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PREFACE

A more drug-using and drug-aware society requires that athletic trainers have an appropriate understanding of
pharmacology, especially related to drugs being used by the athlete. This textbook provides the basic principles
of pharmacology specifically aimed at the needs of the athletic trainer. Consequently, the drug categories that
are included are primarily those that may be pertinent to the treatment of athletic injuries or that may impact
athletic performance. A discussion of pharmacological principles of other drug categories, as well as detailed and
methodical listings of all available drugs, can be obtained from other references, examples of which are discussed
at the end of the first chapter.

The athletic trainer cares for the physically active, but the employment opportunities for the athletic trainer
are broader in scope than they once were; athletic trainers are now treating patients across a wide age range. No
longer are athletic trainers only providing care for a young physically healthy population, but also for the aging,
yet physically active, who have diseases that are being treated with physical activity as well as drug therapy. For
example, an athletic trainer may be treating an older patient for a musculoskeletal injury but must be aware that
the patient is also taking a B-blocker medication that reduces cardiac output; thus the athletic trainer may need
to adjust the exercise prescription accordingly. This text addresses the diseases and drug treatment options for the
physically active population treated by athletic trainers.

The challenge of writing a textbook such as this is identifying the "need to know" information for the targeted
audience. Pharmacology is based in biochemistry and knowing that an athletic trainer's background in biochem-
istry is limited, we have attempted to present the information as best we can for the athletic trainer. We have used
several strategies to help in this quest, which include the following:

* Summaries are not at the end of the chapter, but after each major topic within the chapter. This is an

attempt to help manage cognitive overload and aid the reader in understanding what was just read.

* Advanced organizers are used at the beginning of each chapter in order for the reader to see what the chap-
ter contains and get a sense of how the chapter is structured, which ultimately also helps manage cognitive
overload.

* Key words are in italics and are defined in the glossary.

* Concept maps graphically present important, yet complex, processes in a concise way.

* Textboxes (shaded) throughout the text either add additional information to the topic or help the reader to
recall a key concept or process that was addressed in an earlier chapter.

* Very specific learning objectives are stated at the beginning of each chapter.

The second edition of this textbook contains three new chapters: Drugs for Treating Psychiatric Disorders,
Drugs for Treating Diabetes Mellitus, and Herbal Supplements. All of the chapters have been updated in regards
to content. Additionally, medications and treatment strategies have been updated in those chapters addressing
specific conditions and/or pathologies. Finally, there are ancillary materials available to facilitate the teaching and
learning process and these include PowerPoint slides and test questions for each chapter.

Even though this textbook provides drug information that will be useful for the athletic trainer in professional
practice, caution is also warranted: the athletic trainer will not be transformed into a drug expert through a study
of this textbook. The athletic trainer should have sufficient knowledge about drugs to provide basic information,
to improve compliance with therapy, and to identify drug-related problems in the athlete. Just as important,
however, is the ability to realize one’s own limitations and to appropriately identify the need to refer the athlete.
The expertise of the physician and pharmacist regarding drug information should be among the resources utilized
by the athletic trainer. Frequent contact with the athlete provides the opportunity for the athletic trainer to assist
the athlete with drug-related issues; this textbook will help provide the knowledge to do it.

Finally, we would like to acknowledge the first edition work of Deidre Leaver-Dunn, PhD, ATC. Many of

her suggestions and improvements to the first edition have been carried on to this second edition and we thank
her for them.
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INTRODUCTION TO PHARMACOLOGY

CHAPTER OBJECTIVES
At the end of this chapter, the reader will be able

to:

* Define what a drug is.

* Differentiate between a drug’s chemical, generic,
and trade names.

* Explain the difference between a generic name
and a generic drug.

* List the differences between a generic-name and
trade-name drug.

e List and explain the 4 ways drugs are classified.

* Explain the United States Food and Drug
Administration’s (FDA) role in new drug devel-
opment and the recall of drugs.

* Locate drug information sources for prescription
and nonprescription medication.

* Employ the use of drug information sources to
locate specific drugs.

The availability and use of drugs for therapeutic
purposes continues to rise. The number of prescrip-
tions dispensed increases each year. In 2007, there were
over 3.5 billion prescriptions dispensed. New drugs
have been developed in the past several years to treat
diabetes, gastrointestinal (GI) ulcers, infection, inflam-
mation, mental disorders, hyperlipidemia, and asthma
to name a few. In recent years, the number of drugs and
therapeutic categories available without a prescription
has also increased and thus the retail sales of over-the-
counter (OTC) drug products continue to rise. Society,
including athletes, has many more options for self-
therapy, which complicates the task for athletic trainers
to monitor the drugs being used by the athlete.

-1 -

FOUNDATIONAL CONCEPTS

A good starting point for foundational concepts is
to define pharmacology. Simply put, human pharma-
cology is the effect of drugs on the body and the effect
of the body on drugs. Drugs interact with the cells
and extracellular components on a molecular level to
produce beneficial and detrimental responses. At the
same time, other molecular interactions between the
drug and body components will determine how, when,
and where the action of the drug will be terminated.
Consequently, pharmacology encompasses the thera-
peutic responses and adverse effects of drugs as well as
the absorption, metabolism, and excretion of drugs.

Subdivisions of pharmacology include pharmacoki-
netics and pharmacodynamics. A study of the factors
that affect the time course of drug events is called
pharmacokinetics. The rate at which drugs begin to
take effect, the duration of the effect, and factors that
impact the rate of change in concentration of drugs
at the site of action are included in pharmacokinetics.
These parameters impact the optimal dosage schedule
and route of administration for the drug and will be
discussed in Chapter 2. Pharmacodynamics is the study
of the mechanism of action of drugs. Some drugs, for
example, combine with an enzyme to inhibit the enzy-
matic process whereas others combine with receptors
to either initiate or inhibit a particular effect. A more
detailed discussion of pharmacodynamics is the focus

of Chapter 3.

What Is a Drug?

Asking the question, “What is a drug?” can spark
a philosophical discussion. All drugs are chemicals.

Houglum J, Harrelson G.
Principles of Pharmacology for Athletic Trainers Second Edition
(pp 1-15). © 2011 SLACK Incorporated



2 Chapter 1

Table 1-1. Different Names for Chemical Structure

CHy OH N(CHy),
OH

CONH,
OH or’'o

Type of Name Example(s)

Chemical name

4-(dimethyl-amino)-1,4,4a,5,5a,6,11,12a-octahydro-3,5,10,12,1 2a-pentahydroxy-

6-methyl-1,11-dioxo-2-naphthacenecarboxamide

Generic name Doxycycline
Vibramycin
Periostat
Monodox
Doryx
Vibra-Tabs

Trade names

Arsenic trioxide is a chemical but is very toxic with no
therapeutic application—is it a drug? In the realm of
therapeutics, drugs are chemicals that are used to treat
or prevent disease. Table sugar (sucrose) is typically not
considered a drug, but what if a diabetic is experiencing
the sweating, tachycardia, and jittery feeling associated
with hypoglycemia and uses table sugar as treatment; is
the sucrose a drug? What about vitamin supplements
being used by a person in whom there is no evidence
of dietary deficiency? Herbal products are chemicals,
many of which have unproven claims of effectiveness
in preventing or treating disease; is a chemical a drug if
it has no therapeutic benefit but is used for a perceived
benefit? Legal, ethical, and therapeutic issues all enter
the discussion to obtain an all-encompassing defini-
tion. For the purpose of this text, a suitable definition
of a drug is a chemical that has demonstrated to be
effective for preventing or treating a disease.

DRrRUG NAMES

Because drugs are chemicals, they each have a
chemical name that specifies the chemical structure.
The chemical name is often much too cumbersome
for common usage and thus a shorter generic name
is also assigned to each drug entity (ie, each chemi-
cal compound). For example, 4-(dimethyl-amino)-
1,4,4a,5,5a,6,11,12a-octahydro-3,5,10,12,12a-penta-
hydroxy-6-methyl-1,11-dioxo-2-naphthacenecarbox-
amide is the chemical name for the generic name
doxycycline. The generic name is also known as the

nonproprietary name, as the name is not the property
of any company. The proprietary name, more com-
monly known as trade name or brand name, is selected
by the company that markets the drug. There is only
one generic name for each drug, but there may be more
than one trade name if the drug is marketed by more
than one company (Table 1-1). Doxycycline has more
than 10 trade names and is also marketed under the
generic name by a few other companies.

There is a difference between the generic “name”
and a generic “drug.” Although every drug has a gener-
ic name, not all drugs are marketed as generics. When
the patent for the drug expires, companies other than
the owner of the patent can market the drug, but these
other companies cannot use the trade name owned by
the original manufacturer. Consequently, most of these
drugs are marketed by one or more companies using
the generic name. These generic drugs are typically
less expensive than the corresponding trade-name drug
because they bring price competition to the market-
place and because the companies marketing them have
not invested the initial research and development costs
necessary to originally obtain FDA approval to market
the drug (see next). The average retail price of a pre-
scription for a trade-name drug in 2007 was 3.5 times
the average retail price of a generic drug. Similarly,
drugs with expired patents can be marketed by other
companies under new trade names owned by these
companies. For example, since the patent is expired for
ibuprofen (generic name), this drug is now marketed
by several companies under this generic name and by



Introduction to Pharmacology 3

Table 1-2. Contents of Selected Product Combinations

Trade Name Contents

Darvocet-N
650 mg acetaminophen
65 mg caffeine
250 mg acetaminophen
250 mg aspirin

Excedrin Migraine

Excedrin P.M. 38 mg diphenhydramine citrate
500 mg acetaminophen
Exedrine P.M. 25 mg diphenhydramine

500 mg acetaminophen

Hista-Vent DA 20 mg phenylephrine HCI

8 mg chlorpheniramine maleate

100 mg propoxyphene napsylate

Classification
Controlled Substance C-1V

OTC

oT1C
OTC

Prescription

2.5 mg methscopolamine nitrate

Nucofed Capsules 20 mg codeine phosphate

60 mg pseudoephedrine HCI

Rynatuss Tablets
10 mg phenylephrine tannate
10 mg ephedrine tannate

60 mg carbetapentane tannate

Vicodin Tablets 5 mg hydrocodone bitartrate

500 mg acetaminophen

5 mg chlorpheniramine tannate

Controlled Substance C-llI

Prescription

Controlled Substance C-llI

See also Tables 7-2, 7-3, and 10-2 for additional examples of products that contain multiple components.

C = category, referring to category of the controlled substance; OTC = over the counter; HC| = hydrochlo-

ride.

other companies under various trade names (ie, Advil,
Medipren, Motrin, Nuprin, Rufen).

Besides cost, there are other notable differences
between using a generic name versus a trade-name
product. Typically, trade names are shorter and easier
to pronounce than the generic name. However, because
there can be multiple trade names, it is more difficult
to remember all of them. Also, unlike the generic
name, which refers to one chemical entity, the trade
name refers to the entire product contents, which may
include more than one active ingredient. For example,
Vanquish is the trade name for a product that contains
the drugs acetaminophen, aspirin, and caffeine. As
evident in Table 1-2, there is no way of knowing from
the trade name the number of drugs conrained in the
product.

Patents last for 20 years but it takes about 8.5 years
Jor an experimental drug to move through the FDA
approval process, leaving about 11.5 years for the mar-
keting of the drug to be protected by the patent.

When generic or trade-name products contain the
same quantities of the same drug(s), they usually do
not differ significantly in the observed therapeutic
response. Companies that market generic drugs must
obtain FDA approval through an abbreviated new
drug application (NDA) process. The abbreviated
process does not require the company to repeat all of
the clinical trials that were conducted by the company
that first obtained FDA approval to market the drug.
Rather, the approval process focuses on demonstrating
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Table 1-3. Difference Between Trade-Name and Generic-Name Drlgs

Trade-Name Drug
Can have multiple trade names.
Names are shorter and easier to pronounce.

Trade name refers to the entire product, which may
include more than one active ingredient.

Generic-Name Drug

Only one generic name.

Refers to one chemical entity.

Less expensive.

Not all drugs are marketed as a generic drug.

Generic drugs can be marketed by one or more
companies.

Must obtain FDA approval, but through an abbrevi-
ated process.

Must be bioequivalent to the trade-name drug.

that the generic product is bioequivalent to the trade-
name product.

This approval can be obtained while the trade-name
drug is still under patent, thus allowing the generic
product to be marketed immediately after the patent
expires. As more trade-name drugs go off patent, the
number of generic drugs increases. Although the cost
of generic drugs is significantly less than trade-name
drugs, companies that market generic drugs have the
potential to gain significant profits because they do not
have to recoup costs associated with research, develop-
ment, and a lengthy approval process. Consequently,
profit margin and availability of off-patent drugs are
among the driving forces that will continue to increase
the number of generic drugs. Table 1-3 provides a
summary of the difference between trade-name and
generic-name drugs.

Bioequivalence is discussed in the next chapter. Two
drug formulations are bioequivalent if the amount and
rate of the drug entering the blood stream is approxi-
mately the same.

CLASSIFICATION OF DRUGS

Drugs may be classified in a variety of ways. Because
all drugs are chemicals, they can be grouped based on
their chemistry (Figure 1-1). For example, the tetracy-
clines are a group of antibiotics that chemically each
contain 4 rings linked together. Although each of the

individual tetracycline compounds such as doxycycline
(Vibramycin), minocycline (Minocin), and oxytet-
racycline (Terramycin) have some unique chemical
characteristics, they all have a 4-ring core structure and
share the same mechanism of action. Other examples
of drug categories based on chemical structure are the
penicillins, cephalosporins, benzodiazepines, and corti-
costeroids.

Sometimes drug categories are based on the mecha-
nism of action such as the protein synthesis inhibitors,
beta (B)-blockers, proton pump inhibitors, H,-block-
ers, and PB-adrenergic agonists. A broader means of
categorizing drugs is by therapeutic effect. As shown
in Table 1-4, there are generally several subcategories
within the therapeutic category.

Protein synthesis inhibitor is 2 term used to describe
the mechanism of action of several antibiotics, includ-
ing the tetracyclines and macrolides, as discussed in
Chapter 5. B-blockers are a group of drugs used to treat
hypertension and certain heart diseases, as discussed in
Chapter 12. Proton pump inhibitors and H,-blockers
are groups of drugs used to treat GI disorders as discussed
in Chapter 11. B-adrenergic agonists are drugs used to
treat asthma and are discussed in Chapter 9.

Another means of categorizing drugs is by their
legal classification. Several federal laws have created
3 classifications: OTC drugs, prescription drugs, and
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Chemical Structure

Core Structure

Tetracyclines

= OH

{'OH

Corticosteroids

CHs 0

Benzodiazepines

Specific Example

Generic Name Trade Name
doxycycline Vibramycin
prednisone Meticorten
diazepam Valium

Figure 1-1. Examples of groups of drugs based on chemical structure. The drugs in these 3 chemical categories (tetracy-
clines, corticosteroids, benzodiazepines) have the core chemical structure shown, but each specific drug also has addition-
al smaller chemical groups attached at various places on the core structure.

controlled substances (Table 1-5). The federal laws that
led to these classifications are summarized in Table 1-6
(see also Box 4-2 for other federal acts related to the
control and distribution of drugs).

Nonprescription Drugs

Drugs that do not require a prescription are also
referred to as OTC drugs. There are an estimated 1000
active ingredients used in over 100,000 OTC products
on the market. Some of these products contain a single
drug as the active ingredient, whereas many others con-
tain combinations of active ingredients. Table 1-2 lists
a few OTC products and their active ingredients.

Several OTC drugs were originally available only
by prescription but were later approved for use in
nonprescription products, usually at a lower amount
of drug per dosage unit. Motrin (400, 600, or 800 mg
per tablet) and naproxen (250 or 500 mg per tablet)
are prescription nonsteroidal anti-inflammatory drugs
(NSAIDs) that are also available as OTC medications
at a maximum of 200 mg per tablet. It is the respon-
sibility of the FDA to approve a drug in the OTC
classification. Many factors are considered including
evidence that there is a relatively low frequency of toxic
and other adverse effects, no need for periodic medical
examination or laboratory work to monitor the effec-
tiveness or toxicity, and demonstration of effectiveness
in a significant proportion of patients at the dosage
recommended on the OTC product label.
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Table 1-4. Examples of Therapeutic Categories and Subcategories

Therapeutic Category
Analgesics

Antibiotics

Antihypertensives

Anti-inflammatory drugs

Asthma drugs

Examples of Subcategories Chapter Reference

NSAIDs 7
Opioids

Tetracyclines 5
Penicillins

Cephalosporins

B,-blockers 12
Diuretics

ACE inhibitors

NSAIDs 6
Corticosteroids

,-agonists 9

Corticosteroids
Leukotriene modifiers

NSAIDs = nonsteroidal anti-inflammatory drugs, ACE = angiotensin-converting enzyme

Table 1-5. Classification of Drugs

Classification
OTC drugs

Prescription drugs

Controlled substances

Characteristics

Drugs that do not require a prescription.

Usually contain a lower amount of drug per dosage unit compared with the cor-
responding prescription drug.

Often contain multiple active ingredients in the same dosage form.

Prescription drugs generally have a greater potential for adverse effects than OTC
drugs, require monitoring for interactions with other medications, should only
be used for a restricted time period, or have other problems that necessitate the
enhanced restrictions associated with prescription drugs.

Medical supervision is mandated through the physician writing the prescription and
the pharmacist filling it.

Also referred to as scheduled drugs. They have an abuse potential and thus have
more restrictive requirements regarding distribution, storage, and record keeping
compared with prescription drugs.

Schedule | controlled substances (or C-I drugs) have the greatest potential for abuse
whereas Schedule V (C-V) drugs have the lowest abuse potential.

Prescription Drugs

Compared to OTC drugs, prescription drugs gener-
ally have a greater potential for adverse effects, require
monitoring for interactions with other medications,

should only be used for a restricted time period, and
have other problems that necessitate the enhanced
restrictions associated with prescription drugs. Medical
supervision is mandated through the physician writing



Introduction to Pharmacology

Table 1-6. Federal Laws Leading to the Three Classifications of Drugs

Act
Federal Pure Food Act of 1906

Food, Drug, and Cosmetic Act of
1938

1952 Durham-Humphrey Amend-
ment of the 1932 Act

1962 Kefauver-Harris Amendment
of the 1938 Act

Comprehensive Drug Abuse

Prevention and Control Act of
1970

USP = United States Pharmacopeia

Purpose

Prohibited adulteration and mis-
branding of medications.

Required that the safety of new
drugs be reviewed and approved
by the FDA before the drug could
be marketed for interstate com-
merce.

Differentiated between prescrip-
tion and nonprescription drugs.

Required that the effectiveness of
new drugs, whether prescription
or nonprescription, be reviewed
and approved by the FDA prior to
the drug being marketed.

Established categories designated
C-l to C-V (see Table 1-7), for
drugs with an abuse potential.

Comment

The label had to accurately reflect
the strength, quality, and purity of
the contents. However, the Act did
not require the drug to be safe or
effective.

The United States Pharmacopeia/
The National Formulary were also
established by this act as the offi-
cial standards for drug quality.
Drugs that meet the standard can
have "USP" placed on the label
after the name of the drug.

This Act was the beginning of the
NDA process. However, efficacy
was not addressed.

Drugs that were determined to
be unsafe without medical super-
vision required a prescription.
The amendment also prohibited
certain drugs, such as opioids and
hypnotics, to be refilled without a
new prescription.

Drugs marketed between 1938
and 1962 were also included in
this amendment. Consequently,
drugs now had to be approved as
safe and effective before available
to the public.

Drugs in schedule C-l1 have the
highest abuse potential and great-
est restriction for use. This por-
tion of the Act is referred to as
the Controlled Substances Act and
thus these drugs are also referred
to as controlled substances.

The Act regulates the manufac-
ture, distribution, and dispensing
of controlled substances. The Drug
Enforcement Agency (DEA), a part
of the Department of Justice, was
designated the responsibility of
enforcing the Act.




