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The Third Edition of Focus on Pharmacology: Essentials for Health Professionals has 
been updated with the latest drug information available. It is accompanied by a new 
Student Workbook, which contains many different types of review questions, includ-
ing multiple-choice, fill-in-the-blank, true/false, and some labeling exercises. There 
are seven new chapters in this edition:

✽✽ Chapter 2—Pharmacodynamics

✽✽ Chapter 3—Pharmacokinetics

✽✽ Chapter 4—Drug Toxicity and Pharmacogenomics

✽✽ Chapter 13—Dietary Supplements and Alternative Therapies

✽✽ Chapter 17—Antiviral Agents

✽✽ Chapter 19—Antiprotozoal Agents

✽✽ Chapter 29—Drugs Used to Treat Hyperlipidemia and Related Conditions

Other key changes and updates:

✽✽ Chapter 1 was divided into four chapters (1—Introduction to  Pharmacology, 
2— Pharmacodynamics, 3—Pharmacokinetics, and 4—Drug Toxicity and 
Pharmacogenomics).

✽✽ Basic Mathematics was renamed Principles of Math in Medicine.

✽✽ Nutritional Aspects of Pharmacology and Herbal Substances was divided and 
expanded to become Chapter 12—Nutritional Aspects of Pharmacology, and 
 Chapter 13—Dietary Supplements and Alternative Therapies.

✽✽ Substance Abuse was renamed and expanded as Chapter 15—Substance Abuse and 
Misuse

✽✽ Antibacterial and Antiviral Agents was divided into two chapters: Chapter 16—Anti-
bacterial Agents and Chapter 17—Antiviral Agents.

✽✽ Second-edition chapter on Antifungal, Antimalarial, and Antiprotozoal Agents 
was divided into two chapters: Chapter 18—Antifungal Agents, and Chapter 19—
Antiprotozoal Agents.

There also have been changes to the appendices:

✽✽ Appendix A—The Top 200 Drugs by prescription

✽✽ The previous Appendix D (Immunization Schedules) was removed because it is now 
in the body of the book

Pharmacology is often a challenging subject for allied health students. To the rescue 
comes this text uniquely designed to use a focused approach to learning pharmacol-
ogy. Introductory chapters lay the groundwork for learning this subject by explain-
ing the history of pharmacology, discussing the legal and ethical principles involved, 
illustrating drug administration techniques, reviewing math, explaining drug calcu-
lations, and a discussion of medication errors and their prevention. Additionally, sub-
stance abuse is focused on in detail. The chapters that follow focus on drugs specific 
to body systems, pharmacotherapy of certain age groups (pediatrics and geriatrics), 
pharmacology for pregnant women, and broad drug categories such as antibiotics.

Preface
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Structured Presentation of Pharmacologic 
Principles
Each drug chapter focuses on drugs used to treat a certain body system and its associ-
ated disorders. The chapters open with a concise review of anatomy and physiology, 
providing a foundation for understanding the actions, effects, and uses of each drug. 
These pharmacologic principles are succinctly explained by using clearly identifiable 
headings in question format that help focus students’ attention on the most important 
points about a drug class or an individual drug:

✽✽ How do they work?

✽✽ How are they used?

✽✽ What are the adverse effects?

✽✽ What are the contraindications and interactions?

✽✽ What are the most important points patients should know?

Sometimes these question headings focus 
on a class of drugs, for example, beta-adrenergic 
blockers. Other times, the question headings fo-
cus on a prototype (representative) drug—that 
is, the drug that was either the first developed 
in the class or is the most widely used drug in 
its class. Whichever approach is taken in the 
chapter, the five-question headings are used so 
students can easily focus on the key “need-to-
know” drug information.

314 ✽ u n i t  t h r e e   Drug Effects on Multiple Systems

Focus On

GeneriC naMe traDe naMe aVeraGe aDult DOSaGe
rOute OF 
aDMiniStratiOn

pyrimethamine  
(folic acid antagonist)

Daraprim 25 mg once/wk up to 10 wk PO

quinine Qualaquin 648 mg q8h for 7 days PO

PO, oral.

Chloroquine
Chloroquine is one of the most commonly used drugs for 
prophylaxis and the treatment of acute malarial attacks 
that are caused by P. vivax, Plasmodium malariae, Plas-
modium ovale, and susceptible strains of P. falciparum.

How does it work?
Chloroquine is a protozoacidal drug. The agent destroys 
Plasmodia organisms by interfering with their metabolism 
or inhibiting normal replication of the protozoan.

How is it used?
Chloroquine is used for the control of acute attacks of  
P. vivax malaria and for suppression against all plasmo-
dia except chloroquine-resistant P. falciparum. The drug 
is neither a prophylactic nor a radical curative agent in  
P. vivax malaria. In regions where P. falciparum is generally 
sensitive to chloroquine, it is markedly effective in terminat-
ing acute attacks of nonresistant P. falciparum malaria and 
usually brings about a complete cure in this type of malaria. 
Chloroquine is the drug of choice for the oral treatment of 
all malaria except that caused by resistant P. falciparum.

What are the adverse effects?
Adverse effects include pigmentation of the skin and nail 
beds, pruritus, fatigue, toxic psychosis, and ototoxicity. 

Chloroquine may also cause clouding of the corneas of 
the eyes and retinopathy.

What are the contraindications and interactions?
Chloroquine is contraindicated in patients with liver 
 disease, hypersensitivity to 4-aminoquinolines, psoriasis, 
porphyria, and renal disease. This drug should also not be 
used by children or by pregnant or lactating women. Cer-
tain antacids and laxatives decrease chloroquine absorp-
tion, and chloroquine may interfere with the response to 
the rabies vaccine.

What are the important points patients should know?
Advise patients to promptly report visual or hearing dis-
turbances, muscle weakness, loss of balance, and symp-
toms of blood dyscrasia, which include fever, sore mouth 
or throat, unexplained fatigue, easy bruising, or bleeding. 
Instruct them to wear dark glasses in sunlight and bright 
light because of photophobia, to reduce the risk of ocular 
damage, and to avoid driving or other potentially hazard-
ous activities until a reaction to the drug is known. Inform 
patients that this drug may cause rusty yellow or brown 
discoloration of the urine.

Doxycycline
Doxycycline is also known as doxycycline calcium oral 
suspension (syrup), doxycycline hyclate (capsules or film-
coated tablets), and doxycycline monohydrate (for oral 
suspension). It is active against many different types of 
bacteria as well as parasites.

How does it work?
Doxycycline inhibits bacterial protein synthesis by binding 
to ribosomal subunits and is bacteriostatic against a broad 
range of Gram-positive and Gram-negative bacteria.

How is it used?
Doxycycline should be used only to treat or prevent infec-
tions that are proven or strongly suspected to be caused 
by bacteria, in order to reduce development of drug-
resistant bacteria and maintain effectiveness of this and 
other antibacterial drugs. This drug is primarily indicated 
for Rickettsial infections such as Rocky Mountain spotted 
fever and typhus fever and for chlamydia. Doxycycline is 
used for the prevention of malaria.
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Teach-and-Test Approach
Learning small amounts of information and testing themselves on what they’ve just 
learned is a proven way for students to retain new information. This text includes a 
large number of exercises, implemented in three ways: (1) Practical Scenarios (two per 
chapter) with critical thinking questions; (2) within-chapter Apply Your Knowledge 
questions; and (3) end-of-unit Checkpoint Reviews. This approach makes learning 
about pharmacology an engaging, interactive process. The Teach-and-Test approach 
truly differentiates the text from others and has been positively received by educators.

P R A C T I C A L  S C E N A R I O
Each chapter concludes with two short scenarios 
involving fictional patients with real-life prob-
lems concerning medications. A list of two or 
three questions follows. These scenarios relate 
to the knowledge that students have gained from 
reading each chapter. After completing each 
chapter, individual students can write short an-
swers to the questions, or the class as a whole 
can discuss the answers.

A P P LY  Y O U R  K N O W L E D G E
The second implementation of the “teach-and-
test” approach includes exercises that are strate-
gically placed within the chapters (rather than at 
the end). These exercise sections, called Apply 
Your Knowledge, appear after each component 
of the chapter content, including anatomy and 
physiology, and the individual pathophysiology/
pharmacology sections.

The exercise sections include a variety of exercises in which students need to re-
call and apply the content they just learned. Exercise types include fill-in-the blank, 
labeling, matching, and multiple-choice, as well as more pharmacology-specific exer-
cises such as dosage calculations and drug name exercises (sound-alike and look-alike 
and generic-to- brand). The goal in these sections is to provide the student with an 
immediate review of all vital content. All drugs and drug classes mentioned in the 
content are “tested” in these exercise sections.

 C h A p t e R  e l e v e n   Medication Errors and Prevention ✽ 157

P R A C T I C A L  S C E N A R I O  2
A 75-year-old man was taking several different medications for hypertension, 
hyperplasia of the prostate, and rheumatoid arthritis. Four of his medications were 
to be taken before bed, and three were to be taken in the morning. One night, 
he recalled that he had forgotten to take one of his medications. He got out of 
bed, went into his kitchen, and avoided turning on the light so as not to disturb 
his son-in-law, who was sleeping in the adjacent family room. In the darkness, 
he inadvertently took one of the medications he had already taken earlier. After 
2 hours, he woke up to go to the bathroom and felt chest pain and dizziness, 
which caused him to collapse, awakening his wife.

Critical thinking Questions
1. Which of his medications would cause lower blood pressure, chest pain, and 

dizziness?

2. What are the disadvantages of taking several drugs at the same time?
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Chapter Capsule
This section repeats the objectives from the beginning of the chapter and then provides a 
summary of the most important concepts for that objective. Use this section as a quick review 
and to check your knowledge.

objective 1: explain why errors can occur in three stages in the medication process.

✽■ First-stage errors can occur during prescribing or ordering if practitioners are 
distracted or interrupted.

✽■ Second-stage errors can occur during dispensing because of inexperience, 
insufficient staff, lack of time for patient counseling, and not double-checking 
medications against a MAR or other paperwork.

✽■ Third-stage errors can occur during administration and monitoring because of poor 
communication, misread paperwork, similar labeling and packaging of products, 
medications with similar names, and not monitoring patients for reactions to 
medications.

objective 2: describe factors that cause medication errors.

✽■ Factors that cause medication errors include use of incorrect abbreviations, 
miscommunication, missing information, lack of appropriate labeling, environmental 
factors, and poor management.

objective 3: explain general recommendations to reduce medication errors.

✽■ In general, to reduce medication errors, there should be an adequate amount of 
staff members; standardized measurement systems in place; consistently used 
error-tracking systems; a clearly defined system for drug administration, ordering, 
and dispensing with a review of the original drug orders; compilation of medication 
profiles; and a suitable work environment.

M11_MOIN5044_03_SE_C11.indd   157 1/28/17   3:08 PM

686 ✽ u n i t  f i v e   Special Populations

drug particles and must be shaken to evenly distribute 
them. This is essential because if a suspension drug form 
is not adequately shaken, it will cause dangerous varia-
tions in dosages. For example, an uneven distribution 
of drug is a potential cause of inefficacy or toxicity in 
children taking phenytoin suspensions. The prescriber 
must provide proper instructions to the pharmacist and 
the child’s parents or caregivers.

Major dosing errors may result from incorrect calcula-
tions because many pediatric doses are calculated by using 
body weight. A common but potentially fatal mistake is 

Certain drugs compete with serum bilirubin in bind-
ing to albumin. Drugs given to a neonate with jaundice 
can displace bilirubin from albumin, and because of 
the greater permeability of a neonate’s blood–brain bar-
rier, large amounts of bilirubin may enter the brain and 
cause kernicterus, which is a serious form of jaundice 
in newborns.

D r u g  M e t a b o l i s M
Most drugs are metabolized in the liver. Drug- metabolizing 
oxidases and conjugating enzymes exhibit substantially 
lower activity in neonates. Because of these lower meta-
bolic activities, many drugs have slow clearance rates and 
longer half-life elimination times. Drug doses and dosing 
schedules must be altered appropriately. If not, the neo-
nate may experience adverse effects from drugs that are 
metabolized in the liver.

The limited knowledge and understanding of the clin-
ical pharmacology of specific drugs in pediatric patients 
predispose this population to problems in the course of 
drug treatment, particularly in newborns and infants. 
There are no FDA requirements for pediatric studies, 
which means that determining appropriate efficacy and 
dosage guidelines for the therapeutic use of drugs in chil-
dren must rely extensively on pharmacologic data derived 
primarily from adults. The problem of establishing effi-
cacy and dosage guidelines for infants is further compli-
cated by the fact that the pharmacokinetics of many drugs 

change appreciably as an infant ages from birth (which is 
sometimes premature) to several months after birth. The 
dose–response relationships of some drugs may change 
markedly during the first few weeks after birth.

Pharmacokinetics and organ responsiveness also 
change dramatically during development from the 
embryonic and fetal periods to adulthood. Prematurely 
born neonates at gestations as short as 24 weeks are now 
surviving (a full-term gestation, or the period of fetal 
development from conception until birth, is 40 weeks).

D r u g  e x C r e t i o n
The glomerular filtration rate (GFR) is much lower in 
newborns than in older children and adults. Based on 
body surface area, a neonate’s GFR is only 30–40% 
that of an adult. Premature babies show an even lower 
GFR. However, GFRs do improve greatly during the first 
week after birth. By the end of the third week, glomeru-
lar filtration is 50–60% of an adult’s. Adult values are 
reached by the time an infant is 6–12 months old. Drugs 
that require renal function for elimination are removed 
from the body very slowly during the first weeks of life.

Toddlers may have shorter elimination half-lives 
of drugs than older children and adults, probably as a 
result of higher renal elimination and metabolism. One 
example concerns the drug digoxin. The dose per kilo-
gram of this drug is much higher for toddlers than for 
adults, which is a fact that is still not fully understood.

Apply Your Knowledge 39.1
The following questions focus on what you have just learned about pediatric pharmacokinetics. See Appendix F for 
answers.

CritiCal thinKing

1. What physiologic processes may influence pharmacokinetics in children?

2. What are the definitions of the terms neonate, infant, and toddler?

3. What is the cause of kernicterus?

4. What is the result of lower metabolic activities in neonates?

5. Compare the GFR of newborns to older children and adults.

Pediatric Dosage Forms 
and Compliance
Actual pediatric dosages are determined by taking into 
account the form of the drug and how a parent or care-
giver will dispense it to the child. Elixirs and suspen-
sions are popular forms for pediatric administration. 
Elixirs are alcoholic solutions that offer consistent 
dissolution and distribution of the drugs they contain. 
Suspensions are dosage forms that contain undissolved 

M39_MOIN5044_03_SE_C39.indd   686 1/28/17   10:15 AM

A01_MOIN5044_03_SE_FM.indd   9 2/10/17   7:19 AM



C H E C K P O I N T  R E V I E W S
The third component of our teach-and-test 
approach is unit “tests” called Checkpoint Re-
views. These review questions reflect the for-
mat on most certifying and licensing exams, 
and include multiple-choice and essay ques-
tions. Answers to the Apply Your Knowledge 
and Checkpoint Reviews are found at the end 
of the book in Appendix E.

 C h a p t e r  s e v e N   Administration of Medications ✽ 99

select the best answer for the following questions.

1. The half-life is the major determinant of which of the 
following?

a. The adverse effects of a drug after a single dose
b. The interaction with another single dose
c. The duration of elimination of a drug after 

 administration of multiple doses
d. The duration of action of a drug after a single dose

2. Hypersensitivity is often used synonymously with 
which of the following terms?

a. Immunogen
b. Allergy
c. Antigen
d. Allergen

3. Which of the following agencies oversees controlled 
substances and prosecutes individuals who illegally 
distribute them?

a. HIPAA
b. FDA
c. DEA
d. CDC

4. Which of the following federal laws offers a 7-year 
monopoly on drug sales and tax breaks to induce 
drug companies to undertake development and 
 manufacturing of drugs used for rare diseases that 
affect small numbers of people in the United States?

a. Orphan Drug Act of 1983
b. Prescription Drug Marketing Act of 1987
c. Durham–Humphrey Amendment of 1951
d. Comprehensive Drug Abuse Prevention and 

 Control Act of 1970

5. Which of the following phases of drug approval evalu-
ates toxicology data?

a. Phase I
b. Phase II
c. Phase III
d. Phase IV

6. The angle of insertion for intradermal injections is 
which of the following degrees?

a. 30
b. 90
c. 15
d. 45

7. Which of the following is the route of administration 
of a drug that is placed between the gums and the 
cheek?

a. Buccal
b. Topical
c. Sublingual
d. Transdermal

8. Which of the following is a drug that was withdrawn 
after postmarketing surveillance?

a. Penbutolol
b. Atenolol
c. Furosemide
d. Celecoxib

9. The proprietary drug name is also called the:

a. Chemical name
b. Generic name
c. Trade name
d. None of the above

10. The study of drugs derived from herbal and other 
natural sources is called:

a. Pharmacodynamics
b. Pharmacotherapy
c. Pharmacognosy
d. Pharmacology

11. Which of the following drugs carries a black box 
warning?

a. Rifampin
b. Rofecoxib
c. Valdecoxib
d. Celecoxib

12. Herbal products and dietary supplements are con-
trolled by the

a. Center for Disease Control and Prevention
b. Center for Biologics Evaluation and Research
c. Center for Food Safety and Applied Nutrition
d. Center for Drug Evaluation and Research

13. Which of the following can determine the dose-effect 
relationship?

a. Pharmacodynamics
b. Pharmacokinetics
c. Both A and B
d. Pharmacology

Checkpoint Review 1
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Drug Dosing Information
Each drug chapter includes tables of all drugs dis-
cussed in the chapter, arranged by drug classes 
and formatted to include generic and trade names, 
adult dosing, and route of administration.

 C h a p T e r  s e v e n T e e n   Antiviral Agents ✽ 259

virus infects a group of helper T lymphocytes, which 
are called CD4 cells. This results in the individual with 
AIDS becoming more susceptible to other infections, 
such as bacteria, fungi, protozoans, and other viruses. 
Most AIDS patients die from these secondary infec-
tions. It is important to remember that not all individu-
als infected with HIV develop AIDS, but they continue 
to be carriers of the virus. AIDS develops years after the 
HIV infection is acquired. It is defined as when an HIV-
positive individual has one of the following:

✽✽ An AIDS-defining illness such as cytomegalovirus 
retinitis, disseminated histoplasmosis, Kaposi’s sar-
coma, Pneumocystis pneumonia, or tuberculosis

✽✽ CD4 T-lymphocyte count below 200 cells/mL

AIDS was first identified in 1981, and it became 
a worldwide epidemic that has killed more than 
22 million people; more than 58 million people world-
wide have contracted the HIV virus since 1981. In the 

United States alone, more than 1.2 million people are 
living with HIV infection, with nearly one in seven 
being unaware of their HIV status. While the annual 
number of new HIV infections has remained relatively 
the same, the number of people living with HIV has 
increased. There are about 50,000 new HIV infections 
per year. Homosexual or bisexual men have the high-
est rates of HIV infection, with most of these being 
young black males. In the United States, more than 
658,000 people have died from AIDS since it was first 
identified.

h i v  p a T h o p h y s i o l o g y
Retroviruses such as HIV have genetic material that con-
sists of positive-sense, single-stranded RNA. They must 
transcribe their RNA into DNA in order to replicate. This 
requires the enzyme RNA-dependent DNA polymerase, 
which is also called reverse transcriptase. In fact, the 
term retrovirus is derived from “reverse transcriptase.” 

Table 17-1 ■ examples of effective antiviral agents

generiC name TraDe name average aDUlT Dosage roUTe of aDminisTraTion

acyclovir Zovirax IV: 5–15 mg/kg q8h for 7–21 days; 

PO: 20–400 mg (800 mg max) 
4–5 times/d for 5–14 days; 

Topical: 5% cream 5 times/d for 4 days

IV, PO, topical

amantadine Symmetrel Two 100 mg tablets/d or 4  teaspoons of 
syrup/d; may be split into 1 tablet bid or 2 
teaspoons of syrup bid

PO (tablets and syrup)

didanosine Videx,  
Videx EC

EC Capsules: 400 mg once/d  
(or 250 mg once/d with tenofovir);

Oral solution: 200 mg bid

PO (enteric-coated  capsules 
or oral solution) (take 
30  minutes before meals or 
2 hours after)

ganciclovir Cytovene, 
 Vitrasert, 
Zirgan

IV infusion: 5 mg/kg over 1 hour q12h for 
14–21 days; 

Oral: 1000 mg tid with food;  Ocular 
implant: inserted surgically and replaced 
q5–8m; 

Ocular 0.15% gel: 1 drop in affected eye 5 
times/d prn, followed by 1 drop tid for 7 days

IV, PO, ocular implant, 
 ocular gel

ribavirin Virazole 20 mg/mL as starting  solution in SPAG-2 
unit with  continuous aerosol administra-
tion for 12–18 hours/d for 3–7 days (this 
concentration = 190  micrograms/liter 
of air)

Inhalation (powder for 
solution)

zanamivir Relenza 10 mg, provided in 2 inhalations using 
Diskhaler

Inhalation (powder for PO 
inhalation)

zidovudine Retrovir 200 mg tid or 300 mg bid PO

IV, intravenous; PO, oral; bid, twice a day; tid, three times a day.
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Special Populations and Important  
Drug-Related Points

✽✽ Focus Points: These marginal features highlight significant or difficult concepts in 
pharmacology.

✽✽ Focus on Pediatrics and Focus on Geriatrics: Each of these boxes highlights pediatric 
or geriatric information specific to pharmacology.

✽✽ Focus on Natural Products: This boxed feature highlights drug interactions related 
to complementary and alternative medicines. Herbs, supplements, and foods are 
included in these boxes.
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Focus Point

Acute Retroviral Syndrome

Acute retroviral syndrome is signified by a variety of signs and symptoms, which include fever, lymph-
adenopathy, pharyngitis rash and mucocutaneous ulceration (face, trunk, extremities including palms 

and soles, mouth, esophagus, genitals), arthralgia or myalgia, diarrhea, headache, nausea and vomiting, 
hepatosplenomegaly, weight loss, thrush, and neurologic symptoms (brachial neuritis, cognitive impairment 
or psychosis, facial palsy, Guillain-Barré neuritis, meningoencephalitis or aseptic meningitis, and peripheral 
neuropathy or radiculopathy).

Mechanism of Action of HIV Medications

It is important to understand how specific drugs used against HIV actually work, in relation to the steps 
listed above. The drug called maraviroc affects Step 1, blocking HIV entry by binding to the CCR4 co-

receptor. The drug called enfuvirtide blocks the fusion process of Step 2. Twelve different antiretroviral 
drugs inhibit the reverse transcriptase enzyme’s effects in Step 3. The drug called raltegravir inhibits the 
integrase enzyme and its effects in Step 5. Several drugs target HIV protease and its effects in Step 10.

During all stages of HIV infection, the virus replicates very quickly, but particularly during the initial 
stage. This is because the amount of CD4 cells is still very large, and the host has not developed an immune 
response against the virus. Therefore, plasma levels of HIV can initially exceed 10 million virions per mL. 
Patients often experience acute retroviral syndrome as a result. In the next few months, HIV plasma levels 
decline sharply but eventually level off to between 1,000 and 100,000 virions per mL. This is not what it 
seems, since the HIV plasma half-life is 6 hours, meaning that one-half of HIV virions in plasma are lost 
every 6 hours. Therefore, to remain a relatively steady level when infection is chronic, replication occurs at 
between 1 and 10 billion virions per day. Even so, the patient is usually asymptomatic for approximately 
10 years. After this period, advanced signs and symptoms appear.

HIV mutates very quickly due to errors in reverse transcriptase. Up to 10 incorrect base pairs may be 
incorporated into HIV DNA with each replication. Therefore, HIV can easily develop a drug-resistant form 
even though it was previously in a drug-sensitive form. The chance of HIV becoming resistant to drugs is 
related to the total viral load. There is more chance of at least one virion becoming resistant with increased 
amounts of total virions. Therefore, patients are treated with combination antiretroviral agents.

Focus Point

2. The HIV virus becomes uncoated, and its genetic 
material (single-stranded RNA) enters host cells.

3. The RNA strands are converted to double-stranded 
DNA via the actions of reverse transcriptase, a viral 
enzyme. This DNA eventually enters T4 lymphocyte 
nuclei and is incorporated into the chromosomes of 
the host. This occurs via HIV integrase, an enzyme 
that is unique to HIV.

4. Over years, the viral DNA becomes activated and pro-
duces more viral particles that eventually “bud” from 
host cells and enter the bloodstream. These virions 
are not yet infectious.

5. Protease, another viral enzyme, cleaves certain pro-
teins associated with the HIV DNA. This enables the 
virion to infect other T4 lymphocytes.

6. Budding of viral particles triggers the immune system 
to recognize infected cells, and T4 lymphocytes are 
killed as a result. However, by this time, the patient 
may be producing up to 10 billion new virions per 
day. The immune system is overcome and cannot 
remove all of them.

7. HIV progresses to AIDS as the immune system is 
gradually destroyed. This is signified by declining 
numbers of CD4 T-lymphocytes. Once this count has 
reduced below a certain amount, the patient develops 
opportunistic bacterial, fungal, and viral infections, 
as well as various malignancies.

8. Once the immune system no longer has any ability to 
defend itself, the patient will die.
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any undesirable effect or injury from the medication 
develops. Medication errors must be documented in 
the medical record with the signature of the individual 
who made the error. If allied health professionals who 
are involved with prescribing, dispensing, or admin-
istering medication follow the seven rights of medi-
cation administration  (see Chapter 7) and adhere to 
dispensing guidelines, medication errors should not 
occur.

Causes of Medication Errors
A number of factors cause medication errors, including:

✽✽ Use of incorrect abbreviations: Many abbreviations may 
be mistaken for different units and different dosages

✽✽ Miscommunication: Poor handwriting, similar drug 
names, dosing unit confusion

✽✽ Missing information: Lack of patient information, 
such as allergies, diseases, drug history, laboratory 
information, and drug information or warnings

✽✽ Lack of appropriate labeling: By the manufacturer or 
the pharmacist

✽✽ Environmental factors: Noise, lighting, stress, and 
fatigue affecting health care providers

✽✽ Poor management: Unhealthy health care facility 
culture

Medication errors may occur in such inpatient set-
tings as hospitals and nursing homes or in such out-
patient settings as physicians’ offices or clinics. They 
can also happen during the manufacturing process and 
include errors in formulation, packaging, labeling, and 
distribution. They may be the result of undiscovered 
toxicity. Medication errors are preventable and are the 
single largest source of all medical errors.

Medication errors may occur as a result of the 
following:

✽✽ Wrong patient

✽✽ Incorrect route

✽✽ Incorrect drug

✽✽ Incorrect dose

✽✽ Incorrect time

✽✽ Incorrect technique

✽✽ Incorrect information on the patient chart

Focus Point

Medical Errors During the Prescribing Process

The three most common forms of prescribing errors include dosing errors, prescribing medications to 
which the patient has had an allergic response, and errors involving the prescribing of inappropriate 

dosage forms.

Focus Point

Administering Medications

Nurses and medical assistants must be extremely knowledgeable when administering medications in 
the physician’s office. Follow all physician orders exactly as written. If unsure about an order, ask for 

clarification before proceeding. Administer a medication only after the order is written in the patient’s chart. 
This helps eliminate errors and possible omissions in medication therapy. Always implement the seven 
rights and perform three drug order and label checks when dispensing and administering medications.

Results of Medication 
Errors
Medication errors may occur anywhere, at any time. 
In hospitals, medication errors are the most common 
causes of morbidity and preventable death. Medication 
errors affect not only patients but also their families and 
responsible health care professionals. Medication errors 
may result in extended stays in the hospital, higher 

costs, and increased separation from family and nor-
mal activities. Each health care professional involved 
in medication errors may experience serious emotional 
trauma because of his or her responsibility for the 
patient’s welfare. High error rates can seriously harm 
the representations of health care staff members and 
entire facilities. Financial penalties may be assessed, 
and legal cases may result.

The goal of every health care facility should be to 
reduce medication errors to the lowest number possible. 
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dorsogluteal (hip) muscles (Figure 7-7C ■). The IM 
route is commonly used for drugs that are irritating 
to subcutaneous tissue. Absorption via this route is 
more rapid than other methods because of the rich 
blood supply found in the muscles. A 90-degree 
angle is used most commonly (Figure 7-8C  ■), 
although the Z-track method of IM injection is also 
used. To avoid irritation to the skin and subcutane-
ous tissues, the Z-track injection method prevents 
any leakage back from the deep muscle into the 
upper subcutaneous layers by displacing the upper 
tissue laterally before the needle is inserted. Larger 
volumes of medication (1–3 mL) can be given at one 
site using IM injections.

intravenous injection
Intravenous injections are given directly into the 
veins—most commonly those of the arms. The IV route 
is used for many varieties of drugs and fluids, and dis-
tribution via this route is almost immediate. Drugs 
given via the IV route may be administered slowly, 
rapidly (IV push); by piggyback infusions (drugs are 
mixed with compatible fluids and administered over 
30–90 minutes); into an existing IV line (the IV port); 
into an intermittent venous access device, such as a 
heparin lock; or by adding them to an IV solution. IV 
needles are inserted into veins at short angles (of about 
25 degrees) to the skin.

Self-Administration of Insulin

Teach diabetic patients who must self-administer insulin at home to rotate insulin administration sites.

Focus Point

Injections in Infants and Young Children

Infants and young children usually require smaller, shorter needles (#22 to #25 gauge, 5/8- to 1-inch long) 
for IM injection. The gluteal muscles are developed by walking. Therefore, do not use the dorsogluteal site 

in children younger than 3 years unless the child has been walking for at least 1 year. The vastus lateralis 
site is recommended as the site of choice for IM injections for infants 7 months or younger.

Focus on Pediatrics

Focus on Geriatrics

Injections in Older Patients

Older patients may have decreased muscle mass, or muscle atrophy. A shorter needle may be needed. 
Assessment of appropriate injection site is critical. Absorption of medication may occur more quickly 

than expected.

Heparin Injections

For subcutaneous heparin injections, make sure that 0.1 to 0.2 mL of air is in the syringe to prevent 
heparin leakage into tissue, thus avoiding localized hemorrhaging.

Focus Point
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route of administration, and strength must be answered 
by the physician. When questions arise, the drug should 
be looked up in a pharmacology reference book (such as 
a drug handbook) to review its possible side effects, pre-
cautions, purpose, and recommended dose. Only after 
all these steps are taken should the drug be dispensed 
and administered.

Routes of Drug 
Administration
Medications may be delivered to the body by different 
methods. The method of administration depends on the 
purpose of the medication. Medication may be admin-
istered in a variety of ways, but some must be given in 
specific and limited ways to be effective. Each route 
has its advantages and disadvantages. Drugs are admin-
istered either enterally (for absorption through the gas-
trointestinal [GI] tract) or parenterally (by injection) to 
produce systemic effects. If medications are placed in 
direct contact with the skin or mucous membranes to be 
absorbed for a local effect, this is called percutaneous 
administration. When choosing the route and technique 
of medication administration, the most reliable method 
of delivery ensures expected results.

e N t e r a L  r o u t e s
The enteral route is the route of drug administration 
through the GI tract. This method of administration of 
drugs is safe and convenient for most patients and is 
relatively economical. Administration of medication 
through the GI tract may be by the oral, nasogastric or 
gastrostomy tube, sublingual, or buccal routes.

oral route
The oral route is the most common route. It is the easiest 
and most economical way for a patient to take medica-
tion. As long as a patient can swallow and retain the 
drug in the stomach, this is the route of choice. Medi-
cations given by the oral route are absorbed from the 
stomach and small intestine, traveling first to the liver, 
where they may be metabolized before they ever reach 
their target tissues or organs. This process, called first-
pass metabolism, is discussed in Chapter 3.

Oral medications are contraindicated when a 
patient is vomiting, has gastric or intestinal suction, 

or is unconscious and unable to swallow. Generally, 
oral medications should be taken with enough water 
to ensure the drug reaches the stomach. Liquid medica-
tions are ideal for children. Solid drugs should not be 
given to children until they are old enough to safely 
swallow them without the danger of aspiration.

Nasogastric and Gastrostomy routes
For patients who cannot take anything by mouth and 
have a nasogastric or gastrostomy tube in place, an alter-
native route for administering medications is through 
the tube. A nasogastric (NG) tube is inserted by way 
of the nasopharynx (the part of the pharynx that lies 
above the soft palate and opens into the nasal cavity) 
and is placed into the patient’s stomach for the purpose 
of feeding the patient or removing gastric secretions. 
A gastrostomy tube is surgically placed directly into 
the patient’s stomach and provides another route for 
administering medications and nutrition.

sublingual route
Medications given via the sublingual route are 
held under the tongue until completely dissolved  
(Figure 7-1 ■). This method is used when rapid action 
is desired because the mucosa of the oral cavity con-
tains a very rich blood supply, offering fast absorption 
of certain drugs. Absorption via this route bypasses the 
GI tract, and the medication goes directly from the oral 
mucosa to the systemic circulation. Medications admin-
istered via the sublingual route are not destroyed by 
digestive enzymes, and they do not undergo first-pass 
metabolism in the liver. Examples of medications that 
can be administered by the sublingual route include 
nitroglycerin (Nitrostat) for angina pectoris and ergota-
mine tartrate (Ergomar) for migraines.

figure 7-1  ■ Medication given via the sublingual route.

Medications May Stain Teeth and Dentures

Advise elderly patients who have dentures to remove them before taking certain medications. Some 
oral liquid drugs, such as liquid iron or iodides, may stain the teeth.

Focus on Geriatrics
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Drug Administration 
During Lactation
Many women avoid breastfeeding because they incor-
rectly believe that drugs they may be taking are in suf-
ficient quantities to cause great risk to their infants. In 
actuality, more babies die because of problems from 
baby formula than from the milk of their mothers.

Still, it is important to realize that most drugs taken by 
lactating women do pass through to the breast milk. Drug 
concentration in breast milk is usually low. In a 1-day 

period, the amount of drug an infant receives from nurs-
ing is much less than what would be considered a “thera-
peutic dose.” If a drug is prescribed as safe for a mother 
to take while she is breastfeeding, she should take it 1–2 
hours before breastfeeding or 3–4 hours after breastfeed-
ing to minimize the effect on the infant. Most over-the-
counter (OTC) medications provide information on the 
label about their safety during lactation. Nursing mothers 
should avoid OTC products that contain multiple ingre-
dients, such as cold remedies, as well as those containing 
more than 20% alcohol. Nursing mothers should not take 
more than the dosage listed on the product label.

Focus on Natural Products

Lobelia Dangers

Lobelia is found in dietary supplements that are marketed for use by children and infants as well as 
pregnant women. Lobelia may be very dangerous to use because it contains alkaloids with pharmaco-

logic actions that are similar to nicotine. It can cause autonomic nervous system depression or stimulation, 
bronchial dilation, increased respiratory rate, respiratory depression, sweating, rapid heart rate, hypoten-
sion, and even coma or death.

Drug Safety During Lactation

If data are not available about a certain drug and its effects on breastfeeding, the mother should not 
take it.

Focus on Pediatrics

Many antibiotics are highly detectable in breast 
milk. Tetracyclines appear at about 70% of maternal 
serum concentrations and can stain the developing teeth 
of an infant. Isoniazid can quickly reach equilibrium 
between maternal blood and breast milk. Its concen-
trations in breast milk can cause signs of pyridoxine 
deficiency in the infant if the mother does not take pyri-
doxine supplements.

Sedatives and hypnotics can produce pharmaco-
logic effects in nursing infants. Barbiturates can produce 
sedation and poor sucking reflexes; sedation can also 
be caused by chloral hydrate. Diazepam can also sedate 
a nursing infant but, more importantly, can result in 
significant drug accumulation.

Heroin, methadone, and morphine can cause nar-
cotic dependence in infants, and these infants may 
have to be tapered off, as would their mothers. Exces-
sive amounts of alcohol can produce alcoholic effects 
in infants. Lithium enters breast milk in concentrations 
equal to those in maternal serum, and the baby may be 
exposed to relatively large amounts of this drug as a 
result. Radioactive substances can increase the risk of 
thyroid cancer in infants, and chemotherapeutic, cyto-
toxic, or immune-modulating agents are also poten-
tially dangerous to the pediatric population. No matter 
what medication the breastfeeding mother is taking, she 
should monitor her infant for any signs of drug effect 
and report this to the infant’s health care provider.

Pediatric Drug Dosages
It is not always safe to proportionally reduce adult doses 
to determine safe pediatric doses. Patients or their par-
ents should always follow their physician’s instructions 
about pediatric dosages and double-check them with 

the drug manufacturer’s product inserts and labels. The 
FDA is moving toward more stringent demands on the 
testing and thorough labeling of new drug products for 
children. The recommended pediatric dose—usually 
stated as milligrams per kilogram or milligrams per 
pound—should always be followed.
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Each chapter includes:

✽✽ Chapter Objectives

✽✽ Key Terms with pronunciations

✽✽ Chapter Capsule: A review of each chapter objective with bulleted summaries of the 
key information for each objective

The focused teach-and-test approach of this textbook provides allied health stu-
dents with the perfect blend of concise content and an enjoyable—even fun—learning 
process. Pharmacology and fun have never been joined in the same sentence—until 
now!
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General Principles

To administer a drug 

safely, one must know its 

usual dose, frequency, route 

of administration, indications, 

contraindications, significant 

adverse reactions, and major 

drug interactions.
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1

biologics (p. 5)
black box warning (p. 8)
complementary and alternative medicine 

(CAM) therapies (p. 5)

dose (p. 5)
drug (p. 5)
medication (p. 5)
NDA review (p. 8)

pharmacognosy  (p. 5)
pharmacology (p. 5)
pharmacotherapeutics (p. 5)
prescription (p. 5)

Key Terms

Chapter Objectives

After completing this chapter, you should be able to:

1. Compare and define pharmacognosy and 
pharmacotherapeutics.

2. Define drugs and CAM therapies.

3. Compare prescription drugs with over-the-counter drugs.

4. Explain biologic agents and give four examples.

5. Describe the role of the Food and Drug Administration.

6. Explain drug approval.

7. Describe the longest stage of drug approval.

8. Define postmarketing surveillance.

Introduction to  
Pharmacology

Chapter
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 C h A p t e r  O N e   Introduction to Pharmacology  ✽ 5

Classification of Drugs
Therapeutic agents may be classified as drugs (medi-
cations), biologics, or complementary and alternative 
medicine (CAM) therapies.

✽✽ A drug is any agent that produces biologic 
responses within the body. When a drug response 
is desired, it is referred to as therapeutic. When the 
response is undesired, it is referred to as adverse. 
Once a drug has been administered to a patient, 
it is referred to as a medication, yet both drugs 
and medications are thought of as components of 
normal physiological activities. Drugs differ from 
other products such as cosmetics, foods, and house-
hold chemicals, such as toothpaste,  shampoo, and 
others.

✽✽ Biologics are agents produced inside animal cells 
from the actions of microorganisms, or by the entire 
body itself. They are natural substances, whereas 
most drugs used today are synthesized in labora-
tories. Biologics treat many different conditions or 
illnesses, and include hormones, vaccines, inter-
ferons, monoclonal antibodies, and natural blood 
products.

✽✽ Complementary and alternative medicine (CAM) 
therapies use herbs, plant extracts, dietary 
supplements, vitamins, and minerals. Additionally, 
therapies such as acupuncture, massage, hypnosis, 
and biofeedback are also considered CAM therapies.

Introduction
Pharmacology is the study of drugs, including their 
action and effects in living body systems. Clinical phar-
macology is the study of drugs in humans. It is involved 
with all aspects of the interaction between drugs and 
patients. The term drug is defined as “any substance or 
product that is used or intended to be used to modify 
or improve a physiologic or pathologic condition.” The 
terms medication and medicine refer to drugs mixed 
in a formulation with other ingredients to improve the 
stability, taste, or physical form to allow appropriate 
administration of the active drug.

Pharmacology deals with all the types of drugs used 
in society today (legal, illegal, prescription, and over-
the-counter [OTC] medications). To administer a drug 
safely, one must know its usual dose, frequency, route 
of administration, indications, contraindications, sig-
nificant adverse reactions, and major drug interactions. 
Knowledge of the patient’s medication allergies, weight, 
and liver and kidney functions is also essential.

Pharmacognosy is the study of drugs derived from 
herbal and other natural sources. By studying the com-
positions of natural substances and how the body reacts 
to them, one gains better knowledge for developing 
purified versions. Pharmacotherapeutics is the study of 
how drugs may be best used in the treatment of  illnesses 
and which drug is most or least appropriate to use for 
a specific disease. In this chapter, I consider classifi-
cations of prescription and over-the-counter drugs, the 
role of the FDA, and drug approval.

Apply Your Knowledge 1.1
The following questions focus on what you have just learned about drug classifications.

CrItICAL thINKING

1. Describe biologic drugs.

2. Define complementary and alternative medicine therapies.

3. What is the definition of a medication?

p r e s C r I p t I O N  D r u G s
Prescription agents are legal drugs that can only be 
dispensed using a prescription from an authorized 
health practitioner. A prescription is an order, usually 
written, for medications or other therapies to be sup-
plied to a specific individual patient. They are based 
on examinations and diagnoses of patients by physi-
cians, nurse practitioners, and other health practi-
tioners. Prescriptions contain dosage information that 
is designed to provide the most accurate treatment for 

the diagnosed condition. Another advantage of using 
prescription agents is that, should there be any inter-
actions with other drugs, supplements, or foods, the 
health care practitioner is able to ascertain the safe use 
of what is being prescribed for the patient. Sometimes, 
usage of a prescription medication over many years, 
with little or no safety concerns resulting, means that 
the medication may later become available over the 
counter (OTC).
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