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limits the time during which the product may be
dispensed by the pharmacist or used by the patient.

Prescriptions requiring extemporaneous corn-
pounding by the pharmacist do not require the ex—
tended shelf—life that commercially manufactured
and distributed products do because they are in-
tended to be used immediately on their receipt by
the patient and used only during the immediate
course of the prescribed treatment. However, these
compounded prescriptions must remain stable and
efficacious during the course of their use and the
compounding pharmacist must employ formula-
tive components and techniques which will result
in a stable product (

In years past pharmacists were confronted pri-
marily with innocuous, topical prescriptions that
required extemporaneous formulation. However,
in recent years there has been a need to compound
other drug delivery systems as well, e. g., progeste-
rone vaginal suppositories, oral suspensions, from
existing tablets or capsules. When presented with a
prescription that requires extemporaneous com-
pounding, the pharmacist is confronted with a
difficult situation because the potency and the sta-
bility of these prescriptions is a serious matter. Oc—
casionally, the results of compatibility and stability
studies on such prescriptions are published in sci—
entific and professional journals. These are Very
useful; however, there are also prescriptions for
which stability and compatibility infonnation is not
readily available. In these instances, it behooves the
pharmacist to at least Contact the drug manufac-
turer of the active ingredient(s) to solicit stability
information. Also, a compilation of published stabil-
ity information is included in Trissel's Stability of
Compounded Formulations (8).The published stabil-
ity data are applicable only to products that are pre-
pared identically to the products that are reported.

USP guidelines on stability of externporaneous
compounded formulations state that, in the ab~
sence of stability information that is applicable to a
specific dmg and preparation, the following guide-
lines can be utilized: nonaqueous liquids and solid
formulations where the manufactured drug is the
source of the active ing'redient—not later than 25%
of the time remaining until the product's expiration
date or 6 months, whichever is earlier; nonaqueous
liquids and solid formulations where a USP or NF
substance is the source of active ingredient—a be-
yond—use date of 6 months; for water-containing
formulations prepared from ingredients in solid
form—a beyond—use date of not later than 14 days
when stored at cold temperatures; for all other for-
mulationsea beyond-use date ofthe intended du-

ration of therapy or 30 days, whicheveris earlier (9).
Thus, in the instance where an oral aqueous liquid
preparation is made from an existing tablet or cap-
sule formulation, the pharmacist should make up
only at most a 14 days supply and it must be stored
in a refrigerator. Further, the pharmacist must also
dispense the medication in a container conducive
to stability and use and must advise the patient of
the proper method of use and conditions of storage
of the medication.

Finally, when compounding on the basis of
extrapolated or less than concrete information it
is best for the pharmacist to keep the formula-
tion simple and not to shortcut but use the nec-
essary pharmaceutical adjuvants to prepare the
prescription.

Pharmaceutic Ingredients

Definitions and Types

To prepare a drug substance into a final dosage
form, pharmaceutic ingredients are required. For
example, in the preparation of pharmaceutic solu-
tions, one or more solvents are used to dissolve

the drug substance, flavors mid sweeteners are used
to make the product more palatable, colorants
are added to enhance product appeal, preserva-
tives may be added to prevent microbial growth
and stabilizers, such as antioxidants and chelating
agents, may be used to prevent drug decomposi-
tion, as previously discussed. In the preparation of
tablets, diluerits or fillers are commonly added to
increase the bulk of the formulation, binders to

cause the adhesion of the powdered drug and
pharmaceutic substances, untiadherents or lubri~
cunts to assist the smooth tableting process, disin-
tegrating agents to promote tablet break—up after
administration, and coatings to improve stability,
Control disintegration, or to enhance appearance.
Ointrnents, creams, and suppositories achieve their
characteristic features clue to the pharmaceutic
bases which are utilized. Thus, for each dosage
form, the pharmaceutic ingredients establish the
primary features of the product, and contribute to
the physical form, texture, stability, taste and over-
all appearance.

Table 3.3 presents the principal categories of
pharmaceutic ingredients, with examples of some
of the official and commercial agents currently used.
Additional discussion of many of the pharmaceutic
ingredients may be found in the chapters where
they are most relevant; for example, pharmaceutic
materials used in tablet and capsule formulations
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Table 3.3. Examples of Pharmaceutic Ingredients

iirgr‘en‘r't'iit if/pt‘ Drjfiiifiirm
Emliiplvs

rlcitiifyiiig Agcrit Used in liquid pieparations to pi-ovicie acidic meditlm for
product stability.

/\litnliiii:iii|e/1g;-iir Used in liquid pI'CpaL"uti0n5 to provide alkaline medium
For product stabi iity.

/ldsortimt An agent capable of holding other molecule: onto its
stirface by physical or chemical (Ci1cmi501'ption) means.

Aerosnl Pmpellmit Agent responsilsle for developing the pressure within an
aerosol ccyntainer and expelling the product when the
valve is opened.

Air Disiilnmiient Agent employed to displace air in a hermetically
sealed CDi1iZCLiD€I to enhance product stability.

Aiitifimgnl‘ P2'vs:=miti'vt= Used in liquid and SEt‘nl'S0iiCi preparations to pievent the
growth of l'ungi.The eftectiveness of the p-arabens is
Llstmliy enhanced when they are used in combination.

/tiJilIiJt(!’LJiJit1i Used in liquid and e:emi—s0licl p1'eparation5 to prevent the
Presm=riti'm' growth or niicroorganisms.

Ant/n.\'iri'mrt Agent that iriiiibits oxidation and thus is used to prevent
the deterioration of prepmritions by the oxidative
process.

Buffi‘i'fii;g /igcrit Used to re "st change in pH upon dilution or addition of
acid or alkali. potassiLim nietaphnspliate

Citric acid
Acetic acid
Fumaric acid

ii_vdmchloric acid
Nitric acid
Ammonici solution
Ammoniu n1 cnrinonate
Diethanolamine
Monoethanolamine

Poteissi um hydi'oxide
Sodium borate
Sodium caiboiiate

Sodium hydmxinle
Ti'ietlmnol:imine
T:-olamine
Powdered cellulose
Activated chnrco‘al
Carbmi dioxide
Dichlcimditluoroniethzme
Dichio1'otetraF|uoroethane
Trichlommomifltiorometliane
Niti‘og,en
Carbon dioxide

l.%Lit_\jlpa1'abeii
Eli'iyipLli'Llb|3H
Meti1ylpm‘abei1
Benzoic acid

1-’i‘opylpai'abei'i
Sodium benzoate

Sodium pioinionzite
Ben7aIl<onium chloride
Benzethonium chloride

Ben‘/.yl alcohol
Cetylpyricllnium chloride
Cliloi'<_1butaI1ol
Phenol

l"l1eiiylethy'i alcohol
i’heh_vlmetcua‘ic nitrate
Tliii‘net'o!-sail
Ascorbic acid

r'\_.=:corhyl palinitate
B1.tl:)='iCItt‘Ci liytli'o\\-‘amis-ole
Btll'\fiE‘tl.'CLi. it\’til‘0\\.'it7i'LlL‘i‘lC
Hy'pUph0pi10t'L'ILIH acid
Monothioglyccrol
Propyl galinte
Sodium :iscorbat'C
Sodium bistiltite
Sodium tot maldehvdc
Sullox}/late
Sodium inetnbisulfite
P0i[!EwFlLll‘ti pliospliate,

mmiobasic
Sodium acetate

Sor;liL1m citrate anli_vcii'otis
and dih_\'d:‘at'e

continrmi'

Table 3.3. Examp
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Oiniimiit Base

Pinsticizer

Solvent
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Table 3.3. Examples of Pharmaceutic Ingredients

lTIg7‘r?dfEi1i Type Definitimi Examples
Clzelntii1gAge1it

Colornm‘

Clnnfi/tug Agent
Emulsifi/ingAge11t

Encapsulnting Agent

Plnvortuzt

liimiectrml

Levignffng Agent

Ointinent Bnse

Plnsticizer

Solvent

Substance that forms stable, water soluble complexes
(chelates) with metals. Chelating agents are used in some
liquid pharmaceuticals as stabilizers to complex heavy
metals which might promote instability, in such use they
are also called seqztestermg agents.

Used to impart color to liquid and solid (e.g., tablets and
capsules) pharmaceutical preparations

Used as a filtering aid because of adsorbent qualities.
Used to promote and maintain the dispersion of finely

subdivided particles of a liquid in a vehicle in which it
isi1nmiscible.Tl1e end product may be a liquid emulsion
or semisolid emulsion (e.g., a cream).

Used to form thin shells for the purpose of enclosing a
drug substance or drug formulation for ease of
administration.

Used to impart a pleasant flavor and often odor to a
pharmaceutical preparation. In addition to the natural
flavorants listed, many synthetic flavorants are also used.

Used to prevent the drying out of preparati0ns—particula.rly
ointrnents and creamsfidue to the agent's ability toretain moisture.

Liquid used as an intervening agent to reduce the particle
size of a drug powder by grinding together, usually ina mortar.

Sernisolid vehicle into which drug substances may be
incorporated in preparing medicated ointments.

Used as a component of film—coating solutions to enhance
the spread of the coat over tablets, beads, and granules.

An agent used to dissolve another pharrnaceutic substance
or a drug in the preparation of a solution. The solvent
may be aqueous or nonacjueous (e.g., oleaginous).
Cosolvents, such as water and alcohol (hydroalcoholic)
and water and glycerin, may be used when needed.
Solvents rendered sterile are used in certain preparations
(e.g., injections).

Ede tic acid
Edetate clisodjum

FD&C Red No. 3
FD&C Red No. 20
FD &CYellow No. 6
FD&C Blue No. 2
D&C Green No.5

D&C Orange No.5
D &C Red N0. 8
Caramel
Ferric oxide, red
Bentonite
Acacia

Cetornacrogol
Cetyl alcohol
Glyceryl monostearate
Sorbitan monooleate

Polyoxyethylene 50 stearate
Gelatin

Cellulose acetate phthalate

Anise oil
Cinnamon oil
Cocoa
Menthol

Orange oil
Peppennint oil
Vanillin

Glycerin
Propylene glycol
Sorbitol
Mineral oil

Glycerin

Lanolin

I-lydrophilic ointment
Polyethylene glycol ointmentPetrolatnm

Hydrophilic petrolaturnWhite ointment
Yellow ointment
Rose water ointment

Diethyl phthalate
Glycerin
Alcohol
Corn oil
Cottonseed oil

Glycerin
Isopropyl alcohol
Mineral oil
Oleic acid
Peanut oil
Ptuitied water

Water for injection
Sterile water for injection
Sterile water for irrigation

continued
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Table 3.3. Examples of Pharmaceutic Ingredients

li‘lg‘l‘i'3(‘l!t’lJl 'li;pt’

Str]’}‘cmii_i{ /\gt=rrt

Srrppnsi'ftir'_i; Base

Surfactmrt
(slirfiice active rigcirt)

Susprvidilrg Agent

SEl’L‘(‘lt‘i .1 it re /lLi_\"[’t1r‘

Tlrlrlct Aiirirrzilivr-t=iils

"lirlilot l3mrrlr-rs

Wiblwt mid Capsule
Dilrreiit

Dcfiiiitloii

Used to increase the thickness or hardness of a
pharmaceutical preparation, usually an ointment.

Used as a vehicle into which drug substances are
incorporated in the preparation of suppositories,

Substances that absorb to surfaces or interfaces to reduce
surface or intertacial tension, May be used as wetting

agents, detergents or emulsifying agents.

A viscosity increasing agent used to reduce the rate of
sedimentation ot (dnig) particles dispersed throughout
a vehicle in which they are not soluble.The resultant
suspensions may be formulated for use orally,
parenterally, ophthalmically, topically, or by other routes.

Used to impart sweetness to a preparation.

Agents that prevent the sticking of tablet formulation
ingredients to punches and dies in a tableting machine
during production.

Substances used to cause adhesion of powder particles in
tablet Le-_ranulations.

lnert substances used as fillers to create the desired bulk,
flow properties, and compression characteristics in the
preparation of tablets and capsules.

Exiimplcs

Cetyl alcohol
Cetyl esters wax
Microcrystallirie wax
Paraffin

Ste-aryl alcohol
White wax
Yellow \-vax
Cocoa butter

Polyethylene glycols (in i:<lurcsl
Benzall<oniuni chloride
Nonoxynol '10
Oxtoxynol 9
Polysorbate 80
Sodium lauiyl sulFatc
‘Sorlcritan monopalrnitate
Agar
Bentonite

Carborner (e.g., Carlaopol)
Catboxyinetliylcellulose

sodium

I-lyd toxye thyl cellulose
lrlyclroxypropyl cellulose
l-lydrox_\-pi'opyl rnethylccllulose
Kaolin

Methylcellulose
Tra ga ca :1 th
Veegum
Aspartasne
Dextrose

Glycerin
Mannitol
Saccharin sodium
Sorbiiol
Sucrose

Magnesium stearate
Talc

Acacia

Alginic acid
Carboxymethylcellulose

sodium

Compressible srigar (e.g., Nu—Tab)
Ethylccllulose
Gelatin

Liquid glucose
lvicthylcellulose
ljovidnnc

Pregelatinizcd starch
Dibaslc calcium phosphate
Kaolin
Lactose
Mannitol

lvlicrocrystalline cellulose
Powdered cellulose

Precipitated calcium carbonateSorbttol
Starch

cmitiiincti

Table 3.3. Ex;

Tflblet C0t1tf2iqAg

Sugar c0n.'ing.'

Film corrtiiig:

Eizteric coating:

Tablet D:';r*cCf

Campress:"0iz Exc;
Tlibler Disirztegmn;

Tablet Giidmrt

Tablet Lubricant

Tablet/Cnpszile
Opaqumzf

Tlzblet Polz'sht'7igAge;-

Tfliiicily Aggiqf
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Table 3.3. Examples of Pharmaceutic Ingredients

Iiigi'edi'cnt Ti/pa Definition

Tablet Coritz'ngAgei-it Used to coat a formed tablet for the purpose of protecting
against drug decomposition by atmospheric oxygen or
humidity, to provide a desired release pattern for the
drug substance after administration, to mask the taste

or odor of the drug substance, or for aesthetic purposes.
The coating may be of various types, including
sugancoating, film coating, or cnteric coating. Sugar
coating is watevbased and results in a thickened covering
around a formed tablet. Sugar—coated tablets generally
start to break up in the stomach. A film coat is a thin
cover around a formed tablet or bead. Unless it is an
enteric coat, the film coat will dissolve in the stomach.

An enteriocoatccl tablet or bead will pass through the
stomach and break up in the intestines. Some coatings
that are water—insoluble (eg, ethylcellulose) may be
used to coat tablets and beads to slow the release of
drug as they pass through the gastrointestinal tract.

Sugar corn‘mg:

Film coating:

Eizteric coating.-

Yhblct Direct Used in direct compression tablet formulations.
Conipressioii Excipiem‘

Tablet Disiiitegmm‘ Used in solid dosage forms to promote the disruption of
the solid mass into smaller particles which are more
readily dispersed or dissolved.

Tlzblet Glirimit Agents used in tablet and capsule formulations to improve
the flow properties of the powder mixhire.

Tablet Liibricmit Substances used in tablet formulations to reduce friction
dming tablet compression.

Tablet/Capsule Used to render a capsule or a tablet coating opaque. May
Opaqirrmt be used alone or in combination with a colorant.

Tablet P0lE5lringAgem‘ Used to impart an attractive sheen to coated tablets.

lbriicity Agent Used to render a solution similar in osmotic dextrose
characteristics to physiologic fluids. Ophthalmic,
parenteral, and irrigation fluids are examples of
preparadons in which tonicity is a consideration.

Exziiizples

Liquid glucose
Sucrose

I-Iydroxyethyl cellulose
Hyclroxypropyl cellulose
Hyclroxypropyl methylcellulose
Methylccllulose

(e.g., Methocel)
Ethylcellulose (e.g., Ethocel)
Cellulose acetate phthalate
Shellac (35% in alcohol,

(‘pharmaceutical glaze")
Dibasic calcium phosphate

(e.g., Ditabj
Alginic acid
Carboxyinethylcellulose

calcium

Microcrystalline cellulose
(e.g., Avicel)

Polacrilin potassium
(e.g., Amberlite)

Sodium alginate
Sodium starch glycollate
Starch
Colloidal silica
Cornstarch
Talc
Calcium stearate

Magnesium stearate
Mineral oil
Stearic acid
Zinc stearate
Titanium dioxide

Camau ba wax
White wax
Sodium chloride

confliiued
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Table 3.3. Examples of Pharmaceutic Ingredients

lrigrciiicnt T_lipt* D(‘_i"iHifiOJ'i
\/ciiiclc A carrying agent for a

torniulating a variety of liquid cl
parenter

aqueous preparations (as syrups)
[as elixirs)

aqueous, whereas intramusctil
aqueous or oleaginousr

Fliizinrcd/Swiwtciicri

Oit‘rT_QilIIW5

Used to change tl
it more resistant to flow.

Used in suspensions to clot
solutions to enhance cont-a
to thicken topical creams, etc,

\/iscesiti; liicrciisine
/'ig{’i1l

are discussed in Chapter 7, Capsules and Tablets
and Chapter 8, Modi|iied—l{elease Dosage Forms
and Drug Delivery Eiysteiiis.

,Hfl11dbO0l( of

Plmrnmceutical Excipimts

The reader should also be aware of the I-laiiiilinulr
of Plmrnmccirtinil E.\'cipiciits (10), which presents

200 excipicnts used in pl‘iar~monographs on over ation. lncludecl in
maceutical dosage form prepar

each monograph is such information as: nonpro~
]J1‘l@l€|1‘_\_~', chemical, and commercial names; enipiri~
cal and chemical formulas and molecular weight;
pharinaceutic specifications and chemical and phys-
ical properties; incompatibilities and interactions
with other excipients and clrug substances; i‘egrila—
tory status; and applications in pharmaceutic for»
mulation or technology.

ie consistencv of a preparation to render

er sedimentation, in ophthalmic
ct i;imc (e g., inetliylcellulnse),

Pimriimwiitir imri Feriiiiiliitizm Criiisi'dcniti:ms

Eriiiiiplcs

drug sul::stance.They are used in
Osage for oral and

c

al administration. Generally, oral liquids are
or hydro-alcoholic

. Parenteral solutions for intravenous use are
ar injections may be

;\cacia S}-‘i up
f\l'U|1Tfl[lL' Syrtip
Aromatic Elixir

Cherry S} TU p
Cocoa Syrrip
Orange Syrti p
Syrup
Corn Oil
l\*lincral Oil
Peanut Oil
Sesame Uil
hacl'erios|.atic Sodium

chloricle iniection
liacteriostatic Water’ tor

lniection

,'\le,inic acid
Bentnnite
Carbnnier

Cai‘boxymctln=|cellLilose
Socliuni

h‘lClli\*lCL‘lltIlt7Ht‘
Povidone

Socliuin algiiiate
Tragacanth

Hm'monizati0n of Staruicirds

rently-i in the internaeThere is great interest cur
l”harnionizatinn" ol‘ standards applicable to

pharmaceutical excipients. This is due to the
tact that the pharmaceutical industry is multina-
tional, with major companies having facilities in
more than a single coriiitni, with products sold in
markets worldwide, and with regulatory approval
for these prod Licls required in each inclividual coun-
try. Standards for each drug substance and excipient
used in pharmaceuticals are contained in pharrna—
copeias~or, tor new agents, in an application tor
reg1ilat'oiy approval by the FDA or another n ation's
governing authority. The four pharmacopcias with
the largest international use are the l.liiitci1‘ States
Plummicripciir/Niitiuiml Fnniiiilrii‘_i,- (LJSl’.lNf), Brilisli
l’lim'iiincnpciii (B13), Eurripcim Plmi‘iiiirrnpcin (l:iF’), and
the ]irpimr'sc i”lii7i'iimcnpi‘ia tjl’). Uniform standards

picnts in these and other pharmacopeias
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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 doses of a liquid 
medication. With capsules and tablets as dosing 
units, 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 capsules 
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 patient. 
Some tablets are scored, or grooved, which allows 
them to be easily broken in to two or more parts. 
This enables the patient to swallow smaller por
tions as may be desired, or when prescribed, it al
lows the tablet to be taken in reduced or divided 
dosage. Tablets that are not scored are not intended 
to be broken or cut by the patient since they may 
have special coatings and/or drug-release features 
that would be compromised by altering the tablet's 
physical integrity. 

From a pharmaceutic standpoint, solid dosage 
forms are efficiently 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 p harmacist 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 present in the com
mercial product 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 cnish 
tablets to mix with food or drink, especially 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 dnig 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 fom1, 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 medicated 
capsules. They are also commonly employed in clin
ical drug trials, to compare the effects of an 
investigational dnig to another drug product or 
placebo. Hard gelatin capsules also are used by the 
community pharmacist in the extemporaneous com
pow1ding 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 titaniwn 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 form 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 skin gelatin used as raw material in tlie 
111a11ufact11re of gelatin capsules. (Co11rtesy of SmithKline 
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 dryness, 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 
within, many capsules are packaged along with a 
small packet of a desiccant material to protect 
against the absorption of atmospheric 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 chan ges in 
bioavailabil ity, capsules subjected to such stress con
ditions must be evaluated on a case by case basis (3). 

Although gelatin is insoluble in cold water, it 
does soften through the absorption of up to ten 
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times its weight of water. Some 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 gastric fluid a gelatin capsule 
rapidly dissolves and exposes its contents. 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 dn.ig-release patterns. Among these is gamma 
scintigraphy, a noninvasive procedure 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 scintigraphy is combined 
with pharmacokinetic studies, the resultant pharma
coscintographic evaluation provides information of 
the transit and drng release patterns of the dosage 
fonn 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 in testmes; and (c) drug/dosage form evaluation 
in new product development (4-5). A separate 
technique, using a pH-sensitive, nondigestible, ra
diotelemetric device termed the Heidelberg cap
sule, the approximate size of a No. 0 gelatin cap
sule, has been used as a nonradioactive 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 gastrointestinal tract depends on a number of 
factors, including the solubility characteristics of 
the drug substance, the type of product fornmla tion 
(i.e., immediate-release, modified-release, ente1ic 
coated), the gastrointestinal contents and intersub
ject differences in physiologic character and re
sponse. 

The Manufacture of Hard Gelatin 
Capsule Shells 

Hard gelatin capsule shells are manufactured in 
two sections, the capsule body and a shorter cap. 
The two parts overlap when joined, with the cap fit
ting snugly over the open end of the capsule body. 

11
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The shells are produced industrially by the me
chanical dipping of pins or pegs of the desired 
shape and diameter into a temperature-controlled 
resetvoir 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 chied by a gentle flow of 
temperature- and hwniclity-controlled air. When 
dried, 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. The pegs 
on which the caps are formed are slightly larger in 
cliameter than the pegs on which the bodies are 
formed, allowing the telescoping 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 altering the usual rounded 
shape of the capsule-1naking 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 
manufactmers (PULVULES, Eli Lilly).Anotherman
ufactUier 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, CONI
SNAP, ru1d CONI-SNAP SUPRO hard gelatin 
capsules depicted in Figures 7.4 and 7.5. TI1e origi
nal SNAP-m construction enables the two halves 
of the capsule shells to be positively join ed 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 occurs 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 (Fig. 7.5). This reduces the risk of the 
capsule-rims touching on joining, and essentially 

Fig. 7.2 Body of capsules and their caps are shown as t/1ey move through automated capsule-making 111achi11e. Each machine is 
capable of producing 30,000 caps11/es per /10111: It takes a 40-111i11ute cycle to produce a capsule. (Courtesy of S111itlzK/i11e Beecham.) 
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Fig. 7.3 Cnps11/es being dipped forcolori11go111111to11111ted cap
s11/e-mnking eq11ip111e11t. (Cowtesy of S111iti1Kli11e Beec/111111.) 

eliminates the problem of splitting during large
scale filling operations. In the CO NI-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 lled 
capsule is difficult because the lower surface offers 
less gripping surface to pull the two halves apru't. 
!his increases the security of the contents and the 
integrity of the capsule. 

After filling, some mru1ufachtrers render their 
capsules tamper-evident through various capsule 
seaJi 
I ng techniques. These methods are discussed 
ate · hi 
be ~ ll1 t. s section. Capsules and tablets also may 
th llllpnnted with the names or monograms of 
~ manufachtrer, the assigned national drug code 
pr dq ~umber and other markings making the 
pr~ uct identifiable and distinguishable from other 

ucts (Fig. 7.6). 

Capsule Sizes 

iou;:pty gela~in capsules are manufachired in var
ity. ,,,_ zes'. Varying in length, in diameter, and capac-

111e size se) t d ' . . ec e 1or use 1s detenrnned by the 
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ainow1t of fill mateiial to be encapsulated. The den
sity and compressibility of the fil l 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 featu res (fable 7.1) 
ru1d an initial judgm ent made as to the approximate 
capsule size needed to hold a specific amount of ma
terial. However, the final determination largely may 
be the result of hial. For human use, empty capsules 
rru1ging in size from 000 (the largest) to 5 (the small
est) are commercially available (Fig. 7.7). Larger cap
sules are available for veteti.nruy use. 

For prescriptions requiring extemporru1eous com
pounding, hard gelatin capsules permit a wide pre
scribing latihtde by the physician. The pharmacist 
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 o r small-scale preparation of 
filled hard gelatin capsules is divided into the fol
lowing general steps . 

CON I-SNAP ® 

J . 

J 

3 

O ' e cto~ecl 

open 

Fig. 7.4 Li11e drawings of the CONJ-SNAP capsule in 
ope11, pre-closed, 1111d closed positions. The tapered rims 1) 

avoid telescopi11g; the i11rle11tntio11s 2) prevent pre111nture open
i11g, aud tire grooves 3) lock the huo capsule pnrts together af
ter the capsule has been filled. (Courtesy of Capsugel Division, 
Wnme1cLn111bert Co.) 
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Fig. 7.5 Linc drnwi11gs of the CONI-SNAP n11d CONJ
SNAP SL/PRO (011 right) capsules. The /niter is desig11ed to /Je 
suinller n11d to have the lower portio11 of the cnps11/e shell co11-
cenled except for the ro1111ded e11d. 11iis 111nkes sepnmtio11 of the 
ht>o parts 111ore diffirnlt n11d co11trib11tes to capsule i11tegrity. 
(Courtesy of Cnpsugel Divisio11, Wnme1cLa111bert Co.) 

1. Developing and preparing the formula tion and 
selecting the size capsule. 

2. Filling the capsule shells. 
3. Capsule sealing (optional). 
4. Cleaning and polishing the filled capsules. 

Developing the Formulation and Selection of 
Capsule Size 

ln developing a capsule form ulation, the goal is 
to prepare a capsule with accurate dosage, good 
bioavailability, ease of filling and production, s ta
bility, and elegance. 

Jn d1y formulations, the active and inactive com
ponen ts must be blended thoroughly to ensure a 
unifo1111 powder mix for the capsule fill. Care in 
blending is especially criticq.] for low-dose drngs 
since lack of homogeneity could result in significant 
therapeutic consequences. Prefom1ulation studies 

are perfom1ed to determine if aU of the formulation'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 formula
tion to produce the proper capsule fill volume. Lac
tose, microc1ystalline 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 shells (2). Disin
tegrants are frequently included in a capsule for
mulation to assis t the break-up and dish·ibution 
of the capsule contents in the stomach. Among 
the disintegrants used are pregelatinized starch, 
croscarmellose, and sodium starch glycolate. 

To achieve uniform drug distribution, it is advan
tageous if the density and particle size of the drug 
and nondrug components are similar. This is par-

-
( 

Fig. 7.6 £rn111ples of tablets n11d capsules 111nrkrd with n 
lettrr-1111111ber code to facilitate ide11tificntio11. (Courtesy of Eli 
Lilly n11d Co111pn11y.) 
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Table 7.1 . Approximate Capacity of Empty Gelatin Capsules 

Capsule Size 

Volume (mL) 1.40 0.95 0.68 0.50 0.37 0.30 0.21 0.13 

Drug Substance (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 

*Amount may vary according to the degree of pressure used in filling the capsules. 

ticttlarly important when a drug of low dosage is 
blended with other drugs or nondrug fill (8). When 
necessary, particle size may be reduced by milling to 
produce particles ranging from about 50 to 1000 
microns. Milled powders may be blended effec
tively for tmiform 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, micronization 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 capsttles on an industrial scale using 
high-speed automated equipment, the powder mix 
or granttles must be free-flowing to allow steady 
passage of the capsule fill from the hopper through 
the encapsttlati..ng equipment and into the capsttle 
shells. The addition of a lubricant or glidant 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 surface active 
agents, as sodium lauryl sttlfate, to capsttle and 

tablet formttlations 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 capsttle shell 
dissolves, gastrointestinal fluids must displace the 
air that surrounds the d.iy 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 distribution of the capsttle's contents. 

Whether it be the presence of a lubricant, sur
factant, disintegrating agent, or some other phar
maceutic excipient, formttlation 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 tablets or small capsules within cap
sules is sometimes a useful technique in the com
mercial production of capsttles 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 dnig substances. Rather 

Fig. 7.7 Achtal sizes of hard gelatin capsules. From left to right, sizes 000, 00, 0, 1, 2, 3, 4, and 5. 
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1 2 3 4 5 

Fig. 7.8 Examples of fill in lwrd gelatin capsules. 1, powder or granulate; 2, pellet 111ixt11re; 3, paste; 4, cnps11/e; 1111d 5, tablet. 
(Courtesy of Capsugel, Division ofWarne1cLambert) 

than weighing a potent dmg, a pharmacist may 
choose to insert an available prefabricated tablet of 
the desired strength in each capsule. Other less po
tent agents and diluents may 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
lation of aqueous liquids because water softens 
gelatin and distorts the capsules, resulting 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 wetted mass or paste, which may 
then be placed in capsules in the usual manner 
(Fig. 7.8). Eutectic mixtures 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 magnesium carbonate, kaolin, or light mag
nesium oxide to separate the interacting agents and 
to absorb any liquefied material which may form. 

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

In most instances the amount of drug placed in 
a capsule represents a single dose of the medica
tion. In some instances, when the usual dose of the 
drng is too large to place in a single capsule, two or 
more capsules may be required to provide the de
sired dose. TI1e total amount of formula prepared is 
that amount necessruy to fill the desired number of 
capsules. On an industrial scale this means hun-

dreds of thousands of capsules. In conummity prac
tice, an individual prescription may call for the 
preparation of only six or a dozen capsules. Any 
slight loss in fill -material during the preparation 
and capsule-filling process will not materially affect 
an industrial size batch, but in the community 
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 conu11unity 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 stiictly coincide. 

The selection of the capsule size for a commer
cial product is done during the product develop
ment stage. The 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 serve 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 powder or more, 
depending on the characteristics of the powder sub
stru1ce. 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 fi lled, is preferred.A properly fi lled 
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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 contents. 

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

Tetracycli11e Capsules 
Active ingredient: 

Filler: 
Lubricant/glidant: 
Capsule colorants: 

Capsule opaquant: 

Tetracycline 
250 mg 

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 

Acetaminophen with Codei11e Capsules 
Active ingredients: Acetaminophen, 325 mg 

Disintegrant: 
Lubricant/glidants: 

Codeine phosphate, 30 mg 
Sodium starch glycolate 
Magnesium stearate, 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) 

Diphenhydramine Hydrochloride Capsules 
Active ingredient: Diphenhydramine HCl, 

Filler: 
Lubricants/glidan ts: 
Wetting agent: 
Capsule colorants: 

50mg 
Confectioner's sugar 
Talc, colloidal silicon dioxide 
Sodium lalllyl sulfate 
FD&C Blue No. 1, FD&C Red 

No.3 
Capsule opaquant: Titanium dioxide 

Filling Hard Capsule Shells 

When filling a small number of capsules in the 
r~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~ckcontainer. Bycoll11ting the capsules as the ini-

ea hstep rather than taking a capsule from stock as 
ac one . fill fillin IS ed, the pharmacist guards against 

cont! an er:oneous number of capsules and avoids 
der. Th~ating the stock container with drug pow
sheet f powder to be encapsulated is placed on a 
Usin ~hdean paper or on a glass or porcelain plate. 
Cake gha ~spatula, the powder mix is formed into a 
to one-~g a depth of approximately one-fourth 
an ernp d the length of the capsule body. Then 

ty capsule body is held between the thumb 
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and forefinger and "punched" vertically 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 
maimer and after capping weigh the product. When 
nonpotent 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 various 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 capsules, fill the 
bodies, scrape off the excess powder, replace the 
caps, seal the capsules as desired, and cleat1 the 
outside of the filled capsules at a rate of up to 
165,000 capsules per hour (Fig. 7.10). The formula 
tion must be such that the filled body contains the 
accurate dtug dosage. This is verified through the 
use of automated in-process sampling and analysis 
equipment and processes (Figs. 7.11, 7.12). 

As described later, the USP requires adherence to 
standards for content unifonnihj and weight variation 
for capsules to assure the accuracy of dosage w1its . 

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 

c 
Fig. 7.9 The Feto11 capsule filli11g 111achi11e. A, with empty capsules i11 the loader trny, tire tmy placed 011 top of tire filler 1111it; 8, 
tire loader i11serts tire cnps11/es into tire filli11g 1111il aud is re111oved 011d the top plate is lifted to separate tire cnps fro111 the bodies; 
C, t/1e powrfer is placed 011 the 1111it 011d t/1e capsule bodies filled; D, the top plate the11 is ret1m1ed to t/1e 1111it 011d the cops placed 
011 filled cnps11/e borfies. (Courtesy of C/1e111icnl and Plrnm10ce11ticnl l11d11st1y Co111pn11y) 

makes dis hnchve-looking capsules by sealing them 
with a colored band of gelahn (KAPSEALS, Parke
Davis). If removed, the band cannot be restored 
without expert resealing with gelatin . Capsules 
may also be sealed through a heat welding process 
that fuses the capsule cap to the body through the 
double wall thickness at their juncture (10). The 
process results in a distinchve " ring" around the 
capsule where heat welded. ShJl another process 

u hlizes a mel ting-point-lowering liquid wetting 
agent in the con tac t areas of the capsule's cap and 
body and then thermally bonds the two parts using 
low temperatures (40-45°C) (11) . Industrial cap
sule sealing machines are capable of producing 
60,000 to 150,000 gelahn banded, heat welded, or 
thermally coupled capsules per hour (12). Figure 
7.13 depicts a sealed hard gelatin capsule. Although 
d ifficult and tedious, extemporaneously prepared 
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Fig. 7.10 Osaka Automatic Caps11/e Filler (Model R-180), capable of filling up to 165,000 capsules per how: (Courtesy of 
Sharples-Stokes Div., Stokes-Merrill, Pe1111walt Corporation.) 

capsules may be sealed by lightly coating the inner 
surface of the cap with a warm gelatin solution i.m
rnedi bo ately prior to placement on the filled capsule 

dy. 

Cieanin d . . g an Pohshmg Capsules 

0 
S~a!\ amounts of powder may adhere to the 

Uts1de of .. 
bitt capsules after filhng. 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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190 Capsules a11d Tablets 

Fig. 7.11 Automatic capsule weigl1i11g apparatus, Vericap 1800 A C/1eckweig'1e1; which rejects capsules 11ot havi11g the precise 
weight. (Courtesy of Elan Corpomtio11) 

Soft Gelatin Capsules 

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 con tain more 
moisture than hard capsules, may have a presc1va
tive added as methylparaben and/or propylparaben 
to retard microbial growth. Soft gelatin capsules 
may be manufactured to be oblong, ovaJ or round 
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Fig. 7.12 Process flow dingm111 for n11to111nted cnpsule filling. (Reprinted with permission from Yelvig M. Pri11ciples of process 
nuto111ntio11 for liq11id nJl(f solid dosnge for111s. Pltmm Tec/11101, 8:47, 1984.) 

in shape. They may be prepared of a single or two
tone color and may be imprinted with identifying 
markings.As hard gelatin capsules, they may be pre
pared with opaquants to reduce transparency and 
render characte1istic feature to the capsule shell. 

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

( ___ ~ 
p· 
h~7· 7

.13 Z-Weld's gelnli11 sc~I Ji1ses lite two capsule 
~"dlles together ta crente n 011e-p1ecc cnpsule tilnt 1s tnmpe1c 
•vi ent (C . . 

· ow tesy of Raymo11d A11to111nt1011 Co.) 

Preparation of Soft Gelatin Capsules (13) 

111ey may be prepared by the plate process, using 
a set of molds to fom1 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 operation (Fig. 7.15). 

By the plate process, a wai111 sheet of plain or col
ored gelatin is placed on the bottom plate of the 

Fig. 7.14 C/em1i11gn11d polishi11g hnrd filled capsules 11si11g the 
Acceln-Cota appamh1s. (Courtesy of Eli Lilly a11d Co111pa11y.) 
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Fig. 7.15 Rotmy die process eq11ip111e11t. A, Ge/ati11 ta11k; B, spreader box; C, gelati11 ribbo11 casti11g dm111; D, 111i11eral oil /11b1·i
ca11t batli; E, 111edici11e tank; F,ftlling p11111p; G, e11caps11/ati11g 111echa11is111; H, caps11/e conveyor; I, caps11/e washer;], i11frared dryer; 
K, caps11/e dn;i11g h11111e/; L, gelati11 11et receive1: (Co111tesy of R.P Scherer Corpomtio11.) 

mold and the liquid-containing medication is evenly 
poured on it. Then a second sheet of gelatin is care
fully placed on top of the medication and the top 
plate of the mold is put into place. Pressure is then 
applied to the mold to fo1111, 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 Scherer. By this method, liquid gelatin 
flowing from 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 ti.me, metered fill material is in
jected between the ribbons precisely at the mo
ment that the dies form 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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the Libbon. Use of ribbons of two different colors 
results in bicolored capsules. 

The reciprocating die process is similar to the ro
tary process in 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 between 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 tlu·ough the machineiy.As 
the capsules are cut from the ribbons, they fa ll into 
refrigerated tanks which prevent the capsules from 
adhering to one another. 

Utilization of Soft Gelatin Capsules 

Soft gelatin capsules are prepared to contain a 
variety of liquid, pasty, and d1y 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, ethers, 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. Water-miscible and relatively nonvolatile com
pounds, as propylene glycol and isopropyl alco
hol, depending on factors as concentration used 
and packaging conditions. 

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

Solids may be encapsulated into soft gelatin cap
sules as solutions in a suitable liquid solvent, sus
pensions, d1y powders, granules, pellets, or small 
tablets. 

Compendia[ Requirements 
for Capsules 

Added Substances 

Substances added to official preparations, in
cluding capsules, to enhance thei r stability, useful
ness, elegance, or to facilitate their manufacture, 
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 bioavailabilily, ther

apeutic efficacy or safety, and 
4. do not interfere 1-v:ith requisite compendia! as

says and tests. 

Containers for Dispensing Capsules 

There are specifications listed in the USP pre
sciibing 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, well-closed and light resistant. 

Disintegration Test for Capsules 

The compendia! disintegration test for hard and 
soft gelatin capsules follows the same procedure 
and uses the same apparatus desctibed 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 desciibed 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 firm core, and only some fragments of the 
gelatin shell. 

Dissolution Test for Capsules 

The com pen dial 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 with the analysis, the 
contents of a specified number of capsules can be 
removed and the empty capsule shells dissolved in 
the dissolution mediw11 before proceeding with the 
sampling and chemical analysis. 

Weight Variation 

TI1e w1iformity of dosage units may be demon
strated by determining weight variation and/or con
tent uniformity. TI1e weight variation method is as 
follows. 

HARD CAPSULES. Ten capsules are individually 
weighed and the contents removed. TI1e 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 con tent of active ingredi
ent in each of the capsules is determined . 

SOFT CAPSULES. The gross weight of 10 intact cap
sules is determined individually. Then each capsule 
is cut open with a scissors or a sharp open blade, 
and the conten ts removed by washing with a suit
able solvent. TI1e solvent is allowed to evaporate at 
room temperature over a period of about 30 min
utes, taking precautions to avoid uptake or loss of 
moisture. The individual shells are weighed and the 
net contents calculated. From the results of the as
say di rected in the individual monograph, the con
tent of active ingredient in each of the capsules is 
determined. 

Content Uniformity 

Unless oth erwise stated in the monograph for an 
individual capsule, the amow1t of active ingredient, 
determined by assay, is within the range of 85% to 
115% of the label claim for 9of10 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 units are outside of the 
desired range but within the sta ted 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 enviromnental factors as temperah.rre, hwnidity, 
light, formulative components and the container/ 
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 detennination of the 
moisture-permeation characteristics of single -unit 
an d unit-dose containers to assure their suitability 
for packaging capsules. The degree and rate of 
moish.tre penetration is determined by packaging 
the dosage unit together with a color-revealing 
desiccant pellet, exposing the packaged unit to 
known relative hmnidi ty over a specified time, ob
setving the desiccant pellet for color change (indi
cating absorption of moish.1re) and comparing the 
pre- and post-weight of the packaged unit. 

Official and Commercially 
Available Capsules 

There are approximately 200 officially recognized 
medications in capsule fom1 in the USP. However 
commercially, there are many fold this number 
of capsule products available from various manu
facturers for various dnigs and in various dosage 
strengths. 

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

Inspecting, Counting, Packaging, 
and Storing Capsules 

Capsules produced on a small or large scale 
should be uniform 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
h.1ring Practice regulations require that if the man
ber of production flaws is excessive, the cause must 
be investigated, don1.111ented and steps undertaken 
to correct the problem. 

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

Table 7.2. Exa. 

Official Caps11 

Amoxicillin 

AmpiciJlin 

Cephalexin 

Diphenhydramir 

Doxycycline Hye 

Erythromycin Esl 

Fluoxitine HCI 

Flurazepam HCl 

Gemfibrozil 

Griseoful vi n 

Indomethacin 

Levodopa 

Loperamide HCI 

Oxazepam 

Propoxyphene H 

Tetracycline HCl 
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Table 7.2. Examples of Some Official Capsules 

Some Representative 
Official Capsule Co111111ercial Capsules 

Amoxicillin Wymox (Wyeth-Ayerst) 

Ampicillin Omnipen (Wyeth-Ayerst) 

Cephalexin Keflex (Dista) 

Diphenhydramine HCI Benad1yl HCI (Parke- Davis) 

Doxycycline Hyc!ate Vibramycin (Pfizer) 

Erytlu-omycin Estolate llosone (Dista) 

Fluoxitine HCI Prozac (Dista) 

Flurazeparn HCI Dalmane (Roche) 

Gemfibrozil Lopid (Parke-Davis) 

Griseofulvin Grisactin (Wyeth-Ayerst) 

lndomethacin lndocin (Merck) 

Levo dopa Larodopa (Roche) 

Loperamide HCI lmodium (Janssen) 

Oxazepam Serax (Wyeth-Ayerst) 

Propoxyphene HCI Darvon (Lilly) 

Tetracycline HCI Achromycin V (Lederle) 

signed trays are used, as the type depicted in Figure 
7.17. In using this tray, the pharmacist pours a sup
ply of capsules or tablets from the bulk source onto 
the clean tray, and using the spatula counts and 
~w~eps the dosage units into the trough until the 
~Stred number is reached. TI1en the pharmacist 
~hoses the trough cover, picks up the tray, re turns 
b e uncow1ted dosage units to the bulk container 
Y means of the lip at the back of the tray, places the 

prescripti . . d on con tamer at the openmg of the trough, 
:hn carefully transfers the capsules or tablets into 

e contain B hi . 
111 

. er. Y t s method, the dosage uruts re-
ba:_untouched by the pharmacist. To prevent 
Wiped to-batch contamination, the tray must be 
ularl ~lean after each use because powder, partic-

y om cow1ting uncoated tablets, may remain. 
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Capsule Strengths Category 

250 and 500 mg Antibacterial 

250 and 500 mg Antibacterial 

250 and 500 mg Antibacterial 

25 and 50 mg Antihistaminic 

50 and 100 mg Antibacterial 

125 and 250 mg Antibactetrial 

10 and 20 mg Antidepressant 

15 and 30 mg Hypnotic 

300 mg Antihyperlipidernic 

125 and 250 mg Antifungal 

25 and 50 mg Antiinflammatory; 
an tipyretic; 
analgesic 

100, 250, and 500 mg Antiparkinsonian 

2 mg An tidianheal 

10, 15 and 30 mg Antianxiety 

32 and 65 mg Analgesic 

250 and 500 mg Antimicrobial 

In some conrn1u11ity and hospital pharmacy set
tings, small automated counting and filling ma
chines may be used as shown in Figure 7.18. 

On the indushial scale, solid dosage forms are 
cow1ted by large automated pieces of equipment 
that count and transfer the desired number of 
dosage wu ts into bulk containers. The containers 
are then mechanically capped, inspected visually or 
electronically, labeled, and inspected once more . 
Some fi lled containers are then placed into outer 
packaging cartons. An industrial counting and fill
ing maclune 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. 

The unit dose and ship packaging of solid dosage 
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Table 7.3. Examples of M edications Commercially Prepared into Soft Gela tin Capsules 

Dnig Substance 

Acetazolamide 

Cyclosporine 

Digoxin 

Ethchlorvynol 

Ethosuximide 

Ranitidine HCl 

Trade Name and Manufacture 

Diamox Sequels (Lederle) 

Sandimmune (Novrutis) 

Neoral (Novartis) 

Lanoxicaps (Glaxo Wellcome) 

Placidyl (Abbott) 

Zarontin (Parke-Davis) 

Zantac GELdose 
(Glaxo Wellcome) 

Contents and Co111111ents* 

Acctazolamide 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 glyceridcs. Cyclosporine in an 
immunosuppressive agent. 

The capsule contains cyclosporine, dehydrated alcohol, 
corn oil-mono-ditriglycerides, polyoxyl 40 hydrogenated 
castor oil. The formulation forms a microemulsion in 
contact with aqueous fluids for enhanced bioavailability. 

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

Ethchlorvynol 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 matrix of synthetic coconut oil ru1d 
triglycerides. Ranitidine is a histamine H2-receptor 
inhibitor. 

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

forms, particularly by pharmacies that service nurs
ing homes and hospitals, provides sanitary han
dling of the medications, ease of identification, and 
security in accountability for medications. Typical 
small scale strip packaging equipment and com
mercial unit-dose packages of capsules and tablets 
are presented in Figures 7.20 and 7.21, respectively. 
Capsules should be stored in tightly capped con
tainers 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 used in the oral administration 
of dmgs. Many of these are prepared with colorants 
and coatings of vruious types. Other tablets, as 
those administered sublingually, buccally or vagi
nally are prepared to have features most applicable 
to their particular route of administration. Advan
tages of tablets for oral administration were pre
sented at the outset of this chapter. 

Tablets are prepared primarily by compression 
with a limited number prepared by molding. 
Compressed tablets are manufactured with tablet 
machines capable of exerting great pressure in 
compacting 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 material 
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2 

3 4 

Fig. 7.17 Steps in the co1111ti11g of solid dosage 1111its with the Abbott Sanitniy Co1111ting 11·ay: 1) placing units from stock pack
age onto tray, 2) co11nling aud tm11sferri11g units lo trough, 3) returning excess 1111its to stock co11laiue1; and 4) placing co11uled units 
i11lo prescription coutaiue1: 

into a mold from which the formed tablet is then 
ejected and allowed to dry. 

Types of Tablets 

The vaiious types of tablets ai·e described as fol
lows, with their common abbreviations in paren
theses. 

Compressed Tablets (C.T.) 

In addition to the medicinal agent(s), compressed 
tablets usually contain a number of pharmaceutical 
adjuncts including (a) di/11e11ts or fillers, which add 
the necessaiy bulk to a fo rmulation to prepare 
tablets of the desired size; (b) bi11ders or adhesives, 
Which promote the adhesion of the particles of the 
formulation, enabling a granulation to be prepared 
and the maintenance of the integrity of the final 
tablet; (c) disintegrants or disintegrating agents, which 
promote the breakup of the tablets after adnunis
tra~on to smaller particles for more ready drug 
availability; (d) nntiadhere11 ts, glirinnts, lubricants or 

Fig. 7.18 Versaco1111I Model a11to111ntic tablet nnrl capsule 
co1111ti11g and filling apparatus. (Courtesy of Prod11ctio11 
Eq11ip111ent Co.) 
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Fig. 7.19 Large Merrill filli11g 111achi11e flint fills 16 bottles with 200 tablets eac/J at 011e ti111e. A flipper gate i11 t/Je upper 11m11i
fold directs the tablets i11to 011e row of bottles w/Jile t/Je other filled row is evacuated a11d a 11ew row of bottles moves into place. 
(Courtesy of The Upjo/111 Co111pa11y.) 

lubricating agents, which enhance the flow of the 
tableting material into the tablet dies, minimize 
wear of the punches and dies, prevent the sticking 
of fill material to the punches and dies and produce 
tablets having a sheen; and (e) 111iscella11eo11s ad
juncts such as colorants and flavorants. After com
pression, tablets may be coated with various mate
lials as described later. Tablets for oral, buccal, 
sublingual or vaginal administration may be pre
pared by compression. 

Multiple Compressed 
Tablets (M.C.T.) 

Multiple compressed tablets are prepared by sub
jecting the fill material to more than a single com
pression.The result may be a multiple-layered tablet 
or a tablet-within-a-tablet, the inner tablet being 
the core and the outer portion being the shell (Fig. 
7.24). Layered tablets are prepared by the initial 

compaction of a portion of fill material in a die fol
lowed by additional fil l material and compression to 
form two- or three-layered tablets, depending upon 
the number of separate fills. Each layer may contain 
a different medicinal agent, separated from one an
other for reasons of chemical or physical incompat
ibility, staged drug release, or simply for the unique 
appearance of the multiple-layered tablet. Usually, 
each portion of fill is colored differently to prepare 
a distinctive looking tablet. In the preparation of 
tablets having a compressed tablet as the inner core, 
special machines are required to place the pre
formed tablet precisely within the die for the subse
quent compression of surrounding fill mateiial. 

Sugar-Coated Tablets (S.C.T.) 

Compressed tablets may be coated with a col
ored or an uncolored sugar layer. The coating is wa
ter-soluble and is quickly dissolved after swallow-

Fig. 7.20 Stn 
pnckage 1111it. 71 
ngi11g a11d rlisp• 

Fig. 7.21 
backi11g pot 
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Fig. 7.20 Strip pncknger for tire u11it rinse dispe11si11g nf solid tlosnge for111s. Dmg i11fom1ntio11 is i111pri11terl 011 enc/1 i11rliuirlual 
package u11it. Tire 111orlel slrow11 l111s n fully nuto111ntic cutoff from 1 to 24 rlosnge 1111its n11rl is especinlly suited to u11it-rlose pnck
ngi11g n11rl rlispe11si11g i11 lrospitals, rlispc11snries, 1111rsi11g /ro111es, n11rl cli11ics. (Courtesy of Lnkso Co111pn11y, Iuc.) 

p· b tgk7.21 Exa111ple of 1111it-tlose pnckngi11g of tablets n11rl capsules. The drug 11n111e n11d otller illfom1ntio11 nre i111pri11terl 011 the 

ac 111& portio11 of enc/1 1111it. (Courtesy of Eli Lilly n11rl Co111pa11y.) 
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Fig. 7.22 £ra111ple of a high-pe1fon11a11ce double rotmy tablet press. The Korsch PhmmapressR has a maximum output of l 111i/
lio11 tablets per hour b11t for co11ti11uo11s operntio11 it is ge11ernl/y run to produce 600,000 to 800,000 tablets per '10111: (Courtesy of Korsch Tableting, Inc.) 
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Fig. 7.23 Vario11s Stokes p1111ches nml dies for the prorl11ctio11 of rlisti11ctive tablets. (Co11rtesy of Stokes Eq11ip111e11t Division, Pen
nwalt Chemicals Corporation.) 

ing. It serves the purpose of protecting the enclosed 
drug from th e environment and provides a barrier 
to objectional tasting or smelling drugs. The sugar 
coating also enhances the appearance of the com
pressed tablet and permits the imptinting of identi
fying manufacturer's inforn1ation. Among the disad
vantages to sugar-coating tablets arc the time and 
expertise required in the coating process and the in 
crease in the size, weight, and shipping costs of the 
tablets. Sugar-coated tablets may be 50% larger and 
heavier than the 01iginal uncoated tablets. 

Film-Coated Tab lets (F.C.T.) 

.Film-coated tablets are compressed tablets coated 
WI~ a thin layer of a polymer capable of forming a 
skin-like film over the tablet. The film is usually col
ored and has the advantabac over sugar-coatings in 
th t' . a it LS more dmable, less bulk)', and less time-con-
~~ng to apply. By its composition, the coating is 
d estgned to rnptme and expose the core tablet at the 
es1red location within the gastrointestinal tract. 

Gelatin-Coated Tablets 

get . recent innovation in tablet coating is the 
G~tin-coated tablet.111e innovator product, termed 

CAPS, is a capsule-shaped compressed tablet 

(Fig. 7.25) that allows the coated product to be 
about one- third smaller than a capsule fi lled with 
an equivalent amount of powder. The gelatin coat
ing facilitates swallowing and compared to un
sealed capsules, gelatin-coated tablets are more 
tamper-evident. 

Enteric-Coated Table ts (E.C.T.) 

Enteric-coated tablets have delayed-release fea
tlll'es.111ey are designed to pass unchanged through 

A 

B~ 
Fig. 7.24 Dingm111 of 11111ltiple-co111presserl tablets. A, 
having a core of one dmg and n shell of anothe1; and B, a 
11111/tiple-lnyererl tablet of two rlrngs. 
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202 Capsules aurl Tablets 

Fig. 7.25 Cut-away view of "Ce/caps" dosage form. A 
gelati11-coaterl c11ps11/e-sh11perl tau/et. Dosage fon11 is more 
easily swallowcrl th1111 a compam/J/e tau/et, smaller tlrmr a11 
eq11ivale11t capsule, a11rl t11111pc1cevirle11t. (Co11rtesy of M.cNeil 
Co11s11111er Prorl11cts Co.) 

the stomach with transit to the intestines where the 
tablets disintegrate and allow drug dissolution and 
absorption and/or effect. Enteric coatings are em
ployed in instances in which the drug substance is 
destroyed by gash·ic acid, is particularly irritating to 
the gastric mucosa, or when by-pass of the stom
ach substantially enhances drug absorption. 

Buccal or Sublingual Tablets 

Buccal or sublingual tablets are flat, oval tablets 
intended to be dissolved in the buccal pouch (buc
cnl tablets) or beneath the tongue (subli11g11a/ tablets) 
for absorption through the oral mucosa. They en 
able the oral absorption of drugs that are destroyed 
by the gastric juice and/or are poorly absorbed from 
the gastrointestinal tract. Buccal tablets are de
signed to erode slowly, whereas those for sublin
gual use (as nitroglycerin sublingual tablets) dis
solve promptly and provide rapid drug effects. 
Loze11ges or troches, are disc-shaped, solid dosage 
forms containing a med)cinal agent and generally a 
flavoring substance in a hard candy or sugar base. 
They are intended to be slowly dissolved in the oral 
cavity usually for localized effects although some 
may be formulated for systemic absorption. 

Chewable Tablets 

Chewable tablets, which have a smooth, rapid 
disintegration when chewed or allowed to dissolve 
in the mouth, have a creamy base usually of spe
cially flavored and colored mannitol. Chewable 
tablets are especially useful for the administration 
of tablets of large-size to children and adults who 
have difficulty swallowing solid dosage forms. 

Effervescent Tablets 

Effervescent tablets are prepared by compressing 
granular effetvescent salts that release gas when in 

contact with water. These tablets generally contain 
medicinal substances which dissolve rapidly when 
added to water. 

Molded Tablets (M.T.) 

Certain tablets, as tablet triturates, may be pre
pared by molding rather than by compression. The 
resultant tablets are ve1y soft, soluble, and are de
signed for rapid dissolution. 

Tablet Triturates (T.T.) 

Tablet hiturates are small, usually cylindrical, 
molded (M.T.T.) or compressed tablets (C.T.T.) con
taining small amounts of usually potent drngs. To
day on ly a few tablet triturate products are available 
commercially, with most of these produced by tablet 
compression. Since tablet t1·iturates must be readily 
and completely soluble i.n water only a minimal 
amount of pressure is applied during their manufac
ture. A combination of sucrose and lactose is usually 
the diluent. The few tablet triturates which remain 
are used sublingually, as nih·oglycerin tablets. 

In the past, pharmacists employed tablet tritu
rates in compounding procedures. For example, 
they were inserted into capsules or dissolved in liq
uid preparations to provide accurate amounts of 
potent drug substances. 

Hypodermic Table ts (H.T.) 

Hypodermic tablets are no longer available in 
the United States. They were originally used 
by physicians in the extemporaneous preparation 
of parenteral solutions. The required number of 
tablets was dissolved in a suitable vehicle, sterility 
attained, and the injection performed. The tablets 
were a convenience, sin ce they could be easily car
ried in the physician's medicine bag and injections 
prepared to meet the needs of the individual pa
tients. However, the difficulty in achieving sterility, 
the current availability of prefabricated injectable 
products, some in disposable sylinges, have elimi
nated the need for hypodermic tablets. 

Dispensing Tablets (D.T.) 

Dispensing tablets are no longer in use. 
They might better have been termed co111po1111di11g 
tablets because they were used by the pharmacist in 
compounding presciiptions and were 11ot dispensed 
as such to the patient. The tablets contained large 
amounts of highly potent drug substances enabl
ing the pharmacist to rapidly obtain premeasmed 
amounts for compounding multiple dosage units. 
These tablets had the dangerous potential of being 
inadvertently dispensed as such to patients. 
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Fig. 7.26 Packages of a rfmg prorfuct of two differe11t tablet 
strengths, witl1 011e scored for ease of breaki11g in half (Cour
tesy of Mario11 Laboratories.) 

Immediate Release Tablets (I.R.) 

Immediate release tablets are designed to disin 
tegrate and release their medication absent of any 
special rate-controlling features as special coatings 
and other techniques. 

Instant Disintegrating I Dissolving Tablets 

Instant-release tablets are characterized by 
ctisintegrating/dissolving in the mouth within one 
minute; some within 10 seconds [e.g., Clari tin Red
itabs (loratadine), Scheting]. Tablets of this type are 
des~gned for pediatric and geriatric patients or for any 
patient who has difficulty in swallowing tablets. Af-

/ ter ?lacing them on the tongue they liquefy and the 
patient swallows the liquid. A number of techniques 
ilfe _used to prepare these tablets involving lyophil
~ation (e.g., Zydis, R.P Scherer), soft direct compres
sion (e.g., WOW-Tab,Yamanouchi-Shaklee Pharma), 
and other methods (e.g., Quicksolv, Janssen). These 
tablets are prepared using vety water-soluble excip i
e~~sdesigned to"wick"water into the tablet for rapid 
dihsintegration/dissolution . They have the stability 
c aract · · enst1cs of other solid dosage forms. 

Extended Release Tablets (E.R.) 

tr ~tended-release tablets (sometimes called"con 
tho _ed release (CR)" tablets) are designed to release 

eir medication in a predetermined manner over 
an extend d . . Ch e penod of time. They are discussed in 

apter 8. 

Va· 
gtnal Tablets 

Vaginal t bl coated a ets, also called vaginal inserts, are un -
and bullet- or ovoid-shaped tablets which 
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are inserted into the vagina for localized effects. 
They are prepared by compression and shaped to 
fit snugly on plastic inserter devices which accom
pany the product. They contain a.ntibacteiials for 
the treatment of vaginitis caused by Hemophilus 
vaginalis or an ti.fungals fo r the treatment of vulvo
vaginitis candidiasis caused by Candida albicans 
and related species. 

Compressed Tablets 

The physical features of compressed tablets are 
well known. Some are: round, oblong, or unique in 
shape; thick or thin; large or small in diameter; flat 
or convex; unscored or scored (Fig. 7.26) in halves, 
thirds, or quadran ts; engraved or imprinted with an 
identifying symbol and/or code .. number; coated or 
uncoated; colored or uncolored; single layer, or bi
or tri-layered. 

Tablet diameters and shapes are determined by 
the die and punches used in the compression of the 
tablet. The less concave the punches, the more flat 
the resulting tablets; conversely, the more concave 
the punches, the more convex the resulting tablets 
(Fig. 7.27). Punches having raised impressions 
will produce recessed impressions on the tablets; 
punches having recessed etchings will produce 
tablets having raised impression or monograms. 
Monograms may be placed on one or on both sides 
of a tablet, depending upon whether monograrn
producing lower and/or upper punches are used. 

Quality Standards and Compendia! 
Requirements 

Tn addi tion to the apparen t features of tablets, 
pharmacists are aware that tablets must meet other 
physical specifications and quality standards. These 
include criteria fo r tablet weight, weight variation, 

Fig. 7.27 Co11to11rs of tl1e p1111ches deter111i11e the shape of the 
tablets. From left to right, j7atface, silnllow cup, standard cup, 
deep rnp, a11rf lllodifted ball. (Courtesy of Cheny-Burrell Cor
poratio11.) 
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content uniformity, tablet thickness, tablet hard
ness, tablet disintegration, and drug dissolution. 
These factors must be conh·olled during production 
(in-process controls) and verified after the produc
tion of each batch to assure that established prod
uct quality standards are met (Fig. 7.28). 

TABLET WEIG HT AND US P WEIGHT VARIATION 

TEST. The quantity of fill placed in the die of a tablet 
press determines the weight of the resulting tablet. 
The volume of fill is adjusted with the first few tablets 
produced to yield tablets of the desired weight nnd con
tent. For example, if a tablet is to contain 20 mg of a 

.. 

FETTE P2000 

Fig. 7.28 Q11nlity coutrol iu t/1e mmlllfnct11ri11g of tn/Jlets. (Co11rtesy of Eli Lilly n11d Compnuy.) 
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drug substance and if 100,000 tablets are to be pro
duced, 2,000 g of drug are included in the fonmtla. 
After the addition of the pharmaceutical additives 
such as the diluent, disintegrant, lubticant, and 
binder, the forimtlation may weigh 20 kg, which 
means that each tablet must weigh 200 mg for 20 mg 
of drug to be present. TI1us, the depth of fill in the 
tablet die must be adjusted to hold a volume of gran
ulation weighing 200 mg. During production, sample 
tablets are petiodically removed for visual inspection 
and automated physical measurement (Fig. 7.29). 

The USP contains a test for the determination of 
dosage-form uniformity by weight variatio11 for un
coated tablets (14). In the test, 10 tablets are weighed 
individually and the average weight calculated. The 
tablets are assayed and the content of active ingre
dient in each of the 10 tablets is calculated assum
ing homogeneous drug dishibution. 

CONTENT UNIFORMITY. By the USP method, 10 
dosage units are individually assayed for their con
tent according to the assay method described in the 
individual monogTaph. Unless otherwise sta ted in 
the monograph, the requirements for content uni
formity are met if the amount of active ingredient 
in each dosage unit lies within the range of 85% to 
115% of the label claim and the relative standard 
deviation is less than 6.0%. lf one or more dosage 
units does not meet these criteria, additional tests 
as prescribed in the USP are required (14). 
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TABLET THICKNESS. TI1e thickness of a tablet is 
determined by the diameter of the die, the amount 
of fill permitted to enter the die, the compactability 
of the fill material, and the force or pressure applied 
<luting compression . 

To produce tablets of uniform thickness during 
batch production and between batch productions for 
the same fom1ttlation, care must be exercised to em
ploy the same factors of fill, die, and pressure. It 
shottld be pointed out that the degree of tableting 
pressure affects not only tablet thickness but also 
tablet hardness. And, tablet hardness is perhaps the 
more important critetion since it can affect tablet dis
integration and drug dissolution. TI1us, for tablets of 
tuUform thickness and hardness, it is doubly impor
tant to control tableting pressure. Tablet thickness 
may be measured by hand gauge during production 
or by automated equipment.(Figs. 7.30, 7.31). 

TABLET HARDNESS AND FRIABILITY. Tt is not 
unusual for a tablet press to exert as little as 3000 
and as much as 40,000 pounds of force in the pro
duction of tablets. Generally, the greater the pres
sure applied, the harder the tablets, although the 
characteristics of the granulation also has a bearing 
on tablet hardness. Certain tablets, such as 
lozenges and buccal tablets that are intended to 
dissolve slowly, intentionally are made hard; other 
tablets, as those for immediate drug release are 
made soft. In general, tablets should be sufficiently 

Fig. 7.29 A11to111atic linla11ce t/111t weigils prod11ct n11d pri11ts statistics to deter111i11e co111p/ia11ce witil USP weigilt variatio11 re
q11ire111e11ts for tablets. (Courtesy of Moco11 Modem Co11h·o/s, lllc.) 
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Fig. 7.30 Tablet tliick11ess ga11ge. (Courtesy of Eli Lilly al/(f 
Co111pa11y.) 

Fig. 7.31 Automatic weigl1t, hard11ess, thick11ess, a11d tablet 
diameter lest instru111enl for quality co11trol. Using a micro
processor and 111011itor for vis11alizatio11, the instru111e11/ ca11 
lest up to 20 samples al a time. (Courtesy of Scientific lustru-
111enls & Tec/1110/ogi; Corporation.) 

hard to resist breaking during normal handling 
and yet soft enough to disintegrate properly after 
swallowing. 

Special dedicated hardness testers (Fig. 7.32) or 
multifunctional systems (Fig. 7.31) are used to mea
sure the degree of fo rce (in kilograms, pounds, or in 
arbitrruy units) required to break a tablet. A force of 
about 4 kilograms is considered the minimum re
quirement for a sa tisfactory tablet. Multifunctional 
automated equipment cru1 determine tablet weigh t, 
hardness, thickness ru1d diameter. 

A tablet's durability may be determined through 
the use of a frinbila tor (Fig. 7.33). This apparatus de
term ines the tablet's .frinbility, or its tendency to 
crumble by allowing it to roll and fall within the ro-

tating appara tus. The tablets are weighed before 
and after a specified number of rota tions and any 
loss in weight determined. Resistance to loss of 
weight indicates the tablet's abili ty to withstand 
abrasion in hru1dling, packaging, and shipment. A 
maximum weight loss of not more than 1 % of the 
weight of the tablets being tested generally is con
sidered acceptable for most products. 

TABLET DIS INTEGRATION. For the medicinal 
agent in a tablet to become fully available for absorp
tion, the tablet must first disintegrate and discharge 
the drug to the body fluids for dissolu tion. Tablet dis
integration also is impo1tant for those tablets con
taining medicinal agents (such as antacids and an
tidia1Theals) that are not intended to be absorbed but 
rather to act locally within the gas trointestinal tract. 
In these instances, tablet disintegration provides 
drug pa1ticles with an increased surface area for lo
calized activity within the gastrointestinal tract. 

All USP tablets must pass a test for disintegra
tion, which is conducted i11 vitro using a testing ap
paratus as the one shown in Figure 7.34. The appa
ratus consists of a basket-rack assembly conta ining 
six open-ended h·ru1spru-ent tubes o f USP -specified 
dimensions, held vertically upon a 10-m esh stain
less steel wire screen . During testing, a ta blet is 
placed in each of the six tubes of the basket and 
through the use of a mechanical device, the basket 
is raised and lowered in the immersion fluid at a 
frequency of between 29 and 32 cycles per minute, 
the wire screen always being maintained below the 
level of the fluid. For uncoated tablets, buccal table ts, 
and sublingual table ts, water maintained at about 
37°C serves as the immersion fluid unless another 
fluid is specified in the individual monograph. For 

-
Fig. 7.32 CompuTest '1ard11ess teste1; tests i11 Newto11s, 
Kilopo11d, a11d Strong Cobb. Automatic or 111nuually operated. 
tests up to 100 tablets per m11. llltegmted software stores prod
uct lest progm111s.(Co11rtcsy of Vector Corpomtio11). 

these tests, comf 
"that state in whi 
fragments of inso 

au. 1in" on the sc 01 0 

\\\ 

Fig. 7 .33 Enveka 
pact durability. Ta~ 
glass drn111 i11 w/11c1 
tor is activated bys 
tire free fall witlri11 
sive abmsio11 of th 
wit/Jstmui sl1ip111en 
20 rpm. After tl1e 
aud weigl1ed agnir 
timr i11dicates tire 1 

Pl10r111ace11ticnl /11 

36



ghed before 
ons and any 
:e to loss of 
o withstand 
shipment. A 
m 1% of the 
~rally is con-

e medicinal 
e for a bsorp
nd discharge 
•n. Tablet dis
tablets con

cids and an-
1bsorbed but 
testinal tract. 
.on provides 
~ area for lo
.al tract. 
r disintegra
a testing ap-
4. The appa
y containing 
SP-specified 
·mesh stain
~ a tablet is 
: basket and 
~, the basket 
)n fluid at a 
per minute, 

~d below the 
Jccal tablets, 
led a t about 
less another 
\Ograph. For 

I 

i in Newtons, 
~ally operated. 
we stores prod
'011). 

I 

these tests, complete disintegration is defined as 
"that state in which any residue of the unit, except 
fragments of insoluble coating or capsule shell, re
maining on the screen of the test apparatus is a soft 

. -

I 

Fig. 7.33 E1weka tablet testi11gapparnt11sfor rolli11gmul i111-
pact durability. Tablets are l(>eigherl a11rl placed i11 tire pie.ri
g/ass drum i11 w/1ich a c111ved baffle is 11101111ted. Wl1e11 the 1110-
tor is activated by setti11g the ti111e1; the tablets roll mid drop. If 
the free fall withi11 the dn1111 results i11 the breakage or exces
sive abrasio11 of t/1e tablets, tln•11 are co11sidered 1101 suited to 
withsta11d s/1ip111e11t without bei;1g da111aged. Tiu.> 111otor 111akes 
20 rpm. After t/1e tablets have been tested, they are re111oved 
aud weighed agai11. T/ie differe11ce i11 weight withi11 a givCll 
time i11dicntes t/1e rate of abrnsio11. (Co11rtesy of C/1e111icnl a11d 
Plrar111ace11tical Jud11stry Co.) 
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mass having no palpably firm core" (14).Tablets 
must disintegrate within the times set forth in the 
individual monograph, usually 30 minutes, but vaty
ing from about 2 minutes for Nitroglycerin Tablets 
to up to 4 hours for buccal tablets. If one or more 
tablets fa il to disintegrate, additional tests pre
scribed by the USP must be performed. 

Enteric-coated tablets are similarly tested, except 
that the tablets are permitted to be tested in simu 
lated gastric fluid for one hour after which no sign 
of disintegration, cracking, or softening must be 
seen. They are then actively immersed in the simu
la ted intestinal fluid for the time stated in the indi
vidual monograph dming which time the tablets 
disintegrate completely for a positive test. 

T A BLET DI SSO LUTION . In vih·o dissolution test
ing of solid dosage f01111s is important for a number 
of reasons (15) . 

1. It gi1ides the formulation and product develop
ment process toward product optimization. By 
conducting dissolution stud ies in the early stages 
of a product's development, d ifferen tiations can 
be made between formulations and correlations 
identified with in vivo bioavailabil ity data. 

2. The performance of the manufacturing process 
may be monitored by dissolution testing, as a 
component of the overall quali ty assmance pro
gram. The conduct of such testing from the early 
product development through product approval 
and commercial batch production assures the 
control of any potential variables of materials 
and processes which could affect drug dissolu 
tion and the product's quality standards. 

3. Consistent in vitro dissolution testing results as
sure bioequiva lence from batch-to-batch. In as
sessing such batch-to-batch bioequivalence, the 
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FDA a llows manufacturers to examine scale-up 
batches of 10% of the proposed size of the ac
tual production batch, or 100,000 dosage units, 
whichever is greater. 

4. As a requirement for regulatory approval for 
product marketing for products registered with 
the FDA and regulatmy agencies of other coun
tries. New drug applications (NDAs) submitted 
to the FDA contain in vitro dissolution data gen
era lly obtained from batches that have been used 
in pivotal clinical and/or bioavailability studies 
and from human studies conducted during prod
uct development (16). O nce the specifications arc 
established in an approved NDA, they become 
official (USP) specifications for all subsequent 
batches and bioequivalent products. 

The goal of in vih·o dissolution testing is to pro
vide insofar as is possible, a reasonable prediction 
of, or con·elation wi th, the product's in vivo bioavail
ability. A system has been developed which relates 
combinations of a drng's solubility (high or low) 
and its intestinal permeability (high or low) as a 
possible basis for predicting the likelihood of achiev
ing a successful in vivo-in vitro correlation (IVIVC) 
(16-17). Considered are drugs determined to have: 

High Solubility and High Permeability 
Low Solubility and H igh Permeability 
High Solubility and Low Permeability 
Low Solubility and Low Permeabili ty 

For a high solubility and high permeability dmg, 
an rvrvc may be expected if the dissolution rate is 
slower than the rate of gastric emptying (the rate 
limiting fac tor) (18). ln the case of a low solubil ity 
and high permeability drug, dmg dissolution may 
be the rate limiting s tep for drug absorption and an 
IVIVC may be expected. In the case of a high solu
bility and low permeabili ty d rug, permeabili ty is 
the rate-controllin g step and only a limited MVC 
may be possible. In the case of a drug wi th low sol
ubility and low permeability, significant problems 
would be likely for oral drug delive1y (16). 

As noted previously, tablet disin tegration is the 
important firs t step to the d issolution of the drug 
substance contained in a tablet. A number of for
mulation and manufactming factors can affect the 
disintegration and d issolution of a tablet including: 
the particle size of the drug substance in the for
mulation; the solubility and hygroscopicity of the 
formulation; the type and concentration of the dis
integrant, binder, and lubricant used; the manufac
turing method, particularly the compactness of the 

granulation and the compression force used in 
tableting; and the in -process variables which may 
occur (19). Toge ther, these factors present a set of 
complex interrela ted conditions which have a bear
ing on a product's dissolution characteristics. There
fore, it is vitally important for batch-to-batch con
sistency to establish dissolution test standards and 
controls for both materials and processes, and to 
implement them during production and in final 
testing. 

In addition to formul ation and manufacturing 
controls, the method of dissolution testing also 
must be controlled to minimize important vari
ables, as paddle rotational speed, vibration, and 
disturbances by sampling probes. Dissolution test
ing for orally administered dosage forms has been 
a component of evaluating product quality in the 
USP since 1970 when only twelve monographs 
contained such a requirement. Today, the require
ment is standard for table ts and capsules. 

The USP includes seven appara tus designs for 
d rug release and dissolution testing of immediate 
release oral dosage forms, extended release prod
ucts, enteric coated products, and transdermal drug 
delivery devices. O f primaiy interest here are USP 
Apparatus 1 and USP Apparatus 2, used principally 
for immediate release solid oral dosage forms. 

The equipment consist of 1) a variable speed stir
rer motor, 2) a cylindrical stainless steel basket on a 
stirrer shaft (USP Apparatus 1) or a paddle as the 
stining element (USP Apparatus 2), 3) a 1000-mL 
vessel of glass or other inert, transparent material, 
fitted with a cover having a center port fo r the shaft 
of the stirrer, and three additional ports, two for the 
removal of samples, and one for the placement of a 
thermometer, and 4) a sui table water bath to main
tain the temperature of the d issolution medium in 
the vessel. In using USP Apparatus 1, the dosage 
unit is placed inside the basket. In using USP Ap
paratus 2, the dosage unit is placed in the vessel. 

In each test, a volume of the dissolution medium 
(as stated in the individual monograph) is placed in 
the vessel and allowed to come to 37°C ::!: 0.5°C. 
The n, the stirrer is rotated at the speed specified 
and at stated intervals, samples of the medium are 
withdrawn for chemical analysis of the proportion 
of d rug dissolved. The tablet or capsule must meet 
the stated monograph requiremen t for rate of dis
solution. For examplc,"not less than 85% of the la
beled am ount is dissolved in 30 minutes." 

There is growing recogni tion that where prob
lems of inconsiste ncies in dissolution occur, they 
occur not between dosage units from the sa111e pro
duction batch, but rather between batches or be -

tween produ 
likely due to 
teria\s, and n 
ever, since d 
ally not th 
dissolution I 
ognizes the 
allows pool1 
specimens · 
dissolution 
pie dosage 1 

Sophistic 
is continual 
els of qualil 
tion test pn 

Compress• 

Com pre 
methods: u 
co111pressio1 
ings of eac 

Most po 
dition of t 

grants, an• 
acteristics 
use. One 

Fig. 7.35 
t11res 111ic 
vnlirlnte1 
n11rl ico11 
senrc/1 C 

38



orce used in 
!S which may 
~sen t a set of 
1 have a bear
·1istics. There
:o-batch con
:tandards and 
:esses, and to 

and in final 

1anufacturing 
t testing also 
1portant vari
ribration, and 
;solution test
onns has been 
quality in the 
monographs 

(' the require
~tles. 
s designs for 
of immediate 
release prod-
1sdermal drug 
here are USP 

;ed principally 
1ge forms. 
ble speed stir
~el basket on a 
paddle as the 
3) a 1000-mL 
~rent material, 
•rt fo r the shaft 
rts, two for the 
placement of a 
·bath to main
on medium in 
1, the dosage 

1sing USP Ap
in the vessel. 
lution medium 
Jh) is placed in 
37°C :!: 0.5°C. 
peed specified 
1e medium are 
the proportion 
;ule must meet 
for rate of dis-
85% of the la-

1utes." 
it where prob
.on occur, they 
n. the same pro
batches or be-

tween products from different manufactures, most 
likely due to the many factors of formulation, ma
terials, and manufacturing pointed out above. How
ever, since dosage units within a batch are gener
ally not the problem, the concept of "pooled 
dissolution testing" has emerged. This process rec
ognizes the concept of "batch characteristics" and 
allows pooled specimens to be tested. The pooled 
specimens may be sampled from the individual 
dissolution vessels in the apparatus or from multi
ple dosage units dissolved in a single vessel (20). 

Sophisticated and highly automated equipment 
is continually being developed to provide high lev
els of quality assurance and control to the dissolu
tion test process {Figs. 7.35, 7.36). 

Compressed Tablet Manufacture 

Compressed tablets may be made by three basic 
methods: wetgra1111/atio11, dry gra1111/ntio11, and direct 
compression. Figure 7.37 presents schematic draw
ings of each method. 

Most powdered medicinal agents require the ad
dition of excipients as diluents, binders, disinte
grants, and lubricants to provide the desired char
acteristics for tablet manufacture and efficacious 
use. One important requirement in tablet manu-

Fig. 7.35 Hn11so11 SR8-P/11s Disso/11tio11 Test Syste111. Fcn
htres 111icroµrocessor n11rl te111µ/ntcs to crentc, erlit, store, 1111rl 
validate rlissoli1tio11 µrotocols, graplticnl rlisplays wit/1111e1 111es 
a11rl ico11-lmserl µrogra111 co11trols. (Co11rtrsy of Hn11so11 Re
search Corµoratio11). 

Cnps11/es m1rl Tablets 209 

facture is that the drug mixture is free-flowing from 
the hopper of the tablet press in to the dies to en
able the high-speed compression of the powder 
mix into tablets. Granulations of powders provide 
this free-flowing quality. Granulations also increase 
material density thereby improving powder com
pressibility during tableting. 

Wet Granulation 

Wet granulation is a widely employed method 
for the production of compressed tablets. The steps 
required are: 1) weighing and blending the ingre
dients, 2) prepa1ing a damp mass, 3) screening the 
damp mass into pellets or granules, 4) drying the 
granulation, 5) sizing the granulation by dry screen
ing, 6) adding lubricant and blending, and 7) tablet
ing by compression. 

WEIGHING AND BLENDING. Specified quantities 
of active ingredient, diluen t or fi ller, and disinte
grating agen t are mixed by mechanical powder 
blender or mixer until uniform. 

Among the fille rs used are lactose, microciys
talline cellulose, starch, powdered sucrose, and cal
cium phosphate. The choice of the filler usually is 
based on the expe1ience of the manufacturer with 
the material, its relative cost, and its compatibility 
with the other formulation ingredients. For exam
ple, calcium salts must not be used as fillers with 
tetracycline antibiotics, because of an interaction 
between the two agents which results in reduced 
tetracycline absorption from the gastrointestinal 
tract. Among the fillers most preferred are lactose 
because of its solubi lity and compatibility, and mj

croc1ystalline cellulose, because of its compactabil
ity, compatibility, and the consistent uniformity of 
supply (21). 

Disintegrating agents include croscannellose, 
corn and potato starches, sodium starch glycolate, 
sodium carboxymethylcellulose, polyvinyl poly
pyrolidone (PVP), crospovidone, cation-exchange 
resins, alginic acid, and other materials that swell or 
expand on exposure to moisture and effect the rup
ture or breakup of the tablet in the gasb·ointestinal 
tract. Croscarmellose (2%) and sodium starch gly
colate (5%) are often preferred because of their 
high water uptake and rapid action. One commer
cial brand of sodium starch glycolate is reported to 
swell up to 300% of its volume in water {22). When 
starch is employed, 5% to 10% is usually suitable 
but up to about 20% may be used to promote more 
rapid tablet d isintegration . The total amount of dis
integrant used is not always added in preparing the 
granulation. Often a portion (sometimes half) is 
reseived and added to the finished granulation 
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Fig. 7.36 A modern computerized laboratory dedicated to studies of drug dissol11tio11 from solid dosage forms. Jncl11ded are 
Eiweka dissol11tio11 baths, Hezplett-Packard col/lp11ters, and Hezulett-Packard diode assay spectropholol/leters. (Co11rtesy of Etan 
Corporation, pie.) 

prior to tableting. This results in a double disinte
gration of the tablet. One portion assists in the 
break-up of the tablet into pieces and the other 
portion assists in the break-up of the pieces into 
fine particles. 

PREPARING THE DAMP MASS. A liquid binder is 
added to the powder mixture to facilitate the adhe
sion of the powder particles. A damp mass resem
bling dough is formed and is used to prepare the 
granulation. A good binder results in appropriate 
tablet hardness and does not negatively impact on 
the release of the drng from the tablet. 

Among the binding agents used are povidone, 
an aqueous preparation of corn starch (10-20%), 
glucose solution (25-50%), molasses, methylcellu-

lose (3%), carboxymethylceUulose, and microcrys
talline cellulose. If the drug substance is adversely 
affected by an aqueous binder, a nonaqueous solu
tion, or a dry binder may be used. The amow1t of 
binding agent used is part of the operator's art; 
however, the resulting binder-powder mixture 
should be compactible by squeezing in the hand. 
The binding agent contributes to the adhesion of 
the granules to one another and maintains the in
tegrity of the tablet after compression. However, 
care must be exercised not to over-wet or under
wet the powder. Over-wetting can result in gran
ules that are too hard for proper tableting and un
der-wetting can result in tablets that are too soft 
and tend to crumble. When desired, a colorant or 
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Fig. 7.37 Schemntic dmwi11gs of tire three 111ni11 111e//1ods for 
tlie prepnmtio11 of tn/Jlets: wet gm1111/ntio11 (fop); dry gm1111/n
tio11 (center); direct co111pressio11 (/Jot/0111). (Cn11rtesy of Stn11f
fer Che111icn/ Co.) 

flavorant may be added to the binding agent to pre
pare a granulation having an added feature. 

SCREENING THE DAMP MASS INTO PELLETS OR 

GRANULES. The wet mass is pressed through a 
screen (usually No. 6- or 8-mesh) to prepare the 
granules. This may be done by hand or by special 
equipment which prepares the granules by extrn-
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sion through perforations in the apparatus. The re
sultant granules are spread evenly on large pieces 
of paper in shallow trays and dried. 

DRYING THE GRANULATION. Granules may be 
dried in thermostatically controlled ovens which 
constantly record the time, temperature, and hu
midity (Fig. 7.38). 

SIZING THE GRANULATION BY ORY SCREENING. 

After drying, the granules are passed through a 
screen of a smaller mesh than that used to prepare 
the original granulation. The degree to which the 
granules are reduced depends upon the size of the 
punches to be used. In general, the smaller the 
tablet to be produced, the smaller are the granules 
used. Screens from 12- to 20-mesh size are gener
ally used for this purpose. Sizing of the granules is 
necessaiy so that the die cavities for tablet com
pression may be completely and rapidly filled by 
the free-flowing granulation.Voids or air spaces left 
by too large a granulation would result in the pro
duction of uneven tablets. 

ADDING LUBRICATION AND BLENDING. After 
dry screening, a d1y lubricant is dusted over the 
spread-out granulation through a fine mesh screen. 
Lubricants contribute to the preparation of com
pressed tablets in several ways: they improve the 
flow of the granulation in the hopper to the die cav
ity; they prevent the adhesion of the tablet formu
lation to the punches and dies during compression; 
they reduce friction between the tablet and the die 
wall during the tablet's ejection from the tablet ma
chine; and, they give a sheen to the fin ished tablet. 
Among the more commonly used lubricants are 
magnesium stearate, calcium stearate, stearic acid, 
talc, and sodium steaiyl fumarate. Magnesiu1n 
stearate is the most-used (21). The quantity of lu
bricant used varies from one tableting operation to 
another, but usually ranges from about 0.1%to5% 
of the weight of the granulation. 

All-Jn-One Granulation Methods 

Technologic advances now allow the entire 
process of granulation to be completed in a contin
uous fluid -bed process, using a single piece of equip
ment, the fluid-bed granulator (Figs. 7.39, 7.40). 

The fluid-bed granula tor performs the follo'Aring 
steps: 1) preblending the fonnulation powder, in
cluding active ingredients, fillers, disintegrants, in a 
bed by fluidized air, 2) granulating the mixture by 
spra)ring onto the fluidized powder bed, a suitable 
liquid binder, as an aqueous solution of acacia, hy
droxypropyl cellulose, or povidone, and 3) d1ying 
the granulated product to the desired moisture 
content. 
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Fig. 7.38 Te111perat11re co11trolled Casb11rt D1yi11g Ove11 11sed in tlie preparation of gra1111/es and controlled release bends. (Co11r
tesy of Elnn Co1poratio11, pie.) 

Another method, the microwave vacuum pro
cessing method, also allows the powders to be 
tableted to be mixed, wetted, agglomerated, and 
dried within the confines of a single piece of 
equipment (Fig. 7.41). The wet mass is dried by 

gentle mixing, vacuum, and microwave. The use of 
the microwave for the d1ying process reduces 
the d1ying time considerably, often by one- fourth. 
The to tal-batch production time is usually in the 
range of 90 minutes. After adding lubricants and 
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screening, the batch is ready for tableting or cap
sule filling. 

Dry Granulation 

By the d1y granulation method, the powder mix
h1re is compacted in large pieces and subsequently 
broken down or sized into granules (see Fig. 7.37). 
By this method, either the active ingredient or the 
diluent must have cohesive properties. D1y granu 
lation is especially app licable to materials that can
not be prepared by wet granulation due to their 
degradation by moishire or by the elevated tem 
peratures required for d1ying the granules. 

SLUGG ING. ln this method, after weighing and 
rnixing the ingredients, the powder mixh1re is 
"slugged" or compressed into large flat tablets or 
pellets of about 1 inch in diameter. The slugs then 
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are broken up by hand or by a mill (Fig. 7.42) and 
passed through a screen of desired mesh for sizing. 
Lubricant is added in the usual manner, and tablets 
are prepared by compression. Aspirin, which is hy
drolyzed on exposure to moisture, may be prepared 
into tablets after slugging. 

ROLLER COMPACTION. Instead of slugging, pow
der compactors may be used to increase the density 
of a powder by pressing it between high-pressure 
rollers at 1 ton to 6 tons of pressure. The densified 
mateiial then is broken up, sized, and lubricated, and 
tablets are prepared by compression in the usual 
manner. The roller co111pactio11 method is often pre
ferred over slugging. Binding agents used in roller 
compaction formulations include methylcellulose or 
hydroxymethylceUulose (6 to 12%) and can produce 
good tablet hardness and friability (23). 

Tableting of Granulation 

There are a number of types of tablet presses or 
tableting machines, each varying in productivity 
but similar in basic func tion and opera tion. They all 
compress a tablet formulation within a steel die 
cavity by the pressure exerted by the movement of 
two steel p1mches, a lower punch and an upper 
punch (Fig 7.43). 

The operation of a s ingle-punch describes the 
basic mechanical process. As the lower punch drops, 
the feed shoe filled with granulation from the hop
per is positioned over and fills the die cavity. The 
feed shoe reh·acts, scrapes away the excessive gran
ulation, and levels the layer of fill in the die cavity. 
The upper punch lowers and compresses the fi ll, 
forming the tablet. The upper punch then retracts 
as the lower punch rises with the formed tablet to 

c 
Fig. 7.40 A, Top-spmy; B, botto111-spmy (Wurster); mid C tn11gc11tinl-spmy 111et/iods i11 thefl11id-bed conti11g of solid particles. 
(Courtesy of Glatt /\ ir Tec/111iq11es, /11c.) 
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Fig. 7.41 Microwave vaw11111 processing i11 whic/1 tableti11g ingredients are dry mixed, wetted with a bi11di11g liquid, a11d dried 
by vac1u11n n11d microwave within a single piece of eq11ip111ent. (Courtesy of GEi Processi11g, Inc.) 

the precise level of the stage. The feed shoe moves 
over the die cavity, shoves the tablet aside, and once 
again fills the cavity with granulation to repeat the 
process. The tablets fall into a collection container. 
Samples of tablets are assayed/tested for the vari
ous quality standards described earlier. 

Rotary tablet machines equipped with multiple 
punches and dies operate through the continuous 
rotating movement of the punches A single rotary 
press with 16 stations (16 sets of punches and dies) 
may produce up to 1150 .tablets per minute. Dou
ble rotary tablet presses with 27, 33, 37, 41, or 49 

Fig. 7.42 Fmuih 
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Fig. 7.42 Frewitt Oscillntor or Fitz Mill 111ilized in the p11lveriznlio11 or gm1111/ntio11 process. (Courtesy of Eli Lilly mul Co111pn11y.) 

sets of punches and dies are capable of producing 
2 tablets for each die. Some of these machines can 
produce 10,000 and more tablets per minute of op
eration (Fig. 7.44). For such high speed production, 
induced die feeders are requi red to force fill mate
rial into the dies to keep up with the rapidly mov
ing punches (Fig. 7.45). A consequence of high
speed production is the increased occunence of 

lamination (horizontal shiations) and tablet cap
ping, in which the top of the tablet separates from 
the whole because the fill material does not have 
enough time to bond after compression. Reduced 
tableting speed remedies the problem (24) . 

Multiple-layered tablets are produced by the mul
tiple feed and multiple compression of fill matelial 
within a single die. Tablets having an inner core 
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Fig. 7.43 Prmclr mrrl die sl!t: A, upper p1111cl1; B, die cavity; 
C, die; nnd 0, lower p1111ch. (Courtesy of Clierry-B111rell 
Corpomtion.) 

Fig. 7.44 ManeshJ Rotnpress rotmy co111pressio11 111nchi11e 
mnking compressed tnblets. Tablets leaving tlie mnchine nm 
over n tnblet duster to screen where they nre inspected. Mnte
rial to be compressed is being fed from overhend hopper 
thro11g/1 yoke to eaclr of tire huo compressing maclrine hoppers. 
Hnrd11ess of tablet is monitored electro11icnlly by oscilloscope 
nt tire right. (Courtl'sy ofT11e Upjn/111 Company.) 

tablet are prepared by machines having a special 
feed apparatus which strategically places the core 
tablet within the die fo r compression with sur
rounding fil l. 

Direct Compression Tableting 

Some granular chemicals, like potassium chlo
ride, possess free flowing and cohesive properties 
that enable them to be compressed di rectly in a 
tablet machine without need of wet or dry granu
lation. For chemicals that do not possess this qual
ity, special pharmaceu tical excipients may be used 
which impart the necessa1y qualities for the pro
duction of tablets by direct compression. TI1ese 
tableting excipients include: fillers, as spray-dried 
lactose, microc1ystals of alpha-monohydra te lactose, 
sucrose-invert sugar-corn starch mixtures, micro
crystalline cell ulose, o ystalline maltose, and dical
cium phosphate; rlisintegrating agents, as direct
compression s tarch, sodium carboxymethyl starch, 
cross- linked carboxymethylcellulose fibers, and 
cross-linked polyvinylpyrrolidone; /11bricn11ts, as 
magnesium stearate and talc; and glidants, as 
fumed silicon d ioxide. 

TI1e capping, splitting, or laminating of tablets is 
sometimes related to air entrapment during direct 
compression. When air is entrapped, the resulting 
tablets expand when the pressure of tableting is re
leased, resulting in splits or layers in the tablets. 
Forced or induced feeders can reduce air entrap
ment, making the fill powder more dense and 
amenable to compaction. 

Capping also may be caused by punches that are 
not immaculately clean and perfectly smooth or by 
a granulation which has too great a proportion of 
"fines" or fine powder. Fine powder, which results 
when a dr ied granulation is sized, is generally 10 to 

Fig. 7.45 lnrl11crrl die fPl'de1: The stmrdnni grm•ity-fed open 
feed fmme cn11 be rrplnced witlr an induced dir.ferdc1: Using t/1is 
accesso1y, gm1 11rlati011 is forced into tire die l1y t/1r rotar!/ action 
of tire ngitator: (Corrrfcsy of Clren);-Burrell Corpnmtion.) 
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20% of the weight of the granulation. Some fine 
powder is desired to properly fill the die cavity. 
However, an excess can also lead to tablet softness 
and capping. 

Tablets that have aged or which have been stored 
improperly also may exhibit splitting or other phys
ical deformations (Fig. 7.46) . 

Tablet Dedusting 

To remove h·aces of loose powder adhering to 
tablets following compression, the tablets are con
veyed directly from the tableting machine to a 
tablet deduster. An example of this type of appara
tus is shown in Figure 7.47. The compressed tablets 
may then be coated. 

Chewable Tablet s 

Chewable tablets are pleasant tasting tablets for
mulated to disintegrate smoothly in the mouth 
with or without active chewing. TI1ey are prepared 
by wet granulation and compression, using only 
minirnal degrees of tableting pressure in order to 
produce a soft tablet. 

Manni.to!, a white crystalline hexahydric alcohol, 
is used as the excipi.ent in most chewable tablets. 
Mannitol is about 70% as sweet as sucrose with a 
cool feel in the mouth resulting from its negative 

Fig. 7.46 Tablets that have split on aging, due to conditions 
of ma1111fact11re or storage. 
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Fig. 7.47 Model 25 Manesty Tablet Deduste1: Tablets leav
ing tableting machine are dedusted and passed into collection 
containers. (Courtesy of Eli Lilly n11d Company.) 

heat of solution. In many chewable tablet formula
tions, mannitol may account for 50% or more of the 
weight of the formulation. Sometimes, other sweet
ening agents, as sorbitol, lactose, dextrose, crys
talline maltose, and glucose, may be substituted for 
part or all of the mannitol. In the preparation of 
sugar-free chewable tablets, xylitol may be used. 
Xylitol is sweeter than mannitol and has the desir
able negative heat of solution that provides the cool 
mouth feel upon dissolution. 

Lubricants and binders that do not detract from 
the texture or desired hardness of the tablet may be 
used. To enhance the appeal of the tablets, col
orants and tart or fruity flavorru1ts are commonly 
employed. Among the types of products prepared 
as chewable tablets are antacids (e.g., calcium 
carbonate), antibiotics (e.g., erythromycin), anti.
infective agents (e.g., didanosine), ru1ticonvulsants 
(e.g.,carbamazepine), vasodilators (e.g., isosorbide 
dinitrate), analgesics (e.g., acetaminophen), vari
ous vitamins and cold/allergy combination tablets. 
Chewable tablets are particularly useful for chil
dren and adults who have difficulty swallowing 
other solid dosage forms. 

The fo llowing is a formula for a typical chewable 
antacid tablet:(25) 

47



218 Cnps11/es n11d Tnblcts 

PerTnblet 
Aluminum hydroxide, 
Mannitol, 
Sodium saccharin, 
Sorbitol (10% w/v solution), 
Magnesium stearate, 
Mint flavor concentrate, 

325.0 mg 
812.0 mg 
0.4 mg 
32.5 mg 
35.0 mg 
4.0mg 

Preparation: Blend the aluminum hydroxide, manni
tol, and sodium saccharin. Prepare a wet granulation 
with the sorbitol solution. Diy at 120°F and screen 
through a 12-mesh screen. Add the flavor and mag
nesium stearnte, blend, and compress into tablets. 

Molded Tablets 

111e commercial preparation of tablets by molding 
has been replaced by the tablet compression process. 
However, molded tablets, or tnblet tritrtrntes, may be 
prepared on a small laborato1y scale as follows. 

111e mold used in the preparation of molded 
tablets is made of ha.rd rubber, ha.rd plastic, or 
metal. It has two parts, the upper part, or rlie 
portion, and the lower part containing squat, flat 
punches. The die portion is a flat plate the thickness 

of the tablets to be produced and has 50 to 200 uni
formly drilled and evenly spaced circular holes (Fig. 
7.48). The lower part of the mold has corresponding 
punches that fit the holes precisely. When the die is 
filled wi th tableting material and placed atop the 
punches, the punches gen tly lift the fill material from 
the holes to rest upon the punches for drying. 

111e base for molded tablets is generally a mix
ture of finely powdered lactose with or without a 
portion of powdered sucrose (5-20%). The addition 
of sucrose results in less-brittle tablets. In prepar
ing the fi ll, the drug is mixed uniformly with the 
base, by geomeh·ic dilution when potent drugs are 
used. The powder mixture is wetted vvith a 50% 
mixture of water and alcohol sufficient only to 
dampen the powder so that is may be compacted. 
The solvent action of the water on a portion of the 
lactose/sucrose base effects the binding of the pow
der mixture upon diying. The alcohol portion has
tens the drying process. 

The upper mold is placed on a clean fla t glass 
surface and the damp mass added by a rubbing 
motion. When each opening is filled completely, 
top and bottom, the mold is fitted on the plll1ch 
portion of the mold and the tablets raised to diy. 

Fig. 7.48 Lnbomto1~1tnblet1110/rl for the prepnmtio11 of tnblet tritumtes. 
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Before use, the mold should be" standardized" for 
the fill material used, since the densities of differ
ent fom1ulas result in tablets of different weights. 
1his may be done by preparing a test batch of the 
formula and weighing and recording the weight of 
the illy tablets produced. This weight is then used 
in calculations for production quantities. 

Molded tablets are intended to dissolve rapidly in 
the oral cavity.111ey do not contain disintegrants, lu
bricants, or coatings to slow their rate of dissolution. 

AUTHORS' NOTE: A more complete discussion 
of the preparation of molded tablets and the stan
dardization of laboratory molds may be found in 
the 5th edition of this textbook. 

Tablet Coating 

Tablets are coated for a number of reasons, in
cluding to: protect the medicinal agent against de
stn.ictive exposure to air and/or humidity; mask the 
taste of the drug; provide special characteristics of 
drug release (e.g., enteric coatings); and to provide 
aesthetics or distinction to the product. 

In a limited number of instances, tablets are 
coated to prevent inadvertent contact by nonpa-
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tients with the drug substance and the consequent 
effects of drug absorption. For example, Proscar 
table ts (finasteride, Merck) are coated for just this 
reason. The drug is used by men in the trea tment of 
benign prostatic hyperplasia. The labeling instmc
tions wasn that women who are pregnant or who 
could become pregnant should not come in to con
tact with the drug. Drug contact can occur through 
the handling of broken tablets. If finaste1ide is ab
sorbed by a woman who is pregnant with a male 
baby, the drug has the potential capacity to ad
versely affect the developing male fetus. 

The general methods involved in coating tablets 
are as follows. 

Sugarcoating Table ts 

The sugarcoating of tablets may be divided into 
the following steps: 1) waterproofing and sealing (if 
needed), 2) subcoating, 3) smoothing and final 
rounding, 4) finishing and coloring (if desired), and 
5) polishing. The entire coating process is con
ducted in a series of mechanically operated acorn
shaped coating pans of galvanized iron, stainless 
steel, or copper. The pans are partially open in the 
front, have diameters ranging from about 1 to 4 
feet, and are of various capacities (Figs. 7.49, 7.50). 
The smaller pans are used for experimental, cl.eve!-

Fig. 7.49 Tablet coafi11g, n11 older style conti11g pan, showing t/Je war111 air supply and t/1e exlia11st. (Co11rtesy of Wyet/1 Lnbomtories.) 
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Fig . 7.50 Modern tablet coating facility. Air lllld exhaust ducts to assist dryi11g are automatically operated from central board. 
(Courtesy of Eli Lilly and Co111pa11y.) 

opmental, and pilot plant operations, the larger 
pans for industrial production. The pans operate at 
about a 40° angle to contain the tablets while al 
lm-ving the operator visual and manual access. Dur
ing operation, the pan is mechanically rotated at 
moderate speeds, allowing the tablets to tumble 
over each other while making contact with the 
coating solutions which are gently poured or 
sprayed onto the tablets. To allow gradual build-up 
of the coatings, the solutions are added in portions, 
with warm air blown in to hasten drying. Each coat 
applied only after the previous coat has dried. 
Tablets intended to be coated are manufactured to 
be thin-edged and highly convex to allow the coat
ings to form rounded rather than angular edges. 

WATERPROOFING ANO S EALI NG COATS. For 
tablets containing components that may be ad
versely affected by moisture, one or more coats of 
a waterproofing substance, as phannaceutical 
shellac or a polymer, is applied to the compressed 
tablets before the subcoating application. The wa
terproofing solution (usually alcoholic) is gently 
poured or sprayed on the compressed tablets rotat
ing in the coating pans. Warm air is blown into the 
pan during the coating to hasten the drying and to 
prevent tablets from sticking together. 

SUBCOATING. After the tablets are waterproofed 
(if needed), 3 to 5 subcoats of a sugar-based syrup 

are applied. This bonds the sugar coating to the 
tablet and provides rounding. The sucrose and 
water syrnp also contains gelatin, acacia, or 
polyvinylpyrrolidone (PVP) to enhance the coating 
of the tablets. When the tablets are partially chy they 
are sp1inkled with a dusting powder, usually a mix
ture of powdered sugar and starch but sometimes 
talc, acacia, or precipitated chalk as well. Warm air is 
applied to the rolling tablets, and when they are dry, 
the subcoating process is repea ted until the tablets 
are of the desired shape and size (Fig. 7.51) . The sub
coated tablets are then scooped out of the coating 
pan aJ1d the excess powder is removed by gently 
shaking the tablets on a cloth screen . 

SMOOTHING AND FINAL ROUNDING. After the 
tablets have been subcoated, 5 to JO additional 
coatings of a thick syrup aTe applied to complete 
the rounding and smooth the coatings.1l1is syrup 
is sucrose-based with or vvithout additional com
ponents as starch and calcium carbonate. As the 
syrup is applied, the operator moves his hand 
through the rolling tablets to d istribute the syrup 
and to prevent the tablets from sticking to one an
other. A dusting powder is often used between 
syrnp applications. Warm air is applied to hasten 
the drying time of each coat. 

FIN ISHING ANO COLGRING. To attain final 
smoothness and the appropriate color to the tablets, 
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Fig. 7.51 Tablet gauge used to measure t/1e size of coated 
tablets. (Courtesy of Eli Lilly mul Co111pa11y.) 

several coats of a thin syrup containing the desired 
colorant are applied in the usual manner. This step 
is performed in a clean pan, free from previous 
coating materials. 

IMPRINTING. Solid dosage forms may be passed 
through special imprinting machines (Fig. 7.52) 
to impart identification codes and other ctistinc
tive symbols. By FDA regulation, effective in 1995, 
all solid dosage forms for human consumption, 
including both prescription-only and over-the
counter drng products, must be imprinted with 
product-specific identification codes. Some ex
emptions to this requirement are allowed, namely: 
solid dosage forms used in clinical investigations; 
solid dosage forms that are extemporaneously 
compounded in the course of pharmacy practice; 
radiopharmaceutical drug products; and products 
that, because of their size, shape, texture or other 
physical characteristics, make imptinting techno
logically not feasible. 

Technically, the imp1int may be debossed, em
bossed, engraved, or printed on the surface with ink. 
Debossed means imprinted with a mark below the 
dosage form surface; embossed means imprinted 
With a mark raised above the dosage form surface; 
and engraved means imprinted with a code that is 
cut into the dosage form surface during production. 

POLISHING . Coated tablets may be polished in 
several ways. Special drum-shaped pans or orcti
nary coating pans lined with fabric or canvas cloth 
impregnated with camauba wax and/or beeswax, 
may be used to polish tablets as they tumble in the 
pan. Or, pieces of wax may be placed in a polishing 
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pan and the tablets allowed to tumble over the wax 
until the desired sheen is attained. A third method 
involves the light-spraying of the tablets with wax 
dissolved in a nonaqueous solvent. Two or three 
coats of wax may be applied depending upon the 
desired gloss. After each coat has been applied, the 
addition of a small amount of talc to the tumbling 
tablets conhibutes to their high luster (Fig. 7.53). 

Film-Coating Tablets 

The sugarcoating process, as described, is not 
only tectious, time-consuming, and specialized, re
quiring the expertise of highly skilled technicians, 
but it also results in coated tablets that may be 
twice the size and weight of the original uncoated 
tablets. Also, sugar coated tablets may vary slightly 
in size from batch to batch and within a batch. All 
of these factors are important considerations for a 
manufacturer. From a patient's point of view, large 

Fig. 7.52 Branding of coated co111pressio11 tablets 011 a Hart
nett bm11di11g machine. (Courtesy of111e Upjollll Compnny.) 
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Fig. 7.53 £mmple of conted, polislied, nnd 111011ogm111111ed 
tn/Jlets. (Courtesy of Wyeth-Ayers! La/Jomtories.) 

tablets are not as easily swallowed as are small 
tablets. 

The film-coating process, which places a thin, 
skin-tight coating of a plastic- like material over the 
compressed tablet, was developed to produce 
coated tablets having essentially the same weight, 
shape, and size as the originally compressed tablet. 
And, the coating is thin enough to reveal any iden
tifying monograms embossed in the tablet during 
its compression by the tablet pLmches. Film-coated 
tablets also are far more resistant to destruction by 
abrasion than are sugar-coa ted tablets. However, 
like sugar-coated tablets, the coating may be col
ored to make the tablets attractive and distinctive. 

Film-coating solutions may be nonaqueous or 
aqueous. The nonaqueous solutions contain the 
fo llowing types of materials to provide the desired 
coating to the tablets: 

1. A.film former capable of producing smooth, th in 
films reproducible Lmder conventional coating 
conditions and appHcable to a variety of tablet 
shapes. Example: cellulose acetate phthalate. 

2. An alloying substance providing water solubihty 
or penneability to the film to ensure penetration 
by body fluids and therapeutic availability of the 
drug. Example: polyethylene glycol. 

3. A plasticizer to produce flexibility and elasticity 
of the coating and thus provide durability. Ex
ample: castor oil. 

4. A swfactant to enhance spreadability of the film 
during application. Example: polyoxyethylene 
sorbitan derivatives. 

5. Opaquants and colorants to make the appearance 
of the coated tablets handsome and distinctive. 
Examples: Opaquant, titaniLU11 dioxide; colorant 
FD&C or D&C dyes. ' 

6. Sweeteners, flavors, and aromas to enhance the 
acceptability of the tablet to the patient. Exam
ples: sweeteners, saccharin; flavors and aromas, 
vanillin. 

7. A glossant to provide luster to the tablets with
out a separate polishing operation. Example: 
beeswax. 

8. A volatile solvent to allow the spread of the other 
components over the tablets while allowing rapid 
evaporation to pennit an effective yet speedy op
eration. Example: alcohol-acetone mixture. 

Tablets are film coated by the application or 
spraying of the film-coating solution on the tablets 
in ordinary coating pans. The volatility of the sol
vent enables the film to adh ere quickly to the sur
face of the table ts. 

Due to both the expense of the volatile solvents 
used in the film-coating process and the environ
mental problem of the release of solvents, pharma
ceutical manufach1rers generally favor the use of 
aqueous-based film-coating solu tions. One of the 
problems attendant to these, however, is the slow 
evaporation of the water-base compared to the 
volatile organic solvent-based solutions. One com
mercially available water-based colloidal coating 
dispersion is called AQUACOAT (FMC Corpora
tion) and contains a 30% ethyl cellulose pseudola
tex. Pseudolatex dispersions have a high solids 
content for greater coating ability and a relatively 
low viscosity. The low viscosity allows less water to 
be used in the coating dispersion, resulting in a 
lesser requirement fo r water-evaporation and a re 
duced likelihood of water interference vvith the 
tablet formulation. In addition, the low viscosity 
permits greater coat penetration into the crevices of 
monogrammed or scored tablets. A plasticizer may 
be incorporated into the dispersion to assist in the 
production of a denser, less-permeable film, \Nith 
higher gloss and greater mechanical strength. O ther 
aqueous film-coating products use cellulosic mate
rials as methylcellulose, hydroxypropyl cellulose, 
and hydroxypropyl methylceUulose as the film form
ing polymer. 
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A typical aqueous film-coating formulation con
taim the following:(26) 

1. Fi/111-fon11i11g polymer (7-18%). Examples: cellu
lose ether polymers as hydro>-.ypropyl methyl
cellulose, hydroxypropyl cellulose, and methyl
ce llulose. 

2. Plnsticizer (0.5-2.0%). Examples: glycetin, propy
lene glycol, polyethylene glycol, diethyl phtha
late, and dibutyl subacetate. 

3. Colora11t a11d opacifier (2.5- 8%). Examples: FD&C 
or D&C Lakes ru1d iron oxide pigments. 

4. Vehicle (water, to make 100%). 

There are some problems attendru1t to aqueous film
coating, including: the appearruKe of small amounts 
(picking) or larger ru11mmts (peeling) of film frag
ments flaking from the tablet surface; rouglu1ess of 
the tablet surface due to failure of spray droplets to 
coalesce (orange peel effect); ru1 uneven d.ishibution of 
color on the tablet surface (111ottli11g); filling-in of the 
score-line or indented logo on the tablet by the film 
(bridging); and the d.isfiguration of the core tablet 
when subjected for too long a period of time to the 
coating solution (tablet erosion) . The cause of each of 
these problems can be determined and rectified 
through approptiate changes in formulation, equip
ment, teclu1ique or process (26). 

Enteric Coating 

Enteric coated solid dosage forms are intended 
to pass through the stomach intact to disintegrate 
and release their drug-content for absorption along 
the intestines. The design of an enteric coating may 
be based upon the trru1sit time required for the pas
sage of the dosage form from the s tomach to the in
testines and may be accomplished through coat
ings of sufficient thickness. However, usually an 
enteric coating is based upon factors of pH, resist
ing dissolution in the highly acid environment of 
the stomach but yielding to the less acid envirnn
ment of the intestine. Some enteric coatings are de
signed to dissolve at pH 4.8 and greater. 

Entetic coati11g materials may be applied to ei
ther whole compressed tablets or to drug particles 
or granules used in the subsequent fabrication of 
tablets or capsules. The coatings may be applied in 
multiple portions to build a thick coatin g or they 
may be applied as a thin film coat. The coating sys
tems may be aqueous-based or organic-solvent
based ru1d are effective so long as the coating ma
terial resists breakdown in the gastric fluid.Among 
the materials used in enteric coatings are phanna
ceutical shellac, hydroxypropyl methylcellulose ph-
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thalate, polyvinyl acetate phthalate, diethyl phtha
late, ru1d cellulose acetate phthalate. 

Fluid-Bed or Air Suspension Coating 

This process, using equipment of the type shown 
in Figure 7.54 involves the spray coating of pow
ders, granules, beads, pellets or tablets held in sus
pension by a column of air. Fluid bed processing 
equipment is multifunctional ru1d, as described 

Fig. 7.54 Vector/Freund Flo-Confer prod11ctio11 system. A 
fluid bed syste111 used i11 tlie npplicntio11 of conti11gs to beads, 
gra1111/es, powders, and tablets. Capacity of 111odels ranges fro111 
5 kg to 700 kg. (Courtesy of Vector Corporatio11.) 
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previously, also may be used in preparing tablet 
granulations. 

In the Wurster process, named after its devel
oper, the items to be coated are fed into a vertical 
cylinder and are supported by a column of air that 
enters from the bottom of the cylinder. Within the 
air stream, the solids rotate both vertically and hor
izontally. As the coating solution enters the system 
from the bottom, it is rapidly placed on the sus
pended, rotating solids, with rounding coats being 
applied in less than atl hour with the assistance of 
warm air blasts released in the chamber. 

In another type of fluidized bed system, the coat
ing solution is sprayed downward onto the particles 
to be coated as they are suspended by air from be
low. This method is commonly referred to as the top
spray method. TI1is method provided greater capac
ity, up to 1500 kg, thatl do the other air suspension 
coating methods.(27) Both the top-spray and bot
tom-spray methods may be employed using a mod
ified apparatus used for fluidized bed granulation. A 
third method, the tangential-spray technique, is used 
in rotary fluid-bed coaters. The bottom-, top-, and 
tangential-spray methods are depicted in Figme 
7.40. Electron microscope images of the results of 
this process are shown in Fig. 7.55. 

111e tluee systems a re increasingly used for the 
application of aqueous- or organic-solvent-based 
polymers as film coatings. 111e top-spray coating 
method is particularly recommended for taste 
masking, enteric release, and barrier films on parti 
cles or tablets. The method is most effec tive when 
coatings are applied from aqueous solutions, la
texes, or hoh11elts (27-28). The bottom-spray coat
ing method is recorrunended for sustained-release 
and enteric-release products; and the tangential 

method for layering coatings, and for sustained-re
lease and enteric-coated products (28). 

Among the vrui ables requiring control in order to 
produce product of desired and consistent quality 
are: equipment used and the method of spraying 
(e.g., top, bottom, tangential), spray-nozzle distance 
&-om spraying bed, spray (droplet) size, spray rate, 
spray pressure, volrnne of fluidization air, batch size, 
method(s) and time for drying, air temperature and 
moishue content in processing compru·h11ent (28). 

Compression Coating 

In a mruuier similar to the preparation of multiple 
compressed tablets having an irn1er core ru1d an 
outer shell of drug matetial, core tablets may be sug
arcoated by compression. The coating material, in the 
fonn of a grru1ulation or powder, is compressed onto 
a tablet core of drug with a special tablet press. Com
pression coating is an ru1hydrous operation at1d thus 
may be safely employed in the coating of tablets con
taining a drug that is labile to moishire. Compru·ed to 
sugarcoating using pans, compression coalin g is 
more unif01111 at1d uses less coating mate1ials, result
ing in tablets that are lighter, smaller, easier to swal
low, at1d less expensive to package and ship. 

ltTespective of the method used in coating, all 
tablets are visually or electronically inspected for 
physical imperfections (Fig. 7.56). 

Impact of Manufacturing 
Changes on Solid Dosage Forms 

The quality and performance of a solid dosage 
form may be altered by changes in formulation or 
by changes in the method of manufachtre. 

The chru1ges in formulation could involve: 1) the 

Fig. 7.55 Sca1111i11g electro11 microscope images of pl1an11ace11tical gm1111/es coated thro11g/1 fluid-bed tec/1110/ogy: A, layered mid 
coated gm1wle; B, cross-section of top spray e11teric coated granule. (Courtesy of Glatt Air Tec/111iq11es, liic. ) 
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use of starting raw materials, inclucting both the ac
tive ingredient and pharmaceutical excipients, that 
have different chemical or physical characte1istics 
(as solubility or particle size) than the stru1dards set 
for the original components; 2) the use of different 
pharmaceutical excipients (e.g., magnesitun stearate 
instead of calcium stearate as the lub1icru1t); 3) the 
use of different quantities of the same excipients in a 
fom1Ulation (e.g., use of a more concentrated wet 
tablet binder); or 4) the addition of a new excipient 
to a formulation (as a revised tablet coating fonnula. 

TI1e chm1ges in the method of manttfacture could 
involve: 1) use of processing or manillactming 
equipmen t or a different design; 2) a change in the 
steps or order in the process or method of manu
fac ture (e.g. different mixing times); 3) different in
process controls, quality tests, or assay methods; 4) 
production of different batch sizes; 5) employment 
of different product reprocessing procedures; or 6) 
employment of a different manufacturing site. 

Changes such as these may be proposed or may 
be implemented during the product development 
stage, during scale-up of product mam1factme be
fore NDA approval, or after NDA approval and prod
uct marketing. In a.LI instances, it is Ciitical to assess 
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the impact of the change in meeting the proposed or 
established standm·ds for product quality (e.g., disso
lution rate and bioavailability). It is necessary for a 
manufacturer to doctunent the change, validate its 
effect, and provide the necessaiy info1mation to the 
FDA. Some changes that are considered minor (as a 
change in tablet color) and do not affect product 
quality do not require prior FDA approval for imple
mentation. Other changes that may affect product 
quality and perfonmmce (as use of a substru1tially 
different quantity or grade of an excipient, or, use of 
a piece of manufacturing equipment that chru1ges 
the basic methodology of mru1ufacture) require prior 
FDA approval for implementation (29). 

Official and Commercially 
Available Tablets 

Tiwre are hundreds of tablets recognized by the 
USP and literally thousands of conu11ercially avail 
able tableted products from virtually all pham1aceu
tical manufacturers, in most therapeutic catego1ies, 
and in various dosage strengths. Exan1ples of a lim
ited nw11ber of these are presented in Table 7.4. 

Packaging and Storing Tablets 

Tablets are stored in tight containers, in places of 
low humidity, ru1d protected from extremes in tem
perature. Products that are prone to decomposition 
by moisture generally are copackaged with a desic
cant packet. Drugs that are adversely affected by 
light are packaged in light-resistant containers. 
With a few exceptions, tablets that are properly 
stored will remain stable for several years or more. 

In dispensing tablets, the pharmacist is well ad
vised to use a similar type of container as provided 
by the manufacturer of the product. The patient is 
well advised to maintain the drug in the container 
ctispensed. Storage conditions, as recommended 
for the particular product, should be maintained by 
the pharmacist and patient alike and expiration 
dates observed. 

The pharmacist should be aware also that the 
hardness of certain tablets may chru1ge upon aging 
usually resulting in a decrease in the disintegration 
and dissolution rates of the product.The increase in 
tablet hardJ1ess can frequently be athibuted to 
the increased adhesion of the binding agent and 
other formulative components within the tablet. 
Examples of increased tablet ha rden ing with age 
have been reported for a number of drugs includ
ing alw11inum hydJ·oxide, sodium salicylate and 
phenylbutazone (30). 
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Table 7.4. Examples of Some Official Tablets Certain tabl 

Some Represe11 ta tive troglycerin, m. 

Official Tablet Co111111ercial Products Tablet Stre11gtlrs Category drug between · 

Acetaminophen Tylenol (McNeil) 325 and 500 mg Analgesic and 
lack of uniforn 

antipyretic 
packing m ater 
with nitroglyc 

Acyclovir Zovirax (Glaxo Wellcome) 400 and 800 mg Antiviral amounts o f nit1 

Allopurinol Zyloprim (Glaxo Wellcomc) 100 and 300 mg A.ntigout and potent (32). Th 
antiurolithic be prese1ved in 

Amitriptyline HCI Elavil H CI (Zeneca) 10,25,50, 100,and Antidepressant at controlled re 

\ 150 mg The USP furl 

Carbamazepine Tegretol (Novartis) 200mg An ticonvulsan t 
must be <lisper 
tainer, labeled v 

Chlorambucil Leukeran (Glaxo Wellcome) 2 mg Anti neoplastic to the patient." 

Chlorpropamide Diabinese (Pfizer) 100 and 250 mg Antidiabetic keep these tabl 

Ci.metidine Tagamet (SmithKli.ne 200 and 300 mg Histamine H2 
supplemental 1'-
beled as being 

Beecham) receptor antagonist 
Close tightly im 

Ciprofloxacin Cipro (Bayer) 150, 500 and 750 mg Antibacterial The pharrna 

Conjugated Estrogens Prcmarin (Wyeth-Ayerst) 0.3, 0.625, 0.9, 1.25, Estrogen about the hand 
and 2.5 mg potential risk. F 

Diazepam Valium (Roche) 2, 5, and 10 mg Sedative and skeletal naste1ide tablet 

muscle relaxant p rostatic hypeq 

DigOJ<ln Lanman (Glaxo Wellcome) 0.125, 0.25, and 0.5 mg Cardiotonic 
to adversely aft 
pregnant woma 

Enalapril Vasotec (Merck) 5, 10, and 20 mg Anti hypertensive finasteride o r p< 

Furosemide Lasix (Hoechst 20, 40, and 80 mg Diuretic and woman w ho is E 

Marion Roussel) antihypertensive nant should not 

Griseofulvin Fulvicin (Schering) 250 and 500 mg Anti funga l 
into contact wil 

when the male ] 
Haloperidol Haldol (Ortho McNeil) 0.5, l, 2, 5, 10 and 20 mg Traquilizer or may become 

Ibuprofen Motrin (McNeil) 100mg Analgesic and exposure of his ] 

antipyretic continue use of 

Levothyroxine Sodium Synthroid (Knoll) 0.025, 0.05, O.Q75, 0.1, Thyroid hormone 
0.125, 0.15, 0.2, Oral 
and 0.3 mg Soi 

Loratadine Claritin (Schering) 10 mg Anti.histamine 
Solid dosage 

Lovostatin Mevacor (Merck) 10, 20 and 40 mg Antihypercholesteremic best taken by p 

Mepe1idine HCI Demerol (Sanofi Winthrop) 50 and 100 mg Narcotic analgesic tongue and swal 

Methyldopa Aldomet (Merck) 125, 250, and 500 mg Anti hypertensive 
beverage. Taking 
amounts of watt 

Nitroglycerin Nitrostat (Parke-Davis) 0.150, 0.3, 0.4, and 0.6 mg Antianginal tempt to swallov 

PenicillinV Pen Vee K (Wyeth-Ayerst) 250 and 500 mg An ti infective but this can be c 
Pergolide Mesylate Permax (Athena) 0.05, 0.25, and 1 mg Dopamine receptor 

i ty that the illy d< 

agonist agus. Esophagea 
ingestion of soli< 

Propanolol Inderal (\11/yeth -Ayerst) 10, 20, 40, 60, and 80 mg Antianginal, taken just befor 
antiarrhythmic, and greatest concern 
antihypertensive 

sodium, aspirin , 
Terbutaline Sulfate Brethine (Novartis) 2.5 and 5 mg Antiasthmatic antiin Aarnrnatol) 

Verapamil HCI Calan (Searle) 40, 80, and 120 mg An ti hypertensive ride and tetracyc: 

Warfarin Sodium Coumadin (DuPont) 2, 2.5, 7.5, and 10 mg A'.nticoagulant 
TI1e proper adr 

tablets (i.e., Fosa1 
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Certain tablets containing volatile drugs, as ni
troglycerin, may experience the migration of the 
drng between tablets in the container resulting in a 
Jack of uniformity among the tablets (31). Further, 
packing materials, as cotton and rayon, in contact 
with nitroglyceti n tablets may absorb varying 
amounts of nih·oglycerin rendering the tablets sub
potent (32). The USP directs that nih·ogen tablets 
be preserved in tigh t containers, preferably of glass, 
at controlled room temperature. 

111e USP further directs that nitroglycerin tablets 
must be dispensed in the otiginal, unopened con
tainer, labeled with the following statement directed 
to the patient. "Warning: to prevent loss of potency, 
keep these tablets in the 01iginal container or in a 
supplemental Nitroglycerin container specifically la
beled as being suitable for Nih·oglycerin Tablets. 
Close tightly immediately after use" (14). 

The pharmacist also should caution patients 
about the handling of medication when it poses a 
potential risk. For example and as noted ea rlier, fi
nasteride tablets are taken by men to treat benign 
prostatic hyperplasia. Finasteride has the potential 
to adversely affect a male fetus if absorbed by a 
pregnant woman through either direct contact with 
finasteride or possibly through semen. Therefore, a 
woman who is pregnant or who may become preg
nant should not handle finasteride tablets or come 
into contact with finasteride powder. In addition, 
when the male pa tient's sexual partner is pregnant 
or may become pregnant, the patient should avoid 
exposure of his partner to semen or he should dis
continue use of the drug. 

Oral Administra tion of 
Solid Dosage Fonns 

Solid dosage forms for oral adminish·ation are 
best taken by placing the dosage form upon the 
tongue and swallowing it with a glassful of water or 
beverage. Taking solid dosage forms with adequate 
amounts of water is important. Some patients at
tempt to swallow a tablet or capsule without water, 
but this can be dangerous because of the possibil
ity that the dry dosage form will lodge in the esoph
agus. Esophageal ulceration can occur with the dry 
ingestion of solid dosage forms, pait icularly when 
taken just before bedtime. Among the drugs of 
greatest concern in this regard are: alendronate 
sodium, aspirin, fenous sulfate, any nonsteroidal 
antiinflaimnatmy drug (NSAID), potassiw11 cl1lo
ride and teh·acycline antibiotics. 

The proper adminish·ation of aJendronate sodium 
tablets (i.e., Fosamax, Merck), for example, calls for 
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the table ts to be taken with a full 6- or 8-ounce 
glass of plain water upon rising in the morning and 
at least one-half hour before taking any food, bev
erage or other medication to prevent local irritation 
of the esophagus and other upper gastrointestinal 
mucosa. Further, the patient is instructed to not re 
cline for at least 30 minutes and until after the first 
food of the day is eaten due to the possibility of re
fluxing the drug back up into the esophagus. 

In general, patients who suffer from gastroe
sophageal reflux disease must take their medica
tions with adequate amounts of water and avoid 
reclining for at least an hour to avoid reflux. 

111e administration of oral medication in relation 
to meals is very important since the bioavailability 
and efficacy of certain drugs may be severely af
fected by food and certain drink. The phai·macist 
should be knowledgeable of such insta.t1Ces and 
advise patients accordingly. 

As mentioned earlier in this chapter, oral dosage 
fonns that have special coatings (e.g., enteric) or 
are designed to provide controlled drug release 
must not be chewed, broken, or crushed to prese1ve 
their drug release features. 

When an ordinary tablet is crushed or a capsule 
opened to facilitate ease of administration, any un
pleasant drug taste may be partially masked by mix
ing with custards, yogurt, rice pudding, other soft 
food, or fruit juice. 111e patient should be advised to 
consume the entire drug-food mixture to obtain the 
fuJI dtug dose and the dmg should not be pre-mixed 
and allowed to set, due to stability considerations. 

If a patient cannot swallow a solid dosage form, 
the pharmacist can suggest using an available chew
able or liquid form of the drug. lf these are not 
available, an extemporaneously compounded liq
uid form may be prepared. 

Other Solid Dosage Forms 
for Oral A dministrat ion 

Lozenges 

Lozenges cai1 be made by compression or mold
ing. When compressed, they are made using a 
tablet machine and large, flat punches. The ma
chine is operated at a high degree of compression 
to produce lozenges that are harder thai1 ordinaty 
tablets so that they dissolve or disintegrate slowly 
in the mouth. Medicinal substai1ces that are heat 
stable may be molded into a hard, sugar candy 
lozenge by candy-making machines that process a 
warm, highly concentrated, flavored syrup as the 
base and form the lozenges by molding and dtying. 
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Lozenges have a special place in the delive1y of 
medication. For example, a lozenge dosage form 
containing clotrimazole (MycelexTroche, Bayer), an 
antifungal agent, is used in the treatment oforopha
iyngeal candidiasis by the patient allowing the 
lozenge to slowly dissolve in the mouth, providing 
salivaty levels of the antifungal drug for up to 3 
hours. A number of other lozenge dosage forms are 
available for self-care drugs, e.g., benzocaine, dex
tromethorphan, phenylpropanolamine, and zinc, 
to treat self-limiting cough/cold symptoms and mi
nor sore throat. 

Pills 

By definition, pills are small, round, solid dosage 
forms containing a medicinal agent and intended 
to be administered orally. Although the manufac
ture and administration of pills was at one time 
quite prevalent, today pills have been replaced by 
compressed tablets and capsules. A procedure for 
the extemporaneous preparation of pills on a small
scale may be found in the first edition of this text. 
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