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CAPSULES AND TABLETS 
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180 Capsules and Tablets 

WHEN MEDICATIONS are to be administered orally 
to adults, capsules and tablets usually are preferred 
because they are conveniently carried, readily iden­
tified, and easily taken. 

Consider the convenience of a patient carrying a 
day's, week's, or month's supply of capsules or 
tablets compared with equivalent d oses of a liquid 
medication. With capsules and table ts as dosing 
un its, there is no need for spoons or other mea­
suring devices, which sometimes may be inconve­
nient and may result in less than accurate dosing. 
Also, most capsules and tablets are tasteless when 
swallowed, which is not the case with oral liquid 
medication. 

The characteristic shapes and colors of capsuJes 
and tablets and the manufacturer's name and prod­
uct code number commonly embossed or imprinted 
on their surface make them readily identified. This 
enhances communications between the patient and 
health care providers, assists patient compliance, 
and fosters safe and effective medication use. 

Capsules and tablets are available for many med­
ications in a variety of dosage strengths thereby 
providing prescribing flexibility to the prescriber 
and accurate individualized dosage for the pa tient. 
Some tablets are scored, or grooved, which allows 
them to be easily broken into two or more parts . 
This enables the patient to swallow smaller por­
tions as may be desired, or when prescribed, it a l­
lows the tablet to be taken in reduced or divided 
dosage. Tablets that are not scored are not intended 
to be broken or cu t by the patient since they may 
have special coatings and/or drug-release features 
that would be compromised by altering the table~s 
physical integrity. 

From a phannaceutic standpoint, solid dosage 
forms are efficien tly and productively manufac­
tured; they are packaged and shipped by manu­
facturers at lower cost and with less breakage than 
comparable liquid forms; and are more stable and 
have a longer shelf-life than their liquid counter­
parts. 

As discussed later in this chapter, empty hard 
gelatin capsules are often used by the pharmacist in 
the extemporaneous compounding of prescriptions. 
On occasion, a pharmacist may use commercially 
available capsules and tablets as the source of a 
medicinal agent when it is not otherwise available. 
In these instances, the pharmacist must take into 
account any excipients that are presen t in the com­
mercial p roduct to ensure compatibility with the 
other ingredients in the compounded prescription. 
Capsules and tablets designed to provide modified 
drug release are discussed in Chapter 8. 

Capsules 

Capsules are solid dosage forms in which medic­
inal agents and/or inert substances are enclOSed 
within a small shell of gelatin. Gelatin capsule shells 
may be hard or soft depending on their composition. 

The vast majority of filled capsules are intended to 
be swallowed whole by the patient for the benefit of 
the medication contained therein. However, it is not 
unusual practice in hospitals and extended care fa­
cilities for a caregiver to open capsules or crush 
tablets to mix with food or drink, especia lly for chil­
dren or other patients unable to swallow solid 
dosage forms. This should be done only with the 
concurrence of the pharmacist since the drug release 
characteristics of certain dosage forms could be al­
tered and adversely affect the patient's welfare. 

Dosage forms that must be left intact include: en­
teric coated tablets, designed to pass through the 
stomach for drug release and absorption in the in­
testine; extended-release dosage forms, designed to 
provide prolonged release of the medication; and 
sublingual or buccal tablets, formulated to dissolve 
under the tongue or in the oral cavity (1). In in­
stances in which a patient is unable to swallow an 
intact solid dosage form, an alternative product, such 
as a chewable tablet, instant dissolving tablet, oral 
liquid, suppository or injection may be employed. 

Hard Gelatin Capsules 

Hard gelatin capsule shells are used to manufac­
ture most of the commercially available mecticated 
capsules. They are also commonly employed in clin­
ical drug trials, to compare the effects of an 
investigational drug to another drug product or 
placebo. Hard gelatin capsules also are used by the 
community pharmacist in the extemporaneous com­
pounding of prescriptions. The empty capsule shells 
are made from a mixture of gelatin, sugar and water. 
As such, they are clear, colorless, and essentially 
tasteless. They may be colored with various FD&C 
and D&C dyes and may be made opaque by adding 
agents such as titanium dioxide. Most commercially 
available medicated capsules contain combinations 
of colorants and opaquants to make them distinctive, 
many with caps and bodies of different colors. 

Gelatin is obtained by the partial hydrolysis of 
collagen obtained from the skin, white connective 
tissue, and bones of animals. In commerce, it is 
available in the fonn of a fine powder, a coarse 
powder, shreds, flakes, or sheets (Fig. 7.1). 

Gelatin is stable in air when dry but is subject to 
microbial decomposition when it becomes moist. 
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Fig. 7.1 Pork skill gelntill llsed as raw material ill tile 
mflllll!ncf//rc of gela tin capsules. (Courtesy of SmithKlil1e 
Beecham.) 

Normally, hard gelatin capsules contain between 
13 and 16% of moisture (2). However, if stored in 
an environment of high humidity, additional mois­
ture is absorbed by the capsules, and they may 
become distorted and lose their rigid shape. In an 
environment of extreme dlyness, some of the mois­
ture normally present in the gelatin capsules is lost 
and the capsules may become brittle and crumble 
when handled. Therefore, it is desirable to maintain 
hard gelatin capsules in an environment free from 
excess humidity or dryness. 

Because moisture may be absorbed by gelatin 
capsules and affect hygroscopic agents contained 
Wi thin, many capsules are packaged along with a 
small packet of a desiccant material to protect 
against the absorption of abnospheric moisture. 
The desiccant materials most used are dried silica 
gel, clay, and activated carbon. 

Prolonged exposure to high humidity can affect in 
vitro capsule dissolution. Such changes have been 
observed in capsules containing tetracycline, chlor­
amphenicol, and nitrofurantoin (3). Because such 
changes could forewarn of possible changes in 
bioavai labiJity, capsules subjected to such stress con­
ditions must be evaluated on a case by case basis (3). 

Although gelatin is insoluble in cold wa ter, it 
does soften through the absorption of up to ten 

Cap!=lIles flllri Tablets 181 

times its weight of water. SOJl1e patients prefer to 
swallow a capsule wetted with water or saliva be­
cause a wetted capsule slides down the throat more 
readily than a dry capsule. Gelatin is soluble in hot 
water and in warm gasbic fluid a gelatin capsule 
rapidly dissolves and exposes its con tents. Gelatin, 
being a protein, is digested by proteolytic enzymes 
and absorbed. 

A number of methods have been developed to 
track the passage of capsules and tablets through 
the gastrointestinal tract to map their transit time 
and drug-release patterns. Among these is gamma 
scintigraphy, a noninvasive procedme which in ­
volves use of a gamma ray-emitting radiotracer in­
corporated into the formulation with a gamma 
camera coupled to a data recording system (4-5). 
The quantity of material added to allow gamma 
scintigraphy is small and does not compromise the 
usual in vivo characteristics of the dosage form 
being studied. When scin tigraphy is combined 
with pharmacokinetic studies, the resultant pharllla­
coseintographic evaluation provides information of 
the transit and drug release patterns of the dosage 
form as well as the rate of drug absorption from the 
various regions of the gastrointestinal tract (4). This 
method is particularly useful in: (a) identifying 
whether a correlation exists between in vitro and in 
vivo bioavailability for immediate- release products; 
(b) assessing the integrity and transit time of en­
teric coated tablets through the stomach enroute to 
the intestines; and (c) drug/dosage form evaluation 
in new product development (4-5). A separate 
technique, using a pH-sensitive, non digestible, ra­
diotelemetric device termed the Heidelberg cap­
sule, the approximate size of a No. a gela tin cap­
sule, has been used as a IlOllraclioactive means to 
measure gastric pH, gastric residence time, and 
gastric emptying time of solid dosage forms in fast­
ing and nonfasting human subjects (6). 

As discussed in Chapter 4, drug absorption from 
the gas trointestinal tract depends on a munber of 
factors, including the solubility characteristics of 
the drug substance, the type of product fomm la tion 
(i.e., immediate-release, modified-release, entelic 
coated), the gastrointestinal contents and intersub­
ject differences in physiologic character and re ­
sponse. 

The Manufacture of Hard Gelatin 
Capsule Shells 

Hard gelatin capsule shel ls are manufachll'ed in 
two sections, the capsule body and a shorter cap. 
The two parts ove rlap when joined, with the cap fit­
ting snugly over the open end of the capsule body. 
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182 Capsules ami Tablets 

The shells are produced industrially by the me­
chanical dipping of pins or pegs of the desired 
shape and diameter into a temperature-controlled 
reseIVoir of melted gelatin mixture (Figs. 7.2, 7.3). 
The pegs, made of manganese bronze, are affixed 
to plates, each capable of holding up to about 500 
pegs. Each plate is mechanically lowered to the 
gelatin bath, the pegs submerged to the desired 
depth and maintained for the desired period to 
achieve the proper length and thickness of coating. 
Then the plate and the pegs are slowly lifted from 
the bath and the gelatin dried by a gentle flow of 
tern perature- and hmnidity-controlled air. When 
diied, each capsule part is trimmed mechanically to 
the proper length, removed from the pegs and the 
capsule bodies and caps are joined together. It is 
important that the thickness of the gelatin walls be 
strictly controlled so that the capsule's body and 
cap fit snugly to prevent disengagement. TIle pegs 
on which the caps are formed are slightly larger in 
diameter than the pegs on which the bodies are 
fanned, allowing the telescopi ng of the caps over 
the bodies. In capsule shell production, there is a 
continuous dipping, drying, removing and joining 
of capsules as the peg-containing plates are rotated 
in and out of the gelatin bath. As noted earlier, cap­
sule shells may be made distinctive by adding col­
orants and/or opaquants to the gelatin bath. 

A manufacturer also may prepare distinctive-

looking capsules by al tering the usual rounded 
shape of the capsule-making pegs. By tapering the 
end of the body-producing peg while leaving the 
cap-making peg rounded, one manufacturer pre­
pares capsules differentiated from those of other 
manufacturers (PULVlJLES, Eli Lilly).Another man­
ufacturer utilizes capsules with the ends of both the 
bodies and caps highly tapered (SPANSULE Cap­
sules, SmithKline Beecham). Yet another innova­
tion in capsule shell design is the SNAP-FiT, CONl­
SNAP, and CONI-SNAP SUPRO hard gelatin 
capsules depic ted in Figures 7.4 and 7.5. TI,e origi­
nal SNAP-FIT construction enables the two halves 
of the capsule shells to be positively joined through 
locking grooves in the shell walls. The two grooves 
fit into each other and thus ensure reliable closing 
of the filled capsule. During the closing process, the 
capsule body is inserted into the cap. With the 
high-capacity filling rates of the modem capsule 
filling machines (over 180,000 capsules per hour), 
capsule splitting ("telescoping") and/or denting of 
the capsule shell occms with the slightest contact 
between the two capsule-part rims when they are 
joined. This problem, which exists primarily with 
straight-walled capsule shells, led to the develop­
ment of the CONI-SNAP capsule, in which the rim 
of the capsule body is not straight, but tapered 
slightly (pig. 7.5). This reduces the risk of the 
capsule-rims touching on joining, and essentially 

Fig. 7.2 Body of capsules alld t1leir caps are show/! as fhel) move IIlrollgll automated capsllie-making machine. Each machille is 
capable of producing 30,000 capsllles per/Tow: It takes a 40-lIIilllife cycle to produce a capsule. (Courtesy ofSlllithKJillc Beecham.) 
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Fig. 73 Capsllfes beillg dipped for r%rillg 011 al/tomated cap· 
sllie*makillg eqllipmf'llt. (Courtesy ofSmWIKlil1e lkl'clmm.) 

eliminates the problem of splitting during large­
scale filling operations. In the CONI-SNAP SUPRO 
capsules, the upper capsule part extends so far over 
the lower part that only the rounded edge of the 
latter is visible (Fig. 7.5). Opening of such a fi ll ed 
capsule is difficult because the lower surface offers 
l es~ ~ipping surface to pu 11 the two halves apart. 
!hIS Increases the security of the contents and the 
Integrity of the capsule. 

After fillin g, some manufacturers render their 
cap~ules tamper~evident through various capsule 
50
1 
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aterin tho . C ul d bl I be . IS section. aps es an ta ets a so may 
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ucts (Fig. 7.6). 
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amount of fill material to be encapsulated.ll1e den­
sity and compressibility of the fill will largely deter­
mine to what extent it may be packed into a capsule 
shell (7) . For estimation, a comparison may be made 
with powders of well -known features (Table 7.1) 
and an ini tial judgment made as to the approximate 
capsule size needed to hold a specific amOll nt of ma­
terial. However, the final determination largely may 
be the result of trial. For human usc, empty capsules 
ranging in size from 000 (the largest) to 5 (the small­
est) are commercially available (Fig. 7.7). Larger cap­
sules are available for veterinary lise. 

For prescriptions requjringextemporaneous com­
pounding, hard gelatin capsules permit a wide pre­
scribing latihtde by the physician. The phannacist 
may compound capsules of a single medicinal agent 
or combination of agents at the precise dosage pre­
scribed for the individual patient. 

Preparation of Filled Hard Gelatin Capsules 

The large-scale or small-scale prepara tion of 
filled hard gelatin capsides is divided into the fol­
lowing general steps . 

CONI-SNAP "" 

3 -

? 

3 

open 

Fig. 7.4 Lille dmwings of ti,e CONI·SNAP capsllie ill 
Opell, pre-closed, alld closed positions. TIle tapered rilllS 1) 
avoid telcscopillg; the illdentatiolls 2) prcvcnt prell/nil/reopen­
i/lg, a"d till' grooves 3) lock thc two capsllle paris togetJler af­
ter the caps/lie liaS beel! filled. (Courtesy ofCnpsugcl Divisioll, 
Wnnler-wlI/berf Co.) 
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(CollrtC'SN ofCar.:llgel Divisiol/, Waml'l'- Lambert Co.) 

1. Developi.ng and preparing the formulation and 
selecting the size capsule. 

2. Fi ll ing the capsule shells. 
3. Capsule sealing (optional). 
4. Cleaning and polishing the fiJled capsules. 

Developing the Fonnulation and Selec tion of 
Capsul e Size 

In developing a capsule formulation, the goal is 
to prepare a capsule with accurate dosage, good 
bioavailability, ease of filling a nd production, sta· 
bility, and elegance. 

In dry formulations, the active and inactive com ­
ponents must be blended thoroughly to ensure a 
uniform powder mix for the capsule fill. Care in 
blending is especially critiCC)1 for low-dose dmgs 
since lack of h0111ogeneitycould result in significant 
thernpeutic consequences. Prefonl1ulation studies 

are perfonned to determine if all of the formu.lation's 
bulk powders may be effectively blended together as 
such or if they require reduction of particle size Or 

other processing to achieve homogeneity. 
A diluent or filler may be added to the formuJa_ 

tion to produce the proper capsu le fill volume. Lac­
tose, microcrystalline cellulose and starch are 
commonly used for this purpose. In addition to pro­
viding bulk, these materials often provide cohesion 
to the powders, which is beneficial in the transfer 
of the powder blend into capsule shell s (2). Disin­
tegrants are frequent ly induded ill a capsule for­
mulation to assis t the break-up and d istribution 
of the capsule contents in the stomach. Among 
the disintegrants used are pregelatinized sta rch, 
croscarmellose, and sodium starch glycolate, 

To achieve uniform dntg distribution, it is advan. 
tageous if the densi ty and particle size of the drug 
and nondrug components are similar. This is par. 
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( 

r 
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Fig. 7,6 EmlllJlles of tahlrfs mId capsll les marked with if 

/cttt'l"-IlIlIlIber COile 10 fnrilitate idelltificatioll. (Courtesy vf Eli 
WIN IIIld CompallN.) 
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Table 7.1. Approximate Capacity of Empty Gelatin Capsules 

Capsllie Size 

Voll/l/le (JIlL) 1.40 0.95 0.68 0.50 0.37 0.30 0.21 0.13 

Drllg Slibsta /l ce (mg)" 
Quinine Sulfate 650 390 325 227 195 130 97 65 
Sodium Bicarbonate 1430 975 715 510 390 325 260 130 
Aspirin 1040 650 520 325 260 195 162 97 

It Amount may val)' according to the degree of pressure used in filling the capsules. 

ticularly important when a drug of low dosage is 
blended with other drugs or nondrug fill (8). When 
necessary, particle size may be reduced by l1Iillillg to 
produce particles ranging from about 50 to 1000 
microns. Milled powders may be blended effec­
tively for uniform distribution throughout a pow­
der mix when the drug's dosage is 10 mg or greater 
(8). For drugs of lower dose or when smaller parti­
cles are required, lIIicronizatioll is employed. De­
pending on the materials and equipment used, mi ­
cronization produces particles ranging from about 
1 to 20 microns in size. 

In preparing capsules on an industrial scale using 
high-speed automated equipment, the powder mix 
or granules must be free-flowing to allow steady 
passage of the capsule fill from the hopper through 
the encapsulating equipment and into the capsule 
shells. The addition of a iubricallt or glidallt such as 
fumed silicon dioxide, magnesium stearate, calcium 
stearate, stearic acid, or talc (about 0.25-1 %) to the 
powder mix enhances flow properties (2). 

When magnesium stearate is used as the lubri­
cant, the water-proofing characteristics of this 
water-insoluble material can retard penetration by 
the gastrointestinal fluids and delay drug dissolu­
tion and absorption. The addition of sLUiace active 
agents, as sodium lauryl sulfate, to capsule and 

tablet fonnulations is used to facilitate wetting by 
the gastrointestinal fluids to overcome the problem 
(9). Even in instances in which a water-insoluble 
lubricant is not used, after the gelatin capsule shell 
dissolves, gastrointestinal fluids must displace the 
air that surrounds the dry powder and penetrate 
the drug before it can be dispersed and dissolved. 
Powders of poorly soluble drugs have a tendency to 
resist such penetration. Disintegration agents in­
cluded in a capsule formulation facilitate the break 
up and distribu tion of the capsule's contents. 

Whether it be the presence of a lubricant, sur­
factant, disintegrating agent, or some other phar­
maceutic excipient, formulation can influence the 
bioavailability of a drug substance and can account 
for differences in drug effects, which may be en­
countered between two capsule products of the 
same medicinal substance. Pharmacists must be 
aware of this possibility when product- interchange 
is considered. 

Inserting table ts or small capsules within cap­
sules is sometimes a useful technique in the com­
mercial production of capsules and in a pharma­
cist's extemporaneous preparation of capsules 
(Fig. 7.8). This may be done to separate chemically 
incompatible agents or to add premeasured (as 
tablets) amounts of potent dmg substances. Rather 

Fig.7.7 Achw/sizes offlOrd ge/Mill capsules. From left to right, sizes 000, 00, 0, I, 2, 3, 4, and 5. 
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I 
1 2 3 4 5 

Fig. 7.8 Emmples of fill ill 1mI'd gelatill capsules. 1, powder or grmlllinte; 2, pellet mixture; 3, pnste; 4, mpslIle; (/lid 5, tnblet. 
(Collrtesy of Capsugel, Division ofWamer-Ll1mberO 

than weighing a potent drug, a pharmacist may 
choose to insert an available prefabricated tablet of 
the desired strength in each capsule. Other less po­
tent agents and diluents lTlay then we weighed and 
added. On an industrial scale, coated pellets de­
signed for modified-release drug delivery are also 
commonly placed in capsule shells. 

Gelatin capsules are unsuitable for the encapsu-
1ation of aqueous liquids because water softens 
gelatin and distorts the capsules, resul ting in leak­
age of the contents. However, some liquids such as 
fixed or volatile oils that do not interfere with the 
stability of the gelatin shells may be placed in lock­
ing gelatin capsules (or the capsules may be sealed 
with a solution of gelatin thinly coating the inter­
face of the cap and body) to ensure the retention of 
the liquid. Rather than placing a Liquid in a capsule 
as such, the liquid may be mixed with an inert pow­
der to make a we tted mass or paste, which may 
then be placed in capsules in the usual manner 
(Fig. 7.8) . Eutectic mixhlres of drugs, or mixtures of 
agents that have a propensity to liquefy when ad­
mixed, may be mixed with a diluent or absorbent 
such as magrlesium carbonate, kaolin, or light mag­
nesium oxide to separate the interacting agents and 
to absorb any liquefied material which may form. 

In large-scale capsule production, liquids are 
placed in soft gelatin capsules that are sealed during 
the filling and manufacturing process. Soft cap­
sules are discussed later in this chapter. 

In most instances the amount of dmg placed in 
a capsule represents a single dose of the medica­
tion . In son1e instances, when the usual dose of the 
dmg is too large to place in a single capsule, two or 
more capsules may be required to provide the de­
sired dose.ll1e total amount of formula prepared is 
that amount necessary to fill the desired number of 
capsules. On an industrial scale this means hun-

dreds of thousands of capsules. In community prac­
tice, an individual prescription may caJ] for the 
preparation of only six or a dozen capsules. Any 
slight loss in fill -material during the preparation 
and capsule-filling process \¥ill not materially affect 
an industrial size batch, but in the communi ty 
pharmacy, a slight loss of powder would result in an 
inadequate quantity to fill the last capsule. To en­
sure enough fill in the compounding of small num­
bers of capsules, the community pharmacist may 
calculate for the preparation of one or two more 
capsules than is required to fill the prescription. 
However, this procedure may not be followed for 
capsules containing a controlled substance since 
the amount of drug used and that called for in the 
prescription must strictly coincide. 

The selection of the capsule size for a commer­
cial product is done dming the product develop­
ment stage. ll1e choice is determined by require­
ments of the formulation, including the dose of the 
active ingredient, and the density and compaction 
characteristics of the drug and nondrug compo­
nents.If the dose of the drug is inadequate to fill the 
volume of the capsule body, a diluent is added. In­
fonnation on the density and compaction charac­
teristics of a capsule'S active and inactive compo­
nents and comparison to other similar materials 
and prior experiences can selVe as a guide in se­
lecting capsule size (7). 

Hard gelatin capsules are used to encapsulate be­
tween about 65 mg and 1 g of powdered material. 
As shown in Table 7.1, the smallest capsule (No.5), 
may be expected to hold 65 mg of povvder or more, 
depending on the characteristics of the powder sub­
stance. Oftentimes, in the extemporaneous com­
potmding of prescriptions, the best capsule size to 
use is determined by trial. Use of the smallest size 
capsule, properly filled, is preferred. A properly filled 
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capsule should have its body filled with the drug 
mixture, not the cap. The cap is intended to fit 
snugly over the body to retain the con tents. 

The following examples demonstrate the drug 
and nondrug contents of a few commercially avail­
able capsules. 

TetmCljclille Capsules 
Active ingredient: 

Filler: 
Lubricant/glidant: 
Capsule colorants: 

Capsule opaquant: 

Tetracycline 
250mg 

Lactose 

hydrochloride, 

Magnesium stearate 
FD&C Yellow No.6, D&C 

Yellow No. 10, D&C Red 
No. 28, FD&C Blue No.1 

TItanium dioxide 

Acetamillophell with Codeil/e Capsules 
Active ingredients: Acetaminophen, 325 Ing 

DisintegrClnt: 
Lubricant/glidants: 

Codeine phosphate, 30 mg 
Sodium starch glycolate 
Magnesium steara te, stearic 

acid 
Capsule colorants: D&C Yellow No. 10, Edible 

Ink, FD&C Blue No. 1 
(FD&C Green No. 3 and 
FD&C Red No. 40) 

Dipltellhydmlllilte Hydroc/Iloride Capsllles 
Active ingredient: Diphenhydramine Hel, 

Filler: 
Lubricants/glidants: 
Wetting agent: 
Capsule colorants: 

50mg 
Confectioner's sligar 
Talc, colloidal si li con dioxide 
Sodium lauryl sulfate 
FD&C Blue No.1, FD&C Red 

No.3 
CapSUle opaqllant: Titanil.1lTI dioxide 

Filling Hard Capsule Shells 

When filling a small number of capsules in the 
rh~acy, the pharmacist uses the"punch"method. 
n thiS method, the pharmacist takes the precise 
number of empty capsules to be filled from his 
~t~k Container. By counting the capsules as the ini­
a step rather than taking a capsule from stock as 

each on . fi 
fiU. e IS Ued, the pharmacist guards against 

co
Ing an erroneous number of capsules and avoids nta· . 

de Thmtnating the stock container with drug pow-
Sh~et ~ POwder to be encapsulated is placed on a 
Usin 0 hclean paper or on a glass or porcelain plate. 
cake gh~ ~ Spatula, the powder mix is formed into a 
to on vtn

h
. g a depth of approximately one-fourth 

e-! Ird th I an em e ength of the capsule body. Then 
Ply capsule body is held between the thumb 
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and forefinger and "punched" vertica lly into the 
powder cake repeatedly until filled. Some pharma­
cists wear surgical gloves or latex finger cots to 
avoid handling the capsules with bare fingers. Be­
cause the amount of powder packed into a capsule 
depends upon the degree of compression, the phar­
macist should punch each capsule in the same 
manner and after capping weigh the product. When 
non potent materials are placed in capsules, the first 
filled capsule should be weighed (using an empty 
capsule of the same size on the opposite balance 
pan to counter the weight of the shell) to determine 
the capsule size to use and the degree of com­
paction to be used. After this determination, the 
other capsules should be prepared and weighed 
periodically to check the uniformity of the process. 
When potent drugs are being used, each capsule 
should be weighed after filling to ensure accuracy. 
Such weighings protect against the uneven filling 
of capsules and the premature exhaustion or un­
derutilization of the powder. After the body of a 
capsule has been filled and the cap placed on the 
body, the body may be squeezed gently to distrib­
ute some powder to the cap-end to give the capsule 
a full appearance. 

Granular material that does not lend itself to the 
"punch" method of filling capsules may be poured 
into each capsule individually from the powder pa­
per on which it is weighed. 

Pharmacists who prepare capsules on a regular 
or extensive basis may use hand-operated capsule 
filling machines (Fig. 7.9). The variolls types of 
available machines have capacities ranging from 24 
to 300 capsules and when efficiently operated are 
capable of producing from about 200 to 2000 cap­
sules per hour. 

Machines developed for industrial use automat­
ically separate the caps from empty capsu.les, fill the 
bodies, scrape off the excess powder, replace the 
caps, seal the capsules as desired, and clean the 
outside of the filled capsules at a rate of up to 
165,000 capsules per hom (Fig. 7.10).111e fOllllUla­
tion must be such that the ftlled body contains the 
accurate drug dosage. This is verified through the 
use of automated in-process sampling and anaJysis 
equipment and processes (Figs. 7.11, 7.12). 

As described later, the USP requires adherence to 
standards for content 1II1ifonllity and weigllt variation 
for capsules to assure the accuracy of dosage units. 

Capsule Sealing 

As mentioned previously, some manufacturers 
make tamper-evident capsules by sealing the jOint 
between the two capsule parts. One manufacturer 
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A B 

c 
Fig.7.9 11le Felo" Cfll'slIle fillillg lIIt/chille. A. wilh empty cnpsu/('!: ill tile fonder tray, the tilly plnced Oil top of fhe filler IIl1it; B, 
ti,e lonnel' iI/serfs tile capsules ill{(I the jiflillg 'mit (Iliff is removed anti the fop plate is lifted to scparnlc tile cap:; /rom/he bodies; 
C. 11/£' powder is placed 011 ",c IIIlit {/1/(11/,C capsule bodies jif/cd: D, tile fOI' plate tlzell is refilmed to file 1111;/ (wd tire' caps placed 
all filler! capsule bodies. (Collrtrsy of ClICllliml nlld Plrnnl/(Ict'lIfimll/l(illsflY Compmly) 

makes disti nctive~looking cclpsu]es by sealing them 
with a colored band of ge la ti n (KAPSEALS, Parke­
Davis). If removed, the band cannot be restored 
without expert resealing wi th gela tin . Capsules 
may also be sealed through a heat welding process 
that fuses the capsule cap to the body through the 
double wa.Il thickness at their juncture (10). The 
process results in a distinctive "ring" around the 
capsule where heat welded. Still another process 

utilizes a melting-point-Iowering liquid wetting 
agent in the contact areas of the cilpsule's cap and 
body and then thermaJly bonds the two parts using 
low tempera tures (40-4S"Q (11) . Industrial cap­
sule sealing machines are capable of producing 
60,000 to 150,000 gelatin banded, heat welded, or 
thermally coupled capsules per hour (12). Figure 
7.13 depicts a sealed hard gelatin capsule. AJthough 
difficult and tedious, extemporaneously prepared 

Fig. 7.10 Osa 
Sllmples-Stokes 

capsules may 
surface of the 
mediately pri 
body. 

Cleaning an 

Small am( 
outside of caJ 
bitter or otht 

Intas Exhibit 1020 
Page 12 of 20 

PGR2025-00043



lie filler I/Irit; B, 
~"OII! t/le bodies; 
tire mps placed 

quid wetting 
~ule's cap and 
"/0 parts using 
,dustrial cap­
. of producing 
eat welded, or 
Jf (12). Figure 
Slue. Although 

Pared Jusly pre 

Capsules alld Tablets 189 

Fig.7.10 Osnka Automatic Cnpsrtle Filler (Model R-.180), capnble of fillillg up to 165,000 capsllies per hOllr. (Collliesyof 
Sharpies-Stokes Diu., Stokes-Merrill, Pel/mualt Corporatioll.) 

capsules may be sealed by lightly coating the inner 
surface of the cap \vith a waml gelatin solution im-
tnedi . 
k_..1 ately pnor to placement on the filled capsule 
-y. 

CI.aning d . . an PolIshmg Capsules 

ou~~aJl amounts of powder may adhere to the 
bitt e of capsules after filling. The powder may be 

er Or otherwise unpalatable and should be re-

moved before packaging or dispensing. On a small 
scale, capsules may be cleaned individually or in 
small numbers by rubbing them with a clean gauze 
or cloth. On a large scale, many capsule-filling ma­
chines are affixed with a cleaning vacuum that re­
moves any extraneous material from the capsules 
as they exit the equipment. Figure 7.14 shows the 
industrial cleaning and polishing of hard filled cap­
sules using the Accela-Cota apparatus. 
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Fig.7.11 Alltoll/a/ic capsllie weighi/lg apparatus, Vericap 1800 A ClleckwcigllCI; which rejects capsllies "of hnvillg tile precise 
weigl1t. (Comtesy of Elall Corpomtioll) 

Soft Gelat in Capsll les 

Soft gelatin capsules are made of gelatin to which 
glycerin or a polyhydric alcohol such as sorbitol has 
been added to render the gelatin elastic or plastic-

like. Soft gelatin capsules, which contain more 
moisture than hard capsules, may have a preserva­
tive added as methylparaben andlor propylparaben 
to re tard microbia l growth. Soft gelatin capsu les 
may be manufachtred to be oblong, oval or round 
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Fig.7.12 Process flow dil1gmm for automated capsule fillillg. (Reprinted with permissioll from Yelvig M. Prillciples af process 
I1l1tOlllnlioll forliqll id alld solid dosage fom.s. Pllf1r11. Tee/lllol, 8:47, 1984.) 

in shape. They may be prepared of a single or two­
tone color and may be ll11printed with identifying 
markings. As hard gelatin capsules, they may be pre­
pared with opaquants to reduce h'ansparency and 
render characteristic feature to the capsule shell. 

Soft gelatin capsules are used to hermetically 
seal and encapsulate liquids, suspensions, pasty 
materials, dry powders and even prefonned tablets . 
Soft gelatin capsules are pharmaceutically elegant 
and are easily swallowed by the patient. 

~---, 

(-~ 
po 
hlg. 7.13 Z-Weld's gelatin ~.'(tI fllscs rill' two capsllie 
~~d together to crerile a oue-piece capslI'e Illat is famper-

I Cll t (c . . C . Olllresy of Rnymolld AlltolllnrlOlI 0.) 

Preparation of Soft Gelatin Capsules (13) 

They may be prepared by the plate process, using 
a set of molds to fom) the capsules, or by the more 
efficient and productive rotaIY or reciprocating die 
processes by which they are produced, filled, and 
sealed in a continuous opera tion (Fig. 7.15). 

By the plate process, a WaIn) sheet of plain or col­
ored gelatin is placed on the bottom plate of the 

Fig.7.14 C/Cllllillgrwd1X'/ishillghard filled cnPS/l/es IIsillg the 
Acce/a-Corn appararlls. (Courtesy of Eli Lilly /1/f(l COlllp/1/lyJ 
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48 

I;::J 

Fig.7.15 Rotmy die process eqlliplllcllf. A, Gelati" ta/lk; B, spreader box; C, gelatill ribbon castillg drum; D, mineraf oil lubri­
callt batll; E, medicille fallk; F,/il/illg PUIllP; G, ellcapsulatillg medial/ism; H, capsule cOllveyor; I, ClIpsllle washer; j, illfrared dlyer; 
K. capsule dIY;II8 hllmel; L, gelatill lIel receivel: (Courtesy of KP. Scherer Cmpomtioll.) 

mold and the liquid-containing medication is evenly 
poured on it. Then a second sheet of gelatin is care­
fully placed on top of tile medication and the top 
plate of the mold is put into place. Pressure is then 
applied to the mold to fonm, fill, and seal the cap­
sules simultaneously. The capsules are removed and 
washed with a solvent harmless to the capsules. 

Most soft gelatin capsules are prepared by the 
rotary die process, a method developed in 1933 by 

Robert P Sch erer. By this method, liquid gelatin 
flowing frOI11 an overhead tank is formed into two 
continuous ribbons by the rotary die machine and 
brought together between twin rotating dies (Fig. 
7.16). At the same time, metered fill material is in­
jected between the ribbons precisely at the mo­
ment that the dies fo rm pockets of the gelatin rib­
bons. These pockets of fill -containing gelatin are 
sealed by pressure and heat and then severed from 
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Fig. 7.16 Schelllntic dmwillg of rotory die process. (Cour­
tesy of R.P Scherer CorpomtirJII.) 

the ribbon. Use of [ibbons of tvvo different colors 
results in bicolored capsules. 

The reciprocating die process is sim ilar to the ro­
tary process i.n that ribbons of gelatin are formed 
and used to encapsulate the fill, but it differs in the 
actual encapsulating process. The gelatin ribbons 
are fed betvveen a set of vertical dies that continu­
ally open and close to form rows of pockets in the 
gelatin ribbons. These pockets are filled vvith the 
medication and are sealed, shaped, and cut out of 
the film as they progress through the machinely. As 
the capsules are cut from the ribbons, they fall into 
refrigera ted tanks which prevent the capsules from 
adhering to one another. 

Utilization of Soft Gelatin Caps ules 

Soft gelatin capsules are prepared to contain a 
variety of liquid, pasty, and dlY fills. Liquids that 
may be encapsulated into soft gelatin capsules in­
clUde the following (13) : 

1. Water-immiscible volatile and nonvolatile liq­
uids such as vegetable and aromatic oils, aro­
matic and aliphatic hydrocarbons, chlorinated 
hydrocarbons, e thers, esters, alcohols and or­
ganic acids. 
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2. Water-miscible, nonvolatile liquids, such as poly­
ethylene glycols, and nonionic surface active 
agents as polysorbate 80. 

3. vVater-miscible and relatively nonvolatile COlT) ­

pounds, as propylene glycol a nd isopropyl alco­
hol, depending on factors as concentration used 
and packaging conditions. 

Liquids that can eaSi ly migrate through the cap ­
sule shell cannot be encapsulated into soft gelatin 
capsules. These materials include water above 
5%; and low lllolecular weight water-soluble and 
volati le organic compounds such as alcohols, ke ­
tones, acids, amines, and esters. 

Solids lllay be encapsulated into soft gelatin cap­
sules as solutions in a sui table liquid solvent; sus­
pensions; dry powders, granules, pellets, or small 
table ts. 

Compendia I Requirements 
for Capsules 

Added Substances 

Substances added to officia l preparations, in­
cluding capsules, to enhance their stability, useful ­
ness, elegance, or to facilitate their manufachlre, 
may be used only if they (14): 

1. are harmless in the quantities used; 
2. do not exceed the minimum amounts required 

to provide their intended effect; 
3. do not impair the product's bioavailabili ty, ther­

apeutic efficacy or safety, and 
4. do not interfere vvith requisite cOlTlpendial as­

says and tests . 

Containers for Dispensing Capsules 

llK're are specifications listed in the USP pre­
scribing the type of container suitable for the repack­
aging or dispensing of each official capsule and 
tablet. Depending on the item; the container might 
be required to be tight, wel/-closed al1d light resistant. 

Disintegration Test for Capsules 

The compendia I disintegration test for hard and 
soft gelatin capsules follows the same procedure 
and uses the same apparahls described later in this 
chapter for uncoated tablets. The capsules are 
placed in the basket-rack assembly; which is re ­
peatedly immersed 30 times per minute into a ther­
mostatically controlled fluid at 37°C and observed 
over the time described in the individual mono­
graph. To fully satisfy the test, the capsules disinte-
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grate completely into a soft mass having no palp­
ably finn core, and only some fragments of the 
gelatin shell. 

Dissolution Test for Capsules 

The compendial dissolution test for capsules uses 
the same apparatus, dissolution medium and test as 
that for uncoated and plain coated tablets described 
later in this chapter. However, in instances in which 
the capsule shells interfere wi th the analysis, the 
contents of a specified number of capsules can be 
removed and the empty capsule shells dissolved in 
the dissolution medium before proceeding with the 
sampling and chemical analysis. 

Weight Variation 

The uniformity of dosage units may be demon­
strated by de termining weight variation and/or COIl­

tent lmiformity. The weight variation method is as 
follows. 

HARD CAPSULES. Ten capsules are individually 
weighed and the contents removed. ll1e emptied 
shells are individually weighed and the net weight 
of the contents calculated by subtraction. From the 
results of an assay performed as directed in the in­
dividual monograph, the content of active ingredi­
ent in each of the capsules is determined. 

SOFr CAPSULES. The gross weight aflD intact cap­
sules is determined individually. Then each capsule 
is cut open with a scissors or a sharp open blade, 
and the contents removed by washing with a suit­
able solvent.111e solvent is allowed to evaporate at 
room temperature over a period of abou t 30 min­
utes, taking precautions to avoid uptake or loss of 
moishlre. TIle individual shells are weighed and the 
net contents calculated. From the results of the as ­
say directed in the individual monograph, the con ­
tent of active ingredient in each of the capsules is 
determined. 

Content Uniformity 

Unless othelwise sta ted in the monograph for an 
individual capsule, the amount of active ingredient, 
determined by assay, is within the range of 85% to 
115% of the label c1airn for 9 of 10 dosage units as­
sayed, with no unit outside the range of 70% to 
125% of label claim. Additional tests are prescribed 
when two or three dosage uni ts are outside of the 
desired range but within the stated extremes. 

Content Labeling Requirement 

All official capsules must be labeled to express 
the quantity of each active ingredient in each dosage 
unit. 

Stability Testing 

Stability testing of capsules is performed as de~ 
scribed in Chapter 3 to determine the intrinsic sta~ 

bility of the active drug molecule and the influence 
of environrnental factors as temperahu'e, humidity, 
light, fonnulative components and the containerl 
closure system. The battery of stress testing, long~ 

term stability and accelerated stability tests help de­
termine the appropriate conditions for storage and 
the product's anticipated shelf-life. 

Moisture Permeation Test 

The USP requires determination of the 
moisture-permeation characteristics of single-unit 
and unit-dose containers to assure their suitability 
for packaging capsules. The degree and rate of 
moisture penetration is determined by packaging 
the dosage unit together with a color-revealing 
desiccant peUet, exposing the packaged unit to 
known relative humidity over a specified time, ob­
selving the desiccant pellet for color change (indi­
cating absorption of moisture) and comparing the 
pre- and post-weight of the packaged uni t. 

Official and Commercially 
Available Capsules 

111ere are approximately 200 officiaUy recognized 
medications in capsule form in the USP. However 
commercially, the re are many fold this number 
of capsule products available from various manu­
facturers for various drugs and in vruious dosage 
strengths. 

Examples of official and commercial1y available 
medications in hard and soft gelatin capsules are 
presented in Tables 7.2 and 7.3. 

Iuspecting, Coullting, Packaging, 
and Storing Capsules 

Capsules produced on a small or large scale 
should be uni form in appearance. Visual or elec­
tronic inspection should be undertaken to detect 
any flaws in the integrity and appearance of the 
capsules. Defective capsules should be rejected. In 
commercial manufacture, Current Good Manufac­
turing Practice regula tions require that if the num­
ber of production flaws is excessive, the cause must 
be investigated, doclm1ented and steps undertaken 
to correct the problem. 

In the pharmacy, capsules may be counted man­
ually or by automated equipment. For counting 
small numbers of solid dosage units, specially de-

Table 7.2. Exa 

Official Capsl! 

~o).icillin 

Ampicillin 

Cephalexin 

Diphenhydramir 

Doxycycline Hyc 

Erythromycin Esl 

Fluoxitine He! 

Flurazepam HCl 

Gemfibrozil 

Grise ofulvin 

Indomethacin 

Levodopa 

Loperamide HCi 

Oxazepam 

Propo).'YPhene H 

Tetracycline Hel 
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or large scale 
Visual or elec~ 

to detect 
(,,""CO nee of the 

be rejected, In 
Manufac~ 

if the nurn~ 
the cause must 

undertaken 

signed trays are used, as the type depicted in Figure 
7'}7.1n using this h'ay, the pharmacist pours a sup­
ply of capsules or tablets frOIll the bulk source onto 
the clean tray, and using the spatula counts and 
swe.eps the dosage units into the trough until the 
dtslred number is reached. Then the pharmacist 
~hoses the trough cover, picks up the tray, retUnlS 

e uncounted dosage units to the bulk container 
byrneans ofthe lip at the back of the tray, places the 
~r~cription container at the opening of the trough, 

thO carefully transfers the capsules or tablets in to 
e Cont ' 

rn ' atner. By this method, the dosage units re-
am Unt h batch_ Oue ed by the pharmacist. To prevent 

wiped ~~-bateh contamination, the tray must be 
ularl fr ean after each use because powder, partic-

Y , omc ' ounting uncoated tablets, may remain. 

In some community and hospital pharrnacy set­
tings, small automated counting and filling ma­
chines Illay be used as shmvn in Figure 7.18. 

On the indushial scale, solid dosage forms are 
COWl ted by large automated pieces of equipment 
that count and transfer the desired number of 
dosage units into bulk containers. The containers 
are then mechanically capped, inspected visually or 
electronically, labeled, and inspected once more. 
Some filled containers are then placed into outer 
packaging cartons. An industrial cOllnting and fill­
ing machine is shown in Figure 7.19. Capsules are 
packaged in glass or in plastic containers, some 
containing packets of a desiccant to prevent the ab­
sorption of excessive moisture. 

TIle unit dose and strip packaging of solid dosage 
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196 Capsules alld Tablets 

Table 7.3. Examples of Med ications Commercially Prepared into Soft Gelatin Capsu les 

Dnlg Substance 

Acetazolamide 

Cyclosporine 

Digoxin 

EthchlOl.vynol 

Ethosuximide 

Ranitidine HCI 

Trade Name alld Manufacture 

Diamox Sequels (Lederle) 

Sandimmune (Novarns) 

Neoral (Novartis) 

Lanoxicaps (Glaxo WeHcome) 

Placidyl (Abbott) 

Zarontin (Parke~ Davis) 

Zantac GELdose 
(Glaxo Wellcome) 

COli tents mul Comments· 

Acetazolamide is a powder which is very slightly soluble in 
water. The capsules contain coated pellets of the drug 
with sustained release features. Acetazolamide is a 
carbonic anhydrase inhibitor. 

Cyclosporine is a slightly water soluble crystalline powder. 
The capsule also contains corn oil and polyoxyethylated 
glycolyzed glycerides. Cyclosporine in an 
immunosuppressive agent. 

The capsule contai ns cyclosponne, dehydrated alc:ohol, 
corn oil~mono -ditriglycerides, polyoxyl40 hydrogenated 
castor oil.1l1e formula tion forms a microemulsion in 
contact with aqueous fluids for enhanced bioavailability. 

Digoxin is a practically water-insoluble powder. The drug is 
dissolved in a solvent of polyethylene glycol 400, ethyl 
alcohol, propylene glycol and water. Digoxin is a cardiac 
glycoside. 

EthchlOlvynol is a liquid immiscible in water. It is a 
hypnotic. The capsules also contain polyethylene glycol 
and sorbitol. 

Ethosuximide is a water soluble powder. The capsule also 
contains polyethylene glycol 400. Ethosuximide is an 
anticonvulsant. 

Ranitidine HCi is a water soluble granular powder. The drug 
is in a nonaqueous matJix of synthetic coconut oil and 
triglycerides. Ranitidine is a histamine H:!,- I'eceptor 
inhibitor. 

·Only a partial listing of the capsule contents is given. The- soft capsule shells may also contain colorants, opaquants, 
preselVatives, and other agents. 

forms, particularly by pharmacies that seIVice nurs~ 
ing homes and hospitals, provides sanitary han­
dling of the medications, ease of identification, and 
security in accountability for medications. Typical 
small scale stri p packaging equipment and com ­
mercialunit-dose packages of capsules and tablets 
are presented in Figures 7.20 and 7.21, respectively. 
Capsules should be stored in tightly capped con~ 
tamers in a cool, dry place. 

Tablets 

Tablets are solid dosage forms usually prepared 
with the aid of suitable pharmaceutical excipients. 
They may vary in size, shape, weight, hardness, 
thickness, disintegration and dissolution character­
istics, and in other aspects, depending upon their 
intended use and method of manufacture. The ma-

jority of tablets are lIsed in the oral administration 
of drugs. Many of these are prepared v.rith colorants 
and coatings of vruio lls types. O ther tablets, as 
those administered sublinguaUy, buccally or vagi­
nally are prepared to have features most appUcabJe 
to their particular route of administration. Advan­
tages of tablets for oral administra tion were pre­
sented at the outset of th is chapter. 

Tablets are prepared primarily by compression 
with a timited number prepared by molding. 
Compressed tablets are manufactured with tablet 
machines capable of exerting great pressure in 
cOlnpacting the powdered or granulated tableting 
material (Fig. 7.22).Their shape and dimensions are 
determined by use of various shaped punches and 
dies (Fig. 7.23). Molded tablets are prepared on a 
large-scale by tablet machinery or on a small-scale 
by manually forcing dampened powder matedal 
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