motly
Sweat glands* Defecation
Sexorgans Generalized sweating
Blood vesselst Erection

Vasodilation
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