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Preface to the First Edition

The rapid and substantial progress made in Pharmacy within
the last decade has created a necessity for a work treating of
the improved apparatus, the revised processes, and the re-
cently introduced preparations of the age.

The vast advances made in theoretical and applied chemis-
try and physics have much to do with the development of.
pharmaceutical science, and these have been reflected in all
the revised editions of the Pharmacopoeias which have been
recently published. When the author was elected in 1874 to
the chair of Theory and Practice of Pharmacy in the Philadel-
phia College of Pharmacy, the outlines of study which had
been so carefully prepared for the classes by his eminent
predecessors, Professor William Proctor, Jr, and Professor
Edward Parrish, were found to be not strictly in accord, either
in their arrangement of the subjects or in their method of
treatment. Desiring to preserve the distinctive characteris-
tics of each, an effort was at once made to frame a system
which should embody their valuable features, embrace new
subjects, and still retain that harmony of plan and proper
sequence which are absolutely essential to the success of any
system.

The strictly alphabetical classification of subjects which is
now universally adopted by pharmacopoeias and dispensato-
ries, although admirable in works of reference, presents an
effectual stumbling block to the acquisition of pharmaceutical
knowledge through systematic study; the vast accumulation
of facts collected under each head arranged lexically, they
necessarily have no connection with one another, and thus the
saving of labor effected by considering similar groups to-
gether, and the value of the association of kindred subjects,
are lost to the student. In the method of grouping the sub-
jects which is herein adopted, the constant aim has been to
arrange the latter in such a manner that the reader shall be
gradually led from the consideration of elementary subjects to
those which involve more advanced knowledge, whilst the
groups themselves are so placed as to follow one another in a
natural sequence.

The work is divided into six parts. Part I is devoted to
detailed descriptions of apparatus and definitions and com-
ments on general pharmaceutical processes.

The Official Preparations alone are considered in'Part II.
Due weight and prominence are thus given to the Pharmaco-
poeia, the National authority, which is now so thoroughly
recognized.

In order to suit the convenience of pharmacists who prefer
toweigh solids and measure liquids, the official formulas are
expressed, in addition to parts by weight, in avoirdupois
wetght and apothecaries’ measure. These equivalents are

This material may be protected by Copyright law (Title 17 U.S. Code)

printed in bold type near the margin, and arranged so as to fit
them for quick and accurate reference. f

Part III treats of Inorganic Chemical Substances.
Precedence is of course given to official preparation in these.
The descriptions, solubilities, and tests for identity and impu-
rities of each substance are systematically tabulated under its
proper title. It is confidently believed that by this method of
arrangement the valuable descriptive features of the Pharma-
copoeia will be more prominently developed, ready reference
facilitated, and close study of the details rendered easy.
Each chemical operation is accompanied by equations, whilst
the reaction is, in addition, explained in words.

The Carbon Compounds, or Organic Chemical Substances,
are considered in Part IV. These are naturally grouped ac-
cording to the physical and medical properties of their princi-
pal constituents, beginning with simple bodies like cellulin,
gum, etc, and progressing to the most highly organized alka-
loids, etc.

Part V is devoted to Extemporaneous Pharmacy. Care has
been taken to treat of the practice which would be best adapted
for the needs of the many pharmacists who conduct opera-
tions upon a moderate scale, rather than for those of the few
who manage very large establishments. In this, as well as in
other parts of the work, operations are illustrated which are
conducted by manufacturing pharmacists.

Part VI contains a formulary of Pharmaceutical Prepara-
tions which have not been recognized by the Pharmacopoeia.
The recipes selected are chiefly those which have been hereto-
fore rather difficult of access to most pharmacists, yet such as
are likely to be in request. Many private formulas are em-
braced in the collection; and such of the preparations of the
old Pharmacopoeias as have not been included in the new
edition, but are still in use, have been inserted.

In conclusion, the author ventures to express the hope that
the work will prove an efficient help to the pharmaceutical
student as well as to the pharmacist and the physician.
Although the labor has been mainly performed amidst the
harassing cares of active professional duties, and perfection is
known to be unattainable, no pains have been spared to dis-
cover and correct errors and omissions in the text. The
author’s warmest acknowledgments, are tendered to Mr A B
Taylor, Mr Joseph McCreery, and Mr George M Smith for their
valuable assistance in revising the proof sheets, and to the
latter especially for his work on the index. The outline illus-
trations, by Mr John Collins, were drawn either from the actual
objects or from photographs taken by the author.

Philadelphia, October, 1885 JPR.
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Preface to the Nineteenth Edition

It has been the practice for the last several editions, prior to
drafting a Preface for the forthcoming Remington, to reread
the comments of one’s predecessors. Noteworthy of almost
every editor, beginning with Professor Remington himself in
1889, was the recurrent comment that the health sciences
have made tremendous strides since the previous edition had
appeared. It is obvious that this concept is equally valid at
this writing—perhaps to an extent even greater than in any
intervening revision period.

For the first time in its 110 year history, Remington has
deviated from its customary physical form—intwoways. The
immediate, discernible change is the division of the once
bulky tome, the bane of every undergraduate student, into two
smaller volumes. Secondly, and perhaps of more signifi-
cance technologically—yet less evidently physically—is the
inclusion of a Compact Disk—Read Only Memory (or CD-
ROM, in the popular acronym) as a companion to the text.

This current edition also is witness to many, more subtle
changes, principally in the editorial staff, authors and subject
material. Firstly, the subject material from Part 3 through
Part 9 (of the previous edition) has been rearranged so that a
rough division into two categories could be made—a teaching
or instructional segment and a supportive reference vol-
ume. The physical division into two volumes closely approxi-
mates this concept. To accomplish this end, the section
dealing with Biological Products has been deleted and the
inclusive material distributed among the two volumes as
deemed necessary.

A chapter has been eliminated (Dental Services) with perti-
nent information distributed throughout the book. Several
new chapters are evident such as Alternative Medicine (50),
Community Pharmacy Economics and Management (111),
and Pharmacoeconomics (112).

The number of authors has increased to 113, and of these
41 are new to this edition. As usual, the expertise enjoyed by
this group of writers includes academe, the business world,
government and the military. It is to their credit that they
have given of their precious time and energy to become in-
volved in the compilation of this book.

In previous revisions of this publication the monographs in
Parts 6 and 7 had been designated as being of major or minor
import and those judged of lesser note were relegated to the
end of each pharmacological category and printed in a smaller
type. However, with this edition every drug substance, diag-
nostic agent and pharmaceutical necessity is included as a full
monograph, in regular alphabetic order, thus eliminating the
requirement of searching in more than one location for similar
type drugs. Every monograph has been checked for accu-
racy and timeliness. References to deleted monographs ap-
pear at the proper locations in the text.

Those familiar with the wonders of searching a data base
using a CD-ROM will welcome this adjunct to the book and

xiv

little more need be said. If you are not acquainted with this
fascinating method of information retrieval, a treat awaits.
This new technology has not yet completely replaced the
printed word and special pains have been taken (facilitated by
the computer) to insure an adequate, though old-fashioned
search facility—an index. Due to the proliferation of abbre-
viations and acronyms in the scientific literature, it became
evident at an early stage that a glossary which defined the
many acronyms employed throughout the text would be advan-
tageous and was thus included.

Many constraints exist which dictate a maximum of about
2000 pages for this text. It was only through the combined
efforts of the authors, Section Editors, the Editorial Board and
the Mack Publishing Company that this target was achieved
without loss of essential information. Many readers inquire
as to why Lugol’s Solution or Whitfield’s Ointment is no longer
discussed as they feel that Remington, to be complete, should
retain all of the monographs included in the first edition as
well as the new material generated over the past century!
Certainly, this is an impossibility and it is hoped the user will
have a modicum of compassion.

One section editor who has been associated with Reming-
ton for the past 35 years, Dr Grafton Chase, passed away
during the latter stages of this revision period. Dr Chase
developed the first chapters devoted to Radiopharmacy and
was a pioneer in the science of radiochemistry. His participa-
tion will be missed.

Two new members of the Editorial Board, Drs Glen Hanson
and H Steve White have adequately filled the void left by the
retirement of Drs Ewart Swinyard and Stewart Harvey. They
were up to the task of searching out new authors and revising
the several chapters within their own expertise in Parts 5 and
6.

The Mack Publishing Company and their subsidiary, Sci-
ence Press, have made the editorial responsibilities much
more palatable. An editor could not have had a more respon-
sive, compassionate and cooperative publisher. Through Mr
Paul Mack and Ms Ruth Dalrymple at Mack and Ms Liz Bobier
at Science Press, our liaison personnel, the task of producing
this work was pleasurable.

Finally, Mr John Hoover, as Managing Editor for many,
many revisions and Mrs Bonnie Packer, in her second term as
Editorial Assistant, have provided the support which is unglam-
ourous, little recognized, but without which no book can be
assembled. They scrutinized every word, photograph, table,
chart and drawing to ferret out typos and errors of commis-
sion and omission. Although we were not always of the same
opinion regarding the numerous decisions required during the
revision process, we still remain friends.

Philadelphia, January 1995 ARG
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CHAPTER 92

Oral Solid Dosage Forms

Edward Rudnic, PhD

Vice Prenders. Promoceuscol Reseorch ond Developmens
Phommavene

Goimenburg MD 20878

Drug substances most frequently are administered orally by
means of solid dosage forms such as tablets and capsules.
Large-scale production methods used for their preparation, as
described later in the chapter, require the presence of other
materials in addition to the active ingredients.  Additives also
may be included in the formulations to facilitate handling,
enhance the physical appearance, improve stability and aid in
the delivery of the drug to the bloodstream after administration.
These supposedly inert ingredients, as well as the production
methods employed, have been shown in some cases to influ-
ence the absorption or bioavailability of the drug substances.’
Therefore, care must be taken in the selection and evaluation
of additives and preparation methods to ensure that the drug-
delivery goals and therapeutic efficacy of the active ingredient
will not be diminished.

In a limited number of cases it has been shown that the drug
substance's solubility and other physicochemical characteris-
tics have influenced its physiological availability from a solid
dosage form. These characteristics include its particle size,
whether it is amorphous or crystalline, whether it is solvated
or nonsolvated and its polymorphic form. After clinically
effective formulations are obtained, such variations among
dosage units of a given batch, as well as batch-to-batch differ-
ences, should be reduced to a minimum through proper in-
process controls and good manufacturing practices. The
recognition of the importance of validation both for equip-
ment and processes greatly has enhanced assurance in the
reproducibility of formulations. It is in these areas that sig-
nificant progress has been made with the realization that
large-scale production of a satisfactory tablet or capsule de-
pends not only on the availability of a clinically effective

Fig 1. Tablet press operators checking batch record in conform-
ance with Current Good Manufacturing Practices (courtesy, Lilly).

formulation but also on the raw materials, facilities, person-
nel, documentation, validated processes and equipment, pack-
aging and the controls used during and after preparation
(Fig 1).

Tablets

Tablets may be defined as solid pharmaceutical dosage
forms containing drug substances with or without suitable
diluents and prepared either by compression or molding
methods. They have been in widespread use since the latter
part of the 19th century and their popularity continues. The
term compressed tablet is believed to have been used first by
John Wyeth and Brother of Philadelphia. During this same
period, molded tablets were introduced to be used as hypoder-
mic tablets for the extemporaneous preparation of solutions
for injection. Tablets remain popular as a dosage form be-
cause of the advantages afforded both to the manufacturer
(eg, simplicity and economy of preparation, stability and con-
venience in packaging, shipping and dispensing) and the pa-
tient (eg, accuracy of dosage, compactness, portability, bland-
ness of taste and ease of administration),

Although the basic mechanical approach for their manufac-
ture has remained the same, tablet technology has undergone
great improvement. Efforts are being made continually to
understand more clearly the physical characteristics of pow-
der compaction and the factors affecting the availability of the

drug substance from the dosage form after oral administration.
Tableting equipment continues to improve both as to produc-
tion speed and the uniformity of tablets compressed. Recent
advances in tablet technology have been reviewed. "%

Although tablets frequently are discoid in shape, they also
may be round, oval, oblong, cylindrical or triangular. They
may differ greatly in size and weight depending on the amount
of drug substance present and the intended method of
administration. They are divided into two general classes,
whether they are made by compression or molding. Com-
pressed tablets usually are prepared by large-scale production
methods, while molded tablets generally involve small-scale
operations. The various tablet types and abbreviations used
in referring to them are listed below.

Compressed Tablets (CT)

These tablets are formed by compression and contain no special coating.
They are made from powdered. crystalline or granular materials, alone or
in combination with binders, disintegrants, controlled-release polymers,
lubricants, diluents and, in many cases, colorants.

1615
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1616  CHAPTER 92

Sugar-Coated Tablets (SCT)—These are compressed tablets contain-
ing a sugar costing. Such coatings may be colored and are beneficial in

are covered with a thin kayer or film of a water-soluble material. A number
of polymeric substances with film-forming properties may be used. Film
coating imparts the same general characteristics as sugar coating with the
added advantage of a greatly reduced time period required for the coating
operation.

Enteric-Coated Tablets (ECT)—These are compressed tablets coated
with substances that resist solution in gastric fluid but disintegrate in the
intestine.  Enteric coatings can be used for tablets containing drug sub-
stances which are inactivated or destroyed in the stomach, for those which
irmitate the mucosa or as a means of delayed release of the medication.

Multiple Compressed Tablets (MCT)—These are compressed tab-
lets made by more than one compression cycle.

Lagered Tablets—Such tablets are prepared by compressing addi-
tional tablet granulation on a previously compressed granulation, The
operation may be repeated to produce multilayered tablets of two or three
layers. Special tablet presses are required to make layered tablets such
as the Versa press (Stokes / Pennwalt).

Press-Coated Tablets—Such tablets, also referred o as dry-coated, are
mmw&mmnwu&um-mmw

and compressing another granulation layer around the preformed
ubleu They have all the advantages of compressed tablets, e, slotting,
monogramming, speed of disintegration, etc, while retaining the attributes
of sugar-coated tablets in masking the taste of the drug substance in the
core tablets. An example of a press-coated tablet press is the Manesty
Drycota. Press-coated tablets also can be used 1o separate incompatible
drug substances; in addition, they can provide a means to give an enteric
coating to the core tablets. Both types of multiple-compressed tablets
have been used widely in the design of prolonged-action dosage forms.

Controlled-Release Tablets—Compressed tablets can be formulated
to release the drug slowly over a prolonged peniod of time.  Hence, these
dosage forms have been referred to as Prolonged-Release or Sustained-
Release dosage forms as well.  These tablets (as well as capsule versions)
can be categorized into three types: (1) those which respond to some
physiological condition 1o release the drug. such as entenc coatings; (2)
those that release the drug in a relatively steady, controlled manner and (3)
those that combine combinations of mechanisms to release “pulses™ of
drug. such as repeat-action tablets. The performance of these systems
are described in more detail in Chapter 94,

Tablets for Solution—Compressed tablets to be used for preparing
solutions or imparting given characteristics (o solutions must be labeled to
indicate that they are not to be swallowed. Examples of these tablets are
Halazone Tablets for Solution and Potassium Permanganate Tablets for
Solution.

Effervescent Tablets—In addition to the drug substance, these con-
tain sodium bicarbonate and an organic acid such as tantanic or citric.  In
the presence of water, these additives react liberating carbon dioxide
which acts as a distintegrator and produces effervescence.  Except for
small quantities of lubricants present. effervescent tablets are soluble

Compressed Suppositories or Inserts—Occasionally, vaginal sup-
positories, such as Metronidazole Tablets, are prepared by compression
Tablets for this use usually contain lactose as the diluent.  In this case, as
well as for any tablet intended for administration other Lthan by swallowing
the label must indicate the manner in which it is 1o be used.

Buccal and Sublingual Tablets—These are small, fla, oval tablets.
Tablets intended for buccal administration by inserting into the buccal
pouch may dissolve or erode slowly; therefore, they are formulated and
compressed with sufficient pressure to give a hard tablet. Progesterone
Tablets may be administered in this way.

Some newer approaches use tablets that melt at body Lemperatures.
The matrix of the tablet is solidified while the drug is in solution.  After
melting, the drug is automatically in solution and available for absorption.
mwm--mm“mmwa

nhﬂdumderlhewlw anmmwmm
substances are absorbed readily by this form of administration.

Molded Tablets or Tablet Triturates (TT)

Tablet triturates usually are made from moist material using & iturate
mold which gives them the shape of cut sections of a cylinder. Such
tablets must be completely and rapidly soluble. The problem arising
from compression of these tablets is the failure to find a lubncant that is
completely water soluble.

Dispensing Tablets (DT)—These tablets provide a convenient quan-
tity of potent drug that can be incorporated readily into powders and
liquids, thus circumventing the necessity to weigh small quantities.
These tablets are supplied primanly as a convenience for extemporaneous

soluble tablets and originally were used for the preparation of solutions to
be ingected.  Since stable parenteral solutions are now avallable for most
drug substances, there is no justification for the use of hypodermic tablets
for injection.  Their use in this manner should be discouraged since the
resulting solutions are not sterile.  Large quantities of these tablets con-
tinue o be made, but for oral administration.  No hypodermic tablets ever
have been recognized by the official compendia.

Compressed Tablets (CT)

In order for medicinal substances, with or without diluents,
to be made into solid dosage forms with pressure, using avail-
able equipment, it is necessary that the material, either in
crystalline or powdered form, possess a number of physical
characteristics. These characteristics include the ability to
flow freely, cohesiveness and lubrication. The ingredients
such as disintegrants designed to break the tablet up in gastro-
intestinal fluids, and controlled-release polymers designed to
slow down drug release, ideally should possess these charac-
teristics, or not interfere with the desirable performance traits
of the other excipients. Since most materials have none or
only some of these properties, methods of tablet formulation
and preparation have been developed to impart these desir-
able characteristics to the material which is to be compressed
into tablets.

The basic mechanical unit in all tablet-compression equip-
ment includes a lower punch which fits into a die from the
bottom and an upper punch, having a head of the same shape
and dimensions, which enters the die cavity from the top after
the tableting material fills the die cavity (see Fig 2). The
tablet is formed by pressure applied on the punches and
subsequently is ejected from thedie. The weight of the tablet
is determined by the volume of the material which fills the die
cavity. Therefore, the abllity of the granulation to flow freely
into the die is important in insuring a uniform fill, as well as the
continuous movement of the granulation from the source of

supply or feed hopper. If the tablet granulation does not
possess cohesive properties, the tablet after compression will
crumble and fall apart on handling. As the punches must
move freely within the die and the tablet must be ejected
from the punch faces, the material must have a degree
of lubrication to minimize friction and allow for the removal of
the compressed tablets.
There are three general methods of tablet preparation:  the
wet-granulation method, the dry-granulation method and di-

Fig2. Basic mechanical unit for tabet compression: lower punch,
die and upper punch (courtesy, Vector/Colton).
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rect compression. The method of preparation and the added

are selected in order to give the tablet formulation
the desirable physical characteristics allowing the rapid com-
pression of tablets. After compression, the tablets must have
a number of additional attributes such as appearance, hard-
ness, disintegration ability, appropriate dissolution character-
Istics and uniformity which also are influenced both by the
method of preparation and by the added materials present in
the formulation. In the preparation of compressed tablets,
the formulator also must be cognizant of the effect which the
ingredients and methods of preparation may have on the
availability of the active ingredients and, hence, the therapeu-
tic efficacy of the dosage form. In response to a request by
physicians to change a dicumarol tablet in order that it might
be broken more easily, a Canadian company reformulated to
make a large tablet with a score. Subsequent use of the
tablet, containing the same amount of drug substance as the
previous tablet, resulted in complaints that larger-than-usual
doses were needed Lo produce the same therapeutic response.
On the other hand, literature reports indicate that the reformu-
lation of a commercial digoxin tablet resulted in a tablet,
although containing the same quantity of drug substance, that
gave the desired clinical response at half its original dose.
Methods and principles that can be used to assess the effects
of exci and additives on drug absorption have been
reviewed.”'%'5 See Chapters 35, 42 and 83.

Tablet Ingredients

In addition to the active or therapeutic ingredient, tablets
contain a number of inert materials. The latter are known as
additives or excipiends. They may be classified according to
the part they play in the finished tablet. The first group
contains those which help to impart satisfactory processing
and compression characteristics to the formulation. These
include diluents, binders, glidants and lubricants. The sec-
ond group of added substances helps to give additional desir-
able physical characteristics to the finished tablet. Included
in this group are disintegrants, colors, and in the case of
chewable tablets, flavors and sweetening agents, and in the
case of controlled-release tablets, polymers or waxes or other
solubility-retarding materials.

Although the term inert has been applied to these added
materials, it is becoming increasingly apparent that there is an
important relationship between the properties of the excipi-
ents and the dosage forms containing them. Preformulation
studies demonstrate their influence on stability, bioavailabil-
ity and the processes by which the dosage forms are prepared.
The need for acquiring more information and use standards
for excipients has been recognized in a joint venture of the
Academy of Pharmaceutical Sciences and the Council of the
Pharmaceutical Society of Great Britain. The result is called
the Handbook of Pharmacewtical Excipients. This refer-
ence now is distributed widely throughout the world.'®

Diluents

Frequently, the single dose of the active ingredient is small
and an inert substance is added to increase the bulk in order to
make the tablet a practical size for compression. Com-
pressed tablets of dexamethasone contain 0.75 mg steroid per
tablet; hence, it is obvious that another material must be
added to make tableting possible. Diluents used for this
purpose include dicalcium phosphate, calcium sulfate, lac-
tose, cellulose, kaolin, mannitol, sodium chloride, dry starch
and powdered sugar. Certain diluents, such as mannitol,
lactose, sorbitol, sucrose and inositol, when present in suffi-
cient quantity, can impart properties to some compressed
tablets that permit disintegration in the mouth by chewing.
Such tablets commonly are called chewable tablets. Upon
chewing, properly prepared tablets will disintegrate smoothly at a
satisfactory rate, have a pleasant taste and feel and leave no
unpleasant aftertaste in the mouth. Diluents used as excipients
for direct compression formulas have been subjected to prior

ORAL SOUD DOSAGE FORMS 1617

to give them flowability and compressibility. These
are discussed under Direct Compression, page 1626.

Most formulators of immediate-release tablets tend to use
consistently only one or two diluents selected from the above
group in their tablet formulations. Usually, these have been
selected on the basis of experience and cost factors.
However, in the formulation of new therapeutic agents, the
compatibility of the diluents with the drug must be consid-
ered, eg, calcium salts used as diluents for the broad-spectrum
antibiotic tetracycline have been shown to interfere with the
drug's absorption from the gastrointestinal tract. 'When drug
substances have low water solubility, it is recommended that
water-soluble diluents be used to avoid possible bioavailabil-
ity problems. Highly adsorbent substances, eg, bentonite
and kaolin, are to be avoided in making tablets of drugs used
clinically in small dosage, such as the cardiac
alkaloids and the synthetic estrogens. These drug sub-
stances may be adsorbed after administration. The combina-
tion of amine bases with lactose, or amine salts with lactose in
the presence of an alkaline lubricant, results in tablets which
discolor on aging.

Microcrystalline cellulose (Avicel) usually is used as an
excipient in direct-compression formulas. However, its pres-
ence in 5 to 15% concentrations in wet granulations has been
shown to be beneficial in the granulation and drying processes
in minimizing case-hardening of the tablets and in reducing
tablet mottling.

Many ingredients are used for several different purposes,
even within the same formulation; eg, corn starch can be used
in paste form as a binder. When added in drug or suspension
form, it is a good disintegrant. Even though these two uses
are to achieve opposite goals, some tablet formulas use corn
starch in both ways. In some controlled-release formulas,
the polymer hydroxypropylmethylcellulose (HPMC) is used
both as an aid to prolong the release from the tablet, as well as
a film-former in the tablet coating. Therefore, most excipi-
ents used in formulating tablets and capsules have many uses,
and a thorough understanding of their properties and limita-
tions is necessary in order to use them rationally.

Binders
Agents used to impart cohesive qualities to the powdered
material are referred Lo as binders or rs. They im-

part a cohesiveness to the tablet formulation which insures
the tablet remaining intact after compression, as well as im-
proving the free-flowing qualities by the formulation of gran-
ules of desired hardness and size. Materials commonly used
as binders include starch, gelatin and sugars as sucrose, glu-
cose, dextrose, molasses and lactose. Natural and synthetic
gums which have been used include acacia, sodium alginate,
extract of Irish moss, panwar gum, ghatti gum, mucilage of
isapol husks, carboxymethylcellulose, methylcellulose, poly-
vinylpyrrolidone, Veegum and larch arabogalactan. Other
agents which may be considered binders under certain circum-
stances are polyethylene glycol, ethylcellulose, waxes, water
and alcohol.

The quantity of binder used has considerable influence on
the characteristics of the compressed tablets. The use of too
much binder or too strong a binder will make a hard tablet
which will not disintegrate easily and which will cause exces-
sive wear of punches and dies. Differences in binders used
for CT Tolbutamide resuited in differences in hypoglycemic
effects observed clinically. Materials which have no cohe-
sive qualities of their own will require a stronger binder than
those with these qualities. Alcohol and water are not binders
in the true sense of the word, but because of their solvent
action on some ingredients such as lactose, starch and cellu-
loses, they change the powdered material to granules and the
residual moisture retained enables the materials to adhere
together when compressed.

Binders are used both as a solution and in a dry form
depending on the other ingredients in the formulation and the
method of preparation. However, several pregelalinized
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1618 CHAPTER 92

starches available are intended to be added in the dry form so
that water alone can be used as the granulating solution. The
same amount of binder in solution will be more effective than
if it were dispersed in a dry form and moistened with the
solvent. By the latter procedure, the binding agent is not as
effective in reaching and wetting each of the particles within
the mass of powders. Each of the particles in a powder blend
has a coating of adsorbed air on its surface, and it is this film
which must be penetrated before the powders can be wetted
by the binder solution. After wetting, a certain period of time
is necessary to dissolve the binder completely and make it
completely available for use. Since powders differ with re-
spect to the ease with which they can be wetted, and their rate
of solubilization, it is preferable to incorporate the binding
agent in solution. By this technique it often is possible to
gain effective binding with a lower concentration of binder.

The direct-compression method for preparing tablets (see
page 1630) requires a material that not only is free-flowing
but also sufficiently cohesive to act as abinder. This use has
been described for a number of materials including microcrys-
talline cellulose, microcrystalline dextrose, amylose and
polyvinylpyrrolidone. It has been postulated that
talline cellulose is a special form of cellulose fibril in which the
individual crystallites are held together largely by hydrogen
bonding. The disintegration of tablets containing the cellu-
lose occurs by breaking the intercrystallite bonds by the disin-
tegrating medium.

Starch Paste—Com starch is used widely as a binder.
The concentration may vary from lOwZﬂ% It usually is
prepared as it is to be used by com starch in
sufficient cold purified water to make a 5 to 10% w/w suspen-
sion and warming in a water bath with continuous stirring until
a translucent paste forms. It has been observed that during
paste formation, not all of the starch is hydrolyzed. Starch
paste then, is not only useful as a binder, but also as a method
to incorporate some disintegrant inside the granules.

Gelatin Solution—Gelatin generally is used as a 10 to
20% solution; gelatin solutions should be prepared freshly as
needed and used while warm or they will solidify. The gelatin
is added to cold purified water and allowed to stand until it is
hydrated. It then is warmed in a water bath to dissolve the
gelatin, and the solution is made up to the final volume on a
weight basis to give the concentration desired.

Cellulosic Solutions—Various cellulosics have been used
as binders in solution form. Hydroxypropylmethylcellulose
(HPMC) has been used widely in this regard. Typical of a
number of cellulosics, HPMC is more soluble in cold water
than hot. It also is more dispersable in hot water than cold.
Hence, in order to obtain a good, smooth gel that is free from
lumps or “fisheyes,” it is necessary to add the HPMC in hot,
almost boiling water and, under agitation, cool the mixture
down as quickly as possible, as low as possible. Other water-
soluble cellulosics such as hydroxyethylcellulose (HEC) and
hydroxypropylcellulose (HPC) have been used successfully in
solution as binders.

Not all cellulosics are soluble in water. Ethylcellulose can
be used effectively when dissolved in alcohol, or as a dry
binder which then is wetted with alcohol. It is used as a
binder for materials that are moisture-sensitive.

Polyvinylpyrrolidone—PVP can be used as an aqueous or
alcoholic solution and this versatility has increased its
popularity. Concentrations range from 2% and vary consid-

It will be noted that binder solutions usually are made up to
weight rather than volume. This is to enable the formulator
to determine the weight of the solids which have been added to
the tablet granulation in the binding solution. This becomes
part of the total weight of the granulation and must be taken
into consideration in determining the weight of the com-
pressed tablet, which will contain the stated amount of the
therapeutic agent.

As can be seen by the list of binders in this chapter, most
modemn binders used in solution are polymeric in form. Be-
cause of this, the flow or spreadability of these solutions

becomes important when selecting the appropriate granulat-
ing equipment. The rheology of polymeric solutions is a
fascinating subject in and of itself, and should be considered
for these materials.

Lubricants

Lubricants have a number of functions in tablet manufacture.
They prevent adhesion of the tablet material to the surface of
the dies and punches, reduce interparticle friction, facilitate
the ejection of the tablets from the die cavity and may improve
the rate of flow of the tablet granulation. Commonly used
lubricants include tale, magnesium stearate, calcium stearate,
stearic acid, hydrogenated e oils and polyethylene
glycol (PEG). Most lubricants, with the exception of talc, are
used in concentrations less than 1%. When used alone, talc
may require concentrations as high as 5%. Lubricants are in
most cases hydrophobic materials. Poor selection or exces-
sive amounts can result in “‘waterproofing’’ the tablets, result-
ing in poor tablet disintegration and/or delayed dissolution of
the drug substance.

The addition of the proper lubricant is highly desirable if the
material to be tableted tends to stick to the punches and dies.
Immediately after compression, most tablets have the ten-
dency to expand and will bind and stick to the side of the die.
‘lu':;: choice of the proper lubricant effectively will overcome

The method of adding a lubricant to a granulation is impor-
tant if the material is to perform its function satisfactorily.
The lubricant should be divided finely by passing it through a
60- to 100-mesh nylon cloth onto the granulation. In produc-
tion this is called bolting the lubricant. After adding the
lubricant, the granulation is tumbled or mixed gently to distrib-
ute the lubricant without coating the particles too well or
breaking them down to finer particles. Some research has
concluded that the order of mixing of lubricants and other
excipients can have a profound effect on the perfonnnnce of
the final dosage form. Thus, attention to the
thmulmpommnd\cselecthnoflubdcmmd-
als.

These process variables can be seen in the prolonged blend-
ing of a lubricant in a granulation. Overblending materially
can affect the hardness, disintegration time and dissolution
performance for the resultant tablets.

The quantity of lubricant varies, being as low as 0.1%, and in
some cases as highas 5%. Lubricants have been added to the
granulating agents in the form of suspensions or emulsions.
This technique serves to reduce the number of operational
procedures and thus reduce the processing time.

In selecting a lubricant, proper attention must be givento its
compatibility with the drug agent. Perhaps the most widely
investigated drug is acetylsalicylic acid. Different talcs var-
ied significantly the stability of aspirin. Tale with a high
calcium content and a high loss on ignition was associated
with increased aspirin decomposition. From a stability stand-
point, the relative acceptability of tablet lubricants for combi-
nation with aspirin was found to decrease in the fi i
order: hydrogenated vegetable oil, stearic acid, talc and alu-
minum stearate.

The primary problem in the preparation of a water-soluble
tablet is the selection of a satisfactory lubricant. Soluble
lubricants reported to be effective include sodium benzoate, a
mixture of sodium benzoate and sodium acetate, sodium chlo-
ride, leucine and Carbowax 4000. However, it has been
suggested that formulations used to prepare water-soluble
tablets may represent a number of compromises between
compression efficiency and water solubility. While magne-
sium stearate is one of the most widely used lubricants, its
hydrophobic properties can retard disintegration and
dissolution. To overcome these waterproofing characteris-
tics, sodium lauryl sulfate sometimes is included. One com-
pound found to have the lubricating properties of magnesium
stearate without its disadvantages is magnesium lauryl sulfate.
Its safety for use in pharmaceuticals has not been established.
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Glidants

A glidant is a substance which improves the flow character-
istics of a powder mixture. These materials always are added
in the dry state just prior to compression (le, during the
lubrication step). Colloidal silicon dioxide [Cab-o-sil
(Cabat)] is the most commonly used glidant and generally is
used in low concentrations of 1% or less. Talc (asbestos-
;rlee)aho is used and may serve the dual purpose as lubricant/

idant.

It is especially important to optimize the order of addition
and the mixing process for these materials in order to maxi-
mize their effect and to make sure that their influence on the
lubricant(s) is minimized.

Disintegranis

A disintegrant is a substance, or a mixture of substances,
added to a tablet to facilitate its breakup or disintegration
after administration. The active ingredient must be released
from the tablet matrix as efficiently as possible to allow for its
rapid dissolution. Materials serving as disintegrants have
been classified chemically as starches, clays, celluloses, al-
gins, gums and cross-linked polymers.

The oldest and still the most popular disintegrants are com
and potato starch which have been well-dried and powdered.
Starch has a great affinity for water and swells when moist-
ened, thus facilitating the rupture of the tablet matrix. How-
ever, others have suggested that its disintegrating action in
tablets is due to capillary action rather than swelling; the
spherical shape of the starch grains increases the porosity of
the tablet, thus promoting capillary action. Starch, 5%, is
suggested, but if more rapid disintegration is desired, this
amount may be increased to 10 or 15%. Although it might be
expected that disintegration time would decrease as the per-
centage of starch in the tablet increased, this does not appear
to be the case for tolbutamide tablets. In this instance, there
appears to be a critical starch concentration for different
granulations of the chemical. When their disintegration ef-
fect is desired, starches are added to the powder blends in the
dry state.

A group of materials known as super disintegrants have
gained in popularity as disintegrating agents. The name
comes from the low levels (2 to 4%) at which they are com-
pletely effective. Croscarmelose, crospovidone and sodium
starch glycolate represent examples of a cross-linked cellu-
loo:‘. a cross-linked polymer and a cross-linked starch, respec-
tively.

The development of these disintegrants fostered new theo-
ries about the various mechanisms by which disintegrants
work. Sodium starch glycolate swells 7- to 12-fold in less
than 30 seconds. Croscarmelose swells 4- to 8-fold in less
than 10 seconds. The starch swells equally in all three dimen-
sions, while the cellulose swells only in two dimensions, leav-
ing fiber length essentially the same. Since croscarmelose is
the more efficient disintegrating agent, it is postulated that the
rate, force and extent of swelling play an important role in
those disintegrants that work by swelling. Cross-linked PVP
swells little, but returns to its original boundaries quickly after
compression. Wicking, or capillary action, also is postulated
to be a major factor in the ability of cross-linked PVP to
function.'™!®

In addition to the starches, a large variety of materials have
been used and are reported to be effective as disintegrants.
This group includes Veegum HV, methylcellulose, agar, ben-
tonite, cellulose and wood products, natural sponge, cation-
exchange resins, alginic acid, guar gum, citrus pulp and
carboxymethylcellulose.?® Sodium lauryl sulfate in combina-
tion with starch also has been demonstrated to be an effective
disintegrant. In some cases the apparent effectiveness of
surfactants in improving tablet disintegration is postulated as
being due to an increase in the rate of wetting.

The disintegrating agent usually is mixed with the active
ingredients and diluents prior to granulation. In some cases
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it may be advantageous to divide the starch into two portions:
one part is added to the powdered formula prior to granula-
tion, and the remainder is mixed with the lubricant and added
priorto compression. Incorporated in this manner, the starch
serves a double purpose; the portion added to the lubricant
rapidly breaks down the tablet to granules, and the starch
mixed with the active ingredients disintegrates the granules
into smaller particles. Veegum has been shown to be more
effective as a disintegrator in sulfathiazole tablets when most
of the quantity is added after granulation and only a small
amount before granulation. Likewise, the montmorillonite
clays were found to be good tablet disintegrants when added
to prepared granulations as powder. They are much less
&E«Mudﬁhwwbenﬂomonudwimmmem
es.

Factors other than the presence of disintegrants can affect
significantly the disintegration time of compressed tablets.
The binder, tablet hardness and the lubricant have been shown
to influence the disintegration time. Thus, when the formula-
tor is faced with a problem concerning the disintegration of a
compressed tablet, the answer may not lie in the selection and
quantity of the disintegrating agent alone.

The evolution of carbon dioxide is also an effective way to
cause the disintegration of compressed tablets. Tablets con-
taining a mixture of sodium bicarbonate and an acidulant such
as tartaric or citric acid will effervesce when added to water.
Sufficient acid is added to produce a neutral or slightly acidic
reaction when disintegration in water is rapid and complete.
One drawback to the use of the effervescent type of disintegra-
tor is that such tablets must be kept in a dry atmosphere at all
times during manufacture, storage and packaging. Soluble,
effervescent tablets provide a popular form for dispensing
aspirin and noncaloric sweetening agents.

Coloring Agenis

Colors in compressed tablets serve functions other than
making the dosage form more esthetic in appearance. Color
helps the manufacturer to control the product during its prepa-
ration, as well as serving as a means of identification to the
user. The wide diversity in the use of colors in solid dosage
forms makes it to use color as an important category
in the identification code developed by the AMA to establish
the identity of an unknown compressed tablet in situations
arising from poisoning.

All colorants used in pharmaceuticals must be approved
and certified by the FDA. For several decades colorants have
been subjected to rigid toxicity standards and, as a result, a
number of colorants have been removed from an approved list
of FD&C colors or “delisted.” Several have been listed as
well. The colorants currently inthe US are listed in
Each country has its own list of approved colorants,
and formulators must consider this in designing products for
the international market.?'

Any of the approved certified water-soluble FD&C dyes,
mixtures of the same or their corresponding lakes may be
used to color tablets. A color lake is the combination by
adsorption of a water-soluble dye to a hydrous oxide of a
heavy metal resulting in an insoluble form of the dye. In
some instances multiple dyes are used to give a purposefully
heterogeneous coloring in the form of speckling to com-
pressed tablets. The dyes available do not meet all the crite-
ria required for the ideal pharmaceutical colorants. The pho-
tosensitivity of several of the commonly used colorants and
their lakes has been i , as well as the protection
afforded by a number of glasses used in packaging tablets.

Another approach for improving the photostability of dyes
has been in the use of ultraviolet-absorbing chemicals in the
tablet formulations with the dyes. The Di-Pac line (Am star)
is a series of commercially available colored, direct- compres-
sion sugars.

The most common method of adding color to atablet formu-
lation is to dissolve the dye in the binding solution prior to the
granulating process. Another approach is to adsorb the dye
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Table 1—Colors Approved for Use in the US in Oral Dosage Forms=*

Color Index
Color Other names (Cl1871) Usae restriction (US)

FD & C Red 40 Allura red 16035 FDA cerufication on each lot of dye
D & C Red 33 Acid fuchsin D 17200 ADI 0-0.76 mg.

Naphtalone red B
D & C Red 36 ADIO—1.0mg
Canthaxanthinin Food orange 8 40850 None
D& C Red 22 Eosin Y 45380 FDA centification on each lot of dye
D & C Red 28 Phloxine B 45410 FDA certification on each lot of dye
D&CRed3 Erythrosine 45430 FDA certification on each lot of dye
Cochineal extract Natural red 4 75470 None

Carmine
Iron oxide—red —_ 77491 ADI 0-5 mg elemental ron
FD & C Yellow 6 Sunset yellow FCF 15985 None

Yellow orange 5
FD & C Yellow 5 Tartrazine 19140 Label declaration and FDA certification on each lot of dye
D & C Yellow 10 Quinoline yellow WS 47005 FDA certification on each lot of dye
Beta-carotene = 40800
Iron — 77492 ADI 05 mg elemental lron
FD & C Blue 1 Brilllant blue FCF 42000 FDA cerufication on each lot of dye
FD & C Blue 2 Indigotine 73015 None

Indigo carmine
FD&CGreend Fast green FCF 42035 FDA cerfication on each lot of dye
Iron oxide—black — 77499 ADI 0-5 mg elemental iron
Caramel Bumt sugar - None
Thanium dioxide - 77891 None

* Abbreviations: ADI—Acceptable Daily [ntake (per kg body weight)
Cl— Color index numbers of 1971 (US)
D & C— Drug and Cosmetic Dyes (US)

on starch or calcium sulfate from its aqueous solution; the
resultant powder is dried and blended with the other
ingredients. If the insoluble lakes are used, they may be
blended with the other dry ingredients. Frequently during
drying, colors in wet granulations migrate, resulting in an
uneven distribution of the color in the granulation. After
compression, the tablets will have a mottled appearance due
to the uneven distribution of the color. Migration of colors
may be reduced by drying the granulation slowly at low tem-
peratures and stirring the granulation while it is drying. The
affinity of several water-soluble anionic certified dyes for natu-
ral starches has been demonstrated; in these cases this affinity
should aid in preventing color migration.

Other additives have been shown to act as dye-migration
inhibitors. Tragacanth (1%), acacia (3%), attapulgite (5%)
and tale (7%) were effective in inhibiting the migration of
FD&C Blue No 1 in lactose. In using dye lakes, the problem
of color migration is avoided since the lakes are insoluble. Pre-
vention of mottling can be helped also by the use of lubricants
and other additives which have been colored similarly to the
granulation prior to their use. The problem of mottling be-
comes more pronounced as the concentration of the colorants
increases. Color mottling is an undesirable characteristic
common to many commercial tablets,

Flavoring Agents

In addition to the sweetness which may be afforded by the
diluent of the chewable tablet, eg, mannitol or lactose, artifi-
cial sweetening agents may be included. Formerly, the cycla-
mates, either alone or in combination with saccharin, were
used widely. With the banning of the cyclamates and the
indefinite status of saccharin, new natural sweeteners are
being sought. Aspartame (Searie), has found applications
for pharmaceutical formulations. Sweeteners other than the
sugars have the advantage of reducing the bulk volume, con-
sidering the quantity of sucrose required to produce the same
degree of sweetness. Being present in small quantities, they
do not affect markedly the physical characteristics of the
tablet granulation.

FD & C— Food, Drug and Cosmetic Dyes (US)
FDA—Food and Drug Administration (US)
* As of February, 1988 and subject to revision.

Powder Compaction

Compressed tablets became a commercially viable and effi-
cient dosage form with the invention of tablet machines. In
1843 William Brockendon, a British inventor, author, artist
and watchmaker, received British Patent #9977 for “*Shaping
Pills, Lozenges, and Black Lead by Pressure in Dies."” In
over 150 years of tablet manufacture, the basic process has
not changed. Surprisingly, improvements have been made
only with regards to speed of manufacture and quality control.

The process of compaction has several identifiable phases.
As can be seen in Fig 3, when powders undergo compression
(a reduction in volume), the first process to occur is a consoli-
dation of the powders. During this consolidation phase, the

particles adopt a more efficient packing order. The
second phase of the compaction process is elastic, or revers-
ible deformation. If the force were to be removed during this
phase, the powder would recover completely to the efficiently
packed state. For most pharmaceutical powders, this phase
is very short in duration, and very difficult to identify on most
instrumented tablet presses. The third phase of compaction

Leces Packing
(L1 1]
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Fig3. The stages of powder compaction.
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is plastic, or irreversible deformation of the powder bed. Itis
this phase of the compaction process that is the most critical
in tablet formation. If too much force is applied to the pow-
der, brittle fracture occurs. If the force was applied to
quickly, fracture and debonding during stress relaxation can
occur.

In 1950, Stewart reported on the importance of plastic flow,
and suggested that if a material has significant plastic flow
under compression, it will be more likely to form a compact.*
David and Augsburger evaluated stress-relaxation data, using
the Maxwell model of viscoelastic behavior in an attempt to
quantify the rate of plastic deformation of some direct com-
pression excipients.”* Jones has used the term contact time
to describe the total time for which a moving punch applies a
deucubleforcetoﬁndncomemdunngthempmm
and decompression event, excluding ejection.?®

Rees and Rue evaluated three parameters: stress relation
during compaction, effect of contact time on tablet density
mdmeofuwﬂcmonofmmﬂnulcompmononubla
deformation.

Jones** outlined numerous techniques to evaluate the com-
pactability of powders. Because of the completeness of his
review, these parameters are discussed below.

Tablet Strength—Compression Pressure Profile

Most formulators use tablet hardness, or tensile strength,
as a measure of the cohesiveness of a tablet. With even the
simplest of instrumented tablet presses, it is possible to plot
tensile strength versus the force applied to the tablet. Figure
4 illustratessuchaplot. These plots can be useful in identify-
ing forces which can cause fracture and can lead to a quick,
tangible assessment of the compatibility of the formulation.
Hmr.menmnwmnmuomwmbmmod as these
plots cannot predict lamination or capping. In addition,
the cohesiveness of a tablet can change upon storage, in either
a positive or negative direction.

Tablet Friability

This test is discussed later in the chapter, and there have
been many suggestions as to how they should be performed.
Many formulators believe this is an important indicator of
ao::ﬁveneu,bmisoﬂhnhedvﬂueinpndicﬁmfaﬂmimhe

eld.

Changes in Bed Density during Compression

Aslppliedm(fom)uwrem elastic and plastic defor-
mation of the particles occurs, which results in plastic flow,
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and a reduction in inter- and intraparticulate void spaces.
This lowers the overall compact density.

For highly cohesive systems, the reduction in void space
may yield a compact of sufficient strength for insertion into a
capsulesshell. However, the inherent cohesiveness for most
drugs and excipients is not suitable alone for tablet manufac-
ture.

The Heckel equation is given below; K can be considered to
be equal to the reciprocal of the mean yield pressure and A isa
function of the original compact volume and is related to the
densification and particle rearrangement prior to bonding.

1
- 1-D
where [ is the relative density at pressure P and K and A are
constants.

Hersey and Rees™ have classified Heckel plots into two
categories. Figure 5 shows both types of Heckel plots.
Type 2 differs from Type 1 in that above a certain pressure a
single linear relationship occurs irrespective of the initial bed
density. This is independent of particle size and is probable
due to fragmentation of particles and their subsequent compac-
tion by plastic deformation. For Type 1 materials, no such
fracture occurs, but adjacent particles simply deform plasti-
cally.

The pressure at which the plots transition to a linear portion
is approximately equal to the minimum pressure required to
form a coherent compact.

]=IG’+A

Changes in Surface Area during Compression

Bulk powders change their state of packing during compac-
tion, and individual particles fracture and/or plastically
deform. During this process, the surface area of the powders
and the compact in whole, changes. Conventional nitrogen
absorption techniques can estimate these changes. Al-
though this can be tedious, these measurements can give a
means of examining lamination tendency.

Stress Relaxation

The experimental technique consists of holding the com-
pression process at a point of maximum compression and
observing the compression force over various periods of time.
By increasing the duration of this period (dwell time), plastic
flow is maximized and tablet strength increases.

Meon compressive force, kg
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Fig 4. Tensile strength of compacts prepared from different crystal forms. A:  Barbitone (104-152 um)—O, Form |; O Form Ii; A, Form
. B: Sulphathiazole (104-152 um)—O, Form |; A, Form . C: Aspirin (250-353 um)—4, Form |; (J, Form IV (courtesy, Summers ef
al7),
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compact at point C, where the transmitted force falls rapidly
to a residual force, point D). The force needed to eject the
tablet from the die must be greater than the residual force
holding it to the sides of the die. Therefore, residual forces
tend to be proportional to ejection forces. In addition, these
plots can give a good assessment of the elastic component of
the compaction process of a powder,

Work and Compaction

Force-displacement (F-D) curves are useful in determining
the “work" involved in forming a compact. Curves, such as
shown in Fig 7,*" represent the work of the compression
process, but all compacts expand somewhat during decom-
pression, and this force is transferred back to the punch.
Therefore, by performing a second compression of the com-
pact, the second result can be subtracted from the first for a
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Stress Transmissions during Compression
If the stresses in the upper punch, lower punch and die wall £
are monitored, as in Fig 6, a general plot can be constructed 1
showing the relationship between these forces. The elastic
limit is reached at point A. At point B, the applied force is
released, and the transmitted force on the wall of the die falls 3
rapidly. The upper punch ceases to contact the powder/ L
5
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Lower Punch Fig 7. Typical forces. A: displacement (F-D) curve; B: dis-
Fig6. Transmitted stresses during tablet compaction. placement (F-D), second compression (courtesy, Jones™).
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“corrected F-D curve.” The corrected curve represents the
work associated with plastic deformation during powder com-
paction, as well as a determination of the work of friction of
the die wall and the work of elastic deformation.

Granulation Methods
Wet Granulation

The most widely used and most general method of tablet
preparation is the wet-granulation method. Its popularity is
due to the greater probability that the granulation will meet all
the physical requirements for the compression of good tablets.
Its chief disadvantages are the number of separate steps in-
volved, as well as the time and labor necessary to carry out the
procedure, especially on a large scale. The steps in the wet
method are weighing, mixing, granulation, screening the damp
mass, ., dry screening, lubrication and compression.
The equ.lpmenl involved depends on the quantity or size of the
batch. The active ingredient, diluent and disintegrant are
mixed or blended well. For small batches the ingredients
may be mixed in stainless-steel bowls or mortars. Small-
scale blending also can be carried out on a large piece of paper
by holding the opposite edges and tumbling the material back
and forth. The powder blend may be sifted through a screen
of suitable fineness to remove or break up lumps.  Thisscreen-
ing also affords additional mixing. The screen selected al-
ways should be of the same type of wire or cloth that will not
affect the potency of the ingredients through interaction,
For example, the stability of ascorbic acid is affected deleteri-
ously by even small amounts of copper, thus care must be
taken to avoid contact with copper or copper-containing al-
loys.

For larger quantities of powder, the Patterson-Kelley twin-
shell blender and the double-cone blender offer a means of
precision blending and mixing in short periods of time (Fig 8).
Twin-shell blenders are available in many sizes from labora-
tory models to large production models. Planetary mixers,
eg, the Glen mixer and the Hobart mixer, have served this
function in the pharmaceutical industry for many years (Fig
9). On a large scale, ribbon blenders also are employed
frequently and may be adapted for continuous production
procedures. Mass mixers of the sigma-blade type have been
used widely in the pharmaceutical industry.

Rapidly increasing in popularity are the high-speed, high-
shear mixers such as the Lodige/Littleford, Diosna, Fielder
and Baker-Perkins. For these mixers a full range of sizes are
available. The of granulations in these machines
is generally faster than in conventional . How-
ever, control over the process s critical, and scale-up issues
may become extremely important.* Fluid-bed granulation
(discussed below) also is gaining wide acceptance in the

Figs.
lesy, Patterson-Kelley).

Twin-shell blender for solids or liquid-solids blending (cour-

Fig9. The Glen powder mixer (courtesy, Am Machine).

. For both of these types of processing, slight modi-
fications to the following procedures are required.

Solutions of the binding agent are added to the mixed
powders with stirring. The powder mass is wetted with the
binding solution until the mass has the consistency of damp
snow or brown sugar. If the granulation is overwetted, the
granules will be hard, requiring considerable pressure to form
the tablets, and the resultant tablets may have a mottled
appearance. [f the powder mixture is not wetted sufficiently,
the resulting granules will be 100 soft, breaking down during
lubrication and causing difficulty during compression.

The wet granulation is forced through a 6- or 8-mesh screen.
Small batches can be forced through by hand using a manual
screen.  For larger quantities, one of several comminuting
mills suitable for wet screening can be used. These include
the Stokes oscillator, Colton rotary granulator, Fitzpatrick
comminuting mill or Stokes tomado mill. See Fig 10. In
comminuting mills the granulation is forced through the siev-
ing device by rotating hammers, knives or oscillating bars.
Most high-speed mixers are equipped with a chopper blade
which operates independently of the main mixing blades and
can replace the wet milling step, ie, can obviate the need for a

separate operation.

For tablet formulations where continuous production is
justified, extruders such as the Reitz extructor have been
adapted for the wet-granulation process. The extruder con-
sists of a screw mixer with a chamber where the powder is
mixed with the binding agent and the wet mass gradually is
forced through a perforated screen forming threads of the wet
granulation. The granulation then is dried by conventional
methods. A semiautomatic continuous process using the
Reitz extructor has been described for the preparation of the
antacid tablet Gelusil (Warner-Lambert).

Moist material from the wet milling step is placed on large
sheets of paper on shallow wire trays and placed in drying
cabinets with a circ ing air current and thermostatic heat
control. See Fig 11. While tray drying was the most widely
used method of drying tablet granulations in the past, fluid-
bed drying is now equally popular. Notable among the newer
methods being introduced are the fluid-bed dryers.  Indrying
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Fig 10. Rotary granulator and sifter (courtesy, Vector/Coiton).

tablet granulation by fluidization, the material is suspended
and agitated in a warm air stream while the granulation is
maintained in motion. Drying tests comparing the fluidized
bed and a tray dryer for a number of tablet granulations
indicated that the former was 15 times faster than the conven-
tional method of tray drying. In addition to the decreased
drying time, the fluidization method is claimed to have other
advantages such as better control of drying temperatures,
decreased handling costs and the opportunity to blend lubri-
cants and other materials into the dry granulation directly in
the fluidized bed. See Fig 12.%

The application of radio-frequency drying and infrared dry-
ing to tablet granulations has been reported as successful for
the majority of granulations tried. These methods readily
lend themselves to continuous granulation operations. The
study of drying methods for tablet granulations led to the
development of the Rovac dryer system by Ciba pharmacists
and engineers. The dryer is similar in appearance to the
cone blender except for the heating jacket and vacuum
connections. By excluding oxygen and using the lower dry-
ing temperatures made possible by drying in a vacuum, oppor-
tunities for degradation of the ingredients during the drying
cycle are minimized. A greater uniformity of residual mois-
ture content is achieved because of the moving bed, con-
trolled temperature and controlled time period of the drying
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Fig 11. Cross section of tray dryer.

Fig12. Three versions of fluidized-bed granulation and drying A’
Top-spray method used in conventional fluid-bed granulation coat-
ers; B bottom-spray method used in Wurster air-suspension col-
umns; C: tangential-spray method used in rotary fluid-bed coaters/
granulators (courtesy, Aster Publ, adapted from Ref 31).

cycle. Particle-size distribution can be controlled by varying
the speed of rotation and drying temperature as well as by
comminuting the granulation to the desired granule size after

drying.
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In drying granulations it is desirable to maintain a residual
amount of moisture in the granulation. This is necessary to
maintain the various granulation ingredients such as gumsina
hydrated state. Also, the residual moisture contributes to
the reduction of the static electric charges on the particles.
In the selection of any drying process, an effort is made to
obtain a uniform moisture content. In addition to the impor-
tance of moisture content of the granulation in its handling
during the manufacturing steps, the stability of the products
containing moisture-sensitive active ingredients may be re-
lated to the moisture content of the products.

Previously it was indicated that water-soluble colorants can
migrate toward the surface of the granulation during the dry-
ing process, resulting in mottled tablets after compression.
This is also true for water-soluble drug substances, resulting
in tablets unsatisfactory as to content uniformity. Migration
can be reduced by drying the granulation slowly at low tem-
peratures or using a granulation in which the major diluent is
present as granules of large particle size. The presence of
microcrystalline cellulose in wet granulations also reduces
migration tendencies.

After drying, the granulation is reduced in particle size by
passing it through a smaller mesh screen. Following dry
screening, the granule size tends to be more uniform. For
drymnulﬂlomthemnsbetobeulmeddependsondw
diameter of the punch. The following sizes are suggested:

Tablets up to Vi« inch diam, use 20-mesh
Tablets 7y in 10 ¥» inch, use 16-mesh

Tablets 'y into ¥y inch, use | 4-mesh
Tablets s inch and larger, use 1 2.-mesh

For small amounts of granulation, hand screens may be used
and the material passed through with the aid of a stainless-
steelspatula. With larger quantities, any of the comminuting
mills with screens to those just mentioned may
be used. Note that the smaller the tablet, the finer the dry
ganuhﬁmwmaﬂemwﬁomﬁﬂh\gdthedem:
large granules give an irregular fill to a comparatively small
die cavity. With compressed tablets of sodium bicarbonate,
lactose and magnesium trisilicate, a relationship has been
demonstrated to exist between the particle size of the granu-
lated material and the disintegration time and capping of the
resultant tablets. For a sulfathiazole granulation, however,
the particle-size distribution did not appear to influence hard-
ness or disintegration.

After dry granulation, the lubricant is added as a fine powder.
It usually is screened onto the granulation through 60- or
100-mesh nylon cloth to eliminate small lumps as well as to
increase the covering power of the lubricant. As it is desir-
able for each granule to be covered with the lubricant, the
lubricant is blended with the granulation very gently, prefer-
ably in a blender using a tumbling action. Gentle action is
desired to maintain the uniform granule size resulting from
the granulation step. It has been claimed that too much fine
powder is not desirable because fine powder may not feed into
the die evenly; consequently, variations in weight and density
result. Fine powders, commonly designated as fines, also
blow out around the upper punch and down past the lower
punch, making it necessary to clean the machine frequently.
Fines, however, at a level of 10 to 20% traditionally are sought
by the tablet formulator. The presence of some fines is nec-
essary for the proper filling of the die cavity. Now, even
hiynrcmumofﬂnesmuudsucceﬂfunyinublu
manufacture. Most investigators agree that no general limits
exist for the amount of fines that can be present in a granula-
tion but must be determined for each specific formula.

Many formulators once believed (and some still believe)
that overblending resulted in an increased amount of fines
and, hence, caused air entrapment in the formula. The cap-
ping and laminating of tablets associated with overblending
lubricants was thought to be caused by these air pockets.
Most scientists now recognize that a more plausible explana-
tion has to do with the function of the lubricants themselves.
Since the very nature of lubricant tends to make surfaces less
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susceptible to adhesion, overblending prevents the intergran-
ule bonding that takes place during compaction.

Fluid-Bed Granulalion

A new method for granulating evolved from the fluid-bed
drying technology described earlier. The concept was to
spray a granulating solution onto the suspended particles
which then would be dried rapidly in the suspending air. The
main benefit from this system is the rapid granulation and
drying of a batch. The two main firms that developed this
technology are Glatt and Aeromatic. The design of these
systems are basically the same with both companies (see Fig
12). In this method, particles of an inert material, or the
active drug, are suspended in a vertical column with a rising
air stream; while the particles are suspended, the common
granulating materials in solution are sprayed into the column.
There is a gradual particle buildup under a controlled set of
conditions resulting in a tablet granulation which is ready for
compression after the addition of the lubricant. An obvious
advantage exists since granulating and drying can take place
in a single piece of equipment. It should be noted, however,
that many of the mixers discussed previously can be supplied
with a steam jacket and vacuum, and can provide the same

advantage.

In these systems a granulating solution or solvent is sprayed
into or onto the bed of suspended particles. The rate of
addition of the binder, temperature in the bed of particles,
temperature of the air, volume and moisture of the air all play
an important role in the quality and performance of the final
product. Many scientists feel that this method is an exten-
ﬂono(ﬂnwet-grmulaﬁonnnthod.ulthmrpor&esnmyof
its concepts. However anyone who has developed a formu-
lation in a fluid-bed system knows that the many operating
parameters involved make it somewhat more complex.” In
addition to its use for the preparation of tablet granulations
this technique also has been proposed for the coating of solid
particles as a means of improving the flow properties of small
particles. Researchers have observed that, in general, fluid-
bed granulation yields a less dense particle than conventional
methods, and this can affect subsequent compression behavior.
A large-scale fluid-bed granulation process has been de-
scribed for Tylenol (McNeil). Methods for the preparation
orcomaruedmblﬂshavebemrevlendlnuwmmm.“

In the Merck Sharp & Dohme facility at Elkton, VA, the
entire tablet manufacturing process based on a wet-granula-
tion method is computer-controlled. By means of a com-
puter, the system weighs the ingredients, blends, granulates,
dries and lubricates to prepare a uniform granulation of speci-
fied particle size and particle-size distribution. The com-
puter directs the compression of the material into tablets
having exacting specifications for thickness, weight and
hardness. After compression, the tablets are coated with a
water-based film coating. The computer controls and moni-
tors all flow of material. The plant represents the first totally
Ml\lted3 pharmaceutical manufacturing facility. See Fig
1

Although the Merck facility represents the most fully auto-
mated production operation, there are many others through-
out the industry which have parts of the operation (such as a
coating, compressing or fluid-bed granulation process) oper-
ating under a high degree of sophistication and automation.
This is the trend for the future. Equipment suppliers work
closely with individual pharmaceutical companies in design-
ing specialized and unique systems.

Dry Granulation

When tablet ingredients are sensitive to moisture or are
unable to withstand elevated temperatures during drying, and
when the tablet ingredients have sufficient inherent binding or
cohesive properties, slugging may be used to form granules.
This method is referred to as dry granulation, precompression
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or double-compression. It eliminates a number of steps but
still includes weighing, mixing, slugging, dry screening, lubri-
cation and compression. The active ingredient, diluent (if
one is required) and part of the lubricant are blended. One of
the constituents, either the active ingredient or the diluent,
must have cohesive properties. Powdered material contains
a considerable amount of air; under pressure this air is ex-
pelled and a fairly dense piece is formed. The more time
allowed for this air to escape, the better the tablet or slug.

When slugging is used, large tablets are made as slugs
because fine powders flow better into large cavities. Also,
producing large slugs decreases production time; %4 to 1 inare
the most practical sizes for slugs. Sometimes, to obtain the
pressure which is desired the slug sizes are reduced to ¥% in.
The punches should be flat-faced. The compressed slugs are
comminuted through the desirable mesh screen either by
hand, or for larger quantities through the Fitzpatrick or simi-
lar comminuting mill. The lubricant remaining is added to
the granulation, blended gently and the material is com-
pressed into tablets.  Aspirin is a good example where slug-
ging is satisfactory. Other materials such as aspirin combina-
tions, acetophenetidin, thiamine hydrochloride, ascorbic acid,
magnesium hydroxide and other antacid compounds may be
treated similarly.

Results comparable to those accomplished by the slugging
process also are obtained with compacting mills.  In the com-
paction method the powder to be densified passes between
high-pressure rollers which compress the powder and remove
the air. The densified material is reduced to a uniform gran-
ule size and compressed into tablets after the addition of a
Jubricant. Excessive pressures which may be required to
obtain cohesion of certain materials may result in a prolonged
dissolution rate. Compaction mills available include the Chil-
sonator (Fitzpatrick), Roller Compactor (Vector) and the
Compactor Mill (Allis-Chalmers).

ﬂabmcoheﬂwmdﬂowpmmmhnnkedim

sion, and the use of force-feeding devices to improve the flow
of powder blends.

For tablets in which the drug itself constitutes a major
portion of the total tablet weight, it is necessary that the drug
possess those physical characteristics required for the formu-

lation to be compressed directly. Direct compression for
tablets 25% or less of drug substances frequently
can be used by fi with a suitable diluent which acts

as a carrier or vehicle for the drug. 3

Direct-compression vehicles or carriers must have good
flow and compressible characteristics. These properties are
imparted to them by a preprocessing step such as wet granula-
tion, slugging, spray drying, spheronization or crystallization.
These vehicles include processed forms of most of the com-
mon diluents including dicalcium phosphate dihydrate, trical-
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cium phosphate, calcium sulfate, anhydrous lactose, spray-
dried lactose, pregelatinized starch, compressible sugar,
mannitol and microcrystalline cellulose, These commer-
cially available direct-compression vehicles may contain small
quantities of other ingredients (eg, starch) as processing aids.
Dicalcium phosphate dihydrate (Di-Tab, Stauffer) in its un-
milled form has good flow properties and compressibility. It
is a white crystalline agglomerate insoluble in water and
alcohol. The chemical is odorless, tasteless and non-

. Since it has no inherent lubricating or disinte-
grating properties, other additives must be present to prepare
a satisfactory formulation.

Compressible sugar consists mainly of sucrose that is pro-
cessed to have properties suitable for direct compression. It
also may contain small quantities of dextrin, starch or invert
sugar. It is a white crystalline powder with a sweet taste and
complete water solubllity. It requires the incorporation of a
suitable lubricant at normal levels for lubricity. The sugar is
used widely for chewable vitamin tablets because of its natural
sweetness. One commercial source is Di-Pac (Amstar) pre-
pared by the cocrystallization of 97% sucrose and 3% dextrins,
Some forms of lactose meet the requirements for a direct-
compression vehicle. Hydrous lactose does not flow and its
use is limited to tablet formulations prepared by the wet
granulation method. Both anhydrous lactose and spray-
dried lactose have good flowability and compressibility and
can be used in direct compression provided a suitable disinte-
grant and lubricant are present. Mannitol is a popular dilu-
ent for chewable tablets due to its pleasant taste and mouth-
feel resulting from its negative heat of solution.  Inits granular
form (ICI Americas) it has good flow and compressible
qualities. It has a low moisture content and is not hygro-
scopic.

The excipient that has been studied extensively as a direct
compression vehicle is microcrystalline cellulose (Avicel,
FMC). Thisnonfibrous form of cellulose is obtained by spray-

ing washed, acid-treated cellulose and is available in sev-
eral grades which range in average particle size from 20to 100
wm. It is water insoluble but the material has the ability to
draw fluid into a tablet by capillary action; it swells on contact
and thus acts as a disintegrating agent. The material flows
well and has a degree of self-lubricating qualities, thus requir-
ing a lower level of lubricant as compared to other excipients.

Forced-flow feeders are mechanical devices available from
pharmaceutical equipment manufacturers designed to deaer-
ate light and bulky material. Mechanically, they maintain a
steady flow of powder moving into the die cavities under
moderate pressure. By increasing the density of the powder,
higher uniformity in tablet weights is obtained. See Fig 14.
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for high-speed machines (courtesy, Stokes/Pennwalt).
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Recently, many companies have reversed their optimism
for some direct-compression systems. Some formulations
made by direct compression were not as “forgiving”’ as were
the older wet-granulated products. As raw material varia-
tions occurred, especially with the drug, many companies
found themselves with poorly compactable formulations.
Interest in direct compression also is stimulating basic re-
search on the flowability of powders with and without the
presence of additives. Direct compression formulas are in-
cluded in the formula section found on page 1636.

Related Granulation Processes

Spheronization—Spheronization, a form of pelletization,
refers to the formation of spherical particles from wet
granulations. Since the particles are round, they have good
flow properties when dried. They can be formulated to con-
tain sufficient binder to impart cohesiveness for tableting.
Spheronization equipment such as the Marumerizer (Luwa)
and the CF-Granulator (Vector) is commercially available. A
wet granulation containing the drug substance, diluent (if
required) and binder, is pasaedﬂmthrm@memudlng
machine to form rod-shaped cylindrical segments ranging in
diameter from 0.5 to 12 mm. The segment diameter and the
size of the final spherical particle depend on the extruder
screen size. After extrusion the segments are placed into the
Marumerizer where they are shaped into spheres by centrifu-
gal and frictional forces on a rotating plate (see Fig 15). The
pellets then are dried by conventional methods, mixed with
suitable lubricants and compressed into tablets, or used as
capsule-fill material. Microcrystalline cellulose has been
shown to be an effective diluent and binder in granulations to
be spheronized."™** The advantages of the process include
the production of granules, regular in shape, size and surface
characteristics; low friability resulting in fewer fines and dust;
and the ability to regulate the size of the spheres within a
narrow particle-size distribution.

Spheres also can be produced by fluid-bed granulation tech-
niques and by other specialized equipment such as the CF-
Granulator (Vector). These processes, however, must begin
with crystals or nonpareil seeds followed by buildup. Exact
results, such as sphere density, are different for the various
methods and could be important in product performance.
These processes can be run as batches or continuously.

Spray-Drying—A number of tableting additives suitable
for direct compression have been prepared by the drying

process known as spray-drying. The method consists of
hnngmg together a highly dispersed liquid and a sufficient
volume of hot air to produce evaporation and drying of the
liquid droplets. The feed liquid may be a solution, slurry,
emulsion, gel or paste, provided it is pumpable and capable of
being atomized. As shown in Fig 16, the feed is sprayed into
a current of warm filtered air. The air supplies the heat for

Fig15. The inside of a QJ-400 Marumerizer (courtesy, Luwa).
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Fig 16. Typical spray-drying system (courtesy, Bowen Eng).

evaporation and conveys the dried product to the collector;
the air is then exhausted with the moisture. As the liquid
droplets present a large surface area to the warm air, local
heat and transfer coefficients are high.

The spray-dried powder particles are homogeneous, ap-
proximately spherical in shape, nearly uniform in size and
frequently hollow. The latter characteristic results in low
bulk density with a rapid rate of solution. Being uniform in
size and spherical, the particles possess good flowability.
The design and operation of the spray-dryer can vary many
characteristics of the final product, such as particle size and
size distribution, bulk and particle densities, porosity, mois-
ture content, flowability and friability. Among the spray-
dried materials available for direct compression formulas are
lactose, mannitol and flour. Another application of the pro-
cess in tableting is spray-drying the combination of tablet
additives as the diluent, disintegrant and binder. The spray-
dried material then is blended with the active ingredient or
drug, lubricated and compressed directly into tablets.

Since atomization of the feed results in a high surface area,
the moisture evaporates rapidly. The evaporation keeps the
product cool and as a result the method is applicable for
drying heat-sensitive materials. Among heat-sensitive phar-
maceuticals successfully spray-dried are the amino acids; an-
tibiotics as aureomycin, bacitracin, penicillin and streptomy-
cin; ascorbic acid; cascara extracts; liver extracts; pepsin and
similar enzymes; protein hydrolysates and thiamine ™

Frequently, spray-drying is more economical than other
processes since it produces a dry powder directly from a liquid
and eliminates other processing steps as crystallization, pre-
cipitation, filtering or drying, particle-size reduction and par-
ticle classifying. By the elimination of these steps, labor,
equipment costs, space requirements and possible contamina-
tion of the product are reduced. Intrinsic factor concentrate
obtained from hog mucosa previously was prepared by Led-
erle using a salt-precipitation process, followed by a
freeze-drying, By using spray-drying it was possible to manu-
facture a high-grade material by a continuous process. The
spherical particles of the product facilitated its subsequent
blending with vitamin B,;. Similar efficiencies have been
found in processes producing magnesium trisilicate and dihy-
droxyaluminum sodium carbonate; both chemicals are used
widely in antacid preparations.

Encapsulation of chemicals also can be achieved using
spray-drying equipment. The process is useful in coating
one material on another in order to protect the interior sub-
stance or to control the rate of its release. The substance to
be coated can either be liquid or solid, but must be insoluble in
a solution of the coating material. The oil-soluble vitamins,
A and D, can be coated with a variety of materials such as
acacia gum to prevent their deterioration. Flavoring oils and
synthetic flavors are coated to give the so-called dry flavors.

Spray-Congealing—Also called spray-chilling, spray-con-
gealing is a technique similar to spray-drying. It consists of
melting solids and reducing them to beads or powder by
spraying the molten feed into a stream of air or other gas.
The same basic equipment is used as with spray-drying al-
though no source of heat is required. Either ambient or
cooled air is used depending on the freezing point of the
product. For example, monoglycerides and similar materi-

als are spray-congealed with air at 50°F. A closed-loop sys-
tem with refrigeration cools and recycles the air. Using this
process, drugs can be dissolved or suspended in a molten wax
and spray-congealed; the resultant material then can be
adapted for a prolonged-release form of the drug.

Among the carbohydrates used in compressed tablets, man-
nitol is the only one which possesses high heat stability.
Mannitol melts at 167° and, either alone or in combination
with other carbohydrates, can be fused and spray-congealed.
Selected drugs have been shown to be soluble in these fused
mixtures, and the resultant spray-congealed material pos-
sesses excellent flow and compression characteristics.

Tablet Machines

As mentioned previously, the basic mechanical unit in tablet
compression involves the operation of two steel punches within
a steel die cavity. The tablet is formed by the pressure ex-
erted on the granulation by the punches within the die cavity,
orcell. The tablet assumes the size and shape of the punches
and die used. See Figs 17 and 18. While round tablets are
used more generally, shapes such as oval, capsule-form,
square, triangular or other irregular shapes may be used. Like-
wise, the curvature of the faces of the punches determines the
curvature of the tablets. The diameters generally found to be
satisfactory and frequently referred to as standard are as
follows: s, ", Y, Yo, Yie, "o, Yin, Yo, Yie, %, e and ¥ inch
Punch faces with ridges are used for compressed tablets scored
for breaking into halves or fourths, although it has been indi-
cated that variation among tablet halves is significantly greater
than intact tablets. However, a patented formula-
tion*? for a tablet scored to form a groove which is one-third to
two-thirds the depth of the total tablet thickness is claimed to
give equal parts containing substantially equal amounts of the
drug substance. Tablets, engraved or embossed with sym-
bols or Initials, require punches with faces embossed or en-
graved with the corresponding designs. See Figs 19 and 20.
The use of the tablet sometimes determines its shape; efferves-
cent tablets are usually large, round and flat, while vitamin
tablets frequently are prepared in capsule-shaped forms.
Tablets prepared using deep-cup punches appear to be round
and when coated take on the appearance of pills. Veterinary
tablets often have a bolus shape and are much larger than
those used in medical practice.

The quality-control program for punches and dies, fre-
quently referred to as tooling, instituted by large phnnmcemx—
cal companies emphasizes the importance of their care in
modern pharmaceutical production. To produce physically
perfect compressed tabiets, an efficient punch-and-die pro-
gram must be set up. Provisions for inspection of tooling,
parameters for cost-per-product determination, product iden-
tification and tooling specifications must all be considered.
A committee of the Industrial and Pharmaceutical Technology
Section of the APhA Academy of Pharmaceutical Sciences has
established a set of dimensional specifications and tolerances
for standard punches and dies. *!

Regardless of the size of the tableting operation, the atten-
tion which must be given to the proper care of punches and
dies should be noted. They must be highly polished and kept
free from rust and imperfections. In cases where the mate-
rial pits or abrades the dies, chromium-plated dies have been
used. Dropping the punches on hard surfaces will chip their
fine edges. When the punches are in the machine, the upper
and lower punches should not be allowed to contact each
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Fig17. Concave punches.
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other. Otherwise, a curling or flattening of the edges will
result which is one of the causes of capping. This is espe-
cially necessary to observe in the case of deep-cup punches.

When the punches are removed from the machine, they
should be washed thoroughly in warm soapy water and dried
well with a clean cloth. A coating of grease or oll should be
rubbed over all parts of the dies and punches to protect them
from the atmosphere. They should be stored carefully in
boxes or paper tubes,

Single-Punch Machines

The simplest tableting machines available are those having
the single-punch design. A number of models are available
as outlined in Table 2.  While the majority of these are power-
driven, several hand-operated models are available. Com-
pression is accomplished on a single-punch machine as shown
in Fig 21. The feed shoe filled with the granulation is posi-
tioned over the die cavity which then fills. The feed shoe
retracts and scrapes all excess granulation away from the die
cavity. The upper punch lowers to compress the granulation
within the die cavity. The upper punch retracts and the lower
punch rises to eject the tablet.  As the feed shoe returns to fill
the die cavity, it pushes the compressed tablet from the die
platform. The weight of the tablet is determined by the vol-
ume of the die cavity; the lower punch is adjustable to increase
or decrease the volume of granulation, thus increasing or
decreasing the weight of the tablet.

For tablets having diameters larger than % inch, sturdier
models are required. This is also true for tablets requiring a
high degree of hardness as in the case of compressed lozenges.

Fig 19. Collection of punches (courtesy, Stokes/Pennwalt),

The heavier models are capable of much higher pressures and
are sultable for slugging.

Operation of Single-Punch Machines

In installing punches and dies in a singe-punch machine insert the lower
punch first by lining up the notched groove on the punch with the lower
punch setscrew and slipping it into the smaller bore in the die table; the
setscrew is not tightened as yet.  The lower punch is differentiated from
the upper punch in that it has a collar around the punch head.  Ship the die
overthe punch head so that the notched groove (with the widest area at the
top) lines up with the die setscrew.  Tighten the lower punch setscrew
after seating the lower punch by pressing on the punch with the thumb.
Tighten Lhe die setscrew, making certain that the surface of the die is flush
with the die table. [nsert the upper punch, again lining up the grooved
notch with the upper punch setscrew.  To be certain that the upper punch
s seated securely, tum the machine over by hand with a block of soft wood
or wad of cloth between the upper and lJower punches.  When the punch is
seated, tighten the upper punch setscrew.  Adjust the pressure so that the
upper and lower punches will not come in contact with each other when the
machine is turned over.  Adjust the lower punch so that it is flush with the
die table at the ejection point.  Install the feed shoe and hopper.

After adding a small amount of granulation to the hopper, turmn the
machine over by hand and adjust the pressure until a tablet is formed.
Adjust the tablet weight until the desired weight is obtained. The pres-
sure will have 1o be altered concurrently with the weight adjustments. It
should be remembered that as the fill is increased the lower punch moves
further away from the upper punch and more pressure will have Lo be
applied to obtain comparable hardness. Conversely, when the fll is
decreased, the pressure will have to be decreased.  When all the adjust-

Table 2—Single-Punch Tablet Machines
Maximum
tablet  Pressspeed Depth
dameter  (lablets/ of fill
Machine model (inches) min) (inches)
Stokes-Pennwalt equipment®
B611-6 Y 40-75 Ya
206-4 1¥, 1040 1%s
5301 ] 12-48 1'%
625-2 3 16-48 2
Manesty equipment (Thomas Eng)
Hand machine v 100 Yin
Maodel F3 S 85 "Ae
Model 35T | 16 2,

* Widely used for veterinary boluses.

NOVARTIS EXHIBIT 1541
Novartis v. Regents, IPR2023-01347
Page 20 of 40



Single
=33 TR ER
] ( f t
.‘-” a‘f (
- PR e
= Punch is Stationary p— Er
§ Punch is Moving Upwara |
1 Punch is Moving Downward i
f
ey 3 &

uu;i

P Eject

(I

Fil

Fig 21. The steps associated with single-punch and rotary tablet
machines.

ments have been made, fill the hopper with granulation and tum on the
maodor,  Hardness and wegght should be checked immediately and suit-
able adjustments made if necessary.  Periodic checks should be made on
the tablet hardness and weight during the running of the batch at 15- to
S0-minute intervals.

When the batch has been run off, tum off the power and remove loose
dust and granulation with the vacuum cleaner  Release the pressure from
the punches. Remove the feed hopper and the feed shoe.  Remove the
upper punch, the lower punch and the die.  Clean all surfaces of the tablet
machine and dry well with clean cloth.  Cover surfaces with thin coating
of grease or oll prior to storage

As tablets are ejected from the machine after compression,
they usually are accompanied with powder and uncompressed
granulation. To remove this loose dust, the tablets are passed
over a screen, which may be vibrating, and cleaned with a
vacuum line.

Raotary Tablet Machines

For increased production, rotary machines offer great
advantages. A head carrying a number of sets of punches
and dies revolves continuously while the tablet granulation
runs from the hopper, through a feed frame and into the dies
placed in a large, steel plate revolving under it.  This method
promotes a uniform fill of the die and therefore an accurate
weight for the tablet. Compression takes place as the upper
and lower punches pass between a pair of rollers as can be
seenin Fig 21, This action produces a slow squeezing effect
on the material in the die cavity from the top and bottom and
s0 gives a chance for the entrapped air to escape.  The lower
punch lifts up and ejects the tablet. Adjustments for tablet
weight and hardness can be made without the use of tools

Fig22. Model 747 High Speed Press, double-sided rotary compact-
ing press designed to produce at speeds over 10,000/ min (courtesy,
Stokes/Pennwalt).

while the machine is in operation. Figure 23 shows the tool-
ing in a 16-station rotary press in the positions of a complete
cycle to produce 1 tablet per set of tooling One of the
factors which contributes to the variation in tablet weight and
hardness during compression is the internal flow of the granu-
lation within the feed hopper.

On most rotary machine models there is an excess pressure
release which cushions each compression and relieves the
machine of all shocks and undue strain. The punches and
dies can be removed readily for inspection, cleaning and insert-
ing different sets to produce a greal variety of sizes and
shapes. Many older presses have been modemized with pro-
tective shields to prevent physical injury and to comply with
OSHA standards (see Fig 24). It is possible to equip the
machine with as few punches and dies as the job requires and
thus economize on installation costs. For types of rotary
machines available, see Table 3.
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Fig 23. Tooling for a 16-station rotary press showing posftions of
the cycle required to produce 1 tablet per set of 100ling (courtesy.
Vector/Colton).

NOVARTIS EXHIBIT 1541
Novartis v. Regents, IPR2023-01347
Page 21 of 40



Fig 24. Research technicians use an instrumented tablet press to
develop processes at Schering-Plough.

Operation of Rotary Machines

Before inserung punches and dies, make certain that the pressure has
been released from the pressure wheel.  The die holes should be cleaned
thoroughly, making certain that the die seat is completely free of any
foreign matenials.  Back off all die locks and loosely insert dies into the die
holes, then tap each die securely into place with a fiber of soft metal rod
through the upper punch holes.  After all the dies have been tapped into
place, tighten each die lockscrew and securely. As each
screw is tightened the die is checked to see that it does not project above
the die table. Insert the lower punches through the hole made available
by removing the punch head. Tumn the machine by hand until the punch
bore coincides with the plug hole.  Insen each lower punch in its place
progressively. Insert the upper punches by dropping them into place in
thehead. Each punch (upper and lower) should be coated with a thin film
of mineral okl before inserting them into the machine.  Adjust the ejection
cam so that the lower punch is fush with the die table at the ejection point.

Afer insertion of the punches and dies adjust the machine for the tablet
weight and hardness.  The feed frame should be antached to the machine
along with the feed hopper. Add a small amount of the granulation
through the hopper and turn over the machine by hand. Increase the
pressure by rotating the pressure wheel until a tablet is formed. Check
the weight of the tablet and adjust the ll 1o provide the desired tablet
weight.  Most hikely more than one adgustment of the fill will be necessary
before obtaining the acceptable weight.  When the fill 1s decreased, the
pressure must be decreased 1o provide the same hardness in the tablet.
Conversely, when the fill is increased, the pressure must be increased to
obtain comparable hardness,

Fill the hopper with the granulation and turn on the power. Check
tablet weight and hardness immediately after the mechanical operation
begins and make suitable adjustments, if necessary.  Check these proper-
ties routinely and regularly at 15- to 30-minute intervals while the machine
is in operation. When the batch has been run, tumm off the power.
Remove the hopper and feed frame from the machine. Remove loose
granulation and dust with a vacuum line. Remove all pressure from the
wheel.  Remove the punches and dies in the reverse order of that used in
setting up the machine.  First, remove the upper punches individually,
then the lower punches and finally the dies.  'Wash each punch and die in
aleohol and brush with a soft brush 1o remove adhering material. Dry
them with a clean cloth and cover them with a thin coating of grease or oil
before storing.

High-Speed Rotary Tablet Machines

The rotary tablet machine has evolved gradually into mod-
els capable of compressing tablets at high production rates.
See Figs 22, 25 and 26, This has been accomplished by
increasing the number of stations, ie, sets of punches and dies,
in each revolution of the machine head, improvement in feed-
ing devices, and on some models the installation of dual
compression points. In Fig 26, the drawing shows a rotary
machine having dual compression points. Rotary machines
having dual compression points are referred to as double
rotary machines, and those with one compression point, single
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rotary. In the diagram, half of the tablets are produced 180°
from the tablet chute. They travel outside the perimeter and
discharge with the second tablet production. While these
models are mechanically capable of operating at the produc-
tion rates shown in Table 3, the actual speed still depends on
the physical characteristics of the tablet granulation and the

Presses with l.rli:le compression points (see Table 3) permu
the partial compaction of material before final compaction.

Multilayer Rotary Tablet Machines

The rotary tablet machines also have been developed into
models capable of producing multiple-layer tablets; the ma-
chines are able to make one-, two- or three-layer tablets [Versa
Press (Stokes / Penmwalt)]. Stratified tablets offer a number
of advantages. Incompatible drugs can be formed into a
single tablet by separating the layers containing them with a
layer of inert material. It has permitted the formulation of
time-delay medication and offers a wide variety of possibilities
in developing color combinations which give the products
identity.

Originally, the tablets were prepared by a single compres-
sion method. The dies were filled with the different granula-
tions in successive layers and the tablet was formed by a single
compression stroke. The separation lines of the tablets pre-
pared by this method tended to be irregular.  In the machines
now available for multilayer production the granulation re-
ceives a precompression stroke after the first and second fill,
which lightly compacts the granulation and maintains a well-
defined surface of separation between each layer. The opera-
tor is able to eject either precompressed layer with the ma-
chine running at any desired speed for periodic weight and
analysis checks.

Other multiple-compression presses can receive previously
compressed tablets and compress another granulation around
the preformed tablet. An example of a press with this capa-
bility is the Manesty Drycota (Thomas / Manesty). Pressure
coated tablets can be used to separate incompatible drug
substances and also to give an enteric coating to the core
tablets.

Capping and Splitting of Tablets

The splitting or capping of tablets is one of great concern
and annoyance in tablet making. It is quite difficult to detect
while the tablets are being processed but can be detected
easily by vigorously shaking a few in the cupped hands. A
slightly chipped tablet does not necessarily mean that the
tablet will cap or split.

There are many factors that may cause a tablet to cap or
split:

Excess “fines” or powder which traps air in the tablet mixture.

Deep markings on tablet punches. Many designs or “scores” on
punches are 1o broad and deep. Hairline markings are just as appropri-
ate as deep, heavy markings.

Worn and imperfect punches.  Punches should be smooth and buffed.
Nicked punches often will cause capping.  The development of fine feather
edges on tablets indicates wear on punches.

Worndies. Dies should be replaced or reversed.  Dies that are chrome.
plated or have tungsten carbide inserts wear longer and give better results
than ordinary steel dies.

Too much pressure. By reducing the pressure on the machines the
condition may be comected.
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Table 3—Rotary Tablet Machines Table 3—High-Speed Rotary Tablet Machines
Maximum Maximum
Machine Tool tablet kameter Pressspeed Depth of Machine Tool tabiet diameter Press speed Depth of
model sets (inches) (tablets/min) & (inches) model sels (inches) (tablets/min) il (inches)
Vector-Colton equipment Vector-Colton equipment
2216 16 k) 1180 Ya 2247 33 b 3480 Ve
240 16 A 640 Win 41 e 4300 Y%
250 12 1 480 1'% 49 e 5150 Ve
260 25 1%0 1450 1% Magna 66 a2y, 10,560 Ve
K 1 1800 1% 74 Ve 11,840 Ve
33 "in 1910 1% 90 i 14,400 Yy
43 % 2500 1 % Stokes/Pennwalt equation
270 25 1% 450 2% 652-2 35 b 800-3200 "4
Stokes/Pennwall equipment 3284 45 Y 1600-4500 1%
Manesty equipment (Thomas Eng) 610 65 e 3500-10,000 i
B3B 16 A 350-700 L 747 65 e 3000-10,000 e
23 e 500-1000 e 53 A 2900-8100 LRETY
BBIB 27 3 760-1520 Win 41 e 2150-8150 Wi
33 e 924-1848 Wi Direct Triple Compression Type
35 " 1490-2980 Wi 580-1 15 Ve 525-2100 LT
45 e 1913-3826 Wae 580-2 a5 % 4001600 e
D3B 16 1 260-5620 Win 610 66 Ve 3500-10,000 i
Key equipment 53 k) 29008100 Wi
DC-16 16 "Yos 210-510 Wi Manesty equipment (Thomas Eng)
BBC 27 e 1025-2100 Wi Betapress 16 % 6001500 i
35 £ 1325-27256 L7 23 e 860-2160 "
45 e 1700-3500 Was Express 20 1 800-2000 Wie
Cadpress 37 Y 8503500 Wis 25 % 10002500 i
45 E) 20006000 Wie 30 Yae 12003000 L7
55 e 2500-7500 Wi Unipress 20 1 970-2420 ™
Fette equipment (Raymond Auto) 27 % 1300-3270 e
(mm) (mm) M e 16404120 e
Perfecta 1000 28 16 2100 18 Novapress 37 1 7603700 e
33 13 2475 18 45 » 900-4500 Yie
Perfecta 2000 29 25 2175 22 61 Yon 12206100 e
36 16 3600 18 BB3B 35 A 1490-2080 m
43 13 4300 18 BB4 27 ¥ 900-2700 e
Counoy equipment (AC Compact) 35 # 11673500 e
R-100 24 26 285-2260 20 45 7N 15004500 LTS
3o 19 356-2850 20 Rolapress
36 1 550440 16 Mark [IA a7 1 T10-3550 Wi
Kikusui equipment 45 % 1640-8200 i
Hercules 18 a7 180-540 16 61 e 2200-11,100 Mia
21 26 210-630 16 Mark [V 45 1 2000-6000 Hie
29 25 290-870 16 55 % 2550-7330 L™
Virgo 19 16 418-1330 16 76 e 3500-10,000 "ia
24 i 528-1680 16 Fette Lool systems
Killian equipment (mm) (mm)
TX21 21 28 231-1386 20 PT 2080 29 25 4356-2900 18
TX25 26 22 275-2166 20 36 16 5404100 18
TX30 30 16 330-3150 20 43 16 6454900 18
TX21D 21 26 231-1826 20 PT2090IC 22 B2 1760 18
TX30A 30 16 330-3150 16 29 25 2900 18
TX40A 40 1B 4404200 16 J6 16 4140 18
Korsch equipment 43 13 5160 18
PH 260720 20 25 240-1640 22 47 11 6110 18
PH 250/25 25 16 270-2700 18 PT30001IC 37 K] 5920 18
PH 250/30 30 13 315-3233 18 49 25 7840 18
Elizabeth-Hata equipment 61 16 9760 18
AP-15.88U 15 17 300-1050 8-18 73 13 16,748 18
AP-18-88U 18 13 360-1260 B-18 P 3100 37 25 5618 22
AP-22-SSU 22 11 440-15640 B8-18 45 16 8100 18
AP-32-MSU 32 17 640-2240 8-18 55 13 9900 18
AP.38-MSU B 13 T60-2660 B-18 Courtoy equipment (AC Compact)
AP-45-MSU 32 1 9003150 B-18 R-200 43 25 T50-5833 20
b6 19 9168500 20
65 13 1083-10,000 16
Kikusui equipment
Unsuitable formula. It may be necessary to change the formula. Libra 36 16 900-2520 16
Moist and soft granulation.  This type of granulation will not flow freely 45 n 1125-3150 16
into the dies, thus giving uneven weights and soft or capped tablets. 19 B 1225-3430 16
Poorly machined punches. Uneven punches are detrimental to the Gemini 55 18 2200-7700 16
tablet machine iself and will not produce tablets of accurate weight. One 67 1 2680-9380 16
punch out of alignment may cause one tablet to split or cap on every 73 B 2920-10,200 16
revolution. Elizabeth-Hata equipment
AP-46-LDU 45 17 1800-6300 818
Instrumented Tablet Presses APSGLDU 55 13 2200-7700 B-18
AP65-LDU 65 1 2600-9100 8-18
Compressional and ejectional forces involved in tablet com- APTILDU 71 " 2840-0840 8-18
» 51-XLDU 51 17 2040-7140 8-18
pression can be studied by attaching strain gauges to the 65.XLDU 8l 13 2440-85.40 818

punches and other press components involved in compression.
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Fig2s. Rotapress Mark IlA: designed for improvements in sound
reduction, operator safety, cleanliness and operational convenience,
note the control panel on front of machine (courtesy, Thomas/
Manesty).

The electrical output of the gauges has been monitored by
telemetry or use of a dual beam oscilloscope equipped with
camera.***" Instrumentation permits a study of the compac-
tion characteristics of granulations, their flowabilities and the
effect of formulation additives, such as lubricants as well as
differences in tablet press design, as shown in Figs 29 and 30.
Physical characteristics of tablets, such as hardness, friability,
disintegration time and dissolution rate, are influenced not
only by the nature of the formulation but by the compressional
force as well,

As can be seen in Figs 29 and 30, the rate and duration of
compaction forces can be quantified. The rate of force appli-
cation has a profound effect on powder consolidation within
the die and, hence, efficiency of packing and powder
compaction. The rate of release of force or “decompres-
sion’ has a direct effect on the ability of the tablet to withstand
relaxation. A prominent hypothesis, fostered by Hiestand *4.4

Fig 26. The movement of tablets on die table of a double rotary
press (courtesy, Vector/Colton).

Fig27. Courtoy R-100 with computer-controlied operation.

and later Luenberger*® suggested that capping and laminating
of tablets is caused by too-rapid stress relaxation or
decompression. This explains why slowing a tablet press
and using tapered dies is useful in such situations. Most
prominent pharmaceutical scientists have embraced this
theory and largely have discounted air entrapment as a cause
of capping and laminating.

In Fig 30 an interesting set of plots is presented. Walter
and Augsburger reported that as compaction force rises, the
steel tooling actually compresses in accommodation to the
forces applied. The forces used 1o produce a tablet are con-
siderable, and should be monitored and understood.®’
Therefore, definition of the compressional force and duration
of force (dwell time) giving a satisfactory tablet for a formula-
tion provides an in-process control for obtaining both tablet-
to-tablet and lot-to-lot uniformity (see Figs 24 and 31).

s s AR oot

Fig 28. Direct weighing of tablets produced gives actual weight

feedback for the controller of the Courtoy R-100 (seen in the bottom
left of Fig 27).
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Fig29. Force-time curves for two types of tablet press.

Instrumentation has led to the development of on-line, auto-
matic, electromechanical tablet weight-control systems ca-
pable of continuously monitoring the weights of tablets as
they are produced. Units are available commercially | Thomas
Tablet Sentinel (Thomas Eng): Fette Compression Force
Monitor (Raymond Auto); Vali-Tab (Stokes / Penmwalt)) and
are applicable to single or rotary tablet machines. Most com-
mercial presses today can be delivered with some sort of
instrumentation attached. When tablet weights vary from
preset limits, the monitor automatically will adjust the weight
control mechanism to reestablish weights within acceptable
limits. If the difficulty continues, the unit will activate an
audible waming signal or an optional shut-down relay on the
press (see Figs 27 and 28). Most production model tablet
presses come equipped with complete instrumentation (op-
tional) and with options for statistical analysis and print out of
compression/ejection signals. The techniques and applica-
tions of press instrumentation have been reviewed %%

Contamination Control

While good manufacturing practices used by the pharmaceu-
tical industry for many years have stressed the importance of
cleanliness of equipment and facilities for the manufacture of
drug products, the penicillin contamination problem resulted
in renewed emphasis on this aspect of manufacturing. Pen-
icillin, either as an airborne dust or residual quantities
remaining in equipment, is believed to have contaminated
unrelated products in sufficient concentrations to cause
allergic reactions in individuals, hypersensitive to penicillin,

2
g

Tablet center
Upper punch

ion Force (N)

H i B g s ) 10
Fig 30. Piot showing the upper and lower punch forces as functions
of the position of the punch face within the die. A biaxial force/

Encoder
Compression SG
Precompression
Ejection SG

Fig31. Schematic of an instrumentation system using a microcom-
puter as developed by Schering-Plough.

who received these products. This resulted in the indus-
try spending millions of dollars to change or modifly
buildings, manufacturing processes, equipment and standard
operating procedures to eliminate penicillin contamination.

With this problem has come renewed emphasis on the dust
problem, material handling and equipment cleaning in dealing
with drugs, especially potent chemicals. Any process using
chemicals in powder form can be a dusty operation; the prepa-
ration of compressed tablets and encapsulation falls in this
category. In the design of tablet presses attention is being
given to the control and elimination of dust generated in the
tableting process. In the Perfecta press shown in Fig 32, the
pressing compartment is completely sealed off from the out-
side environment, making cross-contamination nearly
impossible. The pressing compartment can be kept dust-
free by the air supply and vacuum equipment developed for
the machine, It removes airborne dust and granular particles
which have not been compressed, thus keeping the circular
pressing compartment and the upper and lower punch guides
free of dust.

Drug manufacturers have the responsibility to make certain
that microorganisms present in finished products are unlikely

Fig 32. Fette Perfecta 3000 high-speed tablet press with pressing

displacement curve also shown is a plot of the position of the tablet  compariment completely sealed off from outside environment mak-
center as a function of the compress ion force ing cross contamination impossible (courtesy, Raymond Auto)
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to cause harm to the patient and will not be deleterious to the
product. An outbreak of Salmonella infections in Scandina-
vian countries was traced to thyroid tablets which had been
prepared from contaminated thyroid powder. This concern
eventually led to the establishment of microbial limits for raw
materials of animal or botanical origin, especially those that
readily support microbial growth and are not rendered sterile
during subsequent processing. Harmful microorganisms

ORAL SOLID DOSAGE FORMS 1835

when present in oral products include Salmonella spp, E coli,
certain Pseudomomas spp such as Pseudomonas aerugi-
nosa and Staphylococcus aureus. The compendia have mi-
crobial limits on raw materials such as aluminum hydroxide
gel, com starch, thyroid, acacia and gelatin.

These represent examples of the industry’s efforts to con-
form with the intent of current good manufacturing practice
as defined by the FDA.

Tablet Formulations

Wet Granulation
CT Acetaminophen, 300 mg

Ingredients In each In 10,000
Acetaminophen 300 mg 3000 g
Polyvinylpyrrolidone 225 mg 225
Lactose 1.75 mg 61758
Alcohol SD3A—200 proof 45 mL 45 L
Stearic acid 9 mg 90 g
Talc 135 mg 135 g
Com starch 43.25 mg 4325g

umahlw-m:cmn. Add the alcohol slowly and knead well.
Screen the wet mass through a 4-mesh screen.  Dry the granulation a1 50°
overnight. Screen the dried granulation through a 20-mesh screen.
Bolt the stearic acid, talc and corn starch through a 60-mesh screen prior
to mbxing by tumbling with the granulation. Compress, using % «-inch
standard concave punch. 10 tablets should weigh 4.5 g (courtesy, Abbott).

CT Ascorbic Acid USP, 50 mg

Ingredients Ineach In 7000

Ascorbic acid USP (powder No. 80)" 55 mg 385 g
Lactose 21 mg 147 g
Starch (potato) 13 mg 91 g
Ethylcellulose N 100 (80-105 cps) 16 mg 112 g
Starch (potato) 7 mg 49 g
Talc 6.5mg 4558
Calcium stearate (impalpable powder) 1 mg 7 8
Weight of granulation 836.5 g

* Includes 10% in excess of claim.

Granulate the first three ingredients with ethylcellulose (5%) dissolved
anhydrous

combine this with the starch paste. Granulate the powder blend with the
starch paste. Dry at 140°F and screen through 16-mesh screen. Add
the flavoring oil, magnesium stearate and comn starch; mix well. Age the
granulation for at least 24 hours and compress, using & %-inch flat-face
bevel-edge punch (courtesy, Atlas).

CT Hexavitamin
Ingredients In each In 7000

Ascorbic acid USP (powﬁer)’ 825 mg 57758
Thiamine mononitrate U

(powder)* 24mg 168 g
Riboflavin® 3.3 mg 23.1g
Nicotinamide USP (powder)” 22 mg 154 g
Starch 13.9 mg 974¢g
Lactose 59 mg 41.2g
Zein 6.4 mg 45 g
Vitamin A acetate: 6250 U
Vitamin D,® (use Pfizer

crystalets medium

granules containing

500,000 U vitamin

A acetate and50,000 U

vitamin D;/g). 625 U 8758
Magnesium stearate 758

Weight of granulation 1050 g

* Includes the following in excess of claim: ascorbic acid 109, thia-
mine mononitrate 20%, riboflavin 10%, nicotinamide 10% and vitamin A
acetate-vitamin D, crystalets 259,

Thoroughly mix the first six ingredients and granulate with zein (10% in
ethyl alcohol, adding additional alcohol if necessary to obtain good, wet
granules). Wet-screen through a #B stainless-steel screenand dryat 110
to 120°F. Dry-screen through a #20 stainless-steel screen and add the
vitamin crystalets. Mix thoroughly, lubricate and compress. 10 tablets
should weigh 1.50 g.

in anhydrous ethyl alcohol adding additional alcohol to obtain Coat with syrup.
good, wet granules. Wet-screen through a #8 stainless-steel screen and
dry at room temperature in an air-conditioned area.  Dry-screen through
a #20 stainless-steel screen and incorporate the remaining three
ingredients. Mix thoroughly and compress. Use a flat, beveled Yi-inch
punch. 20tablets should weigh 2.39 5. CT Theobromine—-Phenobarbital
Chewable Antacid Tablets Ingredients In each In 7000
Ingredients Ineach  In 10,000 Theobromine 3256 mg 2275 g
Phenobarbital 33 mg 231 g
Magnesium trisilicate 500 mg 5000 g Starch 39 mg 273 g
Aluminum hydroxide, dried gel 250 mg 2500 g Talc 8 mg 56 g
Mannitol 300 mg 3000 g Acacia (powder) 8 mg 56 g
Sodium sacch;:n 2mg 20g Stearic acid 0.7 mg 19¢g
Starch paste, qs Qs Wi :
0il of peppermint 1 mg 10g eight of granulation 2895.9 g
Magnesium stearate 10 mg 100 g Prepare a paste with the acacia and an equal weight of starch.  Use this
Com starch 10 mg 100 g paste for granulating the theobromine and pheno- barbital. Dry and put

Mix the magnesium trisilicate and aluminum hydroxide with the mannitol.
Dissolve the sodium saccharin in a small quantity of purified water, then

through a 12-mesh screen, add the remainder of the material, mix thor-
oughly and compress into tablets, using a '%-inch concave punch. 10
tablets should weigh 4.13 g.
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Fluid-Bed Granulation
CT Ascorbic Acid USP, 50 mg
Ingredients In each In 10,0000
Ascorbic acid USP (powder no 80)* 556 mg 550 g
Lactose 21 mg 210 g
Starch (potato) 13 mg 130 g
Ethylcellulose N100 (80-105¢cps) 16 mg 160 g
Starch (potato) 7 mg 70 g
Tale 6.5 mg 66 g
Calcium stearate 1 mg 10 g
Weight of granulation 1195.0g

CT Vitamin B Complex

Ingredients In each In 10,000
Thiamine mononitrate? 0.733 mg 733 g
Riboflavin® 0.733 mg 783 g
Pyridoxine hydrochloride 0.333 mg 333 g
Calcium pantothenate® 04 mg 4 B
Nicotinamide 5 mg 50 g
Lactose (powder) 752 mg 72 g
Starch 21.9 mg 219 g
Tale 20 mg 200 g
Stearic acid (powder) 0.701 mg 701 g
Weight of granulation 1250 g

* Inchades 10% in excess of claim.

Add the first three Ingredients to the granulator. Mix for 5 to 15
minutes or until well mixed. Dissolve the ethylcellulose in anhydrous
ethanol and spray this solution, and any additional ethanol, into the fluid-
(zed mixture, Cease spraying when good granules are produced. Dryto
approximately % moisture. Remove the granules and place them in a
suitable blender. Sequentially add the remaining three ingredients with
mixing steps in between each addition. Compress, using a flat, beveled,
V-inch punch. 20 Lablets should weigh 2.39 g.

Sustained-Release (SR) Procainamide tablets

Ingredients In each In 10,000
Procainamide 500 mg 5000 g
HPMC 2208, USP 300 mg 3000 g
Carnauba wax 60 mg 600 g
HPMC 2910, USP 30 mg 300 g
Magnesium stearate 4mg 40g
Stearic acid 11 mg 110 g
Tale 5 mg 50g

Weight of granulation 9100 g

Place the first three ingredients in the granulator and mix for 5 to 15
minutes. Dissolve the HPMC in water (mix in hol water, then cool down)
and spray into the fluidized mixture. Dry to approximately 5% moisture.
Sequentially add the last three ingredients with mixing steps in between
each addition. Compress, using capsule-shaped tooling.
should weigh 9.1 g.

Dry Granulation
CT Acetyisalicylic Acid
Ingredients In each
Acetylsalicylic Acid (crystals 20-mesh) 0.326 g
Starch 268 g
Weight of granulation 2501.8¢g

Dry the starch to a moisture content of 10%. Thoroughly mix this with
the acetylsalicylic acid. Compress into slugs. Grind the shugs to 14- to
16-mesh size. Recompress into tablets, using a "Yy-inch punch. 10

In 7000

2275 g
2

* Includes 10% in excess of claim.

Mix all the ingredients thoroughly. Compress into slugs. Grind and
screen 0 14- o 16-mesh granules. Recompress into tablets, using a
Ye-inch concave punch. 10 tablets should weigh 1.25 8.

Sufficient tartaric acid should be used in these tablets to adjust the pH w
4.5.

Direct Compression
APC Tablets
Ingredients In each In 10,000

Aspirin (40-mesh crystal) 224 mg 2240 g
Phenacetin 160 mg 1600 g
Caffeine (anhyd USP gran) 32 mg 320g
Compressible sugar (Di-Pac”) 93.4 mg 934 g
Sterotex 78 mg 8g
Silica gel (Syloid 244") 28mg 28 g
“ Amstar.

* Davison Chem.

Blend ingredients in a twin-shell blender for 15 minutes and compress on
a ' % ~inch standard concave punch { courtesy, Amstar).

CT Ascorbic Acid USP, 250 mg

Ingredients Ineach  In 10,000

Ascorbic Acid USP (Merck, fine

crystals) 255 mg 2660 g
Microcrystalline cellulose” 159 mg 1590 g
Stearic acid 9mg g
Colloidal silica® 2mg 20g

Weight of granulation 4250 g
= Avicel-PH-101.
* Cab-0-Sil.

Blend all ingredients in a suitable blender. Compress, using ©\..inch
concave punch. 10 tablets should weigh 4.25 g (courtesy.

tablets should weigh 3.575 g. FHC).
CT Sodium Phenobarbital Breath Freshener Tablets
Ingredients In each In 7000 Ingredients In each in 10,000
Phenobarbital sodium 66 mg 4556 g Wintergreen oil 0.6 mg 6 g
Lactose (granular, 12-mesh) 26 mg 182 g Menthol 0.85 mg 85g
Starch 20 mg 140 g Peppermint oil 0.3 mg 3 g
Tale 20 mg 140 g Silica gel (Syloid 244") 1 mg 10 g
Magnesium stearate 0.3 mg 2.1g Sodium saccharin 0.3 mg 3 g
Weight of ulati 919.1 Sodium bicarbonate 14 mg 140 g
eight of granulation L Mannitol USP (granular)  180.95mg 18095 g
Mix all the ingredients thoroughly. Compress into slugs. Grind and Calcium stearate 2 mg 20 g
screen to 14- to 16-mesh granules. Recompress into tablets, using a
v.~inch concave punch. 10 tablets should weigh | I g. * Davison Chem,
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Mix the flavor oils and menthol until liquid. Adsorb onto the silica

#el. Add the remaining | Blend and compress on %e-in flat-
face bevel-edge punch Lo a thickness of 3.1 mm (courtesy, Atlas).
Chewable Antacid Tablets
Ingredients Ineach  In 10,000
Aluminum hydroxide and magne-
sium carbonate, co-
dried gel® 325 mg 3260 g
Mannitol USP (granular) 675mg 6750g
Microcrystalline cellulose” 75 mg 7650 g
Corn starch 30 mg 300 ¢
Calcium stearate 22 mg 220 g
Flavor qs qs
@ Rehets F-MA-11.
b Avicel.

Blend all ingredients in a suitable blender.
fat-face bevel-edge punch (courtesy, Atlas).

Compress, using a %-inch

Chewable Multivitamin Tablets
Ingredients In each

In 10,000

Vitamin A USP (dry, sta-

bilized form) 5000 USP units 50 million units
Vitamin D (dry, stabi-

lized form) 400 USP units 4 million units
Ascorbic Acid USP 60.0 mg 600 g
Thiamine Hydrochloride

usp 1 mg 10g
Riboflavin USP 1.5 mg 15g
Pyridoxine Hydrochlo-

ride USP 1 mg 10g
Cyanocobalamin USP 2 pug 20 mg
Calcium Pantothenate

UspP 3 mg 30g
Niacinamide USP 10 mg 100 g
Mannitol USP (granular) 236.2 mg 2362 g
Corn starch 16.6 mg 166 g
Sodium saccharin 1.1 mg ilg
Magnesium stearate 6.6 mg 66 g
Talc USP 10 mg 100 g
Flavor qs qs

Blend all ingredients in a suitable blender. Compress, using a %4-inch
flat-face bevel-edge punch (courtesy, Atlas).
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CT Ferrous Sulfate
Ingredients In each
;:goun Sulfate USP (crystalline) 0.325g 2275 g

0975 g
Sterotex

1.95 g
Weight of granulation 227793 g
Grind to 12- to 14-mesh, lubricate and compress. Coat iImmediately to
avoid oxidation Lo the ferric state with 0.410 gr of tolu balsam (dissolved in
alcohol) and 0.060 gr of salol and chalk. Use a deep, concave, ' /y-inch

In 7000

punch. 10 tablets should weigh 3.25g.
CT Methenamine
In each, In 7000,
Ingredients ] g

Methenamine (12- to 14-mesh crystals) 0.325
Weight of granulation

2275
2275

32500ﬂwdhdls.tlnsl%dnchmh. 10 tablets should weigh
25g.
CT Phenobarbital USP, 30 mg
Ingredients In each In 10,000
Phenobarbital 30.59 mg 3059g
Microcrystalline
cellulose® 30.59 mg 30569¢g
Spray-dried lactose 69.16 mg 691.6¢
Colloidal silica® 1.33 mg 133 g
Stearic acid 1.33 mg 133 g
Weight of granulation 1330 g
“ Avicel-PH-101.
* QUSO F-22.

Sereen the phenobarbital to break up lumps and blend with the micro-
crystalline cellulose. Add spray-dried lactose and blend. Finally, add
the stearic acid and colloidal silica; blend to obtain a homogeneous mixture.
Compress, using a %u-inch shallow concave punch. 10 tablets should
weigh 1.33 g (courtesy, FMC).

Molided Tablets or Tablet Triturates (TT)

Tablet triturates are small, discoid masses of molded pow-
ders weighing 30 to 250 mg each. The base consists of
lactose, B-lactose, mannitol, dextrose or other rapidly soluble
materials. It is desirable in making tablet triturates to pre-
pare a solid dosage form which is rapidly soluble; as the result
they are generally softer than compressed tablets.

This type of dosage form is selected for a number of drugs
because of its rapidly dissolving characteristic. N
in many concentrations is prepared in tablet triturate form
since the molded tablet rapidly dissolves when administered
by placing under the tongue. Potent alkaloids and highly
toxic drugs used in small doses are prepared as tablet tritu-
rates which can serve as dispensing tablets to be used as the
source of the drug in compounding other formulations or
solutions. Narcotics in the form of hypodermic tablets origi-
nally were made as tablet triturates because they rapidly dis-
solve in sterile water for injection prior to administration.
Today with stable injections of narcotics available, there is no

longer any justification for their use in this manner.
Although many hypodermic tablets currently are made, they
are used primarily for oral administration.

Tablet triturates are made by forcing a moistened blend of
the drug and diluent into a mold, extruding the formed mass,
which is allowed to dry. This method is essentlally the same
as it was when introduced by Fuller in 1878. Hand molds
may vary in size but the method of operation is essentially the
same. Molds consist of two plates made from polystyrene
plastic, hard rubber, nickel-plated brass or stainless steel.
The mold plate contains 50 to 500 carefully polished
perforations. The other plate is fitted with a corresponding
number of projecting pegs or punches which fit the perfora-
tions in the mold plate. The mold plate is placed on a flat
surface, the moistened mass is forced into the perforations
and the excess is scraped from the top surface. The mold
plate is placed over the plate with the corresponding pegs and
lowered. As the plates come together, the pegs force the
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tablet triturates from the molds. They remain on the tops of
the pegs until dry and they can be handled (see Fig 33). In
some hand molds, as shown in Fig 34, the pegs are forced
down onto the plate holding the moist trituration.

Formulation

In developing a formula it is essential that the blank weight
of the mold which is to be used is known. To determine this,
the weight of the diluent which exactly fills all the openings in
the mold is determined by experiment. This amount of dilu-
ent is weighed and placed aside. The total amount of the
drug required is determined by multiplying the number of
perforations in the plate used in the previous experiment by
the amount of drug desired in each tablet. The comparative
bulk of this medication is compared with that of an equal
volume of diluent and that quantity of diluent is removed and
weighed. The drug and the remaining diluent are mixed by
trituration, and the resulting triturate is moistened and forced
into the openings of the mold. If the perforations are not
filled completely, more diluent is added, its weight noted and
the formula written from the results of the experiments.

It is also permissible in the development of the formula to
weigh the quantity of medication needed for the number of
tablets represented by the number of perforations in the mold,
triturate with a weighed portion (more than /) of the diluent,
maoisten the mixture and press it into the perforations of the
mold. An additional quantity of the diluent is moistened
immediately and also forced into the perforations in the plate
until they are filled completely. All excess diluent is re-
moved, the trial tablets are forced from the mold, then tritu-
rated until uniform, moistened again, if necessary, and
remolded. When these tablets are dried thoroughly and
weighed, the difference between their total weight and the
weight of medication taken will indicate the amount of diluent
required and accordingly supply the formula for future use for
that particular tablet triturate,

For proper mixing procedures of the medication with the
diluent see Chapter 91.

Preparation

The mixed powders are moistened with a proper mixture of
alcohol and water, although other solvents or moistening
agents such as acetone, petroleum benzin and various combi-
nations of these may be used in specific cases; the agent of
choice depends on the solvent action which it will exert on the
powder mixture. Often the moistening agent is 50% alcohol,
but this concentration may be increased or decreased depend-
ing on the constituents of the formula. Care must be used in

.1
W N

Fig33. Hand-moiding tablet triturates (courtesy, MSD).

Fig 34. Tablet triturate mold (courtesy, Vector/Colton).

adding the solvent mixture to the powder. If too much is
used, the mass will be soggy, will require a long time to dry and
the finished tablet will be hard and slowly soluble; if the mass
is too wet, shrinkage will occur in the molded tablets; finally, a
condition known as creeping will be noticed. Creeping is the
concentration of the medication on the surface of the tablet
caused by capillarity and rapid evaporation of the solvent
from the surface, Because molded tablets by their very na-
ture are quite friable, an inaccurate strength in each tablet
may result from creeping if powder is lost from the tablet’s
surface. Onthe other hand, if an insufficient amount of moist-
ening agent is used, the mass will not have the proper cohe-
sion to make a firm tablet. The correct amount of moistening
agent can be determined initially only by experiment.

Hand-Molding Tablet Triturates

In preparing hand-molded tablets place the mold plate on a
glass plate. The properly moistened material is pressed into
the perforations of the mold with a broad spatula exerting
uniform pressure over each opening. The excess material is
removed by passing the spatula at an oblique angle with
strong hand pressure over the mold to give a clean, flat surface.
The material thus removed should be placed with the remain-
der of the unmolded material.

The mold with the filled perforations should be reversed and
moved to another clean part of the plate where the pressing
operation with the spatula is repeated. [t may be necessary
to add more material to fill the perforations completely and
uniformly. The mold should be allowed to stand in a position
so that part of the moistening agent will evaporate equally
from both faces. While the first plate is drying, another mold
can be prepared. As soon as the second mold has been
completed, the first mold should be sufficiently surface-dried
so that the pegs will press the tablets from the mold with a
minimum of sticking.

To remove the tablets from the mold, place the mold over
the peg plate so that the pegs and the perforations are in
Juxtaposition. The tablets are released from the mold by
hand pressure, which forces the pegs through the perforations.
The ejected tablets are spread evenly in single layers on silk
trays and dried in a clean, dust-free chamber with warm,
circulating air.  If only a small quantity of tablet triturates is
made and no warm-air oven is available, the tablet triturates
may be dried to constant weight at room temperature.

Machine-Molding Tablet Triturates

Tablet triturates also can be made using mechanical
equipment. The automatic tablet triturate machine illus-
trated in Fig 35 makes tablet triturates at a rate of
2500/ minute.  For machine-molding, the powder mass need
not be as moist as for plate-molding since the time interval
between forming the tablets and pressing them is consider-
ably shorter. The moistened mass passes through the funnel
of the hopper to the feed plates below. In this feed plate are
four holes having the same diameter as the mouth of the
funnel. The material fills one hole at a time and, when filled,
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Fig 35. Automatic tablet triturate machine (cournesy, Vector-Col-
ton).

revolves to a position just over the mold plate. When in
position the weighted pressure foot lowers and imprisons the
powder. At the same time a spreader in the sole of the
pressure foot rubs it into the mold cavities and evens it off so
that the triturates are smooth on the surface and are of uni-
form density. When this operation is completed, the mold
passes to the next position, where it registers with a nest of
punches or pegs which eject the tablets from the mold plate
onto a conveyor belt. The conveyor belt sometimes is ex-
tended to a length of 8 or 10 feet under a battery of infrared
drying lamps to hasten the setting of the tablets for more rapid
handling. This method of drying can be used only if the drug
is chemically stable to these drying conditions.

Compressed Tablet Triturates

Frequently, tablet triturates are prepared on compression
tablet machines using flat-face punches. When solubility and
a clear solution are required, water-soluble lubricants must be
used to prevent sticking to the punches. The granulations
are prepared as directed for ordinary compressed tablets;
lactose generally is used as the diluent. Generally, tablet
triturates prepared by this method are not as satisfactory as
the molded type regarding their solubility and solution charac-
teristcs.

Tablet Characteristics

Compressed tablets may be characterized or described by a
number of specifications. These include the diameter size,
shape, thickness, weight, hardness, disintegration time and
dissolution characteristics. ‘The diameter and shape depend
on the die and the punches selected for the compression of the
tablet. Generally, tablets are discoid in shape, although they
may be oval, oblong, round, cylindrical or triangular.
Their upper and lower surfaces may be flat, round, concave or
convex to various degrees. The concave punches (used to
prepare convex tablets) are referred to as shallow, standard
and deep cup, depending on the degree of concavity (see Figs
17=20). The tablets may be scored in halves or quadrants to
facilitate breaking if a smaller dose is desired. The top or
lower surface may be embossed or engraved with a symbol or
letters which serve as an additional means of identifying the
source of the tablets. These characteristics along with the
color of the tablets tend to make them distinctive and identifi-
able with the active ingredient which they contain.

ORAL SOLID DOSAGE FORMS 1639

The remaining specifications assure the manufacturer that
the tablets do not vary from one production lot to another. In
the case of new tablet formulations their therapeutic efficacy
is demonstrated through clinical trials, and it is the manufac-
turer's aim to reproduce the same tablet with the exact charac-
teristics of the tablets which were used in the clinical evalua-
tion of the dosage form. Therefore, from the control
viewpoint these specifications are important for reasons other

than physical appearance.

Tabilet Hardness

The resistance of the tablet to chipping, abrasion or break-
age under conditions of storage, transportation and handling
before usage depends on its hardness. In the past, a rule of
thumb describes a tablet to be of proper hardness if it is firm
enough to break with a sharp snap when it is held between the
2nd and 3rd fingers and using the thumb as the fulcrum, yet
doesn’'t break when it falls on the floor. For obvious reasons
and control purposes a number of attempts have been made to
quantitate the degree of hardness.

A small and portable hardness tester was manufactured and
introduced in the mid-1930s by Monsanto. It now is distrib-
uted by the Stokes Div (Pennwall) and may be designated as
either the Monsanto or Stokes hardness tester. The instru-
ment measures the force required to break the tablet when the
force generated by a coll spring is applied diametrically to the
tablet. The force is measured in kil and when used in
production, a hardness of 4 kg Is considered to be minimum
for a satisfactory tablet.

The Strong-Cobb hardness tester introduced in 1950 also
measures the diametrically applied force required to break the
tablet. In this instrument the force is produced by a manu-
ally operated air pump. As the pressure is increased, a
plunger is forced against the tablet placed on anvil. The final
breaking point is indicated on a dial calibrated into 30 arbi-
trary units. The hardness values of the Stokes and Strong-
Cobb instruments are not equivalent. Values obtained with
the Strong-Cobb tester have been found to be 1.6 times those
of the Stokes tester.

Another instrument is the Pfizer hardness tester which oper-
ates on the same mechanical principle as ordinary pliers.
The force required to break the tablet is recorded on a dial and
may be expressed as either kilograms or pounds of force. In
an experimental comparison of testers the Pfizer and the
Stokes testers were found to check each other fairly well.
Again the Strong-Cobb tester was found to give values 1.4 to
1.7 times the absolute values on the other instruments,

The most widely used apparatus to measure tablet hardness
or crushing strength is the Schleuniger apparatus, also known
as the Heberlein, distributed by Vector.  This, and other newer
electrically operated test equipment, eliminates the operator
variability inherent in the measurements described above.
Newer equipment is also available with printers to provide a
record of test results.  See Fig 36.

Manufacturers, such as Key, Van Kel, Erweka and others
make similar hardness testers.

Hardness (or more appropriately, crushing strength) deter-
minations are made throughout the tablet runs to determine
the need for pressure adjustments on the tableting machine.
If the tablet is too hard, it may not disintegrate in the required
period of time or meet the dissolution specification; if it is too
soft, it will not withstand the handling during subsequent
processing such as coating or packaging and shipping opera-
tions.

A tablet property related to hardness is friability, and the
measurement is made by use of the Roche friabilator. Rather
than a measure of the force required to crush a tablet, the
instrument is designed to evaluate the ability of the tablet to
withstand abrasion in packaging, handling and shipping. A
number of tablets are weighed and placed in the tumbling
apparatus where they are exposed to rolling and repeated
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Fig 36. The Schieuniger or Heberlein tablet hardness tester shown
with calibration blocks (courtesy, Vector)

shocks resulting from freefalls within the apparatus. Aftera
given number of rotations the tablets are weighed, and the loss
in weight indicates the ability of the tablets to withstand this
type of wear (Fig 37).

Recent research has proposed that there are at least three
measurable hardness parameters that can give a clue to the
compatibility and intrinsic strength of powdered materials.
These include bonding strength, internal strain and brittleness.
Hiestand proposed indeces to quantify these parameters and
they are listed in Table 4 for a number of materials.

The higher the bonding index, the stronger a tablet is more
likely to be. The higher the strain index, the weaker the
tablet. Since the two parameters are opposite in their effect
on the tablet, it is possible for a material (such as Avicel) to
have a relatively high strain index, but yet have superior
compaction properties because of an extraordinary bonding
potential. The higher the brittleness index, the more friable
the tablet is likely to be. For a more detailed discussion of
this subject, the reader is directed to Refs 22, 37, 38.

A similar approach is taken by many manufacturers when
they evaluate a new product in the new market package by
sending the package to distant points and back using various
methods of transportation.  This is called a "'shipping test.”
The condition of the product on its return indicates its ability
to withstand transportation handling.

Tablet Thickness

The thickness of the tablet from production-run to produc-
tion-run is controlled carefully. Thickness can vary with no

Fig37. The Roche friabilator (courtesy, Hotfmann-LaRoche).

Number of Materials
Bonding Strain Brteness

Matenal index Index ndex
Aspirin 1.5 1.11 0.16
Dicalcium phosphate 1.3 1.13 0.15
Lactose anhydrous 0.8 1.40 0.27
Avicel pH 102 43 220 0.04
Comn starch 04 248 0.26
Sucrose NF 1.0 1.45 0.35
Erythromycin dihydrate 1.9 213 0.98

change in weight due to difference in the density of the granu-
lation and the pressure applied to the tablets, as well as the
speed of tablet compression. Not only is the tablet thickness
important in reproducing tablets identical in appearance but
also to insure that every production lot will be usable with
selected packaging components. If the tablets are thicker
than specified, a given number no longer may be contained in
the volume of a given size bottle, Tablet thickness also be-
comes an important characteristic in counting tablets using
filling equipment. Some filling equipment utilizes the uni-
form thickness of the tablets as a counting mechanism. A
column containing a known number of tablets is measured for
height; filling is accomplished by continually dropping col-
umns of tablets of the same height into bottles. If thickness
varies throughout the lot, the result will be variation in count.
Other pieces of filling equipment can malfunction due to
variation in tablet thickness since tablets above specified thick-
ness may cause wedging of tablets in previously adjusted
depths of the counting slots. Tablet thickness is determined
with a caliper or thickness gauge which measures the thick-
ness in millimeters. A plus or minus 5% may be allowed,
depending on the size of the tablet.

Uniformity of Dosage Forms

Tablet Weight—The volumetric fill of the die cavity deter-
mines the weight of the compressed tablet. In setting up the
tablet machine the fill is adjusted to give the desired tablet
weight. The weight of the tablet is the quantity of the granu-
lation which contains the labeled amount of the therapeutic
ingredient. After the tablet machine is in operation the
weights of the tablets are checked routinely either manually or
electronically to insure that proper-weight tablets are being
made. This has become rather routine in most manufactur-
ing operations with newer electronically controlled tablet
presses. The USP has provided tolerances for the average
welight of uncoated compressed tablets. These are appli-
cable when the tablet contains 50 mg or more of the drug
substance or when the latter comprises 50% or more, by
weight, of the dosage form. Twenty tablets are weighed indi-
vidually and the average weight is calculated. The variation
from the average weight in the weights of not more than two of
the tablets must not differ by more than the percentage listed
below; no tablet differs by more than double that percentage.
Tablets that are coated are exempt from these requirements
but must conform to the test for content uniformity if it is
applicable.

Percentage
Average weight difference
130 mg or bess ..., e T A L 10
More than 130 mg through 324 mg.. ... .. 7.5
More than 324 mg ... . o 5

Content Uniformity—In order to ensure that every tablet
contains the amount of drug substance intended, with little
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variation among tablets within a batch, the USP includes the
content uniformity test for certain tablets. Due to the in-
creased awareness of physiological availability, the content
uniformity test has been extended to monographs on all coated
and uncoated tablets and all capsules intended for oral admin-
istration where the range of sizes of the dosage form available
includes a 50 mg or smaller size, in which case the test is
applicable to all sizes (50 mg and larger and smaller) of that
tablet or capsule. The official compendia can be consulted
for the details of the test. Tablet monographs with a content
uniformity requirement do not have a weight variation require-
ment.

Tablet Disintegration

It is recognized generally that the in vitro tablet disintegra-
tion test does not necessarily bear a relationship to the in vivo
action of a solid dosage form. To be absorbed, a drug sub-
stance must be in solution and the disintegration test is a
measure only of the time required under a given set of condi-
tions for a group of tablets to disintegrate into particles.
Generally, this test is useful as a quality-assurance tool for
conventional (nonsustained-release) dosage forms. In the
present disintegration test the particles are those which will
pass through a 10-mesh screen.  In a comparison of disinte-
gration times and dissolution rates or initial n rates
of several brands of aspirin tablets, it was found that the faster
absorbed tablets had the longer disintegration time. Re-
gardless of the lack of significance as to ir vive action of the
tablets, the test provides a means of control in assuring that a
given tablet formula is the same as regards disintegration from
one production batch to another, The disintegration test is
used as a control for tablets intended to be administered by
mouth, except where tablets are intended to be chewed before
being swallowed or where tablets are designed to release the
drug substance over a period of time.

Exact specifications are given for the test apparatus inas-
much as a change in the apparatus can cause a change in the
results of the test. The apparatus consists of a basket rack
holding six plastic tubes, open at the top and bottom; the
bottom of the tubes is covered with 10-mesh screen. See Fig
38. The basket rack is immersed in a bath of suitable liquid,
held at 37°, preferably in a 1-L beaker. The rack moves up
and down in the fluid at a specified rate. The volume of the
fluid is such that on the upward stroke the wire mesh remains
at least 2.5 cm below the surface of the fluid and descends to
not less than 2.5 ¢cm from the bottom on the downward stroke.
Tablets are placed in each of the six cylinders along with a
plastic disc over the tablet unless otherwise directed in the
monograph. The end-point of the test is indicated when any
residue remaining is a soft mass having no palpably soft core.
The plastic discs help to force any soft mass which forms
through the screen.

For compressed uncoated tablets the testing fluid is usually
water at 37°, but in some cases the monographs direct that
Simulated Gastric Fluid TS be used. If one or two tablets fail
to disintegrate, the test is to be repeated using 12 tablets. Of
the 18 tablets then tested, 16 must have disintegrated within
the given period of time. The conditions of the test are varied
somewhat for coated tablets, buccal tablets and sublingual
tablets. Disintegration times are included in the individual
tablet monograph. For most uncoated tablets the period is
30 minutes although the time for some uncoated tablets varies
greatly from this. For coated tablets up to 2 hours may be
required, while for sublingual tablets, such as CT Isoproter-
enol Hydrochloride, the disintegration time is 3 minutes.
For the exact conditions of the test, consult the USP,

Dissolution Test

For certain tablets the monographs direct compliance with
limits on dissolution rather than disintegration. Since drug

Fig 38. Vanderkamp tablet disintegration tester (courtesy, Vankel).

absorption and physiological availlability depend on having
the drug substance in the dissolved state, suitable dissolution
characteristics are an important property of a satisfactory
tablet. Like the disi test, the dissolution test for
measuring the amount of time required for a given percentage
of the drug substance in a tablet to go into solution under a
specified set of conditions isan in vitro test. Itis intended to
provide a step towards the evaluation of the physiological
availability of the drug substance, but as described currently,
it is not designed to measure the safety or efficacy of the tablet
being tested. Both the safety and effectiveness of a specific
dosage form must be demonstrated initially by means of appro-
priate in vivo studies and clinical evaluation. Like the disin-
tegration test, the dissolution test does provide a means of
control in assuring that a given tablet formulation is the same
as regards dissolution as the batch of tablets shown initially to
be clinically effective. It also provides an in vitro control proce-
dure to eliminate variations among production batches. Referto
Chapter 34 for a complete discussion of dissolution testing.

Validation

In this era of increasing regulatory control of the pharmaceu-
tical industry, manufacturing procedures cannot be discussed
without the mention of some process validation activity. By
way of documentation, product testing and, perhaps, in-
process testing as well, the manufacturer can demonstrate
that his formula and process perform in the manner expected
and that it does so reproducibly.

Although the justification for requiring validation is found in
the ions relating to “*Current Good Manufacturing Prac-
tices for Finished Pharmaceuticals” as well as other sources,
there is still much room for interpretation and the process
varies from one company to another. General areas of agree-
ment appear to be that

The validation activity must begin in R&D and continue through product
Introduction.

Documentation is the key.

In general, three batches represent an adequate sample for validation.
The FDA has rejected historical data or ** vali-
dation.” They require that new products be validated from
beginning to end, a process called *“prospective validation.”
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Capsules

Capsules are solid dosage forms in which the drug sub-
stance is enclosed in either a hard or soft, soluble container or
shell of a suitable form of gelatin. The soft gelatin capsule
was invented by Mothes, a French pharmacist in 1833, During
the following year DuBlanc obtained a patent for his soft
gelatin capsules. In 1848 Murdock patented the two-piece
hard gelatin capsule. Although development work has been
done on the preparation of capsules from methylcellulose and
calcium alginate, gelatin, because of its unique properties,
remains the primary composition material for the manufac-
ture of capsules. The gelatin used in the manufacture of
capsules is obtained from collagenous material by hydrolysis.
There are two types of gelatin, Type A, derived mainly from
pork skins by acid processing, and Type B, obtained from
bones and animal skins by alkaline processing. Blends are
used to obtain gelatin solutions with the viscosity and bloom
strength characteristics desirable for capsule manufacture.™

The encapsulation of medicinal agents remains a popular
method for administering drugs. Capsules are tasteless, eas-
ily administered and easily filled either extemporaneously or
in large quantities commercially. In prescription practice
the use of hard gelatin capsules permits a choice in prescrib-
ing a single drug or a combination of drugs at the exact dosage
level considered best for the individual patient. This flexibil-
ity is an advantage over tablets. Some patients find it easier
to swallow capsules than tablets, therefore preferring to take
this form when possible. This preference has prompted phar-
maceutical manufacturers to market the product in capsule
form even though the product already has been produced in
tablet form. While the industry prepares approximately 75%
of its solid dosage forms as compressed tablets, 23% as hard
gelatin capsules and 2% as soft elastic capsules, market sur-
veys have indicated a consumer preference of 44.2% for soft
elastic capsules, 39.6% for tablets and 19.4% for hard gelatin
capsules.”

Hard Gelatin Capsules

The hard gelatin capsule, also referred to as the dry-filled
capsule (DFC), consists of two sections, one slipping over the
other, thus completely surrounding the drug formulation.
The classic capsule shape is illustrated in Fig 39. These
capsules are filled by introducing the powdered material into
the longer end or body of the capsule and then slipping on the
cap. Hard gelatin capsules are made largely from gelatin,
FD&C colorants and sometimes an opacifying agent such as
titanium dioxide; the USP permits the gelatin for this purpose
to contain 0.15% sulfur dioxide to prevent decomposition
during manufacture. Hard gelatin capsules contain 12 to
16% water, but the water content can vary depending on the
storage conditions. When the humidity is low, the capsules
become brittle; if stored at high humidities, the capsules be-
come flaccid and lose their shape. Storage in high tempera-
ture areas also can affect the quality of hard gelatin capsules.
Gelatin capsules do not protect hygroscopic materials from
atmospheric water vapor as moisture can diffuse through the
gelatin wall.

Companies having for preparing empty hard
gelatin capsules include Lilly, Parke-Davis, Scherer and
SmithKline. The latter's production is mainly for its own
use; the others are suppliers to the industry. With this equip-
ment stainless-steel pins, set in plates, are dipped into the
gelatin solution, which must be maintained at a uniform tem-
perature and an exact degree of fluidity. [f the gelatin solu-
tion varies in viscosity, it correspondingly will decrease or
increase the thickness of the capsule wall. This is important
since a slight variation is sufficient to make either a loose or a
tight joint. When the pins have been withdrawn from the
gelatin solution, they are rotated while being dried in kilns
through which a strong blast of filtered air with controlled
humidity is forced. Each capsule is stripped, trimmed to
uniform length and joined, the entire process being
mechanical. Capsule-making equipment is illustrated in Figs
40and 41. These show the stainless-steel pins being dipped
into the gelatin solutions and then being rotated through the
drying kiln,

Capsules are supplied in a variety of sizes. The hard, empty
capsules (Fig 39) are numbered from 000, the largest size
which can be swallowed, to 5, which is the smallest. Larger
sizes are available for use in veterinary medicine. The ap-
proximate capacity for capsules from 000 to 5 ranges from
600 to 30 mg, although this will vary because of the different
densities of powdered drug materials.

Commercially filled capsules have the conventional oblong
shape illustrated with the exception of capsule products by
Lilly and SmithKline, which are of distinctive shape. For
Lilly products, capsules are used in which the end of the base
is tapered to give the capsule a bullet-like shape; products
encapsulated in this form are called Pulvules. The Smith-
Kline capsules differ in that both the ends of the cap and body
are angular, rather than round.

After hard gelatin capsules are filled and the cap applied.
there are a number of methods used to assure that the cap-
sules will not come apart if subjected to vibration or rough
handling, as in high-speed counting and packaging equipment.
The capsules can be spot-welded by means of a heated metal
pin pressed against the cap, fusing it to the body, or they may
be banded with molten gelatin laid around the joint in a strip
anddried. Colored gelatin bands around capsules have been
used for many years as a trademark by Parke-Davis for their
line of capsule products, Kapseals. Another approach is
used in the Snap-Fit and Coni-Snap capsules. A pair of
matched locking rings are formed into the cap and body
portions of the capsule. Prior to filling, these capsules are
slightly longer than regular capsules of the same size. When

Fig 40. Manutacture of hard gelatin capsules by dipping stainless-
steel pins into gelatin solutions (courtesy, Lilly).
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Formed capsules being dried by rotating through a drying
kiln (courtesy, Lilly).

Fig 41.

the locking rings are engaged after filling. their length is
equivalent to that of the conventional capsule.

Following several tampering incidents, many pharmaceuti-
cal companies now use any number of locking and sealing
technologies in order safely to manufacture and distribute
these very useful dosage forms. Unfortunately, tamper-
resistant packaging has become standard for capsule prod-
ucts.

It is usually necessary for the pharmacist to determine the
size of the capsule needed for a given prescription through
experimentation. The experienced pharmacist, having calcu-
lated the weight of material to be held by a single capsule,
often will select the correct size immediately. If the material
is powdered, the base of the capsule is filled and the top is
replaced. [f the material in the capsule proves to be too
heavy after weighing, a smaller size must be taken and the test
repeated. If the filled capsule is light, it is possible that more
can be forced into it by increasing the pressure or, if neces-
sary, some of the material may be placed in the cap. This is
not desirable as it tends to decrease the accuracy of subdivi-
sion and it is much better to select another size, the base of
which will hold exactly the correct quantity. In prescription
filling it is wise to check the weight of each filled capsule.

In addition to the transparent, colorless, hard gelatin cap-
sule, capsules are also available in various transparent colors
such as pink, green, reddish-brown, blue, yellow and black.
If they are used, it is important to note the color as well as the
capsule size on the prescription so that in the case of renewal
the refilled prescription will duplicate the original. Colored
capsules have been used chiefly by manufacturers to give a
specialty product a distinctive appearance. Titanium diox-
ide is added to the gelatin to form white capsules, or to make
an opaque, colored capsule. In addition to color contrasts,
many commercial products in capsules are given further iden-
tification by markings which may be the company’s name, a
symbol on the outer shell of the capsule or by banding. Some
manufacturers mark capsules with special numbers based on
a coded system to permit exact identification by the pharma-
cist or physician.

Extemporaneous Filling Methods

When filling capsules on prescription, the usual procedure
is to mix the ingredients by trituration, reducing them to a fine
and uniform powder. The principles and methods for the
uniform distribution of an active medicinal agent in a powder
mixture are discussed in Chapter 91. Granular powders do
not pack readily in capsules and crystalline materials, espe-
cially those which consist of a mass of filament-like crystals
such as the quinine salts, are not fitted easily into capsules

~ MIDOLE-LATCH

Fig42. Hand-operated capsule machine (courtesy, Chemi-Pharm).

unless powdered. Eutectic mixtures that tend to liquefy may
be dispensed in capsules if a suitable absorbent such as mag-
nesium carbonate is used. Potent drugs given in small doses
usually are mixed with an inert diluent such as lactose before
filling into capsules. When incompatible materials are pre-
scribed together, it is sometimes possible to place one in a
smaller capsule and then enclose it with the second drug in a
larger capsule.

Usually, the powder is placed on paper and flattened with a
spatula so that the layer of powder is not greater than about '
the length of the capsule which is being filled. This helps to
keep both the hands and capsules clean. The cap is removed
from the selected capsule and held in the left hand; the body is
pressed repeatedly into the powder until it is filled. The cap
is replaced and the capsule is weighed. In filling the capsule
the spatula is helpful in pushing the last quantity of the mate-
rial into the capsule. If each capsule has not been weighed,
there is likely to be an excess or a shortage of material when
the specified number of capsules have been packed. This
condition is adjusted before dispensing the prescription.

A number of manual filling machines and automatic capsule
machines are available for increasing the speed of the capsule-
filling operation. Figure 42 illustrates a capsule-filling ma-
chine which was known formerly as the Sharp & Dolhume machine.
This equipment is now available through ChemiPharm. Many
community pharmacists find this a useful piece of apparatus and
some pharmaceutical manufacturers use it for small-scale
production of specialty items. The machine fills 24 capsules
at a time with the possible production of 2000 per day.
Entire capsules are placed in the machine by hand; the lower
plate carries a clamp which holds the capsule bases and makes
it possible to remove and replace the caps mechanically.
The plate holding the capsule bases is perforated for three
sizes of capsules. The powder is packed in the bases; the
degree of accuracy depends on the selection of capsule size
and the amount of pressure applied in packing. The hand-
operated machine (Model 300, ChemiPharm) illustrated in
Fig 43 has a production capacity of 2000 capsules per hour.
The machine is made for a single capsule size and cannot be
changed over for other sizes. A different machine is required
for any additional capsule size. Its principle of operation is
similar to that of the Sharp & Dohme machine.

Machine Fiiling Methods

Large-scale filling equipment for capsules operates on the
same principle as the manual machines described above,
namely the filling of the base of the capsule. Compared with
tablets, powders for filling into hard gelatin capsules require
the minimum of formulation efforts. The powders usually
contain diluents such as lactose, mannitol, calcium carbonate
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Fig 43. Hand-operated capsule machine, Model 300 (courtesy,
ChemiPharm).

or magnesium carbonate. Since the flow of material is of
great importance in the rapid and accurate filling of the cap-
sule bodies, lubricants such as the stearates also are used
frequently.

Because of the absence of numerous additives and manufac-
turing processing, the capsule form is used frequently to
administer new drug substances for evaluation in initial clini-
caltrials. However, it is now realized that the additives pres-
ent in the capsule formulation, like the compressed tablet, can
influence the release of the drug substance from the capsule.
Tablets and capsules of a combination product containing
triamterene and hydrochlorothiazide in a 2:1 ratio were com-
pared clinically. The tablet caused approximately twice as
much excretion of hydrochlorothiazide and 3 times as much
triamterene as the capsule.’

Most equipment operates on the principle whereby the base
of the capsule is filled and the excess is scraped off. There-
fore, the active ingredient is mixed with sufficient volume of a
diluent, usually lactose or mannitol, which will give the de-
sired amount of the drug in the capsule when the base is filled
with the powder mixture. The manner of operation of the
machine can influence the volume of the powder which will be
filled into the base of the capsule; therefore, the weights of the
capsules must be checked routinely as they are filled. See
Table 5.

Semiautomatic capsule-filling machines manufactured by
Parke-Davis and Lilly are illustrated in Figs 44 and 45. The
Type 8 capsule-filling machine performs mechanically under
the same principle as the hand filling of capsules. This in-
cludes separation of the cap from the body, filling the body
half and rejoining the cap and body halves.

Empty capsules are taken from the bottom of the capsule
hopper into the magazine. The magazine gauge releases one
capsule from each tube at the bottom of each stroke of the
machine. Leaving the magazine, the capsules drop onto
the tracks of the raceway and are pushed forward to the
rectifying area with a push blade. The rectifier block de-
scends, tuming the capsules in each track, cap up, and drops
them into each row of holes in the capsule-holding ring assem-
bly.

As the capsules fall into the holding ring, the cap half has a
seat on the counter bore in each hole for the top ring. The

Table Fill Chart
Capsule Fill Weights (mg) Based on Size and Density

Capsule volume (mL)
Powder 095 078 068 054 05 037 03 025 021 0.13

density Capsule size

fg/ml) OO Osl O 1ed 1 2 3 48l 4 5
0.3 285 234 204 1862 150 111 90 75 63 39
04 380 312 272 218 200 148 120 100 84 52
05 475 390 340 270 250 185 160 125 106 65
0.6 570 468 408 324 300 222 180 150 126 T8
0.7 665 546 476 378 350 259 210 175 147 91
08 760 624 544 432 400 206 240 200 188 104
08 B55 702 612 486 450 333 270 225 189 117
1 950 780 680 540 500 370 300 250 210 130
1.1 1045 858 748 594 550 407 330 275 231 143
1.2 1140 938 B16 648 600 444 360 300 252 156
1.3 1235 1014 8BB4 702 650 481 390 325 273 169
1.4 1330 1092 662 7566 700 618 420 360 294 182
1.5 1425 1170 1020 810 750 555 450 376 3156 195

body half is pulled by vacuum down into the bottom ring
When all rows in the ring assembly are full, the top ring, filled
with caps only, is removed and set aside for later assembly.
The body halves now are located in the bottom ring, ready for

filling.

The ring holding the body halves is rotated at one of eight
speeds on the rotary table. The drug hopper is swung over
the rotating ring and the auger forces drug powder into the
open body cavities. When the ring has made a complete
revolution and the body halves have been filled, the hopper is
swung aside. The cap-holding ring is placed over the body-
holding ring and the assembly is ready for joining. The cap-
sule-holding ring assembly is placed on the joiner and the
pinerplueumngdowninmposiﬁonwholddnumﬂuh

the ring. The peg ring pins are entered in the holes of the
body holding ring and tapped in place by the air cylinder
pushing the body halves back into the cap halves.

The holding-ring assembly is now pushed by hand back onto
the peg ring away from the joiner plate, thus pushing the
capsules out of the holding-ring assembly. The joined cap-
sules then fall through the joiner chute into the capsule re-
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Fig &4. Schematic of Type B8 capsule-filling machine (courtesy.
Parke-Davis).
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Fig45. Type 8capsule-filling machine (courtesy, Lilly).

ceiver box. The capsule receiver box screens the excess
powder from the capsules and delivers them to any convenient
container,

Many companies use the Type 8 capsule-filling equipment
for small-scale manufacture and clinical supplies for investiga-
tional use because of its ease of operation, low cost and
extreme flexibility. A Type 8 capsule filling machine will
produce approximately 200,000 capsules per day. This, of
course, depends upon the operator and the type of material
being filled. For this machine, a mathematical model has
been developed that describes the effect of selected physical
powder properties, as well as mechanical operating condi-
tions on the capsule filling operation. While the Type 8
capsule-filling machine has been in existence for many years,
recent modifications have been made to this machine to im-
prove the capsule-filling operations.

There are several pieces of equipment available that are
classified as automatic capsule-filling machines. These are
automatic in the sense that one operator can handle more than
one machine. In this category are the [talian-made
Zanasi (United Machinery) and MG-2 (Supermatic)
models plus the West German-made Hoefliger & Karg models
(Basch).

Automatic capsule machines are capable of filling either
powder or granulated products into hard gelatin capsules.
With accessory equipment these machines also can fill pellets
or place a tablet into the capsule with the powder or pellets.
The capsules are fed at random into a large hopper. They are
oriented as required and transferred into holders where the
two halves are separated by suction. The top-half and bottom-
half of the capsules are each in a separate holder, which at this
stage take diverting directions.

A set of filling heads collect the product from the hopper,
compresses it into a soft slug and inserts this into the bottom
half of the capsule. After filling, each top-half is returned to
the corresponding bottom-half. The filled capsules are
ejected and an air blast at this point separates possible empty
capsules from the filled. The machines can be equipped to
handle all sizes of capsules. Depending upon the make and
maodel, speeds from 9000 to 150,000 units per hour can be
obtained (see Figs 46—48).

Fig 46. MG-2, automatic capsule-filling machine (courtesy, Super-
matic).

All capsules, whether they have been filled by hand or by
machine, will require cleaning. Small quantities of capsules
may be wiped individually with cloth. quantities are
rotated or shaken with crystalline sodium chloride. The cap-
sules then are rolled on a cloth-covered surface.

Uniformity of Dosage Units

The uniformity of dosage forms can be demonstrated by
either of two methods, weight variation or content uniformity.
Weight variation may be applied where the product is a liquid-
filled soft elastic capsule or where the hard gelatin capsule
contains 50 mg or more of a single active ingredient compris-
ing 50% or more, by weight, of the dosage form. See the
official compendia for details.

Disintegration tests usually are not required for capsules
unless they have been treated to resist solution in gastric fluid
(enteric-coated). In this case they must meet the require-
ments for disintegration of enteric-coated tablets. For cer-
tain capsule dosage forms a dissolution requirement is part of

Fig 47. Zanasi automatic filling machine, Mcdel AZ-60. The
set of filing heads shown at the left collects the powder from the
hopper, compresses it into a soft slug and inserts it into the bottom
haf of the capsule (courtesy, United Machinery).
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Fig 48. Hoefliger & Karg automatic capsule-filling machine, Model
GFK 1200 (courtesy, Amaco).

the monograph. Procedures used are similar to those em-
ployed in the case of compressed tablets, (See Chapter 34).

Soft Elastic Capsules

The soft elastic capsule (SEC) is a soft, globular, gelatin
shell somewhat thicker than that of hard gelatin capsules,
The gelation is plasticized by the addition of glycerin, sorbitol
or a similar polyol. The soft gelatin shells may contain a
preservative to prevent the growth of fungi. Commonly used
preservatives are methyl- and propylparabens and sorbic acid.
Where the suspending vehicle or solvent can be an oil, soft
gelatin capsules provide a convenient and highly acceptable
dosage form. Large-scale production methods generally are
required for the preparation and filling of soft gelatin cap-
sules.

Formerly, empty soft gelatin capsules were available to the
pharmacist for the extemporaneous compounding of solu-
tions or suspensions in oils. Commercially filled soft gelatin
capsules come in a wide choice of sizes and shapes; they may
be round, oval, oblong, tube or suppository-shaped. Some
sugar-coated tablets are quite similar in appearance to soft
gelatin capsules. The essential differences are that the soft
gelatin capsule has a seam at the point of closure of the two
halves, and the contents can be liquid, paste or powder. The
sugar-coated tablet will not have a seam but will have a com-
pressed core.

Oral SEC dosage forms generally are made so that the heat
seam of the gelatin shell opens to release its liquid medication
into the stomach less than 5 minutes after ingestion.  Its use
is being studied for those drugs poorly soluble in water having
bioavailability problems. When used as suppositories, it is
the moisture present in the body cavity that causes the capsule to
come apart at its heat-sealed seam and to release its contents.

Plate Process

In this method a set of molds is used. A warm sheet of
prepared gelatin is laid over the lower plate and the liquid is
poured on it. A second sheet of gelatin is carefully put in
place and this is followed by the top plate of the mold. The
set is placed under the press where pressure is applied to form
the capsules which are washed off with a volatile solvent to
remove any traces of oil from the exterior. This process has
been adapted and is used for encapsulation by Upjohn. The
sheets of gelatin may have the same color or different colors.

Rotary-Die Process

In 1933 the rotary-die process for elastic capsules was
perfected by Robert P Scherer.™ This process made it pos-
sible to improve the standards of accuracy and uniformity of
elastic gelatin capsules and globules.

The rotary-die machine is a self-contained unit capable of
continuously and automatically producing finished capsules
from a supply of gelatin mass and filling material which may be
any liquid, semiliquid or paste that will not dissolve gelatin.
Two continuous gelatin ribbons, which the machine forms, are
brought into convergence between a pair of revolving dies and
an injection wedge. Accurate filling under pressure and seal-
ing of the capsule wall occur as dual and coincident opera-
tions; each Is delicately timed against the other. Sealing also
severs the completed capsule from the net. The principle of
operation is shown in Fig 49. See also Fig 50.

By this process the content of each capsule is measured
individually by a single stroke of a pump so accurately con-
structed that plunger travel of 0.025 inch will deliver 1 W
(apoth). The Scherer machine contains banks of pumps so

arranged that many capsules may be formed and filled
simultaneously. All pumps are engineered to extremely small
mechanical tolerances and to an extremely high degree of
precision and similarity. All operations are controlled on a
weight basis by actual periodic checks with a group of analyti-
Individual net-fill weights of capsules resulting

cal balances.

e

Fig 50. Scherer soft elastic capsule machine (counesy, Scherer)
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from large-scale production vary no more than = 1 to 3% from
theory depending upon the materials used.

The rotary-die process makes it possible to encapsulate
heavy materials such as ointments and pastes. In this man-
ner solids can be milled with a vehicle and filled into capsules.
Where it is desirable to have a high degree of accuracy and a
hermetically sealed product, this form of enclosure is suited

The modern and well-equipped capsule plant is completely
air conditioned, a practical necessity for fine capsule
production. [ts facilities and operations include the availabil-
ity of carbon dioxide at every exposed point of operation for
the protection of oxidizable substances before encapsulation.
Special ingredients also have been used in the capsule shell to
exclude light wavelengths which are destructive to certain

drugs.
Norton Capsule Machine

This machine produces capsules completely automatically
by leading two films of gelatin between a set of vertical dies.
These dies as they close, open and close are, in effect, a
continual vertical plate forming row after row of pockets
across the gelatin film. These are filled with medicament
and, as they progress through the dies, are sealed, shaped and
mmdﬂnﬂmnmmwmchdropmwamledm

Accogel Capsule Machine

Another means of soft gelatin encapsulation uses the Acco-
gel machine and process which were developed in the Lederle.
The Accogel, or Stern machine, uses a system of rotary dies
but is unique in that it is the only machine that successfully can
fill dry powder into a soft gelatin capsule. The machine is
avallable to the entire pharmaceutical industry by a lease
arrangement and is used in many countries of the world. Itis
extremely versatile, not only producing capsules with dry
powder but also encapsulating liquids and combinations of
liquids and powders. By means of an attachment, slugs or
compressed tablets may be enclosed in a gelatin film. The
capsules can be made in a variety of colors, shapes and sizes.

Microencapsulation

As a technology, microencapsulation is placed in the sec-

encapsulatio i
mmmummmzmm-mmam
procedures. Essentially, microencapsulation is a process or
technique by which thin can be applied reproducibly
to small particles of solids, droplets of liquids or dispersions,
thus forming microcapsules. It can be differentiated readily
from other coating methods In the size of the particles in-
volved these range from several tenths of a pm to 5000 pm in

A nu.mber of microencapsulation processes have been dis-
closed in the literature.* Some are based on chemical pro-
cesses and involve a chemical or phase change; others are
mechanical and require special equipment to produce the
physical change in the systems required.

A number of coating materials have been used successfully;
examples of these include gelatin, polyvinyl alcohol, ethylcel-
lulose, cellulose acetate phthalate and styrene maleic
anhydride. The film thickness can be varied considerably
depending on the surface area of the material to be coated and
other physical characteristics of the system. The microcap-
sules may consist of a single particle or clusters of particles.
After isolation from the liquid manufacturing vehicle and dry-
ing, the material appears as a free-flowing powder. The pow-
der is suitable for formulation as compressed tablets, hard
gelatin capsules, suspensions and other dosage forms.

ORAL SOLID DOSAGE FORMS 1647

The process provides answers for problems such as mask-
ing the taste of bitter drugs, a means of formulating prolonged
action dosage forms, a means of separating incompatible
materials, a method of protecting chemicals against moisture
or oxidation and a means of modifying a material's physical
characteristics for ease of handling in formulation and manu-
facture.

Among the processes applied to pharmaceutical problems
is that developed by the National Cash Register Co (NCR).
The NCR process is a chemical operation based on phase
separation or coacervation techniques. In colloidal chemis-
try, coacervation refers to the separation of a liquid precipi-
tate, or phase, when solutions of two hydrophilic colloids are
mixed under suitable conditions.

The NCR process, using phase separation or coacervation
techniques, consists of three steps:

1. Formation of three immiscible phases: a liquid manufacturing
phase, a core material phase and a coating material phase.

2. Deposition of the liquid polymer coating on the core material.

3. Rgidizing the coating, usually by thermal, cross-linking or desolva-
ton techniques, to form a microcapsule.

In Step 2, the deposition of the liquid polymer around the
core material occurs only if the polymer is absorbed at the
interface formed between the core material and the liquid veh
icle phase. In many cases physical or chemical changes in
the coating polymer solution can be induced so that phase
separation (coacervation) of the polymer will occur. Drop-
lets of concentrated polymer solution will form and coalesce
to yield a two-phase liquid-liquid system. In cases where the
coating material is an immiscible polymer or insoluble liquid
polymer, it may be added directly. Also monomers can be
dissolved in the liquid vehicle phase and, subsequently, poly-
merized at the interface.

Equipment required for microencapsulation by this method
is relatively simple; it consists mainly of jacketed tanks with
variable speed agitators. Figure 51 shows a typical flow
diagram of a production installation.

Fig 51. Production installation for the microencapsulation process
(courtesy, NCR).
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1848  CHAPTER 92

Other Oral Solid Dosage Forms

Pills

Pills are small, round solid dosage forms containing a medici-
nal agent and are intended for oral administration. Pills were
formerly the most extensively used oral dosage form, but they
have been replaced largely by compressed tablets and
capsules. Substances which are bitter or unpleasant to the
taste, if not corrosive or deliquescent, can be administered in
this form if the dose is not too large.

Formerly, pills were made extemporaneously by the commu-
nity pharmacist whose skill at pill-making became anart. How-
ever, the few pills which are now used in pharmacy are pre-
pared on a large scale with mechanical equipment. The pill
formulas of the NF were introduced largely for the purpose of
establishing standards of strength for the well-known and
currently used pills. Hexylresorcinol Pills consist of hexyl-
resorcinol crystals covered with a rupture-resistant coating
that is dispersible in the digestive tract. It should be noted
that the official hexylresoreinol pills are prepared not by tradi-
tional methods but by a patented process, the gelatin coating
being sufficiently tough that it can not be broken readily, even
when chewed. Therefore, the general method for the prepa-
ration of pills does not apply to hexylresorcinol pills.

Previous editions of this text should be consulted for meth-
ods of pill preparation.

Troches

These forms of oral medication, also known as [ozenges or
pastilles, are discoid-shaped solids containing the medicinal
agent in a suitably flavored base. The base may be a hard
sugar candy, glycerinated gelatin or the combination of sugar
with sufficient mucilage to give it form. Troches are placed
in the mouth where they slowly dissolve, liberating the active
ingredient. The drug involved can be an antiseptic, local
anesthetic, antibiotic, antihistaminic, antitussive, analgesic or
a decongestant.

Formerly, troches were prepared extemporaneously by the
pharmacist. The mass is formed by adding water slowly to a
mixture of the drug, powdered sugar and a gum
until a pliable mass is formed. Powdered acacia in 7% con-
centration gives sufficient adhesiveness to the mass. The
mass is rolled out and the troche pieces cut out using a cutter,
or else the mass is rolled into a cylinder and divided. Each
piece is shaped and allowed to dry before dispensing.

Ifthe active ingredient is heat-stable, it may be preparedina
hard candy base. Syrup is concentrated to the point where it
becomes a pliable mass, the active ingredient is added and the
mixture is kneaded while warm to form a homogeneous mass.
The mass is worked gradually into a pipe form having the
diameter desired for the candy piece and the lozenges cut
from the pipe and allowed to cool. This is an entirely me-
chanical operation with equipment designed for this purpose.

If the active ingredient is heat-labile, it may be made into a
lozenge preparation by compression. The granulation is pre-
pared in a manner similar to that used for any compressed
tablet. The lozenge is made using heavy compression equip-
ment to give a tablet which is harder than usual as it is
desirable for the troche to dissolve or disintegrate slowly in
the mouth. In the formulation of the lozenge the ingredients
are chosen which will promote its slow-dissolving char
acteristics. Compression is gaining in popularity as a means
of making troches and candy pieces because of the increased
speeds of compression equipment. In cases where holes are
to be placed in troches or candy pieces, core-rod tooling is
used (see Fig 52). Core-rod tooling includes a rod centered
on the lower punch around which the troche is compressed in
the die cavity. The upper punch has an opening in its center
for the core rod to enter during compression. It is evident
that maximum accuracy is needed to provide alignment as the
narrow punches are inserted into the die.

Upser Purch Molger
Upper Pusch

Core Rod

Lowee Parch

Lore Mad wolder

Lawer Pusch Molder

Fig 52. MMMWW«W”
with hole in center (courtesy, Vector/Colton).

Cachets

Related to capsules, inasmuch as they provide an edible
container for the oral administration of solid drugs, cachets
formerly were used in pharmacy. They varied in size from ',
to % in in diameter and consisted of two concave pieces of
wafer made of flour and water. After one section was filled
with the prescribed quantity of the medicinal agent, they were
sealed tightly by moistening the margins and pressing them
firmly together. When moistened with water, their character
was changed entirely; they became soft, elastic and slippery.
Hence, they could be swallowed easily by floating them on
water.

The term pellet is now applied to small, sterile cylinders
about 3.2 mm in diameter by 8 mm in length, which are formed
by campression from medicated masses.>> Whenever pro-
longed and continuous absorption of testosterone, estradiol
or desoxycorticosterone is desired, pellets of these potent
hormones may be used by implantation.
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