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CHAPTER 90 

Oral Solid Dosage Forms 

"()b•rt E King, PhD 
Profe-ssor of lndustrlol Phormoc:y 

Jos•ph D Schwort.z, PhD 
Professor of Pharmoce>ullc.s 
Philadelphia Colle-ge of Pharmacy ond Science 
Philadelphia, PA 19104 

Drug substances are most frequently 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 ing:t:'edients. Additives may 
also be included in the formulations to enhance the physical 
appearance, improve stability, and aid in disintegration after 
administration. These supposedly inert ingredients, as well 
as the production methods employed, have been shown in 

' some cases to influence the release of the drug substances_! 
Therefore care must be taken in the selection and evaluation 
of additives and preparation methods to ensure that the 
physiological availability 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 physical characteristics _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 non
solvated, and its polymorphic form. After clinically effective 
formulations are obtained, variations among dosage units of 
a given batch, as well as batch-to-batch differences, are re
duced to a minimum through proper in-process controls and 
good manufacturing practices. The recognition of the im
portance of validation both for equipment and processes has 
greatly enhanced assurance in the reproducibility of formu
lations. It is in these areas that significant progress has been 
made with the realization that large-scale production of a 
satisfactory tablet or capsule depends not only on the avail-

Fig 90-1. Tablet press operators checking batch record in confor· 
mance with Current Good Manufacturing Practices (courtesy, Lilly). 

ability of a clinically effective formulation but also on the raw 
materials, facilities, personnel, validated processes and 
equipment, packaging, and the controls used during and after 
preparation (Fig 90-1). 

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 first used by 
John Wyeth and Brother of Philadelphia. During this same 
period molded tablels were inLroduced to be used as "hypo
dermic" tablets for the extemporaneous preparaUon of solu
tions for injection. Tablets remain popular as a dosage form 
because of the advantages afforded both to t.he manufacturer 
(eg, simplicity und economy of preparation, stability, and 
convenience in packaging, shipping, and dispensing) and the 
Patient (eg, accuracy of dosage, compactness, portability, 
blandness of taste, and ease of administration). 

Although the basic mechanical approach for their manu
facture has remained the same, tablet technology has under
gone great improvement Efforts are wntinually being made 
to understand more clearly the physical characteristics of 
tablet compression and the factors affecting the availability 
of tbe drug substance from the dosage form after oral ad-

ministration. Compression equipment continues to improve 
both as to production speed and the Ul}iformity of tablets 
compressed. Recent advances in tablet technology have been 
reviewed.2-5 

Although tablets are more frequently 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 are usually 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, lubricants, diluents, and 
in many cases, colorants. 

Sugar-Coated Tablets (SCT)-These are compressed tablets con
taini ng a sugar coating. Such coatings may he colored and are beneficial 
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1804· CHAPTER 90 

in covering up drug substances possessing objectionable tastes or odors, 
and in protecting materials sensitive to oxidation. 

Film-Coated Tablets (FCT)-'l'hese 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 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 
irritate the mucosa, or as a means of delayed release of the medication. 

Multiple Compressed Tab lets (MCT)-These are compressed tablets 
made by more than one compression cycle. 

Dayered Tablets-Such tablets are prepared by compressing additional 
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 to as dry-coated, are 
prepared by feeding previously compressed tablets into a special tablt!tin�: 
machine and compressing another granulation layer around the preformed 
tablets. They have all the advantages of compressed tablets, ie, 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 pTess is the Manesty 
Drycota. Preaa-coated tablets can also be used to acporotc 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 widely used in the design of prolonged-action dosage forms. 

Controlled-Release Tablets-Compressed tablets can be formulated 
to release the drug substance i n  a manner to provide medication over a 
period of time. There are a number of types which include delayed-action 
tablets in which the release of the drug substance is prevented for an in
terval of time after administration or until certain physiological conditions 
exist; repeat-action tablets which periodically release a complete dose of 
the drug substance to the gastrointestinal fluids; and the extended-Telease 
or sustained-release tablets which continuously release increments of the 
contained drug sub�tance to the gastrointestinal fluids. These tablets 
are discussed in Chapter 92. 

Tablets for Solution-Compressed tablets to be used for preparing 
solutions or imparting given characteristics to solutions must be labeled 

to indicate that they are not to be swallowed. Examples of these tablets 
are Hala7.one 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. I11 
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 than by swal
lowing, the label must indicate t.he manner in which it is to be used. 

Buccal and Sublingual Tablets-These are small, flat, oval tablets: 
Tablets intended for buccal administration by inserting into the buccal • 
pouch dissolve or erode slowly, therefore they are formulated and com
pressed with sufficient pressure to give a hard tablot. Progesterone 
Tablets may be administered in this way. Sublingual tablets, such as those 
containing nitroglycerin, isoproterenol hydrochloride, or erythrityl 
tetranitrate, are placed nnder the tongue. Sublingnal tablets dissolve 
rapidly and the drug substances are readily absorbed by this form of ad
ministration. 

Molded Tablets or Tablet Tri turates (T T) 
Tablet triturates are usually made from moist material using a triturate 

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 lubricant that is com
pletely water-soluble. 

Dispensing Tablets (DT)-These tablets provide a convenient 
quantity of potent drug that can be incorporated readily into powders and 
liquids, thus circumventing the necessity to weigh small quantities. These 
tablets are supplied primarily as a convenience for extemporaneous 
compounding and should never be dispensed as a dosage form. 

Hypodermic Tablets (HT)-Hypodermic tablets are soft, readily 
soluble tablets and were originally used for the preparation of solutions 
to be injected. Since stable parenteral solutions are now available for most 
drug subetances, there is no justification for the use of hypodermic tablets 
for injection. Their use in this manner should be discouraged since the 
resulting solut.ions are not sterile. Large quantities of these tablets con
tinue to he made but for oral administration. No hypodermic tablets have 
ever been recognized by the official compendia. 

Compressed Tablets ( CT) 

In order for medicinal substances, with or without diluent.�, 
to be made into solid dosage forms with pressure, using 
available 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. Since most ma
terials have none or only some of these properties, methods 
of tablet formulation and preparation have been developed 
to impart these desirable characteristics to the material which 
is to be co mp re58ed into tablets. 

The basic mechanical unit in all tablet-compression 
equipment 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 
90-2. The tablet is formed by pressure applied on the punches 

Fig 90-2. Basic mechanical unit for tablet compression: lower punch, 
die, and upper punch (courtesy, Vector/Colton). 

and is subsequently ejected from the die. The weight of the 
tablet is determined by the volume of the material which fills 
the die cavity. Therefore, the ability of the granulation to 
flow freely into the die is important in insuring an 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 com
pression will crumble and fall apart on handling. As the 
punches must move freely within the die and the tablet m'ust 
be readily ejected from the punch faces, the materiltl must 
have a degree of lubrication to minimize friction and to allow 
for the removal of the compressed tablets. 

There are three general methods of tablet preparation: (1) 
the wet-granulation method; (2) the dry-granulation method; 
and (3) direct 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 compression of tablets. After compression the 
tablets must have a number of additional attributes such as 
appearance, hardness, disintegration ability, appropriate 
dissolution characteristics, and uniformity which are also 
influenced both by the method of preparation and by the 
added materials present in the formulation. In the prepa
ration of compressed tablets the formulator must also be 
cognizant of the effect which the ingredients and methods of 
preparation may have on the availability of the .active ingre
dients and hence the therapeutic efficacy of the dosage form. 
In response to a request by physicians to change a dicumarol 
tablet in order that it might be more easily broken, a Canadian 
company reformulated to make a large tablet with a score. 
Subsequent use of the tablet containing the same amount of 
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drug substance as the previous tablet, resulted in complaints 
that larger-than-usual doses were needed to produce the same 
therapeutic response. On the other hand, literature reports 
indicate that the reformulation 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 excipients and additives on drug 
absorption have been reviewed.6,? See Chapters 38, 76, and 
77. 

Tablet Ingredients 
In addition to the active or therapeutic ingredient, tablets 

contain a number of inert materials. The latter are known 
as additives or excipients. 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 comprt>..ssion chnmcterL<>t.ics lo th� furmulvtion. rl'he�>e 
include (1) dilucnts, (2) binders, and (3) glidont.'> nnd Jubri 
cants. The second group of SHided substances .belps t.n give 
additional de!!irahle physical characteristit.'fl lo lh� finbhed 
tablet. Included in this group are (1) disintegrants, (2) colors, 
and in the case of chewable tablets, (3) flavors, and (4) 
sweetening agents. 

Although the term inert has been applied to these added 
materials, it is becoming increasingly apparent that there is 
an important relationship between lho properties of t.he ex
cipients and the dosage forms containing thorn. Preformu
lation studies demonstrate their influence on HtnbWty, bio
availabilit.y,lllld the processes by which the dosage forms ure 
prepared. 'T'he need for acqtLiring more informAtion and use 
sl�md1lrds for axcipients hM been rocognized in a joint venture 
of the Academy of Pharmaceutical Sciences and the Council 
of the Pharmaceutical Society of Great Britain. The program 
is called the Codex of Pharmaceutical Excipient Project and 
the Academy's Industrial Pharmaceutical Technology Section 
has undertaken its organization and implementation. 

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 tablet.ing possible. Diluents used for this purpose 
include dicalcium phosphate, calcium sulfate, lactose, cellu
lose, kaolin, mannitol, sodium chloride, dry starch, and pow
dered sugar. Certain diluents, such as mannitol, lactose, 
sorbitol, sucrose, and inositol, when present in sufficient 
quantity, can impart properties to some compressed tablets 
that permit disintegration in the mouth by chewing. Such 
tablets are commonly 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 excip
ients for direct compression formulas have been subjected to 
prior processing to give them flowability and compressibility. 
These are discussed under Direct Compression, p 1613. 

Most tablet formulators 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 diluent with 
the drug must be considered. For example, 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 
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solubility, it iR recommended lhot wuler-soluble diluonl.ll he 
used to avoid possible biouvullability problem:;. Highly ad
sorbent subi>Lanccs , �-��. hcntonile and kaolin, arc to l.x: vvoideJ 
in making tablets of drugs used clinically in small dosage, such 
as the cardiac glycosides, alkaloids, and the synthetic estro
gens. These drug substances may be adt�orbcd lo the point 
where they are not completely available aflcr nd mini11l r:ttiun. 
The combination of amine bases with Inclose, ur amine salts 
with lactose in the presence of an alkaline lubricant, results 
in tablets which discolor on aging. 

Microcrystalline cellulose (Avice!) is usually used as an 
excipient in direct compression formulas. However, its 
presence in 5-15% concel)trations 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. 

Binders 

Agents used to impart cohesive qualities to the powdered 
material are referred to as binders or granulators. 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 hy the formulation of 
granules of desi:rcd lmn.lnes.'l nnd size. Materials commonly 
used as binders include slarch, gelntin, and sugars as sucrose, 
glucose, dextrose, molasses, and lactose. Natural and syn
thetic gums which have been used include acacia, sodium al
ginate, extract of Irish moss, pan war gum, ghatti gum, muci
lage of isapol husks, carboxymethylcellulose, methylcellulose, 
polyvinylpyrrolidone, Veegum, and larch arabogalactan. 
Ol.her a,gonts which rnay hi' considered binders under Gertain 
circumstances 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 resulted in differences in hypoglycemic 
effects ,observed clinically. Materials which have 1111 r-uhel!ive 
qualities of their own will require o stmnger hinder l.lt<Ul those 
with these qualities. Alcohol and water arc not hinders in the 
true sense of the word; but because of their solvent action on 
8<lme ingredients �;uch as lactose, starch, and cell uloses, they 
chtlnge U1e powdered muleti:)l to granules and the residual 
moisture rrtaim.'tl enables the materials to adhere together 
when compressed . 

Binders are used both as a solution and in a dry form de
pending on the other ingredients in the formulation and the 
method of preparation. The same amount of binder in so
lution will be more effective than if it. were dispersed in a dry 
form and moistened with the solvent. By the latter procedure 
U1e binding nttenL is not as effective in reaching ond welling 
each of �he purticlt>s wil hin llte Mlll.'IS of J>�lwdcn;. fi'x"'ch uf U1e 
pari iclc.-. iu a powder blend hn.s a coat.iug uf adsorbed nir on 
its surface, and it is this film whiub must lw J>euelrnlf•d hci'CJrc 
lhe powdcrtl can be wetted by lhc bindar soluLion. Sittce 
powders differ with respect to lho unsc with which Lhcy cnn 
he wetted, it i8 prcfcmhlc w hll'(ll'pomte !.he binding ngeu.t in 
solutinn. By thilll.cchnique it i.s ofte11 possible to gain crfcc 
tivc binding wil.h a lnwer concenlrat ion of binder. lL should 
be 11nted thaL lherfl ar<' �;rvnriJl "flrcgclutinized" sturches 
available which are intended to be added in the dry form so 
that water alone can be used as the granulating solution. 

The direct compression method for preparing tablets (see 
page 1613) requires a material that not only is free-flowing but 
also sufficiently cohesive to act as a binder. This use has been 
described for a number of materials including microcrystalline 
cellulose, microcrystalline dextrose, amylose, and polyvinyl-
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