
The Theory

and Practice of Industrial

Pharmacy

LEON LACHMAN, Ph.D.
Lachman Consultant Services, Inc.

Garden City, New York‘

HERBERT A. LIEBERMAN, Ph.D.
H. H. Lieberman Associates, Inc.

Consultant Services

Livingston,- New Jersey

JOSEPH L. KANIG, Ph.D.
Kanig Consulting and Research ASSociates, Inc,

Ridgefield, Connecticut

THIRD EDITION

INDIAN EDITION

'VARGHESE PUBLISHING HOUSE

Hind Rajasthan’Building

DadarBombay 400 014
1987 '

AstraZeneca Exhibit 2134 p. 1

InnoPharma Licensing LLC V. AstraZeneca AB
IPR2017-00904

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Lea 8e Febiger
600 Washington Square
Philadelphia, PA 19106-4198U. SA.

(215) 922—1330

Library of Congress Cataloging in Publication Data
Main entry under title:

The Theory and practice of industrial pharmacy.

Includes bibliographies and index.
1. Pharmacy. 2. Drug trade. I. Laehman, Leon,

1929— II. Lieberman, Herbert A_., 1920--

III. Kanig. Joseph L., 1921 — [DNLM:,_1. Drug
Industry.
QV 704 T396]
RSI92.L33 1985 619.19 84-27806
ISBN 0-8121—0977—5

First Edition, 1970
Second Edition, 1976

Copyright © 1986 by Lea & Febiger. Copyright under the
International Copyright Union. All Rights Resenied. This book is
protected by copyright. No part of it may be'repr'oduced in any
manner or by any means without written permission from the
publisher.

FIRST INDIAN REPRINT, 1987
SECOND INDIAN REPRINT, 1989
THIRD INDIAN REPRINT, 1990
FOURTH INDIAN REPRINT, 1991

Reprinted in India by special arrangement with LEA & FEBIGER
Philadelphia U S A.

Indian Edition published by

Varghese Publishing House, I-Iind Rajasthan Building, Dadar,
Bombay 400 014.

Reprinted by Akshar Pratiroop Pvt Ltd, Bombay 400 031

AstraZeneca Exhibit 2134 p. 2

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


 

Contents

Section I. Principles of Pharmaceutical Processing

1. Mixing 3
EDWARD G. RIPPIE

2. Milling 21
EUGENE L. PARROT ,

3. Drying 4'7
ALBERT s. RANKELL, HERBERT A. LIEBERMAN, ROBERT F. SCHIFFMANN

4. Compression and Consolidation of Powdered Solids 66
KEITH MARSHALL

5. Basic Chemical rinciples (Related to Emulsion and Suspension
Dosage Forms a 100
STANLEY L. HEM, JOSEPH R. FELDKAMP, JOE L. WHITE

6. Pharmaceutical Rheology 123
JOHN H. WOOD

7. Clarification and Filtration/ 146
‘s. CI—IBAI

Section II. Pharmaceutical Dosage Form Design

5S7 Preformulation 171
EUGENE-F. FIESE, TIMOTHY A. HAGEN

9. Biopharmaceutics . 197

K.C: KWAN, M.R. DOBRINSKA, J.D. ROGERS, A.E. TILL, K.C. YEH

10. Statistical Applications in the Pharmaceutical Sciences 243
SANFORD BOLTON

Section III. Pharmaceutical Dosage Forms
11. Tablets 293

GILBERT s. BANKER, NEIL R. ANDERSON

12. Tablet Coating 346
JAMES A. SEITZ, SHASHI P. MEHTA, JAMES L. YEAGER

ix

AstraZeneca Exhibit 2134 p. 3

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


13. Capsules 374 -

Part One Hard Capsules 374
VAN B. HOSTETLER '

Part Two Soft Gelatin Capsules 398
J.P. STANLEY

Part Three Microencapsulation 412
J.A. BAKAN

14. Sustained Release Dosage Forms 430

‘ NICHOLAS c. LORDI

15.” Liquids 457
J.C. BOYLAN

16/Pharmaceutical Suspensions 479
NAGIN K. PATEL, LLOYD KENNON*, R. SAUL LEVINSON

17W502
MARTIN M. RIEGER

18/ Semisolids 534

BERNARD IDSON, JACK LAZARUS*

19. Suppositories 564 '
LARRY J. COBEN, HERBERT A. LIEBERMAN

Pharmaceutical Aerosols 589

- JOHNJ SCIARRA, ANTHONYJ. CUTIE
121 Sterilization 619

KENNETH E. AVIS, MICHAEL J. AKERS
22. Sterile Products 639 '

KENNETH E. AVIS

 

Section IV. Product Processing, Packaging, Evaluation, and
Regulations

23.‘ Pilot Plant Scale-Up Techniques 681
SAMUEL HARDER, GLENN VAN BUSKIRK

24? Packaging Materials Science 711
CARLO P. CROCE, ARTHUR FISCHER, RALPH H. THOMAS

25.’ Production Management 733
J.V. BATTISTA

26. Kinetic Principlesand Stability Testing 760'
, LEON LACHMAN, PATRICK DELUCA, MICHAEL J. AKERS

27. Quality Control and Assurance ' 804
LEON LACHMAN, SAMIR A. HANNA, KARL LIN

28. Drug Regulatory Affairs 856
WILLIAM R. PENDERGAST, RAYMOND D. MCMURRAY*

INDEX 883

‘Deceased.

x 0 Contents

AstraZeneca Exhibit 2134 p. 4

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


 l4

Sustained Release

Dosage Forms

NICHOLAS G. LORDI

With many drugs, the basic goal of therapy is to
achieve a steady-state blood or tissue level that is
therapeutically effective and nontoxic for an ex— _
tended period of time. The design of proper dos-
age regimens is an important element in accom-
plishing this goal. A basic objective in dosage
form design is to optimize the delivery of medi-
cation so as to achieve a measure of control of

the therapeutic effect in the face of uncertain
, fluctuations in the in, vivo environment in

which drug releasetakes place. This is usually
accomplished by maximizing drug availability,
i.e., by attempting to attain a maximUm rate and
extent of drug absorption; however, control of
drug action through formulation also implies
controlling bioavailability to reduce drug absorp-
tion rates. In this chapter, approaches to the for-
mulation of drug delivery systems, based on the
deliberate control of drug availability, are consid-
ered with emphasis on peroral dosage forms.

The Sustained Release Concept
Sustained release, sustained action, prolonged

action, controlled release, extended action,
timed release, depot, and repository dosage
forms are terms used to identify drug delivery
systems that are designed to achieve a prolonged
therapeutic effect by continuously releasing
medication over an extended period of time after
administration of a single dose. In the case of
injectable dosage forms, this period may vary
from days to months. In the case of orally ad-
ministered forms, however, this period is meas-
ured in hours and critically depends on the resi-
dence time of the dosage ,form in the
gastrointestinal (GI) tract. The term “controlled

release” has become associated with those sys-
tems from which therapeutic agents may be au-
tomatically delivered at predefined rates over a
long period of time. Products of this type have

430

been formulated for oral, injectable, and topical
use, and include inserts for placement in body
cavities as well.1

The pharmaceutical'industry prevides a vari-
ety of dosage forms and dosage levels of particu-
lar drugs, thus enabling the physician to control
the onset and duration of drug therapy by alter—
ing the dose and/or mode of administration. In

some instances, control of drug therapy can be
achieved by taking advantage of beneficial drug
interactions that affect drug disposition and
elimination, e.g., the action of probenicid, which
inhibits the excretion ofpenicillin, thus prolong-
ingits blood level. Mixtures of drugs might be
utilized to potentiate, synergize, or antagonize
given drug actions. Alternately, drug mixtures
might be formulated in which the rateand/or
extent of drug absorption is modified. Sustained
release dosage form design embodies this ap-
proach to the control of drug action, i.e., through
a process of either drug modification or dosage
form modification, the absorption process, and
subsequently drug action, can be controlled.

Physicians can achieve several desirable ther-

apeutic advantages by prescribing sustained re-
lease forms. Since the frequency of drug admin—
istration is reduced, patient compliance can be
improved, and drug administration can be made
more convenient as well. The blood level oscilla-

tion characteristic of multiple dosing of conven-
tional dosage forms is reduced, because a more
even blood level is maintained. A less obvious

advantage, implicit in the design of sustained
release forms, is that the total amount of drug
administered can be reduced, thus maximizing
availability with a minimum dose. In addition,
better control of drug absorption can be attained,
since the high blood level peaks that may be ob-
served after administration of a dose of a high-
availability drug can be redneed by formulation
in an extended action form. The safety margin of
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