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Care has been taken to confirm the accuracy of the information present and to describe generally accepted
practices. However, the authors, editors, and publisher are not responsible for errors or omissions or for any conse-
quences from application of the information in this book and make no warranty, expressed or implied, with respect
to the currency, completeness, or accuracy of the contents of the publication. Application of this information in a
particular situation remains the professional responsibility of the practitioner; the clinical treatments described and
recommencded may not be considered absolute and universal recommendations.

The authors, editors, and publisher have exerted every effort to ensure that drug selection and dosage set forth in
this text are in accordance with the current recommendations and practice at the time of publication. However, in
view of ongoing research, changes in government regulations, and the constant flow of information relating to drug
therapy and drug reactions, the reader is urged to check the package insert for each drug for any change in indications
and dosage and for added warnings and precautions. This is particularly important when the recommended agent
is a new or infrequently employed drug.

Some drugs and medical devices presented in this publication have Food and Drug Administration (FDA) clearance
for limited use in restricted research settings. It is the responsibility of the health care provider to ascertain the FDA
status of each drug or device planned for use in their clinical practice.
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to (301) 223-2320. International customers should call (301) 223-2300.

Visit Lippincott Williams & Wilkins on the Internet: http://www.Iww.com. Lippincott Williams & Wilkins customer
service representatives are available from 8:30 am to 6:00 pm, EST.
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Drug Metabolism, Prodrugs,
and Pharmacogenetics

Marc W. Harrold

I. INTRODUCTION TO DRUG METABOLISM. Drug metabolism (also called biotransforma-
tion) refers to the biochemical changes that drugs and other foreign chemicals (xenobiotics)
undergo in the body, leading to the formation of different metabolites with different effects. Xenobi-
otics can undergo a variety of biotransformation pathways, resulting in the production of a mixture
of intermediate metabolites and excreted products, including unchanged parent drug. Rarely is
only one metabolite produced from a single drug.

A. Inactive metabolites, Some metabolites are inactive (i.e., their pharmacologically active parent
compounds become inactivated or detoxified).

1. The hydrolysis of procaine to p-aminobenzoic acid and diethylethanolamine results in a
loss of anesthetic activity.

2. The oxidation of 6-mercaptopurine to 6-mercapturic acid results in a loss of anticancer
activity.
B. Metabolites that retain similar activity. Certain metabolites retain the pharmacological activity
of their parent compounds to a greater or lesser degree.
1. Imipramine is demethylated to the essentially equiactive antidepressant, desipramine.
2. Acetohexamide is reduced to the more active hypoglycemic, I-hydroxyhexamide.
3. Codeine is demethylated to the more active analgesic, morphine.
C. Metabolites with altered activity. Some metabolites develop activity different from that of their
parent drugs.
1. The antidepressant iproniazid is dealkylated to the antitubercular, isoniazid.
2. The vitamin retinoic acid (vitamin A) is isomerized to the anti-acne agent, isoretinoic acid.
D. Bioactivated metabolites. Some pharmacologically inactive parent compounds are converted
to active species within the body. These parent compounds are known as predrugs.
1. The prodrug enalapril is hydrolyzed to enalaprilat, a potent antihypertensive.
2. The prodrug sulindac, a sulfoxide, is reduced to the active sulfide.

3. The antiparkinsonian levodopa (L-dopa) is decarboxylated in the neuron to active dopa-
mine.

I1. BLOTRANSFORMATION PATHWAYS

A. Phase | reactions are those in which polar functional groups are introduced into the molecule
or unmasked by oxidation, reduction, or hydrolysis.

1. Oxidation is the most common phase | biotransformation.

a. The majority of oxidations accur in the liver; however, extrahepatic tissues, such as the
intestinal mucosa, lungs, and kidney, can also serve as metabolic sites.

b. The vast majority of oxidations are catalyzed by a group of mixed-function oxidases
known as cytochrome P50 (CYP450). These oxidases are bound to the smooth endoplas-
tic reticulum of the liver and require both NADPH and a porphyrin prosthetic group.
Unlike most enzymes, CYP450 uses a variety of cxidative biotransformations to metabol-
ize a diverse group of substrates.
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