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Introduction to Pharmacokinetics

Advancements in biopharmaceutics have come
about largely through the development and appli-
cation of pharmacokinetics. Pharmacokinetics is
the study and characterization of the time course
of drug absorption, distribution, metabolism, and
excretion, and the relationship of these processes
to the intensity and time course of therapeutic and
toxicologic effects of drugs. Pharmacokinetics is
used in the clinical setting to enhance the safe and
effective therapeutic management of the individual
patient. This application has been termed clinical
pharmacokinetics.

DISTRIBUTION AND ELIMINATION

The transfer of a drug from its absorption site
to the blood, and the various steps involved in the
distribution and elimination of the drug in the body,
are shown in schematic form in Figure 1-1. In the
blood, the drug distributes rapidly between the
plasma and erythrocytes (red blood cells). Rapid
distribution of drug also occurs between the plasma
proteins (usually albumin but sometimes «;-acid
glycoproteins and occasionally globulin) and
plasma water. Since most drugs are relatively small
molecules they readily cross the blood capillaries

and reach the extracellular fluids of almost every

organ in the body. Most drugs are also sufficiently
lipid soluble to cross cell membranes and distribute
in the intracellular fluids of various tissues.
Throughout the body there is a distribution of drug
between body water and proteins or other macro-
molecules that are dispersed in the body fluids or
are components of the cells.

The body can be envisioned as a collection of
separate compartments, each containing some frac-
tion of the administered dose. The transfer of drug
from one compartment to another is associated with
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a rate constant (k). The magnitude of the rate con-
stant determines how fast the transfer occurs.

The transfer of drug from blood to extravascular
fluids (i.e., extracellular and intracellular water)
and tissues is called distribution. Drug distribution
is usually a rapid and reversible process. Fairly
quickly after intravenous (iv) injection, drug in the
plasma exists in a distribution equilibrium with
drug in the erythrocytes, in other body fluids, and
in tissues. As a consequence of this dynamic equi-
librium, changes in the concentration of drug in
the plasma are indicative of changes in drug level
in other tissues including sites of pharmacologic
effect (bioreceptors).

The transfer of drug from the blood to the urine
or other excretory compartments (i.e., bile, saliva,
and milk), and the enzymatic or biochemical trans-
formation (metabolism) of drug in the tissues or
plasma to metabolic products, are usually irre-
versible processes. The net result of these irre-
versible steps, depicted in Figure 1-1, is called
drug elimination. Elimination processes are re-
sponsible for the physical or biochemical removal
of drug from the body.

The moment a drug reaches the bloodstream, it
is subject to both distribution and elimination. The
rate constants associated with distribution, how-
ever, are usually much larger than those related to
drug elimination. Accordingly, drug distribution
throughout the body is usually complete while most
of the dose is still in the body. In fact, some drugs
attain distribution equilibrium before virtually any
of the dose is eliminated. In such cases, the body
appears to have the characteristics of a single com-
partment.

This simplification, however, may not be applied
to all drugs. For most drugs, concentrations in
plasma measured shortly after iv injection reveal a
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