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Series Preface

How to Use This Book

The idea for Elsevier’s Integrated Series came about at a sem-
inar on the USMLE Step 1 Exam at an American Medical Stu-
dent Association (AMSA) meeting. We noticed that the
discussion between faculty and students focused on how the
exams were becoming increasingly integrated—with case sce-
narios and questions often combining two or three science dis-
ciplines. The students were clearly concerned about how they
could best integrate their basic science knowledge.

One faculty member gave some interesting advice: "read
through your textbook in, say, biochemistry, and every time
you come across a section that mentions a concept or piece of
information relating to another basic science—for example,
immunology—highlight that section in the book. Then go to
your immunology textbook and look up this information, and
make sure you have a good understanding of it. When you have,
go back to your biochemistry textbook and carry on reading."

This was a great suggestion—if only students had the time, and
all of the books necessary at hand, to do it! At Elsevier we
thought long and hard about a way of simplifying this process,
and eventually the idea for Elsevier’s Integrated Series was born.

The series centers on the concept of the integration box.
These boxes occur throughout the text whenever a link to an-
other basic science is relevant. They’re easy to spot in the
text—with their color-coded headings and logos. Each box
contains a title for the integration topic and then a brief sum-
mary of the topic. The information is complete in itself—you
probably won’t have to go to any other sources—and you
have the basic knowledge to use as a foundation if you want
to expand your knowledge of the topic.

You can use this book in two ways. First, as a review book . . .

When you are using the book for review, the integration
boxes will jog your memory on topics you have already cov-
ered. You’'ll be able to reassure yourself that you can identify
the link, and you can quickly compare your knowledge of the
topic with the summary in the box. The integration boxes
might highlight gaps in your knowledge, and then you can use
them to determine what topics you need to cover in more detail.

Second, the book can be used as a short text to have at hand
while you are taking your course . . .

You may come across an integration box that deals with a
topic you haven’t covered yet, and this will ensure that you’re
one step ahead in identifying the links to other subjects (espe-
cially useful if you’re working on a PBL exercise). On a sim-
pler level, the links in the boxes to other sciences and to
clinical medicine will help you see clearly the relevance of
the basic science topic you are studying. You may already
be confident in the subject matter of many of the integration
boxes, so they will serve as helpful reminders.

At the back of the book we have included case study ques-
tions relating to each chapter so that you can test yourself as
you work your way through the book.

Online Version

An online version of the book is available on our Student Con-
sult site. Use of this site is free to anyone who has bought the
printed book. Please see the inside front cover for full details
on Student Consult and how to access the electronic version of
this book.

In addition to containing USMLE test questions, fully
searchable text, and an image bank, the Student Consult site
offers additional integration links, both to the other books in
Elsevier’s Integrated Series and to other key Elsevier
textbooks.

Books in Elsevier’s Integrated Series

The nine books in the series cover all of the basic sciences. The
more books you buy in the series, the more links that are made
accessible across the series, both in print and online.
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Preace

It’s all about integration. In fact, integration is essential for the
study of pharmacology. Practitioners must consider mecha-
nisms of action, adverse effects, and contraindications for
any given drug to ensure proper and safe use by patients. Cru-
cial to these considerations is a thorough understanding of the
biochemistry, physiology, and anatomy of the targets affected
by the drug. Thus, the overarching concept of the Elsevier
Integrated Review series is to consider each basic science dis-
cipline within the overall context of all the other basic sci-
ences. The foundation of clinical medicine requires that all
basic sciences be integrated across disciplines. To facilitate
this important learning paradigm, we have created Integration
Boxes in this second edition of the text that highlight an essen-
tial pharmacologic principle that can be dramatically rein-
forced with information from another basic or clinical
science discipline. This mode of learning facilitates deeper un-
derstanding and more complete memory of the concept.

It’s also all about forging a team. Frequently, pharmacology
is taught only by basic research-based scientists. We have
taken a different and more dynamic approach. The team be-
hind Elsevier’s Integrated Review Pharmacology is composed
of basic science researchers and educators as well as pharma-
cists and clinicians. It is our concept that integration must
occur not only between “-ologies,” but also between practi-
tioners who prescribe, dispense, and create drugs. In this
way, basic research scientists, with one voice, can effectively
describe mechanisms of action for a drug, the clinician can
highlight adverse effects, and the pharmacist can discuss
potential interactions with other drugs and/or alternative/
complementary medicines. These coordinated interactions
among PhDs, MDs, and PharmDs are now the core of Penn
State College of Medicine’s clinically relevant and organ-
based pharmacology curriculum.

It is also about voice—one consistent voice. Each chapter
reflects the input of each of the three authors, reflecting an
integration of basic, clinical, and pharmaceutical sciences. Each
chapter includes Top 5 Lists of important concepts and case-
based learning questions that reinforce the Integration Boxes.

It is also about "new and improved." Since the first edition
was published, more than 100 new drug entities have come to
market. More importantly, over the last several years, we
have seen a revolution in pharmacologic agents. With the
advent of "biologics," or genetically engineered drugs,
the promise of personalized and targeted therapies is closer
at hand. The second edition of Elsevier’s Integrated Review
Pharmacology highlights these new pharmacologic options.

It’s also about color. To facilitate reinforcement of key con-
cepts, we use a go (green) and stop (red) strategy in all our In-
tegration Boxes and Figures. That is, if a drug turns off
(antagonist) a receptor or enzyme, it is set in a red (actually pur-
ple) oval; if a drug activates (agonist) the receptor or enzyme, it
is set in a green oval. In addition, we use a large red “X” to de-
note specifically where a drug inhibits a signaling cascade.

In the end, it’s all about the students. Elsevier’s Integrated
Review Pharmacology provides students a rich tapestry from
which to draw conclusions about specific drug classes. De-
tailed information is provided for major drugs in each of the
classes. More importantly, this book provides students with
the tools necessary to deal with the myriad new drugs that
are presently moving through pharmaceutical drug evaluation
“pipelines” or are first being contemplated or discovered by
academic or industrial scientists. For the student, it should
be more than just memorization of every minor adverse side
effect for each and every drug. It’s really about applying the
principles of pharmacology to evaluate and assess the useful-
ness and effectiveness of new drugs as they come to market.
Indeed, a core competency for the health care professional of
the twenty-first century is to become a lifelong learner. We
hope that we have provided the pharmacologic foundation
for such an educational journey.

Mark Kester, PhD
Kent E. Vrana, PhD
Kelly D. Karpa, PhD, RPh
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Pharmacokinetics is all about delivery—drug delivery, that is—
ensuring that an optimal concentration of drug reaches its spe-
cific target. Obstacles to drug delivery include absorption, me-
tabolism, elimination, and distribution of drug to other body
compartments. In the end, it all boils down to a dynamic
equilibrium—balancing a drug’s absorption and distribution
with its metabolism and elimination.

A complete understanding of any drug must take into ac-
count the mechanism of action, potential side effects, and in-
teractions with other drugs. To fully understand how drugs
work, practitioners (this includes physicians, pharmacists,
nurses, and physician assistants) must know the general phar-
macokinetic and pharmacodynamic characteristics of the pre-
scribed drug to maximize therapeutic benefits and avoid
toxicity. Pharmacokinetic principles covering the integrated
processes of drug absorption, distribution, metabolism (bio-
transformation), and excretion cooperatively determine the
drug concentration at the receptor site. Pharmacodynamic

1

mechanisms determine how drug/receptor molecular interac-

tions produce pharmacologic effects by altering intracellular

signaling mechanisms (see Chapter 2).

Simply put, pharmacology is the science that studies the
effects of drugs on the body (Table 1-1). A drug is any sub-
stance that alters the structure or function of living organ-
isms. A poison is any substance that irritates, damages, or
impairs the body’s tissues. It is worth noting that all drugs,
if given in large enough doses, have the potential to be toxic
because all drugs are associated with some adverse effects.
Thus the practitioner is responsible for hitting the bull’s eye
or, in pharmacology language, the therapeutic window—a
concentration of drug at the active site that exerts a biologic
response without exerting a toxic effect. The underlying
principles of drug therapy can be reduced to four key
statements:

» The intensity and duration of drug action depend on the
time course of drug concentration at the receptor.

o Optimal steady-state drug concentration must be main-
tained at receptor sites to sustain the pharmacologic effect.

» Practitioners control these drug concentrations through se-
lection of appropriate dose, dosage interval, and route of
drug administration. :

» The physical properties and mathematical models that de-
termine drug absorption, distribution, metabolism, and ex-
cretion ultimately are responsible for drug/drug interactions
and potential toxic side effects.

Pharmacokinetics can be reduced to mathematical equa-
tions, which determine the transit of the drug throughout
the body, a net balance sheet from absorption and distribution
(in) to metabolism and excretion (out). By understanding
these mathematical equations, practitioners are able to deter-
mine optimal dosing for patients with impaired or altered
mechanisms of absorption, metabolism, or excretion resulting
from diet, genetics, environment, disease, allergy, behavior,
and other drugs (prescription, nonprescription, and comple-
mentary or alternative medicines). Together, these complicat-
ing issues are known as host factors and represent the
interface of environment, genetics, and pharmacology.

©®® ABSORPTION

Absorption is the process of delivering a drug into the blood-
stream. Drugs can be administered by a variety of routes:
orally (PO), intravenously (IV), intramuscularly (IM), rectally



Pharmacology The study of drugs and their effects on
the body

Drug Any substance that alters the structure
or function of a living organism

Poison Any substance that irritates, damages,
or harms tissues

Pharmacokinetics The study of the rates and movements
of drugs through the body

Absorption The process of getting a drug from its
site of delivery into the bloodstream

Distribution The process of getting a drug from the
bloodstream to the tissue where its
actions are needed

Biotransformation Conversion of a drug molecule to
a more water-soluble form

Elimination The process of removing a drug from

the body

(PR), topically, and via inhalation. Ultimately, to exert sys-
temic effects, drugs must reach the vasculature. Unexpected
alterations in absorption can significantly affect therapeutic
goals, and certainly there are pros and cons associated with
each route of administration, which will be discussed. The
general physical principles that govern the rate of absorption,
regardless of the route by which the drug was administered,
are passive diffusion, concentration gradients, lipid solubility,
drug ionization, size of the drug, and dosage form of the drug.

For a drug to be absorbed—to enter the bloodstream—the
drug must cross biologic barriers. For orally administered
drugs, barriers include the epithelial cells lining the gut and
the endothelial cells of the vasculature. Most drugs move
down their concentration gradients from an area of high
concentration to an area with a lower drug concentration.
This movement, called passive diffusion, requires no energy
expenditure but does depend on the size (molecular weight)
of the drug and the lipid solubility of the drug. Most drugs
cross biologic barriers by passive diffusion.

On the other hand, a few drugs cross biologic barriers using
active transport mechanisms. In this case, the drug moves
“uphill” against its concentration gradient—from an area of
low concentration to an area with higher concentration. This
type of transport requires energy expenditure, typically aden-
osine triphosphate. Some ions, vitamins, and amino acids are
absorbed in this way.

For drugs that are absorbed by passive diffusion, the lipid
solubility of the drug is a key determinant for predicting
how well the drug will be absorbed. Drugs that are lipid sol-
uble easily pass through the lipid bilayer of cell walls. As a
general rule, the more carbon atoms and the fewer oxygen
atoms a drug has, the more lipid soluble the drug is. However,
the problem with lipid solubility is that a drug must be lipid
soluble (hydrophobic) enough to pass through cell membranes

but water soluble (hydrophilic) enough to dissolve in aqueous
fluids (gastric juice, bloodstream). If a drug is too water solu-
ble, it will not penetrate cell membranes. An example of an
extremely water-soluble class of drugs is the aminoglycoside
antibiotics. When used to treat systemic infections, aminogly-
cosides must be given IV because the drugs are not absorbed
when administered PO. On the other hand, drugs such as
phenytoin and griseofulvin are so lipid soluble that it is diffi-
cult for these agents to dissolve in aqueous media. Because of
the need to be both lipid soluble and water soluble simulta-
neously, most drugs are administered as either weak acids
or weak bases (i.e., a molecule that fluctuates between
charged and uncharged states at physiologic pH).

Fick’s Law of Diffusion .

Fick's law of diffusion states that, in a steady state of diffusion,
the flux of a substance is proportional to the concentration
gradient in the system. To be precise,

Ac
J= _DAE

where J is the net flux (rate of diffusion), D is the diffusion
coefficient, A is the area available for diffusion, and Ac/Ax is the
concentration gradient. This equation concerns moving from
areas of high drug concentration to areas of lower drug
concentration.

lonization

Weak acids and weak bases exist in solution as a mixture of
ionized and un-ionized forms. Ionized drugs are poorly lipid
soluble and do not readily cross lipid membranes, but they dis-
solve well in aqueous media. Un-ionized drugs, on the other
hand, are highly lipid soluble and readily cross biologic mem-
branes. Hence, the transfer of drug across a biologic barrier is
proportional to the concentration gradient of the un-ionized
form across the membrane; this is known as the degree of
ionization. The ratio of ionized versus un-ionized fraction
of drug depends on the pK, (ionization constant) of the drug
and the pH of the surrounding tissues or fluids. See Box 1-1 for
an example.

When pH =1 99% of salicylic acid is un-ionized

When pH =2 90.9% of salicylic acid is un-ionized
When pH =3 50% of salicylic acid is un-ionized*
When pH =4 9.09% of salicylic acid is un-ionized
When pH =5 0.99% of salicylic acid is un-ionized

When pH =6 0.10% of salicylic acid is un-ionized

*By definition, the pKa of a drug is the pH at which 50% of the drug is ionized and
50% is un-ionized.
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When the pH of the solution is below the pK,, acids are pref-
erentially un-ionized and bases are mostly ionized. On the
other hand, when the pH of a solution is higher than the
pK,, acids are mostly ionized and bases are mostly un-ionized.

These principles may be illustrated in a different manner; in
biochemistry, the following notation is often used to indicate
the ionization status of weak acids:

HA =H" + A~

In an acidic environment, such as the stomach, the weak
acid, A7, accepts a proton and becomes un-ionized. Therefore,
in an acidic environment, an acidic drug is likely to be un-
charged and thus preferentially absorbed. Alternatively, in
an alkaline environment, acidic drugs are more likely to re-
main ionized and relative absorption is reduced. However,
it should be realized that even though this generalization sug-
gests that weak acids are preferentially absorbed at low pH,
there is still relatively little, if any, absorption in the acidic en-
vironment of the stomach, an organ not suited for absorption.
The stomach is mostly a storage depot for drugs rather than an
organ for drug absorption. Thus the rate of gastric emptying
into the intestines greatly affects the overall rate of absorp-
tion. Most drugs are absorbed in the intestines. The small in-
testines have the greatest capacity for absorption, because
villi and microvilli markedly increase the absorptive surface
area. The proximal areas of the small intestines (duodenum)
primarily absorb drugs that are weak acids because of the
acidic pH of stomach secretions. See Box 1-2 for examples
of drugs that are best absorbed in an acidic environment.

Ammonia, NH3, is an example of a weak base.

NH; +H" = NH;

In contrast to weak acids, when a weak base is in an acidic
environment and picks up a proton, the compound becomes
ionized and, in this example, ammonium ion is preferentially
formed. An alkaline drug is un-ionized in a high pH environ-
ment (such as in the small intestines) and thus more likely to
be absorbed in this alkaline environment. The distal portions
of the small intestines predominately absorb drugs that are
weak bases because of the alkalinity of bile secretions.
The key point to remember is that a weak acid is most likely
to be absorbed when in an acidic environment, and an alkaline
drug is preferentially absorbed in an alkaline environment.
Even though weak acids are preferentially absorbed in acidic
environments, they will still be absorbed, albeit to a lesser
extent, in the proximal portion of the small intestines because
of the large surface area designed for absorption (villi,
microvilli).

The Henderson-Hasselbach Equation

The Henderson-Hasselbach equation states that there is a
relationship between the pH of a solution and the relative
concentrations of an acid and its conjugate base in that
solution. Recall that the pKa (or ionization constant) is
numerically equivalent to the pH of the solution when the molar
concentrations of an acid and its conjugate base are equal.
Biochemists express this as the log ratio of protonated over
unprotonated. In pharmacologic terms, this translates to:

For acids (A)

:Iogm

A~ [ unprotonated
protonated

) = pH — pKa

B [ unprotonated
For bases (B): log g (';;WJW) — pH — pKa

For acids, the protonated form is unchanged and is the
denominator. This is the more permeable chemical form. In
contrast, for bases the protonated form is charged and is the
denominator. However, this is the less permeable chemical
form. In practical terms, this means that acids are preferentially
absorbed under acidic conditions (pH below the pKa), whereas
bases are preferentially absorbed at alkaline pH (higher than
their pKa).

Molecular Weight

Absorption is slow for drugs that are large in size or that pos-
sess “bulky” or oxygenated side chain groups. Most drugs are
250 to 450 Da in size and can readily cross membranes.

Dosage Form

Many drugs are available in multiple dosage forms. The for-
mulation of a drug affects the drug’s absorption and onset
of action. Consider, for example, an orally administered drug
that is available as a tablet, a capsule, a liquid suspension, and
a liquid solution. To be absorbed, the solid tablet must disin-
tegrate into small particles, which must then dissolve into
aqueous gastrointestinal fluids. On the other hand, drugs that
are formulated into capsules can skip the disintegration step
because capsules contain drugs that are already in small par-
ticle form. A drug suspension contains even smaller particles
than capsules. With liquid formulations, the drug has already
been dissolved. Hence, drugs that are available as liquid
formulations are absorbed faster than drugs that are suspen-
sions, suspensions are absorbed more rapidly than capsules,
and capsules are absorbed more rapidly than tablets (Fig. 1-1).

Routes of Administration

The enteral (relating to the alimentary canal) route of admin-
istration is the safest, most economical, and most convenient
way of administering drugs. Orally, sublingually, and rectally
administered medications are in this category.
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Figure 1-1. Disintegration and dissolution characteristics of various dosage forms.
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ultimate concentration of a drug in the plasma. Based solely on \ : , aﬁgggtelajg:) .
the anatomy of the body, drugs absorbed beyond the oral Buccal il
cavity are transported to the liver via the portal vein, where most cavity . |

drugs are metabolized to less active metabolites. After
metabolism in the liver, drug metabolites are transported to the
systemic circulation by the hepatic vein.

Sublingual and Oral

Medications that are administered sublingually dissolve under
the tongue, without chewing or swallowing. Absorption is
very quick, and higher drug levels are achieved in the blood-
stream by sublingual routes than by oral routes because (1) the
sublingual route avoids first-pass metabolism by the liver
(Fig. 1-2), and (2) the drug avoids destruction by gastric juices
or complexation with foods. Remember that drugs absorbed
from the gut travel first to the liver via the portal vein. Drugs
absorbed through the intestine may, thus, reach systemic cir-
culation at a concentration significantly below the initial dose.
The keys to understanding drug absorption are highlighted in
Box 1-3.

Ideally, for a drug to be delivered sublingually, the drug
should dissolve rapidly, produce desired therapeutic effects
with small amounts of drug, and be tasteless. Examples of
commonly prescribed sublingual tablets include nitroglycerin,
loratadine, mirtazapine, and rizatriptan (Table 1-2).

Some diseases alter rates of drug absorption. For example if
gastrointestinal motility is dramatically increased, as in in-
flammatory bowel diseases (Crohn disease, ulcerative colitis)
or malabsorptive syndromes (celiac sprue), absorption of
some drugs may be reduced (Table 1-3). On the other hand,
absorption of other drugs may be increased in patients with
these inflammatory gut disorders, because gastrointestinal
membranes often do not remain intact as a consequence of
these autoimmune diseases. Alternatively, consider situations
in which gastrointestinal motility is slowed (i.e., diabetic gas-
troparesis). Here, drug absorption could be enhanced as a re-
sult of prolonged contact time with the absorptive areas of the
intestine. Likewise, there are drugs that alter the rate of
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Figure 1-2. Drugs administered sublingually and rectally avoid
first-pass metabolism in the liver.

absorption for other orally administered medications
(Table 1-4).

Food can also affect absorption of drugs by either increas-
ing, decreasing, or delaying the rate at which absorption oc-
curs (Table 1-5). As a generalization, food tends to slow the



= The biochemical properties of a drug determine the optimal
route of administration.

= Optimal absorption of weak acids/bases depends on the pH
of the gastrointestinal tract or surrounding environment.
= Gastrointestinal disease can affect the absorption of drugs.
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Loratadine

Allergies
Mirtazapine Anxiety
Nitroglycerin Angina
Rizatriptan Migraine headache
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Celiac sprue Aspirin Acetaminophen
Cephalexin Amoxicillin
Clindamycin Penicillin V
Erythromycin
Propranolol
Sulfamethoxazole
Trimethoprim
Crohn disease Clindamycin Acetaminophen
Propranolol Cephalexin
Sulfamethoxazole = Methyldopa
Trimethoprim Metronidazole

Changes in gastric or

Hz blockers, antacids, proton

intestinal pH pump inhibitors
Changes in gastrointestinal Laxatives, anticholinergics,
motility metoclopramide
Changes in gastrointestinal Vasodilators
perfusion
Interference with mucosal Neomycin, colchicine
function
Chelation Tetracycline, calcium,
magnesium, aluminum
Resin binding Cholestyramine
Adsorption Charcoal*

*Note that the final example is administered deliberately to alter drug absorption.
The remainder display altered absorption as a side effect.

rate of gastric emptying. This results in slower absorption of
many drugs. For this reason, drugs are often administered on
an empty stomach—to increase absorption. However, if drugs
are irritating to the gastrointestinal tract, a light, nonfatty meal
may be recommended. There are other reasons to consider giv-
ing drugs with or without food. For example, penicillin V
should be administered on an empty stomach (1 hour before
meals or 2 to 3 hours after meals) because it is unstable in gas-
tric acids. On the other hand, metoprolol and propranolol
(B-blockers) should be taken with meals because food enhances
their bioavailability. Although the oral route of administration
is the most common, there are a few instances in which the oral
route of administration should not be used (Box 1-4).

Rectal

Sometimes drugs are administered rectally via suppository or
enema. Absorption from the rectum is erratic and unpredict-
able because the rectum contains no microvilli. In addition,
most drugs irritate the rectum. However, rectal administration
can be useful in patients who are unconscious or vomiting or in
those with severe inflammatory bowel disease. An additional
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Ampicillin Acetaminophen
Aspirin Aspirin

Atenolol Cephalosporins
Captopril Sulfonamides
Hydrochlorothiazide Diclofenac
Tetracyclines Digoxin

Iron Furosemide
Levodopa Valproate
Penicillamine

Sotalol

Warfarin

- e = — g

Carbamazepine
Diazepam
Griseofulvin
Labetalol
Metoprolol
Propranolol
Nitrofurantoin



= |f the drug causes nausea and vomiting

= [f the patient is currently vomiting

= |f the patient is unwilling or unable to swallow (e.g., child,
mentally handicapped, unconscious)

= |f the drug is destroyed by digestive enzymes (e.g., insulin)

= |fthe drug is not absorbed through the gastric mucosa (e.g.,
aminoglycosides)

= |f the drug is rapidly degraded (e.g., lidocaine)

benefit of this route of administration is that the first-pass effect
of the liver is avoided because a portion of the rectal blood sup-
ply (inferior and middle hemorrhoidal veins) bypasses hepatic
portal circulation.

Parenteral
The parenteral routes of administration include any routes
that bypass the gastrointestinal tract entirely. The IV route
of administration is the quickest way to get a drug to its site
of action, so IV drugs are of the greatest value during emer-
gencies when speed is vital. Advantages and disadvantages
of IV drug administration are found in Boxes 1-5 and 1-6.
IM and SC administrations are not affected by first-pass
hepatic metabolism, but both routes of administration are di-
rectly affected by blood flow at the site of injection. Exercise,
activity, and massage at the injection site increase blood flow,

Drug immediately enters circulation

Drug is rapidly distributed to tissues

Rapid response

Permits instant dosage titration

Useful if drug is destroyed by gastric contents or heavily
metabolized by the first-pass effect

Allows maintenance of constant blood levels

Large quantities can be administered for a long time
Reduced irritation because of diluting/buffering by blood
Always available (unconscious patients)

= Once injected, the drug cannot be removed

= |njections given too rapidly can cause serious reactions if
too much drug arrives at organs as a concentrated
solution (respiratory, circulatory failure)

Not suited for easy self-administration

Must use sterile technique

Discomfort with drug administration

Irritation, allergy, overdoses difficult to manage

which speeds drug absorption by allowing drug contact with
vasodilated capillaries.

Relatively large volumes of solution can be administered IM
with less pain orirritation than SC injections. This route is par-
ticularly useful for lipophilic substances. IM aqueous solutions
are typically absorbed within 10 to 30 minutes, although depot
formulations have been designed for some drugs that promote
gradual absorption over a prolonged period. Drugs adminis-
tered SC are absorbed slightly more slowly than drugs admin-
istered IM. Patients are more likely to be able to give
themselves SC injections (e.g., insulin) than to self-administer
medications by any other parenteral route.

In the event of an overdose after IM or SC injections,
absorption may be reduced by immobilizing the limb, apply-
ing ice, administering a vasoconstrictive agent (e.g., epineph-
rine), or applying a tourniquet.

Other examples of parenteral administration options are
listed in Table 1-6.

Inhalation

Anesthetic gases, metered-dose inhalers, and dry-powder
inhalers all deliver drugs to the lungs. The smaller the particle
size of the drug, the more likely the drug will reach the alveoli.
Inhaled glucocorticoids and B-adrenergic agonists are often
given to directly affect bronchial and alveolar targets, thus
achieving efficacy with minimal systemic effects. However,
it should be remembered that a proportion of inhaled drugs
still reaches the systemic circulation.

Mucous Membranes

Several drugs are administered topically to mucous mem-
branes of the eye, nose, throat, and vagina. Although typically
only local effects are desired, some level of systemic drug
absorption does occur through mucous membranes. In fact,
some vaginal estrogen products are specifically formulated
to provide systemic effects. Likewise, undesired systemic side
effects can occur from drug administration to mucous mem-
branes, such as when ocular B-blockers aggravate asthma or
when nasally delivered corticosteroids contribute to osteopo-
rosis, cataracts, or elevated intraocular pressure.

Intra-arterial ,

Local perfusion of an organ
(cancer chemotherapy,
radiocontrast agent)
Bone marrow (burn patients)  Other sites inaccessible
Intradermal Allergy testing
Intracardiac Emergency treatment of
cardiac arrest
Intraperitoneal Home dialysis; some ovarian

cancer treatment protocols



Topical

In general, absorption through the skin is extremely slow.
Absorption can be increased by incorporating drugs into fatty,
lipid-soluble vehicles such as lanolin, by rubbing the applica-
tion site to increase blood flow, or by applying a keratolytic
(e.g., salicylic acid) to reduce the keratin layer. Drugs applied
topically may be used either for their local effects (e.g., hydro-
cortisone) or for systemic effects (e.g., nitroglycerin, scopol-
amine, estrogen, nicotine). The latter examples are available
as transdermal formulations and are time released.

©®® DISTRIBUTION

The process of translocating drugs from the bloodstream into
the tissues is referred to as distribution. The apparent volume
of distribution (Vd) describes the area of the body to which
drugs are distributed and may be defined as the fluid volume
required to contain all the drug in the body at the same con-
centration observed in the blood. The Vd may be calculated
by dividing the total amount of drug in the body by the initial
concentration of drug in the plasma (e.g., Cy or plasma con-
centration at time zero). Remember, Vd assumes that the con-
centration of drug is the same in all locations throughout the
body (which is not always true). Mathematically, Vd (in liters)
is equivalent to

Dose (mg)
Concentration (mg/L)

Another way to think about Vd is that it is equal to the
amount of space in the body that a drug needs to fill up. It
should in no way be confused or associated with any particular
physiologic compartment. In many cases, the volume of distri-
bution is normalized to body weight and will then be
expressed as units of liters per kilogram.

Vascularity is the most important determinant of distribu-
tion. After all, very little drug can be distributed to an area
of the body that gets minute amounts of blood flow. Frankly,
most drugs are not uniformly distributed. Drugs are typically
distributed in several phases. In the first phase, drugs are dis-
tributed to high-flow areas such as the heart, liver, kidneys,
and brain. In later phases, drugs are distributed to low-flow
areas such as bones, fat, and skin.

There are many body compartments in which drugs can be
distributed, and the Vd varies for each drug, depending on
how widely distributed the drug is. Some drugs that circulate
in the body tightly bound to albumin will remain primarily in
the vasculature, a compartment with a Vd of about 5 L, the
volume of plasma. Other hydrophilic drugs distribute to both
the vasculature and extracellular fluid compartments, with a
Vd of about 15 L. Still other agents distribute throughout
all body fluids, including intracellular fluids, and possess a
Vd of 40 L or more. With respect to Vd, some key points to
understand are (1) when a drug has a large Vd, it means that
a larger dose of drug will be needed to achieve a target drug
concentration in the plasma; and (2) lipid-soluble drugs (hy-
drophobic) have a larger Vd than water-soluble drugs.

In fact, lipophilic drugs can dissolve in fat and can accumulate
in adipose tissues, yielding Vd greater than 100 L. Note that a
drug may have a high Vd and distribute to peripheral compart-
ments, but those compartments are not necessarily the sites of
drug action. However, the real value of Vd is that it allows de-
termination of steady-state dosing regimens when a particular
concentration of drug is desired in the plasma.

Plasma Protein Binding

Numerous drugs bind nonspecifically to serum proteins, espe-
cially albumin, as well as other cell constituents in the skeletal
system (bones, teeth, muscle), through a process known as
nonspecific protein binding. Protein-bound drugs are not bio-
active (i.e., protein-bound drugs have no therapeutic efficacy
while bound nonspecifically to plasma proteins). Bound drugs
cannot be filtered by the glomerulus nor are they subject to
metabolism by microsomal P450 enzymes. Protein-bound
drug can be thought of as a reservoir—with drug gradually
released from nonspecific binding sites when plasma concen-
trations of the drug decline. For sports enthusiasts, think of
plasma proteins as the hockey penalty box; when bound to
plasma proteins, drugs (i.e., hockey players) can no longer
participate in biologic activity, free distribution, metabolism,
or excretion. On the other hand, unbound (or “free”) drugs
are able to distribute and bind to their specific receptor targets
and exert biologic effects.

When a drug is nonspecifically protein bound, the disappear-
ance of the drug from the blood is slowed, because only free
drug (1) is metabolized by hepatic enzymes and (2) is filtered
by renal glomeruli and eliminated. Because albumin is the pri-
mary plasma protein to which drugs bind nonspecifically, alter-
ations in albumin levels can affect free drug concentrations
(Table 1-7). Other plasma proteins that nonspecifically bind
drugs include o4-acid glycoproteins and lipoproteins. -

There is a theoretical risk of drug-drug interactions any
time a drug is greater than 80% protein bound. Drugs com-
pete with one another for binding to plasma proteins, and
drugs frequently displace each other. Consider the anticoag-
ulant drug warfarin, which is greater than 99% protein
bound. This means that less than 1% of warfarin is circulat-
ing freely, and it is this small amount of free drug that is ther-
apeutically active. If a patient has been stabilized on a dosage
of warfarin and another highly protein-bound drug is

Hyperalbuminemia Dehydration

Decreased
Hypoalbuminemia Burns Increased
Renal disease Increased

Hepatic disease Increased
Malnutrition Increased



