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harmacology is a difficult course to teach in a standard

nursing curriculum, whether it be a diploma, associate,
baccalaureate, or graduate program. Teachers are difficult to
find, and time and money often dictate that the invaluable
content of such a course be incorporated into other courses.
As a result, the content is often lost. At the same time,
changes in medical care delivery—more outpatient and home
care, shorter hospital stays, and more self-care—have
resulted in additional legal and professional responsibilities
for nurses, making them more responsible for the safe and
effective delivery of drug therapy.

Pharmacology should not be such a formidable obstacle in
the nursing curriculum. The study of drug therapy incorporates
physiology, pathophysiology, chemistry, and nursing funda-
mentals—subjects that are already taught in most schools. A
textbook that approaches pharmacology as an understandable,
teachable, and learnable subject would greatly facilitate the
incorporation of this subject into nursing curricula. Yet many
nursing pharmacology texts are large and burdensome, mainly
because they need to cover not only the basic pharmacology,
but also the particulars included in each area considered.

The fifth edition of Focus on Nursing Pharmacology is
based on the premise that students first need to have a solid
and clearly focused concept of the principles of drug therapy
before they can easily grasp the myriad details associated
with individual drugs.

Armed with a fundamental knowledge of pharmacology, the
student can appreciate and use the specific details that are so
readily available in the many annually updated and published
nursing drug guides, such as Lippincott’s Nursing Drug Guide.

With this goal in mind, Focus on Nursing Pharmacology
provides a concise, user-friendly, and uncluttered text for the
modern student. This difficult subject is presented in a stream-
lined, understandable, teachable, and learnable manner.
Because this book is designed to be used in conjunction with
a handbook of current drug information, it remains stream-
lined. This fifth edition of Focus on Nursing Pharmacology
continues to emphasize “need-to-know” concepts.

The text reviews and integrates previously learned knowl-
edge of physiology, chemistry, and nursing fundamentals into
chapters focused on helping students conceptualize what is
important to know about each group of drugs. Illustrations,
sidebars, and tables sum up concepts to enhance learning.
Special features further focus student learning on clinical appli-
cation, critical thinking, patient safety, lifespan issues related
to drug therapy, evidence-based practice, patient teaching, and

vi
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case-study-based critical thinking exercises that incorporate
nursing process principles. The text incorporates study materi-
als that conclude each chapter. Check Your Understanding sec-
tions provide both new- and old-format National Council
Licensure Examination (NCLEX)-style review questions, as
well as study guide review questions to help the student master
the material and prepare for the national licensing exam.

Focus on Teuchiny/Leurnhing Activities

ThePoint (available at http://thepoint.lww.com/), a trademark
of Wolters Kluwer Health, is a Web-based course and content
management system that provides every resource instructors
and students need in one easy-to-use site. ThePoint . . . where
teaching, learning, and technology click!

Student Resources

Students can visit thePoint to access supplemental multimedia
resources to enhance their learning experience, download
content, upload assignments, and join an online study group.
ThePoint offers a variety of free student resources, including
NCLEX-Style Student Review Questions (over 1,200 NEW to
this edition!), Watch and Learn video clips, Practice and Learn
activities, an Alternate-Format NCLEX Tutorial, and a Spanish-
English Audioglossary. It also has free journal articles re-
lated to topics discussed in the Focus on Safe Medication
Administration boxes from the book. Also included are videos
on preventing medication errors and three-dimensional ani-
mated depictions of pharmacology concepts. In addition, an
online course is available that includes interactive activities.

Instructor Resources

Advanced technology and superior content combine at
thePoint to allow instructors to design and deliver online and
offline courses, maintain grades and class rosters, and com-
municate with students. In addition to housing the material
from the Instructor’s Resource DVD-ROM, thePoint also
provides additional resources, including Pre-lecture Quizzes,
PowerPoints with Guided Lecture Notes, Discussion Topics,
Assignments, and over 1700 Test Generator questions—
almost 1200 of which are brand new to this edition!

Orgunization

Focus on Nursing Pharmacology is organized following a
“simple-to-complex” approach, much like the syllabus for a



basic nursing pharmacology course. Because students learn
best “from the bottom up,” the text is divided into distinct parts.

Part I begins with an overview of basic nursing pharma-
cology, including such new challenges as bioterrorism, street
drugs, herbal therapies, and the information overload; each of
the other parts begins with a review of the physiology of the
system affected by the specific drugs being discussed. This
review refreshes the information for the student and provides
a quick and easy reference when he or she is reading about
drug actions.

Part II of the text introduces the drug classes, starting
with the chemotherapeutic agents—both antimicrobial and
antineoplastic drugs. Because the effectiveness of these drugs
depends on their interference with the most basic element of
body physiology—the cell—students can easily understand
the pharmacology of this class. Mastering the pharmacother-
apeutic effects of this drug class helps the student to establish
a firm grasp of the basic principles taught in Part I. Once the
easiest pharmacological concepts are understood, the student
is prepared to move on to the more challenging physiological
and pharmacological concepts.

Part III focuses on drugs affecting the immune system
because recent knowledge about the immune system has
made it the cornerstone of modern therapy. All of the immune
system drugs act in ways in which the immune system would
act if it were able. Recent immunological research has con-
tributed to a much greater understanding of this system, mak-
ing it important to position information about drugs affecting
this system close to the beginning of the text instead of at the
end as has been the custom.

Parts IV and V of the text address drugs that affect the
nervous system, the basic functioning system of the body.
Following the discussion of the nervous system, and closely
linked with it in Part VI, is the endocrine system. The
sequence of these parts introduces students to the concept of
control, teaches them about the interrelatedness of these two
systems, and prepares them for understanding many aspects
of shared physiological function and the inevitable linking of
the two systems into one: the neuroendocrine system.

Parts VII, VIII, and IX discuss drugs affecting the repro-
ductive, cardiovascular, and renal systems, respectively. The
sequencing of cardiovascular and renal drugs is logical
because most of the augmenting cardiovascular drugs (such
as diuretics) affect the renal system.

Part X covers drugs that act on the respiratory system,
which provides the link between the left and right ventricles
of the heart.

Part XI addresses drugs acting on the gastrointestinal
system. The gastrointestinal system stands on its own; it does
not share any actions with any other system.

Text Fedtures

The features in this text are skillfully designed to support the
text discussion, encouraging the student to look at the whole
patient and to focus on the essential information that is
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important to learn about each drug class. Important features
in the fifth edition focus on incorporating basic nursing skills,
patient safety, critical thinking, and application of the mater-
ial learned to the clinical scenario, helping the student to
understand the pharmacology material.

Specidl Elements und Learning Aids

Each chapter opens with a list of learning objectives for that
chapter, helping the student to understand what the key learn-
ing points will be. A list of featured drugs and a glossary of key
terms are also found on the opening chapter page. Key points
appear periodically throughout each chapter to summarize
important concepts. The text of each chapter ends with a sum-
mary of important concepts. This is followed by a series of
review exercises, Check Your Understanding, which includes
NCLEX-style questions in the new format to focus student
learning on the seminal information presented in the chapter.

¢ In the Nursing Considerations section of each chapter,
italics highlight the rationale for each nursing intervention,
helping the student to apply the information in a clinical
situation. Elsewhere in the text, the rationale is consistently
provided for therapeutic drug actions, contraindications,
and adverse effects.

In the Drug List at the beginning of each chapter, a special
icon @ appears next to the drug that is considered the
prototype drug of each class. In each chapter, prototype
summary boxes spotlight need to know information for
each prototype drug.

Drugs in Focus tables clearly summarize and identify the
drugs within a class, highlighting them by generic and
trade names, usual dosage, and indications. The @ icon
appears in these tables next to each drug that is considered
to be the prototype for its specific class.

Web Links alert the student to electronic sources of drug
information and sources of drug therapy information for
specific diseases.

Focus on Safe Medication Administration boxes present
important safety information to help keep the patient safe,
prevent medication errors, and increase the therapeutic
effectiveness of the drugs.

Focus on the Evidence boxes compile information based
on research to identify the best nursing practices associ-
ated with specific drug therapy.

Focus on Herbal and Alternative Therapies displays high-
light known interactions with specific herbs or alternative
therapies that could affect the actions of the drugs being
discussed.

Focus on Calculations reviews are designed to help the
student hone calculation and measurement skills while
learning about the drugs for which doses might need to be
calculated.

Focus on Drug Therapy Across the Lifespan boxes con-
cisely summarize points to consider when using the drugs
of each class with children, adults, and the elderly.
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* Focus on Gender Considerations and Focus on Cultural
Considerations discussions encourage the student to think
about cultural awareness and to consider the patient as a
unique individual with a special set of characteristics that
not only influences variations in drug effectiveness, but
also could influence a patient’s perspective on drug
therapy.
Critical Thinking Scenarios tie each chapter’s content
together by presenting clinical scenarios about a patient
using a particular drug from the class being discussed.
Included in the case study are hints to guide critical think-
ing about the case and a discussion of drug- and nondrug-
related nursing considerations for that particular patient
and situation. Most important, the case study provides a
plan of nursing care specifically developed for that patient
and specifically based on the nursing process. The care
plan is followed by a checklist of patient teaching points
designed for the patient presented in the case study. This
approach helps the student to see how assessment and the
collected data are applied in the clinical situation.
o Check Your Understanding sections present NCLEX-style
questions, including alternate format questions, to help the

student prepare for that exam. Other questions and activi-
ties in this section are designed to help students test their

knowledge of the information that has been learned in the
chapter.

To the Student Using This Text

As you begin your study of pharmacology, don’t be over-
whelmed or confused by all of the details. The study of drugs
fits perfectly into your study of the human body—anatomy,
physiology, chemistry, nutrition, psychology, and sociology.
Approach the study of pharmacology from the perspective of
putting all of the pieces together; this can be not only fun, but
also challenging! Work to understand the concepts, and all of
the details will fall into place and be easy to remember and
apply to the clinical situation. This understanding will help
you in creating the picture of the whole patient as you are
learning to provide comprehensive nursing care. This text is
designed to help you accomplish all of this in a simple and
concise manner. Good luck!

Amy M. Karch, rN, Ms
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Learning Objectives
Upon completion of this chapter, you will be able to:

1. Define the word pharmacology.

Introduction to Drugs

2. Outline the steps involved in developing and approving a new drug in the United States.

3. Describe the federal controls on drugs that have abuse potential.

4. Differentiate between generic and brand-name drugs, over-the-counter and prescription drugs.
5. Explain the benefits and risks associated with the use of over-the-counter drugs.

Glossary of Key Terms

adverse effects: drug effects that are not the desired thera-
peutic effects; may be unpleasant or even dangerous

brand name: name given to a drug by the pharmaceutical
company that developed it; also called a trade name

chemical name: name that reflects the chemical structure of
a drug

drugs: chemicals that are introduced into the body to bring
about some sort of change

Food and Drug Administration (FDA): federal agency
responsible for the regulation and enforcement of drug
evaluation and distribution policies

generic drugs: drugs sold by their chemical name; not brand
(or trade) name products

generic name: the original designation that a drug is given
when the drug company that developed it applies for the
approval process

genetic engineering: process of altering DNA, usually of
bacteria, to produce a chemical to be used as a drug

orphan drugs: drugs that have been discovered but would
not be profitable for a drug company to develop; usually
drugs that would treat only a small number of people;
these orphans can be adopted by drug companies to
develop

he human body works through a complicated series of
chemical reactions and processes. Pharmacology is the
study of the biological effects of chemicals. Drugs are chem-
icals that are introduced into the body to cause some sort of
change. When drugs are administered, the body begins a
sequence of processes designed to handle the new chemicals.

over-the-counter (OTC) drugs: drugs that are available without
a prescription for self-treatment of a variety of complaints;
deemed to be safe when used as directed

pharmacology: the study of the biological effects of chemicals

pharmacotherapeutics: clinical pharmacology—the branch
of pharmacology that deals with drugs; chemicals that are
used in medicine for the treatment, prevention, and diag-
nosis of disease in humans

phase | study: a pilot study of a potential drug done with a
small number of selected, healthy human volunteers

phase Il study: a clinical study of a proposed drug by selected
physicians using actual patients who have the disorder the
drug is designed to treat; patients must provide informed
consent

phase Il study: use of a proposed drug on a wide scale in
the clinical setting with patients who have the disease the
drug is thought to treat

phase IV study: continual evaluation of a drug after it has
been released for marketing

preclinical trials: initial trial of a chemical thought to have thera-
peutic potential; uses laboratory animals, not human subjects

teratogenic: having adverse effects on the fetus

These processes, which involve breaking down and eliminat-
ing the drugs, in turn affect the body’s complex series of
chemical reactions. In clinical practice, health care providers
focus on how chemicals act on living organisms.

Nurses deal with pharmacotherapeutics, or clinical
pharmacology, the branch of pharmacology that uses drugs to

3
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treat, prevent, and diagnose disease. Clinical pharmacology
addresses two key concerns: the drug’s effects on the body,
and the body’s response to the drug.

For many reasons, understanding how drugs act on the
body to cause changes and applying that knowledge in the
clinical setting are important aspects of nursing practice. For
instance, patients today often follow complicated drug regi-
mens and receive potentially toxic drugs. Many also manage
their care at home. A drug can have many effects, and the
nurse must know which ones may occur when a particular
drug is administered. Some drug effects are therapeutic, or
helpful, but others are undesirable or potentially dangerous.
These negative effects are called adverse effects. (See
Chapter 3 for a detailed discussion of adverse effects.)

The nurse is in a unique position regarding drug therapy
because nursing responsibilities include the following:

¢ Administering drugs

« Assessing drug effects

« Intervening to make the drug regimen more tolerable

* Providing patient teaching about drugs and the drug
regimen

» Monitoring the overall patient care plan to prevent medica-
tion errors

Knowing how drugs work makes these tasks easier to handle,
thus enhancing the effectiveness of drug therapy.

This text is designed to provide the pharmacological basis
for understanding drug therapy. The physiology of a body
system and the related actions of many drugs on that system
are presented in a way that allows clear understanding of how
drugs work and what to anticipate when giving a particular
type of drug.

Thousands of drugs are available for use, and it is impos-
sible to memorize all of the individual differences among
drugs in a class. This text addresses general drug informa-
tion. The nurse can refer to Lippincott’s Nursing Drug Guide
(LNDG) or to another drug guide to obtain the specific
details required for safe and effective drug administration.
Drug details are changing constantly. The practicing nurse
must be knowledgeable about these changes and rely on
an up-to-date and comprehensive drug guide in the clinical
setting.

A section related to nursing considerations for patients
receiving particular drugs will be found in each chapter of
this book. This includes assessment points, nursing diagnoses
to consider, and implementation or particular interventions
that should be considered, and evaluation points will provide
a guide for using the nursing process to effectively incorpo-
rate drug therapy into patient care. This information can be
used to develop an individual nursing care plan for your
patient. The monographs in LNDG (Table 1.1) can be used to
provide the specific information that you need to plan care for
each particular drug you might be giving. The various sec-
tions of each drug monograph (Figure 1.1) can provide infor-
mation to help in the development of patient teaching guides

and drug cards for reference in the clinical setting. The Patient
Drug Sheet: Oral Linezolid (Figure 1.2) is an example of how
this information can be used to develop a patient teaching
guide.

The CD-ROM in the front this book contains patient
teaching guides for all of the drugs found in LNDG. The
nurse can use this text as a resource for basic concepts of
pharmacology and a nursing drug guide as an easy-to-use
reference in the clinical setting.

SOURCES OF DRUGS

Drugs are available from varied sources, both natural and
synthetic. Natural sources include plants, animals, and inor-
ganic compounds.

Nutural Sources

Chemicals that might prove useful as drugs can come from
many natural sources, such as plants, animals, or inorganic
compounds. To become a drug, a chemical must have a demon-
strated therapeutic value or efficacy without severe toxicity or
damaging properties.

Plunts

Plants and plant parts have been used as medicines since
prehistoric times. Even today, plants are an important source
of chemicals that are developed into drugs. For example,
digitalis products used to treat cardiac disorders and vari-
ous opiates used for sedation are still derived from plants.
Table 1.2 provides examples of drugs derived from plant
sources.

Drugs also may be processed using a synthetic version of
the active chemical found in a plant. An example of this type
of drug is dronabinol (Marinol), which contains the active
ingredient delta-9-tetrahydrocannabinol found in marijuana.
This drug helps to prevent nausea and vomiting in cancer
patients but does not have all of the adverse effects that occur
when the marijuana leaf is smoked. Marijuana leaf is a con-
trolled substance with high abuse potential and has no legal
or accepted medical use. The synthetic version of the active
ingredient allows for an accepted form to achieve the desired
therapeutic effect in cancer patients.

Ingestion of a plant-derived food can sometimes lead to a
drug effect. For instance, the body converts natural licorice to
a false aldosterone—a hormone found in the body—resulting
in fluid retention and hypokalemia or low serum potassium
levels if large amounts of licorice are eaten. However, people
seldom think of licorice as a drug.

Finally, plants have become the main component of the
growing alternative therapy movement. Chapter 6 discusses
the alternative therapy movement and its impact on today’s
drug regimens.
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TABLE 1.1 Sample Nursing Care Plan From Lippincott's Nursing Drug Guide for a Patient Receiving Oral Linezolid
ASSESSMENT NURSING DIAGNOSIS IMPLEMENTATION EVALUATION
History Potentiul for imbul- Sufe und uppropriute Monitor for therapeutic
(contraindications/cautions) anced hutrition, less administration of druy: effects of druy: resolution of
Hypertension than body require- Culture infection site to infection.
Hyperthyroidism ments, reluted to Gl ensure uppropriute use of If resolution does nhot occur,

effects
Potentiul for puin

Blood dyscrusius
Heputic dysfunction

Pheochromocytomu reluted to Gl effects,
Phenylketonuriu heuduche

Cuarcinoid syndrome Ineffective tissue perfu-
Preghuncy sion related to bohe
Lactution maurrow effects

Deficient knowledyge
reluted to druy
therapy

Knowh dllergy to: linezolid

Medication History

(possible drug-druy interactions)
Pseudoephedrine

SSRIs

MAOIs

Anftiplatelet druys

Diet History
(possible drug—food interactions)
Foods high in tyramine

Physical Assessment

(screen for contruindicutions
and to establish a baseline for
evdludting effects and adverse
effects)

Locul: Culture site of infection

CNS: Affect, reflexes, orientution

CV: P, BP, peripherul perfusion

Gl: Bowel sounds, liver evaludtion

Skin: Color, lesions

Hemutoloyic: CBC with
differentidl, liver function tests

druy

Provision of sufety und com-

fort meusures:
e Monitor BP periodicully
e Monitor plutelet counts
before und periodicully
during therapy
o Alleviution of Gl upset
e Reudy uccess to buth-
room facilities
o Nufritionul consult
o Sufety provisions if dizziness
und CNS effects occur
e Avoidunce of tyrumine-
rich foods
Putient teuching regurding:
Druy
Side effects to unticipute
Warhings
Reuctions to report
Support und encouruye-
ment to cope with dis-

euse, high cost of therapy,

and side effects
Provision of emergency und

reculture site.
Monitor for udverse effects of
druy:
o Gl upset—nuuseu, vomit-
ing, diarrheu
e Liver function chanyges
e Pseudomembrunous colitis
e Blood dyscrusius—changes
in platelet counts
e Fever
e Rush
e Sweuting
e Photosensitivity
e Acute hypersensitivity
reuctions
Evdluaute effectiveness of
putient teuchiny progrum:
putient cun hume druy,
dose of druy, use of druy,
udverse effects to expect,
reuctions to report
Evdluaute effectiveness of
comfort und sufety meu-
sures
Monitor for drug—-druy,

drug—food interactions us
dppropriate

Evdluaute effectiveness of life-
support meusures if needed

life-support meusures in
cuses of ucute hypersensi-
tivity

Animal Products

Animal products are used to replace human chemicals that
fail to be produced because of disease or genetic problems.
Until recently, insulin for treating diabetes was obtained
exclusively from the pancreas of cows and pigs. Now genetic
engineering—the process of altering DNA—permits scien-
tists to produce human insulin by altering Escherichia coli
bacteria, making insulin a better product without some of the
impurities that come with animal products.

Thyroid drugs and growth hormone preparations also may
be obtained from animal thyroid and hypothalamic tissues.
Many of these preparations are now created synthetically,
however, and the synthetic preparations are considered to be
purer and safer than preparations derived from animals.

Inorgunic Compounds

Salts of various chemical elements can have therapeutic
effects in the human body. Aluminum, fluoride, iron, and

even gold are used to treat various conditions. The effects
of these elements usually were discovered accidentally when
a cause—effect relationship was observed. Table 1.3 shows
examples of some elements used for their therapeutic
benefit.

Synthetic Sources

Today, many drugs are developed synthetically after chem-
icals in plants, animals, or the environment have been
tested and found to have therapeutic activity. Scientists use
genetic engineering to alter bacteria to produce chemicals
that are therapeutic and effective. Other technical advances
allow scientists to alter a chemical with proven therapeutic
effectiveness to make it better. Sometimes, a small change
in a chemical’s structure can make that chemical more use-
ful as a drug—more potent, more stable, less toxic. These
technological advances have led to the development of
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{7 vincristine sulfate
(LCR, VCR)
(vin kris’ teen)

Oncovin, Vincasar PFS

Generic name ———

Pronunciation guide ———
Brand names ————

FDA pregnancy risk category ——» PREGNANCY CATEGORY D

Therapeutic drug class —— Drug classes
Antineoplastic
Mitotic inhibitor

Action of drug on the body — Therapeutic actions

Mitotic inhibitor: Arrests mitotic division at the
stage of metaphase; exact mechanism of ac-
tion unknown.

Uses for the druig ——— >+ Indications

Evaluation points—resolution o Acute leukemia

or stabilization of those o Hodgkin's lymphoma, non-Hodgkin's lym-

conditions phoma, rhabdomyosarcoma, neuroblas-
toma, Wilms’ tumor as part of combination
therapy

Conditions limiting the use of — Contraindications and cautions

drug o Contraindicated with allergy to vincristine,
Assessment points—history leukopenia, acute infection, pregnancy, lac-
or physical assessment tation, demyelinating form of Charcot-Marie-
indicating these conditions Tooth syndrome.

o Use cautiously with neuromuscular disease,
diabetes insipidus, hepatic impairment.

Forms and dosages available for —»» Available forms
use Injection—1 mg/mL

Recommended dose of drug for —m Dosages

adults, pediatric patients, and Adults

special populations 1.4 mg/m? IV at weekly intervals. (Not to exceed
2mg.)
Pediatric patients

1.5-2 mg/m? IV weekly.
o Less than 10 kg or BSA less than 1 m?:
0.05 mg/kg once per wk.

Geriatric patients or patients with
hepatic impairment

For serum bilirubin exceeding 3 mg/dL, re-
duce dosage by 50%.

Pharmacokinetics <«——————— Action of the body on the drug—
Peak Assr[z?sme'nt points (hepatic and
15-30 min renal function)

Route Onset

v Varies

Metabolism: Hepatic; T;,: 5 min, then
2.3 hr, then 85 hr

Distribution: Crosses placenta; enters breast
milk

Excretion: Feces, urine

MTZESEEEEE < \ureing actions for safe and
Preparation: No further preparation re- appropriate administration of the
quired; drug should be refrigerated. drug in IV form

Infusion: Inject solution directly into vein Interventions—nursing actions
or into the tubing of a running IV infusion.
Y-site incompatibility: Do not give with
furosemide.

«——+—— Effects of drug on the body—not
therapeutic but can be expected
Assessment points—baselines
for these systems
Nursing diagnoses—potential
alterations resulting from these
effects
Evaluation—presence or absence
of these effects

Adverse effects

o CNS: Ataxia, cranial nerve manifesta-
tions; foot drop, headache, seizures, blad-
der neuropathy, paresthesias, sensory im-
pairment, neuritic pain, muscle wasting,
SIADH, optic atrophy, transient cortical blind-
ness, ptosis, diplopia, photophobia

o GI: Constipation, oral ulcerations, abdom-
inal cramps, vomiting, diarrhea, intestinal
necrosis

o GU: Acute uric acid nephropathy, polyuria,
dysuria

« Hematologic: Zeukopenia

o Local: Local irritation, cellulitis if extra-
vasation occurs

o Other: Weight loss, loss of hair, fever, death
with serious overdose

Interactions <«— Anticipated clinically important

#* Drug-drug e Decreased serum levels and interactions

therapeutic effects of digoxin e If L-asparagi- Assessment points—history of
nase is administered first, the hepatic clear- use of these agents, physical
ance of vincristine may be reduced. Give vin- response

cristine 1224 hr before L-asparaginase to Evaluation—changes from
minimize toxicity expected therapeutic response
related to drug interactions

® FIGURE 1.1 Example of a drug monograph from Lippincott's Nursing Drug Guide.

groups of similar drugs, all of which are derived from an
original prototype, but each of which has slightly different
properties, making a particular drug more desirable in a
specific situation. Throughout this book, the icon @ will
be used to designate those drugs of a class that are consid-
ered the prototype of the class, the original drug in the
class, or the drug that has emerged as the most effective.
For example, the cephalosporins are a large group of
antibiotics derived from the same chemical structure.
Alterations in the chemical rings or attachments to that
structure make it possible for some of these drugs to be
absorbed orally, whereas others must be given parenterally.
Some of these drugs cause severe toxic effects (e.g., renal
toxicity), but others do not.

KEY POINTS

B Clinical pharmacology is the study of drugs used to treat,
diagnose, or prevent a disease.

» Drugs are chemicals that are introduced into the body
and affect the body’s chemical processes.

» Drugs can come from plants, foods, animals, salts of
inorganic compounds, or synthetic sources.

DRUG EVALUATION

After a chemical that might have therapeutic value is identi-
fied, it must undergo a series of scientific tests to evaluate its
actual therapeutic and toxic effects. This process is tightly
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# Drug-food e Decreased metabolism and
risk of toxic effects if combined with grape-
fruit juice; avoid this combination

B Nursing considerations

E CLINICAL ALERT!

Confusion has occurred between vin-
cristine and vinblastine; use extreme cau-
tion if giving either drug.

Directs nursing action to ensure —m
safe and effective administration
of this drug

Interventions—nursing actions

\

Foints to establich baselines, — 3
determine factors contraindicating
drug use or requiring caution

Assessment

« History: Allergy to vincristine, leukopenia,
acute infection, neuromuscular disease, di-
abetes insipidus, hepatic impairment, preg-
nancy, lactation

o Physical: Weight; hair; T; reflexes, gait,
sensation, cranial nerve evaluation, oph-
thalmic examination; mucous membranes,
abdominal examination; CBC, serum sodi-
um, LFTs, urinalysis

Nursing actions, in chronological —» Interventions

order, for safe and effective drug o Ensure that patient is not pregnant before

therapy administering; using barrier contraceptives
Evaluation—monitoring of these is advised.
tests; effectiveness of comfort o Tell patient to avoid grapefruit juice while
and safety measures being treated with this drug,

= Black box warning Do not admin-

ister IM or subcutaneously due to severe local

reaction and tissue necrosis. Do not give in-
trathecally; drug is fatal if given intrathecally.

Use extreme caution.

Black box warning logo —>» [, Black box warning Watch for irrita-

tion and infiltration; extravasation causes

tissue damage and necrosis. If extravasation
occurs, discontinue injection immediately
and give remainder of dose in another vein.

Consult with physician to arrange for

hyaluronidase injection into local area, and

apply heat to disperse the drug and to min-
imize pain.

o Arrange for wig or suitable head covering
if hair loss occurs; ensure that patient’s
head is covered in extremes of tempera-
ture.

« Monitor urine output and serum sodium; if
SIADH occurs, consult with physician, and
arrange for fluid restriction and perhaps a
potent diuretic.

A\

Black box warning logo —>

® FIGURE 1.1 Continued

controlled by the U.S. Food and Drug Administration
(FDA), an agency of the U.S. Department of Health and
Human Services that regulates the development and sale of
drugs. FDA-regulated tests are designed to ensure the safety
and reliability of any drug approved in this country. For every
100,000 chemicals that are identified as being potential
drugs, only about 5 end up being marketed. Before receiving
final FDA approval to be marketed to the public, drugs must
pass through several stages of development. These include
preclinical trials and phase I, II, and III studies. The drugs
listed in this book have been through rigorous testing and are

Teaching points

o Prepare a calendar of dates to return for treat-
ment and additional therapy.

o Avoid grapefruit juice while you are using
this drug.

o This drug cannot be taken during pregnan-
cy; use birth control. If you become preg-
nant, consult your health care provider.

o Have regular blood tests to monitor the drug’s
effects.

« You may experience these side effects: Loss
of appetite, nausea, vomiting, mouth sores
(frequent mouth care, frequent small meals
may help; maintain nutrition; request an
antiemetic); constipation (bowel program
may be ordered); sensitivity to light (wear
sunglasses; avoid bright lights); numbness,
tingling, change in style of walking (re-
versible; may persist for up to 6 weeks); hair
loss (transient; obtain a wig or other suit-
able head covering; keep the head covered
at extremes of temperature).

Report change in frequency of voiding;

swelling of ankles, fingers, and so forth;

changes in vision; severe constipation, ab-
dominal pain.

I\

&— Drug-specific teaching points to

include in patient teaching program
Nursing diagnoses—deficient
knowledge regarding drug therapy
Evaluation—pointe patient
should be able to repeat

approved for sale to the public, either with or without a pre-
scription from a health care provider.

Preclinicul Triuls

In preclinical trials, chemicals that may have therapeutic
value are tested on laboratory animals for two main purposes:
(1) to determine whether they have the presumed effects in
living tissue, and (2) to evaluate any adverse effects. Animal
testing is important because unique biological differences can
cause very different reactions to the chemical. These differences
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Patient Drug Sheet: Oral Linezolid

Patient’s Name: Mr. Kors
Prescriber’s Name: J. Smith, ANP
Phone Number: 555-555-5555

Instructions:

1. The name of your drug is linezolid; the brand name is Zyvox. This drug is an
antibiotic that is being used to treat your prewmonia. This drug is very specific
in its action and is only indicated for your particular infection. Take the full course
of your drug. Do not share this drug with other people or save tablets for future
use.

2. The dose of the drug that has been prescribed for you is: 600 mg (1 tablet).

3. The drug should be taken orce every 12 hours. The best time for you to take this drug
will be 8:00 in the morning and 8:00 in the evening. Do not skip any doses. Do not
take two doses at once if you forget a dose. If you miss a dose, take the dose as soon as
you remember and then again in 12 hours.

4. The drug can be taken with food if GI upset is a problem. Avoid foods that are rich in
tyramine (list is below) while you are taking this drug.

5. The following side effects may occur:

Nausea, vomiting, abdominal pain (taking the drug with food and eating frequent
small meals may help).

Diarrhea (ensure ready access to bathroom facilities). Notify your health care
provider if this becomes severe.

6. Do not take this drug with over-the-counter drugs or herbal remedies without first
checking with your health care provider. Many of these agents can cause problems
with your drug,

7. Tell any nurse, physician, or dentist who is taking care of you that you are on this
drug.

8. Keep this and all medications out of the reach of children.

Notify your bealth care provider if any of the following occur:
Rash, severe GI problems, bloody or excessive diarrhea, weakness, tremors, increased
bleeding or bruising, anxiety.

Foods high in tyramine to avoid: Aged cheeses, avocados, bananas, beer, bologna, caffeinated
beverages, chocolate, liver, over-ripe fruit, pepperoni, pickled fish, red wine, salami, smoked
fish, yeast, yogurt.

® FIGURE 1.2 Example of a patient teaching sheet from Lippincott’s
Nursing Drug Guide.

can be found only in living organisms, so computer-generated
models alone are often inadequate.

At the end of the preclinical trials, some chemicals are
discarded for the following reasons:

 The chemical lacks therapeutic activity when used with
living animals.

TABLE 1.2 Drugs Derived From Plants

PLANT PRODUCT
Ricinus communis Seed
Oil
Custor oil (Neolid)
Digitdlis purpureu Leuves
(foxylove plant) Dried leaves
Digitdlis leuf
Papaver somhniferum Unripe cupsule
(Poppy plunt) Juice

Opium (puregoric)
Morphine (Roxunol)
Codeine

Pupaverine (Pavubid)

TABLE 1.3 Elements Used for Their
Therapeutic Effects

ELEMENT THERAPEUTIC USE
Aluminum Antucid to decreuse gustric ucidity
Manugement of hyperphosphutemiu
Prevention of the formuation of
phosphute urinury stones
Fluorine Prevention of dentul cuvities
(us fluoride) Prevention of osteoporosis
Gold Treutment of rheumuatoid urthritis
Iron Treutment of iron deficiency unemiu

 The chemical is too toxic to living animals to be worth the
risk of developing into a drug.

» The chemical is highly teratogenic (causing adverse
effects to the fetus).

« The safety margins are so small that the chemical would
not be useful in the clinical setting.

Some chemicals, however, are found to have therapeutic
effects and reasonable safety margins. This means that the
chemicals are therapeutic at doses that are reasonably different
from doses that cause toxic effects. Such chemicals will pass
the preclinical trials and advance to phase I studies.

Phuse | Studies

A phase I study uses human volunteers to test the drugs. These
studies are more tightly controlled than preclinical trials and
are performed by specially trained clinical investigators. The
volunteers are fully informed of possible risks and may be paid
for their participation. Usually, the volunteers are healthy,
young men. Women are not good candidates for phase I stud-
ies because the chemicals may exert unknown and harmful
effects on a woman’s ova, and too much risk is involved in
taking a drug that might destroy or alter the ova. Women do
not make new ova after birth. Men produce sperm daily, so
there is less potential for complete destruction or alteration of
the sperm.

Some chemicals are therapeutic in other animals but have no
effects in humans. Investigators in phase I studies scrutinize
the drugs being tested for effects in humans. They also look
for adverse effects and toxicity. At the end of phase I studies,
many chemicals are dropped from the process for the follow-
ing reasons:

 They lack therapeutic effect in humans.

» They cause unacceptable adverse effects.
 They are highly teratogenic.

* They are too toxic.

Some chemicals move to the next stage of testing despite
undesirable effects. For example, the antihypertensive drug
minoxidil (Loniten) was found to effectively treat malignant
hypertension, but it caused unusual hair growth on the palms
and other body areas. However, because it was so much more



effective for treating malignant hypertension at the time of its
development than any other antihypertensive drug, it pro-
ceeded to phase II studies. (Now, its hair-growing effect has
been channeled for therapeutic use into various hair-growth
preparations such as Rogaine.)

Phuse Il Studies

A phase II study allows clinical investigators to try out the
drug in patients who have the disease that the drug is
designed to treat. Patients are told about the possible benefits
of the drug and are invited to participate in the study. Those
who consent to participate are fully informed about possible
risks and are monitored very closely, often at no charge to
them, to evaluate the drug’s effects. Usually, phase II studies
are performed at various sites across the country—in hospitals,
clinics, and doctors’ offices—and are monitored by represen-
tatives of the pharmaceutical company studying the drug.
At the end of phase II studies, a drug may be removed from
further investigation for the following reasons:

« It is less effective than anticipated.

« It is too toxic when used with patients.

« It produces unacceptable adverse effects.

« It has a low benefit-to-risk ratio, meaning that the therapeutic
benefit it provides does not outweigh the risk of potential
adverse effects that it causes.

« It is no more effective than other drugs already on the market,
making the cost of continued research and production less
attractive to the drug company.

A drug that continues to show promise as a therapeutic
agent receives additional scrutiny in phase III studies.

CHAPTER 1 Introduction to Drugs = 9

Phase Il Studies

A phase III study involves use of the drug in a vast clinical
market. Prescribers are informed of all the known reactions to
the drug and precautions required for its safe use. Prescribers
observe patients very closely, monitoring them for any adverse
effects. Sometimes, prescribers ask patients to keep journals
and record any symptoms they experience. Prescribers then
evaluate the reported effects to determine whether they are
caused by the disease or by the drug. This information is col-
lected by the drug company that is developing the drug and
is shared with the FDA. When a drug is used widely, totally
unexpected responses may occur. A drug that produces unac-
ceptable adverse effects or unforeseen reactions is usually
removed from further study by the drug company. In some
cases, the FDA may have to request that a drug be removed
from the market.

Food aund Drug Administration Approval

Drugs that finish phase III studies are evaluated by the FDA,
which relies on committees of experts familiar with the specialty
area in which the drugs will be used. Only those drugs that
receive FDA committee approval may be marketed. Figure 1.3
recaps the various phases of drug development discussed.
An approved drug is given a brand name (trade name) by
the pharmaceutical company that developed it. The generic
name of a drug is the original designation that the drug was
given when the drug company applied for the approval
process. Chemical names are names that reflect the chemical
structure of a drug. Some drugs are known by all three names.
It can be confusing to study drugs when so many different

A

5. Are not as effective

Phase IV
» Orphan <€ continued
drugs evaluation
All
chemicals Preclinical Drugs Drugs Drugs Drugs
tha_t trigls of cleared Phase | cle_ar_ed for Phase Il cleared for Phase Ill approved
theoretically — efficacy H»» for — ) - limited — . large scale — . for
studies -~ studies . studies .
may have and human clinical clinical marketing
therapeutic toxicity testing studies studies by FDA
activity
¥ ¥
'§' Drugs that Drugs that Drugs that Drugs that
7 1. Lack therapeutic 1. Lack therapeutic 1. Are less effective 1. Produce unacceptable
g activity activity in humans than expected side effects
= 2. Are too toxic; 2. Are too toxic 2. Are too toxic 2. Produce unexpected
= teratogenic 3. Produce unacceptable 3. Produce unacceptable responses
& 3. Have a small side effects side effects
% safety margin 4. Have a low benefit-to-
» risk ratio
S
a

as available drugs

® FIGURE 1.3 Phases of drug development.
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TABLE 1.4 Comparison of Generic, Chemical, and Brand Names of Drugs

levothyroxine sodium generic name - colfosceril pulmitute
L-thyroxine, T, «— chemical name - dipulmitoylphosphutidylcholine
Eltroxin, Levothroid, Synthroid «— brand names - Exosurf Neohautadl

names are used for the same compound. In this text, the
generic and chemical names always appear in straight print,
and the brand name is always italicized (e.g., minoxidil
[Rogaine]). Table 1.4 compares examples of drug names.

The entire drug development and approval process can take
5 to 6 years, resulting in a so-called drug lag in the United
States. In some instances, a drug that is available in another
country may not become available here for years. The FDA
regards public safety as primary in drug approval, so the
process remains strict; however, it can be accelerated in cer-
tain instances involving the treatment of deadly diseases. For
example, some drugs (e.g., delavirdine [Rescriptor] and
efavirenz [Sustiva]) that were thought to offer a benefit to
patients with acquired immune deficiency syndrome (AIDS),
a potentially fatal immune disorder, were pushed through
because of the progressive nature of AIDS and the lack of a
cure. All literature associated with these drugs indicates that
long-term effects and other information about the drug may
not yet be known.

In addition to the drug lag issue, there also are concerns
about the high cost of drug approval. In 2004, Fortune maga-
zine did a study that found that the estimated cost of taking a
chemical from discovery to marketing as a drug was about
$802 million. Because of this kind of financial investment,
pharmaceutical companies are unwilling to risk approval of a
drug that might cause serious problems and prompt lawsuits.

Phuse IV Studies

After a drug is approved for marketing, it enters a phase of
continual evaluation, or phase IV study. Prescribers are
obligated to report to the FDA any untoward or unexpected
adverse effects associated with drugs they are using, and the
FDA continually evaluates this information. Some drugs cause
unexpected effects that are not seen until wide distribution
occurs. Sometimes, those effects are therapeutic. For exam-
ple, patients taking the antiparkinsonism drug amantadine
(Symmetrel) were found to have fewer cases of influenza than
other patients, leading to the discovery that amantadine is an
effective antiviral agent.

In other instances, the unexpected effects are dangerous.
In 1997, the diet drug dexfenfluramine (Redux) was removed
from the market only months after its release because patients
taking it developed serious heart problems In 2004, the drug
company Merck withdrew its cyclooxygenase-2 (Cox-2)
specific nonsteroidal anti-inflammatory drug rofecoxib (Vioxx)
from the market when postmarketing studies seemed to show
a significant increase in cardiovascular mortality in patients

who were taking the drug. These problems were not seen in
any of the premarketing studies of the drug. The effects were
only seen with a much wider use of the drug after it had been
marketed.

KEY POINTS

» The FDA carefully regulates the testing and approval of
all drugs in this country.

P To be approved for marketing, a drug must pass through
animal testing, testing on healthy humans, selected test-
ing on people with the disease being treated, and then
broad testing on people with the disease being treated.

LEGAL REGULATION OF DRUGS

The FDA regulates the development and sale of drugs. Local
laws further regulate the distribution and administration of
drugs. In most cases, the strictest law is the one that prevails.
Nurses should become familiar with the rules and regulations
in the area in which they practice. These regulations can vary
from state to state, and even within a state.

Over the years, the FDA has become more powerful, usu-
ally in response to a drug disaster affecting many people. In
the 1930s, the drug “elixir of sulfanilamide” was distributed
in a vehicle of ethylene glycol that had never been tested in
humans. It turned out that ethylene glycol is toxic to humans,
and hundreds of people died and many others became very
ill. This led to the Federal Food, Drug and Cosmetic Act of
1938, which gave the FDA power to enforce standards for
testing drug toxicity and monitoring labeling.

In the 1960s, the drug thalidomide (Thalomid) was used
as a sleeping aid by pregnant women, resulting in the birth of
many babies with limb deformities. The public outcry
resulted in the Kefauver-Harris Act of 1962, which gave the
FDA regulatory control over the testing and evaluating of
drugs and set standards for efficacy and safety.

Other laws have given the FDA control over monitoring of
potentially addictive drugs and responsibility for monitoring,
to some extent, the sale of drugs that are available without
prescription. Table 1.5 provides a summary of these laws.

Sufety During Preghauncy

As part of the standards for testing and safety, the FDA
requires that each new drug be assigned to a pregnancy cate-
gory (Box 1.1). The categories indicate a drug’s potential or
actual teratogenic effects, thus offering guidelines for use of



TABLE 1.5 Federal Legislation Affecting the Clinical
Use of Drugs

YEAR

ENACTED LAW

IMPACT

1906 Pure Food Prevented the marketing of
and Druy udulterated druys; reyuired
Act labeling to eliminate false or
misleading claims
1938 Federul Food, Munduted tests for druy
Druyg und toxicity und provided meuns
Cosmetic for recdll of drugs; estub-
Act lished procedures for intro-
ducing hew druys; gave FDA
the power of enforcement
1951 Durhum- Tightened control of certain
Humphrey druys; specified druys to be
Amendment labeled “muy not be distrib-
uted without a prescription”
1962 Kefauver- Tightened control over the
Harris Act yudlity of druys; yuve FDA
regulutory power over the
frocedure of druy investi-
gutions; stuted thut effi-
cucy us well us sufety of
druys hud to be estublished
1970 Controlled Defined druy ubuse und
Substunces clussified drugs us to their
Act potentidl for ubuse; pro-

vided strict controls over the
distribution, storage, und
use of these druys
1983 Orphun Druy  Provided incentives for the
Act development of orphun
druys for treatment of rare
diseuses

that particular drug in pregnancy. Research into the develop-
ment of the human fetus, especially the nervous system, has
led many health care providers to recommend that no drug
should be used during pregnancy because of potential effects
on the developing fetus. In cases in which a drug is needed, it
is recommended that the drug of choice be one for which the
benefit outweighs the potential risk.

Controlled Substances

The Controlled Substances Act of 1970 established categories
for ranking of the abuse potential of various drugs. This same
act gave control over the coding of drugs and the enforcement
of these codes to the FDA and the Drug Enforcement Agency
(DEA), a part of the U.S. Department of Justice. The FDA
studies the drugs and determines their abuse potential; the
DEA enforces their control. Drugs with abuse potential are
called controlled substances. Box 1.2 contains descriptions
of each category, or schedule.

The prescription, distribution, storage, and use of these
drugs are closely monitored by the DEA in an attempt to
decrease substance abuse of prescribed medications. Each
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BOX 1.1 FDA Pregnancy Categories

The Food and Drug Administration (FDA) has established five
categories to indicate the potential for a systemically absorbed
drug to cause birth defects. The key differentiation among the
categories rests on the degree (reliability) of documentation and
the risk—benefit ratio.

Category A: Adequate studies in pregnant women have not
demonstrated a risk to the fetus in the first trimester of pregnancy,
and there is no evidence of risk in later trimesters.

Category B: Animal studies have not demonstrated a risk to
the fetus but there are no adequate studies in pregnant women,
or animal studies have shown an adverse effect, but adequate
studies in pregnant women have not demonstrated a risk to the
fetus during the first trimester of pregnancy, and there is no
evidence of risk in later trimesters.

Category C: Animal studies have shown an adverse effect
on the fetus but there are no adequate studies in humans; the
benefits from the use of the drug in pregnant women may be
acceptable despite its potential risks, or there are no animal
reproduction studies and no adequate studies in humans.

Category D: There is evidence of human fetal risk, but the
potential benefits from the use of the drug in pregnant women
may be acceptable despite its potential risks.

Category X: Studies in animals or humans demonstrate
fetal abnormalities or adverse reaction; reports indicate evidence
of fetal risk. The risk of use in a pregnant woman clearly out-
weighs any possible benefit.

Regardless of the designated Pregnancy Category or
presumed safety, no drug should be administered during
pregnancy unless it is clearly needed.

prescriber has a DEA number, which allows the DEA to mon-
itor prescription patterns and possible abuse. A nurse should
be familiar with not only the DEA guidelines for controlled
substances, but also the local policies and procedures, which
might be even more rigorous.

Generic Druys

When a drug receives approval for marketing from the FDA,
the drug formula is given a time-limited patent, in much the
same way as an invention is patented. The length of time for
which the patent is good depends on the type of chemical
involved. When the patent runs out on a brand-name drug, the
drug can be produced by other manufacturers. Generic drugs
are chemicals that are produced by companies involved solely
in the manufacturing of drugs. Because they do not have the
research, the advertising, or, sometimes, the quality control
departments that pharmaceutical companies have, they can
produce the generic drugs more cheaply. In the past, some
quality-control problems were found with generic products.
For example, the binders used in a generic drug might not be
the same as those used in the brand-name product. As a result,
the way the body breaks down and uses the generic drug may
differ from that of the brand-name product. In that case, the
bioavailability of the drug is different from that of the brand-
name product.
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