APPLIED

BIOPHARMACEUTICS
& PHARMACOKINETICS

FIFTH EDITION

LEON SHARGEL, PhD, RPh
Vice President, Biopharmaceutics
Eon Labs, Inc.

Wilson, North Carolina

Adjunct Associate Professor
School of Pharmacy
University of Maryland
Baltimore, Maryland

SUSANNA WU—PONG PhD, RPh

Associate Professor
Department of Pharmaceutics
Medical College of Virginia Campus
Virginia' Commonwealth University
Richmond, Virginia

ANDREW B.C. YU PhD, RPh

Registered Pharmacist
Gaithersburg, MD
Formerly Associate Professor of Pharmaceutics
Albany College of Pharmacy
Present Affiliation: HFD-520, CDER, FDA*

*The content of this book represents the personal views of the authors and not that of the FDA.

McGraw-Hill
Medical Publishing Division

New York Chicago San Francisco Lisbon London Madrid Mexico City Milan
New Delhi San Juan Seoul Singapore Sydney Toronto

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

The McGraw-Hill companies T '

Applied Biopharmaceutics and Pharmacokinetics, Fifth Edition

Copyright © 2005 by The McGraw-Hill Companies, Inc. Copyright © 1999, 1993 by Appleton
& Lange; copyright © 1985, 1980 by Appleton-Century-Crofts. All rights reserved. Printed
in the United States of America. Except as permitted under the United States copyright
Act of 1976, no part of this publication may be reproduced or distributed in any form or
L by any means, or stored in a data base or retrieval system, without the prior written per-
mission of the publisher.

234567890 DOC/DOC 098765
ISBN 0-07-137550-3

This book was set in New Baskerville by TechBooks.
The editors were Michael Brown and Christie Naglieri.
The production service was TechBooks.

The production supervisor was Phil Galea.

The cover designer was Kelly Parr.

RR Donnelley was printer and binder.

= This book is printed on acid-free paper.

Library of Congress Cataloging-in-Publication Data

Shargel, Leon, 1941-
Applied biopharmaceutics & pharmacokinetics/Leon Shargel, Susanna Wu-Pong,
Andrew B.C. Yu. —5th ed.
p.; cm.
Includes bibliographical references and index.
' ISBN 0-07-137550-3
1. Biopharmaceutics. 2. Pharmacokinetics. I. Title: Applied biopharmaceutics and
pharmacokinetics. II. Wu-Pong, Susanna. IIL Yu, Andrew B. C,,
1945- IV. Title.
[DNLM: 1. Biopharmaceutics. 2. Models, Chemical. 3. Pharmacokinetics.
QV 38 S531a 2004] RM301.4.552 2004
615'.7—dc22
2004044993

Please tell the authors and publisher what you think of this book by sending your
comments to pharmacy@mcgraw-hill.com. Please put the author and title of the
book in the subject line.

[A)OCKET

L A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/
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PharmGKB: www.pharmgkb.org PharmGKB is an integrated resource about how variation in humap
genes leads to variation in response to drugs.

Raimundo S, Fischer ], Eichelbaum M, Griese E-U, Schwab M, Zanger UM: Elucidation of the genetic
basis of the common “intermediate metabolizer” phenotype for drug oxidation by CYP2Dg,
Pharmacogenetics 10:1-5, 2000

Synold TW, Dussault I, Forman BM: The orphan nuclear receptor SXR coordinately regulates drug me-

tabolism and efflux. Nature Med 7(5), 2001
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PHYSIOLOGIC

FACTORS RELATED TO
DRUG ABSORPTION

The systemic absorption of a drug is dependent on (1) the physicochemical prop-
erties of the drug, (2) the nature of the drug product, and (3) the anatomy and
physiology of the drug absorptlon site. All of these considerations are important in
the manufacture and biopharmaceutic evaluation of drug products (Chapter 14).
Proper drug product selection requires a thorough understanding of the physio-
logic and pathologic factors affecting drug absorption to assure therapeutic efficacy
and to avoid potential drug—drug and drug-nutrient interactions. This chapter will
focus on the anatomic and physiologic cons;deratlons for the systemic absorption
of a drug.

\,

ROUTE OF DRUG ADNIIYI';IISTRATION

Drugs may be given by parenteral, enteral, inhalation, transdermal (percutaneous),
or intranasal route for systemic absorption. Each route of drug administration has
certain advantages and disadvantages. Some characteristics of the more common
routes of drug administration are listed in Table 13.1. The systemic availability and
onset of drug action are affected by blood flow to the administration site, the physi-

* cochemical characteristics of the drug and the drug product, and by any pathophys-
iologic condition at the absorption site.

Many drugs are not administered orally bécause of drug instability in the
gastrointestinal tract or drug degradation by the digestive enzymes in the intestine.
For example, erythropoietin and human growth hormone (somatrophin) are ad-
ministered intramuscularly, and insulin is administered subcutaneously or intramus-
cularly, because of the potential for degradation of these drugs in the stomach or
intestine. Biotechnology products (Chapter 18) are often too labile to be admin-
istered orally and therefore are usually given parenterally. Drug absorption after
subcutaneous injection is slower than intravenous injection. Pathophysiologic
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CHAPTER 13. PHYSIOLOGIC FACTORS RELATED TO DRUG ABSORPTION

TABLE 13.1

Common Routes of Drug Administration

ROUTE

BIGAVAILABILITY

ADVANTAGES

DISADVANTAGES

Parenteral Routes
Intravenous bolus (IV)

Intravenous infusion
(IV inf)

Intramuscular injection
(IM]

Subcutaneous injection
(5C)

Enteral Routes

Buccal or sublingual {SL}

Oral (PO)

Rectal (PR)

Other Routes
Transdermal

Inhalation
and intranasal

Complete {100%) systemic
drug absorption.
Rate of bioavailability con-
sidered instantaneous.
Complete (100%) systemic
drug absorption.

Rate of drug absorption
controlled by infusion
rate.

Rapid from aqueous
solution,

Slow absorption from non-
aqueous [oil) solutions.

Prompt from aqueous soiu-
tion.

Slow absorption from
repository formulations.

Rapid aﬁsorption from lipid-
soluble drugs.

Absorption may vary.

Generally, slower absorp-
tion rate compared to IV
bolus or IM injection.

Absorption may vary from
SUPpPOSItory.

More reliable absorption
from enema (solution).

Slow absorption, rate may
vary.

Increased absorption with
occlusive dressing.

Rapid absorption.
Total dose absorbed is vari-
able.

Drug is given for immedi-
ate effect.

Plasma drug levels more
precisely controlied.

May inject large fluid vol-
umes.

May use drugs with poor
lipid solubility and/or irri-
tating drugs.

Easier to inject than intra-
venous injection.

Larger volumes may be
used compared to sub-
cutaneous solutions.

Generally, used for insulin
injection,

No "first-pass" effects.

Safest and easiest route of
drug administration.

May use immediate-release
and modified-release
drug products.

Useful when patient can-
not swallow medication.

Used for local and systemic
effects.

Transdermal delivery system
(patch) is easy to use.

Used for lipid-soluble drugs
with low dose and low
Mw.

May be used for local or
systemic effects.

Increased chance for
adverse reaction.
Possible anaphylaxis.

Requires skill in insertion of
infusion set.

Tissue damage at site of
injection (infiltration,
necrosis, or sterile
abscess).

Irritating drugs may be very
painful.

Different rates of absorp-
tion depending on mus-
cle group injected and
blood flow.

Rate of drug absorption
depends on blood flow
and injection volume.

Some drugs may be swal-
lowed.

Not for most dr‘ug% or
drugs with high doses.

Some drugs may have
erratic absorption, be
unstable in the gastoin-
testinal tract, or be
metabolized by liver prior
to systemic absorption.

Absorption may be erratic.

Suppdsitory may. migrate to
different position.

Some patient discomfort.

Some irritation by patch or
drug.

Permeability of skin variable
with condition, anatomic
site, age, and gender.

Type of cream or ointment
base affects drug release
and absorption.

Particle size of drug deter-
mines anatomic place-
ment in respiratory tract.

May stimulate cough reflex.

Some drug may be

swallowed.
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