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Preface
The eighth edition of Pharmacology: An Introduction 
has been thoroughly updated, but the aim of this pro-
gram remains what it has always been: to present a clear 
understanding of the basic concepts of pharmacology to 
the beginning student. Pharmacology is a complex sub-
ject that requires basic knowledge in many different sci-
entific disciplines, particularly anatomy, physiology, and 
pathology. Health profession students often have limited 
exposure to these subjects, and one of the objectives of 
our text is to provide the necessary background informa-
tion and to refresh the students’ memory of previously 
learned material through which the therapeutic action of 
drugs can be clearly understood.

The goal of this text is to explain the mechanisms of 
drug actions. Understanding how drugs produce their 
effects allows the student to better understand the differ-
ent pharmacologic actions and adverse effects that drugs 
produce. Pharmacology: An Introduction is designed for 
a variety of health profession programs requiring an 
understanding of pharmacology. The book presents a 
basic rationale for understanding current drug therapy. 
The drug information and chapter features are designed 
to be applicable and adaptable to many different educa-
tional programs. Personnel in the health and nursing 
professions spend much of their working time in direct 
contact with patients—observing, treating, and adminis-
tering to the countless requirements and demands that 
constitute effective and responsible patient care. There-
fore, it is important that students in health professions 
acquire a sound basic understanding of pharmacology as 
it relates to their particular needs.

New scientific discoveries and advances in the under-
standing of disease provide a continual introduction and 
approval of new drugs. At the same time, older drug thera-
pies and drugs that cause serious adverse effects or other 
problems are eliminated. New advances in genetics and 
molecular biology have allowed the development of mono-
clonal antibodies and drugs with more selective mecha-
nisms of action. These new agents can target specific 
receptors and physiologic functions that more accurately 
focus on the pathology of a particular disease process. 
Thus pharmacology is an ever-changing, growing body of 
knowledge that continually demands greater amounts of 
time and education from those in the health professions.

Organization
Pharmacology: An Introduction is organized into  
10 sections. The introductory section, General Con-
cepts, presents the basic concepts and pharmacologic 

principles that apply to all drugs. Subsequent sections 
present the drug classes that pertain to a specific body 
organ system (nervous, cardiovascular, respiratory, etc.) 
or therapeutic indication (antihypertensives, infectious 
diseases, antineoplastics, etc.). The discussion of each 
drug classification concentrates on the mechanisms of 
action, main therapeutic effects, clinical indications, 
adverse reactions, and drug interactions.

Features
Pharmacology: An Introduction’s hallmark features 
include:

• �Readability: Short readable chapters that link theory 
to practice. 

• �Need-to-Know Information: The content is focused 
on need-to-know information, so not to overload the 
learner.

• �Patient Administration and Monitoring Boxes: These 
features provide the student with critical patient infor-
mation and patient instructions regarding the drugs 
discussed in the chapter.

Other key features:

• �Learning Outcomes (LOs) have been completely 
revised in this edition. As always, the LOs are cor-
related to the Revised Bloom’s Taxonomy and are 
numbered at the beginning of each chapter. LOs are 
linked to the main chapter topic headings, the end-of-
chapter review questions, exam questions, instructor 
resources, and all content in Connect. This allows the 
student to more quickly associate the LOs with the 
location of that information in the text and with the 
answers to the review questions.

• �Notes to the Health-Care Professional emphasize 
important points and information for medical person-
nel involved in drug administration.

• �Chapter reviews at the end of each chapter prog-
ress from simple to complex and provide immediate 
reinforcement of terminology and pharmacologic 
concepts important for acquiring knowledge. The 
clinically relevant on-the-job questions allow students 
more opportunity to practice critical-thinking skills.

What’s New?
	•	 Revision and numbering of all learning outcomes to 

reflect the Revised Bloom’s Taxonomy guide the stu-
dent on a clear path to mastering chapter content.
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• �Updated chapter names to more closely correlate with 
newer medical terminology.

• �New drug classes listed for high cholesterol, blood 
pressure, migraine, heart failure, blood thinning, nau-
sea and vomiting, osteoporosis, cancer,  infectious dis-
eases, autoimmune diseases, and  Alzheimer’s disease.

• �Updated tables with new drugs, new drug classes, and 
removal of drugs no longer used.

• �Updated table of new combination HIV drugs.

• �Updated section on the opioid crisis and treatments 
for opioid use disorder (OUD).

• �Updated sections on box warnings, risk evaluation 
and mitigation strategies (REMS), and information 
on cannabidiol (CBD).

Epocrates Rx Drugs, by Epocrates Medical Informa-
tion 2020
	•	 Correlation of learning outcomes to all major chap-

ter headings and end-of-chapter review questions will 
help the student and instructor focus on key chapter 
content.

	•	 Revised tables organize and summarize the main 
pharmacologic features of the different drug classes. 
Most often the tables list the generic drug name first 
followed by the trade name(s), which are italicized and 
put within parentheses. These drug tables are particu-
larly useful for students in health information manage-
ment programs.

Updated drug information has been found by using 
several key sources:
	•	 US Federal Drug Administration (FDA) provides 

daily updates on drug approvals, drug safety issues, 
medication guides, and drug industry information.

	•	 FDA database on drug approvals and discontinua-
tions is used to check status of market availability of 
branded and generic drugs.

	•	 www.centerwatch.com is a leading source of informa-
tion about the clinical trials (pharmaceutical drugs 
and devices) industry since 1994.

	•	 www.factsandcomparisons.com by Wolters Kluwer 
is a searchable database by drug name or therapeu-
tic category for all FDA-approved drugs (by paid 
subscription).

	•	 Lexicomp by Wolters Kluwer is a searchable drug 
information database (by paid subscription).

	•	 National Library of Medicine and National Institutes 
of Health Medical provide information on condi-
tions, diseases, wellness, over-the-counter (OTC) and 
prescription medication at different levels to facilitate 
understanding by professionals, students, patients, 
and consumers.

	•	 WebMD Health Professional Network provides  
evidence-based content, updated regularly by more 
than 8000 attributed physician or health-care pro-
vider authors and editors, and the latest practice 
guidelines in 38 clinical areas.

	•	 Aetna InteliHealth provides credible information 
from trusted sources, including Harvard Medical 
School and Columbia University College of Dental 
Medicine.

	•	 Professional Organizations are dedicated to provid-
ing accurate information to patients and health-care 
providers on a specific disease or condition. 

In addition to providing innovative approaches to learn-
ing pharmacology, McGraw Hill Education knows 
how much effort it takes to prepare for a new course. 
Through focus groups, symposia, reviews, and con-
versations with instructors like you, we have gathered 
information about the materials you need in order to 
facilitate successful courses. We are committed to 
providing you with high-quality, accurate instructor 
support. 

Additional Instructor Resources 
	•	 Instructor’s Manual with course overview, lesson 

plans, answers for end-of-chapter exercises, compe-
tency correlations, Asset maps, and more.

	•	 PowerPoint Presentations for each chapter, contain-
ing teaching notes correlated to learning outcomes. 
Each presentation seeks to reinforce key concepts 
and provide an additional visual aid for students.

	•	 Test Bank and answer key for use in class assessment. 
The comprehensive test bank includes a variety of 
question types, with each question linked directly to 
a learning outcome from the text. Questions are also 
tagged with relevant topic, Bloom’s Taxonomy level, 
difficulty level, and competencies. The test bank is 
available in Connect. Word and EZ Test versions are 
also available.
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Affordable solutions, 
added value 
 
Make technology work for you with  
LMS integration for single sign-on access, 
mobile access to the digital textbook, 
and reports to quickly show you how 
each of your students is doing. And with 
our Inclusive Access program you can 
provide all these tools at a discount to 
your students. Ask your McGraw Hill 
representative for more information.

Laptop: McGraw Hill; Woman/dog: George Doyle/Getty Images

Checkmark: Jobalou/Getty ImagesPadlock: Jobalou/Getty Images

Instructors: Student Success Starts with You

65%
Less Time
Grading

Tools to enhance your unique voice
Want to build your own course? No problem. Prefer to use our 
turnkey, prebuilt course? Easy. Want to make changes throughout the 
semester? Sure. And you’ll save time with Connect’s auto-grading too.

Solutions for  
your challenges
 
A product isn’t a solution. Real 
solutions are affordable, reliable, 
and come with training and 
ongoing support when you need 
it and how you want it. Visit www.
supportateverystep.com for videos 
and resources both you and your 
students can use throughout the 
semester.

Study made personal
Incorporate adaptive study resources like  
SmartBook® 2.0 into your course and help your  
students be better prepared in less time. Learn  
more about the powerful personalized learning 
experience available in SmartBook 2.0 at  
www.mheducation.com/highered/connect/smartbook
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Effective tools for efficient studying
Connect is designed to make you more productive with simple, flexible, intuitive tools that maximize  
your study time and meet your individual learning needs. Get learning that works for you with Connect.

Everything you need in one place 
Your Connect course has everything you need—whether reading on  
your digital eBook or completing assignments for class, Connect makes  
it easy to get your work done.

“I really liked this 
app—it made it easy 
to study when you 
don't have your text-
book in front of you.”

- Jordan Cunningham,  
  Eastern Washington University

Study anytime, anywhere
Download the free ReadAnywhere app and access your 
online eBook or SmartBook 2.0 assignments when it’s 
convenient, even if you’re offline. And since the app 
automatically syncs with your eBook and SmartBook 2.0 
assignments in Connect, all of your work is available 
every time you open it. Find out more at  
www.mheducation.com/readanywhere 

Top: Jenner Images/Getty Images, Left: Hero Images/Getty Images, Right: Hero Images/Getty Images

Calendar: owattaphotos/Getty Images

Students: Get Learning that Fits You

Learning for everyone 
McGraw Hill works directly with Accessibility Services 
Departments and faculty to meet the learning needs 
of all students. Please contact your Accessibility 
Services Office and ask them to email  
accessibility@mheducation.com, or visit  
www.mheducation.com/about/accessibility  
for more information.
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xxiv 

Remote Proctoring & Browser-Locking Capabilities

New remote proctoring and browser-locking capabilities, hosted by Proctorio within Connect, provide control of the 
assessment environment by enabling security options and verifying the identity of the student. 

Seamlessly integrated within Connect, these services allow instructors to control students’ assessment experience by 
restricting browser activity, recording students’ activity, and verifying students are doing their own work.  

Instant and detailed reporting gives instructors an at-a-glance view of potential academic integrity concerns, thereby 
avoiding personal bias and supporting evidence-based claims.
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What Every Student Needs to Know

Many tools to help you learn have been integrated into Pharmacology: An Introduction.

Chapter Features
Learning Outcomes
present the key points you should focus on when 
reading the chapter. Consider this your road map to 
the knowledge and skills you will acquire upon study-
ing this content.

Notes to the Health-Care Professional
emphasizes important points and information for medical per-
sonnel involved in drug administration.

Patient Administration and 
Monitoring boxes
summarize important patient information and 
patient instructions about the drugs discussed 
in that chapter. It will expand your knowledge 
of medications and conditions.

Drug Tables
organize and summarize the main pharmacologic fea-
tures of the different drug classes. The tables most often 
list the generic drug name first followed by the trade 
name(s), which are italicized and put within parentheses.
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Patient Administration and Monitoring

This class of drugs has a tremendous potential for overuse and 
overexposure due to the availability of over-the-counter prepa-
rations. In addition, steroids may be prescribed by more than 
one treating physician. It is not unusual for older patients to visit 
orthopedists, allergists, diabetologists, ophthalmologists, and 
rheumatologists in addition to their family physician. Therefore, it 
becomes important to review steroid actions that could be misin-
terpreted as exacerbations of other underlying conditions.

Time of Dosing
Single steroid doses should be taken before 9 AM to allow distri-
bution of drug to mimic diurnal levels without suppressing availa-
ble adrenocortical activity. Large doses of steroids may cause GI 
upset. Patients may take the medication with meals or antacids to 
minimize the irritation.

Changes in Blood Sugar Levels
Diabetics taking steroids must be properly counseled that steroids 
increase blood glucose otherwise they may overmedicate as a 
response to this transient hyperglycemia. Diabetic patients should 
notify the prescribing (steroid) physician if changes in their moni-
tored blood glucose levels occur. Diabetics may have an increased 
blood glucose concentration requiring dose adjustment in insulin 
or oral antidiabetic drugs. Patients should be reminded to give full 
disclosure of steroid use to other physicians, such as diabetologist 
or endocrinologist, to keep their medication history current.

Physician Notification
The physician should be notified immediately if significant fluid 
retention manifests as swelling of lower extremities or unusual 
weight gain, muscle weakness, abdominal pain, seizures, or 
headache occur. This may indicate the need for dose alteration 

or discontinuation if hypersensitivity develops. Topical steroids will 
more likely produce skin or ocular itching and irritation rather than 
the spectrum of other effects.
Elderly patients should be reminded to call if they develop signs 
of hypertension, hyperglycemia, and potassium loss. These 
include dizziness, muscle weakness, and headaches. Because of 
the reduced muscle mass, elderly patients are more sensitized 
to the effects of steroids and should be monitored in the office 
at least every 6 months.
For patients receiving high doses of steroids, there is a decreased 
resistance to fight local infection (immunosuppressive response). 
Patients should notify the prescribing (steroid) physician before 
immunizations with live vaccines are given.

Stopping Medication
Patients receiving high-dose or long-term therapy should not dis-
continue steroids without supervision of the prescribing physician 
to avoid precipitating symptoms of withdrawal.

Use in Pregnancy
Drugs in this class have been designated FDA Pregnancy Category 
C (www.drugs.com/pregnancy-categories.html). Safety for use in 
pregnancy has not been established through adequate use or clini-
cal trials in pregnant women. Steroids cross the placenta. Chronic 
maternal steroid use in the first trimester is known to produce cleft 
palate in newborns (about 1 percent incidence). The benefit to the 
mother must outweigh risk to the fetus and newborn. When clearly 
required, maternal steroid administration should be at the lowest 
effective dose for the shortest duration and the infant should be sub-
sequently monitored for adrenal activity. Where mothers received 
ACTH, the newborn should be monitored for hyperadrenalism.
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REGULATION OF 
ADRENOCORTICOID 
HORMONES
Secretions from the Adrenal Cortex
The three layers of the adrenal cortex include the zona 
glomerulosa, zona fasciculata, and zona reticularis 
(Figure 36.1). Each of the three areas has different 
enzymes and, therefore, produces different classes of 
corticosteroid hormones: the mineralocorticoids from 
the zona glomerulosa, the glucocorticoids from the 
zona fasciculata, and sex steroids from zona reticu-
laris. The hormones of the adrenal cortex are generally 
referred to as corticosteroids or just steroids. The func-
tions of these hormones are presented in Table 36.1. 
Glucocorticoids (cortisol and cortisone) are all about 
making energy (glucose) for cells as the body’s demands 

LO 36.1
change. Glucocorticoid secretion is under the control 
of the hypothalamo-anterior pituitary axis. This means 
a releasing factor (CRF) secreted from the hypothala-
mus stimulates a tropic hormone (ACTH) release from 
the anterior pituitary that stimulates the adrenal cortex 
to secrete cortisol and cortisone.

Aldosterone, the primary mineralocorticoid hor-
mone, is critical to the regulation of sodium, potas-
sium, and water in the extracellular fluid and, therefore, 
regulation of blood pressure. The two major regulators 
of aldosterone secretion are an enzyme system (rennin-
angiotensin) located in the kidneys and the change of 
potassium ion concentration in extracellular fluid. 
Although ACTH can stimulate aldosterone secretion, it 
is significantly less effective than rennin-angiotensin or 
extracellular ion concentrations.

A deficiency in glucocorticoid and sometimes aldo-
sterone production results in Addison’s disease. Excess 

Learning O
utcom

es

After studying this chapter, you should be able 
to:

36.1 describe the regulation of adrenocorticoid secre-
tion especially glucocorticoid (cortisol) secretion.

36.2 explain the primary function of the 
glucocorticoids.

36.3 describe the clinical uses of the glucocorticoids

36.4 explain the function of the mineralocorticoid 
aldosterone.

36.5 describe special cautions and drug  interactions 
that occur with steroid use.

The adrenal glands are located on the upper surface of each kidney.  The glands consist of an inner part, 
known as the adrenal medulla, and an outer part, known as the adrenal cortex. In the embryo, the adrenal 
medulla and cortex develop from different tissues. The adrenal medulla develops from the same tissue as 
sympathetic ganglia and the cortex develops from mesodermal tissue. The medulla secretes catecholamines 
when there is sympathetic activation requiring a fight or flight response. The cortex is composed of three 
separate tissue layers. Each layer releases one or more hormones that have important physiologic functions. 
This chapter will focus on the hormones cortisol, cortisone, and aldosterone secreted by two of the three 
cortex layers. 

Introduction
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extremities because these may be symptoms of hypoka-
lemia. Patients with Addison’s disease are often sensitive 
to drug effects and therefore often have an exaggerated 
response to drug therapy. Patients, especially those on 
high-dose therapy, should be monitored for changes in 
sleep patterns and mood, particularly depression or psy-
chotic episodes.

Steroids should be used cautiously in patients who 
have GI ulceration, renal disease, congestive heart fail-
ure, ocular herpes simplex, diabetes mellitus, emotional 
instability, or psychotic tendencies. In all of these con-
ditions, steroids may exacerbate the underlying disease 
as a result of their pharmacologic actions. Although 
steroids are ulcerogenic, it is not unusual that certain 
patients with GI ulcer or colitis may be placed on a 
steroid regimen. In such cases, the risk of continuing 
degeneration outweighs the risk of short-term exposure 
to the steroid to obtain an immediate anti-inflammatory 
response.  Ophthalmic complications during prolonged 
corticosteroid therapy include posterior subcapsular 
cataract, glaucoma, possible damage to optic nerves, 
and enhancement of secondary ocular infections due to 
fungi or virus.

Drug Interactions
Steroids have been reported to interact with a variety 
of drug classes (Table 36.6). Since the glucocorticoids 
affect carbohydrate metabolism, it is not surprising that 

The major symptoms are edema, hypertension, arrhyth-
mias, and muscle weakness due to the loss of potassium. 
In certain patients, the edema could lead to congestive 
heart failure. A physician should be notified if dizziness, 
continuing headaches, or swelling in the lower extremi-
ties occurs. Dose adjustment usually mitigates adverse 
effects. Other adverse effects include increased sweat-
ing, bruising, and allergic skin rash.

SPECIAL CAUTIONS AND DRUG 
INTERACTIONS
Monitoring Patients
Steroids are administered for their anti-inflammatory 
activity in patients with normal adrenal function. 
With continued use (as well as misuse of these drugs), 
patients may experience changes in appearance and 
behavior indicative of metabolic alterations. Since ste-
roids universally affect metabolism, patients must be 
observed carefully for changes in body weight, electro-
lyte balance, and cardiac function. The sodium reten-
tion associated with these drugs may lead to elevated 
blood pressure, even hypertension, and edema. Patients 
should be weighed daily to monitor changes in overall 
body weight. Patients should be questioned about feel-
ing fatigued or experiencing cramps and weakness in the 

LO 36.5

Amphotericin B, digitalis, diuretics

Antibiotics, macrolide

Glucocorticoids interact with

Potentiate hypokalemia (possible digitalis toxicity)

Increase methylprednisolone clearance from plasma

Aspirin Increase GI side effects by an additive effect 

Growth hormone Decrease growth-promoting effect of growth hormone

Insulin, oral hypoglycemics Increase requirement for insulin or oral hypoglycemics

Isoniazid Increase requirements for isoniazid

Oral contraceptives, estrogens,
ketoconazole

Increase response of glucocorticoid and mineralocorticoid
because of decreased steroid metabolism

Phenobarbital, phenytoin, rifampin Increase steroid requirement due to increased steroid
metabolism through CYP34A induction

Warfarin Inhibit response to the anticoagulants

Response

Examples of Drug Interactions Associated with Glucocorticoids

Table 36.6
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Illustrations and Photos
provide a dynamic visual picture of the action of drugs 
and drug products to help you understand pharmaco-
logic processes that are discussed in the text. Illustrations 
provide just the right level of detail to help explain the 
processes described.

Appendices
provide additional information pertinent to the study of pharmacology. 
You will find lists of abbreviations and symbols used in medical nota-
tions, weights and measures, and mathematical functions and terms.

Chapter Reviews
provide immediate reinforcement of terminology and pharmaco-
logical concepts important for acquiring knowledge. These ques-
tions, which are also available in Connect, challenge you to apply 
information presented in the chapter. The clinically relevant on-
the-job questions allow you more opportunity to practice critical-
thinking skills.
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Somatic e�ectors
(skeletal muscles)

Somatic e�erent innervation

Spinal cord

Myelinated
fiber

ACH

Figure 9.1 Somatic Efferent Pathway

The entire distance from the CNS to the skeletal muscle fiber (effector) is one neuron. Acetylcholine (ACH) is the 
only neurotransmitter.

Myelin
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Synaptic
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Synaptic
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Neuromuscular 
Relaxants:
A. Depolarizing
 Succinylcholine
B. Nondepolarizing
 Curare
 Cisatracurium
 Pancuronium
 Vecuronium

Botulinumtoxin A or B
abobotulinumtoxin A
incobotulinumtoxin A
onabotulinumtoxin A
rimabotulintoxin B

Direct-Acting Relaxant:
 Dantrolene

Centrally Acting 
Relaxant:
 Baclofen
 Carisoprodol
 Diazepam
 Methocarbamol
 Orphenadrine
 Tizanidine

1

2

2

3

Figure 9.2 Sites of Action of Skeletal Muscle Relaxants

Site 1 is impulse conduction from the CNS through the spinal cord, where the centrally acting muscle relaxants 
work. Site 2 is the neuromuscular junction (NMJ), where the depolarizing and nondepolarizing muscle relaxants 
work. The insert shows an individual NMJ. Site 3 is the skeletal muscle, where direct-acting drugs inhibit calcium 
ion release from the cell body. A complete list of skeletal muscle relaxants is presented in  
Tables 9.1 and 9.2.
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Understanding Terminology
Answer the following questions.

 1. Define the term steroid. (LO 36.1)

 2. Differentiate between mineralocorticoids and glucocorticoids. (LO 36.1)

 3. Explain replacement therapy. (LO 36.3)

Acquired Knowledge
Answer the following questions.

 1. What are the two main parts of the adrenal gland? (LO 36.1)

 2. Which layer of the adrenal cortex secretes the mineralocorticoids? Which layer secretes the glucocorticoids?  
(LO 36.1)

 3. What disease results from a deficiency of the corticosteroids? (LO 36.3)

 4. What three hormones regulate the release of cortisol? (LO 36.1)

 5. What is the importance of higher glucocorticoid secretion during injury and wound healing? (LO 36.2)

 6. List the two main therapeutic uses of the glucocorticoids. (LO 36.3)

 7. What are the main differences between the naturally occurring steroids and the synthetic steroids?  
(LO 36.3)

 8. List the major adverse effect of steroid therapy. What is meant by ADT? (LO 36.3)

 9. What is the function of the mineralocorticoids? (LO 36.4)

 10. What are the adverse effects of excessive administration of the mineralocorticoids? (LO 36.4)

Applying Knowledge on the Job
Use your critical-thinking skills to answer the following questions.

 1. Assume you are a pharmacy assistant in a nursing home, screening patients for contraindications and drug inter-
actions. What is the potential drug problem—and its solution—for each of the following cases?
 a. Patient A has hypertension. He has been prescribed hydrocortisone injections for severe bursitis. (LO 36.3)
 b. Patient B is diabetic. She has been prescribed prednisolone for osteoarthritis. (LO 36.3)
 c. Patient C is taking warfarin anticoagulant. He has been prescribed prednisone for gout. (LO 36.5)

 2. Assume you are a pharmacy intern in a university hospital. What is the potential drug problem for each of the  
following patients? How would you resolve the problem?
 a. A 25-year-old woman has been prescribed betamethasone for severe psoriasis. The patient is currently  

taking oral contraceptives. (LO 36.5)
 b. A 16-year-old boy has been prescribed dexamethasone for bronchial asthma. He is an epileptic currently  

taking phenobarbital for seizure control. (LO 36.2, 36.3)

 3. Tom is an 8-year-old who is taking 80 mg of prednisone for inflammation of the liver. He has been diagnosed 
with chickenpox. Would this affect his prednisone dose? Why or why not? (LO 36.3)

 4. Why is it important for patients receiving high-dose or long-term therapy to be taken off prednisone by  
“tapering” or decreasing the dose gradually? (LO 36.3)
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Appendix B

ABBREVIATIONS AND SYMBOLS COMMONLY USED  
IN MEDICAL NOTATIONS

Abbreviation Meaning

a before

aā̄̄, AĀ̄̄ of each

a.c. before meals

ADD attention deficit disorder

ADL activities of daily living

ad lib as desired

ADT admission, discharge, transfer

AIDS acquired immunodeficiency syndrome

a.m.a. against medical advice

AMA American Medical Association

amp. ampule

amt amount

aq., AQ water; aqueous

ausc. auscultation

ax axis

Bib, bib drink

b.i.d., bid, BID twice a day

BM bowel movement

BP, B/P blood pressure

BPC blood pressure check

BPH benign prostatic hypertrophy

BSA body surface area

c̄ with

Ca calcium; cancer

cap, caps capsules

CBC complete blood (cell) count

C.C., CC chief complaint

CDC Centers for Disease Control and Prevention

CHF congestive heart failure

chr chronic

CNS central nervous system

Comp, comp compound

COPD chronic obstructive pulmonary disease

CP chest pain

Abbreviation Meaning

CPE complete physical examination

CPR cardiopulmonary resuscitation

CSF cerebrospinal fluid

CT computed tomography

CV cardiovascular

d day

D&C dilation and curettage

DEA Drug Enforcement Administration

Dil, dil dilute

DM diabetes mellitus

DOB date of birth

DTP diptheria-tetanus-pertussis vaccine

Dr. doctor

DTs delirium tremens

D/W dextrose in water

Dx, dx diagnosis

ECG, EKG electrocardiogram

ED emergency department

EEG electroencephalogram

EENT eyes, ears, nose, and throat

EP established patient

ER emergency room

ESR erythrocyte sedimentation rate

FBS fasting blood sugar

FDA Food and Drug Administration

FH family history

Fl, fl, fld fluid

F/u follow-up

Fx fracture

GBS gallbladder series

GI gastrointestinal

Gm, gm gram

gr grain

gt, gtt drop, drops

Abbreviations
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Pharmacology: 
An Introduction

Chapter 1

Jason Reed/Getty Images

KEY TERMS
adverse effect: general term for undesirable and potentially harmful drug effect.

agonist: drug that binds to a receptor and activates a physiologic response or drug action.

antagonist: drug that binds to a receptor and interferes with other drugs or substances from producing a drug effect.

chemical name: name that defines the chemical composition of a drug.

contraindications: situations or conditions when a certain drug should not be administered.

controlled substance: drug that has the potential for abuse and thus is regulated by law.

dose: a measurement of the amount of drug that is administered.

drug: chemical substance that produces a change in body function.

drug indications: intended or indicated uses for any drug.

ED50: effective dose 50, or dose that will produce an effect that is half of the maximal response.

generic name: nonproprietary name of a drug.

LD50: lethal dose 50, or dose that will kill 50 percent of the laboratory animals tested.

mechanism of action: explanation of how a drug produces its effects.

nonprescription, over-the-counter (OTC) drug: drug that can be purchased without the services of a physician.

pharmacology: study of drugs.

potency: measure of the strength, or concentration, of a drug required to produce a specific effect.

prescription drug: drug for which dispensing requires a written or phone order that can only be issued by or under 
the direction of a licensed physician.

receptor: specific cellular structure that a drug binds to in order to produce a physiologic effect.

side effect: drug effect other than the therapeutic effect that is usually undesirable but not harmful.

site of action: location within the body where a drug exerts its therapeutic effect, often a specific drug receptor.

therapeutic effect: desired drug effect to alleviate some condition or symptom of disease.

therapeutic index (TI): ratio of the LD50 to the ED50 in animal studies.

toxic effect: undesirable drug effect that implies drug poisoning; can be very harmful or life-threatening.

trade name: patented proprietary name of a drug sold by a specific drug manufacturer; also referred to as the brand 
name.
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DRUG SOURCES AND MAJOR 
AREAS OF PHARMACOLOGY
Drug Sources
A logical question to ask about pharmacology is, “Where 
do drugs come from?” There are several sources of drugs. 
In the early days of medicine, most drugs were obtained 
from plant or animal sources. Plants and living organisms 
contain active substances that can be isolated, purified, and 
formulated into effective drug preparations. Examples of 
drugs derived from plants that are still widely used today 
include the analgesics morphine and codeine, which were 
obtained from the poppy plant (Papver somniferum); the 
heart drug digitalis, which was obtained from the purple 
foxglove (Digitalis purpurea); and the antimalarial drug qui-
nine, which was obtained from the bark of the cinchona 

LO 1.1

tree. Paclitaxel, an anticancer drug, is obtained from the 
yew tree. The search for new plant drugs is still very active. 
It is also interesting that many of the drugs of abuse such 
as cocaine, marijuana, mescaline, heroin, and others are 
derived from plants. Most of these drugs were used for hun-
dreds of years by many different cultures in their religious 
and ritual ceremonies. Drugs obtained from living organ-
isms include hormones such as insulin (from the pig) and 
growth hormone from pituitary glands. In addition, anti-
biotics such as cephalosporins and aminoglycosides have 
been derived from bacteria. The early history of pharma-
cology is filled with many interesting stories of discovery 
and medical experimentation. Textbooks devoted to the 
history of medicine and pharmacology are the best sources 
for additional information. Despite the many examples of 
drugs obtained from plants and living organisms, the main 

Learning O
utcom

es

After studying this chapter, you should be 
able to:

1.1 list and define the major areas of  
pharmacology.

1.2 describe what a drug is and explain the 
differences between therapeutic effect, side effect, 
and toxic effect.

1.3 understand the terms site of action and 
mechanism of action, and how agonist and 
antagonist drugs interact at drug receptor sites.

1.4 characterize the relationship between drug dosage 
and drug response, and the relationship between drug 
response and time.

1.5 understand the terms associated with drug safety: 
therapeutic index, idiosyncrasy, drug allergy, and 
teratogen.

1.6 explain the nomenclature used to name and 
classify drugs. 

1.7 recall the main drug references and the 
information they provide.

Pharmacology is the study of drugs. A drug can be any substance that, when administered to living organ-
isms, produces a change in function. Thus, substances such as water, metals (iron), or insecticides can be 
classified as drugs. However, the term drug commonly refers to any medication that is used for diagnosing, 
curing, or treating disease.

Pharmacology is a subject that requires some background knowledge of anatomy, physiology, pathol-
ogy, and related medical sciences. In that sense pharmacology is an integrative course of study that applies 
the relevant information of all medical sciences to the treatment of disease. Throughout this textbook the 
essential background information of anatomy, physiology, and pathology required for an understanding of 
drug action will be reviewed. The major focus of Pharmacology: An Introduction is to provide an under-
standing of the mechanisms of action, main therapeutic effects, clinical uses, and adverse reactions of 
drugs. Completion of an introductory pharmacology course is only the beginning step in understanding this 
complex subject.

Introduction
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DescriptionArea

Pharmacodynamics

Pharmacokinetics

Pharmacotherapeutics

Pharmacy

Posology

Toxicology

Study of the action of drugs on living tissue

Study of the processes of drug absorption, distribution,
metabolism, and excretion

Study of the use of drugs in treating disease

Science of preparing and dispensing medicines

Study of the amount of drug that is required to
produce therapeutic effects

Study of the harmful effects of drugs on living tissue

Major Areas of Pharmacology
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source of new drugs today is from chemical synthesis. Also, 
many of the drugs that once were obtained from plants and 
animals are now chemically synthesized in pharmaceutical 
laboratories. Advances in molecular biology and gene ther-
apy have generated new types of drugs such as monoclonal 
antibodies.

Pharmacology is a large discipline that can be 
subdivided into different areas of study. These include 
pharmacodynamics, pharmacokinetics, pharmacother-
apeutics, pharmacy, posology, and toxicology. These 
areas of study are described in Table 1.1.

TERMINOLOGY RELATED  
TO DRUG EFFECTS
Major Areas of Pharmacology
Another basic question that should be answered is, 
“What actually is a drug?” Every pure drug is a chemical 
compound with a specific chemical structure. Because 
of its structure, a drug has certain properties that are 
usually divided into chemical properties and biological 
properties. The properties of any drug determine what 
effects will be produced when the drug is administered. 
An important fact to remember is that, structurally, the 
human body is composed mostly of cells, even though 
these cells are highly organized into tissues, organs, and 
systems. Consequently, drugs produce effects by influ-
encing the function of cells.

Pharmacologists know that all drugs produce 
more than one effect. Every drug produces its intended 

LO 1.2

effect, or therapeutic effect, along with other effects. 
The therapeutic use(s) of any drug is referred to as the 
drug indication, meaning indications for use. The term 
contraindication refers to the situation or circumstance 
when a particular drug should not be used. Some drug 
effects, other than therapeutic effects, are described as 
undesirable. Undesired drug effects are categorized as 
side effects, adverse effects, and toxic effects.

Side Effects
Many side effects are more of a nuisance than they are 
harmful. The dry mouth and sedation caused by some 
antihistamine drugs is an example. In many cases drug 
side effects must be tolerated to benefit from the thera-
peutic actions of the drug.

Adverse Effects
Adverse effects are also undesired effects, but these are 
effects that may be harmful (persistent diarrhea, vom-
iting, or central nervous system [CNS] disturbances 
such as confusion) or that with prolonged treatment 
may cause conditions that affect the function of vital 
organs such as the liver or kidney. Reduction of dosage 
or switching to an alternative drug often will avoid or 
minimize these harmful consequences.

Toxic Effects
Toxic effects, or toxicity, implies drug poisoning, the con-
sequences of which can be extremely harmful and may 
be life-threatening. In these situations, the drug must be 
stopped and supportive treatment and the administration 
of antidotes may be required.
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The term most frequently used to describe the unde-
sirable effects of drugs is adverse effects. However, you 
should be familiar with the other terms because they 
are used and, if used correctly, describe the nature and 
potential severity of undesired drug effects.

Most drugs will cause all three types of undesired 
effects, depending on the dose administered. At low 
doses, side effects are common and often expected. At 
higher doses, additional adverse effects may appear. 
At very high doses, toxic effects may occur that can 
be fatal. Consequently, the undesired effects produced 
by most drugs are often a function of dosage, which 
is why a well-known physician from the Middle Ages, 
Paracelsus (1493–1541), made the famous statement, 
“Only the dose separates a drug from a poison”—and 
we could add, “a therapeutic effect from a toxic effect.” 
Allied health personnel spend the majority of their time 
in patient contact. Therefore, they have an important 
responsibility to observe the undesired effects of drugs, 
to recognize the side effects that are often expected, and 
to identify and report the adverse and toxic effects that 
are potentially harmful and that often require medical 
attention.

BASIC CONCEPTS IN 
PHARMACOLOGY
As in any subject, fundamental principles and concepts 
form the basis upon which additional information can be 
added. Pharmacology is no exception, and the following 
basic concepts apply to any drug.

Site of Action
The site of action of a drug is the location within the 
body where the drug exerts its therapeutic effect. The 
site of action of some drugs is not known; however, the 
site of action for most drugs has been determined. For 
example, the site of action of aspirin to reduce fever is in 
an area of the brain known as the hypothalamus. Within 
the hypothalamus the temperature-regulating center 
controls and maintains body temperature. Aspirin alters 
the activity of the hypothalamus so that body tempera-
ture is reduced. Throughout this book, when the site of 
drug action is known or suspected, it will be presented.

Mechanism of Action
Mechanism of action explains how a drug produces its 
effects. For example, local anesthetic agents produce a 
loss of pain sensation by interrupting nerve conduction 
in sensory nerves. For nerve impulses to be conducted, 
sodium ions must pass through the nerve membrane. 

LO 1.3

Local anesthetic agents attach to the nerve membrane 
and prevent the passage of sodium ions. Consequently, 
sensory nerve impulses for pain are not conducted to 
the pain centers in the brain. Knowledge of the mecha-
nism of action of drugs is essential to understanding why 
drugs produce the effects that they do.

Receptor Site
Drug action is usually thought to begin after a drug has 
attached itself to some chemical structure located on 
the outer cell membrane or within the cell itself. For a 
few drugs and for some normal body substances, there 
seems to be a specific location on certain cells. This area 
is referred to as the receptor site. The attachment, or 
binding, of a drug to its receptors begins a series of cell 
changes referred to as the drug action.

When a specific receptor site for a drug is known, 
that receptor site becomes the site of action for that par-
ticular drug. Morphine, an analgesic drug, is an example 
of a drug that binds to a specific receptor. The recep-
tors for morphine are located in the brain and are known 
as the morphine, or opioid, receptors. When morphine 
binds to its receptors, it produces cell changes that 
reduce the perception of pain. There are many different 
pharmacologic receptors, and they will be described in 
the appropriate chapters.

Agonists and Antagonists
Drugs that bind to specific receptors and produce a drug 
action are called agonists. Morphine is an example of 
an agonist. Drugs that bind to specific receptors and 
block agonist drug action or cellular functions are called 
antagonists.

Antagonists are also known as blocking drugs. Usu-
ally, antagonists bind to a specific receptor to displace 
or prevent an agonist drug or body substance from acti-
vating that receptor. Naloxone, a morphine antagonist, 
is administered to prevent, or antagonize, the effects of 
morphine in cases of morphine overdose. There are many 
examples in pharmacology where drug antagonists are 
used to prevent other substances from exerting an effect.

When both agonist and antagonist drugs bind to 
the same receptor and are administered together, they 
compete with each other for the same receptor site. This 
effect is known as competitive antagonism. The amount of 
drug action produced depends on which drug (agonist 
or antagonist) occupies the greatest number of receptors. 
The actions of a drug agonist and antagonist are illus-
trated in Figure 1.1. There is also uncompetitive antago-
nism, which occurs when the antagonist drug interferes 
with the agonist drug action but not by binding to the 
same receptor.
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effect at a lower dosage, but they will not “raise the ceil-
ing.” Drugs that continue to cause an increased effect as 
long as the dose is increased do not have a ceiling effect.

A graded dose-response curve can be used to evalu-
ate drug response among different drugs. In a graded 
dose-response curve, the increases in drug dosage are 
plotted against the increases in drug response. For 
example, dose-response curves are used to compare the 
potency of similar drugs. Potency is a measure of the 
strength, or concentration, of a drug required to produce 
a specific effect. The dose that will produce an effect 
that is half of the maximal response is referred to as the 
effective dose 50, or ED50.

The ED50 can be used to compare the potency of 
drugs that produce the same response. In Figure 1.2, the 
ED50 of drug A is 10 mg while the ED50 of drug B is 
20 mg. Therefore, drug A is twice as potent as drug B. 
Twice the concentration of drug B is needed to produce 
the same response as drug A.

Quantal (referred to as all-or-none) dose-response 
curves are used to show the percentage of a human or 
animal population that responds to a specific drug dos-
age. This information is important for determining the 
dosages that are recommended for various treatments. 
Quantal dose-response curves require an understanding 
of mathematical statistics that is beyond the scope of 
this textbook.

Time-Plasma Drug Concentration 
Curve
The relationship of time and the plasma drug concen-
tration is known as the time-plasma drug concentra-
tion curve or time-response curve since it reflects the 

DOSE-RESPONSE AND 
TIME-PLASMA DRUG 
CONCENTRATION CURVES
Dose-Response Curve
A fundamental principle of pharmacology is that the 
response to any drug depends on the amount of drug 
given. This principle is known as the dose-response 
relationship. A dose is the exact amount of a drug that 
is administered to produce a specific effect. The effect 
is referred to as the response. When the relationship 
between the dose and the response is plotted as a graph, 
it is referred to as a dose-response curve.

Figure  1.2 illustrates the appearance of a typi-
cal dose-response curve for two similar drugs. The 
main feature of the dose-response relationship is that a 
drug response is proportional to the dose. As the dose 
increases, so does the magnitude of the response. Even-
tually, a maximal response is usually attained (100 per-
cent response); further increases in dose do not produce 
any greater effect. This point on the graph is known as 
the ceiling effect. The ceiling effect reflects the limit of 
some drug classes to produce a particular effect. Above a 
certain dosage no further increase in effect is observed. 
Doses above those needed to produce the ceiling effect 
usually cause other undesired, often toxic, drug effects. 
Drugs within a drug class that are more potent than 
other drugs in the same class will produce the ceiling 
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A Typical Dose-Response Curve

Figure 1.2
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Drug safety receives much attention today. It is 
a constant source of concern and debate because the 
public is more aware of the dangers of drugs. To receive 
approval for use in humans, a drug must undergo sev-
eral years of both animal and human testing and evalua-
tion. Several animal species must be used to evaluate the 
effectiveness and toxicity of a drug. One of the first tests 
that is performed is the lethal dose 50, or LD50. The 
LD50 is the dose that will kill 50 percent of the animals 
tested. The results of the LD50 and other tests are used 
to predict the safety of a drug.

Therapeutic Index
The therapeutic index (TI) is a ratio of the LD50 to the 
ED50 of a drug. It gives an estimate of the relative safety 
of a drug. The equation is expressed as:

TI = LD50/ED50 = 1000 mg/100 mg = 10

In this example, the therapeutic index is 10. This 
index indicates that 10 times as much drug is needed to 
produce a lethal effect in 50 percent of the animals as is 
needed to produce the therapeutic effect in 50 percent 
of the animals. The therapeutic index is used only in 
animal studies to establish dosage levels for other test-
ing procedures. The goal of drug therapy is to achieve 
therapeutic effects in all individuals without producing 
any harmful effects.

duration of action. Duration of action is the length of 
time that a drug continues to produce its effect. Most 
individual drugs produce effects over a relatively con-
stant period of time. Figure 1.3 illustrates the appear-
ance of a typical time-plasma drug concentration 
curve. In this example, the plasma drug concentration 
is correlated with the onset, duration, and termination 
of drug action. After drug administration, a certain 
amount of time is required before a drug will produce 
an observable effect. The time from drug administra-
tion to the first observable effect is known as the onset 
of action. The drug response will continue as long as 
there is an effective concentration of the drug at the 
site of action. As the drug is metabolized and excreted, 
the response gradually decreases because the drug level 
is decreasing. When the plasma drug concentration 
falls below the therapeutic range, there is termination 
of drug action. Time-plasma drug concentration curves 
are used for predicting the frequency with which a drug 
must be administered in order to maintain an effective 
drug response.

DRUG SAFETY
The federal Food and Drug Administration (FDA) has 
established guidelines that govern the approval and use 
of all drugs. Every drug must fulfill two major require-
ments before it can be approved for use in humans: 
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A Typical Time-Plasma Drug Concentration Curve

Figure 1.3

Pl
as

m
a 

dr
ug

 c
on

ce
nt

ra
tio

n 
(m

g/
m

l) Toxic 
drug range

Therapeutic 
drug range

Ine�ective 
drug range

Time in hours 

Termination
of action

Onset
of action

Duration
of action

1 2 3 4 5

This curve shows the change in plasma drug concentration 
over time in relation to onset, duration, and termination of 
drug action. Plasma drug concentrations that exceed the 
therapeutic range produce drug toxicity.

efficacy (proof of effectiveness) and safety. The drug 
must be effective in the disease state for which it has 
been approved. Approved drugs must satisfy specific 
safety criteria as determined by extensive animal testing 
and controlled human testing. As discussed previously, 
the dose separates therapeutic effects from toxic effects.

Note to the Health-Care Professional

All drugs will act as poisons if taken in excess. 
Only the dose separates a therapeutic effect 
from a toxic effect. The goal of drug therapy is 
to select a dose that is in the therapeutic range 
and avoid doses that produce toxicity. This task 
is not easy because many factors influence the 
amount of drug that reaches its site of action. 
These factors—such as route of administration, 
absorption, and drug metabolism—will be 
discussed in Chapter 2.
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