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CHAPTER 90

Oral Solid Dosage Forms
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Drug substances are most frequently administered orally
by meam ofsolid dosage forms such as tabletsand capsules.
Large-scale production methods used for their preparation
asdescribedlater in the chapter require the presence ofotha
materials in addition to the active ingredients. Additives may
also be included in the formulations to enhance the physical
appearance, improve stability, and aid in disintegration afier
administration. These supposedly inert ingredients, as well
as the production methods employed, have been shown in

‘ some cases to influence the release of the drug substances.‘
Therefore care must be taken in the selection and evaluation

of additives and preparation methods to ensure that the
physiological availability and therapeutic efficacy of the active
ingredient will not be diminished.

Ina limited numberofcasesit hm been shownthatthedrug
substance's solubility and other physical clnracteristics have
influenced its physiological availability from a solid dosage
form. These characteristics include its particle size, whether
it is amorphous or crystalline, whether it is solvated or non-
solvated, and its polymorphic form. After clinically effective
formulations are obtained, variations among dosage units of
a given batch. as well as batch-to-batch differences, are re-
duced to a minimum through proper in-process controls and
good manufacturing practices. The recognition of the im-
portance d‘ validation both for equipment and processes has
greatly enhanced assurance in the reproducibility of formu-
lations. It is in these are: that significant progress lm been
made with the realization that large-scale production of a
satisfactory tablet orcapsule depends not only on the avail-

 
Fig 90-1. Taoist N388 mentors dmockilg batch record it contor-
mance with Ouronteood Msnmcturhgwsctlces (coutesy. Ully).

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

Tablets

Tablets may be defined as solid pharmaceutical dosage
forms containing drug substances with or without suitable
diluents and prepared either by compression or molding
methods. They have been in widespread use since the latter
part of the 19th century and their popularity continues. The
term compressed tablet is believed to have been first used by
John Wyeth and Brother of Philadelphia. During the same
period molded tablets were introduced to he used as “hypo-
dermic" tablet: for the extemporaneous preparation of solu-
tions for injection. Tdilets remain popular asa dosage form
because of the advantages afforded both to the manufacturer
(es. simplicity and economy of preparation. stability. and
convenience in packaging, shipping, and dispensing) and the
Patient (eg, accuracy of dosage, compactness, portability,
blandness of taste, and ease of administration).

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

ministration. Compression equipment continues to improve
both as to production speed and the uniformity of tablets
compressed. Recent advances in tablet technology lave been
reviewed.’—5

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

Compressed TsNets (CT)

These tablets are formed by compressionand unain no special costing.
They are made from powdered. crystallire. or granular materiab. alone
or in combination with binders. dilintegrants. lubricants, diluents, and
in many cases. colorants.

Sugar-Coated Tablets (SC'l')—'l"hese are compressed tablets con-
Iairinga sugar coating. Such matings may be colored and are beneficial
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in covering up drug substances possessirg objectimable tastes or odors,
and in protecting materials sensitive to oxidation.

FilIn~Coued Tablets (PCT) These are compressed laliets which
are ooveredwith a thin layerorfilmda water-sduble material. Anumber
of polymeric substances with film forming properties may be used Film
coating imparts the same generd characteristics as agar coating with the
added advantrge of agreatly reduced time period required for the coating
oper ation

Bntalc-Coated Tablets (EC'l‘)—'l‘hese ue crlnpressed tablets coated
with substances that resistaolutim in gastric lluid but disintegratein the
intestine. Eateric coatirgs can be used for tablets containirg dng sub-
aanaea which are inactivated or dedroyed in the stommh. fir those which
irritate the mucosa, or as a means of delayed release of the medication

Multiple Compressed ‘l‘ableta(I!Cl‘) Theseus oomprased tablets

maid: by morre than onecomressirmcycle. byyered oblets—SucII lets are prqxared compressing additimal
tablet granuhtion one previouly oompresed granulatiai. "Hue operation
nary be repeated to produce multilayered tablets of two or three layers
Special tablet presses are required I) make layered tablets such an the
Va-as press (Stokes Pennwalr).

Press-Coated 7'oblets- -Such tablets. also refened to as dry coated. are
prepared byfeedirg previously wmpresed tablets rntoa specialtsblaing
machine and can g another erallulatim hpr armnd the prefomred
tablets. 'l1Iey have all the advantages of eompreued tablets. ie, slottirj,
mootgralnrning, greed of diintegratlm. etc while retaining tln attributes
cl sugar-mated tablets in nnskirg the taste of the drug substance in the
core tablets. An aample ofa press-coated tablet press is the Honesty
Dryoots. Plea.-coated tablets eanaho be usodto scporoteinoosnpotiblc
dug aubstancafin addition, they can provide ameam togise an enteric
coating to the core tablets. Both types of multiple-compused taliets
have been widely uad in the denial of prolonpd-action dosage forms.

Ccrtrolled-Release Tablets—Compreseed tablets can be fornulated
to rdease the dny substame inamannerto provide medication our :1
period of time. 'l‘hereare a number of types which include deh
tablets hwhiehthe releasedthe dng aubstaneeis prevuated branin
terval of time afteradministratlonor until certain physiologiml conditions
exist: repeat action tdilets which periodically release a complete doseof
thedrug substance to the adrointestiral fluids: and theextended rdease
or sustained refit: tablets which continuously release incremeria d’ the
contained drug ulntanoe to the gastrointestinal fluids These tablets
are discussed in C-hapter99.

Tablets for Solution—Compressed tablets to be used for pl!‘-Daring
solutions or imparting given charaderistlcs toaolutions must be labeled

to indicate thatthey are not to beswallowed. Examples of these umlets
are ‘Halasone Tablda for Solution and Potassium Permanganate Tablets
for Solution.

Effervescent Tablets In addition so the drug substance. these con»
tab sodium bicarbmate and an orgmicacid suchas tartaric or citric. in
the prsenoe of water, theseadditives react liberating mrbon dioxide which
acts as a distintegrator and produces effervcscence. Except for small
quantities of lubricants pruent. etlervescent tablets are soluble.

Compressed Suppositories or Inserts-Occasionally vaginal sup-
positories. such as Metronidarole Tablets, are prepared by compression.
Tablets for this use usually contain lactose as the diluent. In this case.
as well as for any tablet intended for administrationother than by swaI~
lowing. the label must indicate 1 manner in which it is to beueed.

Buccal and Sulilntual ‘Pallets These are small. flat, oval tablets:
Tablets intended for buccal administration by inserting into the buccd
pouch dissolve or erode slowly. therefore they are formulated and com-
pressed with sufficient pressure to give a hard tablet. Propderoae
Tablets rnaybeadministeredh thisway. Sublirgud tdrlebmuch as those
cmtainirg nitrqlyoerin. isoproterenol hydrochloride. or erythrityl
tetranitrate. are placed under the tongue. Sublirgual tablets dissolve
rapidly and the dug substancesare readily absorbed by th form ofad
ministration.

Molded Tablets or Tablet Trlturatcs t'l"I')

Tablet triturates are usually made from moistmaterialusing a triturate
mold which gives them the shapeof cut sedionsofa cylinder. Such tablets
must be eomplotobr and rapidly oolublo. The problem arising from
compressiai of these tablets is the failure to find a lubricant that is com-
pletely water-soluble.

Dispensing Tablets (Ul)—'l.'hese tablets provide a convenient
quantity of poterl dng that can be incorporated readily into powders and
l's]uide thuscircumventingthenecessity to weigh small quantities. Thee
tablets are supplied primarily as a convenience for extemporaneous
compounding and should never be dispensed u a dosage form.

Hypodermlc Tablets (lfI‘l—Hypodermic tablets are soft, readily
soluble tablets and were originally used for the preparation ofsolutions
to be injected. Since stable parenterd solutions arenow available for most
drug substances. there is nojustification for theuse ofhypodermic tablets
for injection. Tlnir use in thi manner slnuld be discouraged since the
resulting solution: are not sterile. Large quantities of these tablets con-
tinue to he madebut for oral administration. No hypodermic tablets have
ever been recognised by the oflicial compendia.

carpressed Tablets (or)

In order for medicinal substances, with or without diluents,
to be made into solid dosage forms with pressure, using
available equipment. it is necessary that the material, either
in crystalline or powdered form. possess a number ofphysical
characteristics. These characteristics include the ability to
flow freely, cohesiveness and lubrication. Since most ma-
terials have none or only some of these properties, methods
of tablet formulation and preparation have been developed
to impart these desirable characteristics tothe materialwhich
is to be compressed into tablets.

The basic mechanical unit in all tablet-compression
equipment includes a lower punch which fits into a die from
the bottom and an upper punch, having a head of the same
shape and dimensions, which enters the die cavity from the
top after the tableting material fills the die cavity. See Fig
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H990-2. Basic meehacicsuri tortablstoorrnression: tower ranch.
me. and upper pinch (courtesy. Vectorlcoltcn).

and is subsequently ejected from the die. The weight of the
tablet is determined by the volumeof the material which fills
the die cavity. Therefore. the ability of the granulation to
flow freely into the die is important in inst:-ing anuni form fill,
as well as the continuous movement of the granulation from
the source of supply or feed hopper. If the tablet granulation
does not possess cohesive properties, the tablet after com-

pression will crumble and fall apart on handling. As the
punches must move freely within the die and the tablet must
be readily ejected from the punch faces. the meter ial must
have a degree oflubrication tominimize friction and to allow
for the removal of the compressed tablets.

There are three general methods of tablet preparation: (1)
the wet.-granulation method; (2) the dry-granulation method;
and (3) direct compression. The method of preparation and
the added ingredients are selected in order to give the tablet
formulation the desirable physical characteristics allowing
the rapid compression of tablets. After compression the
tablets must have a number of additional attributes such as

appearance, hardness, disintegration ability, appropriate
dissolution characteristics, and uniformity which are also
influenced both by the method of preparation and by the
added materials present in the fonnulation. In the prepa-
ration of compressed tablets the formulator must also be
cognizant of theeffect which the ingredients and methods of
preparation may have on the availability of the active ingre-
dients and hence the therapeutic efficacy of the dosage form.
In response to a request by physicians tochange a dicumarol
tablet in order that it might be more easily broken. a Canadian
company reformulated to make a large tablet with a score.
Subsequent use of the tablet containing the same amount of
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drug substance as the previous tablet, resulted in complaints
that larger-than usual doses were needed to produce thesame
therapeutic response. On the other hand. literature reports
indicate that the reformulation ofa conunercial digoxin tablet
resulted in a tablet, although containing the same quantity
of drug substance, that gave the desired clinical response at
half its original dose. Methods and principles that can be
used toassess the effects ofexcipients and additives on drug
absorption have been reviewed.57 See Chapters 38. 76. and
77.

Tablet Ingredients

In addition to the active or therapeutic ingredient. tablets
contain a number of inert materials. The latter are known

as adritives or excipients. They may be classified according
to the part they playin the finished tablet. The first group
contains those which help to impart satisfactory processing
and compression characteristics to the formulation. These
include (1) filuents. (El binders. and (-3) glidantc and Miri-
mnts. The second group or added substances helps to give
additional desirable physical characteristics to the finished
tablet. Included in this group are (1) disintegrants. (2) colors,
and in the case of chewable tablets, (3) flavors, and (4)
sweetening agents.

Although the term inert has been applied to these added
materials, it is becoming increasingly apparent that there is
an important relationship between the properties of the ex-
cipientsand the dosage forms containing them. l’reformu-
lation studies demonstrate their influence on stability. bio-
availabiity. and the processes lg which the tissue forms are
preparatl. 'l'he need for acquiring more information and use
slundnrdl for excipienta has heenreengnized in a jointventure
of the Academy of Pharmaceutical Sciences and the Council
of the Pharmaceutical Sodetyof Great Britain. The program
is called the Codex of Pharmaceutical Excipient Project and
the Academy's industrial Pharmaceutical Technology Section
has undertaker its organization and implementation.

Diluents

Frequently the single dose of the active ingredient is small
and an inert substance is added to increase the bulk in order

to make the tablet a practical size for compression. Com-
pressed tablets ofdexamethasone contain 0.75 mg steroid per
tablet, hence it is obvious that another mrnerial must be added
to malte tableting possible. Diluents used for this purpose
include dicalcium phosphate, calcium sulfate. lactose. cellu-
lose, lraolin, mannitol, sodium chloride. dry starch.and pow-
dered sugar. Certain diluents, such as mannitol, lactose,
sorbitoL sucrose. and inositol. when present in sufficient
quantity. can impart properties to some comprsed tablets
that permit disintegration in the mouth by chewing. Such
tablets are commonly called chewable tablets. Uponchewing.
properly prepared tableb will disintegrate smoothly at a
satisfactory rate, lave a pleasant taste and feel.and leave no
unpleasant aftertaste in the mouth. Diluents used as excip-
ients for direct compression formulas have beensubjected to
prior processing to give them flowabilityand compressibiity.
These are disctnsed under Direct Compression. p 1613.

Most tablet formulators tend to use consistently only one
or twodiluents selected from the above group in their tablet

formulations. Usually these have been selected on the basis
of experience and cost factors. However, in the formulation
of new therapeutic agents the compatibility ofthediluentwith
the drug must be considered. Forexamplecalciumsalts used
as diluents for the broad spectrum antibiotic tetracycline have
been shown tointerfere with the drug's absorption from the
gastrointestinal tract. When dmg substances have low water
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solubility. it ‘I recommended that water-soluble diluents be
used to avoid pofible bioavailebility problems. Highly ad-
sorbent substanccs. cu. bentonite and kaolin. are to be uvtided
in making tablets of drugs used clinically in small dosage.such
as the cardiac glycosides, alkaloids, and the synthetic tro-
gens. These drug substances may be adsorbed to the point
where they are not completely avai lable aftcr administration.
The combination of amine bases with lactose. or amine salts

with lactose in the presence of an alkaline lubricant, results
in tablets which discolor on aging.

Microcrystalline cellulose (Avicel) is usually used as an
excipient in direct compression formulm. However. its
presencein 5-15% concentratiom in wetgranulations has been
shown to be beneficial in the granulation and drying processes
in minimizing case-hardening of the tablets and in reducing
tablet mottling.

Binders

Agents used to impart cohesive qualities to the powdered
material are referred to as binders or granulators. 'l‘h'eyim-
part a cohesiveness to the tablet formulation which insures
the tablet remaining intact afier compression, as well as im
proving the free-flowing qualities hy the formulation of
granules of desired hnnlnfi and size. Materials commonly
used as binders include starch. gelatin, and sugars as sucrose.
glucose, dextrose. molasses, and lactose Natural and syn
thetic gums which have been used include acacia. sodium al-
ginate, extract of Irish moss, panwar gum, ghatti gum, muci-
lageof isapol husks. carboirymethylcelluloee, methylcellulose,
polyvinylpyrrolidone. Veegum. and larch arabogalactan.
Otheragents which may beconsidered binders under certain
circumatanaa are polyethylene glycol. ethylcelluloee. waxes,
water, and alcohol.

The quantity of binder used has considerable influence on
the characteristics of the compressed tablets. The use oftoo
much hinder or too strong a binder will make a hard tablet
which will notdisintegr-ate easily and which will causeexces—
sive wear of punches and dies. Differences in binders used
for CT Tolbutamide resulted in differences in hypoglycemic
effects observed clinically. Materials which have nncohesive
qualities of their own will require a stronger hinder than those
with these qmlities. Alcohol and water are not hinders in the
true sense of the word; but because of their solvent action on

some ingredients such as lactose, starch, and celluloses. they
change the powdered material to granules and the residual
moiture retained enables the materials to adhere together
when compressed.

Binders are used both as a solution and in a dry form de
pending on the other ingredients in the formulation and the
method of preparation. The same amount of binder in so-
lution will be more effective than ifit were dispersed in a dry
form and moistened with the solvent. By the latter procedure
the binding agent is not as effective in reaching and wetting
each of the particlcswithin the man of powtlers. Rnchnl‘ the
particles iu a powder blend has a coating of adsorbed air out
its surface. and it is this tilm which rnustbe penetrated before
the powders can be wettcd by the binder solution. Sim:
powders differ with respect to the one with which they can
bewetted. it is preferable to incorporate the binding agent. in
solution. By this technique it is often possible to gain effec-
tive binding with a lower concentration cs‘ binder. It shodd
be noted that there are several “pregelatinined" starches
available which are intended to be added in the dry form so
that water alone can be used as the granulating solution.

The direct compression method for preparing tablets (see
page 1613) reqiirm a mataial that not only is free-flowing but
also sufficiently cohesive to act as a binder. This use has been
described for a number of materials including microcrystalline
cellulose, microcrystalline dextrose. amylase, and polyvinyl
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pyrrolidone. It ha been postulated that microcrystalline
telluloseis aspecial form of celluloaefihril in which the indi-
vidual crystallita are held trxether largely by hydrmen
bonding. 'I‘he disintegration of tabletscontaining the cello -
lose occurs by breaking the intercrystallite bonds by the dis-
integrating medium.

Starch Paste-—Cornstarch '3 widely used as a binder. The
concentration may vary from 10 to 20% It is usudly prepared
as it is to be used by dispersing corn starch in sufficient cold
purified water to make a 10% w/w solution and warming in a
water bath with continuous stirring until a translucent paste
forms.

Gelatin Solution Gelatin '3 generally used as a 10 flflb
solution; gelatin solutions should be freshly prepared as
needed and used while warm tl‘ they will solidify. The gelatin
is added to cold purified water and allowed to stand until it
'3 hydrated. It is then warmed in water bath to dhsolve the
gelatin and the solution '3 made up to the final volume on a
weight basis to give the concentration desired.

Glucose Sol ution—Generally a 25 50% solution '3 used
Glucose does not dry out well and is therefore not suitable
where the tablets are subject to humid conditions. These
solutions are not true 25 and 50% solutions since the corn

syrup contains only approximately 80% solids. To prepare
the binder solution. the corn syrup '3 weighed and dissolved
in purified water. Sufficient purified water is added to give
the concentration desired on a weight basis. If clarifiution
is desirable. it can he strained through cloth.

Ethylcellulose—'l‘his is insolublein water. It is used ef-
fectively as a binder when dissolved in alcohol. or as a dry
binder in agranulation which is then wetted withalcohol. As
a binder in solution it is usually used as a 5% solution. It is
widely used as a binder for moistureserisitive materials. To
make the solution. ethylcellulose is dissolved in anhydrous
denatured alcohol and made up to tie final volumeon a we'ght
basis.

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

It will be noted that binder solutions are mually made up
to weight rather than volume. This is to enable the formu-
lator to determine the weight of the solids which have been
added to the tabletgranulation in the binding solution. This
becomes part of the total weightof the granulation and must
be taken into consideration in determining the weightof the
compressed tablet wlu'ch will contain thestated amountof the
therapeutic agent.

Lubricants

Lubricants have a number at’ functions in tablet manufao
tore. They prevent adhesion of the tablet material to the
surface of the dies and puncha. reduce interparticle friction.
facilitate the ejecthn of tie tableu from the die caviy, and
may improve the rate of flow of the tablet granulatioo.
Commonly used lubricants include talc. magnesium staarate,
calcium stearate.stearicacid.and hydrrgenated vegetnbleoils.
Most lubricants with the exception of talc are used in con-
centrations less than l%. Mien med alone. talc may require
concentrations as high as 5%. Lula-icants are ‘I: most cmea
hydaiphobic materials. Poor selection or excenive amounts
can result ii "waterproofing" the tablets. resulting in poor
tablet disintegral ion and dissolution of the drug substance.

The addition of the proper lubricant is highly dedmble if
the material to he talileted tends tosticlr to the puncha and
dies. Immediately after compression niust tablets have the
tendency to expand and will hind and stick to the sideof the
die. The choice of tie proper lubricant wiil effectively over
some this.

__g

The method of adding a lubricant to a granulation is im-
portant if the material is to perform its function satiafactaily,
The lubricant should be finely divided by passing it through
a 60 to 1(X)—mesh nylon cloth onto the granulation. in pro-

duction this is called “bolting" tin lubricant. Alter adding
the lubricant the granulation is tumbled or mixed lently to
distribute the lubricant without coating the particles too well
or breaking them down to finer particles.

Prolonged blending of lubricant with a granulation can
materially afl'ect. the hardneai. disintegration time and dis-
solution performance for the raultant tablets. 'I‘he quantity
of lubricant vnria. being a low as 0.1%. and in some casesas
high as 5%. Lubricants have been added to the granulating
gents in the form of suspensions or emulsions. 'Hiis tech-
nique serves to reduce theaumluer ofoperational procedures
and thus reduce the proceuing time.

ln selectinga lubricant. proper attention must hexiven to
its compatibility with the drug agent. Perhaps the most
widely investigated drug in acetylsalicylic acid. Dil't'erent tales

varied significantly the stability ofaspirin. Talc with a high
mlcium cmtentanda high larson wasamociesed with
increased aspirin decomposition. Frarn astabilitystandpoint.
the relative acceptability of tablet lubricants for combination
with aspirin WI3 found to decrease in the following order;
hydrogenated wgetabla oil. stearic acid. talc. and aluminum
stearate.

The primaryproblem in the preparation (I a water soluble
tablet '3 the selection of a satisfactory lubricant. Soluble
lubricants reported to be effective include sodium benzoate,
a mixture of sodium benzoate and sodium acetate, sodium
chloride. leucine. and Carbovraa 4000. Howeverjthas been
suggested that formulations need to prepare water-soluble
tablets may represent a nlnnber of cornprcrniaea between
compression efficiency and water solubility. While magno-
aium stearate is one of the most widely ined lubricants. is
hydnrphobic properties can retard disintegration and disso-
lution. To overcome these waterproofing charactu-istics
sodium lau ryl sulfate '3 sometimes included. One compound
found to have the lubricating properties of magnesium stea-
rate without its disadvantages is magnesium lauryl sulfate.
Its safety for use in pharmaceuticals has not yet been estab-
lished.

Glidants

A glidant is a substance which improves the llow charac
leristics of a powder mixture. These materials are always
added in thedry state justprior to compression (ie. during the
lubrication step). Colloidalsilison dioxide [Cab-o-sil (Cabot):
Quso (Phila Quarlz)l is the most commonly med gliclant and
is generally used in low concentrations of l% or less. Talc
(asbestos-free) is also used and may serve the dual purpose
as lubricant/glidant.

Diainlefltonts

A disintegranl. is a substance. or a mixture of substances.
added to a tablet to facilitate its breakup or disintegratbn
after administration The active ingredient must be released
from the tablet matrix as efficiently as possible to allow for
its rapid dissolution. Materials serving as disintegrants have
been chemicallyclamified asstarches. clays, celluloaca. algirls.
gums. and cmsslinlted polymers.

Tle oldest and still the most pqiular dkinlegrnnts are com
and potato starch wh.ich have been well—rlrierl and powdered.
Starch has a great affinity for water and swells when mois-
tened. thus facilitating the rupture of the tablet. matrix.
However. others havesuggested that its didntemating action
in tablets '3 due to capillary action rather than swelling; the
spherical shape of the starch grains increases the porosity of
the tablet. thus promoting capillary action. Starch. 5% is



suggested. but if more rapid disintegration is desired. this
amount may be increased to 10 or l5‘la. Although it might be
expected that disintegration time would decrease as the per-
centge ofstarch in the tablet increased, thiedoes not appear
to be the cue for talbutaruide tablets. In this instance. there
appears to be a critical starch concentration for different
granulations of the chemical. When their disintegration ef-
fect is desired, starchesare added to the powder blends in the
thy state.

A newgroup of materials known as "super disintegrants"
have recently gained in popularity as disintegrating agents.
Tia name comesfrom the low levels (24%) at which they are
completely effective. Croscarmelose. Croapovidone. and
sodium starch glycolate rqrreaent examples ofa crosslinked
celluiose, a crosslinked polymer. and a modified starch mol-
ecule, respectively.

In addition to the starches a large variety ofmaterials have
been used and are reported to be effective as disintegrants.
This group includes Veegum l-IV. methylcellulose. agar.
bentonite. cellulose and wood products. natural sponge. cat-
ion-exchange resins. alginic acid.goar gum. citrus pulp. and
carboxymetluylcellulose. Sodium lauryl sulfate in combina-
tion withstarch also has beendemonshated to be an effective

disintegrsnt. In some cases the apparent effectiveness of
surfactants in improving tablet disintegration is postulated
as being due loan increase in the rate of wetting

The disintegratirg agent is usually mixed with the active
ingredients and diluents prior togranulation. in some cases
i may be advantageous todivide thestarch into twoportions;
one part is added to the powdered formula prior to granula-
liar. and the remainder is mixed with the lubricantand added

prior to compression. Incorporated in this manner the starch
serves a double P119030: the portion added to the lubricant
rapidly hredts the tablet down to granules. and the starch
mixed with the active ingredients disintegrate: the granules
into smaller particles. Veegum has been shown to be more
effective as a disintegrator io suilfathhisole tdilets when most.
of the quantity is added after granulation and only asrnall
amount before granulation. Likewise. the montmorillonite
clays werefound to begood tabletdisintegranta when added
to prepared granulations as powder. 'l'hey are much less ef-
fective rn cisintegrants when incorporated within the gran-
ules.

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

The evolution ofcarbon dioxide is also an effective way to
cause the disintegration tl’ compressed tablets. Tablets
containing a mixture ofsodium bicarbonate and an acidulant
such 3 tartaric or citric acid will dfervesce when added to

water. Sufficient acid is added toproduce a neutral or slightly
acidic reaction when disintegration in water is rapid and
complete. One drwback to the use of the effervescent type
of disintegrator is that such tablets must be kept in a dry at-
mosphere at all times during mamlaeture. storage. and
packaging. Soluble. eflervescent tablets provide popular
form for dispensing aspirin and noncaloric sweetening
agents.

Coloring Agents

Colors in compressed tablets serve functions other than
making thedosage form more eathetic in appearance. Color
helps the manufacturer to control the product during its
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preparation, as well n serving in a means of identification to
the user. The wide diversity in the use ofcolors in solid dos-
age forms makes it possible to use color as an important cat-
egory in the identification code developed by the AMA to
establish the identity of an unknown compressed tablet in
dtuations arising from poisoning.

All colorants used in pharmaceuticals mustbe approved and
certified by the FDA. l‘or severaldecadesculoranta have been
subjected to rigid toxicity standards and as the result a
number of colorants have been delisted and several added.

The colorants currentlyapproved in the US include the fol-
lowing: FDJLC Red No 3. FDGLC Red No 40. l"D&.C Yellow
No 6. F'Dll:C Yellow No 6. l"Dllr.C Blue No l. l"D&C Blue No
2. FDJLC Green No 3. a limited numbers!‘D&C colorants. and

the iron oxides. Each country has its own list of approved
colorants and formulators must consider this in designing
products for the international market.

Any of the approved certified water-soluble FD&C dyes.
mixtures of the same. or their corresponding lakes may be med
tocolor tablets. A oobr lake '3 the combination byadsorption
of a water-soluble dye to a hydrous oxide of a heavy metal
resulting in an insoluble form of the dye. In some instances
multiple dyes are used to give a purpoaefuily heterogeneous
coloring in form of speckling to compressed tablets The dyes
available do not meet all the criteria required I'or the ‘deal
pharmaceutical ailments. The photosensitivity of several
of the commonly used colorants and their lakes has been in-
vestigated. as well as the protection aflorded by a number of
glasses used in packaging tablets. Another pproach for
improvirg flue phrrtostability of dyes has been in tin use of
ultraviolet-absorbing chemicals in the tablet fonnulatione
with the dyes. The Di-Pac line (Amstar) is a series of com-
mercially available colored, direct compression sugars.

The most common method of adding color to a tablet for-
mulation is to dissolve the dye in the binding solution prior
to the granulating process Another approach ls to adsorb the
dye on starch or calcium sulfa: from its aqueom sohtion; the
resultant powder '3 dried and blended uflh the other ingre-
dients. If the insoluble lakes are used, they may be blended
with the other dry ingredients. I-‘requently during drying,
colors in wet granulations migrate, resulting in an umeven
distribution of the color in the granulation. After compres-
sion the tablets will have a mottled appearance due to the
uneven distribution of the color. Migration of colors may be
reduced by drying the granulation slowly at low temperatures
and stirring the granulation while it is drying. The affinity
of several water-soluble anionic certifies! dyes for natural
starches has been demonstrated; in these cases this at‘fim'ty
should aid in preventing color migration. Other additives
have been shown to act as dye migration inhibitors. Traga—
canth (1%). acacia (3%). atlrapulgite (5%). nd talc (7%) were
effective in inhibiting the migration of F'D&C Blue No 1 in
lactose. In using dye lakes the problem ofcolor migration is
avoided since the lakes are insoluble. Prevention of mottling
can be helped abo by the me of lubricants and other additives
which have been colored similarly to the granulation prior to
their use. The problem of mottling becomes more pro-
nounced as the concentration of the colorants increases

Color mottling is an undesirable characteristic common to
many commercial tablets.

Flavoring Agents

In addition to the sweetness which may be afforthd by the
diluent of the chewable tablet, eg, mannitol or lactose, artifi-
cial sweetening agents may be included. Formerly, tls: cy-
clamatue. either alone or in combination with saccharin, were
widely used. With the banning of the cyclamates and the
indefinite status ofsaccharin new natural sweeteners are being
sought. Aspartame (Searle). recently made available, may
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have applications for pharmaceutical formulations. Sweet»
eners other than the sugars have the advantage of reducing
the bulk volume considering the quantity of sucrose required
to produce the same degree of sweetness. Being present in
small quantities, they do not markedly affect the physical
characteristics of the tablet granulation.

Tablet characteristics

Compressed tablets may be characterized or described by
a number of specifications. These include the diameter size.
shape, thickness. weight. hardness, disintegration time. and
dissolution characteristics. The diameter and shape depend
on the die and t.he punches sehcted for tlmcompression of the
tablet. Generally. tablets are discoid in shapemlthough they
may be oval. oblong. round. cylindrical. or triangular. Their
upper and lower surfaces may be flat. round, concave. or
convex to various degrees. The concave punches (used to
prepare convex tablets) are referred to asshallow. standard,

and deep cup. dependingm thedegreeuf concavity (see Figs
90-16 and 9047). The tablets may be scored in halves or
quadrants to facilitate breaking if a smaller dose is desired.
The top or lower surface may be embossed or engraved with
a symbol or letters which serve as an additional meme of
identifying the source of the tablets. These characteristics
along with the color of the tablets tend to make them dis-
unctxve‘' and idenul'iab'b with the active ingredient which they
contain.

The remaining specifnations assure the manufacturer that
the tablets do notvary from one production lot to another. In
the case of new tablet formulations their therapeutic efficacy
is demonstrated through clinical trials and it is the manu-
facturer's aim to reproduce the same tablet with the exact
characteristim of the taliets which were used in the clinical

evaluation of the dosage form. Therefore, from the control
viewpoint these svecitications are important for reasons other
than physical appearance.

Tablet Hardness

The resitance iii‘ the tablet to chipping. abrasion, or
breakage under conditions of storage. transportation, and
handing before usage depends on its hardness. A commonly
used rule of thumb describes a tablet to be of proper hardness
if it is firm enough to break with a sharp sum when it is held
between the second and thit d fingers and using the thumb as
the fulcrum, yet doesn‘t break when it falls on the floor. For
control purposes a number of attempts have been made to
qmntitate the degree of hardness

A small and portable hardness teser was mamlactu-ed and
introduced in the mid -tlirties bythe Monsanto Chemical Co.
it 'n now distributed by the Stokes Div (Pennwalt Corp) and
may hetlesignated as either the Monntn orstokes hardiness
tester. The instrument memues the force required to break
the tablet when the forcegenaated by a coil spring is applied
diametrically to the tablet. 'l‘he force is measured in kilo-
grams and when used in production. hardness 014 kg is con-
sidered to be minimum for a satisfactory tahlet.

The Strong-Cobb hardness tester introduced in I950 also
measures the diametrically applied force required to break
the tdilet. In this instrument the force is produced by a
manually operated air pump. As the pressure is increased,
a phngsr is forced against the tablet. placed on anvil. The
final breaking point is indicated on a dial calibrated into Ill
arbitrary units. The hardness values of the Stokes and
Strong -Cobb instruments are not equivalent. Values ob-
tained with the Strong-Cobb tester have been found to be L6
times those of the Stokes tester.

Another instrument is the Pfizer hardness tester which

operates on the same mechanical principle as ordinary pliers.

 
H9 9045. The sohlwniger or Rebates! tsfletharmess tester shown
win calibration blocks (courtesy. Vector).

Theforce required to break the tabletis recorded ona dial and
may be expresed in either kilograms or pounds of force. In
an experimental comparison of testers the Pfizer and the
Stokes testers were found to check each other fairly well.
Agfin the Strong-Cobb tamer was fotmd to give values 1.4- 1.1
timesthe absolute values on the other instruments.

The most widely used apparatus to measure tablet hardness
or crushing strength lsthesehleuniger mparatus. also known
as the Heherlein. distributed by the Vector Corporation.
This, and other newer electrically operated ted. equipment.
eliminates the qaerator variability inherent in the measure-
ments described shove. Newer equipmentjsilso available
with printers to provide a record of test results. See Fig
90-3.

Hardness determinations are made throughout the tablet

rum to determine he need for pressure adjustments on the
tableting madiine. If the tablet istoo hard, it may not dis
integrate in the reqiired period of timeor meet thedissolution
qiecificationz ifiti toosomit will not withstand the handling
during stbsequent processing such as coating ‘cw packaging
and dripping operations.

A tabletproperty rehted tohardnessis tabletInability.and
the measurement is made by me of the Roche friabilatur.
Rather tlnn a measure of the force required to cmsh a tablet.
the ‘Instrument '3 designed to evaluate theabilityof the tablet
to withstand abrasion in packaging, handling. and shipping.
A number of tablets are weidied and placed in the tumbling
apparatus where they are exposed to rolling and repeated
shocks resulting tram fasefuh within the apparatus. After
a y'ven number (I rotations the tablets are weizhed and the
loss in weight indicates the ability ofthe tablets to withstand
this type of wear (Fig 90-4).

A similar approach is taken by many manufacturers when
they evaluate a new product in the new market package by
sending the paclrqze to distant points and back using various
methodsof transportation The condition of the product on
its return indicates its ability to withstand transportation
handling.

Tablet Thickness '

The thickness of the tablet from production-run to pro-
duction—run is careftdly controlled. Thiclmean can vary with
no change in weight due to difference in the density of the
granulation and the pressure applied to the tablets. as wellas
the speed of tablet compression Not only '3 the tablet
thickness important in reproducing tablets identical in ap-
pearance hut also to insure that every production lot will be
usable with selected packaging components. If the tablets



 
Fig 90.4, The Roma lrIabitator(cots1esy,Hottmann-LaRoche).

are thicker than specified. a given number no longer may be
contained in the volume of agiven size bottle. Tablet thick-
ness also becomes an important characteristic in counting
tablets using filling equipment. Some filling equipment
utilizes the uniform thickness of the tdalets as a counting
mechanism. A column containing a known number oftdrlets
i measured for height; filling is then accomplhhed by con-
tinually dropping columns of tablets of the same height into
bottles. I thbkneu varies throughout the lot, the result will
be variation in count. Other pieces of filling equipment can
malfunction due to variation in tablet thiclmeu since tablets

drove specified thickness may cause wedging of tablets in
previously adjusted depths of the counting slots. Tablet
thickness ii determined with a caliper or thickness gauge
which measures the thickn in millimeters. A plan or minus
5% may be allowed, depending on the size of the tablet.

Unilonnity of Dosage Forms

Tablet Weight - The volumetric till of the die cavity de-
termines the we'ght of the compressed tablet. In settin up
the tablet mxbine the till '3 adjusted to give the desired t let.
weight. 'l‘he weight of the tahlet is the quantity of the gran-
ulation wbich contains the labeled amour: of the therapeutic
ingredient. After the tablet machine is in operation the
weightsof the tablets are checked routinely either manually
or electronically to insure that proper—we'ght tablets are being
made. The USP has provided tolerances fit the average
weight of uncoated compressed timers Theseare applicable
when the tablet contains 50 mg or more of the drug substance
or when the latter comprises 60% or more. by weight. of the
dosage form. Twenty tablets are weighed individually and
the average weight. is calculated. ’l‘he variation from the av—
erage weight in the weightsot‘ notmore than woof the talieta
must not differ by more than the pacentage listed below; no
tablet dffers by more than double that pacentage. Tablets
that are coated are exenpt from these requirements but must
conform to the test for content uniformity I I. is appli-
cable.

Percentage
Average Weight Difference

130mg cs lees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
More than 130 mg throtgh 324 mg . . . . . . . . . . . 7.5
More than 324 mg . . . . . . . . . . . . . . . . . . . . . . , . . 5

Content Uniforniity-—ln order to ensure that every tablet
contains the amount of drug substance intended with little
variation among tshleta within a batch, the USP includes the
content uniformity test for certain tablets. Due to the in-
creased awarensss d physiological availability. the content
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uniformity test has been extended to monographs on all
coated and uncoated tablets and all capsules intended for oral
administration where the range of sizes of the dosage form
available includes a 50 mg or smaller size. in which case the
test is applicable to all sizes (60 mg and larger and smaller) of
that tablet tr capsule. The official compendia can be con-
sulted for the details of the test. Tablet monographs with a
content uniformity requirement do not haves weight var'Ia£nn
requirement.

Tablet Disintegration

It is generally recognized that the in vitru tablet disinte-
gration test does not necessarily hear a relationship to the in
viva action of a solid dosage form. To be absorbed, a drug
substance must be in solution and the disintegration test. is
a measure only of the time required under n given set of con
ditions for a group of tablets to disintegrate ‘use particles. In
the present disintegration test the particles are those which
will pass through a 10-<me.sh screen. In in comparison of dis-
integration times and dissolution rates or initial absorption
rates of several brands of aspirin tablets, it was found that the
faster absorbed tablets laid the longer disintegration time.
Regardtsaa of the lack of sigrificmce n to in viva action of the
tablets. the test provides a means of control in assuring that
a given tablet formula is the same as regards disintegration
from one production hatch to another. The dizintegration
test is used as s cortrol for tablets intended to be administered

by mouth. except where tablets are intended to he chewed
before being swallowed or where tablets are dsigned to releme
the drug substance over a period of time.

Exact specifications are given for the test apparatus inas-
much as a change in the apparatus can cause a change in the
results of the test. The apparatus consists of a basket rack
holding six plastic tubes. open at the top and bottom; the
bottom of the tubes is wvered with 10-mesh screen. See Fig
90-5. The basket rack is inmersed in abath ofsuitable liquid.
held at 37‘. preflerably in a 1-1. beaker. The rack moves up
and down in the fluid at a specified rate. The volumeof the
fluid is such that on the upward stroke the wire mesh remains
at least 2.6 cm bdow the surface of the fluid and descends to
not less than 25 an from the bottom in the downward stsolte.
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Fig 90-5. Vsmertramp Tablet Disintegration Tester (courtesy. van-
Kel).
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Tablets are placed in each of the six cylinders along with a
plastic disk over the tablet unless otherwise directed in the
monograph "[‘he end point of the test is indicated when any
residue remaining is a soft mass having no palpably soft core.
The plastic disks help to force any soft mass which forms
through the screen.

For compressed unooated tablets the testing fluid is usually
water at 37°, but in some cases the monographs direct that
Simulated Gastric Fluid TS be used. If one or two tablets fail

to disintegrate, the test is to be repeated using 12 tablets. Of
the 18 tablets then tested, 16 must have disintegrated within
the given pa1'od of time. The conditions of the tea arevaried
somewhat for coated tablets, buccal tablets, and sublingual
tablets. Disintegration times are included in the individual
tablet monograph. For most uncoated tablets the period is
30 min although the time for some uncoated tablets varies
greatly from this. For coated tablets up to 2 hours may be
required, while for sublingual tablets, such as CT lsopro-
terenol Hydrochloride, the disintegration time is 3 min. For
the exact conditions of the test, consult the USP.

Dissolution Test

For certain tablets the monographs direct compliance with
limits at dissolution rather than disintegration. Since drug
absorption and physiological availability depend on having
the drug substance in the dissolved state, suitable dissolution
characteristics are an important property of a satisfactory
tablet. Like the disintegration test, the dissolution test for
measuring the amount of time required for a given percentage
of the drug substance in a tablet to go into solution under a
specified set of conditions is an in vitro test. lt is intended
to provide a step towards the evaluation of the physiological
availability of the drug substance, but m currently described
it ‘vi not designed to measure the safety or efficacy ofthe tablet
being tested. Both the safety and effectiveness of a specific
dosage form must be demonstrated initially by means of ap-
propriate in vivo studies and clinical evaluation. Like the
disintegration test, the dissolution test does provide a means
of control in assuring that a given tablet formulation is the
same as regards dissolution as the batch cx tablets shown
initially to be clinically effective. It also provides an in vitro
control procedure to eliminate variations among production
batches. Refer to Chapter 35 for a complete discussion of
dissolution testing.

Validation

In this era of increasing regulatory control ofthe pharrna—
oeutical industry, manufacturing procedures cannot be dis-
cussed without the mention of some process validation ac-

 
Flg 90-6. Twin-shell blender tor sends or liquid-solids blending
(courtesy.Patterson-Kelley).

tivity. By way of documentation, product testing, and per
haps in—process testing a well, the manufacturer can dem-
onstrate that Fm formula and process perform in the manner
expected and that it does so reproducibly.

Although the justifimti'on for requiring validation 'B found
in the regulations relating to “Current Good Manufacturing
Practices for Finished Phannaceuticals” as well as other

sources, there is still much room for interpretation and the
process varies from one company to another. General areas
of ageement appear to be (1) tint the validation activity must
begin in R&D and cmtinue through product introduction; (2)
that documentation is the key; and (3) that. in general, three
batches represent an adequate sample for validation. Until
the practice ofvalidation for new products is f‘ugly and uni.
versally adopted, retroqaective validation (using historical
data) for older products is a satisfactory approach.

Methods ot Preparation

Wet-Granulation Method

The most widely used and most general method of tablet
preparation is the wet-granulation method. Its popularity
'3 due tothe greater probability that the granulation will meet
all the physical requirements for the compression if good
tablets. Its chief disadvantages are the number of separate
steps involved, as well as the time and labor necessary to carry
out the procedure, especially on the large scale. The steps in
the wet method are (1) weighing, (2) mixing, (3) granulation,
(4) screening the damp mass. (5) drying. (6) dry screening, (7)
lubrication, and (8) compression. The equipment involved
depends on the quantity or size of the batch. The active in-
gredient, diluent, and disintegrant are mixed or blended well.
For small batches the ingredients may be mixed in stainless
steel bowls or mortars. Small-scale blending also can be
carried out on a large piece of paper by holding opposite edges
and tumbling the mate-r'al back and forth The powder blend
may besifted through a screen of suitable fineness to remove
or break up lumps. Th’: screening also affords additional
mixing. The screen selected should always be of the same
type of wire or cloth tint will not affect the potency of the
ingredients through interaction. For example, the stability
of ascorbic acid is deleteriously affected by even small
amounts of copper, thus care must be taken to avoid contact
with copper or copper-containing alloys.

For larger quantities of powder the Patterson—Kelley
twin-shell blender and the double—cone blender offer means

of precision blending and mixing in short periozk of time (Fig
90-6). Twin-shell blenders are available in many sizes from
laboratory models to large production models. Planetary
mixers, eg, the Glen mixer and the Hobart mixer, have served
this function in the pharmaceutical industry for many years
(Fig 90-7). On a large scale, ribbon blenders are also fre-
quently employed and may be adapted for continuous pro-
duction procedures. Mass mixers of the sigma-blade type
have been widely used in the pharmaceutical industry.

Rapidly increasing in popularity are the high-speed, high-
shear mixers such as the LodigeILittleford, the Diosm, the
Fielder, and the Baker-Perkins. For these mixers a full range
of sizes are available. Fluid-bed granulation (discussed
below) is also gaining wide acceptance in the industry. For
both of these types of processing, slight modifications to the
folowing procedures are required. q

Solutions of the binding agent are added to the mixed

powders with stirring. The powder mass is wetted with the
binding solution until the mass has the consistency of damp
snow or brown sugar. If the granulation is overwetted, the
granules will be hard, requiring considerable pressure to fonn
the tablets, and the resultant tablets may have a mottled ap-
pearance. If the powder mixture is not wetted sufficiently.



 

Fig 90-7. ‘the Glen powda nine: (courtesy. Am Machhe).

the resulting granules will be too soft, breaking down during
ltbn'cstion and causing difficulty dirlng compression.

The wet granuhtion is forced through a 6 or8 meshscreen.
Small batches can be forced through by hand using a manual
screen. For largerquantities ooeofseveral oomminuting mills
suitable fa wet screening can be imd. These include the
Stokes oacihtor. the Colton rotary gramistor. the Fitzpatrick
comminuting mill. or the Stokes tornado mill. See Fig 90-8.
In comminming mils the granulation 'a forced through the
deving de\n'os by rotating hammers. knives. or oscilhting here.
Most high-speed mixers are equipped with a chopper blade
wlich operates independently of the main mixing blades and
can replace the wet milling step. ie, can obviate the need for
a separate operation.

For tdiiet formulations where continuous production is
justified, extruders such a the Reitz extructor have been
adapted fix the wet-granulation process The extruder
consists of a screw mixer with a chamber where the powder
is mixed with the binding agent and the wet mass is gradually
forced through a perforated screen formingthreadaof the wet
granulation. 'l‘ln granulation it then dried by conventional
methods. A semiautomatic continuous process using the
Reitz extructor ins been described fa the preparation of the
antacid tablet Gelusil (Wamer-Lambert).

Moist material from the wet milling step ‘I: placed on large
sheets of paper on shallow wire trays and placed in drying
cabinets with a circulating air current and thermmtatic heat
control. See Fig 90-9. While tray (tying was the most widely
used method of drying tablet granulstions um’! cecutly‘.
fluid-bed drying is now equally popular. Notable among the
newer methods being introduced an the fluid-bed dryers. in
dying tablet granulation by fluidization the material is sus-
pended and agitated in a warm air stream while the granula-
tion ‘a maintained in motion. Drying tests comparing the
fluidized bed and a tray dryer fa a number of tablet granu-
lations indicated that the former was 15 times tater than the

conventional method of tray drying. In addition to the de-
creased drying time the fluidization method is claimed to love
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Fig 90-1 Hots) an-mlator and sitter (oomesy, Veotorlcolont

other advantage such as better control of drying tempera-
tures, decreased handling costs. and the opportunity to blend
lubricants and other materials into the d-y granulation di-
rectly in the fluidized bed. See Fig 90-10.

The application of radio-frequency chying and infrared
drying to tablet granulatious has been reported as successful
for the msioriy ofgranulations tried. These methods readily
lend themselves to oontimious granulation operations. The
study of drying methods fa tablet grsnulations led to the
development of the Raven dryer system by Ciba pharmsciws
and enfineers The dryer is similar is appearance to the cone
blender except ft: the heating jacketand vacuum connections.
By excluding oxygen and using the lower ciying temperatu-es
made possible by drying in a vacuum. opportunities for deg-
radation of the ingredients during the drying cycle are mini-
mbed. A greater miormity of reiidual moisturecontent is
achieved because of the moving bed. the controlled temper-
ature, and the controlled time period of the drying cycle.
Particle-size distribution can be controlled by varying the
speed of rotation and drying temperature 3 well as by com-
minuting the granulation to the desired granule size after
drying.

lndrying granulations it is desirable to maintain a residual
amount of moisture in the granulation. This is necessary to
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Fig 90-9. Goes section at tray dyer.
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maintain the various granulation ingredients such as gums ‘m
a hydrated state. Also the residual moisture contributes to

the reduction oftlrestatic electricduarges on the prrticlm. in
the selection of any drying process an effort is made toobtaii
an unifonn mo'3ture content. In addition to the importance
d‘ rnoisturre content of the granulation in its handling during
the manufacturing steps, the stability of the products con-
taining moisture-sensitive active ingredients may be related
to the moisture coment of the products

Previounly it was indicated that watersoluble colorants can

migrate toward the surface of the granulation during the
dryfrg process, resulting in mottled tablets after compression.
This is also true for water-soluble drug substances, resulting
in tablets unsatiufactoryas tocontent uniformity. M'gratu'un
can be reduced by drying the granulation slowly at low tem-
peratures or using a granulation in which the major diluent
is present as granurles of large particle size. The presence of
microcrystalline cellulose in wet granulations also reduces
migration tendencies.

After drying. the granulation is reduced in particle size by
passing it through a smaller mesh screen Following dry
screening the granulesire taids to bemore uniform. For dry
g-anulatior3 the screen she to be selected depends on the

diameter of the punch. 'l‘he followingsizes are suggested.

Tablets up to ‘In in diam. use 20-mash
Tablets 7,52 in to ‘In in. use l6.rnssh
Tablets “/33 in to “/33 in, use 14-mesh
Triilets 7/is in and larger, use I2-mesh

For small amounts ofgranulation. hand screens may be mad
and the material passed through with the aid of a stainless
steel spatuh. With larger quantities, anyof the comminuting
mills with screens corresponding to those just mentioned my
be used. Note that the srnaler the tablet, the finer the dry
granulation to enable more uniform filling of the db cavity,

large granules give an irregular fill to a comparatively small
die cavity. Wih compressed tablets of sodium bicarbonate.
lactose, and magnesium trisilicate, a relationship has been
demonstrated to exist between the particle size of the granu-
lated materialand the disiniegratfm time and capping of the
resultant tablets. For a sulfathiazole granulation, however,
the particle-size d'3tribution did not qrpear to influence
hardness or disintegration-

After dry granulation, the lurbricant is added as a fine
powder. It is usuallyscreened onto the granulation through
60 or 100 mesh nylon cloth to eliminate small lumps as well
as to increase the covering power of the lubricant. As it ‘3
desirable fa each granule to be covered with the lurbricant,
the lubricant is blended with the granulation very gently,
preferably in a blender usirg tumbling action. Gentle action
is desired to maintain the uniform granule size resuiting from
the dry-granurlation step. It has been claimed that too much
fine powder is not desirable because fine powder may not feed
into the die evenly; consequently, variations in weight and
density resurlt. Fine powders, commonly designated‘ a
“fines.” alsoblowourt arourdthe upper punchanddown past
the lower punch. making it necessary to clean the machine

frequently. Air trapped in the tablets by the fine powder
causes them to split apart after ejection from the machine.
Fines, however, at a level of 10-20% are traditionally sought
by the tablet fomrulator. The presence ofsome fines is nec-
essary for the proper filling of the die cavity. Recently. even
higher concentrations of fires were successfuly used in tablet
manufactzure. Some investigators nnintain that no general
limits efrstfor the amoumt of fines that can be presert in a
grandation but must be determined for each specific for-
mula.

Another qsproach toward the faster preparation of tablet
granurlations has more from the utilization of the air-sus-

pension techniquedeveloped by Wurster.‘ Both Aeromatic
aid Glatt fluid-bed granulating equipment are available in
a full range of sires. from laboratory models to the largest
production sizes. in this method particles of an inert mate-
rial, crtheactive drug. are sumpended in a vertical column with
a rising air stream; while the particles are suspended, the
common granulating materials in solution are sprayed into
the column. There is a gradual particle buildup under a
controlled set of comitrons resulting in a tablet granulation
which '3 ready for compression am: additrond the lubricant.
An obvious advantage exitssince granulatirg arrddrying can
take phce in a single piece ofequipment. It should be noted,
however, that many of the mixers discussed previously can be
supplied with a steam jacket and can provide the same ad-
vantage. In addiion to its use for the preparation of tablet
granulations this technique also has been proposed for the
coating of solid particles as a means of improving the flow
properties of small particles (see page 1627). Researchers
lave observed that in general fluid-bed granulation yields a
less dense particle than conventional methods and this can
affect subsequent compression behavior. A large-scale
fluid-bed granulation [recess ha been described for Tylenol
(Mt-Neil). Methodsfor the preparation ofcompressed tablets
lave been reviewed in the literature.’

In the Merck Sharp &. Dohme facility at Elltton, Virginia.
the entie tablet manufacturing process based on a wet-
granulation method '3 cornputer-controlled By means of a
computer. the system weighs the ingredients. blends, granu-
lates, dries, and lubricatea to prepare a uniform granulation
ofspecified particle size and particle size distribution. The
computer directs the compression of the material into tablets
having exacting specificatiom for thickness, weight. and
hardness. After compression, the tablets are coated with a
water—based fim coating. The computer controls and mon-.
itors all flowofmaterial. The faciity representsan innova-
tion in pharmaceutical manufacturing. See Fig 90-11.
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Fig 90-11. Computer control room for the first large-scale computer-controlled tauet manufacturing tacllity (courtesy, MSD).

Although the Merck facility represents the most fully au
tomated production operation, there are many others
throughout the industry which have parts of the operation
(such as a coating, a compressing, or a fluid bed granulation
process) operating under a high degree of sophistication and
automation. This is the trend for the future. Equipment
suppliers work closely with individual pharmaceutical com-
panies in designing specialized and unique systems.

Dry-Granulation Method

When tablet ingredients are sensitive to moisture or are
unable to witlntand elevated temperatures during drying, and
when the tablet ingredients have sufficient inherent binding
or cohesive properties, slugging my be used to form granules.
This method is referred to as dry granulation, precomptession,
0!‘ the double-compression method. It eliminates anumber
ofsteps butstillincludes (1) weighing, (2) mixing, (3) slugging,
(4) dry screening. (5) lubrication. and (6) comprsion. The
active ingredient, diluent (ifone is required). and part of the
lubricant are blended. One d‘ the constituents, either the
active ingredient or the diluent, must have cohesive properties.
Powdered material contains a considerable amount of air;
under pressure this air is expelled and a fairly dense piece is
ionned. The more time allowed for this air to escape, the
better the tablet or slug.

When slugging is used, large tablets are made asslugs be-
cause fine powders flow batter into large cavities. Also. pro-
ducing lameslugs decresso production line: 7/. to l in. are the
most practical izes for slugs. Sometimes. to obtain the
Pressure which ‘as desired the slug sizes are reduced to 3/; in.
The punches should in flat-faced. The compressed slugs are
Oomminuted through the desirable mesh screen either by
hand, or for larger quantities through the Fitzpatrick or
similar oomminuting mill. The lubricant remaining is added
to the granulation, blended gently, and the material is com-

pressed into tablets. kpirin ingood example where singing
is aikfacwry. Other materils such 0 aspirin combinations,
acstophenetidin, thiamine hyd-ochloride. ascorbic acid.
mqrtesium hydroxide. and othc antacid compounds may be
treated similarly.

Raula comparable to those accomplished by the digging
procus are also obtained with compacting mills. In the
compaction method the powder to be deusified puss bdween
higleprusure rollers which comprus the powder and remove
the at. The densified material is reduced to a uniform

granulesize and comprehend into tablets alter the addition of
a lubricant. Excessive measures which may be required to
obtain cohesion ofcsrtain materials may result. ins prolonged
dissolution rate. Compaction mills avalahle include the
Chilsonamr (Fitzpatrick). Roller Compactor (Vector), and
the Compactor Mill (Allis- Chalmers).

Direct Compression

As its name implies. direct compression corlists of can-
preasins tdrlets directly from powdered material without
modifying the physical nature of the material itself. For»
merly, direct compression 3 a method if tablet maatfacture
was reserved for a small you: ofcrystalline chemicals having
all the physical characteristics required for the formation of
a good tablet. 'I‘hia grow includes chemicals such as potas-
sium salts (chlorate. chloride, bromide. iodide, nitrate, per-
manganate), ammonium chloride, and methenamine. These
materials possess cohesive and flow properties which make
direct compression possible.

Since the pharmaceutical industry is constantly making
efforts to increase the efficiency of tableting operations and
to reduce costs by utilizing the smallest amount of floor space
and labor as possible for a given operation, increasing atten-
tion is being given to this method of tablet preparation.
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Fly 9043. Yyplcal spay-drying system (mnm95Y- Bowen EM)-

for evapcr-atn‘on andccnveys the dried producttothecolleaor;
tlne air is then exhausted with the moisture. As the liquid
droplets present a hinge surface area to tie warm air, local heat
and usmfer coefficients are lnigh.

'l‘he spray-ciied powder particles are homogeneous. ap-
proximately spherical in slnape. nearly uniform in ice. and
frequently hollow. The hatter chtactcristic rsnlts in low
bulk denity witln a rarid rate of solution. Being nmiform in
size and spherical. tlne particles possess good flowabiity. The
design and operation cf the spray—dryer can vary manyclnar-
acteristics of the final produd. arch as particle size and Ii
distribution. bulk and particle densities. poroity. moisture
content. llowability. and friability. Among the spray-dried
materials available for direct compression formulas are lac-
tose. mannitol. and flour. Anotherapplication ofthe procem
in tableting "n spray-«tying the combinatiorn d‘ tablet additives
an the diluent. disintegrant. and binder. 'I‘lne spray-dried
material is tlnen blended with the active ingredient or drug.
lubricated. and compremed directly ‘mto tablets.

Since atomizaticnof the feed resnits in a high aurfacearea.
the mo'tstns*e evaporates rapidly. The evaporation keeps the
prothictcoclandsaaranltthe nnethodisappianfle fa-drying
heat-sensitive materials. Among heat sensitive pharma
ceuticals successfully spray dried are the amino acids; anti-
biotim as aureomydn. badtrsdn, pcnicilin. and creptomycin:
ascorbic acid; cascars extracts; liver extracts; pepsin and
ainnilar enzyme: protein hydrclysates; snnd thiamine."

Frequently. spray-drying is more economical than other
procuass ince it produces a dry powder directly from a liquid
and eliminates other procsssingsteps as aystallization. pre-
cipitation. fltering or drying. pm-ticle s‘nse reduction. and
puticle classifying. By the elimination of these steps. labor.
equipment costs. space requirements. and poesiblecontami-
nation of the product are reduced. Intrinsic factor concen-
trate obtained from hog mucosa previously was prepared at
Iederle Laboratories using a salt precipitation process. fol-
lowed by a freeze-drying. By utilizing spray-drying it was
pnaible to manilacture s higln-grade material by a continuous
process. The qnhericsl particlesd the prothict facilitated its
subsequent blending with vitamin Bu. Similar efficiencies
have has found in procsnan produchg magnesium trisilicate
and dihydroxyaluminum sonium carbonate; both clnennicals
are widely need in antacid preparations.

Encapsulation of chemicals can also be achieved usinng
qiray-dying equipment. The process is useful in coating one
material on another in order to protect the interior substance
or tocontrolthe rate ofitsrelease. 'I'he sulntance tobeccated

can éther be liquid or solid. but muatbeinsoluble in a solutiin
of the coating material. The oil-soluble vitmnirns. A and D,
can be coated with a variety of nnaterids as acacia gum to
prevent their deterioration. Flavoring ois and synthetic
flavors are coated to give the so-caled dry flavors.

Spray-Conngealing—-Also called spray-chilling, spray-
corgealing is a technique similar to spray-drying. It corfists
of melting solids and reducing tlnern to beads or powder by
sprayhngthe molten feed intoastreamofsirorothergaa The
same basic equipment is med as with spray-drying although
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no source if heat B required. Either ambient orcccled air ‘I
used depending on the freezing point of the product. For
example. monoglycerides arnd similar mate-ials re spray-
corgealed with air at 50°F‘. A closed-loop system with re»
frigeration cools and recycles the air. Using this process,
drugs can be dissolved or anspended in a molten wax and
spray.congealed; the resultant material then can be adapted
for s prolonged-release form of the drug.

Among the urbohydrata med in compressed tablets.
mannitcl "n the only one wlich possesses high heatstabiity.
Marsnftd melts at 167‘ and either alone or in combination

with other carbohydrates can be fused and qiray-congealed.
Selected drugs have been shown to besoluble in these fused
mixtures. and the resultant spray-congealed maten'al pos-
sesses excellent new and compression characteristics.

Tablet Machines

As mentioned lnevioudy. the basic mechanical unit in
tabletmonprssdcnn involves theoperation d twodeel purnches
within sstesl tie cavity. Thetaflet isformedbythepremnae
exerted on the granulation by the punclnes within the die
cavity. (I cell. The tablet assumes the size and shape d’ the
punches and die used. See Figs 90-14 and 90-15. While
mind tablets are more generally used. shapes sucln as oval.
capsde-form. sqnnre. triangular, orotlner irregularshapes my
be used. Likewise. the curvature d‘ thefacescf the punches
determines the curvature of the tablets. The diameters

generally found to besst'nd'actoryand frequentlyreferred to
ssstsndarduc ssfcllow: '/.oirn."£.,in. '/.in,‘7.«.-irn.'In;irn. “lg;
in."/gin, '/gin.'Insin.$in. "Insil|.sIai ‘kin. Punclnfacss with
ridgmareusd fcrcompresssdtabletasccredfor bruhirnginto
inlveacrfourtlns. dthomh ithasbeeninrlcated thatvaiatfon
among tablet hives issignilmrslygreater than unong ‘Intact
tablets. However. a patented famuhts'orn“ for a tdnletscored
to form a groove whicln is one-third to tvurthirds the depth
of the total tablet thickness ‘a claimed to give equd parts
containing substantialy squd amounts of thedrug substance.
Tablets. engraved or embomed with symbols or initials. re-
quire punches with faces embossed or ergravcd with the
corresponding designs. Ssel-‘ig90~l6and P390-l7. Theme
of the talbt sometima detcrnnines its shlll: effervescent
tabletsan uaidly large. mnmd. and flat, while vitamin tablets
are frequently prepared in capsule-shaped forms. Tablets
prepued wing deep-cup punches appear to be round and
when coated take on the appearance of pills. Veterinary
tablets often have a bohna shape and are much larger than
those med in medical practice.

The quality-eontrol prqram for punches and dies. fre-
quently referred to m tooling. instituted by large pharma-
ceuticul companies emphmiaea the importance of their care
inn modern phannaceutical production. To produce physicdly
pa-fect compressed tablets. an efficient punch-and-die pro-
gram must be set up. Proviions for inspection of tooling,
parameters fcr coat-per-product deternrninatfon. product
identification. and tooling qnecifimtions nnust dl be consid-
ered. A committee of the Industrial and Plnarrnnaaeuticsl

Technology Section of the APM Academy of Pharrnscsutiul
Sciences has establidned a set of dinnenional qiecifications
and tolerances for standard punches and dies-“

Regsrdbss of the size of the tahleting operation. the at.

O
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Fig 90-18. Fonnationol tablston sruo-pinch machine (courtesy.
VoctorIColtotI)-

havebeen made. til the with granulation and tumour themotor.
Hardnea and we|'?ht sho hepg:’cdIlred im a.:l auaihtahle 3;justmentsrmde'neceasary. ' ’ccheclss m on

tablet lgdneaa and wdghtduring the running of.‘ the batch at l6—30 minintcrva
Wlen the batchhas been rund"f,turnd‘f the powerand remove loose

that andsranulationwith the vncuurncleancv. Release the plvassura from
the punches. Remove the feed ho and the feed shoe. Remove the

qrperpunclnthelower punch. and eds. Clean allarrfacas tablet
machine and dry well with clean cloth Cover surfaces wlh thn coating
ofgrease or oil prior tonoraae.

Aa taliets are ejected from the machine after compression,
they are usually accompanied with powtbr and uncompressed
granulation To remove this loose diet, the tablets are pssed
over a screen, which may be vibrating, and cleaned with a
vacuum line.

Rotary Tablet Machines

For increased production rotary machina dfe great ad-
vantages. A head carrying a number of sets of punches and
dies revolves continuomly while the tablet granulation runs
from the hopper, through a feed frame, and into the dies
placed in a large, steel plate revolving under it. ‘His method
promotes a uniform fill of the die and therefore an accurate

Fla 9049. Model 747 High Speed Press. double-sided rotary corn-
pactha pressdeslgnsdtopruarosatspaexsoinr i).o00Imin (ccmesv.
Stokes/Pemwalt).

ORAL SOLID DOSMI FORMS 1617

«into ween nu

 
 

.71 r _l-' >1
:17

W Jim n n; fL7ifliW1n)MiiiI AL

 
pig“, qum>nr.ra l.pIl:(1l'

f», :1’. ‘-3 _ |,..,—. E.—_—{—3_— "'11-.*r“,.»r
—i.L~J~A—,v :‘/-2.‘-V»-’ ;_ ;_ ;_"—‘.—_'—_". ;. <'’ L? ’ 1" 13¢‘:

__. : _ __ '7 ‘~~. I: s._1 \ '
I ~ ~ ||.IIlI.\ nan
.7 777.! 7 ."*. '7«\r'v/ca “I

Wlllll ‘I.’ X ’ ‘ ‘::‘ ~
l.__.l“ I KIICYOI IIIVVDI,-- i _

nun --rnuu nu '

Flg 90-20. Tooting tor a 3-stalim rotary press showing positions or
the cycle requred to produce 1 tmtetlset or tcotlno (cotatesy.
Vactorlcollon).

weight for the tablet. Compression takes place as the upper
and lower punches pass between ape’: of rollers This action
produces a slow squeezing effect on the material in the die
cavity from the top and bottom and so givesa chance for the
entrapped air to escape. The lower punch lifts up and ejects
the tablet. Adjustments for tablet weight and hardness
be made without the use of tools while the machine is in op-
eration. Fig 90-20 shows the tooling in a 16-station rotary
press in the positions of a complete cycle to produce 1 tab
let/set oftooling. One ofthe factors which contributes to the
variation in tablet we'ght and hardness during compression

the internal flow of the granulation within the feed
hopper.

On most rotary machine models there is an excess pressure
release which cushiom each compression and relieves the
madn'ne of all shocks and undue strain. The punches and
dies can be readily removed for inspection, cleaning, and for
inserting different sets to produce a great van'ety of sizes and
shapes. It is possible to equip the machine with as few
punches and dies as the job requires and thus economize on
installation costs For types of rotary machines available. see
Table II.

Olteration of Rotary Macliner

Before insertingpunches and dim. make certain that the pressure hm
been relemed man thepraasurewbeel. Thedeholcaahouldbecleaned
thoroughly, makirg certain thd the dis seat is conyletely free of any
foreign rfierfah. Back off all die locks and loosely unert. dies into the
die holes, then tapeadi die securely into place witha fiber ot‘rd'tmetal
rod through the upper punch holes. After all the dies have been tapped
intoplace. tighteneach die lockacrew progreaively and securely. Aseach
screwin tighteaedtbedie iacheclredtoneethatizdoea mtproiectabove
the the table. Insert tla: lower punches through the hole made avdlable
by removing the punch had. Turn the machine by hand until the pllldl

bore coincides with the plug hole. Insert each lower punch_ in its flaoe
progressively. insert the upper punches lqy éopping them arto place In
thehoad. Eachpmch (upper and knverlstanldbematedwrthatlrinfihrr
ofnineraloil before inserting them iatothe rnach‘me. Adimtthe ejection
can sothat the lower punch is flush with the tie table at the ejection
point.

After insertion of the pundnex and dreeadjust the macline far the tablet
wekht and lnrdneaa. The feed frame druid he attached to the machine
along with the feed hopper. Add a small amount of the granulation
through the hopper and turn over the machine by hand. Increase the
presswe by rotating the pressure wheel until or tablets‘: formed. Check
the weight of the tdrlet and adjust the fil to provide the dedred tablet
weight. Most likely more than one adjustment ofthe fillwil be neceasuy
hdore obtaining the acceptable weight. When the {ill is decreased. the
pressure must be decreased to provide the same lnrdnan la the tablet.
Conversely, when the fill is inaeased, the presume must he incensed to
ohtdn comparable hardness.

Fill the horper with the granulation and turn on the power. Check
tablet wekht and hardness imrnetiately alter tln mechanical operation
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Twle I-—Rotay Taflet Machines

Maximum Press
tablet weed

Machine Tool damolor (tablets! Depthor
model sets fro) min) 00 (In)

Vector-Colton equipment
2216 16 ‘A. 1180 W.
240 16 7/5 640 “/5
250 12 11/. 430 111..
260 25 13/15 1450 1%

31 1 1600 13/.
33 “A; 1910 1%
43 6/. 2500 1%

270 25 1% 450 2"/4
42 7/. 750 23/.

Stokes-Pennwalt equipment
512-1 16 5/; 350 1050 "/1;
516-1 23 13/“; 240-720 1%
550-2 16 '51.; 365 640 1‘/,.
555 45 "/,5 1050 4200 "/1;

35 % 800-3200 “/15
323-1 45 -Y. 1000 4500 "/..,

Manesty equipment (Thomas Btu)
B38 16 ‘)1; 350 700 "/1;

Z3 7/to 500-1000 "/15
BB3B 2'7 5/; 760-1520 "/15

33 "A; 9211-1848 “/15
35 ‘it. 1490-2980 "/.5
45 71.. 1913-3826 '11..

D38 16 1 260 520 "/15
Key sqtipment

D016 16 "I"; 210-510 "/.3
BBC 27 5/. 1025-2100 111,.

35 5/. 1325-2725 "/15
45 7/11; 1700-3500 '11,.

Cadpnss 37 “/15 850-3500 "/1;
45 5/. 2000-6000 “lg;
55 7/36 2500 7500 “/13

Fette equipment (Raymond Auto)
(mm) (mm)

Perfect: 1000 28 16 2100 18
33 13 2475 18

Perfecta 2000 29 25 2175 22
36 16 3600 18
43 13 4300 18

hduandrnsl1eauitabIeadjustrr1er1ta.ifr1eoesasry. Chsclthefieprop
cu'esrwtins|yar1dregdarlydl5:l)rnininIcrvahwln‘hthenm:l1iae
isioqneratina. Wheathebotchhuheennntumotruppowc. Ite-
rnovetbe antifeed fmnrefruathemclina. Runove yan-
dntion duuwithavaclnnnfin. lhrmvedlgnatonrefrun vrhed.
Bennvatlhrnrrdieaarrdrlieintlareearaeortierofthattnodirosttiog
rptbellacldne. Firsgrernovstlls '1ndividuaIy,tbenthe
lmnorpunchu.-Idfinnlythsdiea. aalrsaehptmcbmddieitslctbol
and brudnvith aeoftbrudr toranoveadlreaiag uatuisl. Dry them with
adeanrhtbamlmvertheltvlithatblnoodhgofyeaaeoroilbefore
storiili.

High Speed Rotary Tablet Machines

The rotary tablet machine baa gradually evolved into
models capable ti compreadng tableto a high production
rates. See Figs 90-19. 90-21, and 90-22. This has been so-
complidred by increasing the number of stations. ie. sets of
punches and dies. in eadr revolution d the machine head.
improvement in feeding devices, and on some models thein-
stallation d‘ dual compression points. in Ft 90-23. the
drawing draws a rotary machine having dual compression
points. Rotary madinea havingdual crxrrpresion pointsare
referred to a double rotary machines. and those with one
compreaion point, single rotary. In the ¢iagrun.hall'of the
tablets we produced 11!)‘ from line tabletchute. They travel
outside the perimeter and drsclnrge with tbesecond tablet
production. While these models are mechanically capable

Tdale ll--High-Speed Rotary Tdilet Machines 

 

Maximum
tablet

Machine Tool diameter Press speed Depth op
llD®l atls (in) (tatiets/min) llllfln)

Vector Coltun equipment
2247 33 5/11 348) 3/,

41 ‘ 1/,5 4300 3/.
49 7/16 5150 ‘I4

Magna 66 73/32 10560 3/4
74 ‘,5 H.840 5/4
90 7/.5 14.4% 3!.

Stok-Pennwdt equipment
555-2 35 ‘lg 300-3210 “/3.
328-4 45 ‘/4 1613-1500 1%
610 65 ’/1. 3500-10.000 -I/..
747 G5 7/.10 MID-l0.000 “In

53 % 2900-81% "/1.
41 “/1; 2150-6160 "5.

Direct Triple Compression Type
580-1 45 71.. 525-2100 '81,.
500-2 35 *1. 400-1600 ",5.
610 65 7/“ 35113-10310 "In

53 5S 29%-8100 “In
Manesty equipment (Thomas Eng)

Betapress 16 51, 600-1500 "A.
23 7/13 $04160 "/13

Express 20 l %0-2(l)0 “lg.
25 We IUD 25% "/13
30 1/,3 1200-3000 II/.3

Unipress 20 1 970 2420 “V15
27 5/. I300-3270 "/15
34 71.. 1640-4120 "I...

Novapress 37 1 760 37% '71.
45 % SIX)-4fl)0 “/16
61 7/13 1220-6100 “/13

B8313 35 ‘lg l4%—29% "liq
BB4 27 5/5 900—27% "/13

35 5/5 1161-3500 "/1.
05 lllig M 45% “/13

Rotapress
Mat'kIIA 37 I 710 3550 "/10

45 55 1640-83!) “As
61 "I" 2220 11.100 “/10

Mark IV 45 1 %90-80% “In

55 ‘/11 2550-7330 "2:75 1/16 35% 10.0% “
Fette equipment (Raymond Auto)

(mm) (mm)
PT2080 29 25 435 2900 18

$ 16 540 41% I8
43 I6 645 49% 18

Pafecta 30% 37 25 44% 22
45 16 6750 I8
55 13 10.500 18 

of operating at the production rates drown in Table [I]. the
actual qzeed still depends on the physical clraracteriatics 0‘
the tdnlet granulation and the rate which is consistent with
conpreased tdilets having mtislactory physical characteriflr
ties. The main ciflictrlty in rapid madiine operation ‘a an-

auring adequate filing of the dies. With rapid filling, dwell
time of the die cavity beneath the feed frame is insufficient

in enaure tbereqtirenrenteoftnitorm flow and pscldngoftbe
dies. Various methorh of force-feeding tlregrantdation into
the dies have been devised to refll the dies in the very shat
dwell time permitted on the h‘gh-speed machine. These
devices are ilustrated in Fig 90-24. Pr-eues with triple
compression poiraa (see Table 111) permit the partial com-
paction of material before final compaction. This provides
for the partial dmsntion and particle orhntation of material
befae final compreuion. This hdps in the direct conpactins

W
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Fig so-25. Upper photo: Hlghspesd rotay pnsss snulpped with strain
mugss; Lower photo. layout dtounm aranoament of electronic
components (courtesy. Upjohn).

Capping and Splitting of Tablets

The splitting or capping of tablets is one of great concern
and annoyance in tablet making. It is quite dil'l‘icult to detect
while the tablets are being pi-cussed but. am be detected easily
by v'gorously shaking a few in the cupped hands A slightly
chipped tablet does not necossariy mean that the tablet will
cap or split.

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

1. Excess "fins" or powder which traps air in the tablet. mixture.
2. Deep markings on Iahlol punishes. Many designs or “scores” on

punches are too broad and deep. Hairline mflings arojuat. aaappropeiate

as deealheavy markings.3. orn and imperfect. punches. Punches should be smooth and
buffed. Niclted punches will often came capping. ‘tho hvclcpment d‘
fins father edges on tablets indicatm war at punches.

4. Worn dies. Ursa should be replaced or reversed. Dies that are
d1ron\e—pld.ed or have tungsten carbide inmrla wear larger ani give better
retsalts than a-dinary steal ties.

5. Too much prusure. By rntludng the measure on the machines as
condition may be corrected.

6. Unsuitable formula. It may be nacemary to change the formula.
'1. Nbistandsofl granulation. This type ofgranulalion will not [low

freely into the dies. l.l‘lll giving uneven weights and softor capped tab-eta.

8. Poorly machined punches. Uneven punches are detrimental tothe
tablet machine itself and will not produce tdilets ofaocurate weight. One

Fla 90-28. Fstts Partocta 3000 htmepsod tablet press with pmashg
compartment completely sealed of! from outside arwrormawt making
cross contamination impossible (courtesy. Raymond Auto].

punch out of alignment may cause one tabletto split or cap on every rev-
alutron.

Instrumented Tablet Presses

Compressionsl and ejectional forces involved in tablet
compression can be studied by attaching strain gauges to the
punches and other press components involved in compression.
The electrical output 11' the gauges has been monitored by
telemetry or use of a dual beam oscilloscope equipped with
camera.‘5v"' Instrumentation permits a study of the com-
paction characteristics of granulalions, their tlowabilitfes. and
the effect of formulation additives. such as lubricants.
Physical characteristic of tablets,sucl1 as hardness. friability.
disixitegration time. and dissolution rate. are influenced not
only by the nature of the formulation but by the compressional
forceaswell. Therefore definition of the compressional force
giving a satid'actory tablet for a formulation provides an in-
process control for obtaining both tablet-to-tablet and lot-
to-lot uniformity (see Fig 90-25).

Instrumentation has led to the development of on-line,
automatic, electromechanical tablet weight control systems
capable of continuously monitoring the weights of tablets as
they are produced. Units are available commercially
[Thomas Tablet Sentinel (Thomas Eng)’. Fette Compression
Force Monitor (Raymond Auto); Vali-Tab (Stokes.Pemz—
walc)] and are applicable to single or rotary tablet machines.
When tablet weights vary from preset limits, the monitor will
automatically adjust the weight control mechanism to reee—
tablish weights within acceptable limits. If the difficulty
continues. the unit will activate an audible warning signal or
an optional shut.-down relay on the press (see Fig 90-22].
Most production model tablet presses come equipped with
complete instrumentation (optional) and with options for
statistical analysis and print out cf compression/ejection
signals. The techniques and applications of press instru-
mentation have been reviewed."’'19
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influ-

Contamination Control

While good manufacturing practices med by the pharma-
ceutical industry ftr many years have stressed the importance
of cleanliness of equipment and facilities for the manufacture
of drug products, the penicillin contamination problem re-
sulted in renewed emphasis (11 this aspect of manufacturing.
Penicillin, either as an airborne dust or residual quantifies
remaining in equipment, is believed to have contaminated
unrelated products in sufficient concentrations to cause al
lergic reactions in individuals. hypersensitive to penicillin, who
mceival these products. This resulted in the indlntry
spending thousands ofdollars to change or modify biildinga,
manufacturing processes. equipment, and standard operating
procedures to eliminate penicillin contamination.

With this problem has come renewed emphaaiam the dust

problem, material handling, and equipment cleaning in
dealing with drugs, especially potent chemicals. Any procem
utilizing chemicah in powder form can be a dlsty operation;
the preparation of compressed tablets and encapsulation {sh
in this cat-ccory. In the design of tablet presses attention ‘a
being given to the control and elimination of dust generated
in the tahletfng process. In the Perfecta press shown in Fig
90-26, the pressing compartment '3 completely sealed off from
the outside environment. making croaspcontamination im-
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possible. The pressing compartment can be kept dust-free
by the air supply and vacuum equipment developed for the
machine. It removes airborne dust and granular particles
which have not been compressed, thus keeping the circular
pring compartment and the upper and lower punch gtides
free «I dust.

Drug manufactu-era have the respomibility to malre certain
that microorganisms present in finished products are unlikely
to cause lnrm to the patient and will not bedeleterious to the
product. An outbreak of Salmonella infections in Scandi
navian countries was traded to thyroid tabkats which had been

prepared from contaminated thyroid powder. Thh concern
eventually led to the establishment ofmicrobial limitsfa raw
materials of animal tr botanical origin, especially those that
readily support microbial growth and are not rendered sterile
during subsequent processing. Harmful microorganisms
when present in oral products include Salmonella sp, E coli,
certain Pseudomonos sp such as Pseudomonas aerugiuosa,
and Staphylococcus aureus. The compendia have microbial
Emits on raw materials such in aluminum hydroxide gel, corn
starch. thyroid. acacia. and gelatin.

These represent examples of the industry's efforts to con-
form with the intent of current good manufacturing practice
as defined by the Food and Drug Administration (see page
1489)

Tablet Formulations

Wet Granulation Method Chewable Antacid Tablets

CT Aeenminophem 300 mg lnyedienta In each In 10.000

Ingmdimu In each In 10,000 Magnesium tr-isilicate 500mg 5300 g
_ Aluminum hydroxide, dn‘ed gel 250mg 2500 g

AcetaI_nmox>hen_ 3000 ms 3000 E Mannitol 300mg 3000 g
PdVV|lIYlD)'|'|'°lld0lle 22-5 13¢ 325 8 Sodium saocharin 2mg Z) g
Lactose 61.75 mg 617.5 g st,“-ch pgggg, 5% qg qs
Alcohol proof 4.5 mL 45 L of xppefmint 1 mg [0 K
Slelfic acid 9 ml! 90 ll Muneaium stearate 10 mg 100 g
Talc 13-5 ms 135 K Com starch 10mg 100 g
Corn starch 43.25mg «$32.5 g  j

Blend acetaminophen, polyvinylpyrrolidone, and lactose together;
pus fin-orgh a 40 mesh screen. Add the aloolrolalowly and knead
well. Screeathewetmassthr he-tmsshscreen Dygrmuhtion
at 50'C msI'n'ght. Screen (in ied granulation through a 20-mesh
screen. Bolt the atcaric acid, talc, and corn starch through 60-mesh
Screw prior to mixing by tunbhng with the granulation. Compress
using’ "In-in standard concave punch. 10 tablets should wrath 4.5 g
(coutesy, Abbott).

 

CT Ascorbic Acid IBP. 50 mg

Ingredients In each In 70(1)

Ascorbic Acid USP (powder No. &l)“ 55 mg 385 g
Lactose 21 mg 147 g
Starch (potato) 13 mg 91 g
Ethyloeuulooe N 100 (so.1o5 cps) 16 mg 112 g
Starch (potato) 7 mg 49 g
Talc 6.5mg 45.5 g
Calcium stearale (impalpahle powder) 1 mg 7 g

We!’ht of granulation 836.5 g

‘' Includes I01» in excess of claim

Granular: the above first three ir¢nd'\a:ts with ethylce ldn: (5%)daaolved ‘Ir anhydrais ethyl dcohol ad ing addilioml anhydrous

Wtoobtain good watgr-amiss. Wetacreen tl|rough8at.ainlaa001081 onddryat room lunparature inan ail‘-conditioned area.
DI’! flcrem t umgh 20 stainless steel screen and incorporate the re
b":“05ns three Mir thoroughly and compress. Uses flat

"led. '/an punch. 20 tablets mm weigh 2:49 g.

Mix the magnesium u'ia'h'cate and aluminum hydroxide with the
mannitol. Dissolve the sodium saccharin in a Imall quantity of pu-
rified water, then combine thiswiththestarch pasta Gnnulate the
powderliend withthe lurch pate. Dryat l40°I-‘zndscreen drrough
I6-mesh screen. Add the tlavuringoil. magnesium stearata. and corn
starch; mix well. Age the granulation for at least 24 hoursand com
press usfrg ‘/g-in flat-face bevel-edge punch (courtesy. Atlaal.

CT Ilexavitamin

 higredients In each In 7000

Ascorbic Acid USP fpowder)‘ 82.5mg 577.5 g
Thiamine Mononitrate USP 2.4 mg 16.8 g

(powder)‘
Riboflavin‘ 3.3m g %.1 g
Niootinamide USP (powder)° 22 mg I54 II
Starch . . . 97.4 g
Lactose . . . 41.2 g -
Zein . . . 45 g
Vitamin A acetate: 6250 U
Vitamin D2“ (use Pfizer 625 U 87.5 g

crystalets medium granules
containing 500,000 U
vitamin A acetate and

50,000 U vitamin Dz/8).
Magnesium stearste 7.5 g

Weight of granulation 1050 g

" Includes following excess of claim: acerbic aid 10%. tlriunine
mononihata 20%, riboflavin 10$. nicotinarnide 10%, and vitarrin A
acetate—vitaIrin D2 crystaleta 25%.
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Thoroughly mi: tin B1-I. nix ingredients and grenulate with vein
(till inethyl alcohol adding additional deobol if necesmry toobtein
good vetgraiules). Wetecreen throigh Gstainlese deel screen and
dryat 1 no-12o°r. Dry screen through zostaiahes steel meenead
add the vitamin uystelets. Mr thoroughly, lubricate. and cimqueea.
10 taliets should wéh L601. Coat with syrup.

CT 'l‘heobromine—Pbenoberbitel

Ingredients In each In 7000

Theobrornine 325 mg 2275 g
Phenobarbital 33 mg 231 g
Starch 39 mg £3 g
Talc 8 mg 56 g
Acacia (powder) 8 mg 56 g
Stearic acid 0.7 mg 4.9_g

Weightof granulation 2895.9 g

Prqwe apmtewith the acacianmi unequal weightolstuch. Use
this pain for granuluing lb theobromineand phenobarbital. my
andaut throughalz-med: ecreenaddtln remainderdtherneteriel.
mix this-oujily. and conmraes into tablets. using a "figin concave
punch. 0 tablets should wflfl: 4.13;

Dry Granulation Method

CT Acetylsalicylic Acid

Ingredients In each In 7000

Acetylsalicylic Acid (crystals 20-mesh) 0.325 g 2275 g
Starch 226.8 g

Weight of granulatim 2501.8 g

Dry the starch to a moisture content of 10%. Thoroughly mix this
with theaeetyllalicylic acid. Conpresintnalign. Grind the slip
to 14-16 mesh aiu. llecompreas into tablets. using a W3; is punch.
10 tabletashnuld weigh 3.575 3.

C1‘ Sodium Phenobarbital

Ingredients in each In 7000

Phenobarbital sodium 65 mg 455 g
Milk sugar (granular, 12 mesh) 26 mg 182 g
Starch 20 mg 140 g
Talc 20 mg 140 g
Magneium etearate 0.3mg 2.1 g

Weight of granulation 919.1 g

Milrnll the ingredients thorongliy. Comoros into shgs. Grind
and screen to 14- 16-mesh granules. Reeompresa intotebleta, ndng
a ‘Ag-hi concave punch. 10 tablda drould weigh 1.3 g.

 

CT Vitamin B Complex

Ingredients In each In 10,000

Thiamine mononitrate“ 0.733 mg 7.33 g
Riboflavin“ 0.733 mg 7.33 g
Pyridoxine hydrochloride 0.333 mg 3.33 g
Calcium pantothenate“ 0.4 mg 4 g
Nicotinamide 5 mg 50 g
Milk sugar (powder) 75.2 mg 752 g
Starch 21.9 mg 219 g

gale acid (po de 20 mg 2“) ggtearic ‘ v r) 0.701 mg 7.01
‘ Weight of granulation 1250 g 

‘ Includes 10% in excess of claim.

Mix all Iheingredienta thoroughly. Compreeainto slugs. Grind
and seen to 14-16 mesh granules Reoompreeeintotabieta. using
a '/.-in concave punch. 10 tablets should weigh 1.261.

Hsufhciemtanaficedd should he used in these tablets to adjust thep to 4.6.

Diect Compression Method

APC Tablets

Ingredients In each In l0,0(X)

Aspirin (40-mesh crystal) 224 mg 240 g
Phenacetin 160 mg 16(1) g
Caffeine (Anhyd. USP gran) 32 mg 320 g
Compressible sugar (Di-Pac') 93.4 mg 934 g
Sterotex 7.8mg 78 g
Silica gel (Syloid 244") 2.8mg 28g

‘' Anntar.
° Devison Chem.

Blend ingredients in twin-shell blender for 15 minutes and com
press on ‘$2-instandard concave punch (coutesy, Amatarl.

CT Ascorbic Acid USP. 250 mg

Ingredients In each In 10.000

Ascorbic Acid USP (Merck, fine 255mg 2550 g
a-ystals)

Mi:rocrystalline cellulose“ 159gm 1590 g
Stearic acid 9m g 90g
Colloidal silica‘ 2mg 20 5

Weight of granulation 42 50g

‘ Avicel-P!-I 101.
° Cab 0 Sil.

Bend all ingeiienta in esuitable blender. Oormresr ining 7/";-in

stand)nrd concave punch. 10 tablets should weigh 4.25 g (courtesy.I-‘MC .

Breath Freshener Tablets

Ingredients In each In 10,000

Wintergreen oil 0.6 mg 6 g
Menthol 0.85 mg 8.5 3
Peppermint oil 0.3 mg 3 g
Silica gel (Syloid 244°) 1 ng 10 g
Sodium saccharin 0 3 mg 3 g
Sodium bicarbonate 14 mg 140 g
Mannitol USP (granular) 180.95 mg 1809.5 g
Calciim stearate 2 mg _ 20 g

‘' Davison Chem.

Mir tlleflavor nib and menthol uml liqtid. Arleorbontothe silica
gel. Add the remaining imredients. Blend and eompr on ‘(win

l|at.l';ce besel-edte punch to a thickness of 3.1 mm (courtesy.Atlm .

 

 

Chewable Antacid Tablets __

Ingredients In each In 10,000

Aluminum hydroxide and 325 mg 3250g
Magnesium carbonate, co-
dried ml‘

Mannitol USP (granular) 675mg 6750g
Microcrystalline cellulose” 75mg 750g
Can starch 30mg 300g
Calcium stearate 22 mg 220 g

Filavor (3 f K qa
‘ lichen‘: EMA-11.
" Avicel.

Blend all ingredients in a suitable blender. Compress usilg 5/ti”
flat-face bevel-edge pinch (courtesy, Atlas).



Chewable Multivitamin Tablets

Ingredients In each In 10,000

Vitamin A [SP (dry, 5000USP 50 million units
stabilized form) units

Vitamin D (dry, 400USP 4 million units
stabilhed form) units

Ascorbic Acid USP (I).0mg 600g
Thiamine 1 mg 10g

Hydrochloride USP
Riboflavin USP 1.5 11¢ 15 g
Pyridosine 1 mg 10g

Hydrochloride USP
Cysnocobalamin USP 2 ug 20mg
Calcium Pantothenate 3 in 30g

[SP

Niacinamide (SP 10 mg 100g
Mannitol USP 236.2 mg 2362g

(granular)
Corn starch l6.6mg 166 g
Sodium Saccharin 1.1 mg 11 g
Magnesium stearate 6.6mg 66g
Talc USP 10 mg 100g
flavor qs qs

Blend all ingredients in asuitsble blender. Compress using ’/.,-in
flat-face bevel-edge punch (courtesy. Atlas).

C1‘ Ferrous Sulfate

Ingredients In each In 7000

Ferrous Sulfate USP (crystalline) 0325 g 2275 g
Talc 0.975 g
Sterotex 1.95 g

Weight of granulation 2277.93 g
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Grixl to 12 14 mesh, lubrimte,md compress. Coatimmsdiawly
to avoid oxidation to the ferric state with 0.410 gr of toll balsam
(dissolved in alcohol) and 0.060 grof sslol and chalk. Use a deep
concave “/ag-in punch. 10 tallets should we'gh 3.25 g.

C'l‘ Methenamine

 

In each, In 7000,
Ingredients g g

Methenamine 02- to 1-Lmesh crystals) 0.325 2275
Weight ofgranulation 2275

Compress cirectly, using a 7/.s—in punch. 10 tablets should weigh
3.25g.

C1‘ Phenobarbital USP. 30 rag

Ingredients In each In 10.000

Phenobarbital 30.59 mg 305.9 g
Microcrystslline cellulose‘ 30.59 mg 305.9 g
Spray-dried lactose 69.16mg 691.6 g
Colloidal silicab 1.33 mg 13.3 g
Stearic acid 1.33 mg 13.3 g

Weight of granulation 1330 g
' Avicel-PH-101.

° QUSO F-22.

Screen the phenobwbital to Heat up lumps and blend with mi~
czocrystaflne cellulose. Add spray-dried lactose and blend. finally
add the stearic acid and colloidal silica; blend toditain homogeneous
mixture. Compress usiu 'I;g—in shallow concave punch. I0 tablets
should weigh 1.33 g (cowtesy, FMC).

Nolded Tablets or Taflet Tmurates (rr)

Tablet triturates are small discoid mames of molded pow-
dersweighing30 to 250 113 each The basecomistsofhctose.
5-hctose, mannitol, dextrose, or other rapidly sohble mate-
riih. It is desirable in making tablet trituates to prepare a
solid dosage fcrm which is rapidly soluble, and as the result
they are generally softer than compressed tablets

This typeofdosage form hselected fora number ofdrugs
because of is rapidly dissolving charactaislic. Nihqclycerin
in many concentrations is prepared in tablet trittrate form
since the molded tablet rapidly dissolves when administered

by placing under the to e. Potent alkaloitk and highly
toxic drugs used in smal oses are prepared as tablet tritur-
ates which can serve in dispensing tablets to be used as the
source :1‘ thedrug in compounding other formulations orso~
lotions. Narcotic: in the form of hypodermic tablets ' i-
nally were made as tablet trituates because they ra ' y
dissolve in sterle water for injection prior toadministration.
Todaywith stable injections of narcotics avdlahle, there is no
blue!’anyfor their use in this manner. Although
mini’ hypodermic tablets currently are made, they are used
Primarily for oral administration.

Tablet trituatea are madeby forcing a moistened blend of
the drug and diluent into a mold. extruding the formed mass,
which '3 allowed to dry. This metlnd '3 essentially the same
as itwaswhen introduced ly Fuller in 1878 Hand molds may
vary in s'lm but the method of operation is sentially the
Ellie. Molds consist of two plates made from polystyrene

glflflf-50. hard rubber, nickel-plated brass, or stainless steel.
.53 mold plate contains 50-500 carefully polished perfora-

'1°||8. ’I1ieother plate isfitted with a corresponding nuniaer

 

ofprojectingpegsor puncheswhich fit the perforationsin the
mold plate. The mold plate is placed on a flat surface. the
moistened mass isforoed into the perforations. and the excess
‘n scraped fromthetopsurfaee. Themold plateii plaoedover
the plate with the corresponding pegs and lowered. As the
plates come together. thepegs force the tablettriturates from
the molds. They remain an the topsofthepegs untildryand
they can be handled (see Fig 90 27). In some hand molds. as
shown in Fig 90-28, the pegs are forced down onto the plate
holding the moist trituration.

_TQ \..\\ 
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Fig 90-2?. Hana molding tablet tmrates (courtesy. M80).



 
Fig 90-28. Tdist triturate mot! (courtesy. Vectorlcotton).

Formtlatlon

In developing a formula it is essential that the blanlr weight
title mold whidr istobe med inlrnown. Todeterminethis,
tlne weight of the diluent which exactly file all the openirngs
in the mold is determined by experiment. 'l‘his amount of
diluent is weighed and phued aside. The total amount of the
drug required '5 determined hy multiplying the number of
perforations in the plate used in the previous experiment by
the amount ofdrug desired in each tablet. The comparative
hull: ofthe medication '3 now compared with thatofan equal
volumeofdiluent and that quantity ofdiluent is removed and
weighed. The drug and theremaining diluent are mixed by
trituration. arid the resulting triurate '3 moistened and forced
irnto the openings of the mold. If the perforation are not
completely filled, morediluent is added, its weight noted. and
the fomnula written From the rodts of the experinants.

It '9 also perm'Isslble in thedevelopment ofthe formula to
weigh the quantity of medication needed fer the number if
tablets represented by the number if perforations in the mold,
triturate with a weighed portion (nnore tlnarn ‘l;) of tlnediluent.
moisten the mixture. and press it ‘into the perforations ofthe
mold. An adtitional quantity of the diluent '5 immediately
mohtened and also forced into the perforations in the phte
untnltlneyare completely filled. Allacess diluent isramoved.
thetrial tablets are force! from themold, then h-iturated until
uniform. moistened agdn if necessary, and rsrrnolded. When
these tablets are thoroughly drn'ed and weighed, the difference
between the’: total weight and the weight of medication taken
will indicate the amount ofdiluent required and accordingly
supply the formula for future use for that particular tablet
triturate.

For proper mixing procedures ofthe medication with tlne
diluent see Chapter 89.

Preparation

The mixed powders are moistened with a proper mixttre
of alcohol and water. although other solvents or moistening
agents such as acetone, petroleum lnenzin. arnd various corn~
hirnations of these may be used in specific cases; the aeentd
choice depernda on the solvernt action wh'I:h it will exert on the
powder mixture Often the moisterning agent is 60% alcohol.
but. this concentration may be increased or decreased de-
pending on the constituents of the formula. Care must be
tied inaddingtlne solventnnixturetothepowder. Iftoo much
is used. the mass wil be soggy. will require a long time todry,
and the finished tablet will be hard and slowly soluble; if the
manistoowehslnrinlragewill occur inthe molded tahletsancl

finally, a condition known as creeping will be noticed.
Creeping '3 the corncentratiorn of the medicationon thesurfaee
of the tablet caused by capillarity and rapid evaporation of
the solvent from the snlface. Because molded tablets by their
very nature are quite friable. an inaccurate strength in each
tablet may result from creeping if powder is lost from the
tablet’s surface. On the other hand, if an insufiicient annournt
d‘ moistening agent is used. the mass willnot have the proper

cohesion to make a firm tablet: The correct amount of
moisterning agent can only bedetermined initially by experi-
ment.

Hand-Ilotclng Tablet Trlturates

In preparinghand-molded tablets placethe mold plate on
a glas plate.‘ Theproperly moistanul materid is pissed ‘um

the perforations of the mold with a broad spatula exerting
uniform pressure over each opening. The excess magma; is

removed by paaing the spatula at an oblique angle with game
hand pressure over the mold to given clean, flat surface. The
material thus removed should he placed with the rernairnder
of the unmolded material.

The mold with the filled perforations should be reversed
and moved to mother clearn part of the plate where the
pressing operation with tlne spatula is repeated. It my be
necmsary to add more material to fill the perforatiorns com-
pletely and uniformly. The mold should be allowed tostand
in a pozition so that part ofthe moisterning agent will evapo-
rateequally from both faces. While the first plate is '
another mold can be prepared. As soon as the second mo
has been completed. the first mold should be sufficiently
surface dried so that tlne pegs will press the tablets from the
mold with a minimum ofsticking.

To remove the tablets from the mold, place the mold over
the pg plate so that the pegs and the perforations are in
juxtaposition. 'I‘he tablets are released from the mold by
hand pressure, which faces the pegs through the perforations.
The ejected tablets are spread evenly in single layers on silk
trays and dried in a clan, dust free chamber with warm, cir-

culating air. If only a small quarntity of tablet triturate; is
made and no warm-air oven is available, the tablet tritnrates
may be dried to constant weiglnt at room temperature.

Machine-Molding Tablet Trlturates

Tablet triturates also can be made using mechanical
equipment. 'l'he automatic tablet triturate machine illus-
trated in Fig 90 29 makes tablet triturates at a rate of 2500/
min. For machine-molding, the powder mass need not be a
moist as for plate-molding since the time interval between
forming the tablets srnd preairg them is cmsiden-ably shorta-
The moitened mass passes through the furnnel of the hopper
to the feed plates below. In this feed plate are fair holes
having the urns diameter a the mouth of the funnel. The

 
Flo so-29. Automatic mus: nmurane rmchhe teounesy. V°°'°"
Cotton).
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alum,“ fill; one hole at a time and when filled revolves to a
osition lust ova the mold plate. When III position the

aeighwd pressure foot lowers and imprisona the powder. At
the “me time'3 spreader the sole olgthe mm”: yubg
n into the mo cavities an evens ito so _ iturates
ax mootbon the surface and are ofuniform density. When
thisaoperal-ion is completed. the mold passes to the next po-
sition. where it registers with a neat if pinches or pegswhich
shot the tablets from the mold plate onto a conveyor belt.
The conveyor belt is sometimes extended to a length of 8 or

no it "~23: '*;::*.°' 5”“5 of ta ta ormorerapi n ing. iamet o
'd:j,.Tng can be used only if the drug is chemically stable to
3'35; drying conditions,
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compressed Tablet Tritwales

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

Capsules

(hpsubs are solid dosage forms in which the drug substance
is emiosed in either a hard or ad‘t, soluble container or shell
cf . suitable form of gelatin. The soft gelatin capsule was
- Vented by Mothes, a French pharmacist in 1833. During

e following year DuBlanc obtained a patent for his soft
gelatin capsules. in 1848 Murdock patented the two-piece
hard gelatin capwle. Although development work has been
dong on the preparation ofcapsules from methylcellulose and
calcium alginatc, gelatin because of its unique properties re-
mains the prirmry composition material for the manufacture
ofcapsdea. 'l'he gelatin used in the manufacture of capsules
is obtained from collagenous material by hydrolysis There
are two types of gelatin. Type A. derived mainly from pork
diua byacid processing, and Type B, obtained from bones and
mfmal skins by alkaline processing. Blends are used to obtain
gelatin solutions with the viscosity and hloom strength char-
acteristics desirable for capsule manufacture.°°

The encapsuln-ion of medicinal agents semains a popular
method for administering drug. Capsule: are taatehss, easily
administered and easily filled either extemporaneously or in
large quantities commercially. in prescription practice the
uuof had gelatin cipsules permits a choice in prescribing a
single drug or a combinationofdrugs at the exact dosage level
considered best for the individual patient. This flexibility
isan advantage over tablets. Somepatienta find ir.easier to
swdlow capsules than tablets, therefore preferring to take this
form when possible. This preference has prompted phar-
maceutical manufacturers to market the product in capsule
l‘ even though the product has already been produced in
tn _lot ronn. While the industry prepares approximately 75%
ofita solid dosage forms as compressed tablets. 23% as hard
‘dflm capslles. and 2% assoft elastic capsules. market sur-
VGV8 have indicated a consumer preference of 44.2% for soft
6°-We cllhules, 39.6% for tablets, and 19.4% for lard gelatinfilllfiuleafi

Hard Gelatin capsum

C ‘lie ham gelatin capsule. also referred to B the dry-filled
0'30-5“lB lDFC). consists of two section. one slipping over the
.l.he"- l-l|I_Is completely surrounding the dung brmulation.
Q “lass-ml capsule shape is illustrated in Fig 90-30 These
mflo are filed by introducing the powdered material into
up "30? end or body of thecapsule and thenslippingon the
mklcufld gelatin capaula me made largely from gelatin,
mmim°°l‘_“'fl_flts. and sometimes an opacifying agent such as

cm dioxide; the 181’ permits tbegelntin for this purpose
dufihg‘ " 015% sulfur dioxide to prevent. decomposition
wn” Iihanuf acture. Hard gelatin capsules contam 12-16%
age m‘n(;'_"_1-lie water content can vary depending on the stor-
e.,,,,o “merge. When the humidity '3 low, the capsules lic-
l'lgcc- ' ‘hi if stored at high humidities. the capsules become

‘W5 like their shape. Storage in high temperat.ure

areas can also affect the quality of hard gelatin capsules.
Gelatin capsules do not protect hygroscopic materials from
atmospheric water vapor as moisture can diffuse through the
gelatin wall.

Companies having equipment for preparing empty hard
gelatin capsules include Lilly. Parke-Davr'a. Scherer Gelatin
Corp, and SK&f-‘. The latter’a production is mainly fa its
own use; theothers are suppliers to the industry. With this
equipment alahleaa steel pins. set in plata, are dipped into
the gelatin solution, which mint be maintained at a uniform
temperature and an exact lhgree of fluidity. If the gelatin
solution varies in viscosity. it will correspondingly decrease
or increase the thickness d" the capsule wall This is impor-
tant since a slight vi:-iation haufficient to inalreeither a loose
or a tight joint. When the pins lnive been withdrawn from the
gelatin solution, they are rotated while being dried in kilns
through which a strong blast of filtered air with controlled
humidity is forced. Each capsule '5 stripped. trimmed to
uniform length, and joined. the entire process being me
chanical. Capsule-making equipment is illustrated in Figs
90-31 and 9032. These show the stainless steel pins being

 
Parke-Davis).

 
Fig 90-31. Mmula:limr olhadgelath capsdes by dipping stahless
steel pie into geialn solutions (counssv. Lilly).



 
FD 90-32. Fcrmsd capsules behg also by rotallng though drylm
klln (courtesy, Lily).

dipped into the gelatin solutions and then being rotated
through the drying kiln.

Capedes are supplied in a variety ofsizea. Tl: hard, empty
capsules (Fig 90-30) are numbered from 000. the largest size
which can be swallowed, to 5, which ‘a the smallest. Larger
sizes are available for use in veterinary medicine. The ap-
proximate mpacity fu- capsules from 000 to 5 ranges from 600
to 30 mg, although this will vary because of the different
densities of powdered drug materials.

Commercially filial capsules have tle conventional oblong
shape illustrated with the exception of capsule products by
Lilly and SK8.-,F', which are of distinctive shape. For Lilly
products, capsules are used in which the end of the base is

tapered to give the capsule a bulletlilre shape; products en-
capsulated in this form are called Pulvulea. The SK&F‘
capsules differ in that both the ends of the cap and body are
angular, rather than round.

After hard gelatin capsules are filled and the cap applied,
there are a number of methods used to satire that the cspwles
will not come apart if sub'pcted tovlhration or rough handling
as in high-speed counting and packaging equipment. The
capsules can be spot-welded by means oi‘ a heated metal pin
pressed against the cap, fusing it. to the body; or they may be
handed with molten gelmin laid around the jdnt in a strip and
dried Colored gelatin bands around capsules have been used
fcr many years m a trade mu-k by Parke-Davis for their line
ofcapsule products, Kapseals. Anotherapproach is used in
the Snap-Fit mid Com’-Snap capsules. A pair of matched
locking rings are formed into the cap and body portions of the
capsule. Prior to filling, these capsules are slightly longer
than regular capsules ofthe samedze. When the locking rings
are engaged after filling, their length is equivalent to that of
the conventional capsule.

It is usually necessary fa the pharmacist to determine the
size of the capsule needed fa a given prescription through
experimentation. The experienced pharmacist, having cal-
culated the weight of rmterfal to be held by a single capsule,
will rften select the correct size immediately. if the material
is powdered, the base of the capsule is filled and the top is
replaced. Ifthe material in the capsule waves to he too heavy
after weighing, a smaller size must be taken aid the test re-
peated. If the filled capsule is light, it is poasiile that more
can in forced into it by increasing the premium or,if necessary,
some of the materhl may be placed in the cap. This isnot
desirable as it tends to decrease the accuracy of subdivision
and it is much better to select. another size, the baseof which
will hold exactly the correct quantity. In prescription filling
it is wise to check the weight of each filled capsule.

In addition to tie transparent, colorless, hard gelatin cap-

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

Extemporaneous Filling Methods

When filling capsules on prescription, the usual procedure
is tomix the ingredients by trituration, reducing them too line
and uniform powder. The principles and methods for tho
mil‘orm distribution of an active medicinal agent in a powder
mixture are discussed in Chapter 89. Granular powders do
not pack readily in capsules and crystalline materials. espe-
cially those which consist of a mass of filementlilre crystals m
the quinine salts, are not easily fitted into capsules unless
powdered. Eutectic mixtures that tend to liquefy may be
dispensed in capsulu if a suitable absorbent such as magne-
sium carbonate is used. Potent drugs given in small doses are
usually mixed with an inert diluent such as lactose before
filling into capsules. When incompatible materials are pre-
scribed together, it is sometimes possible to place one in a
smaller capsule and then enclose it with the second drug in a
larger capsule.

Usually the powder is placed on paper and flattened with
a spatula so that the layer of powder is not greater than about
‘/3 the length d’ the capsule which is being filled. This helps
to keep both the bands and capsules clean. The cap is re-
moved from the selected capsule and held in the left hand; the
body '3 pressed repeatedly into the powder until it is filled.
The cap is replaced and the capsule is weighed. In filling the
capsule the spatula is helpful in pushing the last quantity of
the material into the capsule. If each capsule has not been
weighed. there i likely to be an excessor a shortage of material
when the specified number of capsules have been packed.
This condition is adjusted before dispensing the prescrip-
tion.

A number of manual filling machines and automatic capmle
machines we available for increasing the speed of the capsule
filling operation. Fig 90-3% illustrates a capsule filling ma-
chine which was fcrmsrly known as the Sharp and Dohme
machine. This equipment is now available through Chemi-
Pharm. Many community pharmacists find this a useful
piece of apparatus and some pharmaceutical manufacturers
use it for small-scale production of specialty items The
machine fills 24 capsules at s time with the possible produc-
tion of 2000/day. Entire capsules are placed in the machine
by hand; the lower plate carries a clamp which holds the
capsule bases rmd makes it possible to remove and replace the
caps mechanically. The plate holding the capsule bases is
perforated for three sizes of capsules. The powder ‘nu packed
in the bases: the degree of accuracy depends on the selection
of capsule size and the amount of pressure applied in packing.
The band—operated machine (Model 800, ChenuIPharm) il-
lustrated in Fig 90-34 has a production capacity of2000 cap-
sules per hour. Tl: machine is made for a single capsulesize
and cannot be changed over for other sizes. A different ma-
chine isrequired for any additional capsule size. its principle
of operation is similar to that of the Sharp and Dohme ma-
chine.
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Fla 9033- Nlntonersted swede machine (comesy, chenil-
Pusan).

Machine Filling Methods

Large-scale filling equipment fa capsules operates on the
am principle m the manual machines described above,
namely the filling of the base of the capsule. Compared with
tablets, powders for filling into hard gehtfn capsules require
the minimum of formulation efforts. The powders usually
contain diluents such as lactose, msnritol, calcium carbonate,
ll’ mqneaium carbonate. Since theflow of material is of grea
importance in the rapid and accurate filling of the capsule
bodies. lubricants such as the stearates are she frequently
used. Became of the absence of numerous additives and

nuraifactuirg processing. the capsule form is frequently used
to administer new drug substances for evaluation in initial
clinical trials. However, it is now realized that the additives
[resent in the capsule formulation, like the compressed tablet,
can influence the release of the drug substance from the cap-
sule. Tablets and capsules of a combination product con-
taining triamterene and hydrochlorothiazide in a 2:1 ratio
werecompared clinically. 'l‘hetablet caused approximately

59 90-34. hind-oporatedcapsdo madlho. Model $0 (courtesy.
°"-mun».
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Flg 90-35. Schematic of Type B capsule-flllno medias (coutesy.
Pate-Davlsl
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twice a much excretion of hydrochlorothiazide and 3 times
as much triamterene as the capsule.” Most equipment op-
erates (II the principle whereby the baseofthecapsule is filled
and theexcessi scraped eff. Thereforethe adive ingredient
is mixed uith sufficient volume of a diluent, usually lactose
or mannitol, which will give the desired amount of the drug
lnthecapsub when thehaseisfilbdwithtbepowdermixtun.
The manner of operation of the machine can influence the
volume of the powder which will be filled into the base of the
capsule; therefore, the weights ofthe capsulesmust be checked
routinely as they are filled.

Semiautomatic capsule filling nnchines manufactured by
Parke-Davis and by Lilly are illustrated in Figs 90-35 and
90-36. The Type 8 capsule-filling machine performs me-
chanically under the same principle as the hand filling of
capsules. This includes (1) separation of the cap from the
body, (2) filling the body half; and (8) rejoining the cap and
body halves.

Empty mpsules are taken from the bottom of the capsule
hopper into the The magazine gauge releases one
capsule fran each tube t the bottom of each stroke of the
machine. Leaving the magazine. the capsules drop onto the
tradrs of the raceway and are pushed forward totherectifying
area with a pub blade. The notifier blockdescends. turning
the capsules in each track, cap up. and drops them into each
row of hole in the capsule holding ring msembly.

As the capsules fall into the holding ring, the cap half has
a seat on the counter bore in each hole for the top ring. The
body half is pulled by vacuum down into the bottom ring.
Whenall rowsin theringassemblyarefuluhetqa ring,filled
with caps only, ‘a removed and set aside for later assembly.
The body halves are now located in the bottom ring, ready for
filling.

The ring holding the body halves is rotated at one of8
speeds on the rotary table. The drug hopper is swung over
the rotating ring and the auger forces drug powder into the
open body cavities. When fire ring has made a complete
revolution and the body halves lmve been filled. the hopper
is swung side. The cap-holding ring is placed over the body
holding ring and theassembly is ready for joining. The cap-
sule-holding ring assembly is placed on the joiner and the
joiner plate is swung down into position tohold the capsules





 

 
Fig 90-39. Hoellger 8- K39 automatic capsule fling machine. Model
G=K 1200 (courtesy. Amaoo).

50% or more, by weight, of the dosage form See the dficial
compendia for details of the procedures

Disintegration tats are usually not required for capsules
unless they have been treated to resist solution in gastric fluid
(enteric—coated). In this case they must meet the require
ments for disintegration of enteric-coated tablets. For certain
capsule dosage forms a dissolution requirement is partof the
monograph. Procedures used are similar to those employed
in the case ofcompressed tablets. (See Chap 35).

Son Elastic capsules

The Btfl. elastic capsule (SEC) is a sdt, globular, gelatin
shell somewhat thicker than that of hard gdatfn capsules.
The gelation is plasticised by theaddition of glycerin, sorbitol.
or a similar polyol. The soft gelatin shells may contain a
preservative to prevent the growth (f fungi. Commonly used
preservatives are methyl- and propylparabens and sorbic acid.
Where the suspending vehicle or solvent can be an oil, soft
gelatin capsules provide a convenient and highly acceptable
dosage form. Large-scale production methods are generally
required fa the preparation and fillingof exit gelatin capsules
Formerly empty soft gelatin capsules were available to the
pharmacist for the extemporaneom compounding of solutions
or suspensions in ois. Commercially filed soft gelatin cap-
sules come in a wide choice of sizes and shapes; they may be
round. oval. oblong. tube, or suppository shaped. Some
sugar-coated tablets are quite similar in appearance to soft
gelatin capsules. The essential differences are that the soft
gelatin capsule ha a seam at the point of closure of the two
halves, and the contents can be liquid, paste,or powder. The
sugar-coated taliet will not have a seam but will have a com
pressed core.

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

Plate Process
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Fig 90-40. Rmry die elastic capsule lllof.

poured on it. A secmd sheet dgelatin is carefullyput in place
and th is followed by the top plate of the mold. The set
placed under the pres where pressure is applied toform the
capsules which are washed off with a volatile solvent to remove
any traces of oil from the exterior. This process has been
adapted and isused fa encapsulation by the Upjohn Co. The
sheets of gelatin may have the same color or different
colors.

Rotary Die Pmceu

In 19% the rotary die [recess for elastic capsules was per-
fected by Robert Pscherer.” This procem made it possible
to improve the standards of accuracy and uniformity ofelastic
gelatin capsules and globules.

The rotary die machine ‘I a self-contained unit capable of
continuoudy and automatically producing finished capsules
from a supply ofgelatin massand filling material which may
be any liquid, semiiquid. or putethat will notdinolvegelatin.
Two continuous gelatin ribbons, wlich the machine forms,
are brought into corwergence between a pair of revolving dies
and an injection wedge. Accurate filling under pressure and
sealing of the capsule wall occur as dual and coincident op-
erations; eadi ‘n delicately timed against the other. Sealing
also severe the completed capsule from the net. The principle
ofoneration is shown in Fig 9040. See also Fig W-41.

 
In this method a set of molds is used. A warm sheet of Fig 9o_“_ sd,e,.e, son ems“, “mun "ncm (comes,

prepared gelatin is laid over the lower plate and the liquid '3 5ch,,e,)_
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By tl'u process the content of each capsule is nneasured
individually by a single stroke of a pump as accurately conn-
strurcted that plunger travel of 0.025 in will deliver 1 I!
(apoth). The Scherer machine contains banksof pumps so
arranged that many capsules may be fornned arnd lilhd si-
multaneouanly. All punnnps are ennginneered to extremely small
nnechanical tolerances and to an extremely high degree of
precision and similarity. All operations are controlled on a
weight basis by actual periodic checks with a group of ana-
lytical balannces. [individual net-fill weights of capsules re-
sulting from large-scale produnction vary no more than £1 to
3%t'rom theory depending upon the materials med.

'l‘lne rotary die pnoc makes it prnirle to encapsulate
heavy materflssuch as ointment: annd pastes In tliamanner
solidscanbemilled withavehicleandfilledirtocapsules.
Whereit isdesirabletohavea highdegreeofaocunracy and a
hermetically sealed product. this form ofenclosure is ideally
suited.

The modern arnd well-equippedcapsule plant is completely
air conrifroned. a practical necessity for fine capsule pro-
duction. ltafacilitiss and operations irrcludathe availability
of carbon dioxide at every exposed pointd operation ft: the
protection of oxidizable substances before encapsulation.
Special ingrerients also have been used in the capsule shell
to exclude liglnt wavelengths which are destructive tocertain
dnrgs.

Norton Capsule Machine

This machine produces capsules completely automatically
by leading two f'nlrns ofgelatin between a set of vertical dies.
These dies as they close. open. and close, are in dfect scon-
tinual vertical plate forming now after row of pockets across
the gelatin film. These are filbd with medicament and, as
they progress through thedies. are seaIed.slnped.snd cutount
of the film a capsules which drop into a cooled advent
bath.

Accogel Capsule Machine

Another mearns of soft gelatin encapsulation utilizes the
Accogel machine and process which were developed in the
Lsderle LaboratoriesDiv of the American Cyanamid Gr. 'l‘he
Accogel, orSternmachine,uaes asysteun ofrotary dies butis
unique in that it is die only machine that cansuccessfully fill
dry powder into a snft gelatin capsule. The machine is
available to the entire pharmaceutical industry by a lease
arrangement. and is wed in many countris of the maid. The
machine is extremely versatile. not ornly producing capsules
with dry powder but also encapsulating liquids and combi-
nations ofliquidsand powders. By means ofan dtachment.
slugaor connpressed tablets mayheenclosed lnagelatin film.
The mpsules can be made in a van'ety of colors, shapes. andsizes.

Microencopsulotion

As a technology. rnicroencapsunlation is placed in the section
on capsules oniy because of the relatiornship in terminology
to mechanical encapsulation described above. The topic
could also have been included in a discussion of coating pro
cedules. Essentially, nnicroencapsulation is a process or
technique by wlnich thincoatings can be applied reproducibly
tosrasll particles of solids. droplets of liquids. or dispersiom,
thus forming nicrocapaules. ltcan be differentiated readily
from other coating rnetlnods in the size of the particles in-
volved; these range from several tenthsof a rim to 500011111 in
size.

A number if microenncapsulatfon processes have been dis
closed in the literature." Some are based on chennical pro
ceases and involve a chemical or phase dnsnge; others are

con: uumuutarcs

Fig 90.42. Prediction hdallatlonu for rrtcroancansusnaion access
(counesv. Non).

mechanical and require spedal equipment to produce the
physical change in the systans required.

Among the procemes applied to phannaceuticalproblenns
is that developed by the National Cash Register Co (NCR).
The NOR process ‘I a chemical operation based on phase
sepuation tr coacenvdion tedrniques. ln colloidal chemiuty
coacervation refus to the separation of a liquid precipitate,
or place, when solutions of two lnydrophilic coloidsare mixed
under suitable conditions.

‘Dre NCR process utilizing phase separation or coacervation
technniques consists of three steps: (1) formation of three
inmiscible phase. a liquid manufactunrinng plume, a core ma-
terial phue. and a coating material phase: (2) deporition d
the liquid polymer coating on the core material; and (3) rig-
idizing the coating, usually by thermal. cross-linking or de-
salvation techniques, to form a microcapsule.

in Sep 2. the deposition ofthe liquid polymer around the
are material occursoniy ifthepolymer is absorbed atthe
innterface fornned between the core materid and the liquid
vehicle plume. In many uses physical or chemical changes
in the coating polymer solurtn'on can be induced an that Billie
separation (ooacervation) of the polymer will occur. Droplets
of concentrated polymer solution wil form and coalesce to
yield a two-phase liquid—liquid system. In cures where the
coating material is an immiscible polymer or insoluble liquid
polymer. it may In added directly. Also monomers can be
dbsolved in the liquid vehicle phase and subsequently POI)‘-
meriaed at the interface.

Equipment required for nna'croencapsulatr'on by tlnis methfld
is relatively simple; it consists mainly of jacketed tanks
variable speed agitators. Fig 90-42 shows a typical flow di-
agram of a produnction installation.

A number ofooating materials havebeenuaedsuecssafuilyi
examples of these irnclude gelatin. polyvinyl alcohol, ethyl-
cellulose. cellulose acetate phtlnalate. and styrene maleic an-
hyd-ide. The film thickness can be varied considerably d9’
pending on tlneaurface area of the material tobecoatcd Ind
other physical characteristics of thesystem. The microcaP'
mice may consist of a single particle or clusters of particles-
After isolation frun the liquid manufacturing veh cle and



drying, the material appeusass free-flowing powder. The
powder '5 suitalie fa formdation aecomusesed tableta, had
gelulin capsules. suspensions. and other dosage forms.

The process provides enswas for problems such as mmlring
tbe tmte of bitter drugs, a means of fornnilsting prolonged
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action dosage forms. a means of separating incompatible
materials. a method of protecting chemicah agimt moisture
1! oxidation. nd a means of modifying a material's phyical
diaracteristics fa ease of bundling ‘nu formulation and man-
ufacture.

other OralSolld Dosage Forms

Pills are small, round solid dosage forms containing a me-
uicinal gent and are intended fir ord administration Pills
were formerly the mostextensively used cal dosage lam. but
they have been lngely replaced ly compressed tablets and
capsules. Substances which as bitter or unpleasant to the
taste. I’ not corrosive or deliqusscent. can be administered in
thisformifthedoseisnottoolange.

Furmerly pills were made extemporaneounly by the com-
munity pharmacist whosssluill at pill making bocamsan art.
However, thefew pills which me nowused in phlmaey are
prepared on a hge scale with mechanical equipment. The
pill formulssoftluemfwereiiztroduced hrgely to the purpose
of establishing standards of strength ft: the well-known and
currently used pills. Hexylresorcinol Pills conist of her.yl-
resorcinol crystals covered with a rupture-resistant coating
tlmtis dispasible in the uigestive tract. It should be ruoted
that the official hesylresorcinol pills are prepared not by
traditional methods III. by a patented process. the gelatin
coating being sufficiently tough that it can not be readily
lroken. even when chewed. Therdore the general method
for the preparation of pills does not apply to hexylresorcinol
pills.

Previous editions of this text diould be consulted for

methods of pill preparation.

Troches

These forms oforal medication, also known aslozenges or
pastilles, are discoid-shaped solids containing the medicinal
agent in a suitably flavored base. The bus may be a hard
sign’ cmdy. glycerinated gelatin. or the combination ofsugar
with sufficient mucilsge to give it form. Troches we placed
in the mouth where theyslowly dissolve. liberating the active
ingrefient. The drug involved can be an antiseptic. local
anesthetic. antibiotic. antihistaminic. antituesive. malgesic.
or s decongestant.

Fbrmerly troches were prepued extemporaneously by the
pharmacist. The man is formed by adding water slowly to
a mixture of the powdaed drug. powdered sugar. and a gum
until a pliable mass is formed. Powdered acada in 7% corn-
centration gives sufficient adhesiveness to the mass. The
man isrolledoutand the trodie piecescutoutusingacutter,
or else the mass '3 rolled into a cyinder and divided. Each
piece isduaped and allowed to dry before uispendng.

If the active ingredient is heat stable. it may be prepared
in a hard candy base. Syrup is concentrated to the point
whaeitbecomesa pliiblemassdheactive ingredientissdded.
and the mixture is kneaded while warm to firm a homoge-
neous maas. The mass is gradually worlned into a pipe form
having the diameter desired for the candy piece and the lo-
zenges cut from the pipe and allowed to cool. This is an en
“ION mechanical operation with equipment designed fur this
purpose.

If the active ingredient is heat labile, it may be made into
8 lozenge preparation by compresuion. The granulation is
Prepxed ina mannerdmilar tothatuned fa anycompressed
tablet. The losenge is made using heavy compression
Gquipment to give a tablet which is harder than usual as it is
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Fin 90-49. mrorodtodlngtoroorroresssntodiesoucmwueces
with holeh centa (courtesy. Vector/cotton).

desirable for the troche to dissolve or disintegrate slowly in
themouth. In theformudation ofthelozeuge theingrecients
are chosen wlich will promote its slow dissolving character-
itics. Compression is gaining in popularity as a means of
makingtrocheasndcmdy piecesbecauseoftheincreased
speeds of compression equipment. In cases where holes are
toheplaced introduesorcmdypiecascore rodtooliagisuissd
(see Fig 90-43). Core-rod tooling includes a rod centered on
thelowerpunuchsroundwbichtbetrncheis compremsdin the
die cavity. The upper punch basm opening inits oerl.er fur
the core rod to enter duri oomvression. It is evident that
maximum accuracy is to provide alignment as the
narrow punches are imerted into the die.

cachets

Related to capsules. inasmuch as they provide an edible
container for the oral administration of solid drugs. cschets
were formerly used in pharmacy. They varied in dze from
"/4to'Linin diametermd consisted dtwocorucave piecesof
wafer madedflour and water. Aftercne section was filled

with theprescribedquantityoftluemecicinelflfllh tlnywere
tightly sealed in; moistening the margins and preasirg firmly
together. When moistened with wsta. their diameter was
entirely changed: tlny became soft, ehstic. aid slippery.
Hence. they could easily be swdlowed by floating them on
water.

Pelels

The term pellet is now applied to small. sterile cylinders
about3.2mm indiuneter by8mminlengtb.wln'cbare firmed
by compression from medicated masses.” Whenever pro-
longed mud continuous absorption of testosterone. estrauiol.
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or daaoxycorticosterone is desired, pellets of these potent
hormones may be med by implantation
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CHAPTER 91

Coating of Pharmaceutical Dosage Forms
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introduction

Any introduction to tablet coating must be prefaced by an
important question-——-“Why coat tablets'.’”-—-since in many
instances, the coating is being applied to a dosage form that
is dready functionally complete. In attempting tomswer this
question. if one examines the market, it will be immediately
obvious that a significant proportion of pharmaceutical soid
dosageforms are coded. ‘Ihe reasom for this range from the
aesthetic to a desire to control the bioavailability if the drug.
and include the following:

1. Protection of the drug from is surrounding environ-
ment (particularly air. moisture, and light) with a view to
inproving stability.

2. Masking of unpleasant taste and odor.
3 Increasing the ease by meansofwhich the product an

be ingested by the patient.
4. Improving product identity, from the rmmfacturing

plant. through intermediaries and to the patient.
5. Facilitating handling, particuhrly in high speed

packaging/filling lines, and automated counters in phar-
macies, white the coatfrg crosscontamination the
to dmt eimination

6. Improvement in product appearance. particularly
where there are noticeable visible differences in tablet core

ingredients from batch to batch.
7. Reducing the risk of interaction between incorrpatible

components. This would be achieved by using coated forms
ofone a- more of the offending ingredients (particularly active
compounds).

8 _ Improvement in product mechanical integrity, since
coated products are generally more resistant to mishandling
(abrasion. attrition. etc).

9. Modification of drug release, as in enteric-coated, re-
peat-action, and sustained-release prochcts.

Evolution of the Coating Procesa—Tablet coating is
perhaps one of the oldest pharmaceutical processes still in
existence, and although a great deal has been written drout
thematerialsand methods med,maprocessitis stiloften
recognized to be more of an at than ascierice. a factor which
is obviously responsible for many of the problems that can
exist. Historically, the literature cites Rhmes (850-982 AD)

0 one of the eariest “tablet coaters," having med the
lflucllqe of psyllium seeds to coat pills that had an offending
taste. Subsequently. Avicennal was reported to have med
80“ and silver for pill coatim. Since then. there lave been
Infill! references to the different material: med in “tablet

coating." While? mentioned the use offinely divided tale in
what wm at one time popularly known as “pearl coating.”
While Kremers and Urchng-" describe the introduction of the
Eelatin coatirz of pils by Carol. in 1838.

An interesting reference" reports the use of waxes to coat
Poison Iubleta. These waxes, being insoluble in all parts of
the Sastrointestinsl tract. were intended to prevent aocidenlal
Poisoning (the contents could be utilized by breaking the
tablet prior to use).

A point that mmt be stressed is that much of the earlier
coated products were produced by individuals working in

pharmacies, partiouhrly when extempormeom compounding
was the order of the my, and although reqmnsibiflty for tablet
coating has nowbeen asaimed by the pharmaceutical indm-
try, skilled individmls still practiced their art until quite re-
cently. , _

The earliest attempts to apply coatings to pills obviously
resulted in variable products. and required the handling of
single pilb. These would have been mounted at a needle or
held with a pair of fcroepaand literallydiped into the coating
flu'd,a procedure which would have to be repeated more than
once to ensure that the pill was corrpletely coated. Subse-
quently. the pills were held at theend ofasuctiontube. dimed
and then the process repeated for the other side of the pill.
Not arrprisincly. these techniques faied to yield a uniformly
coated product.‘ Initially, the fist sugar coated pills seen in
the US was inported from Francecirca 1842‘; while Wanner.
a Philadelphia pharmacist, becameamorg the first indigelom
manufacturers in 1856.‘

Methods for the coating of a large number of tablets are
essentially derived from those med in the candy indmtry,
where techniques were highly evolved, even in the Middle
Ages. Today, most costiag pans are fabricated from stainless
steelalthough early pans weremadefromcopperowingtothe
fact thatdrying was effected by meamof an externally mplied
heat source. Cmrent thinlrirg, even with conventional pms,
istodrythecoatedtabletswithasupplyofheated air,mdto
extract the moisture and dust laden air from the vicinity of
the pan.

l-‘urther evolution in the coating process tended to remain
somewhat staticuntil the lote1940’s and early 1950's. with the
conventioml pan being the mainstay of all coating q)erati'ons
up to that time. However. In the last twenty or thirty yrs
there have been some significant advances made in coating
technology, advances oftai preempted by a steady evohrtion
in par design aid its msociated ancillary equipmt.

Interestingly. in the rly years if this development, an
entirely new form of technology evolved, that offllm coating.
Recognizing the deficiencies of the sugar coatfrg process,
advocates of fim coating were achieving success by utilizing
coating systems involving highly vohtile organic solvents.
These circumvented the problems msociated with the inef-
ficiency in the drying capabilities ofconventional equiament,
and enabled production quotas to be met with significant
reductions in processing times and materials used. The dis-
advantage of this mproach, however, hm always been asso-
ciated with the solvent system, which often used fhmmable
aid toxic materials.

The advances that occurred with eqimment ddrgn, having
begun by the development of the Winter’ process and con-
tinued by tlie evohtionofside-vented pam, haveresulted in

the gradual emergence of coating processes where drying ef-
ficiency tends to be maximized. Thin, film coating began a
a process utilizing inefficient drying equipment, relying on
highly volatile coating formulations for success and has
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evolved intooneii whichtheprooessing equipmentisamajor
factor. The latter has been hugely responsible for the return
to as aqueous process.

Obviously. the advances in equipment design have aho
benefited the stgar coatirg process, where, because of Good
Manufacturing Procedures (GMP) and the need to maintain
product uniformity and performance, the trend Ins been
toward fullyautomated processes. Nonetheless film coating
tends to maintain a somewlnt dominant position in the area
oftablet coating.

Pharmaceutical Coating Processes

Basically, there are four major techniques for applying
coatings to pharmaceutical solid dosage forms: (1) Sugar
Coating, (2) Film Coating, (3) Microencapsdaion and (4)
Compression Coating.

Although it could be argued that the use of mucilage of
psyllium seed, gelatin, etc, as already discussed was an early
fom of film coating, sugar coating is regarded as the oldest
method for tablet coating, and involves the deposition from
aqueous solution of coatings based predomimntly or sucrose
at a raw material. The large quantities of coating material
that are applied and the inherent skill dten required of the
operators combine to result in a long and tedious process.

Film coating, the deposition of resins as a thin membrane
onto the domge ftl'll'l frun solutions that were initially or-
ganic-solventbased, but wlich are beginning to rely more and
more on watera the prime solvent, have proven to be a pop-
ular alternative to sugar coating.

Microencapsulation is a modified form of film coating,
differing from the hitter only in the size of the particles (or
liquid droplets) to be coated and the methods by which this
is accomplished. It is based on either mechanical methods
such as pan coating, air suspension techniques, multi-orifice
centrifugal techniques, and modified spray drying techniques,
(I physicochemiml ones involving coacervation-phase sepa-
ration, where the material to be coated is suspended in a so-
lution of the polymer. Phaseseparation is facilitated by the
addition of a nonsolvent, incompatible polymer, inorganic
salts, or by altering the temperature of the system.

Compression coating incorporates the use of modified ta-
fletting madiines which allow the compaction ofadry coating
around the tablet core produced an the same machine. The
mainadvantageof this type ofcoating is that it eliminates the
me of any solvent, whether aqueous or organic in nature.
However, the fact that it involves a mechanically complex
operation has obviously been a prime factor in limiting its
adoption as a popular technique.

The latter two approaches fall outside the scope of this
chapter, which will be confined to processes in which liquid
systemsare applied to the surface of a solid dosage form, no
matter how diverse that substrate might be. See Chapter
90.

Sugar Coating ofCompressed Tablets

Sugarcoating, as the name implies, is a process which relies
on the use of two main raw materials, namely sucrose and
water. Sugar is a somewhat generic tenn that lends itself to
a whole clofmaterials. For the purposes ofsugar coating.
the only material which Ins stood the test of time is sucrose.
The main reason for this is that based on the techniques
evolved, it is probaliy the only material which lns enabled
smooth. high quality coatings to be produced, which are es-
sentially dry and tack free at the end of the proc.

Although other methods for the coating of solid dosage
forms have been and are being evolved, a significant propor-
tion of all coated products are still sugar-coated. and some
companies are spendirg vastamounts of capiml to thoroughly

update the process. In spite of certain inherent difficulties
msociated with the sugar coatirg process, productswhich have
been expertly stgar coated still remain among the most ele-
gantavailable.

Since sugar coating is a multi-step process, where success
is still measured in terms of the elegance of the final product,
it has been, and still is in many companies, highly dependent
on the use ofskilled manpower. These fedora, combined with
a certain amonmt of folklore, are responsible for the process
being long and tedious. However, processing times have
gradually been improved in the last two demdes by the
adoption cf modern techniques and by the introduction of
automation.

The sugar coating procem can be subdivided into the fol-
lowing 8183983 (1) Sealing. (2) Subcoating. (3) Smoothing. (4)
Coloring. (5) Polishing, and (6) Printing.

Sealing The sealing coat is applied directly to the tablet
core for the prime purpose of separating the tablet core (and
active ingredients contained therein) from theaqueous solu-
tions used in the remainder of the coating process. A secon-
dary function is to strengthen the tabletcore. Scaling coats
usually consist ofalcoholic solutions (approximately 10 30%
solids) of resins such as shellac. zein, cellulose acetate
phthalate. or polyvinyl acetate phthalate. Historically,
shellac has proven to be the rnoet popularmaterial although
its use can lead to problems of impaired bioavailability owing
to a change in resin ‘properties on storage. A solution to this
problem lms been to use a shellac-based formulation con-
taining a measured quantity of polyvinylpyrrolidone
(PVP)-’

The quantities of material applied a a sealing coat will
obviously depend on the tablet sizeand pan clnrge. However,
another important factor '3 the tablet porosity, since highly
porous tablets will tend to soak up the first application of
solution, thus preventing it from spreading uniformly
throughout the whole tablet mass. Thur. one an more further
applications of resin solution may be necessarytoensure the
cores are sealed.

Since most sealing coats develop a degree of tack at some
time duringthedrying stages, their use is usually accompanied
by one or more applications of a dusting powder to prevent
tablets from sticking together an to the pan. A common ma-
terial used as a dusting powder is asbestos-free talc. Over-
zealom use of this material may muse problems, firstly, by
imparting a high degree ofslip to the tablets tlu-I preventing
them from rolling properly in the pan, and secondly, pre-
seating a surface at tle begiming of the subcoating stage
which is very difficult to wet, resulting in inadequate subcoat
build-up, particularly on theedges. If there is a tendency fu-
either of these problems to occur, one solution '3 to replace
part or all of the talc with some other material such an tens
alba, which will form a slightly rougher surface.

Ifan enteric coated rs-oduct isdesired, itis usually achieved
at the seal coat stage by extending the number ofapplications
made, preferaliy usirg an enteric coating polymer such 3
polyvinyl acetate phthalate (I cellulose acetate phthalate.

Sllbcoatiig Subcoating is a critical operation in the sugar
coating process that can lave a marked effea an ultimate
tablet quality. Sugar coating '3 a process which leads to a
50-100% weight increase, and it ‘n at the subcoating stage that
most ofthe build-upoccurs, mdnly todevelop thebasisofm
elegant tablet profile.

Hhtorically, suhcoating has been achieved by the applica-
tion of a gum-based solution to the sealed tablet cores, and

once this has been uniformly distributed throughout the tablet
mass, to fdlow by a liieral dusting of powder wh'n:h serves to
reduce tack and facilitate tablet buildup. Thh procedure Of
application of gum solution, spreading, dusting, and drying
is continued until the requisite build-up lns been achieved-
Thus, in this situation, thesubcoating '5 a sandwich ofalter-



Table I--finder Solution Formulations tor Srbcoatho

A. 96 wlw B. 96 wlw

Gelatin 3.3 6.0
Gum acacia (powdered) 8.7 8.0
Sucrose 55.3 45.0
Water to 100.0 to 100.0

Idle I--Dusthg Powder Formulations tor Srbcoatlng

A. St wlw B. 96 um

Calcium carbonate 40.0 —
Titanium diofide 6.0 1.0

Tide (adaeatosfreel 25.0 61.0
Sucrose (powdered) 28.0 38.0
Gum acacia (powdered) 2.0 -

Tdrle It—Typlcal Suspension Subooating Fonnrldlan

96 wlw

Distilled water 25.0
Sucrose 40.0
Calcium carbonate 20.0
Talc (mbestosfree) l2.0
Gurn acacia (powdered) 2.0
Titanium dioxide L0

mts layers of gum and powder. Some examples of binder
solutions are shown in Table l, and those of dusting powder
formulations in Table II.

This approach ha proved to la very effective, particularly
where there '3 difficulty in covering edges, etc. However, if
one is not taken, a “lurnpy" subcoat will be the resdt. Also,
if the amount ofdieting powder applied is not matched to the
binding capacty d‘ the gum solufion, not only will the ultimate
coating bevery weak, but also, dust will collect in the bad: of
tie pan, a fador which nny contribute to ultimate rough-
ness.

An alternative approach which has proved popular, par-
trcularl'y when med in conjunction’ with an automated domng'
system, is the application ofaauspenaionaubcoat formulation.
in which the powdered materials responible for coating
build-up have been incorporated into a gum-based solution.
An example of such a formulation is shown in Table III.
Obviously, th'3 approach allows the solids loading to be
matched more closely to the binding capacity (I the base so-
lution, and often permits the less experienced coater to pro-
duce mtisfactory subcoata with the minimum of problems.

Smoothlng—Depending on how successfully the subcoat
was applied, there may be a necessity fa further smoothing
to be achieved prior to color coating, particularly if the latter
is to be accomplished by means d‘ a dye coating procem.
Smoothing can usually be accompl'3hed by the application

ofra! simple synrp solution (approximately 60 70% sugarso 1 s .

Often the smoothing syrups contain a low percentage of
titanium dioxide (1-5%) as an opacifier. 'l‘his can be partic-
ularly useful wlren following with a dye color coating procem
since it makes the layer under the color costing more reflec-
tive, resulting in a brighter, cleaner ultimate color.

Color Coatlng—In many ways, color coatirg is the most
inportant step in the successful completion ofa argar coating
procem. Th'n is achieved by the multi-step application of
simple syrup solutions (60—70% sugar solids) containing the
requisite coloring matter. The types of coloring materials
used can be divided into two categories dyes and pigments.
The d'3tinction between the two is imply one of solubility in
the coating fluid. Since water soluble dyes behave entirely
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dfferently than water-insoluble pigments, the application
procedure used in the color coating of tablets will depend on
the type ofcolorant chosen.

When utilized by a skilled artimn, water-solubledyes pro-
duce the most elegantof sugar coated mblets, mainly became
they yield a much cleaner, brhhtsr color. However, since
water-soluble dyes are migratory colorants (that '3 to say, as
themoisture '3 drawnout oftle tablets, tlriswill tend tocause
migratim of the color, leading to a nonuniform distribution
ofcolor), greatcare must be exercised in their use, particularly
when dark shade se required. Tla's involves the application
of volumes of coating solution (containing low concentrations
ofcolorant). which are capable 41‘ just wetting the entire tablet
mass, and than allowing the tablets todry very slowly tapro-
vent color migration. It is ementfal that each application is
allowed to (by thoroughly before subsequent applications are
made. otherwise moisture may become trapped in the coatirg
and may cause the tablets to “sweat” on standing.

Finally, in order to achieve the requisite color uniformity
and ‘Intensity, it may be necesmry to make 60 repeat appli-
cation ofcolor solution. Tlrir factor. combined with the need

to dry each application slowly thoroughly, results in very
lmg procemirgt (eg, smunung 50 applrmtrons as made
which take between 15 and 3) minutes each, the coloring
process can extend ova a period of up to 25 horas).

Tablet color coding with p'¢ments, m advocated by Tucker
et 01,9 can present scrne significant advantages. First ofall,
since pigment colors are water insoluble, they present no
problems of m'gratr‘on since the colorant remaim where it '3
deposied. In addition, if the pigment '3 completely opaque,
or thesystsm is formulated with an opacifier such as titamimr
dioxide, the desired color can be developed much more rap
idly, thm resulting in a thinner color coat. Since each ap-
plication can be dried more rapidly, dgnifimnt savirgs can
be made in proceming times.

Although pigment—based color coat'mgs are by no means
foobroof, they wil permi moreabuse than a dye color coating
approach, and are more amenable for me by lea skilled
coaters. Pharmacsuticallyacoeptable pigments can be clas-
sified either as inorganic pigments (eg. titanium: dioxide, iron
oxides) or certified lakes. Certified lakes are produced from
water-soluble dyes by means of a process known as "lakirg”
whereby the dye molecule becomes fixed to a suitable insol-
ubls substrate such as aluminum hydroxide.

Certified lakes. particularlywhen used in conjunction with
an opacifier such a titanium dioxide, provide an excellent
means of coloring sugar coatings and permit. a wide range of
shades to be achieved. However, the incorporation of pk-
ments into the syrup solution '3 not as easy as with water-
soluble dyes, since with the former, it '3 necemary to ensure
tlnt all the insoluble matter '3 completely wetted and dis-
persed. Thus theuse d‘ prepared pigment color concentrates,
which are commercially available, '3 mually beneficial.

Polishing—ln order to impart the requisite glass to the
final product, the tablets, when dry, are submitted to a pol-
ishing procm where wax mixtures (beeswax, cunauba wax,
candelilla wax, hard paraff'm wax, etc) are applied either as
finely divided powder mixtures ora suspension or solutions
in various solvents to the tablets '1: wax (I canvas-lined
pans.

Prlnting—In order to identify argar-coated tablets apart
frcmahape,aiu. md color. itiaoftm rrecessarytoalrrnft them
to a printing stage, either prior to or subsequent to the pol-
ishing stage, using pharmaceutical branding inks by means
of the procem of offset rotogravure.

Suxar Coating ProbIerna——Various problems may be
encountered during the sugar coating of tablets. It must be
remembered tlmt any procem in which tablets are kept con-
stantly tumbling can present difiicdties if the tablets are not
strong enough to withstand the stress encountered. Tablets
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which are tnosott.or haves tendency to hminate, may lrealu
in and the frulhentsadhere tothe surface ofotherwisegood
tablets. Sugar coating pans exhibit inherently poor mixing
dlsracteristics. If care is not exercised timing the apflication
of the various coating fluids, nonuniform distribution of
coating material can occur, resulting in an unacceptable range
of sizes of firished tablets within the batch. Overzealous use

of dusting powders, particularly during the subcoating stage.
may result in a coatirg being formed in which the solid par-
ticulate matter exceeds the capacity of the binder in the for-
mulation, creating soft coatings or those with increased ten-
dency to crack.

Color nonuniformity '3 a common problem, particularly
when water-soluble dyes are med. Since the latter have a
tendency to migrate easily, lack of control over the drying
phases during the process can result in nonuniform distribu-
tion of the coloring material. Rotgh tabletsane obtained ei-
ther as the result of too rapid drying or lack of uniform dis-
tribution of coating fluid after each application. This is
particularly troublesome during the color coating stage, when
the problem may he highlighted as “marbling” after subse-
quent polishing.

Film Coating of Solid Dosage Forms

Film coating involves the deposition of a thin, but uniform,
membrane onto the surface of the substrate. Unlike sugar
coating, the flexibility afforded in film coating allows addi-
tional substrates. other than just compressed tablets. to he
considered (68. Powder. granules, nonpareila. capsules).
Coatings areesmntially applied contistuomly to a moving bed
of material. usually by means of a spray technique. although
manual application procedues have been used.

Historically. film coating was introducal in the early 1950's
in order to combat the shortsomimsof tie then predominant
sugar coating process. Thatit has proven successful must be
attributed to its major advantages which include:

(1) Minimal weight increase (typically 2—3% of tablet core
weight)

(2,) Significant reduction in processing times
(3) Increased process efficiency and output
(4) Increased flexibiliy in formulations
(5) Improved resistance to chipping of the coating.

The major process advantages were derived from the greater
volatility of the «garlic solvents used. However, in mice of
its success. there has always been an awaren that certain
disadvantages could prove ultimately to be a liniting
factor.

These disadvantages are mainly attributed to the organic
solvents used in the process and include:

(1) Flammability hazards
(2) Toxicity hazartb
(3) Concerns over environmental pollution
(4) Cost (either relating to minimizing items 1-3. or to the

cost of the solvents themselves).

However. in the interim since its introduction, significant
advances lave been made in process technology and equit-
ment design. The emphasis has changed from requiring the
presence ofHghly volatile organic solvents 3) that the product.
dries rapidly. to achieving the same ultimate effect by de-
signing equipment to have more efficient drying character-
istics.

Thus, there has been a transition from conventional pans
to side-vented pans and fluid bed equipment, and conse-
quently from the problematic organic solvent-based process
to aqueous systems.

Film Coating Raw Mater-ia|s—'I‘he major components

in any film coating fonnulation consist of pdymer. Plastic;-43,,
colorant. and solvent (or vehicle).

A major requirement for the polymer is solubility in a wad,
range of solvent systems to promote tlexililityin formulation.

In addition. it must possess an ability to produce coating;
which have suitable mechanical properties. Beams of the
various requirements of the coating, such as being exposed to
gastrointestinal fluids, the polymer should meet certain per-
formance characteristics.

Cellulose ethets constitute _the majority of polymer types
used for film coating; particularly hydroxypropyl methylce|-
lulose. Suitable substitutes ac hydroxypropyl cellulose.
which may produce slightly taclrier coatings. and methylcel-
lulose, although this has been reported to retard drug disso-
lution.“ Alternatives to the cellulose ethers are certain

acrylics. which are copolyrners of methacrylic acid and methyl
methacrylate.

Most polymers are employed as solutions in either aqueous
or organic solvent based systems. An alternative system
utilizes certain water-insoluble pdymerssuch as ethyleellutoge
and/or some of the acrylics an aqueous rlispersions. An ad
ditional factor to be considered in the selection of polymers
concems the various molecular weight grades available {(1-
each type. Molecular weight may have an important inllu.
ence on various properties of the coating syfiem and its ulti-
mate performance. suchas solution viscosity and mechanical
strength and flexibility of the reaultantfilm.

The incorporation ofa plmticher into the formulation lends
flexibility to the fihn. thus better able to withstand stress.
This reduces the rial: of the film cracking and possibly im-
proves adhesion of the film to the substrate. To ensure that
these benefits are achieved. the plasticizer must show a high
degree of compatibility with the polymer. and a degree of
permanence if the properties of the coating are to be stable
on storage. Examplesof typical pluticiaets include glycerin.
propylene glycol. polyethylene glyeols. triacetin, acetylated
monoglyceride, citrate lers (cg. triethyl citrate) and
phthalate stars (cg. diethyl phthalate).-

Colorants are usually used to enhance the aesthetic appeal
of the product as well 3 to increase product identification
However. under certain circunstances. they can enhance
certain necessaryphysical propertieaoftheapplied film costs.
As in the case ofsugar coating. colorants can either he classi-
fied as water-soluble dyes or insoluble pigments.

The me of water-soluble dyes is precluded with organic
solwnt based film coating because of lack ofsolubility in the
solvent. sydem. Thus, the me of pigments. particularly the
aluminum lakes. provides the most uneful means ofcoloring
film coating systems. Obviously, in aqueous film coating
there is potential for using wstensoltble dyes as colorants.
although in fact. pigments still offer some significant advan-
tages for the following reasons:

(1) The tendency of some water-soluble was to interfere
with liosvailahility"

(2) The possibility of reduction in permeability of the
coating to moisture when pigments are used”

(3) Pigments serve as a bulltins agent to increae overall
solids content in coating system.

The major solvents used in film costing typically helorg to
one of the fdlnwfng classes: alcnhoh. luetones. esters. chlo-
riiated hydrocarbons. and water. Sdvents serve to perform

an important function in the film coating process. since NIB?
facilitate the delivery of the film forming materials to the
surface of the substrate. Good interaction between solvent
and polymer is necessary toensure that optimal film proper-
ties are derived when the coating dries. This initial interac-
tion between solvent and polymer will yield maximum poly-
mer chain extension. producing films having the greatest I30’



hesive strength. and thus. best mechanical properties. An
important frmction of the solvent systems is also to assure a
controlled deposition of the polymer onto the surface of the
substrate if a coherent and adherent film coat is to be ob-
tained.

Although it is very difficult to give typical examples of film
coating formulations. since these will be dependent on the
materials used and their various properties. they are usually
based on 5 15% (w/w) coating solids in the requisite vehicle
(with the higher concentration range preferred for aqueous
formulations). ofwhich 60-70% is polymer, 6-7% is phsticizer.
and 20-30% is pigment.

Modified Release Film Coatings

Film coatings can be applied to pharmaceutical products
in order tomodify the release patternof a drug. One form of
coating is used to prevent the release of drugs in, or protect
(hugs from the effects of, the gastric environment. Such a
coating commonly called an enteric coating. Other types
of coatings, often called sustained or controlled release
coatings. are primarily used to extend the release of a drug
over a long period oftime.

Enterie Coatings By definition. enteric coatings are
thosewhichremain intactinthestomach. but will tksolveand
release thecontentsof thedosage form once they arrive at the
small intestine '1‘heir purpose is wdelaythe release ofdrup
which are inactivated by the stomach contents. (eg, pan-
creatin. erythromycin) or may cause nausea or bleeding by
irritating thegastric mucosa (eg, aspirin, steroids). In addi-
tion, they can be used to give a simple repeat—action effect
where unprotected drug coated over the enteric coat '3 re-
leased ‘m the stomach. while the remainder. being protected
by the coating, is released further down the gastrointestinal
tract.

The action of enteric coatings results from a difference in
composition cl‘ the respective gastric and intestinal environ-
ments in regard to pH and enzymatic properties. Although
there have been repeated attempts to produce coatings which
are subject to intestinal enzyme breakdown. this approach is
not popular since enzymatic decomposition of the fim is
ratherslow. Thus. many modern enteric coatings are those
which remain undissociated in the low pH environment of the
stomach, but readily ionize when the pH rises to about 4 or 5.
The most effective enteric polymers are polyacids having a
pK. ol'3to 5.

Historically. the earliest enteric coatings utilized forma-
lin-treated gelatin, but this was unreliable since the poly-
merization of gelatin could not be accurately controlled. and
often resulted in failure to release the drug even in the lower
intestinal tract. Another early candidate was shellac. but
again the main disadvantage was a potential to increase the
degree if polymerization (:1 storage, dtai resulting in failure
to release the active contents. Although the pharmaceutical
literature has contained references to many potentially suit-
able polymers, only three or four remain in use.

The most extensively used polymer is cellulose acetate
phthalate (CAP) which is capable of functioning effectively
as an enten’c coating. However, a pH greater than 6 is re
quired for solubility and thus a delay in drug release may
ensue. It is also relatively permeable to mohture and gastric
juice compared to most enteric polymers. thus susceptible to
hydrolytic decomposition. Phthalic and acetic acids am be
split off, resulting in a change in polymeric, and therefore
enteric, properties. Another useful polymer is polyvinyl ac
etate phthdate (PVAP) which is less permeable to moisture
and gastric juice. more stable to hydrolysis. and able to imize
at a lower pH. resulting in earlier release ofactives in the du-
odenum.

A more recently available polymer is hydroxypropyl
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methylcelhilose phthalate. Thb hm similar stability to PVAP
and dissociates in the same pH range. A final example (i
currently used polymers are those based an methacrylic
acid—methacrylicacid ester copolymers with acidic ionizable
groups. They have been reported to suffer from the disad-
vantageof having delayed breakdowneven at relatively high
PH}:

Sustained Release Coatings The concept of sustained
release formulations was developed in order to eliminate the
need famultiple dasage regimens, particulaly for those drugs
requiring reasonably constant blood levels over a lorg period
of time. In addition, it has also been adopted for those drugs
which need to be administered in high doses. but where too
rapid a release is likely to cause undesirable side effects (eg,
the ulceration thatoccurs when potmsium chloride is rapidly
released in the gastrointmtinal tract).

Formulation methods used to obtain the desired drug
availability rate from sustained action dosage fume in-
elude:

1. Increasing the particle size of the drug
2. Embedding the dmg in a matrix
3. Coating the drug or dosage frrm containing the dmg
4. Forming complexes of the drug with materials such as

ion-exchange resins.

Only those methods which involve some form of coating fall
within the scope of this chapter.

Materials which have been found suitable for producing
sustained release coatings include:

L Mixtures of waxes (beeswax, camauba wax, etc) with
glyceryl monostearate. stearic acid, palmitic acid. glyceryl
monopalmitate, and cetyl alcohol. These provide coatings
which are slowly dimolved or decomposed in the gastroin
testinal tract.

2. Shellac and zein, polymers which remain intact until
the pH of gastrointestinal contents becomes less acidic.

3. Ethylcellulose. which provides a membrane around the
particle and remains intact throughout the gastrointestinal
tract However. it does permit water to penneate the film.
dissolve the drug, and diffuse out again.

4. Acrylic resins, which behave similarly to ethylcellulose
an a diffusion controlled drug release coating material.

Traditiondly, the conunon method of producing a sustained
release product has involved one of the following ap-
proaches.

A granulation containing the drug which could be sphero-
nized prior to drying, if deeired, is prepared. Dried granules
are coated and then either filled into capsules tr compressed
into tablets. Alternatively, drugs are applied either in schi-
tion or as asuspension. to the surface of sugar seeds (nonpa
reils). These are subsequently coated with the requisite
material and usually filled into capsules. In both cases. a
fraction cf uncoated granules (r seeds may be included to
provide an initial immediate release of drug.

In another approach, tablets may be coated with a suitable
retardant film A recent example of this approach includes
the coating of a tabletcore, containing an osmotically active
material. in addition to the drug, with a semipermeable
membrane. Subsequent to coating, an orifice of predeter
mined size '3 made in the coating by means of a laser beam.
When such a tablet is swallowed. gastrointestinal fluids per
meate the film. causing the contents of the dosage form to
dissolve. The osmotic pressure created inside the membrane
forces the drug to be diffused through the orifice at a con
trolled rate, usually following apparent zero order kinetics.
This is, in effect a very simple form of osmotic pump.

In spite of the various ingenious approaches employed in
the creation oforal sustained release dosage forms, the lim
iting factor in all mes is based on gastrointestinal transit
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times. One important consideration with any firm ofmodi-
fied release coating. since tlne dose ti drug used is often much
higher than that used in conventional formulations. in an

prevent. ‘idoss dumping.” This can occunr when tle integrity
of the coating is prematurely broken. either as a result of
tablets sticking together during the coating process and be-
comingsubsequently broken apart. or cracking of the coating
anytime subsequent to processing.

Film Coating Problems

As with sugar coating. difficulties may develq) during, or
subsequent to, the film coating process. The tablets being
coded may not be sunfficierutly robust. or may lave a tenubncy
to laminde whle being coated. Since film coats are relatively
thin. their abiity to hide ddects is significantly lea than with
sugar coating. Hence. tablets which have poor resistance to
abrasion (is, they exhibit ligh friahility characteristics) can
be proliematfc, since the imperfections may be readily ap-
parentaftercoating. It is very important to identify tablets
with suspectproperties. whether mechanically tr parfa-mance
related (eg. poor dhsolution). prior to a coating procms. since
subsequent recovery or reworking of tablets may be extremely
difficult after a coating has been applied.

'lypianl pnocusrelated problems that can occur during the
coding process include picking. which in a consequence of the
fhiddeliveryrateexceedingtlnedryingcapacityoftlne procem.
causing tablets to stick together and subsequently become
broken art. and orange-peel or roughness. The latter is
usually e result of premature drying d atomized droplets
ofsolution. or ‘I. may be a consequnnce of spraying tooviscous
a coating solution such that d‘fectn've atomization is diffi-
cunlt.

Mottling, or color nonuniformity. can result from uneven
distribution of color in the coating. a problem often related
to the me ofsoluble dyes in aqueous film coating. when color
migration can occur either by evolution of residual aolvennt in
the film. or by nnnigration of plasticizer in which the colorant
may he soluble. The us of pigments in the film coatinng
procen minimizes the incidence if this latter objection con-
siderably. However. uneven color can also result fronn poor
pigment d'nspersionin the coating solution

Finally, two significant problems which may occur result
from the internal stress that develops within the film as it
dries. The first occurs when this stress exceeds the tensile

strength d‘ the film. canning it to crack. The seconnd is man-
ifested as “bridging of a logo" (ie. a monogram present in the
surface of the tablet core). and occurs when a componennt of
the internal stress is able to overcome the localized forces of

attachment of the film to the tablet in the region of the mo-
nogram. The film no longer follows the contour of the in-
dented monogram and draws away to bridge the crevices. an
unacceptable state.

A fundamental approach to formulation d’ the coating. in
which the belnavioral characteristics ofmaterials. particularly
the polymer med in the coating. is advocated“ a providing
a solution to such problems resulting from the effects of in-
temal stress.

Coating Procedures and Equipment

Coating Pans-The coating of tablets by means of the
anger coating process hm listorically innvolved the manual
application ofthevarious coatinng fluids to a cascadirng bed of
tablets inn a conventional coating pan (Fig 91-1). fitted with
a meansof supplying drying air to the tablets and an exhaust
to remove moisture and dunt-laden fir from the pan.

Typically. after the requisite volume of liquid has been
applied. an appropriate amount of time is allowed fur the
tablets to mix annd permit the liquid to be fully dispersed

Fig 91-1. Typical equipment set-up tor conventicnau sugar casting.

throughout the latch. To facilitate the uniform transfer of
liquid. the tablets are dtenn “stirred” by hand. or in larger
panns. by mean of aralue. to overcome mixing proliems often
associated with "dead spots.” an inherent feature (I conven-
tional pans. Finally. tablets are dried by directing an air
sunpply onto the surface of the tablet bed. Thu, sugar coating
is somewhatof a sequential process cornsisting of consecutive
cycles of liquid application. mixing. and drying.

During the early hiatoryd film coating, the equipnnnent used
was essentially adapted from that already employed for sugar
coatinng. Although the manual application of coating liqunids
during the film coating puvocm has been practiced. usually the
liquid is applied using a spray technique. Spray equipmennt
utilized are essentially of two types:

(1) Airless (or hydraulic) spray. where coating liquid is
pumped unnder pressure to aspray male, and atomization of
the liquid occurs as it emerges from a vuy small aperture.
This is analogous to the effect aclieved when onne places one's
finger over the end ofa garden hose.

(2) Air-spray. whereby liqunid which is punmped under little
(I no pressure to thenorrzle ‘a atomized by means of ablast of
compressed air that makes contact with the stream :1’ liquid
as it passes throughthe nozzle aperture.

The former is typicdly unsed inn large-scale film coating op-
erations for organic solvents, while the latter 'n more efficient
in either a small-scale laboratory set-up. CI’ in the currently
popular aqueous film coating operationns.

'l‘he use of spray techniques permits the delivery of finnely
atomized droplets of a coating solution. to the tablet mus in
continual motion. in such a mannner as to ensure unniform
coverage while preventing adjacent tablets fmm adhering
togetlner as the coating solution rapidly dries. Although all
the phases that occur during the spray process occur confin-
uously and concurrently. the overall picture can be amplified
and represented in the form of several sequential steps. as
slnown in Fig 91-2. The spray process can be operated dther
as an intermittent or continuous one.
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Fig 91-2. Schematic representation or the tllm coating process.

lntheearlyyears<ffIrrncoating,tbelackofadequate
dryirng conditions irnside the aiding apparatus, together with
the preference for using ailess coating techniques (and their
inherently higher delivery rates), with orgarnic solvent based
formulations on a production scale, gave rise to an intermit-
tent spray procedure. This allowed excess solvernt to be re
moved dnnrirng the nonspray partofthecycle, and thus reduced
the risk of piclzing arnd tendency for tablets to stick together.
However, irn the ensuing years. the irrnprovemenl: in drying
mpalilitfes hm resulted in a continuum sprayprocedure being
adopted, as this permits a more uniform coating to be devel-
oped. usually irn a shorter time and simplifies the process. As
indicated previously, pan equipment initially nmrs completely
conventional in design and, with the exception of the addition
of spray application equipment, was similrr to that used in
sugar coatirng.

Fortunately, film coating formulations were bmed on rel
atively volatile organic solvents, which abled acceptable
processing times to be achieved in spite d‘ the relative defi
ciencies of the air handling systems. Since the equipment
rarely represented a completely ernclosed system, it did little
to minimise the hazards of using organic solvents. Although
canverrtional puns possessed acceptalie properties with rqard
to mixing of the tablet mass in the sugar writing process
(particularly a this could be augmented by manual stirrirng
of the tablets during processirng), they were poorly suited to
meet the more rigorous demands ofthefilm coating process,
even when some sanplo form «I baffle system was installed.
In spite of these irnadeqmcies, the use d" conventfonal pans
Ins persisted. The introduction d‘ aqueous fihn coatinng in
recent years lnas presented the most seriouschallenge to this
type 1! equipment. Considering the limitatiorns in both air
exchange and mixing capalilities, both must in significantly
improved to assure that uniform arnd lnigh dryirng rates no
available to yield acceptable processing times with minimal
risk to product integrity.

Although considerable experimentation has taken place
with tie geometric design of converntional equipment, the
moat m'gnif'ncant clnange came with the introductiorn of the
Pellegrini coating pan (Fig 91-3), which is sonnewhat angular
and rotates on a horizontal axis. The geometry of the pan.
coupled with the fact that there is an integral baffle system,
asanrec much more uniformity irn mixing. Arlrlitionally, since
theservicea are introduced throruh the rear openirng, the front
caneither beleftfreefor irnaprsflrn purpms,or simplyclosed
off to yield an ernclosed coatirng system. Although drying air
is still applied ally to the surfaces ofthe taliet bed. theother
advantages derived from the basic over-all design ensure that
the Pellegrfrni pan is more suitable for film coating, including
aqueous-based coating solutiorns. than the conventional
equipment previously discussed. Currently, Pellegrini pans
we available with orpacitfes rarngingfrom the 10 kg hboratory
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scale-up to 1000 lg for ligh output production. A variant of
the Pellegrini wn is the Hub Coater which his extra inau-
lation toreduce the noise level in the pan.

Considering the relative inefficiencies with equipment in
which the majority of drying takes place on the surface of the
tablet bed, several attempts have been made to improve air
exchange, particuhrly witlnin the tablet bed. Thefirst to be
available on a commercial sale was that developed by
Strunclr, which, by utending the drying air duct so that it is
irnrnersed in the taliet bed, creates a suiarnersed voidonto the

peripheryofwhiclncostingsclutiorn isappled {run aspraygun
located in the opening of the supply air duct (Fig 91 4). Ex
haust. air is taken from tie pm irn a somewhat conventional
manner.

A second approach, called the lmrrnersion Sword Process,
utilizes a two chunber system situated in the bed of tablets,

enabling heated air to be introduced directly into the tablet
bed through perforated air clnamhers. After interacting with
the cascading bed of tablets. the air isdrawn into a paforated
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to the outdde. Tlia equip~
th conventional and Pelle-

exhaust air chamber for venti

ment is currently adaptable to

grini type pans (see Fig 91-5). Recently, the manufacturers
of the Pellegrini pan have introduced a modification to the
inlet a'r supply which pernits drying air to be introduced
undemth thetabletbed mwell mbeingapplied acrossthe
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surface. A Pellegrini pm somodified is known asa FastDry

A ma‘ contribution tofilm coating processing technology
was by the introduction ofthe Accela-Cots, an invention
ot‘theEliLilyCompany. Thisisalsoanangularpan rotating
on a horizontal axis. 'I‘he majordilferencefrom the Pellegrini
pan is that the t‘latportion of the pan periphery is completely
perforated, enabling air of the required volume and temper-
ature to be introduced into the cabinet surrounding the pan
from above. and exhausted from a plenum in contact with the
pan and positioned (irectly below the cascading bed of tablets
(Fig 91-6). The presence of baffleah tlie pan augments the
Hub etliciency in a'r exchange toensure that processing times
can be kept to a minimum. Capacities fa tlis equipment
range from the 10-15 kg laboratory scale-up to approximately
7(1) kg for the 66-in model. (hi the production scale. un-
loading is facilitated by the use of the Accela-scoop.

A variation on theconceptof side vented pain is fiforded
by the Hi-Coater. In contrast to the Accela-Cota, the entire
perforated area is replaced by four perforated panels linked
to air ducts which make contact, at regular intervals during
each pen revolution. withan exhaust plenum. Although not
immediately obvious. tlfi does permit continuous venting of
air from thepanaince atleast onecomplete panelorputad
two of the same, are always in contact with the plenum. An-
other contrast ‘: evident from the fact that heated air is in

troduced tirectly intothe frontopeningcfthe pm rather than
into the cabinet surrounding ‘t (Fig 91-7). Capacities for the
Hi-Coater range from a 300 g (mini) to the 700 kg model
HCF-200. with unloading in the production equipment being
accompiahed bymeans ofa port in thepan periphery enabling
discharge to be made directly into a bin placed beneath the
machine.

Another alternative to pan equipment having rapid dry'mg
capabilities is the Driacoater (Fig 91-8), althotgh this utilizes
a totally different aid somewhat novel approach. Unike the
two previous piecesol‘ equipment, heated air is introduced into

Coater.
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Fig 91-7. Schermlic tlagrarn ol the HI-coaler.

the back of the cascading bed of tablets by means of ducts,
fixed to the outside ofthe pan, linked to perforated “baffles”
fitted to the inside of the pan. This has the effect of partially
lifting the tablets and acts as an aid to mixing. Air is then
exlrauatedfrorntherearofthepanin asimilarmamertolhat
in the Pellegrini. Thus. drying is counter current to the
spraying of coating solution. One claim for this equipment.
which seems tohave been sulntantiated, is thatit tendsto be
less stressful (II the tablets. causing less abrasion. The lab-
oratory model of this equipment holds qiprmrfmatelys lug and
production models. which are unloaded on reversing the pan
viaachute attached tothe frortofthe pan.can handleqito
1000 lug. The lit ofdde-vented pens available was completed
recently by the introduction d‘ the Glatt—Coater. having ca-
pacities ranging from 25 to 1000 kg.

Because of a growing requiremt for coating drugdosage
materials smaller in size than conventio nsl tablets (eg, gran-
ules and nonpareils), manyof the manufacturers of perforated
pans offer suitable equipment modifications for this purpose.

Although the evolution that has taken lace ‘n coating pan
chsign was done expressly to 1’acilitate f‘ In coating, particu-
larly when water 'Isthe solvent, the advances in processing
technology that are derived are readily adaptable to the sugar
coating process. Obviously the requirements for in-process
drying need not be as rigorous as those fa film ooatiig.

Fluidixed Bed Coating Equipnrent—Many exponents
of this type d‘ equipment will argue, often justifiably so. that
't represents the ultimate in cl-ying efficiency since the tabbts
are supported on a column of moving air allowing for a high
area of contact between the drying medium and the qiecies
from which solvent must be removed rapidly. The nature of
the fluid-bed process. however, essentially restricts its use to
film coating. Tablets fim coated by the fluidized bed method
are often assochted with a higher levelofgloss, mainly because
the coating solution impinges upon them before narch solvent
loss hasoccurred. One possible muse for a'iticr'sm relates to
the potential for more tablet damage to occur owing to the
rigorous treatment received. High tablet harmless is not

rbielcessariy the major prerequisite here, but low tabbt fria-l ity.
The eariest fluidized bed coating equipment was bmed on
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Fb 91-9. Schematic dagram ol the winter llulazed bed costar.
Pertoratlnns h d‘ dslrlbullon plate are designed to control Gectlon

the Wurster design, (Fig 91-9). A moving bed of tablets ofpanlcle movement

 



 Flo 91-10. schematt: daoam of an Aaomatlc tttldized bed
coatsr.

corntinuonnlypassesup tlnecentral columrnand,asa readt oi‘
the effect olann expanion chamber at tlne top which retinas
airvelocity, thetalietsdrophacktothebottom between the
wdh of the inner and outer chamber. The concept of the
equipment is based orna inngle spray gun situated in thecenter
d‘ an air distribttionn phte. The geometric prqiortiom cfthe
inner and outer columns me such tlnat a continuously moving
column of tablets pmaes tlrotgh the spray path with every
tablet capturing some of the coatig and at the same time

ensuring tlnat Ettle or no solntion reaches tlnewal d’ the innerc umn.

While ldnoratory modelsHe usually equipped with either
Ginor mindiameterowerchnannlners (lnnvingeapacitiesintlne
range of 1-2 lg and 10-16lng respectively). predation models
are usually based on an 18in chamber diameter. Any attempt
to incressethe thmeterwbfhretsining oniyasinglespraygun
usually results in some tablets paming thromh thespray zone
without. receiving srny coming. Consequently. large models
utilize multiples of the 18 in concept: for example. the 32-in
model has three inner coatig pcthiana and qnraygtans. wlile
the 46-in model llna sevenn. all bnned on the 18-in model ge-
onnetry. allowing for cqnacities up to approximately 400 kg.

An alternative in the fluid bed appromln isnfforded by the
Aeromatic (Fl: 91-10). Although this exhibits many simi-
hritiea to the Wurster princifle. it laclrs the innner coating
partitions. Laboratoryunila hating a 0.5 to 2 kg capacity we
available. together with production models hanndlinlt up to
100- 200 kg.

A thid typeof design isseenwith tin F|oCoater. This alno
doasnotutiizetheprincipled'un inner coating partition.and
in addition prefers to locde the spray guns in tlne column wall
and angled downwards (Fig 91-ll). Current commercial

iquinment available is with capacitim rangingfrom 1 to 500g.

Most. I‘ not all. of the commerchly available coliann
coating equipment is also readily adaptable for the coating of
powders. small particles. grandee and seeds (non-paneila). In
addition. they aha tend to comflement the fluidized bed
drying annd granulsting equipment already manufsaured by
the various suppliers.

Potential for Totally Automated Coating Systema—
During the last few decades. the industry has wlnessed a
general transition from manually operated sugar coating
proced unes. requiring totd operator involvement. to lilm
coating ones in which operator intervenntion ‘n infrequent.
lncresdng familiarity with. and understanding of. tablet

 
   
 

  
Fig 91-11. Schematic dsgam ot the Flo-cooler.

coating as a unit process. and a desire to ensure compliance
with GMI’s, lunve increased ultimately the desire forasuring
unniformity to design qnecificatnhnns every batch of product.
made. Obviously. this is difficult for any process where the
idioaynaacies d’ individual operators must have a s‘¢nnit’imnt
inpact. _

Total automation of the process can provide a solution to
tlnae problems. This involvesdevelopinga process where all
the important variables annd requisite conurainnta are prede-

termined. Time canthen intoa ftrmsucbthat
ultimate control and monitoring of the various process pa-
rameters can be maintained eithe by a microprocessor tl’
central computer system. However. the system will be only
as good as those peripheral devices used to detect various
procau conditionssuch m air flow. temperature and humidity.
annlication volumes. and delivery rates. etc.

Since asugar coating process hasdways been higlnly opa-
ator dependent. removal of much (I the operator intervention
codd be achieved by automation. Anaomntfon hm however,
besnnoonnplex beeauseoftlnevan-iornssaooenncesthatoccu and
vuiety ofcoating fluids used in a single procem. That it ha
been accomplished is evidenced by the number cl‘ commer-
dally avaflable systans that have been introduced.“ The
technology for automated control cl" sugar coating proceaeo
is now being adapted for film coating.

Quality control ol Coated Tablets

The most inportannt mpects of coated tablets which must
be assessed from a quality control standpoint are appearance
clnracteristlcs and drug availiability. From theappearance
standpoint. coated tablets must I: drawn to conform, where
applicable, to some cola standard. otherwise the dispenser
and the consumer may assume that dnlfenences lnaveoccurred
fran previous lots signnfying a changed or substandard
product. In addition. because of the physical abuse that
tablets, both in their unncoated and coated forms. receive
during the coating process. i in ementid to check for ddects



such as chipped edges picking, etc, and ensure they do not
exceed predetennined limits.

Often, in order to identify the products, coated tablets may
be imprinted (particularly with sugar-coated tablets) or bear
a monogram (commonly seen with tablets that are film coat-
ed). The clarityand quality ofsuch identifying feature must
be assessed. Failure of a batch of coated tablets to comply
with such preset standards may result in 100% inspection
being required, or the need for the batch to be reworked

Batch to batch reproducibility for drug availability is of
paramount importance, consequently each batch ofproduct
should be submitted to some meaningful test such as a dis-
solution test. Depending on thecharacteristics of the tablet
core to be coated, tablet coatings can modify the drug release
profile, even when not intended (unlike the case ofenteric or
controlled release products). Since this behavior may vary
with each batch coated (being dependent, for example. on
differences in processingconditions or variability inraw ma-
terials used), it 'n essential that this parameter should be as-
sessed, particularly in products that are typically borderline
(Refer to Chapter 90).

Stablllty Testing or coated Products

The stability-testing program forcoated products will vary
depending on the dosage form and its composition. Many
stability-testing programs are based on studies which have
disclosed the conditions a productmay encounter prior to end
use. Such conditions are usually referred to as normal, and
include ranges in temperature, humidity, light, and handling
conditions.

Limits ofacceptability are establishedfor each product fa-
qualities such as color, appearance, availability of drug for
absorption, and drug content. 'l‘he time over which the
product retains specified properties when tested at normal
conditions may be defined m theshelf life. The container for
the product may be designed to improve the shelf life. For
example, if the color in the coating is light-sensitive, the
product may be packaged in an amber bottleand/or protected
from light through use of a paper carton. When the coating
isfriable, resilientmaterial such ascottonmay be incorporated
in both tln top and bottom ofthe container, and ifthe product
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is adversely affected by moisture, a moisture-resitant closure
may be used and/or a desiccant may be placed in the package.
The shelf life of the product isdetermined in the commercial
package tested under normal conditions.

The stability ofthe product may she be tested at conditions
which are exaggerated from the normal. This is usually done
ft: the purpose of accelerating changes so that an early ex-
trapolation can be made concerning the shelf life of the
product. Although useful, highly exaggerated conditions of
storage can supply misleading data for coated dosage forms.
Any change in drug release from the dosage form is measured
in oitro but an in viva measurement should be used toconfinn

that drug availability remaim within specified limits over its
stated shelf life. This confirmation can beobtained by testing
the product inithlly for in viva availability and then repeating
at intervals during storage at nomral conditions for its esti-
mated shelf life (or longer).

Stability tests are usually conducted on a product at the
time of development, during the pilot phase, and on repre-
sentative lots of the commercial product. Stability testing
mustcontinueforthe commercial productas longas it remains

on the market because subtle changes in a manufacturing
process and/or a raw material can have an impact on the shelf
life ofa product.
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