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PREFACE

Drug level monitoring represents an important aspect of pharmacologic
research. Moreover, the value of drug serum concentrations in optimiz-
ing individual drug dosages has led to therapeutic drug level monitoring
as a standard clinical practice for many important drugs. This book
. demonstrates how the principles of drug analysis and drug disposition
are combined in drug level monitoring. Jt serves as a guide to the
analytical techniques applicable to drug assays in biological samples,
and as a reference source for metabolic and pharmacokinetic data, and
is addressed to the analytical and clinical chemist, to the health-care
professional specialized in drug therapy—for example the clinical
pharmacologist and clinical pharmacist—and to researchers in all areas
of pharmacology. .

The first four chapters form a general summary of the principles of
drug metabolism, pharmacokinetics, clinical pharmacokinetics, thera-
peutic drug level monitoring, and analytical techniques for biological
samples. The specific part, Chapter 5, reviews in detail the analysis
and metabolic disposition of approximately 100 selected drugs in a
series of monographs. We emphasize the drugs that are currently
analyzed in clinical laboratories for therapeutic purposes. Furthermore,
representative drugs have been chosen from a large variety of
classes—in particular, drugs of abuse, anticancer drugs, antibiotics,
cardiovascular drugs, and centrally active drugs. The pertinent litera-
ture published before May 1979 is included in the monographs and
updated to November 1979 in an addendum.

WOLFGANG SADEE
GEeeRTRUIDA C. M. BEELEN

San Francisco, California
January 1980
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INTRODUCTION

The already classical studies on the nature and significance of drug
metabolism and disposition by Axelrod, Brodie, Dost, Kriiger-Thiemer,
and others, conducted only a few decades ago, stimulated an enormous
activity in this area. We now recognize that pharmacokinetic
parameters determine to a large extent the pharmacological responses
of individual patients. Moreover, differences in drug disposition account
for a major share of interindividual differences in drug response. Drug
doses required to achieve the same response in different patients may
vary by more than one order of magnitude. It is for these reasons that
drug' level monitoring has assumed its present importance in drug
research and therapy.

The definition of drug level monitoring also outlmes the scope of this
book; it is the quantitative determination of drugs and their
metabolites in biological specimens and the interpretation of such data
using principles of pharmacokinetics and pharmacodynamics. Drug
level monitoring thus incorporates the following fields:

Drug metabolism
Pharmacokinetics
Pharmacodynamics
Pathophysiology
Drug analysis
Clinical chemistry
Clinical toxicology
Clinical pharmacokinetics and therapeutic drug level monitoring

Detailed investigations on the disposition of a new drug are now
required before it can be applied to human clinical trials. Pharmaco-
logic research often utilizes drug level monitoring to study the
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2 Introduction

mechanism of drug action, including the contribution of metabolites to
the drug effect. Furthermore, bioavailability syudies depend on drug
level monitoring; new drug formulations have' to be tested for their
biocequivalence in terms of established standard preparations. Drug
level monitoring in the area of drug abuse and overdose is again based
on a different set of criteria and objectives. However, the most rapid
growth at present occurs in the application of drug level monitoring as a
~ guide to optimize individual drug dosage regimens. We will refer to this
area as “clinical pharmacokinetics and therapeutic drug level monitor-
ing.” Most major hospitals have established clinical chemistry sections
devoted to the analysis of therapeutic drug concentrations (“Drug Level
Laboratory,” “Clinical Pharmacokinetics Laboratory”).
We have approached the complex area of drug level monitoring by
selecting approximately 100 important, representative drugs. Selection
criteria were as follows:

1. Drugs that are currently measured in clinical pharmacokinetics
laboratories.

2. Drugs that are representative of a class of chemical or pharmaco-
logical agents (e.g., e-aminocaproic acid, chloroquin, clofibrate,
ethynylestradiol, isosorbide dinitrate, succinylcholine, warfarin).

3. Drugs that belong to the following major classes: antimicrobials,

- anticancer drugs, antiepileptics, cardiovascular drugs, psychotropic
drugs, analgesics, and drugs of abuse.

The metabolism, pharmacokinetics, and, in more detail, the analytical
assays of biological specimens are reviewed in separate monographs for
these 100 drugs. In addition, many more drugs listed in the register are
close chemical analogs of the selected drugs, and the literature cited
often contains detailed information on these analogs as well. The
monographs evaluate the literature that is currently available and
assist health-care professionals, pharmacologists, and analytical
chemists to utilize drug level monitoring to its full potential.

Brief general chapters are designed to introduce the reader to the
terminology and scope of pharmacokinetics, drug metabolism, and
analytical techniques, while tables enumerate the information con-
tained in the drug monographs for ready cross-referencing. Detailed dis-
cussions of the various general areas of interest can be found in the
textbooks cited.



DRUG METABOLISM

Drugs are eliminated from the body either in the unchanged form,
usually via renal excretion, or as metabolites. While it is generally
assumed that drug metabolites are inactive and more readily excreted
by the kidneys than is the parent drug, there are many examples of
active or even toxic metabolites. Table I contains the therapeutically
relevant metabolites of the listed drugs. Many of these drugs give rise to
active or toxic metabolites that need to be considered in drug level
monitoring. Major inactive metabolites are also included in Table I,
since they may interfere with the drug level assay or can be utilized to
indirectly determine the fate of the active species in the body. For
example, the urinary excretion of the glucuronide of 4-OH-phenytoin,
the major inactive product of phenytoin, can serve to differentiate
between rapid metabolism and noncompliance in patients who do not
respond to therapy (see phenytoin monograph).

Table I also includes the major mode of elimination of the active
.drug from the body, that is, renal or metabolic, which is an important
parameter in clinical pharmacokinetics. Metabolic elimination means
‘that the active species, either parent drug or active metabolite, is pre-
dominantly cleared by metabolic conversion to inactive products,
regardless of whether or not these inactive metabolites are then ex-
creted into the urine. For instance, diazepam is sequentially metabolized
to the pharmacologically active N-desmethyldiazepam and oxazepam,
followed by glucuronidation to the inactive oxazepam-3-0-glucuronide
as the major urinary product. Thus the mode of elimination of active
diazepam is by metabolism (see diazepam monograph). The predomi-
nance of the metabolic route as the major mode of elimination is strik-
ing. Many of the rather inert, lipophilic drugs would possess exceed-
ingly long half-lives in the body were it not for the surprising capacity of
mammalian species to metabolize almost any ingested chemical
substance.
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