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CHAPTER 92

Oral Solid Dosage Forms

Edward Rudnic, PhD -

Vice President, Phorrnoceurlcol Reseorch ond Developmenr

Pharnavene, Ine’ : : - « ik
Gaithersburg, MD 20878 ; :

Drug substances most frequently:are administered orally by

means -of solid dosage forms such:as tablets and. capsules:
Large-scale production methodsused for their preparation, as
described later in the chapter, requiré the presence of other
materialsin'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 supposedlyinert ingredients, as well as the production
methods employed have been shown in some cases to influ-
encéthe absorption or bieavailability of the drug substances.!
Therefore care must be taken in'the selection and évaliiation
of ; ditives and preparatlon rnethods to ehsure that the drug-
delivery goals and therapéltic eﬂicacy of the active mgredlent
will not be diminished. . . |

Ina llxmted nurnber of cases it has been shown that the dmg
substance’s SOlublllty and other phy51c:ochem1ca1 characteris;
tics have influenced its physmloglcal availability, from a sohd

dosage form. These .characteristics include its particle size,-
" whether it is-amorphous or crystalline, whether it is- solvated

or. nonsolvated.and its- pelymorphic-form. - -After clinically
effective: formulations-are. obtained, -such. variations. armong
dosage units of a given-batch,as well asbatch-to-batch differ-
ences;should bé'regduced:to armiinimumsthrough prepeér in-
process -controls and: good manufacturing: practices. : The
recognition of the- imiportance ‘of validation both for equip-
ment and processes greatly has enhanced-assiaiice 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 capsulede:
pends not only on the availability of a clinically effective

Tablets may -be défined i SOlld phamaceutical dosage
forms containing drug substances with or without stiitablé
diluents and prepared either’ ‘by- compressmn or moldmg
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 Phlladelphla 4 Dﬂrmg thlS sare

vemence m packagmg, shlppmg and dlspensmg) afid the pa—
tient{eg,accuracy of dosage, compactness, portal lhty -bland-
ness of tasfe and ease of adriinistration).

Although thebasic mechanical approach for their manufac-
ture hastemained the same, tablet technology hasiindergone
great. improvement. Efforts. are being made continually to
understand more clearly-the physical characteristicsiof pow-
der compaction andthe factors affeeting the availahitity of the

Joseph B Schwarfz PhD

Tice Prolessor of Phorrnoceuncs -

Philadelphia Callege of Pharmacy ond Saen:e
Philadelphio. PA 19404 -

Fig 1. '=Tablet pressoperators checking batch-record.in conform-

_ance with CUrrent_‘_GE_)bd_Ménuf'aétgring'PraCtices (couittesy, 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

(Fig1).

L Taplets o

drug siibstance fronithe dosage formafter oral administration.
Tabletmg eqmpment cohtinues to 1mpr0ve both as to produc-
tion speed’and the umiformity of tablets compressed.  Recent
advarices il tablet technology have been reviewed.2-13

* Althotugh tablets frequéntly are diseoid inh shape, they also
may be round; oval;-oblong, cylindrieal or triangular. They
nay differ gr‘ea'tly- in size andweéight depending on the amoiing
of drug”substance ‘present “and the intendedmethod of
administration. They- are: divided ‘into:two general. cldsses;
whether they are made by compression or molding. -Com-
pressed tabletsusuallyare prepared by large-scale production
miethods, while:molded tablets generally:involve small-scale
'operations. - The various tablet types and: abbrewatlons used
mrefemng to them are hsted below : - ;

ESRN Gompressed Tablets (CT)

“These tablet’ are forinéd by compressmn and coritaini ng 5pec1al coating.
Theydre made from powdéred; crystalline or gramilas mizterials, dlone or
in-ecombination with bindérs; disintegrants, controlted-release polymers
lubricants, dilients:and, in many ¢ cases; colorants.
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1616 CHAPTER 92

Sugar-Coated Tablets (SCT)—These are compressed tablets contain-
ing a sugar coating. Such coatings may be colored and are beneficial in
covering up drug substances possessing objectionable tastes or odors, and
in protecting materials sensitive to oxidation.

Film-Coated Tablets (FCT)}—These are compressed tablets which
are covered with a thin layer 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 withthe ~

added advantage of a greatly reduced time period required for the coating
operation.

Enteric-Coated Tablets (ECT)—These are compressed tablets ‘coatéd
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
irritate the mucosa or as a means of delayed release of the medication.

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

Layered Tablets—Such tablets are prepared by compressing addi-
tional tablet granuiation on & prevlously compressed granulation. The
operatmn may be repeated to produce multilayered tablets of two o three
Special tablet presses 4re required to make layered tablets such
as the Vérsa press (Stokes / Pennwalk). s

#Press-Coated Tablets—Such tablets, also; referred to as dry- coated are
prepared by feeding prevxously compressed tabletsinito & special tah}etmg
machine; and compressing another granulation layer around the preformed
tablets "They have all the advantages of compressed tablets, ie, slotting,
monograruming, spaed of disintegration, etc, while retdining the attnbutes
of sugar-coated tablets in‘masking the ta.ste of the-drug substance in‘the
core tablets An example of a-préss-¢oated tablet press is the Mzmes,ty
Drycota. Press-coated tablets also can be usedto separate incornpatible
rug substances; i addmon, they.can provide a ineans to give an enteric
oth: types « of multiple-compressed tahlets
have been uséd w1clely in the- desxgn of prolonged aetion, dosage forms.

Contro]led~Reiease 'I‘ab]et L _Compressed tablets cancbe formtﬂat.ed
to release the drug slowly over: olonged penod of tlme ..Hence,’ these

Release dosage forms aswell " These tablets (as well as, capsule versmns)
danibie: categonzed mto three types; (1) those: whlch respond to some

solutions or imparting given characteristies to 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 tartaric 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 asthe diluent. In this case, as
well as for any tablet intended for administration other than by swallomng,
the label must indicate the mannet in which it is to be used.

Buccal and Sublingual Tablets—These are small, ﬂat, oval.-t.ablets.
Tablets intended for buccal administration by inserting into the buccal
pouch may dissolve or erade 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 temperatures.
The matrix of the tablet is solidified while the diug is in solution.  After
melting, the drug is automatically in solution and available for absorption,
thus eliminating dissolution as a: rate-limiting step in the absorption of
poorly soluble compounds. Sublingual tablets, such as those containing
nitroglycerin, isoproterenol hydrochleride or erythrityl tetranitrate, are
placedunderthe tongue. Sublingual tablets dissolve rapidly and the drug
substances are absorbed readily by this form of administration. .,

Molded Tabiets or Tablet 'I‘nturates (TT)
Tablet mturates usually are made from mmst matena] usmg a l:nturate

mold which gives them the shape of cut sections of a cylinder. Such
tablets must be completely and !'apldly suluble The probiem arising

from compresswn of these tablets is the fatiure to find & lubncant t t 1s
completely water soluble. )
Dlspensmg Tablets (DT)—These tablets prowde a convement

llqu;ds, ‘thus c1rcumvenhng the necessny 1o welgh small qua m;i

Thiese tablets are suppled primarily 2s a convenienée for extemp orane ous

compoundmg and-should never be dispensed as a-ddsage form. -
"Hypodermic Tablets (HT)-—Hypodermic: tablets are soft;’ read.lly
soluble tablets and originally were used for the preparation of solutionsio
be'injected: - Since stable parenteral solutions are now available for mast
drug substances; there is no justificationfor the use.of hypodermic:tablets
for injection. ;. Their use in this manner should be discouraged.sincethe
resulting solutions are not sterile. - Large quaritities of these tablets.con-
tinue to be made, but for oraladministration... No hypodermic tablets ever
have been recognized by the official compendia, .

'Compressed Téb!ets (cn - V o - _ :"cj‘

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 tobreak the tablet up in gastro-
intestinal fluids, and.controlied-release polymers designed to
slow down drug release, ideally should possess these charac-
teristics, ornot interfere with the desirable performance traits
of the other exc1p1ents 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~compress1on equlp-
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 the die. -- The weight of the tablet
is determined by the volume of the raterial which fills the die
cavity. Therefore, the ability of the granulationto flow freely
into the dieisimportant in insuring-a uniform fill, as well as the
continuous movemernt of the granulation from the source of

supply or feed hopper. If the tablet granulation does not
possess cohestve properties, thetablet after compression will -
crumble and fall apart on handling. = As the punches must

riove freely within the die and the tablet must be ejected ..

readily from the punch faces, the material must have a degree
of lubrication to minimize frlctmn and allow forthe rernoval of
the compressed tablets.

“Thiere are three general methods of tablet préparation: the

1

wet—granulatton rnethod the dry- granulatlon method and- di:

Fig:2. ‘Basic mechanical uhitfor tabet compressmn
die ahd upper punch (courtesy, Vector/Colton).
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rect compression. The method of preparation and the added
ingredients 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
mgredrents and methods of preparation may have on. the
avallabxhty 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, a2 Canadian company reformulated to
make . a large tablet with a score. Subsequent use of the
tablet, containing the same amount. of drug subsiance as the
previous tablet, resulted in cornplamts that larger -than-usual
doseswere needed to produce the same, therapeutlc response.
On the other hand, literature report.s indicate that the reformu-
lation of & commercial digoxin tablet resulted in a, tablet,
although containing the same quantity of drug substance that
gave the desired clinical response at half its ongmal dose.
Methods and principles that can be iised to assess the effects
of, excrpxents and. additives on c]rug absorptlon have been
reviewed 21415 "See Chapters 35, 42.4nd 83. :

Tablet Ingredients

In addltlon to the actlve or therapeutrc mgredlent tablets
contam anumber of mert materials, . The latter are kmown as

addmves or excipients. . They may, be classnfied accordingto '

the part they.play in the finished, tablet, The ﬁrst _group
eontams those which help o, impart samsfaetory processing
and compression ‘characteristics to the formulation. . These
include diluents, binders, glidants and lubricants. . ‘The sec-
ond group of added substances helps.to give addltlonal desgir-
able physncal characterlstrcs to the finished tablet Included
in this group are disintegrants, colors, and in_ the-case. of
chiewable tablets, flavors and sweetening agents, and in the
case of controlled—releaSe tablets, polymers or waxes or other
solubility-retarding materials.

Although- the term ineri-has.been apphed to these: added
materials, it is becoming increasingly apparent that there is. an
important relationship between the properties.of the exmpl-
ents.and the desage forms contammg them. Preformulation
studles dernonstrate their influence oh stability, bioavailabil-
1ty and the processes by which the dosage forms are prepared.
The need for acquiring more information and use standards
for excipients.has been recogmzed in a joint venture of, the
Academy of Pharmaceutical Sciences and the Council of the
Phamlaceutrcal Soc1ety of Great Britain. The result is called
the Handbook of Pharmaceuticol Excipients.. This refer-
enece now is distributed w1de1y throughout the world.1€

. Dzluenzs

. ‘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 mannitel,
lactose, sorbitol, sucrose and inositol, when:present: in.suffi-
cient guantity, can impart properiies.to. some. compressed
tablets that permit- disintegration in.the mouth by chewing,
Such tablets.commonly -are calied chewsahle tablets. Upon
chewing, properly prepared tablets will drsmtegr:ate smoothly at a
satisfactory- rate, have a pleasant taste and feel.and leave -no
unpleasant: aftertastein the mouth. Diluentsused.as.excipients
for direct compression formulas- have been subjected to prior

'

" ules.of desired hardness and size. -
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processing 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. Usua]]y, these have been
selected on the basis of experience and cost factors.
However, in the formulation of new therapeutic agents, the
compatrbl.hty of the dﬂuents with the drug must be consid-
ered, eg, calciurn salts used as diluents for the broad-spectrum
a:ntlblotrc tetracycline have been shown to interfere with the
drug’s absorption from the gastromtestmal tract. “When drug
substances have low water solubility, it is recommended that
water-soluble diluents be used 10 avoid possible bioavailabil-
ity problems. Highly adsorbent substances, ‘eg, bentonite
and kaolin, are (o be avoided.in making tableté‘of “drugs used
clinically .in sma]l dosage, such as the, cardlac glycosides,
alkalqrds and the synthetic -estrogens:, _These.. drug sub-
stances ma,y be adsorbed after adrnmlstratmn The combina-
tion of amine ‘hases with lactose, or aming salts with lactose in
the presence of an a].kahne Iubncant results in tab]ets whlch
discolor.on aging. |

Mlcrocrysta]lme cellulose (A\ncel) usually is used as, an
excrplent in direct-coinpression formulas. However, its pres:
encein bto 15% concentrations in wet granulations has beén
showntobe heneficial in'the g‘ranulatron and drying processes
in minimizing, case—hardemng of the. tablets and in reducing
tablet mottling.

. Many mgredrents are used for several dlfferent purposes,
even within the sdine formulatior; €g, corn starch can be used
in paste form ag abinder, When added i in drug or. suspension
form, it-is a goqd disintegrant. Even though these two uses
are to achieve Opp051te goals, some tablet formulas use corn
starch in both ways. In some controlled-reléase formuias,
the polyrner hydroxypropyhnet,hylcellulose (HPMC) is used
both.as an aid to prolong thé release fromthe tablet, as well as
a film-former in the tablet coating. ~Therefore, most éxcipi-

ents used in formulating tablets and capsules have manyuses,

and athorough understandmg of their properties and limita-
tions is necessary in order to use. them ratjonally.

' ‘,Bmde'rs

Agents used to impart cohesive qualities to the powdered
material are referred to:as binders or.granulators.. 'Fhey im-
part a cohesiveness to the tablet formulation which insures
the tablet remaining intact after.compression, as weH as im-
proving the free-flowing qualities by the formulation of gran-
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, methylceliulose, poly-

" vinylpyrrolidone, Veegum -and larch arabogalactan. . .Other

agents which may be considered binders under-certain éireum-
stances are polyethylene. glycol ethylcellulose, waxes, water
and alcohol,

"The, quantity of bmder used has. consrderable mﬂuenee on:
the characteristies of the compressed tablets. . The usé of too
much binder or too strong a binder, will make a hard tablet
which,will not disintegrate eas_ﬂy_and which will cause exces-
sive wear.of punches and dies. Differences in binders used
for CT Tolbutamide resulted in differences in hypoglycernic
effects observed: clinically. Materials which have no cohe-
sive qualities of their own will require-a stronger binderthan
those with these quahtles Alcoholand water are not binders
in the.true sense of the word, but because of their solvent
action on some mgredlents such aslactose, starch and cellu-
loses, they change the powdered material to granules and the
re31dual noisture retained enables the -materials to adhere
together when compressed.

.-Binders, are used both as a solution. and. iri a dry ‘form
dependmg on the other mgredlents in the formulation and the
method .of preparation. . However, several pregelatzmzed
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