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PART 1
General Considerations in Clinical Medicine

CYP2D6b

Substratesa
Calcium channel blockers
Antiarrhythmics (lidocaine,
quinidine, mexiletine)
HMG-CoA reductase
inhibitors (“statins”; see
text)
Cyclosporine, tacrolimus
Indinavir, saquinavir, ritonavir
Timolol, metoprolol,
carvedilol
Phenformin
Codeine

CYP2C9b

CYP2C19b

CYP2B6b
Thiopurine
S-methyltransferaseb
N-acetyltransferaseb

UGT1A1b
Pseudocholinesteraseb
P-glycoprotein

SLCO1B1b

Propafenone, flecainide
Tricyclic antidepressants
Fluoxetine, paroxetine
Warfarin
Phenytoin
Glipizide
Losartan
Omeprazole
Mephenytoin
Clopidogrel
Efavirenz
6-Mercaptopurine,
azathioprine
Isoniazid
Procainamide
Hydralazine
Some sulfonamides
Irinotecan
Succinylcholine
Digoxin
HIV protease inhibitors
Many CYP3A substrates

Inhibitorsa
Amiodarone
Ketoconazole,
itraconazole
Erythromycin,
clarithromycin
Ritonavir

Quinidine (even
at ultra-low doses)
Tricyclic
antidepressants
Fluoxetine,
paroxetine

PHARMACoKINETIC CoNCEPTS
Most pharmacokinetic processes, such as elimination, are firstorder; that is, the rate of the process depends on the amount of drug
present. Elimination can occasionally be zero-order (fixed amount
eliminated per unit time), and this can be clinically important (see
“Principles of Dose Selection”). In the simplest pharmacokinetic
model (Fig. 5-2A), a drug bolus (D) is administered instantaneously
to a central compartment, from which drug elimination occurs as a
first-order process. Occasionally, central and other compartments
correspond to physiologic spaces (e.g., plasma volume), whereas in
others they are simply mathematical functions used to describe drug
disposition. The first-order nature of drug elimination leads directly
to the relationship describing drug concentration (C) at any time (t)
following the bolus:
C=

Amiodarone
Fluconazole
Phenytoin
Omeprazole

Quinidine
Amiodarone
Verapamil
Cyclosporine
Itraconazole
Erythromycin

Simvastatins and some
other statins

Inhibitors affect the molecular pathway, and thus may affect substrate. bClinically important genetic variants described; see Table 5-2.
a

Note: A listing of CYP substrates, inhibitors, and inducers is maintained at http://medicine
.iupui.edu/flockhart/table.htm.

that accomplish phase II reactions include glucuronyl-, acetyl-, sulfo-,
and methyltransferases. Drug metabolites may exert important pharmacologic activity, as discussed further below.
Clinical Implications of Altered Bioavailability Some drugs undergo nearcomplete presystemic metabolism and, thus, cannot be administered
orally. Nitroglycerin cannot be used orally because it is completely
extracted prior to reaching the systemic circulation. The drug is,
therefore, used by the sublingual or transdermal routes, which bypass
presystemic metabolism.
Some drugs with very extensive presystemic metabolism can still be
administered by the oral route, using much higher doses than those
required intravenously. Thus, a typical intravenous dose of verapamil
is 1–5 mg, compared to the usual single oral dose of 40–120 mg.
Administration of low-dose aspirin can result in exposure of cyclooxygenase in platelets in the portal vein to the drug, but systemic sparing
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because of first-pass aspirin deacylation in the liver. This is an example
of presystemic metabolism being exploited to therapeutic advantage.

D
• e(−0.69t /t1/2 )
Vc

where Vc is the volume of the compartment into which drug is
delivered and t1/2 is elimination half-life. As a consequence of this
relationship, a plot of the logarithm of concentration versus time is a
straight line (Fig. 5-2A, inset). Half-life is the time required for 50% of
a first-order process to be complete. Thus, 50% of drug elimination
is achieved after one drug-elimination half-life, 75% after two, 87.5%
after three, etc. In practice, first-order processes such as elimination
are near-complete after four–five half-lives.
In some cases, drug is removed from the central compartment not
only by elimination but also by distribution into peripheral compartments. In this case, the plot of plasma concentration versus time after
a bolus may demonstrate two (or more) exponential components
(Fig. 5-2B). In general, the initial rapid drop in drug concentration represents not elimination but drug distribution into and out of peripheral
tissues (also first-order processes), while the slower component represents drug elimination; the initial precipitous decline is usually evident
with administration by intravenous but not by other routes. Drug
concentrations at peripheral sites are determined by a balance between
drug distribution to and redistribution from those sites, as well as by
elimination. Once distribution is near-complete (four–five distribution
half-lives), plasma and tissue concentrations decline in parallel.
Clinical Implications of Half-Life Measurements The elimination half-life
not only determines the time required for drug concentrations to fall
to near-immeasurable levels after a single bolus, it is also the sole determinant of the time required for steady-state plasma concentrations to
be achieved after any change in drug dosing (Fig. 5-4). This applies to
the initiation of chronic drug therapy (whether by multiple oral doses
or by continuous intravenous infusion), a change in chronic drug dose
or dosing interval, or discontinuation of drug.
Steady state describes the situation during chronic drug administration when the amount of drug administered per unit time equals
drug eliminated per unit time. With a continuous intravenous infusion,
plasma concentrations at steady state are stable, while with chronic oral
drug administration, plasma concentrations vary during the dosing
interval but the time-concentration profile between dosing intervals is
stable (Fig. 5-4).
dRUg dISTRIBUTIoN
In a typical 70-kg human, plasma volume is ∼3 L, blood volume is ∼5.5 L,
and extracellular water outside the vasculature is ∼20 L. The volume of distribution of drugs extensively bound to plasma proteins but not to tissue
components approaches plasma volume; warfarin is one such example.
By contrast, for drugs highly bound to tissues, the volume of distribution
can be far greater than any physiologic space. For example, the volume
of distribution of digoxin and tricyclic antidepressants is hundreds of
liters, obviously exceeding total-body volume. Such drugs are not readily
removed by dialysis, an important consideration in overdose.
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