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CHAPTER 92 

Oral Solid Dosage Forms 

...___ ....... 
~ 111020676 

Drug ubstanc~ most fttQuenl)y att adminJ.stcred orally by 
means or solid dosage fonns 1ch as tablets and capsule . 
Large-scale productJon melhocb uSNt forth tr preparntJon, u 
described later in the chapter, require the presence o f other 
materlals ln addJtJon to lhe actJve ingredJ~n~. Additives also 
may be induded in lhe fonnul.atlons to racm~ handlmg. 
enhance th physical appearance, improve stability and aid in 
the deln· ry of the drug Lo the bloodstream alter admlnlstratJon 
These suppo~ inert ingredients, as well as the pmdu<'tion 
method employed. have been hown ln me case to influ• 
ence th absorption or bloava.ilabihty of the drug substanres.1 

Therefore, care must be taken In the lectlon and evaluatJon 
or additives and preparation methods to emmre that the drug­
delivery goals Md therapeutic efficacy of the acllve lngredlent 
will not be diminish d . 

In a limited number of cases It has been hown that the drug 
ubslan e · s solubility and olh r phy!IICOC'hemical characteris­

lics have lnOuenced its physiological availability from a solid 
dosage fonn. These characteristi include its particle size, 
whether it amorphous or crystallJ.nto, whethtor It is solva.t.ed 
or non..,ol~ and its polymorphk form. After clinically 
e fTKtlve fonnulallons are obtained, such variations among 
dosage units of a given batch, weU as batch-to-batch dltrer• 
ences, should be reduc~ to a minimum through proper ln­
proce contro~ and good manuforturing practice The 
recognition or the Importance or validation both for f'QUip­
ment and pr<>ce greatly has enhanced 11SSurance In the 
reproducibility or formulaLlon.'I. It L, in these aren..-. thal !'llg­

nificant progress h3s been made with the realization that 
large-scale production or a satisfactory tablet or cap ule de-­
pends not only on the availability o r a cllnlcally effective 
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Fig 1. Tabkrt press operarors checking batch reoo,d in conloml­
ance With Current Good Manufacturing Practices (courtesy. Lily) 

formulation but al'IO on the raw materials, rac1hties, pel"!!On­
nel, documentation. validated proc and equipment. pack• 
aging and the rontrol'I u.wd during and after preparation 
(Fig I ) . 

Tablets 

Tablets may be defined as solid pharmaceuucal dosage 
forms contalnlng drug substancb w'Jth or without ·ult.able 
diluents and prepared either by compres.'lion or molding 
method,. They have been in wid~pread m;e in<'e the latter 
part oflhe 19th ct-ntury and their popularity continue . The 
Lenn compre d tablet is believed to have been used first by 
John Wyeth and Brother of Philadelphia. During this ame 
~rlod, molded tablets were lntroduced Lo be used. hypoder, 
mic tablecs for the extemporaneous preparation or lutlons 
for U\l ctlon. Tablets remain popular as a dosage rom, be­
cause of the adva.ntag~ aJforded both to the manultu.1urer 
(eg. simpUclty and economy o(preparat1on, stability and con­
vt-nience ln packagmg, shipping and dJsJ)("nslng) Md Lhe pa­
uent ( eg, &<'curacy of dosage. com pactne , l')Ortabdity, bland• 
ne of taste and ea.<Je or administration). 

Although the b._'\Sic mechanir al approach for their manufac­
ture has remained the same. tablet technology h und rgone 
great lmprovement. Etron.s are bemg made contlnualzy to 
undente.and more clearly the physical characterlsti o r pow­
der compaction and the factors afl'ectlng the avaalablhty oflhe 

drug substan<-e from the dosage form aftf'r oral admlrustration. 
Tableting equipment rontinue to Im prove both to produc­
tlonspeed and the uniformity oftnblet."I <'(lmpr~'!ed. Rec-ent 
advanc In tablet technolog)' have been reviewed ,-111 

AJLhough tablf'L♦• frequentJy are dJscoid in !'ihape, they alw 
may be round, oval. oblong. cyUndncal or triangular They 
may differ grt-atJy in size and weight depending on the amount 
or drug ub tance pre enl and the Intended method or 
arlmini.strntio n. They are divided into tVt'O gen('ral <'la."5("", 
whether they are m3de by compression or moldmg. Com• 
pn-s.<;ed tahlet., u.-.ually are prepared by largc--S<'llle production 
methods. while molded tablets gentrally Involve mall ale 
OJ>t>mtio~. Tht- v11rious tllblet tYJ)t'S and abb~viatlons used 
ln referring to them are listed below. 

Comp.,-d Ta.bleu (CT) 

Thr..,. IJtbll't.« ;u,- rnnnf'fi by c-nmJln''l11,nn anct ('onuun no 1J1N 1al C'O:UJO!I 
Th!'y an- mlldc- (mm ~rro C'T)~N!in.- nr l{nl.nul,.,- 1TULlt'n•l1 lllnn.- o r 
In rombcnllllon '1'1lh ~ - dl-.anL~. controlled-relea._"f' Jlnl)'n>e", 
lubriC"IJl,U, dUu~IIU and, 1n 111111'\)' CQif'1. c-11lc>nnl.!I 
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S11pr.Coa.tedTa!bleU1 (SCT)-ThMtatt comptt~tablel.'l ronl.aln­
lna • ui;itr roiatlng. Soch co.tin&, may be c-olon-d a.net arT IM'nc-fkbtl in 
CO\'t'Mg up drug su~ po Ing ob;ttUonable wt or odon, and 
In prolf!Cll.r~ rnlllt'l1~ !lf!MIUW lO oxldallon. 

Flha,Coated Tableu (F ~ al\' t'(lfflp~wd ~, ,.·hJrh 
are CO\' r«I wlc.h a lhm Layer or fi.lm of a ""'Iler-soluble rnatenal A number 
of polylnenc 1u~f!'I w1ui f11111-Comurt.8 propenle ITTIJ' be ~ f)l,n 
r091lng 1mpatt.1 lhl- lQITl" gc,n"ral <'hllr.W'lt'n.•lic•• ~ c·ua1lng ,.ilh th" 
added Bdva~ or a llJ('lllly ttdu<'f<I "'™' pc-nod l'l'QUtr«I for w C'OIIU!IR 
openu.loo 
En~ed Tableta (BCT}-Tht:'4' art co~ tab~L1 roaU'd 

Wlth ~ lhlll l"t'S~ l!Otution In l(NtO<" lluid bl.rt dl1!m«'i;r.l" lll th" 
llllHll.ne. Em.erk c-oatlnp can be u9'd for &abltt.9 corualn.tn8 dnl8 51.lb­
SWl()b which att lnactW:ued or destro)·ed an the !llomach, ro, o-which 
imtllt4' the- mUCON or a1 • mc-llJ'-1 or dc'ta)·N:I rfl~ ol ll!f mtdlC11bOn. 

Mu.lt.l,ple Co111p-4 TableUI (MCT}-Th are rompr~ tab-
IN made b)' mott lhan one compression eyde. 

IA!JMNI Tal,ll-L-'iuch t.AblM.• lll'f' prt'f)lan:'(l by compl'M.•ing add,. 
uocw tabkt l{J1UlUlatloo on a pre,,003zy comp~ ,vanubuon, The 
opttlllJon may be repeated lo produce mulutayered iablN or l\0-o or thrff 
~r.l SpttlAJ tabk-l pN'!i.-.el lll'f' rt"quirrt! lO rnake l:ay1'1'f'd tablet.'f :;ueh 
M lhe \'t'f"A Pl"t"':I (S,ol.~ / l'Mtnwoll), 
~ru Tabk>u--Such tablets. abo referred to as dry-coated,~ 

prepattd by r~Lng IWfW>USI)' comp~ tableb lnlo • pedal tab&eOng 
l'l'lactiine and roml)f 1111 N10(Mr 1¢n'nutaUon lla)'t'T' m>tind lf1(' pr<'r onnN:I 
tabaeu.. They ha\'e all lhe advant.l,ges ol compl"t't!Sed tabl&, k?, kMtJ113 
rnonog,unmmg. sPffd old n~0t1. t ic, ,. hlle l't"Wnlng 1he aurtbute5 
or llllBar•ClOllle'd IAtMt." rn rtlll,3.king I he ~ or lht' drug 841bl!tantt In the 
core labl An eJW!\l)lt' or• prn&-<'Oal~ I.Ibid pr the Mannt11 
Drycota.. ~ed tablets also can be ujlt(j lo Rparate ancomp&Llblt 
drug :iuh<ll.ancts; 1n addilluct. wy can provtct, a mf'an.• le> gh-.: an etlU'ric 
CO-'Hna to lht' core ltlblfUI Bolh 1)1>'3 of muhlpll'-rofflprnsN:I ~ 
ha,·e been u9'd Wldet, ln the d lgJI or prolongeckctJon dosage forms 

Co11trollH•hl-Table omp,-ci tabl.-lll t"ln be fonrtllbled 
to ,,.1..,11.Y the rtn1g u,.'ly ov"r • prulonged Jlt'nod ortlme. Ilene,, lM"tt' 
~ forms ha,·e bttn referred to as Prolmt,QM-Relrose or Stcstai,wd­
Rell'O.S4' ~ forms ~ ,.-ell 1bellt' tableli ( 11.!l well 11!1 Cllsp!lt.ale \ t:rsions) 
c-an bc c-alr-gtlriz.c-d lnto IN\'1' ~ (I) l.hl)!II' which rnpond 10 "°'" .. 
phyiRolo,tll"31 rondluon to 1tlta.w w drua. MK"h as ent('nc ~ ; (2) 
lho!le I.ha& rel-1he drug ln • rt'lau,·ety stNd,, COn1tOUed manner and (3) 
tlllOIII! that combtM cotnblJ\atlon.<i or mechaill;i,n\.'> io rel~ "pul~" of 
druR, wch M rt[)('lll.•tKlfl)n I.Ahl~. The p('nOnNm't' of lhfll(' $Ylltt'ms 
are descnbed In mo~ detall m Chapter 04 

Tabteu ror Solalloa-Comp~ tableb to be ullNI ror prf'l)&rlng 
.ofuUons or lmparti1'g gm-n c-har.aclc'n~• LO w lul.k>ns mu.'11 be ~lrd to 
lnmcalt lhal they are 00110 bt' --.!towed fxampltll or lh('ljf tableui are 
HaJ.:uone TableLS fo, SohaJon and Pol.l.!,Slum Penna.ngan1ue Tableu for 
Soluoon. 

£tren--eettat Tabl~ addloon to lhe dnJ8 ub~. lhete ~ 
wn !iOdium blca.rbonate and an ol'8J,l\lc acid 8IJCh ll!l u.nanc or cllnc ln 
the preaence or wai.r. the:!ii! addlu,'1!11 reatt llbtniung carbon dJolOdl' 
whkh acts u • dtsllnlegra1or 111\d produces effen-e Exc-ept (Of 

small quanUtle!i of lubncanLS p,Mtnl. t!rervescent l&bleu are l!Oluble 
Comp..-4 11ppoeltortff or IJaM~onall)'. ,oagma.1 SUP­

S)lblWri ll, llueh u )ll!CIOn~ Tablel.i., are prep&rf-d by «lfllpn-:!>o!IICl"'­

Tableu for lhti lllll! ~ conwn lac~ u lhe diluetU.. In lhb 
• ·t-11 ""few 11117 tabk-1 intrndNl few admlnbctnlloo odM-r Ulan by SW1111ow 
th.- label musa lndic,au• th!' n\UIJW'r In wtuct, 11 1.5 lO be u.wd 

Blltt&I &lld ■bU■p&.1 Table Thfjj(! are ir'IWI, !lat, 0\-al t.ablm. 
Tab1'13 lnlen~ for boct".-.1 admln~lon by l,-rtlng 11110 lh4' buccal 
pOuc'h ma, dls'lol•'t' ~ trod!' slowly; tlM'N'rOl't, they are formuw.NI and 
romp~ with suffkll'nl prn.'<\lrt' 10 l(i,·e A hard ~ ~n­
Tabl'13 mil)' bC' ad111.1n~~ in thiil qr. 

Som" n""""r appl"IIIIC'-~ labl .. L1 t.hal mc'll al bod)' lt'rnf)f'r&lUN!':1.. 
The 11\aUlX ol tM tab~I b IIOIJ<MNS whltt tti, dnllt c, 1n 80luuon Mn 
l'l\ffll.ll8., lht- dnrj!J Ill automa1-lty 1n .Ol\ltlOn and a,,ut.bk- for ~ 
lh\1$ ffimlnalln.g dL'(l!QlutJon Ill! a ralc--llmlUng lllA'P in the ati.orplion or 
poo,1Y toluble compounds. Subltnl(U,l l.lLblns, ~h "8 lh<M ronwnini 
n~l'T'll\, isoprolertnol l\ydrO<'l\loridc' or l'1}1hnlyt lt'UlUUU'lll(', art' 

pl&ced under lh tongUe Subltngual tab~tl diMOlvt- ,-pkJly and the dl\AI 
IMlhM■nt't8 111'1? ab8orbC'd rnd!ly by tl\lll fonn of admlnlMllLUOn. 

Molded Tablt>UI 01' Tablet Tritufttff (TT) 

Tablet 1rt1uratt".!I U!Ual4' are made l'rom mutst ml.ler1al using a 11\lu.nlle 
mold 111\Jeh 8)H! lhem lhe shape or cu1 sttoons of • c>'~. Such 
lableu m11311 be rompleuty and rapidly soluble The problem t.r'\Sllll 
from COfl'lptt n or c.ht'se labltLS Ill lhe failure 10 !Ind a lubncant uw as 
romplNely "--aler soluble. 

Ot.penatqTabletl (DT)--The · 1able1S pro,ide • ron,fflM!ru quan­
w:y or potent drug that can be tnro~ l't'&dJI)' lMo po,oden and 
UquJd . thus ctrrum,·enHng the ne<'t>S!iltY lo wel.gh iimall quantiu 
Thesf tablets a.re IMIPPUed prlmant, as• romenlellC't' for exteml)Oran­
c-ompoundinfJ a.nd 5hould nf''tr be disper\!lt'd as a d~ form 
Rypoden■lc Tablew (BT)---Jlypodnmlc tablN an l!Oft, rffd.ly 

IOluble lllblN and ortpnaJ!y wu" u'M'd for the prt!pu9taon of l!Oluuons to 
be il'\ll'<1t'd Since oet.Ablt l)lll't'n«ral ~IU1.10fl3 are now •~l•btt for~ 
drug IIVblU.nCt'I', tht""rP bJ no .Jll.'lfi('Jlllc)n ror IN' Ullt' or ~rmt<" ~ 
for afV"("U()n. Tllet, me In lh1il rnAnnH i.hl,uld be (WIN)uragN1 ,;10('.- lh!o 
~1uhing ,,oluoon.~ art! Ml 'llt1'tJP. IM-g.- quanUliM ol 1~ tabkb ('Ono 

Unue iobe 111:lde. bul foronil admlnl!ittatlon. Nohypodennic ~f'\-«'r 
~ ·e been rtt0gntud b)' the otllclal compendia. 

Compressed Tablets (CT) 

ln order for medJcinal substances, with or without d1Juent.s, 
to be made lnto solid dosage forms with pressure, using avail­
able equipment.. IL is nece sary that the material, either in 
crystalline o r powdered form, possess 3 number of pt\ysical 
characteristics. These chararteri~tiC's include the ability to 
flow freely, coh~h,ene! and lubrication. The ingr dient., 
such a.-, disinLe~ranL<1 d ·igned to break the tabl Lupin gastro­
intestmnl Ouids, and controlled-release polymers desiglled to 
low down drug release, Ideally hould po these charac-

terlstJc , o r not interfere with the desirable performance lraits 
of the other exclplents. Smee most materi~ls have none or 
only some of these properties, m thoo of tabl t fonnulation 
and prepamlion have been developed to impart the!W d~ir­
able charact.erislics to the material which m to be compressed 
lnto tablets. 

The basic mechanical unit. in all tablet-compression equip­
ment includE>S a lower punch which fiL'l inLo a die from the 
bottom and an upper punch, having a head or th same shape 
and dimensions, which enttr8 the dfe c.-aV11y from the top after 
w tableting material fills the dle cavity ( e Flg 2). The 
ta.bl L is formed by pre55ure opplied on the punches and 
subseQu ntly L"l~ected from the die. The weight of the t.ablet 
is determined by the volume of the material which fills the dle 
<."ll\rity. Ther fore, the blllty oflhe granulation LO Oow freely 
into I.he di Is lmpon.anL ln insuring a unifonn fill, well as the 
continuous movement or the granulation rrom the source of 

supply or feed hopper. If the tablet granulation does not 
posse cohesive propertle , the tablet after compre ion will 
crumble and fall apart on handling. As the punches mu.sa 
move freely within the dle and the tablet mu.st be ~ 
readily from the punch faces, the materi.'l.l must have a degrtt 
of I ubrirallon to m1nlmlz.e frlcllon and allow for the re rnoval of 
the compn>ssed tablets. 

There are three general mNhods or tablet preparation: w 
wet-granulation method, the dry-granulation method nnd dJ· 

Fig 2. BaslC mecharncal unil for tabet compression: lower punc:tr 
cbeand upper punch (coooesy, Vecior/ Cotlon). 



rect compression. The method of preparat.Lon and the added 
ingredients ace aele<;ted in order to give the tablet fonnu.lalion 
the desirable physical clW'acteristlcs allowing the rapld ~ 
pression of tablets. After compression, the tablets must have 
a number of additional attributes such as appearance, hard­
ness, disintegration ability, appropriate dissolution character­
lstlcs and unlfonnlty which also are Influenced both by the 
method of preparation and by the added materials present in 
the formulat.lon. 1n the preparation or comp~ tablec.s, 
the formulator also must be cognizant of the effect which the 
lngredJenui and methods of preparation may have on the 
availability or the active ingredients and, hence, the therapeu­
tlc efficacy of the dosage fonn. In response to a requ$ by 
pt\ysicians to change a dicumarol tablet in order that it might 
be broken more easily, a Canadian com~ reformulated to 
make a large tabJet with a ~ore. Subsequent use of the 
tablet, contaln1ng the same amount or drug substance as the 
previous tablet, resulted in com.plaints that larger-than-usual 
doses we.re needed to produce the same therapeutic ttBponse. 
On the other hand, literature reports indicate that the refonnu­
lation or a commercial digoxln tablet resulted in a tablet, 
although containing the same quantity of drug substance, that 
gave the d~lred clinical re.sp<>ruM? at half Its original dose,. 
Methods and principles that can be used to assess the effects 
or excipients and additives on drug absorption have been 
reviewed.2.14,15 See Chapters 35, 42 and 83. 

Tablet lngredlenta 

1n addition to the active or therapeutic ingredient, tablets 
contain a number of inert materiab. The lau.er are known u 
additives or excipienls. They may be classified according to 
the part they play in the finished tableL The first group 
contal.ns those which help to impart satisfactory processing 
and compression cha.rad.ert.'itica to the formulation. These 
Include diluents, blnde~. glidants and lubrican:ts. The sec­
ond group or added 5ubstances helps to give additional desi.r• 
able phystcal characteristics to the ftnlshed t&blet. Included 
in this group are disiritegrants, colora, and in the case or 
chewable tablets, Oavors and sweetening agent.s, and ln the 
case of controUed-release tablets, polymers or waxes or other 
solubility-retarding materials. 

Although the t.enn ittert has been applied to these added 
materials, it ls becoming increasingly apparent that there la an 
important relationship between the properties of the excipi­
ent.s and the dosage Corms containing lhem. Prefonnulatlop 
studies demonstrate their influence on SUlbility, bioavailabil• 
ity and the processes by which the dosage forms are prepand. 
The need for acquiring more information and u:,e ~dards 
for exclpients has been recognized in a jolnt venture or lhe 
Academy of Pharmaceutical Sciences and the Council of the 
Pharmaceutical Society of Great Bntain. The result ls called 
the Handbook qf Pharmaceulical E~ci.piems. This refer­
ence now 18 dl.strlbuted widely throughout lhe world.1 & 

DiluenLs 

FrequenUy, the single dOM of the active ingredient ilJ small 
and an IMJ't substance is added to increase the bulk in order to 
make the tablet a practical size for compression. Com­
ptt98ed tablets or dexamethasone contaln 0. 75 mg steroid per 
tablet; hence, It is obvious that anot.her material must be 
added to make tableting possible. Diluents used for this 
purpose Include dicalcium phosphate, calcium sulfate, lac­
tose, cellulose, kaolin, mannit.ol, 80dlum chloride, dry starch 
and powderfl! sugar. Certain diluents, such u rnannit.ol, 
lacto8e, sorbltol, sucrose and inositol, when present ln suffl. 
cient quantity, can impart properties to some compreaaed 
tablets that pen-nil disintegrat on ln the moulh by chewing. 
Such tablets commonl;y are called chewobuJ t.abl8ts.. Upon 
chewing, property prepared tablecs will~ smoolhly IL a 
samfactory rate, have a ple,.,ant. tast.e and feet and I.eave no 
Wlp6euant aft.enaMe ln Che mouth. Dlluent.s used as exaplents 
for direct compression ronnulas have been sutuec:ted to prior 
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proce8l!U\8 to give them OowabOhy and compre98ibilil;. The9e 
are~ wtder Direct~ page 1626. 

Most formulators of Immediate-release tablets tend to use 
consistently only one or two diluents selected from the above 
group ln lhelr ~ formulallons. Usually, these have been 
.elected on the basis of experience and co~ fact.or,. 
However, ln the formul&Uon of new therapeutic agents, lhe 
compatibilit;y or the dilueota with the drug must be consid­
ered, eg, calcium salts used as diluents for the broed,spectrum 
antibiotic letracycline have been shown to interfere with the 
drug's absorptlon from the gastrointestJnal tnct. When drug 
substances have low water 90lubilit.y, it is recommended that 
wat.er-soll1hle diluents be used to avoid possible bloavallabU­
ity problems. Highly adsorbent substances, eg, bentonite 
and kaolin, are to be avoided 1n making tablets of drugs used 
clinica.Uy in small dosage, such as the cardiac glycosides,, 
alkaloids and the synthetic estrogens. These drug sub­
stances may be adsorbed after admi.nistr'ation. The combina• 
lion of amine bases with lact09e, or amine salts with lactose In 
the presence of an alkaline hlbricant, results in tablets which 
discolor on aging. 

Microcrystalline ceUul09e (Avicel) u.suaUy i.s used as an 
exclpient in direct-compreMlon formulas. However, Us pr~ 
ence in 6 to 15% concentrations in wet granulations has been 
shown to be benetlclal in the granulation and drying processes 
in minimizing case-hardening of the tablets and in reducing 
tablet mottllng. 

Many ingredients are used for several different purposes, 
even within the same formulation; eg, com 9tarch can be used 
ln paste fonn as a binder. Whe,n added in drug or suspension 
rorm. it is a good disintegrant. Even though theite two uses 
are to aclueve opposite goals, some tablet fonnulas use com 
starch in both ways. In some cont.roUed-releaae formulas, 
the polymer hydro.xypropylmell\YlceUulose (HPMC) i.s used 
bolh as an aid to prolong the relea.w from the tablet, as well as 
a ftlm•fonner in the tablet coaling. nterefore, most excipi• 
ents used in formulating tablets and cap$\lles have many U5CS, 
and a thorough understanding of lhelr properties and limita,. 
tions i.s ne«ssary in order to use them rationally. 

Binders 

Agents used to impart cohesive qualities to the powdered 
material are rererred to as binders or granulalors. They Im­
part a cohesiveness to the tablet formulation which insures 
\he tablet remaining lntaet. aft.er compression, as weU u Im­
proving the free-Oowing qualities by the formulation of gran­
ules or desired hardne!S and size. Materlals commonly used 
as binders lnclude starch, gelatin and sugars as sucrose, glu­
cose, dextro5e, molaases and lacto8e. Natural and synthetic 
gums which have been used include ac:acia, sodium alginate, 
extract or Irish IT\098, panwar gum. ghatti gum, mucilage of 
isapol hus.ks, carboxymeteylcelluJose, methylceUuJose, poly­
vtnylpyrrolidone, Veegum and larch arabogaJ.act.an, Other 
agents which may be considered binders under certain circwn­
ttances a.re polyethyle.ne glycol, et.hylcellulose, waxes, water 
and alcohol. 

The quanLity of binder Wied has considerable lnOuence on 
the characteristics or the compressed tablet$. The u.e of too 
much binder or too sLrong a binder will make a hard tablet 
which will not disintegrate easily 1111d which will cause exces-­
slve wear of punch~ and ~s. Dl.lrerences in binders used 
for CT Tolbutamide resulted in differences in hypoglycemic 
effects ob5erved clinically. Materials which have no cohe­
sive qualities of their own will require a suonger binder than 
thOl!le with th~ qualities. Alcohol and water a.re not blnders 
in the true sense of the word, but because of their solvent 
actlon on some ingredients such u lactose, starch and cellu­
loses, they change the powdered material to granules and the 
residual moisture rewned enables the materials to adhere 
together when compressed. 

Binders are used both as a soluUon and ln a dry form 
depending on the other ingredients in the fonnu.latioo and lhe 
method of preparation. However, several pregelo.linf.zed 
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starches available are intended to be added in the dry fonn so 
that water alone can be used a., the granulatlng solution. 1i\e 
same amount of binder in solution will be more eff'ective tlw'I 
if it were dispersed in a dry form and moistened with the 
solvent. By the latter procedure, the blndJng a.gent Is not as 
effective in reaching and wetting each of the particles within 
the masa of powders. Each or the particles in • powder blend 
has a coating of adsorbed air on its surface, and it Is this film 
which must be penetrated before the powders can be wetted 
by the bln~r 50lulion. After wetting, a certain period ofthne 
is necessa,y to dissolve the binder completely and make it 
completely available for use. Since powders differ with re­
spect to the eue with which they can be wetted, and their rate 
of solubill2atlon, It Is preferable to incorporate the binding 
agent ln solution. By thi$ technique it often Ls J>O$$lble to 
gain effective binding with a lower concentration of binder. 

The direct-compression method for preparing tablets (see 
page 1630) requires a materlal that not only Is rre~Oowlng 
but also sufficiently cohesive to act as a binder. This use ha.1 
been described for a number of materials including mic~ 
talline cellulose, microaysl.alline dextrose, amylose and 
potyvinylpyrrolidone. lt has been J)OStulated that mic~ 
tal.llne cellulose Is a special fonn or cellulose fibrtl in which the 
individual crystallites are held together largely by hydrogen 
bonding. The disintegration of tablets contalnlng the cellu­
lose occurs by breaking the interccystallite bonds by the disin­
tegra.tlng medium. 

Starch Put-e-Com starch is used widely as a binder. 
The concentratJon may vary from 10 to 20%. lt usually Is 
prel)ared as it is to be used by dispersing com starch in 
sufficient cold purlfled walff to make a 5 to 10% w/w suspen• 
sion and wanning in a water bath with continuous stirring until 
a translucent paste fonns. lt has been observed that du.rtng 
paste formation, not all or the starch is hydrolyzed. Starch 
p.a.,te then, Is not only useful as a binder, but also as a method 
to incorporate some cfulintegrant inside the granules. 

~latJ.n Solutlon~latJn generally Is used as a 10 to 
20% solution; gelatin solutiorus should be prepared freshly as 
needed and used while wann or they wUJ solidify. The gelatin 
is added to cold purified water and allowed to stand until it ls 
hydrated. It then Is wanned in a ~ bath to dissolve the 
gelatin, and the solution is made up to the final volume on a 
weight bas~ to give the conce.nt.rallon deslttd 

CelJuJoelc SolaUo.,_Variouscellulosics have been used 
as binders ln solution form. Hydroxypropytmethylcellulose 
(HPMC) has been used widely in th.is regard. Typical of a 
number or ceUul08ics, HPMC Is more soluble In cold water 
than hot. lt also is more d.ispersable in hot water than cold. 
Hence, Ln order to obtain a good, smooth gel that Is !rtt from 
lumps or "fl.sheyes," it is ~ to add the HPMC in hot, 
almost boUlng waur and, under agitatJon, cool the m.lxtutt 
down as quickly as possible, as low as possible. Other water­
soluble celluloslcs such as hydtoxyethylceUulose (HEC) and 
hydroxypropylcellulose (HPC) have been used successfully in 
soluUon as binders. 

Not all ceUulosics are soluble in water. Ethylcellulo,e can 
be U§ed effectively when d.lssolved ln alcohol, or M a dry 
binder which then is wetted with alcohol. It is med as a 
binder tor materials lhat are molsture-sel\9iUve. 

PotyvtnyJpyn-oUdone-PYP can be used as an aqueous or 
alcoholic solution and this versatility has increased its 
popularity. Concentrations range from ~ and va,y consid­
erably. 

It will be noted that binder solutions usually are made up to 
weight rather than volume. ThilJ is to enable the formulator 
to determlne the weight of the solids whlch have been added to 
the tablet granulation in the bind.mg solution. This becomes 
part or the total weight of the granulation and must be taken 
into consideration ln determining the weight or the com­
pressed tablet, which will contain the stated amount of the 
therapeutic agent. 

M can be seen by the list of binders in th1s chapter, most 
modem bindel"5 used in solution are p0lymeric in form. Be­
cause or this, the Oow or spreadablllty or these solutions 

becomes important when seJectlng the appropriate granulat­
ing equlpment. The rheology or polymeric solutlom ls a 
fascinating subject in and of itself, and should be considered 
for these materials. 

Lubricant., have a number off unctions in tablet manufacture. 
They prevent adhesion or the tablet material to the surface of 
the dies and punches, reduce interparticle friction, facilitate 
the (jection of the tablets from the dle cavity and may Improve 
the rate of now of the tablet granulatlon. Commonly used 
lubricants include talc, magnesium st~. calcium stearate, 
stearic add, hydrogenated vegetable oils and polyethylene 
glycol (PEG). Most lubricaJlts, with the exception or talc, att 
used in concentrations les, than 1%. When w,ed alone, talc 
may require concentrations as high as SCH>. Lubricants are in 
most cases hydrophobic materials. Poor selection or e xces­
sive amounts can result ln "waterproot1ng·· the tablets, ttSUlt• 
ing in poor tablet disintegration and/or delayed dissolution of 
the drug subSWlce. 

The addition of the proper lubricant is highly desinble II the 
material to be tableted tends to st.Ide to the punches and d1n. 
Immediately aft.er compression, most tablets have the ten· 
~cy to expand and will bind and stldc to I.he side or w ~ ­
The choice of the proper lubricant eff'ecttvely will overoome 
th.ls. 

The method or adding a lubricant to a gru,ulation is imPor­
tant If the material ls to perfonn Its function sausfactorily. 
The lubricant should be divided finely by passing it through a 
60· to 100.mesh nylon cloth onto the granulation. In prodUC• 
lion this is called boUing the lubricanL Alter adding the 
lubricant, the granulation ls tumbled or mix Ni gently to dJstrll>. 
ute the lubricant without coating the particles too weU or 
breaking them down to ftner particlrs. Some research has 
concluded that the order of mixing or lubricants and other 
exclplents can have • profound efrect on w perfonnance of 
the final dosage form. Thus, attention to the mixing process 
itself ls Just as Important as the selection of Lubricant materi­
als. 

These prottss variables can be Sttn in the prolonged blend­
ing of a lubricant in a granulation. Overblending materially 
can atrect the hardness, disintegration time and diMolution 
performance for the resultant tablets. 

The quanllty of lubricant varies, being as low as 0. 19ft, and in 
some cases as nigh as 69ft. Lubricants have been added to the 
granulating agents in the form or suspensions or emulsions. 
This technique serves to reduce the number of operational 
procedUttSand thus reduce the procuslng Ume. 

1n selecting a lubricant, proper attention must be given to its 
compaUblli(y with the drug agent. Perhaps the most wide,ly 
investigated drug is acetylsalicylic acid. ourerent talcs var• 
led slgnlficantly the stabUlr.y or asplrln. Talc with a high 
calcium content and a high loss on ignition was associated 
with incrtased aspirin deeomposiU.on. From a stability~ 
point, the relative acceptability of tablet lubricants for combl• 
n.aUon with aspirin was found to detteue in the followmg 
order: hydrogenated vegetable oil, stearlc acid, talc and alu­
minum stearate. 

The primary problem in the preparation of a water-soluble 
tablet ls the select.ion or a 8&llsfactory lubricant. Soluble 
lubricants reported to be effective include sodium benwate, a 
mixture or sodium be.nzoat.e and sodium acetate, sodium chJo-­
ride, leucine and Carbowax 4000. However, it has been 
suggested that formulation., used to prepare water-solublt 
tablets may represent a number or compromises between 
compression efficiency and water solubility. While magne­
sium stearate Ls one or the most widely used lubricant.,. its 
hydrophobic properties can retard disintegration and 
dissolution. To overcome these waterproofing characteris­
tics, sodium lauryl sulfate sometimes is included. One com• 
pound found to have the lubricating properties of magnesium 
stearat.e without its di811dvan~ Is magneeium lawyl sulfate. 
lts safety for use in phannaceutic.als has not been ~ed. 



A glldant ls a substance which Improves the flow c~r­
istics of a powder mixture. These materials always are added 
in the dry state Ju.st prtor to compression (le, durtng the 
lubrication step). Colloidal silk:on dioxide ICab-o-sil 
(C-abot)) ls the most commonly used glldant and generally ls 
used in low concentrations of 1% or less. Talc (asbestos,. 
frH) a.190 ls U5ed and may serve the dual purpo5e as lubricant/ 
glidant. 

It ls especiAlly important to opt1mlze the order of addition 
and the mixing process for these materials in order to maxi­
mhe the.Ir effect and to nwce sure that their lnfluence on the 
lubricant(s) is minimized. 

Disi?llegranlS 

A dlslntegrant Ls a subslance, or a mixture of substances, 
added to a tablet to facilitate its breakup or disintegration 
aft.er admin.lstrat.lon. The active Ingredient must be released 
from the tablet matrix as efficient.ty as po95ible to allow for its 
rapid dlssolutlon. Materials serving a5 dislntegrants have 
been classified chemically as starches, clays, ceUuJoses, aJ. 
gins, gums and cross-llnked polymers. 

11le oldest and still the most popular disintegra.nts are com 
and potato starch which have bttn weU-drled and powd~ 
Starch has a great affinity for water and swells when moist­
ened, thus faclliwlng the rupture of the tablet mauix. How­
ever, others have suggested that its disintegrating action in 
tablets ls due to capillary actJon rather than swelling; the 
spherical sh.ape of the starch grains increases the porosity of 
the tablet, thus promoting capillary action. Swch, 5%, 18 
suggested, but if more rapid disintegrauon is desired, this 
amount ma.)' be lncreased to 10 or 16%. Although It m1gh1 be 
expected that distntegration time would decrease as the per­
centage of starch ln the tablet lnc~ased, this d~ not appear 
to be the case for tolbutamide tablets. In this instance, there 
appear., to be a critJcal st.arch concentration for ditl'erent 
granulations or the chemical. When their dislntegration ef­
fect is desired, starehes are added to the powder blends in the 
dry state. 

A group of materials known as super disinLegrams have 
gained In popularity as dislntegratlng agents. The name 
comes from the low levels (2 to 4%) at which they are com­
pletely effective. Croscannelose, crospovldone and sodium 
st.arch glycolate represent examples of a cross-linked ceUu­
lose, a cross--llnked polymer and a cross-llnked starch, ttSpec­
tively. 

The development of these dlslntegrants fost.ered new theo­
ries about the various mechanL,ms by whfoh disintegrants 
work. Sodium starch glycolate swells 7 - to 12-fold ln less 
than 30 seconds. Croscannelose swells 4- to 8-rold in less 
than I O seconds. The starch swe!Js equally ln all three dimen­
sions, while the ceUulose swells onty ln two dimensions, leav­
ing fiber length essentlally the same. Slnce croscannelose Is 
the more efficient disintegrating agent, it is postulated that the 
mu, force and extent of sweUlng play an Import.ant role ln 
those disintegra.nts that work by swelling. Cross-linked PVP 
swells little, but l't'U.ll'N to Its original boundaries Q ulckly after 
compression. Wicking, or capilla,y action, also Ls postulated 
to be a ~r factor ln the abUJty or crou-1.lnked PVP to 
functJon.1 7- 19 

In addition to the st.arches, a Large variety or materials have 
been Wied and are reported to be effective as disintegrants. 
This group includes Veegum HV, methylcellulose, agar, ben­
tonlte, cellulose and wood products, natural sponge, cation­
exchange resins, alginic acid, guar gum, citrus pulp and 
carbox:ymethylcellulose.10 Sodium lauryl sulfate In com bu. 
tion with starch also has been demonstrated to be an effective 
dlslntegrant. In some cases the apparent ell'ectlveness or 
surfactants in improving tablet disintegration us postulated a5 
belng due to an Increase in the rate ofweulng. 

The dlslntegraUng agent usually ls mixed with the active 
lngredients and diluents prior to granulation. In some cases 
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it may be advantageous to dMde the starch lnto two portlons: 
one part is added to the powdered formula prior to granuJ.a.. 
don, and the remainder Is mixed with the lubricant and added 
prior to compression. Incorporated in this manner, the stan.'h 
serves a double pUJ"P().W; the portion added to the lubricant 
rapidly breaks down the tablet to gra.nules, and the starch 
mixed with the active ingredients disintegrates the granules 
into smaller particles.. Veegum has been shown to be more 
effective 1111 a disintegrat.Or in sulfalhw.ole tablets when mo!ll. 
of the quantity is added after granulation and only a small 
amount before granulation. Likewise, the montmorillonite 
c1-)'s were found to be good tablet dlslntegra.nts when added 
to prepared granulationa as powder. Tiley are much less 
effective as disintegrants when incorporated within the gran­
ules. 

r.ctors other than the presence of dlslntegrants can affect 
significantly the disi.ntegratton lime of compressed tabl~. 
The binder, tablet hardness and the lubricant have been shown 
to inOuence the disintegration lime. Thus, when the formula­
tor Ls faced with a problem concerning the disintegration of a 
compressed tablet, the answer may not lie in the selection and 
quantity of the disintegrating agent alone. 

The evolution of carbon d ioxide is also an effective w-,y to 
cause the disintegration or compressed tablets. Tablets con­
taining a mixture or 50dium bicarbonate and an acidulant such 
as tartarlc or cJtrlc acid wfll eff'ervesce when added to water. 
Sufficient acid is added to produce a neutral or slighUy acidic 
reactJon when dislnt~Llon ln water is rapid and complete. 
One drawback to the use of the effervescent type of disi.ntegra­
tor ls that such t..ablet.s must be kept ln a dry atmosphe~ at all 
times during manufacture, storage and packaging. Soluble, 
effervescent tablets provide a popular form for dispensing 
aspirin and noncaloric ~eetening agents. 

ColoringAgents ' 

Colors in compressed tablets serve functions other than 
making the dosage form more esthetic in appearance. Colo,r 
helps the manufacturer to control the product during lts prepa­
ration, as well as serving as a means o( identification to the 
user. The wide diversity in the use of colors ln sol.id dosage 
forms makes it J)05Sible to use colo r as an important category 
ln the ldentlficaUon code developed by the AMA to establlsh 
the identity or an unknown compressed tablet in situations 
arlslng from poisoning. 

All colorants used in pharmaceuticals must be appro ved 
and ce_rtlfled by the FDA. Por several decades colorants have 
been subjected to rigid toxicity standards and. as a result, a 
number of colorants have been remov~ from an approved list 
of FO&C colors or "delisted.'' Several have been listed as 
well. The colorants currently approved ln the US are llsted ln 
Table 1. Each count,y has its own list of approved colorants, 
and formulators must consider th1s ln des1gnlng products for 
tlle international market. 2 1 

Any of the approved ce.rt1fied water-soluble F'D&C dyes, 
mixtures of the same or their corresponding lakes may be 
used to color tablets. A color lake Is the comblnatJon by 
adsorpdon of a water-soluble (bre to a hydrous oxide of a 
heavy metal resulting ln an lnsoluble form or the (bre. In 
some instances mu!Uple dyes ue used to give a purposefully 
heteroge n@OUS coloring l.n the form or speckl.lng to com­
pttSSed tablets. The dyes available do not meet all the crite­
ria required for the ideal pharmaceutlcal coloran.LS. The pho­
tosensltMty of several or the commonly used colorants Md 
their lakes has been investigated, u well a.♦s the protection 
afforded by a number of glasses used in packaging tablet:,. 

Another approach for Improving the phoLOStabUlty of dyes 
has been in the use of ultraviolet-absorbing chemicals in the 
tablet formulations will\ the dyes. The DI-Pac line (Am star) 
is a series of commerrlally available colored, direct· compres­
sion sugars. 

The most common method of addillg color to a tablet formu­
lation LS to di.8solve the dye ln the blndlng solution prior to the 
gra.nulatlng process. Another approach is to ad.,orb the dye 
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Cototlnde• 
Coo Olhernamea (Cl 1971) 

m&CRed40 AllUnred 1&03!'> 
DACRed33 Acidf~D 17200 

N~htaloM red 8 
DA C Red36 
~Ullnln F'oodoranae8 408S0 
D& C Red 22 Eosln y 4C>380 
D& C Red28 Phloldne B 45-410 
D6CRed3 Erylhro91ne 46430 
Cochinnl mnc\ Naturalffll 4 75470 

CanniM 
Iron oxlde-ttd 77491 
ro 6 C Yellow 6 s--~!low f'Cl" 15985 

Yellow orange 5 
FO& C YeUow 5 Tuuuine 19140 
0& C Y~Uowl0 Q,.iinoU~ yellow WS 47005 
Be\a-carowM 40800 
Iron oxl~eflow 77492 
m&cm~ 1 8rilllanl blue FCF 42090 
roa. c ~ z lndiC<>ttM 

lndlgo cannlne 
73015 

FO & C Gl'Hfl 3 F'Mtgrffflf"CF 42005 
lronoxl~k 77499 
Caramel Bunullllpl' 
Tltanlwn dloxJde 77891 

• Ab~ons: ADI--A~ Dail)' Int.alee (per kg bocb' we:ighl) 
Cl-Color lnckx num~ or 1971 (US) 

D & C-- Drug and Cosmtlk ~ Cm) 

on stan:h or calcium sulfate from its aqueous solution; the 
resultant powder Is dried and blended with the other 
ingredients. If the insoluble lakes are used, they may be 
blended with the. other dry l.ngredlents. Frequently during 
drying, colors in wet granulations migrate, resulting in an 
W\eve.n d!slrlbutlon o f the color ln the granuladon. After 
compression, 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 slowcy at low tem­
peratures and stlrrlng the granulation while It Ls drying. The 
affinity of several water-soluble anionic certified dye, for natu­
ral starches has bttn demonstrated; In these? cases thJ5 affinity 
should aid in preventing color migration. 

Other add1Uves have been shown to act as dye-migration 
lnhibitor.1. Tragacanth (1'6), acacia(~). attapulgtte (6%) 
and talc (7%) were errectJve In lnhlbltJng the mlgratJon of 
F'O&C Blue No 1 in lactose. In using dye lakes. the problem 
or color migration 19 avokled since the lakes are Insoluble. Pre­
vention or moUling can be helped aJso by the U5e of lubrica11ts 
and other addltJv~ which have been colored sJmllarly to the 
granulation prior to their U9e. The problem of mottling be­
comes more pronounced as the concentraUon of the colorants 
Increases. Color mottling is an undesirable characteristic 
common to many commercial tablets. 

Fkwming Agents 

In addition to the sweeu-iess which may be afforded by the 
diluent of the chewable tablet, eg, mannitol o r lacto,e, artifi­
cial sweetenJng agents may be Included. Formerly, the cycla­
mat~. either alone or in combination with saccharin, were 
U3ed widely. With the banning or the cyclamates and the 
Indefinite $tatwJ or saccharin, new natural swreeteners are 
being sought. Aspartame (Searle), has found applications 
for pharmaceutical formulations. Sweeteners other than the 
sugars have the advantage of reducing the bulk volume, con• 
sidering the quantity of sucrose required to produce the same 
degree or sweetness. &Ing p~nt In small quantitJ.n, they 
do not affect markedly the physical characteristics of the 
tablet granulation. 

UN INCriaio,, (US} 

f'DA Cti'U!eAliOft on each lot ol dye 
ADI 0-0. 76 '"11· 

ADI 0-1.0 mg 
None 
f'DA c~n on nch lot ol ~ 
F'DA C'ffl.18awon on nch lot ol dye 
FDA «n18cwon on ea.ch IOl ol dye 
NOM 

ADI 0-S mg elt.meMAI Iron 
None 

Label dttlarallon and PDA certUlcallon on eac-h lot or dye 
roA cert18cation on each lot or~ 

ADI 0-6 mgriffllenul Iron 
F0Aeen.18caUon on each lot ol dye 
None 

F'DA ttrUlc:alJ,on on each lot or dye 
ADI 0-S mg dcmtnUI iron 
NoM 
NoM 

FD AC--Food, DT\11 and Cosmetic [)yes (US) 
FDA-Food and Dru, Acln!lnlMntlon (US) 

•Mor February, t 988 and tub)ttt to N!\'UtiOn. 

Powder Compaction 

Compressed tablets became a commerclally viable and effl• 
cient dosage form with the invention or tablet machine,. In 
1843 WUllam Brockendon, a British inventor, author, artist 
and watchmaker, received British Patent 119977 for "Shaping 
Pills, Lozenges, and Black Lead by Pressure In Dies.· ·r. In 
over 160 years or tablet manufacture, the basic proces.'S has 
not changed. Surprisingly, lmprovements have been made 
only with regards to speed of manufacture and quality control. 

The process of c.ompactJon has several ldentl.fi&ble phases. 
M can be seen in ~g 3, when Powders undergo compression 
(a reductlon In volume), the first process to occur Is a consoU­
dation or the Powders. During this consolidation phase, the 
Powder partldes adopt a more efficient paclcing order. The 
second phase of the compaction proces.'I i., elastic, or revers­
ible deformation. If the force were to be removed during this 
phase, the powder wou_ld recover completely to the efficienlb' 
packed state. For most pharmaceutJcal powders, this phase 
is very short in duration, and vezy difficult to identify on most 
Instrumented tablet presses. 'The third phase of compaction 
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is plastic, or ineversible deformation of the powder bed. It is 
Chis phase of the compacllo.n pf'OOffS that ls w most crlllcal 
in tablet formation. If too much force is applied to the pow• 
der, brittle fracture occurs. If the force was applied to 
quickly, fracture and debonding dwing stress relaxation can 
occur. 

In 1960, Stewart reported on the importance of plastic flow, 
and suggested that If a material has significant plastic Oow 
under compression, it will be mon! likely to fonn a compact. 23 

David and Augsburger evaluated stress-relaxation data, uslng 
the Maxwell model of vi'lcoel~c behavior in an attempt to 
quantify the rate of plastlc defomwlon of some dlttct. com­
pn!Mion excipients. 2 • Jones has uMd the tenn cmuoa ti11W 
to describe the total Ume for which a moving punch applies a 
delectable force to the die contents during the compression 
and ~ompress on event, excluding eject.Ion. 2~ 

Rees and Rue evaluated three parameters: stress relation 
during compadlon, elfect of contact lime on tablet derwty 
and rate of ~cation of diametrical compression on tablet 
defonnatlon.' 

Jon~ outlined numerous tecnniques to evaluate the com­
pa.ctabillty or powders. Beca~ or the completeMSS or h1s 
review, these pacameters are discussed below. 

Tablet Slrenglh,-C-0mpresswn Pressun1 Profi,18 

Most formulators w,e tablet hard118$$, or tensUe strength, 
as • measure of the cohesiveness of a tablet. With even the 
simplest of instrumented tablet presses, it is possible to plot 
tensile strength versus the force applied to the tablet. r1g\1re 
4 illu:,trat.es such a plot. These plots can be w,eful in identify­
ing forces which can cause fracture and can lead to a quick, 
tangible assessment of the compatibility of the formulation. 
However, there are many llrnltations to this method, as these 
plots cannot predict lnminolwn or capping. In addition, 
the cohestveness of a tablet can change upon storage, in either 
a positive or negai.ive direction. 

Tobi.el Fri.ability 

This test 1s dlscussed later In the chapter, and there have 
been many suggestions as to how they should be perf onned. 
Many fonnulators believe thls ls an Important lndlCJW>r of 
cohesiveness, but is or limited value In pr~cting failure In the 
field. 

Changes in Bed. Densily dumig Compression 

As applied stress (force) Increases, elastic and plastic de for• 
mat.ion of lhe particles occurs, which resulta in plaatlc flow, 
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and a reduction In inter• and intraparticul&te void spaces. 
1'h1s lowers the ovttal.J compact densll)'. 

For highly cohesive sy8tems, the reduct.Ion In void s~ 
may yield a compact of sufficient strength for Insertion Into a 
capsules shell. However, the inherenl cohesiveness for most 
drugs and exclplents Ls not suitable aJone for tablet manufac­
tUtt. 

The Heckel equatlon Is given below; K can be considered to 
be equal to th.e reciprocal or the mean yield pressure and A Ls a 
functJon of the origin.al compact volume and ls related to the 
denslfication and particle rearrangement prior lo bonding. 

ln [-
1

] • KP + A 1 - D 

where D is the relalive density at pressure P and K and A are 
constants. 

Hersey and Rees28 have classified Heckel plots Into two 
c.ategorie-s. Figure 5 shows both types of Heckel plots. 
Type 2 differs from Type I in that above a certain pressure a 
single linear relationship occurs irrespective of the initial bed 
densit;y. This is independent of particle size and is probable 
due lo fragmentation of particles and lheir subsequent compac­
tion by plastic deformation. For Type l materials, no such 
fracture occurs, but a.cijacenl partjcles simply deform plasti• 
cally. 

Tile pressure at which the plots transition lo a linear portion 
is approximately equal to the minimum pressure required to 
fonn a coherent compact. 

Change~ in Surface An,a during C<mrpres.ru:m 

Bulle powders change their state of packing during compac­
t ion, and individual particles fracture and/ or plastically 
deform. During this process, the surface area of lhe powders 
and the compact in whole, changes. Conventional nitrogen 
absorption techniques can e11tlmate these changes. Al­
though thls can be tedious, these measurements can give a 
means of examlnlng lamination tendency. 

Stress Relaxalion 

The experiment.al technique consists of holding the com• 
pr~ion process at a point or maximum compreMion and 
obse.rving the compression force over various periods of tlme. 
By increMlng the duration of this period (dwell Ume), plastlc 
Oow ls nwtl.mlzed and tablet strength increases. 

Me-on comprenwe force . 11.Q 

A B C 
Fig 4. Tensle strength 04 compacts prepa,ed from dlffwent crystal forms. A: Barbltone (104-1521,1m)-O. Fom, I; 0 Form II; 6. Form 
HI. B: Sulphathlazole (104-1521,1m)-O. Form I; A, F<lfTn II. C, Aapir1n (250-3531,1m)-6. F«m I. 0 . Form IV (courtesy, Summers et -~-
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Flg5. HeckelplOtS. A: Typel:B· Typell(counesy, Jonesll). 

lf the str in the upper punch, lower punch and die wall 
are monitored, a.-s ln Fig 6 , a general plot can be constructed 
howing t.he relationship between th~ forc-e . The elasti 

Umlt ls reached at polnl A. At point B, the applied force ls 
released, .md the transmitted for eon the ~'all of the die falls 
rapldJy. The upper punch ceases to contact the powder/ 

Upper l'uncll 

B 

~ WIii 

Applied Force 

l-Puncn 

Fig I . T ransmrtted stresses du Mg tablet oompectiOn 

compact at point C, where the transmitted force falls rapidly 
to a residual force, point D. The force needed to ~ the 
tablet from the die must be greater than the residual force 
holding it to the sides or the die. Therefore, !ffldual fore 
tend to be proportional to ejection forces. ln addition, th 
plots can give a good assessment of the elastlc component of 
the compactlon process of a powder. 

Work and Compaction 

Force-displacement (F-D) CUT\'es ar~ useful m determi.rung 
the "work" Involved 1n fonnlng a compact. Cwv~, such a, 
shown in Fig 7,29 represent the work of th compression 
proce , but all compacts expand somewhat during decom­
pression, and this force is transferred back to the punch. 
Therefore, by pe_rformlng a second compr on of the com• 
pact, the second result can be subtracted from the 6rst for a 
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F1g 7. Typical forces. A: displacement (F-D) curve; a. dis• 
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··corrected F-D curve.·· The corrected curve represents the 
work L'ISO<:iated With pla&lc deformauon during powder com­
paction, as well a <k'termination of the work of friction of 
the die wall and lh work or elastic defonnaLlon. 

Granulation Method• 

Wet Gra,wlutum 

The most Widely U§t!d and mo t general method of tablet 
preparation Is the wet-granulation method. Its popularity is 
due lo lhe greater probabiJicy that the g:ranulaUon will meet all 
lhe pt\ys cal requirements for the com pre ion or good tablets. 
Its chi f di!ladvantag~ are I.he nwnber of separate step In­
volved. as well as the time and labor neceSS31)' to carry oul the 
p rocedure, e.~peci.aUy on a large ~ - The &ep In the wet 
method att weighing, mixing, graJlulation, screening the damp 
ma-.s, drying. dry screening, lubrication and compre Ion. 
The equipment Involved d pends on the qUMtity or iz.e oft.he 
batch. The active ingredient, diluent and di.slntegrant are 
mixed or blended well. For maJJ batche the ingredients 
may be mixf'd in stainless-steel bowl'I or mortMs. mall-

ale ble ndlng also can be carried out on a large piece or paper 
by holding the opposite edges and tumbling the material back 
and forth. The powder blend may be Lrted through a creen 
or uitableflnenesst.oremoveorbl' alcuplumps. ThL,; reen­
u'\g also aff'ords addltlonal mixing. The creen selected al· 
ways hould be of th 53me tyl)(' of wil't' or cloth that will not 
affect the potency or the lng;redienl.8 through Interaction. 
For example, the suibility of a5f'orbic oc1d i11 affected deleteri­
otc.ly by c-.·en &mall amowus or copper, thus care must be 
taken to avoid contact with copper or copper-<"ont.aining al­
loys. 

For larger quantitie of powder, the Patterson-Kelley twin· 
shell blend r and the double<one blender offer a means of 
prec Ion blending and mixing in short periods oflime (Fig 8). 
Twin-shell blenders are availl\ble m n\Al\y sl:z.es from labora-
1.0ry models to wge production model Pl..,net.ary mixers, 
eg, the Glen mixer and the Hobart mixer, have ~rved lhJ.s 
functJon ln the pharmaceutical industry for ITUU\Y years (F'\g 
9). On a larg sc-aJe, ribbon blenders also are employed 
frequentJy and may be adapted for continuous production 
pl"OCt'dures. Ma.<JS mixer.1 of the !ligma-bladr type have been 
used wid ly ln the pharmaceutical lndUSlry. 

Rapidly increasing in popularity are the high-speed, hlgh-
hear mixers StJch as the Lodlge/ Llttleford, Olo rut., Fielder 

and Balcer-Perkins. For these mixers a full rang or sizes are 
available. The proce ing of granulat.tons ln these machines 
ls generally faster than in conventional gnmulator-5. How-
ever, control over the proce ls crlLlcal, and scale-up ue 
may become extremely import.ant. 10 Fluid-bed granulation 
(dLo;cussed below) also ¢nlng de cepcance tn the 

Fig 8. Twin-6hell blendef fcf solids or liql.ad-solids blending (cour­
tesy, Patterson-Kelley). 
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Fig 9. The Glen powder mixe, (courtesy. Nn Machine). 

industry. For both of these 1.ype11 of proce lng, hght modi­
flcatJons to the following procedures are require<t. 

Solutions or the binding agent are added to lhe milwd 
powders with st.ining. The powder m Ls wetted with the 
binding 50luLion until the ma.ss has the conStStency of damp 
now or brown sugar. If I.he granulation ls overwetled, the 

granules will be hard, requiring considerable pressure to fonn 
the t.abl&, and the resultAnt tablets may have a mouled 
appearance. If th powder mixture L, not wetted sufficlenll.y, 
the resultll\g granul will be too soft, brealcing down during 
lubrication and causing diffl ulty during compression. 

Thewetgranulallon forccdthrougha6-or8-me h reen. 
Small batche can be forced through by l\a.nd us11tg a manual 
scrttn. For larger quanLltle , one of veral comrnlnuling 
mills wt.able for wet screening can be used. These mclude 
the Stokes osclllalor, Colwn rotary grnnulator, Fit.zparnck 
comminuUng mW or ' tok tornado mlll. Se-e Fig 10. In 
comminullng mills I.he granulatlon i.s forced through the 1ev0 

ing device by rolal.ing h.'UTlmers, laljves or oscillating bars. 
Most high-speed mixers are equipped with a chopper blade 
which operates independently orthe main mixing blarles and 
can replace the wet mllllng ·tep, ie, can obvlale then~ for a 

pa.rate operation. 
For tablet fonnulal.ions whert! continuous production Is 

Justified, extruders uch as th Reitz. extructor have been 
adapted for lhe wet-granulation proc . The extruder con-

ts of a rew mixer with a chamber where the powder is 
mixed with lhe binding agent and the wel rn.as.o. grc1dually ls 
forced through a perforated screen fonnlng threads of the wt>t 
granulation. The gnmulrulon I.hen Lo; dried by conventional 
m Lhods. A miauton1atlc coruinuous proc u ing the 
Reit.1 extructor has been described ror I.he preparation or the 
ant.ad d tablet Geh.1.~tl (W<1mer-LlmdH>r1). 

Moist maleri3J from the wet milling step is placed on large 
sheets of paper on shallow wire tray'!! and pla«d In drying 
cabinets with a circulatmg .tr current Md thenno!'lt.allc heat 
control. See Flg I l . WhUc lr&y dtytng was the most W1dely 
used method of drying tablet granulations in the past, fluid­
bed drying L-. now Ntu.ally p01,ular. otable unong the newer 
methods beang introduc-ed are the fluid-bed dryent. In dryUlg 
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Fig 1 O. Rotary granulator and Sifter (oourtesy, Vec1or /Colton). 

tablet granulation by fiuldwuion, lhe material Is uspended 
and agitated in a warm air tream whiJe the granulalion i.s 
maintained ln motion. Drying l(-sts comparing the Ouldlud 
bed and a u-ay dryer for a number or tablet granulations 
indicated that the former was 15 Lim faster than th conven­
&lonal method of tray dr)'tng. In additio n to tJie de<'re3Sed 
drying Lime, the fluidization method ls clalmed to have o lh r 
advantage uch better control of drying temperatures, 
dee~ handling rosL'I and lhe opportunity to blend lubri­
cants and other matenals Imo the dry granulation directly in 
the fluidized bed. st'(' rig 12 . .11 

The applicatlon or radio-frequency drying and Wrared <hy­
ing to tablet granulations has been reported as . uccessful for 
lhe majo rity or granulations tried. The methods readily 
lend th msel\•es to continuous granulalion operations. The 
tudy of drying methods ror tablet granuJations led to lhe 

development of the Rov:.u- dryer system by 'iba pharma.cL'llS 
and engine-ers. Th d,yer lmllar In ap~ce to Lhe 
cone bl nder uc-ept for the heating ja ket and va uum 
c.-onncctlor . By excluding o.xygen and usrng the lower <hy­
ing temperatures made po ible by orying in a vaNum, oppor• 
tun1t1es for degradation or the lngttdlents during lhe deytng 
cy•cle are minimiud. A greater uniformity or reindual mois· 
lure content ls achieved be-ca~ of lhe moving bed, con­
troUed temperature and rontTollt>d time period of the drying 
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Fig 12. Three versions of flutehzed-bed granulation and d rying A 
Top-spray melhod used in conventional lluid-bed granulation ooel· 
era, B. bottom-i;pray method used in Wurster u-suspenslon COi· 
umns. C: tangential-spray method used In rota,y lluJd-bed coalers/ 
granula1ors (cout1esy. Aster Pvbl. adapted from Rel 31). 

cycle. Particle- l:t dlsuibutlon CM be controlled by varying 
the s~d of rot.'ltion and drying temp.-ratur(> :.is weU by 
commlnuting the granuJatJon to the d !red granuJt size alter 
drying. 



In drying granulations it Ls desirable to malntaln a '"1dua1 
amount or moisture in the granulation. This is necessary to 
maintain the various granulation ingredients such as gums in a 
hydrated state. Al9o, Ule residual moisture contributes to 
the reducllon or the swlc electric charges on the particles. 
In Ule select.ion or any drying process, an effort is made to 
obtain a uniform moisture content. In addition to Ule impor­
tance or moisture content or the granulatJon in Its handling 
dwing the manufacturing steps, Ule stability of the products 
containing moi.sture--serulitive active ingredients may be re-­
lated to Ule molslure content or the products. 

Previously it was indicated that water-soluble colorants can 
migrate toward the surface of the granulallon during the dry­
Ing process, resulting in mottled tablets after compressl?n. 
This l~ also true for water-soluble drug substances, raulung 
In tablets unsatisfactory as to content unlfonnlcy. M_lgril.lon 
can be reduced by d,yl.ng the granulatlon slowlY at low tern• 
peralures or using a granulal.ion in which the nuvor diluent is 
present as granules of large particle sl:ze. The presence or 
microcryst.alline ceUul09e in wet granulations also reduces 
mlgratlon tendencies. 
~r dlylng, the granulation ls reduced in particle size by 

passing it through a smaller mesh screen. Following dry 
acreerung, the granule siu! tends to be more uniform. For 
dry granulations Ule screens~ to be selected depends on the 
diameter or the punch. The f oUowi.ng s.lz.es are suggested: 

Tab~ up lo Y,. ,n<'h diam, u:w 20-mnh 
Tabw 11-u tn to y,., Inch, - l~meth 
Ta.bl.at • 'lu ltt to I Yu Inch, use 14,meth 
T-.ble'l:I 11 .. l.neh and ~r. U3e 12-mnh 

For small amounts or granulation, hand screens may be used 
and the material pused through with the aid of a Sl&lnless­
steel spaiula. With larger q uantlUes, a,ny of the commlnuting 
mills with scree.ns corresponding to th08ejust. mentioned rnt.Y 
be used. Note that the smaller lhe tablet, the liner the dry 
granulation to enable more unifonn filling or Ule die cavity; 
large granulff ~ve an Irregular fill to a c,ompa.rat.lvelY small 
die cavity. With compressed tablets of sodium blcarbo~, 
lacto!M! and magnesium trisilicate, a relalionsnip has been 
demonsttaled to u1st between the p&rtlcle slu or the granu­
lated material and the dislntegraUon time and capping or the 
tttultanl tablets. For a sulfathwole g,anul.aUon, however, 
the partlcle-sl:z.e distrlbutlon dld not appe_ar to lnOu~ hard· 
ness or disintegration. 

Alter dry granul_at!on, the lubricant ls added as a fine powder. 
Jt u.suall)' Ls screened onto the granulatlon through 60- or 
100-mesh nylon cloth lo eliminate small lumps as well u to 
lncreue the covering power of the lubricanL A!J it Is desif. 
able for each granule to be covered with the lubricant. the 
lubricant ls blended with the granulallon very gently, prerer­
ably in a blender using a tumbling action. Gentle acuon ls 
desired to maintain the uniform granule si.ze resulting from 
the granulation step. It has been claimed that too much fine 
powder is not desirable because fine powder~ not feed into 
the die evenly; consequentl.y, variations in weight and density 
rffUk. Flne powdet!I, commonly designated as fines, also 
blow out around the upper punch and down past the lower 
punch, making it necessazy c,o clean the machine frequentl:)'. 
Flnes, however, at a level of 10 to 20% u-adltlonaUy are 80ught 
by the tablet formulator. The presence or ,ome ftnes is~­
ess&t)' for the proper lllllng of the die cavity, Now, even 
higher concentrations or fines are used successfully in La.bl~ 
manufacture. Most Investigators agree that no general limit.a 
exist for the amount of fines that can be present in a granula~ 
lion but must be de~rmined for each specific formula. 

~Y fonnulators once believed (and some stil.l believe) 
that overblendlng resulted In an Increased amount. or flnff 
and, hence, caused air entrapment ln the formula. The cap­
ping and laminating or tablets associated with ov~rblendlng 
lubricants was thought to be caused by Ule9e MT pockets. 
Most sdenllsts now rttognize that a more plausible uplana• 
Uon has to do with the function of the lubricants them9elves. 
Since the very rwutt or lubricant tends to make swfAiCes less 
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susceptible to adhesion, OVffblendlng prevents the intergran• 
ule bonding that takes place during compact.ion. 

Ftuid-Bed Gronulalion. 

A MW metl'tod for granulallng evolved from the Ould-bed 
drying technology desaibed earlier. The concept was to 
spray a granulating solution onto the swipended particles 
which then would be dried rapidly in the suspending air. The 
main benefit Crom this syste.m ls the rap d granulation and 
drying of a batch. The two main firms that developed this 
ttthnology are Gt,a,u and Acromatic. The design or these 
systems are basically Ule same with both companies (see Fig 
12). In th1s method, particles or an 1.Mrt inakrial, or the 
aaive drug, are s1Jspended in a vemtal colWNl with I ris\1\8 
air stttam; whlle the particles are suspended. the common 
granulating materials in solution are sprayed into the colWM. 
There ls a gradual particle buUdup under a controUt"d set or 
conditions resulting in a tablet granulation which Ls ready for 
compression after the addition or the lubricanL An obvious 
advantage exists since granulating and drying can take place 
In a single piece or equipment. It should be noted, however, 
U1at many of the mixers discussed previously can be supplied 
with a steam jacket and vacuum, and can provide the same 
advantage. 

In these systems a granulaling solution or solvent ls sprayed 
Into or onto the bed or suspended particles. The rate of 
addition or the binder, temperature in the bed or particles, 
temperature or the air, volume and moisW.re of Ule air all play 
an important role in the quality and performance or the final 
product. Many scientists feel that this method is an exten• 
sion or the wet-granulallon metl'tod, u Lt Incorporates many or 
its concepts. However anyone who has developed a rormu• 
lation in a fluid-bed system knows tha.t the many operating 
parameters invotved make It somewhat more complex. :u In 
addition to its use ror the preparation or tAblet granulations 
lh1s technique also has been proposed for the coaling of solid 
particles as a means or improving the Oow properties or small 
particles. ReB<!archers have observed that, in general, Ould· 
bed granulation yields a less dense particle than conventional 
methods, and this can affect. ubsequent compression behavior. 
A large-so le fluid-bed granulaUon process has been de-­
scribed ror Tylenol (McNeil). Methods for the preparation 
or compressed tablets have been reviewed Ln the Uterature.32 

In the Merck Sharp & Dohrne facility at Elkton, VA. the 
entire tablet manufacturing process ba.,ed on a wetrgranula­
llon method l:S comput.er~ontroUed. By means of a com­
puter, the system weighs the ingredients, blends, granulales, 
dries and lubricates to prepatt a unlform granulation or sped• 
fled particle size and parucle-siz.e distribution. The com­
puter directs the compresslon or the material into tablets 
having exacting specifications for thickness, weight and 
hard.nffa. ~ compre Ion, the tablets are coated with a 
water-based film coating. The computer controls and monl· 
tors all Oow or material. The plant represents the first totally 
automated pharmaceutical manufa.cturlng facility. See Fig 
13. 

Although the Mercie facility represents the most fully auto­
mattd product.Ion operat.lon, tMre art many others through· 
out Ule industry which have pans or the operation (such as a 
coating, compre Ing or Ould·bed granulatfon process) o~r­
ating under a nigh dt-gree or sophistication and automation. 
This ls the tttnd for the Mure. Equlpment suppliers work 
closelY with individual pharma.ceutJcaJ companies in design­
ing specl.aliud and unique systems. 

Dry GronulaL ion 

When tablet Ingredients a.re sensitive lo molsture or are 
unable to withstand elevated temperatures during drying, and 
when the tablet lngredle1\IS have sufficient inherent binding or 
cohesive proper\ie$, slugging may be usedl to form granul_es. 
Th.15 method ls referred to as dry granulation, precornpresslon 
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Fig 13. Computer control room tor ltle first latge-scale compuler-controlled tablet manufacturing facility (courtesy, MSO) 

or double-<:ompre, ion. It eliminates a number of step but 
still i,ncludes weighing, mixing, slugging, dry screening, lubrl· 
ca.lion and (."Omp~on. The act.Ive lngrcdlent, dUuent (lf 
one b, required) and part or lhe lubricant are blended. One of 
the consUUJents, eitht-r lh active ingredlent or the diluent.. 
ml.I$ have coheslv properties. Powdered matMal contalns 
a considerable amount or air; under pressure this air Ls tx· 
peUed and a fairly dense piece Ls formed. The more tlme 
allowed for th ls air lO escape, lhe beu,er lhe tablet or 81 ug. 

When slugging is u."led, large tablet.-. a.re mad@ as slug& 
bec-ause fin Powd r., flow better l.nto large cavltJe . Also, 
producing large s lugs dt>erea."11'.!S production time; 1Ai to 1 ln are 
the mo . ..i practical sizes for slugs. Sometlmes, to obtaln the 
pressure wh1rh L, desired lhe slug siu!I are reduced to 1/, Ln. 
The punches should be flat-f8C'l'd. The compressed lugs are 
comminuted through lhe desuable mesh .screen either by 
hand, or for larger quantltle8 lhrough the F\izpatrick or silnl• 
tar corruninutlng mill. The lubricant remaining is added to 
tJ,e grnnuJallon, blended gently and the material is com• 
pressed into t.3blets. Aspirin ls a good example where slug­
ging ls satl.sfactory. Other materi.al!i 5UCh as a.,pirin combina­
tJons, acetophenetidin, lhiammt-hydrochloride, ascorbic acid, 
magnesium hydroxide and other antacid compounds may be 
t~ated !>lmllarly. 

Re ult.s comparable lO thOS(' accomplished by the slugging 
pn)C(>s also 11te obtained with compacting mills. ln the com­
pactlon melhod I.he powder to be densilled passe between 
h1gh-pre ure rollers which compre~ the powd rand remove 
the air. The den ifled material is reduced to a unlfonn gran­
ule ize and compres..'led Lnto tabletS after the adduJon of a 
lubricant. Exce ·ive pressure.1 which ma.)' be required to 
obtain cohe ion or certain nwerlals may reimlt Ln a prolonged 
du,."Wlullon rate. Compaction mills available lnclude the ChiJ• 
sonator (Fit:palriC'k), Roller Compactor (Vectm·) and the 
Compactor Mill (,Alli.s-Chahners). 

Direct Compressicm 

As l1.1 name lmpllts, dl.rect compression consists of com­
prt"SSing tablets dire-ctly from Powd red llUllerial without modi~ 
lying the physical nature of the material Itself. Fonnerty, 
dlrect compre8Slon as a method of tablet manufacture was 
reserved for a small group or crysta.lllne chemicals having all 
the physical characterlstlcs required for the form.atlon or a 
good tablet. This group lndude-s chemicals uch as potaS­
sium !lalt.-. ( chlorate, chloride, bromide, iodJde, nllnlle. pennan­
ganat.e), ammonium chlorlde Md methenamlne. These mate­
rials possess cohesive and flow propertl which make dirt>ct 
compression po ible. 

in~ the phannaceuUcal Industry constantly ls making 
efforts lO increase the efficiency or tablM.lng operation.,; and 
reduce costs by u.,ing lhe !'lmallest amount or floor spaece and 
labor as po Ible for a given operation, increasing attention t.s 
being given to Ull method or tablet prf'paralion. Ap­
p roaches bting ~ LO make this method more uruversa.lJ.y 
appU~le include the introduction of formulation addiUv 
capable of imparting the characterl1t!Cl!I requared for compres­
sion, and the~ or forc❖feedlng devlc to Improve the Oow 
of powder blends. 

For tablets 1n which the drug It.self constitute a ~or 
portion of the total tablet weight, it i n . sary Lhat the drug 
pos.wss those physJcal characteristic required ror the fonnu• 
latJon to be compres,ed directly. Direct compression for 
tablets containing 25'6 or less of drug substance frequently 
can be used by formula.Ung with a suitable dJluent which acts 
as a carrier or vehicle for the cl.rug. 32-3• 

Dlrect•compression vehicles or carriers must have good 
flow and compres Ible characteristics. Tht!se propertle att 
imparted lo them by a preprocessing step uch as wet granula• 
lion, slugging, spray drying, pheronizallon or Cl")1stalllz.atlon. 
These vehicle include pro«S5ed forms or most of the com­
mon diluent& lncludl.ng dtcalclum phosphate dthydrat.e, lrical-



cium phosphate, calcium sulfate, anhydrous la<."toee, SPl"II.)'· 
dried lactose, pregelatlnl.zed tatth, compre Ible sugar, 
mannltol and microcrystal.line ceUuJo e . Th commer­
cially available direct-comp~on vehicle may contain small 
q uantltles of other Ingredients ( eg, starch) as processing aids. 
DicaJcium phosphate d.ihydrate (Di-Tab, Sto~er) 1n Its un­
milled form has good flow propenJesand compre ibllity. It 
Ls a white crystalline agglomerate insoluble in water and 
alcohol. The chemical Is odorl , tastele and non­
to,gro opic. Ince it has no inherent lubricatlng or dl.sinte­
grat.lng propenJes, other add1Uves must be present to prepare 
a satisfactory formulation. 

Compressible sugar conslst.s malnzy of ucrose that Ls pro­
cessed to have properti 5\.litable for direct compression. It 
al.so may cont.aln mall quantities or dexutn, starch or invert 
sugar. It is a whit.e c rystalline powder with a sweet la$le and 
complete water solublllcy. It requires the lncorporadon or a 
uJtable lubricant at normal levels for lubricity. The 5\lg&r Ls 

used widely for chewable vitamin tablets becawle or lts natural 
sweeme . One commercial source is Di-Pac (Am.star) pre­
pared by the cocl'}'St81llzatlon of97% ucrose and 39ft dext:rin.1. 
Some forms of lactose meet the requirements for a direct­
compr ion vehicle. Hydrous lacto§t! doe,s not flow and lts 
use ls llmlt.ed to tablet formulations prepared by the wet 
granulation met.hod. Both anhydrous lactose and pray­
dried lactose have good 0owabllity and compre ibility and 
can be used in direct compression provided a suitable dlslnte­
grant and lubricant are present. Mannitol Ls a popular dilu­
ent for chewable tablets due to Its pleasant t&Sle and mouth­
feel r ult.lng from Its negati\'e heat of solution. ln its granular 
form (IC/ Americas) il has good 0ow and compre Ible 
qualltle lt has a low moisture content and is not hygro­
scopic. 

The exciplent that has been studied extensively as a direct 
compr ion vehicle is micrOCry!italline cellulose (Avtcel, 
FMC). This nonfibrous fonn of cellulose is ob<alned by spray­
drying washed, acid-treated cellulose and is &\railable in sev­
eral grades which range in average particle lze from 20 lo 100 
µm. It is water insoluble but the material has the ability to 
draw fluid lnto a tablet by capillary action; it swells on conl3Ct 
Md thus acts as a di.sint.egrating agent. The ~ 0o"' 
well and has a degree of self-lubricatlng qualitl , thus requir­
ing a lower level of lubricant as compared to other excipients. 

Forced•0ow reedel'8 are mechanical devic available from 
phannaceutlcal equipment manufacturers d signed to deaer­
at.e Ught and bulky mat~rtal. Mechanically, they malntain a 
steady 0ow or powder moving into the die caviti under 
moderate pre ure. By IJ,creaslng the densltyofth powder, 
higher uniformity in tablet weights is obtained. See Fig I 4. 

H CW tU~ tY'lfl• t­
••• UOt.l , UUtA UUS 

Ag 1,. Feeding deYIOOS designed to promo1o flow ol granulations 
for high-speed rnactwla {courtesy, Stokes / Pennwalt). 
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R~entl;y, many companies have reveNed Lhelr optl.m1sm 
for some direct-compression ystems. Some fonnu.latlons 
made by direct compres51on were not as " forgM.ng" as were 
the older wet-granulated products. As raw material varla· 
tions occurred, especially with the drug, many companle 
found themselve with poorly compaci.3ble formulations. 
lnt.erest in direc1 compreS!ii0n also i.!I sllrnulat.mg basic re-­
search on the 0owablllty of pol'l·ders with and without the 
presence of additives. Direct compre Ion fonnula.s are in­
cluded in the formula section found on page 1636. 

Relmed Gromtlo.tion ProcPsses 

Spberonlutton--Spheronizatlon, a Conn or pe.lletlz.alion, 
refer to the ro rmation or spherical particle from weL 
granulauons. Slnce the particles are round, they have good 
0ow properties when dried. They can be fonnulat.ed to con­
tain sufficient binder to impart cohe iveness for tableting. 

pheronizalion equipment such as the Marumerlzer (Luw a) 
and tJ,e CF-Granulalor (Vector) is commercially avaiJable. A 
w·et granulation containing the drug substance, diluent (lf 
required) and binder, ls passed first through an extruding 
machine to form rod-shaped cylindrical gments ranging in 
diameter from 0.5 to l 2 mm. The segment djameter and the 
8ize or the final 5pherical particle de~nd on the extruder 
screen Lu. After ex:uus on the segments are placed into the 
Marumeriz.er where they are shaped into spheres by cenlrlfu­
gal and frfctlonal force on a rotating plate (see Ftg 15 ). The 
pellets tllen are dried by convenUonal methods, mixed wlth 
swtable lubricants and compressed into tablets, or used as 
Clll)5ule-fill material . Microcrystalline cellulose ha8 been 
shown to be an etftttlve diluent and binder in granulauons to 
be pheronized. The advantages or the proc~ include 
the producuon of granule , regular 1n h.ape, iz.e and urface 
characteristics; low rnability resulli.ng in rewer tines and dust; 
and the ability to regulate the slze of the phere within a 
narrow parucle-size d~vibulion. 

Spheres also can be produced by 0uid-bed granulation Lech­
niqu and by other peciallz.ed equipment such as the CF­
Granulator (Veclor). These proc , however, must begin 
with crystals or nonpareil seeds followed by buUdup. Exact 
results, such as 11phere density, are d11ferent for the various 
methods and could be imJ)Ortant in product per(onnance. 
These proc~ can be run as batches or contlnuously. 

Spray-Drying-A number of tableting additi,•es suitable 
ror direct compr6Slon ha,·e been prepared by the drying 
proce known as pray-drying. The method consists or 
bringing t.ogelher a highly dlspe~ Uquid and a uffic1ent 
volume of hot air to produce eV3poration and drying or the 
liquid dropleL<J. The feed liquid may be a solution, lurry, 
t,mulslon, g 1 or pMte, provided It Is pumpable Md capable of 
being 3t0mized. A.,; shown in Fig 16, the feed ls sprayed Into 
a current of wann filtered air. The air uppUe the h at for 

Fig 15. Tti. lnskle of• OJ-400 Marumerlz:Of (courtesy, L.uwa) 
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Fig 18. Typical SPfay-dryingsystem {~esy. Bowen Eng). 

evaporation and conveys the dried product to the collector; 
the alr ls then exhausted with the moisture. As the liquid 
droplets pre5e11t a large surface area to the wann air, local 
heat and transfer c~fficient.s are high. 

The spray-dried powder panicles att homogeneous, ap­
proximately spherical tn shape, nearty unifonn in sue and 
frequentJy hollow. The latter characterlstlc results ln low 
bulk density with a rapid rate or aolution. Being unlfonn tn 
size and spherical, the particles possess good flowability. 
The design and operation of the spray-dryer can vary ll'UU\Y 
charactemtics or the final product, such as particle size and 
size dlstrlbuLlon, bulk and particle densities, porosicy, mol.s­
tuTe content, flowabilicy and friabWty. Among the spray­
dried materials available ror direct compression fonnulas are 
lactose, mannitol and flour. Another application of the pro­
cess In lableLlng Is spray-drying the combination of tablet 
additives as the diluent, dlslntegranl and binder. The spray­
driNi material then i.<1 blended with the active lngrflil.ent or 
drug, lubricate-d and compressed directly into tablets. 

Slnce atomization of the feed results in a high surface area, 
the moisture evaporates rapidly. The evaporation keeps the 
product cool and a., a result the method Is applJcable for 
drying heat-sensJtlve materl.als. Among heat-sensitive phar­
ma~utical.5 succes.,lulty spray-dried are the amino acids; an­
tibi()(ics as aureomycin, baclt.raci.n, penicillin and streptomy• 
ctn: ascorbic acid; ca.,cara extracts; Uver ext.tacts; pepsin and 
similar enzymes; protein hydrolysat.e.s and thiamine.:151 

Frequently, spray-drying is more economical than other 
processes 1nce It produces a dry Powder directly from a Uquld 
and eliminates other processing steps as crystal.llz.at.on, pre­
cipitation, filtering or drylng, particle-me reduction and par• 
ticle classifying. By the eliminatlon or th~ steps, labor, 
equipment costs, space req ul.rement.S and JX):S5ible contamina• 
tlon of the product.are reduced. lntrtrwc factor concentrate 
obtained from hog mucosa previously was prepared by Led­
erle using a salt-precipitation process, followed by a 
freeze•drylng, By using spray-drying it was possible to manu• 
racture a high-grade material by a continuous process. The 
sphericaJ partJcles or the product racilitated its subsequent 
blending with vitamin 8 12• Similar efficiencies have been 
found in proc~ producing magnesium t.risiHca.te and dihy• 
droxyaluminum sodium carbonate; both chemicals are u~ 
widety in antacid preparatJons. 

Encapsulation of chemiws also can be achieved ll!Wlg 
spray-drying equipment. The process is userul in coating 
one material on another in order to prote<:l the lnlerior sub­
stance or to control the rate or Its release. The substance to 
be coated can either be liqujd or solid, but must be Insoluble in 
a solution of w coaling material. The oil-soluble vitamins, 
A and 0 , can be coated with a variety of materials such as 
acacia gum to prevel\L their deterioration. flavoring oils and 
synthetic flavors are coated lO give the so-called dry flavoni. 

Sp.-.y~Co~&llng-Al,o c;alled $pray-chilling, spray-con• 
gealing is a technique similar to spray-d:rying. IL consl5ts of 
meltlng solids and reducing them to beads or powder by 
spraying the rnolteP feed ioto a stream of alr or other ga.s. 
The same basic equipment is used as with spray-d.rying al· 
though no source or heat Is required, Either ambient or 
cooled alr Is used depending on the freemlg point or the 
product.. For example, monoglycerldes and slmllar materi-

ab are spray-congealed with air at 50"F. A closed-loop 9)'5-
tem with refrigeratJon cools and recycles the air. Using I.his 
process, drugs can be dis9olved or suspended ln a mol~n wu 
and spray-congeaJed; the resuJtant material then can be 
adapted for a prolonged-release form or the drug. 

Among the carbohydrates used in compres,ed tablets, man­
nitol is the only one which posse~ high heat stability. 
Mannltol melts a1 16r and, either alone or in combination 
with other carbohydrates, can be fused and spray-congeaJed. 
SelectNi drugs have been shown to be soluble in these fused 
mixtures, and the resultant spray-congealNi material po5-­
sesses excellent flow and compression characteristics. 

Tablet Machines 

As mentioned previously, the basic mechanical unit in tablet 
compression involves the operation or two steel punches wk.hln 
a steel dje cavity. The tablet Is ronned by the pres.sure ex• 
ened on Ute granulation by the punches within the die ,-avky, 
or cell. The tablet assumes the slz.e and shape or the punches 
and dle used. See Figs 17 and 18. While round tablets an 
used more generally, shapes such as oval, capsule-form. 
square, Lriangular or othef' irregular shapes may be u:lled.. Uk~ 
wise, the curvature of the races or the punches detenn.ines the 
curvature of the tablets. The diameters generally found LO be 
satisfactory and frequent.ly referred to a., standard are as 
follows: Yo., 'l.u, 1/ , , t;..,, 3/i., •~. ½•, 1/4, '!,i., ~. '!I,. and Y. inch. 
Punch faces with rtdges are used for compressed tablets scored 
for breaking into halves or fourths, although It has been indi­
cated that varlatJon among tablet halves is significa11t.ly gr~r 
than among intact tablets. However, a patented formula­
tion40 for a tabl~ scored to fonn a groove which is one-third to 
two--third.s the depU, of the tolal tablet thickn~ ls claimed to 
give equal partS containing substantiaJJy equa.l amounts of the 
drug 5ubstance. Tablets, engra\·Ni or embossed with sym­
bols or Lnlt.l.als, require punche, with races embossed or ffl• 
graved with the corresponding de,lgn.s, See Figs 19 and 20. 
The use of w tablet IK>metimes determines its shape: eff'erves­
cent tablets are usuaUy large, round and flat, while vitamin 
tablets frequently are prepared in capsule• haped forms. 
Tablets prepared using deep-cup punches appear to be round 
and when coat.ed take on the appearance or pills. Veterinary 
tablets often have a bolus shape and are much larger than 
those used ln medical practice. 

The quality-control program for punches and dies, fre­
quently referred to as tooling, tnstituted by large pharmaceuti­
cal companies empnasl.zes the Importance of their care in 
modem phannaceutlcal production. To produce physically 
perfect compres8ed tablets, an efficient punch-and-die pro­
gram must be set up. Provisions for inspect.ion of tooling. 
paramet.ers for cost-per-product determination, product iden­
tlflcatlon and tooling specifications must all be considered. 
A committee of the lndustriAI and Pharmaceutical Technology 
Sectlon of the APhA Academy of Pharmaceutical Sd~nces has 
established a set of dlmensJonal "peclfications and tolerances 
for standard pW'lches and dies. 41 

Regardless or the size of the tableting operation, the ~n­
r.lon which mw;t be given to the proper care of punch~ and 
dies should be noted. They must be highly Polished and k.el)l 
free from rust and lmperf ections. In cases where the mate­
rial pits or abrades the dles, chromium-plated dies have been 
used. Dropping the punches on hard surfaces will clup their 
fine edges. When the punches are in the machine, the upptt 
and lower punches should not be allowed to contact. each 
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flg 17. Concave punches. 
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Fig 18. Speoally s~ punches 

other. Otherwise, a curling or ftauentng or I.he edges wUl 
re ult which is one of th cause of capping. This is espe­
cially nee~ t() o~rve ln the case or deep-C1.1p punch~. 

When the punche are remo\.·ed from the machine, they 
should be wll.'lhed thoroughly In warm soapy water and dried 
~•eU ~1th a cleM cloth. A coating of grease or oU houJd be 
rubbed over all parts c>f the di and punch to prOLect lhem 
from the aunosphere. They should be stored carefully in 
boxes or paper tubes. 

Single-Ptml'h Machittcs 

The simple t tableting machines available nre those having 
the Ingle-punch d ign. A number of models ue awailable 
as outlin d m Table 2. While the ~orhy of these are power­
driven, se'\'eral hand-operated models are available. Com­
pression is accomplished on a lngle-punch machlneas hown 
in Flg 21 . The feed hoe 61Jed with the grnnulation is posj­
lioned over the die cavity which then fills. The fttd shoe 
retracts and scrape all excess granulation away from the die 
caYlty. The upper punch lowers to compress lhe granulauon 

thin lhe die cavity. The upper punch retracts and lhe lo., r 
punch rises to eject I.he tablet. k$ lhe feed shoe returns to fiJI 
the die cavity, It push the compressed tablet from the die 
pl3tform. The weigl,t of the tablet is determined by the vol­
ume of the die cavity; the lower punch Is acijustable to increase 
or decrease the volume of granulation, thus inc-reaslng o r 
d creasing I.he weight of the tablet. 

For tablets having diameters larger than 1/.· inch, sturdier 
models are requlttd. Th1s ls also true for tablets requlrlng a 
high degree ofhudne a., in the case of compressed lozenge!9. 

Fig 19. Coaedlon ofpvnchet (courtesy. Stolces/P~), 
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F1g 20. Collec:tlon of dies (courtesy. Stokes/ Pennwalt). 

The heavier models are capable or much higher pre ures and 
are ultable for slugging. 

~ration or Sta,se-Pudl lhdwlfll 

In ln.'ll.alling pundie9 and diM In a •lnlOt'-IIWlCh rmi<'h.Jnt" i~T1 th(o kw; t"T 
punch l!rsl by llnlng up I.he notched groo~e on the punch Wl\h the lov,·er 
punch ""-1<'.l'('W and !illppu~ It lnl.O the .sma!Jtr bore Ln I.he dlt W>lt", 1.he 
RI.Screw not Opllenfll ~ r..c 11lC' lower J)ll~h diff'C'l't"ntlat('d rtom 
the UPl>ff punch In that II hu 1 «>liar around I.he punch head lip th(o dk­
o-·er lhe punc-h h,oad 80 Lhal lhenolehedgroove ("1th t.hewl~lttUl the 
top) IJll,('ll up With lht" dk 'ld8icl'{"W. Tig)ll(-n Lhc- krwt"r l)Wl(!h M't.~ 
alter .seating !ht" lo,r,·er punch by pr, lflll on lht" puncll • ilh the thumb. 
Tis,iun the dM! !M'laCttW, rnal.Jng a-1\11.n t1w the 5wf1ee or the die IS ftush 
with the- d11' lahh.- ln.wrt Lhc- Uppt"f punc-h, apl.n luting up the SJ'OO"ed 
n«chwnhlht- up~rpunch !K'\:S('r.,• ' • To bC' «rulnthal 1h(o uppc-rpunc-h 
k! liotll.ted !tl!'Curely. 1um t~ machlM 0\-er by hand with• bloc:k o f M>f\ • ·ood 
CM" wad n( doth brtw('f'n lht- upf'M'r wld lowt-r IIWlC"hl':. Whtn the punch 15 
M'M.f'd UJ(h1f'fl I.hi' UJ)l)l'T pon('h ~l'W A(\ju'lt tllf' ~(" i,o lhllt the' 
upper and lower punches will not come In rollC.IC'I •1th eac-h ot.ht"r wtl.t"n I.ht 
rnuhlne ~ lumt!d 0\ Pr MUU5l I.he to .. ,.;, pund'I lMl I.hat It ti Wllh I.he 
elk" tit.bit" lit Ult" dtt\lon point. 1"81All the.- fl"C'd ~ and ooppl'r 

A!lt"r adding a small amount ol gnuiula.uon lo I.ht" hopp('r. tum thc.­
machult' <MT b)' hand and ~11.'il w p Utt until a tablet Is fonned. 
Aruu• th<" IANc:1 • ·c-il(ht until lh(> ck':;irNI "'"18'lt b obtalllC!d Th.- ptt8-
R1Te will have to ~ altered roncurrt"nlly wtlJI \he.- •·<'1Jtht act)u!Stlllt'f1'8 It 
!lhoold ~ remembff~ t.Jw a,, the fill Ii. 1nttt"Uc!d Ille lower punch mo, H 
rurth..-r . .... ,, from llW' ul)l)t'r ptUIC'h and mtw.- pr~r wiU ha, e to be 
applit"d to obul.ln c001piu-.blt' ~ Comt"llll"ly, • ·ht-n lht' AU ill 
d«rttied, the pressure • ill ha\ to be dttreased \'Jht'n all lht" a<t)u'lt• 

Table 2-Slngte-Punch Tabl.t Machlnn 

Mac:fllne model 

Stolt~P('NlWll)t t"qUip111A'nt" 
r, 11-5 
200-4 
f>:J(). I 
r,2~2 

Manel!Q' equipment ('lbomas Eng) 
fund marhsnt 
Mockl P'J 
todel 36T0 

Maximum 
tablet 
~ 
(tnehel) 

,..., 

I ', 
:.>. 

3 

I • 

•,. 
3 

• Widc-ly 11JM!'d ror ~-t"l('nnuy ~ 

Press speed 
(labltelf 

nw,) 

<10-76 
I 0--40 
12-4 
16-4 

100 
ff-'> 
36 

Depth 
Of flH 

fincttn) 

'II• 
1111• 
I -. 
2 

' '°•"-..... 
•t1 -' 
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Fig 21 . The steps assocaated wth slngle•punc:h and roca,y tablet 
machlnet. 

nwn111 ha"e bttn made, fill lhf hopper W1lh granul.aoon and lum un w 
m«or. H~ and •eighl 'ihuuld ~ tl!C'tkN lmnwdtlllt•ly and iqut• 
ati,<' att,u~('nlJI madl' 1f nttl"'1331)'. P<'nodl<' rh llhould be- m.dl" on 
tht> iabl"' ha.rdn and ,..elghl durt.ng lhf nuwng or the balch at I 5- to 
.)0-nunu~ In~" o.lo 

Whl"n w batC'h ha.~ bl-(on run 1111', tum olf lh<' Jl'O"' <'rand N'fflO\'t' Ion · 
du._o;t and ,cnu,ulauon w,th 1he ,-.ruum cl('Wlt'r Rt'k-a.-,(' lhe pr u~ from 
the punche!. Remo,~ the fttd hopper and th!!' fttd shoe Remo, !!' lhe 
upJH'r punt·h , lhl' lower 1iwW"h and I.hi' ctil'. Cit-an all ,urf'ac-c•~ oflhl• l.mlrt 
m~tune arid dry • ·rll W1lh <'l<'M doth C'-o,·u ~urf'a<'C"! Wllh thu1 N>eung 
or grNM" or oll pnor to onge 

A.,_ t.nblet.., M(> t'.i(>cteo from I.he machine after compres.5ion, 
they usually arc 11.ccompanicd with powder and un<:ompressed 
gr.mulaoon. To remove this loose du.st, the toblets are passed 
owr a screen, wh.ich may bt! v1bmung, and dt'aned w1Lh a 
vacuum line. 

Rolary Tobler facllines 

for mere. d production, rotary machine o ffer great 
ti.dvnntages. A h nd C'tUTYing a number or seL'I of punches 
and dle-s revolv continuou lY while the t.abM granulauon 
run..'I from the hopper, lhmugh a feed frame and ml<> I.he di~ 
placed ma large, steel plate revolving under il. This method 
promotes n uniform fill of I.he d1 and therefore an acnmu 
weight for the table Compress.ion taJces place as the upper 
:ind lower pun('hes pa..-...'I betwe-en a pair or milers AS rim be 

en in Fig 2 1. This ocuon produ e o low squ~zlng elrcct 
on the material m the die ("avity from the top and bottom and 
so gives chance for the enLrapped air LO ape. 11,e lower 
pun h hfts up and t.i«l5 the tableL A<tiustments for tablet 
~ e,ght and hardn CM be made wllhout the use of tools 

Fig 22. M~ 7 4 7 H,gh Speed P1ess. double-sided rocatycompact• 
,ng PfHS designed to produce at speeds 0Y8f 10,000/ min (courtesy. 
Stokes (Pennwalt). 

while I.he machmc IS in opt!Tlllion. Figure 2:J shows the Looi• 
Ing in l\ I O•stadon rotary pr, m the po i tlons of. complete 
<.'ycle lo produt"t! I tablet J>4!r set or tooling. One or the 
factors wtuch contributes to I.he varl3tlon In tablet ~ eight and 
h.ardne s dunng <..-Ompres.sion is the internal 0ow of I.he gmJlU· 
lalion within I.he feed hopper. 

On lllO.!>'t rotary machine models there L.,_ an exces: pn>, Ul'l' 

release \\'hich ctLShlons each compre Ion and retie\-' th 
machine of all shO<'ks and undue strain. The pun<"ht'5 am1 
dle can be removed readily forlnspect.lon, cl anl..ngand Insert­
ing different seL'I Lo produre a greal variety of iu and 
hapes. Man)' older presses have bttn modemttcd with pro­

te-ctlve shield,; lo prevenl physical lr\)ury ond 10 comply 'Wilh 
0 HA standards (see Fig 24). It as po ·Ible l0 equip ~ 
machine wilh a.-, few punches and dies a.,; the job requlr and 
thu econornlz.e on lnstallat1on cosL.<,. For types or rotary 
machine available, see Table ;J. 

,. . 
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Fig 23. Tool,.,,g k>r a 16-statJon rotary press showW,g POMJ01U d 
the cyde requited to produc;e t tablet pe, set of 1oo&ing (coortesy 
Vector I Collon) 



Ffg 24. Resea,c:t, teetlncans use an instrumented tablet press to 
develop p,ocesses at Schering-Plough 

~ n uon of llo1.&ry Madi.tao 

~fore 11\sitrung punches and dlH. make ('ffl.11n tJw lhe ~Utt has 
bN-f1 f{"INL"'Ni rrom lht ~urt' .. hHI. 1lie <IN! holl"S Jhc)uld bt cleaned 
IJ,oroughly. IIWCU\11 ('f'IUtn tJw lhl" djf' MM Ill compwlt'l)' frtt ol amr 
loretgn maur1a1' Back olJ all dJe Joe and loosely lruJen ~ Into lhe dJe 
~ tht'n t.ap t-uh die lltt\llt'I)' Into place w\lh a 11.bl'r ol Min mt'Lal rod 
lhrotl.l(h lhf' UPl)f'J punch holl'"C, AAl'r al I th(- ffll'"< 113~ bttn tll)IM'd lnlO 
plue, ughttn nch die k>r~ pro~ ,,·tty and 5tt'11:N!ly. M Heh 
SC~ Ls ughtened I.he die checked lO - tJw II dot's not projttl a~1! 
lh(' 1111' ta.bl('. ln.~n tht- lo-'('r punchn through lh<" hole ltUildl' a,-..ila~ 
by r('IOO\'lni thl' punch h~ Tum w machlnt' by hand unUJ w punch 
bore rolncld lllilh lhl' plug hole. ll\!iffl nch lo111er punctl In IS place 
prog""'-'<l\'l"I)'. ln.wn Lhl" upp.-r pun,chf'!' b)' drnpping thl'm 1nle> pta('C' in 

U'tt' head Each punch (uPl>t'rand IO'A't'r) ~houldbe ('03led W'ltha tlun film 
ot mtnfflll oU ~ore llb(>JUng them Imo lhe ~ Ac1)ust lht> ~on 
nun•> tJw tht' lu..-t'r J)Wll'h RU!ih with th!- di<' IAhll" at the t'jN'OOn point. 

Af\('J IJ\S('nioo of th(- p(ln<'hl"'I Md cbM ~SI the INl('hlllf' ro, lM tabtcot 
.. etg111 and hardneM Tilt' ft'ed frvM 8hoold be auached to the ma.chine 
along with IN fN'd hoppe,r Add a '<Dl&ll amount of OW- granuluion 
lhmup> lht' h<>l>l)('1" and tum 11,-c-r lhf" rM('hill(' by ha.nd ln('ITIL'!ll' tM 
pressure by rotat.lng lht> ~ure wheel until • ta.ble1 formed Ch«k 
I.ht' Wt'lglu of the tablf'L and ~ Lht' 11.IJ lo pf'O\'>de the ~l'Nl ta.bk-I 
-~•"'1t- '°"' hk('ly fflOrc' lhan OOt'~astmc-nL ofthC"ftll .,11 be Ill'('~ 

befort> oblaintng lht' acrotptable ""tight When Lhl' fill L!I decrea.sed the 
p-..urt' inu3l be dN'N':L'oNI to pro\'lde lhe '<II.Ill!" hard,_ in lhl" 1.abll't. 
C'om.f'........,., wfit'n llw rm , .. inc0 rt'1'.Wd, lht• P,-M."llTt' m1.1,t be- lncrc-a.¥C:l lo 
obuun comparable hud.nl" 

NJ I.he hllppt'r •1th Lile g,a.nulallon a.nd Lum oo lhe l)O'l'er Cht'Ck 
tablt-t 111.-Qlhl 1111d hArtln.-... -. lnunl'd.UUf'ly al\er Lhl- mf't.hankal op,'f'llllon 
~ and nwct swLablt acuwstrnem.~, If ntte "IU'Y Chttk th- prop,tr• 
ues rouuneb and regu.l.a,ty at 15- to 30-m!JMe lnlt'l'\'&ls,. l\lle Lhe rnachtrw 
l'I Ill C>p('n!JUn ,...,,..., th(' balch h~ hf-t-n run, turn o ff lhl" l)OWl'r 
fft'IOO\·t the llopp("r a.nd rttd framt from th(> ~rune R'<"mo,-e ,~ 
granulauon and dust ""Ith a ,a<'uum line. RtlllO\t all p11 I.IN' from the 
whtt-1 lwtncNf' Lht punc-ht•,und ru~ In tJw ,.._..,..,.. order or Lhal IN"tl 1n 
~unit up IM mll('hml' PiN, rt'mfl\'l' IM upl)('r punch lndl\1duaQy, 
tht'n the Jo..-er pun<'hes and llnally the di Wast! t'll<'h punch and cbt' tn 
alrnllol and bru..'lh Y. llh 8 sort brush to Jffi10\'t' lldht-r\ng lltSll'rbl l)ry 
th(-m .. ,1.11 • rlroan r lCllh ar,d ('(l\'\'r llwm wnh a thin c•oa1.ing nr grc-11..<IC" Of olJ 
befort' ~ 

High peed Rolary Tablet Machi11cs 

The rowy tablet machine has evolved gradually Into mod­
els rapable of compres: Ing tablets at high production mLe!i. 

• F1gs 22, 25 and 26. This h been accomphshe<I by 
incn-asing the number of statiorui, ,e, set.!! of punches and dies, 
l.n each revolution of the machine head, improverMnl In feed• 
Ing dl"\ire.'I, and on some model'! the iruila!Jation of dual 
compresslon points. In Fig 26, the drawing hows o rotary 
machine having dual compre~sion points. RotAr)' machin 
having dual compre on polnlS are referred to as double 
rotary machines, and Lho "ith one compres.,10n point,sl.ngle 
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rotary. In the dla,gram, half of the tablet., are produced 180-
from the tablet chute. They travel outside the perimeter and 
di.'Jctw-ge with the second tablet production. While these 
models are me<:hanlcally capable or operating at the produc­
tion rates shown in Table 3 , the actual sPff(I still depends on 
the pt\ysical characterlstl of the tablel granulation and the 
rate which is consistent with compressed tablets having satis­
factory physJcal ch.aracterisllcs. The main dlfflculty In rap d 
machine operation is assuring adequate filling of the dJes. 
With rapid filling, d~·eU rune or the die cavity beneath the feed 
frame is insufficient lo ensure I.he requirements of unifonn 
flow and packtng or the die . Various methods of force­
reeding the granulaUon Into the dies have been devised to refill 
the dies In the very short CM·eU tlme ~rm•l~ on the high-
peed machine. These device are Ulustrated In f'\g 14. 
P~ with Lriple compres.\lon polnts {see Table 3) ~rm1t 
the panlal compaction or material before final compaction. 
Thi.$ provides Cor the partial deaerallon and pan.lcle Orienta• 
tlon of material before final compre ion. This helps in the 
direct compacting or materials and r~uc~ la.minaung and 
capping due lo entrapped air. 

Multilayer ROlaru Tabl.et Machi.1-w.s 

The rotary tablet. machine also have been developed into 
models capable of producing mulllple-layer tablets; the ma­
chine are able t.o make one--, two- or thrtt•layer tablets I Versa 
Pre. ( toke~/ Pemw•alt)). tratlfled tablets off'er a number 
of advant.ages. Incompatible drugs can be fonned into a 
single tablet by 5epara.ting the layer.s containing them with a 
layer of lnen material. It h pennitted the ronnulation of 
time-delay medication and ofl'ers a wide ,.,aner.y ofpossibUities 
In developing color combinations which give the products 
Id ntUy. 

Orig.inally, the tablets were prepared by a ing)e compre • 
sion method. The dies were filled with the dlff'erent granula­
tions in succ Jvc layers and the tablet was formed by a ing)e 
com pr ion stroke. The ~pamtlon lines of the tablets pre­
pared by this met.hod tende<l to be Irregular. ln the machine 
now available for multilayer production the granulauon re­
ceiv~ a precomprc Ion stroke alter the first and cond fill, 
which lightly compacts the granulation and maintains a well­
defined surface of separauon bet-ween each I.ayer. The opera­
tor is able t.o ej«t either precompressed layer with the ma­
chine running at any desired ~peed for periodic weight and 
analy i checks. 

Other multiple-compre.ss1on presses can rtteive previously 
compressed tablets and com pr another granulation 31'0Und 
the preform d Lablet. An xample of a pre with tlili; capa• 
blllcy Is the Man ty Dryrot.a (Tl1cmws / Mane~11). Pres.wre 
coated lablet.'I ('llJl be used to separate lneompatlble drug 
ubstances and also to give an enteric cooting to the core 

t.sbl L! . 

Capp11ig tmd plillmfJ oJTab/c•ts 

The splitting or capping of tablets ls one or great concern 
and annoyance in tablet making. ll is qulte diftkuJt to detect 
while the tablet.'! are being processed but can be detected 
easily by vigorously shaking a few In the cupped hands. A 
slightly chipped t.abl t does not necessarily mean that the 
tablcl will cap or pill. 

There are many factors th.al may t.-ause a tablet to cap or 
split: 

f:XC' " nn.-,.·· or 1,owd~r ,..h1ch ~ lllr ,n the- tablf'I nwctun• 
Dttp mukmp 011 Llll>ln pun("hc-3.. "°1-lln)' Ck511!N or ··l!<'0"'3 •• on 

punches &rt' too broad a.nd dffp Hatrl.lnt' marting, ue Just as appropri• 
ati; all de~p. he&,') marking,.. 

Worn and lml)('rfttt punt'M'- Pul\C'h &houJd ht- "'ITIOOlh and hutrl'd. 
' r<'kC"d punche:!! oft•n ,.,u c&Ullt' capplAg The d("l,~lopmt'I\I or fiM futhtr 

t'dg~ on tabll"l.9 lncbcates • ear on pun,cht"li 
Womcli . Di _ shouldbl<l'fpl.lC'fflorri"\'rrit'd ~tlWarft hnlmP­

plalC"d Ot' h;a,·., lun,i,.,wri rw1dt' lnM'T\3 • ·'°ar ll>nl(cr Md ~"'t' bf'Ut'r ~L­
lhan ordma,y lllffl dJt'S 

TOI) n,ucb ptt"il.5Ufe. 8y reducing th• p..--re on the mll<'hlne5 the 
condition may ht- rflfTt'(t.-d. 
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Table 3--flolaryT■bltlt M■cNi• Tlble :s-4ilgh-Sl)Md AOleryT■btel MechlnN 

Maximum Maximum 
Machine Tool lableldllmeter Prnsapeed Oepthof Machine Tool tableediameler P,,...apeed Depct'lof 
model sets {inchN) (\lbletsJmin) ll(lnehes) model .... (nches) (tabllls/ min) tll(lnc:Ns) 

VN:tor-COlton eqwpmm_l VC'C\or~n equlp~nt 
2:'l 16 16 I 180 Y, 22◄ 7 33 3480 .,. 

:uo 16 640 ' Y,. 41 ½, 4300 V. 
250 12 I'/ , ◄80 l'A. 49 v •• SISO \I, 
l60 26 I Y,, l◄f>O I ~ M&8JI& 66 '¾.: 10.h&() y, 

:11 I 1800 I \ii 74 'I: 11,840 y, 
:.Ja I >'th 1910 I 11, 90 :1,, 14,400 Y, 
43 2500 I ~ Stolce1/Penn-it f'QU1tion 

tiO :.!ft I ~ ◄50 2 Y, 652-2 35 800-3200 111,. 
SW.a/PftV'lwall equlJ)iMnt ;J2,8-4 4S 1/, 1600-◄500 ·~ Manelly equipment (Thomu Eng) 610 66 'I,. 3500-10,000 ••1,. 

838 16 350-iOO ••1,~ 7◄7 65 .,,,, 3000-10,000 ' 'lte 
23 'II• S00-1000 "I,, S3 2900-8100 ••1t~ 

BS:JB 27 Y, 760-1620 ••1t ,-. 41 '1/,. 2lso-&ISO .. , .. 
33 ½. 92◄-1848 111,. Direct Tnple Compl'ftNOn TyJM! 
!15 1490-2980 "I,, !'>SO.I 46 ½, 526-2100 "l,. 
'1S ,.,.. 1913-3826 11; ,. f>S0.2 3S 400-1600 •y .. 

038 16 I 200-620 ,y,. 510 86 ,,,,. 3500-10,000 ' Yu, 
Key equipment 63 2-900-8100 ' Y,e 

DC-16 16 . ,.,. 2 10-510 •y •• Manelty equipment (Thoma:ii Eng) 
BBC 27 1~2100 .. , ... ~ 16 600-1600 .., .... 

:3!, 132b-2720 11/ ,e 23 11,. 860-2150 .. .,. .. 
46 ½, 1700-aSOO ••1 ... Exl)tt'M 20 I 800-2000 ,y,. 

Cadpress 37 ">'•• 850-3SOO ' Y,4 2S I~ ".ltflil, 
◄6 2()()()...-M()() "I,, :30 •I,· 1200-3000 "/,111 

ss ½, 2S00-7500 "I" Unlpre88 20 I 970-2420 'I',, 
Petit' equlpmt>nt (Raymond Amo) 27 1~70 •y •• 

(mm) (mm) :3'1 ,,,. 1640--4120 ••.I',, 
PHf«u 1000 28 16 2100 18 NovaprHs 37 I 760-3700 'h" 

33 13 :.!471; 18 <tS 900-4500 u.,u1 
Pme-cta 2000 29 2f> 2 176 22 61 "I .. IZZo-6100 "'""' 

:16 16 :3600 18 B83B 36 1490-2980 ·~ , .. 
4:J 1:l 4:IOO 18 88.t 2i ·1, 900-2700 , . ., .. , 

Courtoy eqviprMm (AC Compact) :JS ·,-. 1167-3500 ''I,. 
R-100 24 2& 236-2200 20 4f> ,,,,. 1500--4l>OO ""'• :lo 19 356-28!,0 :.!O Rot.apreJl!I 

:16 l:t SS0--4<10 16 Ma.rk llA 37 71D-3SSO I ~ It, 

Klku:!lul equipment 4f> 1640-3200 ... ._. 

Hettult'!I 18 :37 180-640 16 GI ,,,,. 2200-11,100 II 16 

;,!J :.!6 2 JM.10 16 Matk rv 45 I 2090-6000 1 1/1• 

29 25 290-870 16 55 ;,. ~7330 ...,., 
Virgo 19 16 41S-1330 16 76 ¼~ 3500-10,000 ·~· ..... 

24 I I !>23-1680 16 Fette tool syaems 
1<1111..,, c-quipmt>nt (mm) (mm) 

TX21 21 28 231-1386 20 PT2080 29 25 ◄3~ 18 
TX2~ 25 2l 27~2166 20 36 16 6-40--4 100 18 
TlC:JO 30 16 :}3()-3160 :lO ,t;J 16 64s-◄900 18 
TX21D 21 25 231-182.6 20 PT 20901C 22 ;34 1760 18 
TX30A 30 16 3~150 16 29 26 2900 18 
TX40A 40 1:1 440-4200 16 36 16 4140 18 

KonlC'h equipmm_1 43 13 Sl60 18 
PH 260120 20 2t'> 240-1640 22 47 I I 5110 18 
PH 2!'>0/2!'> 25 16 270-2700 18 PT30901C :)j ;J,t 5920 18 
PH 250/:JO :JO l:J 31f>-:.1233 18 49 2S 7840 18 

Ellzabe\h--Hata equipment 61 16 9760 18 
AP- 15-SSU 15 17 300-1060 S-18 73 13 16,i48 18 
AP• l8..SSU 18 t:J 360-1260 8- IH r a100 ;Ji :.!S S618 22 
AP-22-SSU 22 II '1-t0-16◄0 S-18 46 16 8100 18 
AJ>.J2-MSU :J2 Ii 6-t0-22-tO S-18 66 13 9900 18 
AP,!~,MSU :IH l:J i60-2660 8-18 Coul\O)' equlpn~nt (AC Com.pact) 
AP-11>-MSU :12 11 90()..;IJ 50 8-18 R-200 4:J 25 7~ 20 

66 19 916--8600 20 
66 13 1083-10,000 16 

KUcu.~ t'QUipmt>nt 
URliul\.l.ble f onnuJ&. It .,,.y ~ ne«ssUY lO c~ the fom1ula. Libra a6 16 900-2620 16 
Moi.111 and lJIOrt granublloo. Thl!i lY'J)f' or gnlnulallM WIii not flow fttoely <15 II 1126-3150 16 

rnto 111(-dlt'3, lhlll! givih,t URC'V\"A ~,chl.3 Md son 01" oppNI IAbi&. '19 8 1225-3430 16 
Poorly machined punches. Un~n punches are dt'trtmental lo the Gemini ss 16 2200-7700 16 

tablf't mact\ine itMIC and wtU not produce t.ableu ol ~ro,u,. wtlgt!L One 67 II 2680--9380 I G 
pun,rh out of .tlgrunenl may <'a~ n~ 1Ahle1. to IJ)lit 114' <'•P on ~IY 73 8 2920-10,200 16 
rt""-'Ol\ldnn ~ •lf..ia equipment 

AJ>-◄6-LDU 46 Ii 1800--M00 S-18 
foslnmierlled Tablet Pre.-..~ AP-S5-LDU M 13 2200-7700 8-18 

AP-6f>.LDU 6S 11 2600-9100 8-18 

Compressional and ctiectlonal forces involved in tablet com- AJ>-71-IJ>U 71 11 2840-99◄0 8-18 

pr~lon can be siudied by attaching strai.n gauges to the 51-XWU 51 17 2040-7140 8-18 

pWlChes and other press comp0nents involved in compression. 65-XLOU 61 13 244G-85,40 8-18 



Flg 25. Rotapresa Mark IIA. designed for improvements in to4Jnd 
reduction. operator safety. cleanliness and operatlontl conYef'llence; 
no(e the control penel on front ol machine (courtesy, Thomes/ 
Manesty) , 

Tht> t-lectrlcaJ output or the gauges has been monilored by 
telemetry or use or a dual beam osrilloscope equipped wit.h 
cM\era. 4l •J lnslrument.allon pennit.sa stu<b' or the compac­
tion duuacterl5tics or granulations, their Oowabiliti and the 
effect of fonllulatlon addlllv , uch as lubricanlb as well as 
differences in tablet pre dl"Sign, as tihown in Fi.gs i9 Md ;$0. 
Ph~lc 1 characleristlc of tablets, such as hardti , friablllty, 
disintegration time and dissolution rale, are iniluenced not 
only by the natUJ't' oft.he fonnulatlon but by the compress.Ion.al 
rorceaswelJ. 

A.!s can be se-en in Fl~ 29 and 30, the rate and duration or 
compacUon force ran be quantified. The rate of force appU­
ration ha."i a profound effect on p0wder consolida.Licm wilhln 
Lht> dle and, hence, efficiency of packing and powder 
compaction. The mte of relea.w of for<'e or " decompres-
ion" h.as a direct e!Tect on Lhe ability ohhe tablet to withstand 

relaxation. A prominenthyr,ot.he,i.s, fostered by Hi standu •~ 

Flg 21. The mowmen1 of tablets on cf111 table or a double rotary 
press (courtesy, Vedor/Colton) 
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Ag 27. Cour1oy R· 100with compUler-controlled operation. 

and later Luenberger8 uggested that c-applng and lrunlnatlng 
or tablets i.s caused by too-rapid stre ·s re laxation or 
d«ompre Ion. This eicplalns why lowing a tableL pre 
and using t.apered di s is useful in such ·itmitions. Most 
prominent pharmaceutical sc1entlsts have embraced lhls 
theory and lru-gel~ have dLo;counle-d air entrapm nt as a cause 
of capping and lamlnallng. 

In Fig :JO an interesting set of ploL'J L"i pr~nted. Walter 
and Augsburger reported th.at as compaction force rls(-s, the 
;tttl tooling actuaHy rompre. - in accommodaUon to t.he 
fore applied. The forces used LO produce a tablet arc con-
idernble, and should be monitored and understood.47 

Therefore. defini tion of t.hc comp1t Ion.al force nnd duration 
or rorcf' {dwell time) giving a mu.tsf3C'tory t.'lblet for a formula• 
Lion provld an In-pro« control for obtaining both t.ablet­
to-tablet and lot•to-loc uniformity (see rigs 24 and ;j I). 

Fig 28. Direct weighing ol tablets J)foduoed gives actual weight 
feedback for the oontroler ol the Col#toy R-100 (seen in the bot1om 
left of Fig 27). 



1634 CHAPTER 92 

J 

I 

UNNG-CO-WffD 
IIOTMY,_.. 

SIGNAL 

J 

I 

AJR-co•LeaATm 
IIOTAJIY,_.. 

SIGNAL 

/\ . . 

Fig 29. Faroe-time cu,ves to, two types of tablet press. 

lnstrumentatJon has led to the d vclopment or on-line, auto­
matic, electromechanical tablet weight-control systems ca, 
pnble or continuously momtonng the weights or tabl ts as 
they are produced. Units are avallablecommerctaUy f Thomas 
Tablet Senlln I (Thomas Eng) ; Fette Compression Force 
Monitor (Roymond Attlo) ; Vall-Tab ( 'toke. I Pt~mtwll)I and 
art> applicable to single or mt.ruy tablet machin s. Most com­
mercial pr today can be delivered with some son of 
instrument.a1ion attached. WhPn tablet weigh~ vn,y rmm 
preset hnu • th monitor automat cally wW a(ijust the weight 
control me<-h:mism to ref'Sta.blb1h weighl'i within aC'ceptable 
limits. Ir th dilllculty contlnu • the unit will actJvatt an 
audiblt> W3ming sil(nal or an optional ·hut-down relay on the 
press ( (.'(' Figs 27 and 28). Mocst production model tAblct 
press("5 mme ('Quipped with complrte instrumentation (op­
tional) and with optlo~ for SU\Ustical analysis and print out of 
('()mpresslon/ ('j('("tion signals.. The tt>chniques and npplic-a­
t.lons of pre insLnuncntat.lon have bffn rcvie" ·cd. ◄ •D 

Cm11nmi11<Jt;,m C,mtml 

While good m:mufac1uring practi<"es use-d by tht> phMmt1.Ceu­
l1<.'al indl.ll,'try for many ~a.rs have stttssed the 1mp0rt.ance or 
de3nlin or equipment and facilities for the manufacture of 
drug products, Lhe ~nictllin contaminataon problem resulted 
in renewf'd empha! ls on tM pert of m:unifacturtng. Pen• 
lcillln, eiLher as an airborne du.-.t or re ldual quantities 
remaining in eQuipment, is believed to have conuunin.'lled 
unrelated products in sufficl •nt con<'l'ntrallomi to ea\.1$4! 
allergic r~ttctions in individuals, hypersensitive to penicillin, 

25,000 

z -
i 

I 
4 I I 10 

Fig 30. Plot showing the upper and lower punch lofces as tuoctions 
o4 the po$,IIJOn o4 the punch face within the d1e. A bwual force/ 
d~ment cu,ve atso shown 1s a pklC of the positto0 of the tablet 
center as a tunctiOn 0, the oompres.s 10n force 

Pr1nte, 

Enc:odef 
ComprMaJon SG 
Pr9comPf"llon 
~SQ 

Tlfflllnal 

1"'91 
Micro• 

Comput• 

Fig 31. Sdiematlc o4 an .nstrumentaUOn system using• microcom­
puter as developed by Sdiering,Plough 

who received these products. Thl.5 r~.i.lted in the rnd~ 
ti')' pendtng millions of dollar to change or modtfy 
buildings, manufactunng processes, equipment and standard 
operallJ,g procedure LO Umin.ate penicillin conwnln. tlon. 

With thi.'1 problem has come renf'Wed emph.nsl"i on the du.-.t 
problem, material handllng and equlpment cleanlng in dealing 
with drug.<i, e5pec-laJly pol nt chemarnl~. Any prO<'E'!i.'I using 
chem.lcals ln powder fonn can be a dusty operation: the prepa­
ration or comprt> d tahlet.s and encapsulation raJls m t.h15 
category. In th d g:11 of tablet pre au~nllon ls beu,g 
given to the control and elimination of dusi generated m t.h 
tableting process. In I.he Perfecta press hown an Fig 32, the 
pre i"g compartment is completely sealed orr from the out­
side environment, making cross-contamlnauon nearly 
impossible. The pre ing comp.mment CM be kepl dUSl• 
free by the air supply and vacuum equipment developed for 
the machine. It removes alrbome dust.and granular panlcl 
which have not been compr~ , thus lceepif'l8 the ci.n-ular 
pre ing compartment and the uppt>r and lower pWlch gw~ 
free of dust.. 

Drug manufacturers have the responslbilHy to make cert.run 
that microorganisms present in flnL-,hed produCL-. ar(' unlikely 

Fig 32. Fette Perfecta 3000 high-speed tablet press with press.ng 
oompattmenl completely sealed olf from ou,slde enll'lronmen1 mak• 
lng cros.s oonwn,na1lon Impossible (courtesy, Raymond Auto) 



to cause harm to the patient and will not be deleterious to the 
product. An outbreak of SalmmwUa infections ln Scandina­
vian countries was traced to thyroid tablets wh.ich had been 
prepared from contaminated thyroid powder. This concern 
eventually led to the establishment o f microbial Umits for raw 
materlals of animal or botanical ortgln, ~pectalty those that 
readily support microbial growth and are not rendered sterile 
during subsequent processing. Harmful mJcroorganlsms 
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when pre5ent in oral products includeSalmoneUa spp, E coli. 
cen.aln Pseudomona.s spp such as Pseudtmuma.s aerugi­
~ and Staph11lococcus au'lnlS. The compendia have mi• 
croblaJ llm1~ on raw materi&ls such as aluminum t\ydroxlde 
gel, com starch, thyroid, acacia and gelatin. 

These repre5ent examples or the lndustry's eff'orta to con­
form with the Intent of current good manufacturing practice 
as defined by the FDA. 

Tablet Formuldont 

Wet Granulation 

CT Ac9larnlnopher .. 300 mo 
Ingredients 

Acetamlnophen 
Polyvin.ylpyrroUdone 
Lactose 
Alcohol SD3A-200 proof 
Stearicacid 
Talc 
Com starch 

In each 

300 mg 
22.6 mg 
61.75 mg 
4.5 rnL 
9 mg 

13.6 mg 
43.25 mg 

In 10,000 

3000 g 
226 g 
617.5 g 

46 L 
90 g 

136 g 
432.5g 

Blend atetanlinophen, Pob'vfl'1IPYrTOlidone and lactoM totcther. paw 
through 1 40-mHh Kttffl, Add the alcohol slowly and k,-d -n 
Scrttn the wet m&!l8 through• ◄,-mesh 11Crttn. Dry the granula&.lon ll 50° 
ovemiJhL Sc-een I.he dritdl s,anu.llll.lon lhrougti • 20.mtih scre,en.. 
Bot\ lM ~ add, i.k and com 3t1Kh lhroogh • 60-mnh acrttn prior 
1.o mixing by wmbUng wl1h th• granulwon. Compnss, ming 1ti.-lnch 
~ co.ncave punch. I 0tabletslh()uld wdgh 4..S g(C()W1.f'SY,A.bboct). 

CT Ascorbic Add USP, SO mo 
Ingredients In each In 7000 

Ascorbic acid USP (powder No . 80)n 
Lactose 
Starch (potato) 
Ethylcellulose N 100 (80-105 cps) 
Swch (potato) 
Talc 
Calcium stearate ( Impalpable powder) 

Welght of granul&tlon 

• !ncludn l~lnucasordaim. 

55 mg 
21 mg 
13 mg 
16 mg 
7 mg 
6.6 mg 
J mg 

385 g 
147 g 
91 g 

112 g 
49 g 
46.S g 

7 g 
836.5 g 

Granulaw Ole ftnt l.tvff ~ with clhylcdlul09e (~) diAolvtd 
In anhydrous ethyl akohol ridding additional ~U! alcohol to OOWJl 
good. wet grantl.lt:1. Wet-!CN!ffl through 1 18 9WIIINLMlfft acrttn and 
dry at room t.emperature In an air-~nditioned ~-- Dry•acl'ffl\ ~ 
• • 20 5C.&lnleu-atN1 1ertt11 and Incorporate &M rffl\a.lJ\1111 lhrtt 
Ingredients. Mlx thor-oughly and compr-. Uae • Oat. beveled 1/rtneh 
punch. 20 W>lf!IJI sl'oould wdgh 2.39 g. 

Chewable AnlacJd T1blm 

Ingredients 

Magnesium tri.sillcate 
Aluminum hydroxJde, dried gel 
Mannitol 
Sodium saccharin 
Starch paste, 5911 
Oil or peppermint 
~ slum stearate 
Cornstarch 

In each 

500mg 
250mg 
300 mg 

2 rng 
qs 
1 mg 

JO mg 
10 rng 

In 10,000 

5000g 
2600g 
3000g 

20 g 
qs 
10 g 

100g 
100 g 

M1s I.he magnestum U19llk:al.e and llwnlnwn l\1dr<>iode w1UI &M mamn.ol. 
D~ ~ 80Cfium sac:charin i.n • 9111.iJ ~lily or puri,&ed .-ur, then 

combine We w\l.h lM ""1cll pute, Gruu.1la&e UM l)OW'Ckr blmd with lM 
9latth pute. Ory at I ◄0-P and 9«fff'I lhrough I f>.mMh 8ttffn. Add 
!he Oavoril\g oU, magnetium ~ and com .u.rch; ml.x -u. A,e the 
granuladon fot c ~ 2◄ hours. and c:ompre11, Llllng • ¾-lnc:h Oat-CM.'t 
bewkdgepuncll(~. Allu). 

CT Huawttamln 

Ingredients 

Ascorbic acid USP (powder)" 
Thamine mononitrat.e USP 

(powder)* 
Riboflavln8 
Nicotinamide USP (powder)* 
Starch 
Lactose 
Zein 
Vitamin A acetate: 
Vitamin D2° (use Pflz.er 

crystalets medium 
granules containing 
500,000 U vitamin 
A acetate and60,000 U 
vitamin Di/ g). 

Magnesium stearate 

Weight of granulation 

In each 

82.5 mg 

2.4mg 
3.3mg 

22 mg 
13.9 mg 
5.9mg 
6.4mg 

6250 U 

625 U 

ln7000 

577.5 g 

16.8 g 
23.1 g 

154 g 
97.4 g 
41.2 g 
46 g 

87.5 g 
7.6 g 

1050 g 

• lncludes lhc followtng In nc~ or dalm: L'IC'Ort>k add IOIMi, I.hit.­
mine mononitrai. ~ riboftllvin I Ollli, nlrotlllamlct. I~ u,d 'f'itemln A 
~tamln °'2 cry.,tWets W M,. 

Thorooahlf mix &M flnt six lrlgredlenta and~ wlch uln ( Ia.II tn 
f'lhyl akohol, aiddl.ng addlUOI\IJ alcohol lf neceeary 1.o obwn good, wet 
VU,ules), Wcwcrffl\ Uv'ou,gh a • 8 .t,1,ainlawlecl 9Crf'ffl and dry 11 110 
to 120-f Dry-ecrttn throutlh II IZO ~stfoel acrttn and add~ 
witamln cry,weu. Milt lhorou3hl)i, lubricate and comptt!IA. IO &.ableia 
sllould-lp I .SO a, Coal with IJJNP· 

CT TMobromlne-Phenob.t>ltal 

Ingredients 

Theobromln~ 
Phenobarbital 
Starch 
Talc 
Acacia (powder) 
Stearic acid 

Weight or granuJatJon 

In each 

325 mg 
33 mg 
39 mg 
8 mg 
8 mg 
0.7 mg 

In 7000 

2275 g 
231 g 
273 g 
56 g 
56 g 
4.9g 

2895.9 g 

Prt-patt I putt with !he acacia Ind an equal -tttc,11 ol lW'Ch. U9e thi5 
~ for ,r.nulaunic ~ lheo«omlne and pl,cno- t..rbital. Dry 111d pul 
through a 12-fflesh Kf'ffD, add lM rffllAlndH ol lhe ma&.mlJ, mix lhoJ. 
oughly Ind compreu lnlo l.lb&eca.. using• •~ conave pw,c,h. 10 
Ulbleu should wd,t, 4.131-
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FlulcMled Granulation 

CT ANOrt,1c Acid USP, 50 mg 

Ingredients In each In 10,0000 

Ascorbic acid USP (powder no 80)• 
Lactose 
Starch (potato) 
EthykeUulose NlOO (80-105 cp!i) 
Starch (potato) 
Tak 
Calcium stearate 

Weight of granulation 

" Include; I~ ln Clloe,$ of claim. 

55 mg 
21 mg 
13 mg 
16 mg 
7 mg 
6.6mg 
I mg 

550 g 
210 g 
130 g 
160 g 
70 g 
66 g 
JO g 

1195.0 g 

Add lM ftl"!l thrff ~ml.9 ID the grwrullltOr. Mix for 6 10 I~ 
minutes or un&ll wetl m1xNi. Dmolve the elhylcdulooM In ~drOU9 
tdlanol Nici sp,-y this 30Jution, and any additiooal Nhanol, u,to I.hf ftuid• 
lud mllnu~. Ceue jpraylng when good granul~ art' producNi. Dry to 
~xinlakl)' , rt(i mol~Lu~. H~ !ht' gn&nulei and plac:t- thtm In a 
NII.able b.lendff, SequenU&lly add I.hf mnai.niJll lhrtt inVNlient8 with 
mixing !C.epe In becwMn t'ach addition. Coq)mia. ustng a !la&, bt'wled. 
1/rlnd\ punch. 20 lablfta abould wetgh 2.39 g. 

suatalned-fl ...... (SR) Proce6nlmidetableta 

Ingredients 

Procalnamlde 
HPMC 2208, USP 
Camaubawax 
HPMC l9JO, USP 
Magnesium stearate 
Stearic acid 
Talc 

Weight of granulation 

In each 

500mg 
300mg 
60mg 
30mg 

4mg 
1) mg 
5 1118 

In 10,000 

5000g 
3000g 
600g 
300g 

40g 
1)0 g 
~ 
9 100g 

Place !ht- Ira &JU'H h'IJ-edienu ln the granu1alAlr and mix for 5 to 15 
mln.uteS. Owol\le the HPMC In water (mill ln hol wattt. lht'n ('()()f down) 
and 3P"Y inc.o thl! lluidized mt~. Dry to ~proxima&ely o,. mobtu~. 
Seq~nlially add \ht lui wtt lngredien&.s wUh mJ.xin8 ,wp, In b«wt'ffl 
Heh addition. Comptest, U!llng Cl,p!IUle•:llhaped LOOllng,. IO Lableu 
ahooldweig)\9.11&, 

Dry Granulation 

CT Acetyttallcytlc Acid 

Ingredients Ln each In 7000 

Acetylsalicylic Add (crystal5 20-mesh) 0.325 g 2275 g 
Starch 226.8 g 

Weight or granulatJon 2501.8 g 

Dry thl! 8'arch to a moittu.Tt' cont.t'nt or I O'lb. Thorou(!Ny mbc c.hi3 with 
1he atttylsallcytlc actd, CompttS9 Imo stup, Gnnd !he slug, to 14· to 
I 6-rnKh sue. Rttompr68 lnlO Lablt'ts, ming a '½:-Inch pwl('h. 10 
Ulblftll should weigh 3 .5 75 g. 

CT Sodium Phlnobl~I 

Ingredients 

Phenobarbital sodium 
La.ctose (granular, 12--mesh) 
Starch 
Talc 
Magnesium stearate 

Welght of granulation 

In each 

65 mg 
26 mg 
20 mg 
20 mg 
0.3 mg 

In 7000 

455 g 
182 g 
140 g 
140 g 

2. 1 g 
919.1 g 

Milt all the lngr-edlt'.nL1 1hom~y. Compress lnlo slu3!. Grind and 
~ rN'n 10 .... l O 16-mHII g,anuJes. Rt'<'ornp~ lnu) la~ Ulling 11 

·•1,~inc-h ronC'~"'t' IXJnch. IO Ulblct., .,uld • ·fll(h I .:Jg. 

CT Yllamln 8 Compln 

Ingredients 

Thiamine mononit.rate" 
RlboOavln<' 
Pyridoxine hydrochloride 
Calcium pantolherw.e" 
Nicotinamide 
Lactose (powder) 
Starch 
Tak 
Stearic acid (powder) 

Weight of granul.ation 

•• lnduc!H I~ In tx('Hfl or claim. 

In each 

0.73,3 mg 
0.733 mg 
0.333 mg 
0.4 mg 
6 mg 

75.2 mg 
21.9 mg 
20 mg 

0.701 mg 

In 10,000 

7.33 g 
1.a:J 8 
3.33 g 
4 g 

60 g 
752 g 
219 g 
200 g 

7.0) g 
1250 g 

Mix all the tngredif'ntl tno~. Compl'ffS INC> slags. Gnnd and 
IJCrffn ID 1'· u, 16-rnHh ganulff.. Htt~ lnl.O &ableu, using a 
1/4•lnth co-punc<h. IO &abkt$ llhouJd wei,ti 1.25 I&, 

Suffident WWk acid lh<Mlld be uaed in lhne I.ab~ IO Ml,u!ll I.ht' pH IO 

◄.5. 

Direct CompreMk>n 

APCT1a.ta 

Ingredients 

Aaplrln ( 40-mesh c:rysw) 
Phenacflln 
Catfelne(anhydUSPgran) 
Compressible sugar (Di-Pac") 
Sterotex 
Silica gel (Sylold 244") 

In each 

224 mg 
160 mg 
32 mg 
93.41118 

7.8mg 
2.8mg 

In 10,000 

2240 g 
1600 g 
:rio g 
934 g 
78g 
28g 

Blt'fld lngrtdlf-ntJI in a twtn-.i,ht'll bleflMr ror I 5 mlnul~ and mm~ on 
• ' Y.,-lnctll!Carldlnl COOC9'~ pwidl(~. Amlllar), 

CT Aec:orblc Acid USP, 250 mg 

Ingredients In each In 10,000 

Ascorbic Acid USP (Mer,ck, fine 
crystals) 

Micl"OCl)'5t.alli.e cellulo~ 
Stearlc acid 
CoUoidaJ silicab 

Weight of granulation 

n AY1c-el-PH- I01. 
• cat>,().$11. 

255 mg 
169 mg 

9mg 
2 mg 

2550 g 
1590g 

90g 
~ 
4250g 

Blend all lngrt>dlen~ In a suitablt- blt-ndN'. Conlf)r-. Wilng ;:, •. inch 
.!Ulldvd ronran punrh. 10 ~• ~hould • ·('igh 4.25 ,c (<'ourtesy 
F1'1C). 

Ingredients 

Wmtergreen oil 
Mentllol 
Peppermint oil 
Silica gel (Syloid 244") 
Sodium saccharin 
Sodium bicarbonate 
Mannito l USP (granular) 
Calcium stearate 

• O.~n Chem. 

In each 

0.6 mg 
0.85 mg 
0.3 mg 
I mg 
0.3 mg 

14 mg 
180.95 mg 

2 mg 

In 10,000 

6 g 
8.6 g 
;J g 

10 g 
;J g 

140 g 
1809.5 g 

20 g 



Mbt Ille fla,·or oUs and menthol undl liquid. Adlort, oo&o I.he silica 
8"' · Add w remalnlfl8 lngre<ilerua. Blend and comptta on ½.,in ftu.. 
racebtw~puDdltoat.hic.knttsol!l. l m,n{cou~, AtlN). 

Ingredients In each In 10,000 

Aluminum hydroxide and magne­
sham carbonate, co-
drled gt!<' 

MaMitol USP (granular) 
Mlcrocrystalllne celluJosel> 
Cornstarch 
Calcium steanU.e 
Flavor 

• RdlebF·MA• I I. 
I> Avi«I. 

325mg 
675mg 
75mg 
30mg 
22mg 

qs 

3250g 
6750g 

760g 
300g 
220g 
qs 

Blend all ingredients In a suil.a.ble blender. Comp~~. u'1"8 a %•Inch 
fl:.tt -r11ee be-\-d«II:, punch (C'OOTtffy, MM). 

Chewa._ Mulltwttamln Tllblela 

Ingredients lneech In 10,000 

Vitamin A USP (dry, sta· 
billz.ed form) 5000 USP units 50 mill1on units 

Vitamin D (d,y, si&bi• 
l.lzedform) 400 USP units 4 mlll1on units 

Ascorbic Acid USP 60.0mg 600g 
Thiamine Hydrochloride 

USP 1 mg 10g 
Riboflavin USP 1.5 mg 15g 
Pyridoxine Hydrochlo-

ride USP 1 mg I0g 
Cyanocobalamin USP 2 1'8 20mg 
Calcium PantOlhenat.e 

USP 3 mg 30g 
Niacinarnide USP 10 mg 100g 
Mannltol USP (granular) 236.2 mg 2362g 
Cornstarch 16.6 mg 166g 
Sodium saccharin 1.1 mg )1 g 
Magnesium stearate 6.6mg 66g 
Talc USP 10 mg 100g 
Fiavo:r QS qs 
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CTFerroue.,._ 

Ingredients In each 

Ferrous Sulfate USP (crystalline) 0.325 g 
Talc 
Sterotex 

Weight of granulation 

In 7000 

2275 g 
0.976 g 
1.95 g 

2277.93 g 

Grind LO 12- to 14-mHh, lubr1ca.tt and compraa. Coal lmmedw.tl), to 
a,-old o:ddallon to me ferric ,w.e with 0.410 ar oltolu balsam { clitllotved in 
alcohol) and O 060 gr or alol and chalk. \Jae• clNp, cone-, "ht-inch 
punch. lOtableushooldw-elgh 3.26 g. 

CT~ 

In each, In 7000, 
Ingredients g g 

Methenam.ine (12· to 14-mesh crystals) 0.325 2275 
Welghlofgranulatlon 

CT Phenoblrt>IIII USP, 30 mg 

Ingredients 

Phenobarbital 
Mi c:roaystalline 

ceUuJOM" 
Spray-dried lacto9e 
Colloidal slllcab 
Stearic acid 

Weight or granulation 

• Avlttl-PH-101. 
• QUSOF,22. 

In each 

30.59 mg 

30.59 mg 
69.16 mg 

1.33 mg 
1.33 mg 

2275 

In 10,000 

305.9 g 

305.9 g 
691 .6g 

13.3g 
13.3g 

1330 g 

Scrttn the phtnoba,tital to bttu up lwnpt and blend with the micro­
c:r,,ltalline ceUuto.. Add 111RY-dritd lad.c»e and bl«nd. flnally, add 
I.he l&Urlc add and C'OUolda1 eOlca: blend i.o obtain a hofflo.8et\to1&1 ml.mitt. 

mend all l.ngrtdlenta In a suitable bltftdtr. Cornpreu, using a ¾-Incl\ Compres$. utln, a ¾, -inch $hallow conca,·e pull(ah. 10 table~ 9hould 
fl:al,fac-e bevtl~ punch (Coun.«y, Alla-3). weigh 1.33 g (cowtny, FMC), 

Molded Tabletl or Tablet Trlturatff (TT) 

Tablet trilurates are small, discoid masses of molded pow­
ders welg)\lng 30 to 250 mg each. The base consists or 
lactose, ~-lactose, mannitol, dextrose or olher rapidly soluble 
materials. It is desirable in making tablet triturates to pre• 
pare a solid dosa8e form which is rapidly soluble; as the result 
they are generally softer lhan compressed tablets. 

Th.ls type of dosage form Is selected for a nwnber of drugs 
because or its rapidl;y dissolving characteristic. Nitroglyoerin 
in many concentrations is prepared in tablet triturate form 
since lhe molded tablet rapidly dissolves when admin~red 
by placing under the tongue. Polent alkaloids and highly 
toxic drugs used in small doses are prepared as tablet tritu• 
rates which can i,erve L' dispensing tablets to be used as the 
50'1:rce of the drug in compounding other formulations or 
90lutJons. Narcotics In the form of hypodermic tablets ortg!­
nally were made as tablet triturates because they rapidly dls­
,olve in sterile water for f..i\lectJon prior to administration. 
Today with stable il\jectJons of narcotics available, there is no 

longer any justification for their use in this manner. 
Although many hypodermic tablets cWTently are made, lhey 
are used primarily for oral admlnl.strallon. 

Tablet triturates are made by forclng a moistened blend of 
the drug and diluent into a mold, extruding the formed mass, 
which Is allowed to dry. This method ls essentially the same 
as Lt was when introduced by F\i.Uer In 1878. Hand molds 
may vary In sl:ze bill the met.hod of operation is essentJally the 
same. Molds consist or two plates made from polystyrene 
pla,tic, hard rubber, nickel-plated br-a.,s or stainless steel. 
The mold plate contains 50 to 500 carefully poll.shed 
perforations. The other plate is 0tt.ed with a corresponding 
number of pl'Qjecting pegs or pWlches which flt the perfora· 
t.ions in the mold plate. The mold plate is placed on a Oat 
surface, the moistened mass b rorced Into the perforations 
and the excess is sc-raped from the top surface. The mold 
plate is placed over lhe plate wlth lhe corresponding pegs and 
lowered. As the plates come together, the pegs force the 
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tablet trltura~ from lhe molds. They remain on the t.ops of 
the J)('g.'> unLil dry and they can be h:indl d (, e 1-'ig :JJ). In 
some hand molds, as shown in flg 34, the pegs are foreed 
do~-n onto the plate holding the moist trituration. 

Formulation 

In d veloplng a fonnula 1t Is essential th t the blank weight 
of the mold whi<'h i to be used is known. To detennine this, 
the w lght oflhe dUuent whJch exactly filb all the openings in 
the mold l! detennined by experiment. This amount of dilu• 
ent welgl,ed nnd placed aside. Th total amount of the 
drug required i.s determined by multiplying the number or 
perforations ln the plate used in the previous experiment by 
the amount of dmg d sired in eaeh tablet. The comparative 
bulk of lhls medleatlon is compared with that or an equal 
volume of diluent and that quantity of diluent removed and 
weighed. The drug and the remaining dilu nt are mixed by 
trltunuion, and the resulting trlturnte is moistened and forced 
Into the opcnlngs or the mold. If the perforations are not 
filled completely, more diluent is added, lt.s weight noted and 
the formula wriuen from the ~Its oflhe experiments. 

It is also permissible in the development of the formula to 
w lg)) th quantity of medicaLion needed for the number or 
t..'lblets represented by the number of perforatlons ln the mold, 
tnturate with a weighed portion (more Lh.an 11 ) oflhe diluent, 
moisten the mixture ond pr It into the perforatlons of the 
mold. An additional quantity of the diluent is moistened 
immediately and also forced Into the perfonuJons ln the plate 
unlil they are filled <'Ompl Lely. All ex(' dllu nt is re­
moved. the trial u blets are rorced from the mold, then lrltu• 
rated until unifonn, moistened again, if n«e ary, and 
remolded. When th tablets are dned thoroughly and 
weighed, the difference betwe('n their t.otal weight and the 
weight of medlcauon taken will indicate the amount of tilluent 
required and acrordingly supply the formula for future use for 
that pt: rtlcular tablet triturate. 

For proper mixing procedures of the medication with the 
diluent :.ee Chapter 9 J . 

Preparation 

The maxed powders are moistened with a proper mixture of 
alcohol and water. although other solven~ or mol-.tening 
~ nl'i su('h ns llCetone, J)('Lroleurn benzin Md \MOU combl• 
natk>ns or th~ may be WK.-d ln pecllic t.'8.Se!I; t.he ag nt of 
C'hoiN> depencis on the sotvent action which it will exen on the 
powder mixture Oft.en Lhe molstenlngagent is o~ alcohol, 
but thL~ con~ntmtion may be Increased or decreased depend• 
ing on the constituents of the fon nula. Care must be u.wd in 

Ag 33. ~ -molding &ablet lriturates (courtesy, MSO) 

Ag 34. TatHt tnturetemold (courtesy, Vedor/Colton) 

addlng the solvent mixture to the pow·der. If too much ~ 
used, the Tm will be soggy, will require alongllme to dry and 
the finbhed tablet will ~ ha.rd and slowly soluble; lf the m.ass 
ls lO() wet, hrinkage will occur in the molded tablets: flna.lJy, 3 
condltJon known as creeplngwill be noticed. Creeping L, I.ht? 
concentnlion of the medication on the wface of the Ulblet 
caused by capUlruity and rapid evaporation of the , lvent 
from the surface. BecaU,St' molded tablets by their very na­
ture are quite fn.able, an inaccurate 5Uength ln ach tablet 
may r ult from creeping lf powder Is lost from the tablet' 
surface. On the other hand, if an iFL-.ufficientamountof moi..'il­
ening agent ls used, the m v.ill not have the proper coh~ 
slon LO make a flrm tablet. The correct amount of moistening 
agent can be de-tennined lnitlaUy only by experlm nt. 

Hand-Molding Tablet Trlturatea 

In preparing hand-molded tablets place the mold plate on a 
gJ plate. The property moistened materlal pressed into 
the perforatioru or the mold with a broad patultl enrtlng 
unifonn pre ure over each opening. The exe~ matcnal 15 
removed by pa._"i!ting the spatula at nn oblique angle " ilh 
strong hand pressure over Lhe mold to give a elean, naa. surface. 
The material lhlL'J removed should be plattd with the r m._"\in. 
der of the unmolded material. 

The mold with the filled perforations houJd be reversed al'\d 
moved LO another clean part of I.he plate where the pressing 
operaLion with the spatula is repeated. It may be necessary 
to add more materlal to fill the pcrforatJons completely and 
unifonnly. The mold should be aJJowed to stand ln a position 
so that pan of the molstening agent will evaporate equaJly 
from both fac . While the first plate · drying, another mold 
can be prepared. As soon as the second mold has been 
rompletf"d, the first mold hould be sufficiently urfac-e-dried 
so that the peg.,, wtll pre the tablets from the mold v.ith a 
minimum or stkking. 

To remove the tablet.s from Lhe mold, place the mold over 
the peg plate so that the pegs and the perforallons are in 

jwctapo ltlon. The t.abl~ts are released from the mold by 
hand pressure, which forces the pegs through the perforauons. 
The ~ct.ed tableus are spread evenly in single layers on sillc 
trays and dried in a clean, dust-free chamber with warm, 
carculating alr. If only timall quantity or tabl t Uiturat 
made and no wann-alr oven is available, the tablet tntwates 
may be dri !d to consLanl weight at room temperature. 

Machine-Molding Tablet TrHuratea 

Tablet triturate also ca.n be made using mechanical 
equJpment. The automatic tablet triturate machine Wu.s­
tnued in rig :Ju make tablet lTlturates L a rate o( 
2600/ minute. For machine-molding, th powder mass need 
not be • moist as for plate,molding mce the time interval 
between forming the t.ablet.'I and pr, ing them ls consad r• 
ably shorter. The moistened mass passes t.hrougl) the funnel 
of Lhe hop()(!r lo the feed plat s below. ln this feed plate a.rt 
four hole having the same dl.ameter as the mouth of t.M 
funnel. The mat.enal fills one hole at a ume and, when filled, 



F1sl 35. Automatic ta~et triturate mactltno (courtesy, Vector•Cot· 
ton). 

revolve to a position Just over the mold plate. When in 
position the weighted prei;.c,ure fool lowers and imprisons the 
powder, At. the same tlme a prcader ln the le of the 
pl'\'s.•rnre foot rubs it into the mold <'avitl s and even.CJ il orr so 
that the trtturate are mooth on the urface and a.re of unl­
form demuty. When thL'I operation l'I completed, the mold 
~ to th next posltJon, where It registers with a nest of 
pun<'ht>S or pegs which «tiert the tableL'I from the mold plat.e 
onto a conve)'or belt, The conveyor belt sometimes ls ex­
t.ended to a length of 8 or IO feet under a battery or infrared 
drying lamps to hasten the setting or the tablets for more rapid 
handling. Thi method of drying can be used only if the drug 
ls chemlca.Uy stable to th~ drying conditJons. 

Compressed Tablet Trtturatea 

Frequently, tablet lrlturates are prepared on compre Ion 
tablet ma<'h1ne:o1 wiing flnt-face punches. When solubility and 
a clear solutJon are required, water-soluble lubricants must be 
u d to prevent stlckmg Lo tile punc hes. The granulations 
are prepared dlrected for ordinary compressed tablets; 
larto. generally is u.~ the diluent. Gen rally, tablet 
Uiturate prepattd by th method are not as t factory as 
the malded t)1)(' regarding their !iOlubility and ~lution charac­
terlstJc-. 

Tablet Characteristics 

Compre d tablets may be characterlz.ed or described by a 
number or ·pecltknllons. These Include the diameter l.ze. 
hape, lhlckn , weight, hardne • dJsintegratJon time and 

dissolution characteristics. The diam ter and shape depend 
on the dJe and lhe punch selected for the compre ion of the 
tabl t. G nernJly, tablets are dl'lcoid in !!hape, although they 
may be oval , oblong, round, cyllndrkal or triangular. 
Their upp rand lower surfac may be nat, round, concave or 
convex to various d grtts, The concave punche (used to 
prepare convex tablets) are referred to shallow, tandard 
and deep cup, depending on the degree or concavity (see Figs 
17-20), The tablets may be ored in halve or quadrants to 
facilitate breaking LC a maller do Is desired. The top or 
lower urface may be embossed or engraved with a symbol or 
I tter.i which serve as an additional means of identlfying the 
source of the tablets. Th characteristic along wilh the 
color of th tabl L'! tend to make them cfu tincti\'e and Identifi­
able with the active l.ngredlenn whJch they contain 
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The remaining pecilkation assure the manufacturer that 
the tablets do not vary from one produ<.1.lon lot to another. In 
the case of new tablet formulations their therapeutic efficacy 
ls demons1.ra1ed through clinical trials, and iL ls the manurac­
turer' aim to reproduce the same tabl t with the exartch.anc­
leristics or the t.ablet.s which were w.ed in Lh clinical ~Wl­
tJon of the do ge form, Therefore, from the control 
viewpoint these specifications are important for reasons other 
than phy !cal appearance. 

The re ist.anC"t.' or the tablet to <'hipping, abrasion or break­
age under conditions of storage, I.J'an.Spon.atJon and handling 
before u.s._,ge depends on its hardne . In tile past, a ruJe of 
thumb de rlbei; a tablet to be of proper h.aninbS 1! It Is firm 
enough to break with a harp snap when it ls held between the 
2nd and 3rd fingers and using the thwnb as the fulcrum, yet 
doesn·t break when it falls on the floor. For obvious reasons 
and control purposes a number of attempts have been made to 
QUMtlwe t.he degree ofhardn , 

A small and portable hardness tester was manufac.1.ured and 
Introduced ln the mld• l 930 by M0tisalllo It now is distrib­
uted by the St.okf'8 Div (PMmuiolJ) and may be designated ru 
either the Monsanto or Stok hardne te'Sler. The lnslru­
menl measures the force required to break the tablet when the 
force generated by a coil pring Is applied diametrically to the 
tablet. The forC'e L-. measured in kilograms and when used in 
production, a hardn of 4 kg Is con dered to be m1nlmwn 
for a ~tisfactory tablet. 

The trong-Cobb hardne · tester Introduced U\ 1950 also 
measure the d1amelnrnlty applied fo rce required to break the 
tablet. In thls l.nst.rwncnt the fort:e ls produced by a manu­
aJly operated air pump. As the pressure is increased , a 
ptw,ger LS forced against the tablet placed on ruwtl. TI\e final 
breaking point ls lndlcated on a dial calibrated into 30 arbi­
trary units. The ha.rdn ss valu of the tokes and trong­
Cobb instruments are not equivalent. Valu obtained with 
the Strong-Cobb Lester have be n round to be 1.6 time tllo e 
of the toke te ter. 

Another instrument Is the Pfizer h.ardnes tester which oper­
ates on the same mecharucaJ principle as ordinary pliers. 
The force requ1red to break the tablet b recorded on a dial and 
may be expre ed as either ldlogrnms or pounds offorce. In 
an experiment.al comparison or L sters the Pftter and the 
Stokes testers were found lo check each other fairly well. 
Ag.I.in the Strong-Cobb t~1er wa.'l found L<> give vnlu~ 1.4 IA> 
I . 7 times the absolute value on the other instruments. 

The m~-i widely u.'led apparatus to measure tablet hardness 
or crushing strength ls the &hJeuniger apparatus, also known 
as the Heber1Pin, distributed by V('t"tnr. TnL,, and other newer 
electrlcalb' operated test equipment, ellminate the operator 
vari.3bility inher~nt in th me urements described abo..-e. 
Nt.-wer equipment Is also available with prlnt.ers to provide a 
record oftest results. Stt 1-ig !16. 

Manufacturers, uch as Key, Von Ket. Em.reka and olhers 
maJc:e lmllar h.vdn testers. 

Hardn (or more appropriately, crushlngsve"glh) deter-
mlnations are made throughout the tablet runs t.o d termine 
tile need for pressure ac\Justrnents on the tableting rnachlne. 
If the tablet Is too hard, 1t may not di.slntegrale in the required 
period or time o r meet the d1ssolutlon specification; If it ls too 
son, It will not withstand the handling during ubsequent 
pro«sslng :.mch ru coating o r packaging and shipping opera­
tions. 

A tablet property related to hardn L,JrinbiUt11, and the 
measurement ls mad by use of the Roche frlabilator. Rather 
than a measure of the force required to CTU5h a tablet, the 
Instrument ls deslgned Lo evalu le the ablllt)' of the tablet to 
wilhstand abrasion in packaging, handling and shipping. A 
number of tablets are we(gh(-d and pl~ ed In the tumbling 
apparatus where they are exl)()Sed w romng and repeated 
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Fig 38. The Scnleuniger or Hebefl n tablet hardneu tester shown 
Wllh cahbratJOn blocks (oounesy, Vector) 

hock!. te!!>ultlng from freefalls within lhe apparatus. After a 
given number of rot.atioru lhe t.nblets are weighed, and the loss 
m ,H!1g)u indacatcs lhe bUlLy of the tablets to withstand this 
type or wear (Fig :.J7). 

Recent rl!Search hM proposed that there are al least. three 
me1.151.1rable hardn parameters t.hnt can give a clue to the 
compaubUILy and trurtnslc strength of powdered materials. 
Th lnclude boncUng ~trength, internal st.min and brittJenes!'I. 
lliesc.and proposc<l lndcccs to quantify tJu~se parameters and 
they a.re Listed in Table 4 ror a number of material-.. 

The higher the bonding lfldex, the trongcr a tablet Is more 
Ukel,y to be. The higher the stra.in index. the weaker the 
tnblet. mce the two pa.rruneLens are oppo ite in their effect 
o n the tablet, ll is possible for a material ( uch as Avicel) to 
have a relaovel,y high slnlln lndex, buL yet have uper1or 
compaCllon propertJe be use o f an extraordlmuy bonding 
potenlial. The higher tl,e brlttlene s lndex , the n,ore friable 
the tablet · likely to be. For a more d<>t..'llled diS<'ussion of 
this subJt!el, the reader 1!I dlret.'ted LO Refs 22, 37, 38. 

A Lmilar approach is taken by many manufacturers w•hen 
they evaluate a new product m the new market packag by 
sendmg tJ,e pac kage to distant points and back using various 
method., or u-an. .. ponation. This b called a "shipping test." 
The condillon o f the product o n Its return indicate its ability 
to withst.and transportation handling. 

Tablet Thiel. >IC 

The thlclrn of the tablet from producllon,run to produc• 
uon•nm LS contro lled C'11J"t>CuUy. Thickne s <:Wl vary with no 

Fig 37. The Roche lnabiator (courtesy. Hoftmann-L.aRoct,e). 

T■bte 4-441ntand Compaction lndlcfl fOf' ■ 
Number of Mater1■1• 

Asplrtn 
Dlcakrum pho,.phAli! 
~ anl\ydroWJ 
A111ttl pH 10:2 
Con\ "'4n:h 
Ru(T(l'q' NP 
Erythronu·nn dlhY1bl4! 

Bonding 
index 

I 6 
I I 
0 
◄ J 
04 
1.0 
1.9 

Strain 
index 

I 11 
I IJ 
I 10 
2 20 
2 18 
I.If, 

2 13 

Bnt1ieness 
Index 

016 
0 .1!:> 
0.27 
0 ().1 

026 
o .. i.., 
0 

change In weight due to difference in the density of the gm.nu• 
laUon Md the pre. rure applied to the tablets, as weU as IN 
peed of tablet com pr 10n. Not only is lhe tablet thlckne-. 

important in reproducing tablets identical ln appearan but 
also to ln.sure that every production lot will be u."3ble with 

I e1ed parkagjng compon nL,. If th tablets are thtdce r 
than pedfled, a given number no longer may be contained ln 
the volume of a given size bottle. Tablet thickne~ al5o be-­
comes an tmpon.:uu chara.ctenstlc in counting tablets using 
filling equipment. Some filling equipment utUlz.es the uni• 
form thlckn of lhe tablets as a countlng mechanism. A 
column containing a known number of tablets L-. mt'a! ured for 
height: filllng accomplished by contlnuall,y dropplng col­
umns of tablets or th sam h ight into bottles. tr th1ckn 
varies lhroughow lhe lot, the re ult will be var!AlJon ln oounL 
Other pieces of filling equipment can maJfuncuon du to 
varuuion m tablet tluckn in~ table~ bove ptti..fled tJuck­
ne may Ctlu:se wedging of tablets in previously a(ijust.ed 
depth.-. of the counting s lot.'!. Tablet lhlckn b d lt nnined 
with a caliper or thiclme gauge which measur the thi k• 
nes.1 in millunet.eB. A plus or mlnus SQ& may be allow ed. 
depending on lhe tze of the tablet. 

U,uJurmity <>f Do.~tufl' Fun,~ 

Tablet We lpt-The volumelnc fill of lhe dte CBVlt)' deter­
mine the weight of the compressed 1.ableL In lting up tht­
tablet 11lJU'hin the fill L-. acijusted LO give t.he desired tablet 
weight. The weight of the tablet is the qwumcy o f Lhe granu• 
la.tion which C"Ontains the la.belt'd amount or the 1h rapeuu 
IngredJem. After the Ulblet machine in operauon the 
we ighL"I of the tablets are checked routin ty eilher manually or 
electronically to insure that proper-weight r..ablets are being 
made. Thl'i has bt-come rather mutme In most manurartur• 
Ing operations wilh newer electronically controlled tabltt 
press s. The USP ha.'i pmvided toleranCt>s for the a,· rag 
weight of uncoai.ed compressed tablets. These are appli­
cable when the tablet contain!'! 50 mg or more of th drug 
subsuu1ce or when lhc Lau.er comprise:. 50% or more. by 
weight, oft.he dosage fonn. Twenty tablets ar weighed tndJ• 
vidually tu1d tJ1e average we1gh1 b calculated. The varlalion 
from th<> av rngeweight in the weights of not mor~ than two or 
the tableu. mw.t 1101 dill'er by more than the percent.age lasted 
below; no tablet dilft'rs by more than double that percent.ag 
Tablets that are <.-oated are exempt from th~ requirements 
but must confo rn, to the tt'st ror M ntent umronn1ty Lf tl 
applicable. 

P-.oe,ug,e 
Average we~ ddlefenc:e 

1:iOmg.ulM..-. ............... ..... 10 
MOfflNll l :JOm1nhrou~ 0l.! I m,t •••• ,............... i 6 
Moruhan :);H ffl8 . ••• .. . .. . a 

Content nlformity- ln order lo ensun:- th3t every tablet 
t.'011tnu~ the amOW\I of drug ubstance Intended, w1ll1 IJLue 



variation among tablets within a batch, the U P Includes the 
content unifo rmity te~1. ror certain tablet..-.. Due to the in­
nease<I awaren of phy iological availability, the content 
umformily test has been extended to monographs on all coaled 
and uncoated tablets and aJJ capsule intended for oral admln-
1.Slralion where the range of sizes or the dosage form available 
includt> a r;o mg or smaJJer ize, in whJch case the tt>st Is 
applicable to all l.z.es (60 mg and larger and i.maller) of that 
tablet o r capsule. The official compendl.a can ht> consulted 
for the details of the Lest. Tablet monographs with a content 
unifonnlty requirement do not have a weight varlatlon require­
ment. 

Tablet Disi111cgmlim1 

It is recognized generally that the i 11 t•ilro tablet disintegrn• 
lion test does not necessarlly bear a relationship to the ill t•it•u 
oct1on or a soUd d age fo rm. To ht> absorbed, a drug ub­
sta.nce must be ln solution and the distnt<.,grallon test ls a 
mensurt' only of the time required under a given ~t of condi• 
lions for a group of ta.bl ts to dl!!linLegrate Into parllcles. 
GeneraUy, this test Is useful as a quality•.assurance tool for 
conventional (nonsustained-relea.w) dosage form.'! . In the 
present disintegration test the particle are those which will 
pa'IS through a I O-mesh screen. In a comparison of disinte­
gration time and dissolution rate o r irutial absorpuon rates 
of several brands of a.'lpirln tablPL'I, it wa., found that the faster 
absorbed tablets had the longer disintegration tune. Re• 
~• of the lack ofsignific-anc-e as to in ,,i,•n action of the 
tablets, lhe test provtd a means of control in assuring that a 
given tablet formula i.s the sam as regards di.'lintegration from 
one production batch to another. The dtsintegratlon test ls 
l~ 3.! a control for tablets intend d to be administered by 
mouth, except wh re tablets are Intended to be chewed before 
being swaJJowed or where tablets are d igned to release the 
drug ub t.ance over a period of time. 

Exact pec-ifkations are gi\'en for the lest appantu ~ 
much as a change ln the apparatus can caw a change In the 
results or the test. The apparatus consists or a basket rack 
holding slx plastic tube!!, open at the lop and bottom; the 
bottom of the tubes ls covered wilh I O•me h screen. See Fig 
:)8 . The basket rack JS immen;ed in a bath or uit.able liquid, 
held at 37", preferably in a l •L beaker. The rack move up 
and down in the 0uld at n ~l)ecl!i d rate. The volume or the 
Ould as such that on the upward stroke the wire me h remains 
a t leMl 2.5 cm below the surface of the fluid and descends to 
not I than 2 .5 cm from the bouom on the downward stroke. 
Tablets ari placed in each of the ix cylinders along with a 
plastic d1sc over lhe tablet unJ otherwise directed ln the 
monograph. The end-point oflhe test i!I indicated when any 
~ldue remaining a sort m having no palpabl)' ft core. 
The plastic disc., help to force any sort mas-" which forms 
through the reen . 

For compressed un oate-d tablets the testjng fluid is usualJy 
water al 37", but ln some cas the monographs dlttcl tllal 

imulated Gastric Fiuid T'S be used. If one o r two tablets fail 
to di.SantegraLe. the te-st ill to be repeated using 12 tablm. or 
Lhe I 8 tablets th n tmed, 16 must have dil integrated within 
the given period of time. The conditions of the lesure vaned 

mewh.'ll for coated tablets, buccal tablets and ublingual 
tablets. Oiiuntegrallon omes are Included In the individual 
tablet monograph. For most uncoatt>d tablets the Pt>riod is 
:JO minutes although the ti.me ror some uncoated tablets van~ 
greatly from this. For coated tablets up to i hours may ht> 
required. whUe for sublingual t.ableL.'1, such a..-; CT 180prot.er-
enol HydrochJorlde, the disintegration time 3 minute 
f'orthe exact conditlonsofthete t, com1ult the SP. 

Dissolutioil Te t 

For certain tablets the monographs direct compliance with 
limits on dwoluUon rather than dl$Jntegratlon. Since drug 
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Fig 38. Vanderkamp tablet disintegration tester (c:oor1esy, VanKe~. 

absorption and phy lologjcal availability depend on having 
the drug substance in the d issolved state, suitable ~lutJon 
characterlstl~ are an lmport.anl propeny or a satlsfaciory 
tablet.. Like the disinlegratlon lest, the dissolution test for 
measuring the amount ofume required foraglven percentage 
of the drug ;ubstance in a tablet to go into 1'01ution under a 
speclAedset or conditlon.'11.san i11 vitro test. It ls int.ended to 
provide a step towards the evaluation of the physiological 
availability of the~ substance, but as descnbed currenlly, 
It ls not de igned to measure the sarety or efficacy or the tablet 
being tested. Both the safety and efl'ectivene or speclflc 
dosage fonn must be demonstrated lnitlally by means of appro­
priate , n r , , o .studies and clinical evaluation. Uke the disin­
tegration ~. the dlssolutJon test does provide a means of 
control In a.'l.'Juring that a given tablet fonnulalJon i.s the same 
as regards dissolution as the balCh of tablets shown initiaU)' to 
be clinicaUy eft'erove. It al'JO provides an fo , ,, ro control proc.ie­
dure to el.lnunate variations among production batches. Ref er to 
Chapter :34 for a comp~ di,ru.,sion of dwlolution testing. 

Valfdati<m 

In thbera ortncttaSlng regulatory control or the pharmattu• 
tlcal industry, manufarturlng procedures cannot be dL'loCussed 
without the mention or some proce vaIJdaUon ctlvity. By 
way of documentation, product te ing and, perhaps, In­
process testing as well, lhe manufacturer C8J\ demonstrate 
that his formula Md proc perform in the manner ex~ted 
and th.at it doe!!! SO reproducibly. 

Although the justification for requiring validation is fou.nd in 
the regulation.,; relating to "Current Good Manufacturing Prac­
tices for Finished Pharmaceuticals" as well as other source , 
there is still much room for Interpretation and the process 
varie from one company to another. General areas of agree-­
ment appear to be that 

~ •-.b~oo IK\M\Y m~ tMilin in R& D Md cooUnU(' throul(h prodll<'t 
lnlroduc'llon. 

DocutntfUtlon i1' Lht by. 
111 l!l"llC'nil, ltlrtt ba«-ht-$ ttl)n:'8elll IU\ ~ QfflF)I(" for ,-.lltblliM. 

The F'OA 1w r~ected hi8loncal data o r " retrospec-tive vall• 
dation." They requi,re that new products be validated from 
beginning t.o end, a prOCe5S called .. pro pectlve valJdaUon. ·· 
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Capsules 
CapsuJe!S are solid dosage fonrui ln which the drug sub­

SlMce is enclosed in either a hard or son, soluble container or 
h U or a sultable ronn or gelatin. The soft g latln cap ule 

was invented by Mothes. a French p~ in 1833. During 
the following y ar DuBlanc obta!ned a patent for his soft 
gelatin capsules. ln 1848 Murdock patented the two-piece 
hard gelnLin cap:.'llle. Although development work has been 
done on the preparation of cap ules from methykeUulo Md 
calcium alginate, gelatln, bf,,cau.w or iL'J unique properties, 
remains the primary oompo itlon material for the manufac­
ture or capsul . Th gelatin u.-.ed in th manufacture or 
capsuJ obc.alned Crom collagenous materlru by hydrol)'s • 
There are two types of gelatin, Type A, denved ma.inly from 
pork klns by acid proc ing. and Type 8, obl.alned from 
bones and animal skin., by alkaline processing. Bien~ a.re 
used to obtain gelatin olutlom with the vl.sco lty and bloom 
str ngth characteristics d irable for cap...-ule manufacture:'° 

The encapsulallon of medicinal agents remains a popular 
m thod ror administering drugs. Cap ules are tastele , eas• 
Uy admln.istered and easlly fllled either extemporaneously or 
in large quantities commercially. In prescription practice 
the use of hard gelatin cap ules permllS a choice in prescrib­
ing a single drug or a combination or drugs at the extlct. dosage 
level cons de red be t ror u,e lndJvldual patent. This OexJbU­
ily · an advantage O\'er tablets. Some patients find it easier 
to swallow capsule than tablets, lllererore prererriflg lO Ui.ke 
lhis form when po ible. This pr ference has prompted pha.r• 
maceutlcal rnanuractuttrs to rnarkcl the product in capsule 
form even though the product already has been produced tn 
t.ablet form. While the indu.st.ry prepares approxlma.lely 76% 
of its solid dosage form as compressed tablets, 23% • hard 
g lat.in cap.wle11 and 2% ll..'j soft elastJc cap:;ules, market sur­
vey ha\'e indkated a consumer preference or 44.2% for soft 
elastic capsule.,, 39.6% for table~ and 19.4% for hard gelatin 
capsule .r•• 
Hard Gelatin capsules 

The hard gela.tm capsule, al:JO r, rerrec:t to a., th dry-filled 
capsul (DFC), consists of two ctJons, one Uppl.ng over the 
other, thus completely surrounding the drug rormulation. 
The cl c c.-ap ule hape Is illustrated in Fig 39. These 
caPSul s are filled by introducing th powdered material into 
tl,e longer end or body of the cap ule and then shpplng on the 
cap. Hard g latin cal)SUI s or m.'lde largely from gelatin, 
FD& colorants and som llnl an opodfylng agent ~uch as 
tilaJlium dloxJde; the U ·p permits the gelatin for this purpose 
to conlaln 0. 15% sulfur dioxide to prevent decompo Ilion 
during m.'Ulufacture. Hard gelatin capsule contain 12 to 
16% water, but the water content can vary depending on the 
storage conditions. When the humidity is low, the cap ules 
become brittle; Lr stored at high hurrud1ties, the capsules be­
come O. ccld and lo their hope. Storage in high tempera• 
ture area., at..o can affect the quality or hard gelaun c•apsules. 
Gelatin cap.sules do not protect hygro oplc matenal.s from 
atmospheric waler vapor as moL'iture can difTu!le through the 
gelaunwalL 

Flil 39. Hard gelatin capsules showing relatNe, sizes (courtesy, 
Pa~•Oevis) 

Companie-s having eqwpment for preparing empl)' hard 
gelatin capsule Include Lilly, Parke-Dar is, che1Y!T and 
mitltKliM. The lalt.er's production is nuunly for •~ ow'l\ 

use; the others are uppllers to the indu try. With lhls equip­
ment stainle!SS-sleel pins, set m plates, are dipped U\lO w 
gelatin solution, which must be maintained at a uniform Lem• 
perature and an exact degree or OuicUty. If the getaun !iOlu­
tlon varies ln vlsco lty, it corre pondlngly wUJ decrease or 
incr a.se the lhi kness or the ca~.ile wall. This is import.ant 
lnce a light vanaUon suffklent to make either a loose or a 

light joint. When the pins have been withdrawn from the 
gelatin solution, they are rotated while being dned in kilns 
through which a strong blast or filtered air with rontrolled 
humldil,)' forced. Each capsule ls tripped, truruned to 
uniform length and joined, the enUre proce being 
mechanJcal. Capsul -making equlpm m ls illustrated U\ ~ 
4 0 Md 4 I. The e show the stainle S•steel pins bemg di pl){'(! 
into tlle gclaun solutJons and Lhen belng rowed througl, lhe 
drying kiln. 

Capsules are ~upphed in a variety of lZiCli. The hard, emPQ 
capsules (f'ig 39) are numbered from 000, the large t au 
whlch can be swallowed, LO 5, whkh ls the MT\tlll~l. Larger 

izes are available for use in veterinaly medicine. The ~ p­
proxJmate capacity for capsul~ from 000 to 5 ranges from 
GOO to 30 mg. although this will vary because of the clilfer nt 
dens1l1es or powdered drug malenrus. 

Commercial.ly filled cap ules ha\'e lhe conventional oblong 
ishape Uluslraled with the exceplion or c-apsule product., b) 
LiUy and SmW1Kli11e, which are of distinctive shape. f or 
Lill.)• product$, t,-n11sule-s ar USl'd in which the end of the oo: 
Ls tapered to give the capsule a bullet•llke hape; producu 
enrapsulated in this form are called Pr,/, ttl<"'i. The .._ miJh­
Klfoe cap ules differ in that both the ends of the cap and bod) 
are anb'Ular, rather than round. 

After hard gelatin capsule are filled and Lh(' cap applJed. 
there are a number or methods usedl to a.'ISure that the ~ 
ules wUJ not come apan if subjected to vtbrallon or rough 

handling, ns in high• -peed counting Md paclmging equjpment 
The capsule can be pot-welded by means or a heated m 
pin pre. d agnin.c;i the cap, fu ing it co the body, or they rrut.) 
be banded wlth molten gelaun Jald around the joint in a stnp 
and dried. ("olored gelatin band~ around cap ule have bf.en 
use<.! for many y~ as a Lrndemark by Purkr-D<wis for lheu 
lint- of ctlP ule products, Kopsrols. Another approach 
used i.n the ,urp-Fit and Coni-S11a1, capsules. A pair of 
m.'1tched locking rin are formed into the ctlp and bod) 
poruons or the l-apsule. Prior to filling, these <"apsul~ a.re 
lightJy longer thM regular capsule of the same 1.ie. When 

Fig 40. Manufacture of hatd gelatln capsuleS by dlPPfng stainaess­
steel pins into gelatin solutions (courtety, l.Jlly). 



Fig 41. Formed a.psules being dried by rotat n,g through a drying 
kiln I courtesy. LIiiy) 

tht- locking rings are el'\gaged after filling. their length Is 
~uivnlent to that of the conventional capsule. 

f'oUo~'lng several tampering Incidents, many pharmaceutJ• 
caJ companies now use any numl>E'r of l()('ldng and · aling 
technologi m order safely to rnanufaclUrc and distribute 
these very useful dosage Conn . nfortunately, tamper• 
resistant packaging has become standard Cor capsule prod• 
UClS, 

IL Ls usually necessary for the phannaclst to deLCnnit-w? the 
size of the capsule n eded for a given prescription through 
cxperimentatJon. The experlcnctd phannacist, having calcu­
lated the weight of material to be held by a ing)e capsule, 
often wt.lJ aaelei:l the correct he lmmedlalcly. If the material 
as powdered, the base of the capsule is filled and the top is 
replaced. If the matertaJ ut the capsule proves to be too 
heavy after weighing, a m.'iller lze mu.st be taken and the test 
repeated. I( the filled <:apsule is light, it is po. ible that more 
can be forced Into it by incre ll'\8 the pressure or, If nece • 
sa.ry, some of the materi.aJ may be placed In the cap. This is 
not desirable as it ten~ to decrease the accuracy of ubdlvl• 

ion and it L<s much better t.o select anolhf'r !lize, the h~ of 
which will hold exactly the con-ect quanuty. In prescription 
filhng it L'i wise to check the weight of each filled cap ule. 

In addluon to ll'le ttansp._venl, colorle , hard gel. c.ln c p-
ule , cap.<1ltl are also available in various transparent colors 

such~ plnk, green, reddash-brown, blue, yellow and black. 
If they 3tt used, it is important to note the color as well as the 
capsule si:zc on the prescription so that m the case of renewal 
lht- refilled pr ripclon will duplicate the original. Colored 
capsules have been used chiefly by manurac1u.rers Lo give a 

peclalty product a dlstincllve appearnnce. Titanium dlox­
ide is addt'CI to Lh gelatin to form white capsules, or to make 
an opaque. colored cap ule. In addJtlon to color contrast • 
many commercial producllS in capsules are given further 1den­
t.lflcauon by markings wh.lch may be the company' name, a 
symbol on the outer s hell of the capsule or by banding. Some 
manufacturers mark cap ul with peciaJ numbers b:bed on 
a coded .system to ~nnit e xact identification by the pharma­
cist. or phy lcllm. 

Ertemporaneot'-Y Filling Methods 

When filling cap ule on prescripclon, the usual procedure 
is t.o mix th mgred1enL'l by uitu.ration, reducing them Lo a fine 
and uniform powder. The principle and meth~ for the 
uniform distribution of an active medlclnaJ agent m a powder 
mlxture are discussed ln Chapter 9 1. Granular powders do 
not pack readily in l11psules and crystalline materials, espe­
cially those which consist or a m or filrunent•lilce Cl'.)'SWS 
such as the quinin salts, are not fiued easily inln capsules 
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F~ 42. Hand-operated capwle machine (cour1esy. Ctlomi•Pharm) 

unles.-s powdered. Eutttlic muctures th.at lend to liquefy may 
be dispensed In capsules lf a ultable absorbent such mag­
nesium carbonate L'i used. Potent drugs given in small doses 
usuall.)' are mixed with an Inert dllu m such as lacto before 
filling into cap.,;ules. When incompatible materials are pre--

rlbcd together, It somellm possible LO place one iJl a 
smaller capsule and tllen enclo it with the rond drug in a 
larger capsule. 

U ·lJallY, the powder is placed on paper Md flattened with a 
spatula so th.at the layer of powder 18 not ~ater than about '/, 
the length or the cap ule whlch is being filled . This helps to 
keep bolh the hands and cap ul s clean. The cap ls removed 
from the lected capsule and held in the left hand; the body is 
pressed repeatedly into the powder until It Is filll'd . The cap 
is replaced and the capsule weighed. In filling the capsule 
the 11pa1ula is helpful In pushing the last quantity or the mate­
rial Into Lhe capsule. If each capsule has noc been weighed, 
there Ls likely to be an exC!ffi-"i or a short.age or material when 
the pedfled nwnber or cap ule have been pocked. Th.ls 
conditJon is acUus-ied before d ispensing the presr-ription. 

A nwnbcr or manual filling machines and automallc cap ule 
m.1.chines a.re available for increa.'>ingthP speed oftlle capsule­
fillmg operollon. Figure 42 Ulustta1cs a capsule-tilling ma­
chine which was knov..-i1 fOT1'1'lffty a.'i the Stwp Oohme machine. 
This equipment is now available through C1wmiPfwnn. Ma.ey 
community pha.rm..'lcisls find this a useful piece or apparatus and 
some ph.a.rmaceuticnl manufacture.rs use Jt for small-scale 
producllon or pecialty it.em . The machine fill 24 cap ules 
at a lime with the possible produc.."tion of 2000 per day. 
Entire capsule are placed in the mach1ne by hand; the lower 
plate carries a clamp which hold-, the c psule b~ and mak~ 
It possJble to remove and replace the caps mechanJcaUy. 
The plate holding the capsule base L"i perforated ror three 
iz.e o r capsule . The powder ls packed in the base : the 

d gree or accuracy depends on the selection of capsule size 
and the amount of pre ure applied ln packing. The hand· 
operated machine (Model 300, ClwmiPhann) ilh1st.rated in 
Fig 43 has a productlon capacity or 2000 capsule per hour. 
The machine is made for a single capsul size and cannot bf 
changed over for other 12.e . A diJTcrent machine ls required 
ror any addjtional capsule 1.ze. Its pnnciple of operation is 
s.tmllar to that oflhc Sharp & Oohme machine. 

Maclihw Filling Methods 

Large-scale filling equipment for ca~e opemt on the 
same principle a., the manual machines desrribed above, 
namely the filling of ll'le base of the cap ule. Compared with 
ta.bl LS, powders for filling int.o hard gelatin capsul~ require 
the minimum of ConnulatJon efforts. The powders usually 
contain dilu nt.s such as lactose, mrumitol . calciwn carbonate 
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f1g 43. Hancklpefated capsule machlne. Model 300 (courtesy. 
OhemiPharm). 

or magnesium carbon.ate. Since the Oow of material ls of 
great importance in the rapld a.nd accurate filllng of the cap­
sule bodl~. lubricants such as the stearates also are used 
frequently. 

Because of tlie absence of numerous additives and manufac­
turing processing, the capsule fonn is used rrequenUy to 
admlnister new drug substances for evaluation In Initial cllni• 
cal trials. However, It ls now reallzed that the addlUves pres­
ent In tlie capsuJt fonnu.lation, like the compressed tablet, can 
influence the release of the drug substance from the capsule. 
Tablets and capsules of a combination product containing 
tri.amterene and hydro<:hlorothiazide in a 2 : l ratio were com­
pared cllnically. The tablet caused approximately twice as 
much excretion of hydrocltlorothiazide and 3 times as much 
trlamterene as the capsule. 62 

M05t equipment operates on the principle whereby the base 
or the capsuJe is filled and the excess is scraped olf. There­
fore, lhe activ.- ingredient is mixed with sufficient volume of a 
diluent, usually lactose or mannitol, which will give the de­
sired amount or the drug in the capsule when the base is rut~ 
with the powder mlxt.ure. The manner of operation of the 
machine can influence the volume of the powder which will be 
filled l.nto the base of the capsule: therefore, tlie weights of the 
capsu-1es must. be checked routinely as they are filled. See 
Table 5. 

Semiautomatic capsule-filling machine$ manufactur~ by 
Parke•DauisandLilly are lllustrated l.n Figs 44 and 45. The 
Type 8 cap:sule--ftlling machine perform.-s mef'hanically under 
the same principle as the hand filling or capsules. This in• 
eludes separation of the cap from the body, filling the body 
half and rejoining the cap and body halves. 

Empty capsules are taken from the bottom of the capsule 
hopper lnto lhe magazine. The magazine ~uge releases one 
cap5ule from each tube at the bottom of each 11troke of the 
machine. Leaving the magai.l.ne, the capsules drop onto 
the tracks of the raceway and are push~ forward to the 
reetifying area wltl'I a push blade. The recrlfler block de­
SC'ends, turning the capsules in each track, cap up, and drops 
them into each row of holes ln the capsule-holding ring assem• 
bly. 

M the capsules fall into lhe holding ring, the cap half has a 
seat on the counter bore in each hole for the top ring. The 

r .. s Cepe.de Flla.t 
Capsule Fill Weights (mg) Based on Size and Density 

Capeule YOlume f.!!!Y 
POWdlf 0J~5 0.78 o.ee o.54 o.s 0.31 0.3 0.215 021 0 .13 

denllly ~liz• 
(gJml) 00 Oel 0 111 1 2 3 .. • 5 

0.3 285 2~ 204 162 150 111 90 75 63 !39 
0.4 380 312 272 216 200 148 120 100 8◄ 5:! 
0.S 475 390 340 270 260 186 UIO 126 106 M 
0.6 670 468 408 324 300 222 180 150 126 i8 
0,7 666 646 476 378 350 2.69 210 175 1 ◄7 91 
0.8 760 62◄ &u 432 ◄00 298 240 200 168 104 
0.9 855 702 612 48& ◄SO 333 270 226 189 I I 7 
1.0 9150 780 680 540 500 370 300 250 210 130 
I.I 1045 853 748 594 650 ◄07 330 275 231 143 
l.t 1140 936 816 648 600 ◄44 360 300 2!,2 156 
1.3 1236 1014 884 702 650 481 390 325 27!) 169 
1.4 1330 1092 952 756 700 618 ◄20 3150 294 18"l 
I.S 1'12S 1170 1020 810 750 655 450 376 315 l9S 

body half is pulled by vacu-wn down into the bottom rin8, 
When all rows ln the ring ~bt,y are full, the top ring, filled 
with caps only, is removed and set aside for later u,embly. 
The body halves now are located in the bottom ring. ready for 
fllllng. 

The ring holding the body halve.a ls rowed • one of eigbl 
speeds on the rotary table. The drug hopper is swung OYff 
the rotating ring and the auger forces drug powder into tht 
open body cavitles. When the ring has made a compleU 
revolution and the body halves have been filled, the hopper is 
swung aside. The cap-holding ring is placed over the body­
holding ring and lhe as5embly is ready for joining. The ~ 
sule-holdlng ring assembly Is placed on the joiner and ttt 
joiner plate is 11WUng down into position to hold the capsules in 
the ring. The peg ring pins are entered In the holes of ttt 
body holding ring and tapped in place by the air cylinder 
pushing the body halves back into the cap halves. 

The holding-ring assembly is now pushed by lwld back onto 
the peg ring away from the joiner plate, thus pu.wtlng ttt 
capsules out of lhe holding-ring a.,aembly. The joined ~ 
sules then fall through the joiner chute into the capsw~ re-

Fig 44. Schemetic of Type 8 c:apsule-■lng mac:tw,e (oourtesy. 
Park►Davls) 



Ag 45, Tw,. 8 capsule-Ming machine (oourtesy, LIiiy) 

ceh-er box. The capsule receiver box s.c~n the excess 
powder rrom the capsuJ and deliven1 them to any convenient 
container. 

fany companies use I.he Type 8 ca.psule•filllng equipment 
for mall-scale manufacture and clinical suppUcs for lnvesllga­
tJonal use because of its ease or operation, low co t and 
extreme Oex1b1hcy. A Type 8 cap ule filllng machine will 
produce approximately 200,000 capsules per day. This, or 
course depend5 upon the operator and the type or materlaJ 
belng filled. For this machine, a mathematical model has 
been d~·e loped that d · ribes I.he effect or. elected physical 
powder propertle , as well as mechanical operating condi• 
tions on the capsule filllng operation. While the Type 8 
cap ul~ftlllng machine has bttn in emtence for many years, 
recent mod1fic-atlons have been made to this machine to Im­
prove the capsule•filllng operations. 

There are sev ral pieces of equipment availabl that ar 
clusltl d as automatlc capsule-filling machine . These are 
automatic in the sense that one operator can handle more than 
one machine. ln this category are lhe lt.aUan-made 
Zanasl (U11ited Machinery) and MG-2 (Supennatic) 
models plus the West German-made Hoefliger & Karg models 
(Bosch). 

Automatic capsule machines are capable of filling either 
powder or gra11ulated products into hard gelatin capsule 
With accessory t!QuJpment th~ machin~ also can fill pellets 
or place a tablet Into the cap ule with the powder or pelle 
The caps.ul~ are fed a1 random lnto a large hopper. They are 
oriented as required Md transrerred 1mo holders where Lhe 
two haJv are separa~ by suction. The top-half and bottom­
half of the capsule are each ln a parate holder, which at thJs 
stage take diveniJ1g directions. 

A set of fUllng heads coll~t the product Crom the hopper. 
compr: it into a sot\ lug and inserts this into Lhe bouom 
half or the capsule. After filling, each top-half rc,umed to 
the corre ponding bottom-half. The filled cap ule are 
ejected and an air bJa...t at thls polnt parole possible empty 
cap ul from the fille-d. The machin CM be equipped to 
handle all slus or cap ul s Depending upon the make and 
model, peeds from 9000 to 150,000 units per hour can be 
obtained (see F1gi 46-48). 
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Ao 41, MG-2. aU10f'natic capsule-filhng machine (counesy, Super• 
matlc). 

All cap!\ules, whether they have been filled by hand or by 
machine, will require cleaning. Small quantities of capsuJes 
may be wiped individually with cloth. Larg~r qua.ntJtJes are 
rota.led or haken with crysta.lllne sodium chloride. The cap­
sules then are roll~d on a cloth-covered ,urface. 

Uniformity qf Dosage Units 

The uniformity or do ge fonns can be demonstrated by 
either or two methods, weight "1lriauon or content unifonni\y. 
Weight wriatlon may be applied where the product ls a Uquld· 
filled son elastic c. psule or where the hard gelaun capsule 
contains 50 mg or more of a ·i.ng)e active lngredlenl comp~ 
lng 50% or more, by weight, of the d ge fonn. See the 
official compendia for details. 

D integration te ts usually are not required for ~P uJe-s 
unless they rul\•e been treated LO resist solutJon ln ~Irle fluid 
(emeric-coated). 1n this case they must meet the reQulre• 
ments for disintegration of enteric-coated tablets. For cer­
tain cap ule dosage ronns a dissolutlon reQulrement is pan or 

Fig 47. Zanasi au1omallc tilling maehlne, Model AZ·60 The 
set ot filling heads shown a, the le" coneets the powd• from the 
hopper, compresses it into a so" slug and lns.rts iC ln10 lhe bottom 
half of the capsule (courtesy. United Machinery) 
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Fig 41. Hoeftigar & Karg automatic eapsul&-filwig macl\ine, Model 
GFK 1200(coonesy,Amaco) 

the monograph. Procedure used are imilar to th~ em• 
ployed ln the case or comp~ t.ablet.s. (See Chapter 34). 

Soft Elastic Capsule1 
11,e soft elastic ca~ule (SEC) is n sort, globular, gellltin 

hell somewhat thicker than that or h...vd gelatin capsule . 
The gelallon as plasllcized by the addition or glycerin sorbitol 
or a imilar polyol. The soft gelatin shells may dont.ain a 
pn-servatlw to pnivent the growth of fungi. Commonly used 
preservative aR' methyl- and propylparaben and sorbic acid. 
Where the ~u..,1>endlng vehlC'le or ~ lvent can be an oil, soft. 
gelatin capsule provide a convenient and highly acceptable 
dosage form. Large-scale pre>duction m thod.-. ReneraJly are 
rcqulred for the preparallon and fllllng of soft gelatin cap­
sul s. 

Fomwrly, empty soft gelaun capsule were available to the 
pharmacL'il for lht> extemporant>Ou!:I compounding or solu­
tions or suspensions ln oils Commerclally filled sort gelalln 
car> ules come in a wide choice or lzes and -.h3pes; they may 
be round, oval. oblong. tube o r uppo itory-sha~d. Some 
sug.v<oate-d tahlet.s art> Qlllle similar in oppearan<'e to soft 
gel.rum capsule . The e m.lal dilferen~ are that the soft. 
geL'llin <':lPSUle has a M'am at the point or cl ur of the two 
halve • and the contems can be Uquld , paste or powd r. The 
ugar<oated tablet wiJJ not have a ~am but will h3ve a com• 

pressed core. 
Oral SEC dosage forms generally are made so that the heat 

seam oft.he geln.un ·hell o~ns tu rele~ lt.s Uquld medicaUon 
into Lhe stom. h le than 5 minute after ingestion. Its use 
is Ming tudled for tho drug.-. poorly M>luble in water having 
bioavail. bility problems. When used as uppo itori , it ls 
t.ht.> moisture present m the boey cavity that causes the a1psuk? to 
come apw1 at its heat-sealed seam and lo release its contenu. 

PlateProce 

In this melhod a set of molds is used. A warm heet of 
prepared gelnun L,; bud over the lower plate and the liquid i.'I 
poured on it A cond heet or gelatin carefully put Ln 
plan~ and this L'i followed by the top plat(' or the mold. The 
set ls pl ed under the press where pre ure applied to fonn 
lh<' rnpsules wh1rh arP wa.,hed off with a volatile solvent to 
remove ru))' 1.race of oll from the cxc.erior. nus proc has 
been adapted and I.! use<i for encapsulnlion by UpjoJw. The 

Fig 41. Rotary-die elastic capsule fillef 

Rolary,.Dir Pmress 

In 19:J:.J tlle rolaly-die proc for elastk capsul 
perfe<:Led by Robert P Scherer.~-• This process mad iL pos­
ible to improve the standards of ac<.'uracy and uniformity or 

elasllc gelatm capsules and globuleiJ. 
The rotary-die machine is a self-contained unit capable or 

continuously and automatically producing finished <."apsul 
from a uppty of gelatin m and fllllng material ~•tuch may~ 
any liquid, miliquM or paste that will not dL'iSOlve gelatin. 
Tu·o continuous g latln ribbons, whlch the ma.dune ronns are 
brought intn conwrg nre between a pair of rn·olvtng du•~• and 
an ir\)ecllon wedge. Accurate filllng und r pre Utt and aJ. 
ing of the capsule wall ()('CUr as dual Md colncident opera­
tions: each ls dcll<.'ately Llmed against the other. Sealing also 
se\'ers the complett-d C'8psule from the net. The principle or 
opera1Jon ~ hown ln Flg 49. See also Fig 60. 

By this pl"()('es.~ thP content of each <.'apsule · measured 
lndMdual.ly by a single SltOkc or a pump so accurately con­
Ntrurte<l thru plunger ln\vel of 0.025 inch will deliver J iv 
(apoth). The her r machine contalns banks o r pumps 
arranged that many <'tlP ule may I)(' formed and filled 
lmult.aneously. All pumpsar engineered to extremely small 

me<"hMic-al tolerance and to M extremely nigh d ~ of 
prccl!Sion and 1mlla.rlty. All 01)4.'rations are controlled on a 
weight basis by actual periodic checks with a group of analyti­
cal b3.lances. lndlvldual net-Oil weighL'I of c~-ule5 resuJung 

hceLS or gelatll\ ma,y have I.he !'>clme color or iliJTerent colon;. Rg so. Scheret soft elastte capsule machine (counesy, Schefer) 



from large-scale production vary no more than : I to 3% from 
Lheory depending upon the mat,erials used. 

The rowy-die proce maJ<es it po ible to encapsuJate 
heavy materials such as ointment$ and pa.-;tes.. In this man­
ner lids can be mllled with a "'ehJcle and filled lnto capsu) . 
When• it LOJ d sirable to have a high degree or accuracy and a 
hermellca.Lly sealed product, this fom, or enclosure Is suited 
ideally. 

The modem and well-equJpped capsule plant Is completely 
air <."onditioned, a practical necessity for fine cap.sule 
production. Its racllitJ and operations lnclude the avallabU• 
ity or carbon dioxide at every ex~d poinl of op ration for 
the protection of ox.ld.lzable ubstances before encapsulation. 
Special ingredients also have been used in the capsule shell to 
exclude Ught wavelength.!> which are destructive to certain 
drvgs. 

Norto,i Capsule Machine 

This machine produces capsule completely automatically 
by leading tv.·o films or gelatin between a set or vertical dies. 
The di as they close, open and close are, In eff"ect, a 
continual vertical plate forming row after row or PoCkeL'J 
aero the gelatln film. The are filled wlth medicament 
and, as they progress through the dies, are sealed, haped and 
cut out of lhe film as capsule which drop Into a cooled solven1 
bath. 

Accogel Capsule MacMne 

Another means or son gel ttn encapsulatlon us the Acco­
gel machine and proce which were developed in the Lederle. 
The Accogel, or tern machine, use a ~-ystem of rotary die 
but is unique ln that it Is the only machine that uccessfulJy can 
fill dry powder into a son gelaLln caJhule. The machine ls 
available to the entlre pharmaceutlcal lndustry by a lease 
amuigement and Ls used In many counlrles of the world. It ls 
extremely versatUe, not only producing capsules with dry 
powder but also encap ulallng liquid.'! and C'Omblnations or 
liquids and powder . By means of an attachment, lugs or 
compressed tablets may be en-closed m a gelatin film. The 
capsule can be 1nade In a variety of colors, hape and lz.es. 

Microencaps«lat ,on 

As a technology, microen~psulation is placed in the c­
tJon on capsules only because of the reJatlonshlp In terminol­
ogy to mechanical encapsulation described above. The topic 
abo could have been lnclud~ In a discusston of coating 
procedure . Essentially, microencapsulation Ls a proce or 
technique by which thin coatln • can be applied reproducibly 
to mall panicle of solids, droplets of liqujds or dispersions, 
thus forming mlcrocai;,5ules. It can be diJJerentiAled readily 
from other coating methods in the lze or the particle in• 
votved; the.se range from several tenth., or a µm to 5000 µ.m In 
slze. 

A number or mlcroencapsulatlon p roc have been ~ 
closed In the literature."' Some are based on chemical pro­
ce and involve a chemical or phase change; others are 
mechanJcal and requlre peclal equJpment to produce the 
physical change in the systems required. 

A number of coating materlal.s have been used succ fully; 
examples of these include gelatin, polyvinyl alcohol, eteylcel­
lulo , cellulose acetate phthaJate and styrene maleic 
anhydride. The film thickne c.an be varied com.1lderably 
depending on the u.rfnce atta of the rnaterlal to be coated and 
other phy ical characteristic or the system. The microcap-

ules may consb-t of a single part.Id or clusters of pattkle . 
Aller isolation from the hquJd manufacturing vehicle and dry­
ing, the material appears as a frtt-Oowing powder. The pow­
der suitable for fonnulallon as compressed tablets, hard 
gelatin capsules, suspenslo~ and other dosage forms. 
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The proce provide answers for problems such as ma.c;k­
lng the taste of bitter drugs, a muns of fonnulatlng prolonged 
action dosage rom.s, a means or paratlng lncompat.lble 
materials, a method of protecting chemicals against moisture 
or oxidation and a means of modifying a material's pt\ysical 
characterb.1 • ' for ease of ha.ndllng In fonnulaUon a.nd rnartu• 
facture. 

Among the processes applied to pharmaceutical problems 
is that developed by the NauonaJ Cash Register Co (N R). 
The N R proc as a chemical operation based on phase 
separation or coocervatlon techniques. In oolloldal chemi.s• 
try, coacervalion refers to the separation or a Liquid preclpi• 
late, or phase, when solutions or two hydrophilic colloids are 
mixed under suit.able conditions. 

The NCR proceM, w.1ng phase epanuJon or coacer\'atlon 
technlqu , consists of thr~e steps: 

I. Formauon or thrtt imrnlKitlle ptwes; a IJQuid mN1uft1CWrl111 
plv.w, a «>rt maltrtal phL'!lt and a ca.ting mau-ruJ pl'llule. 

2. ~uon oftJ'le Uqukl pol)'mer cO&UJ18 on the core nweriaL 
3. ~dmn,t tilt' c:oating, usual!;)' bf t.hm'11111, ~lln.ktng or dC!Oh.., 

uon t«hnlques. to form• mkroe&PMIII', 

In Step 2 , the deposition of the liquid polymer around the 
core material occurs only lf the polymer is absorbed at the 
interface formed between the core material and the liquid veh 
lcle phase. In many case pt\ys cal or chemical changes ln 
the coating polymer solution C3n be induced so that phase 
separation (co.cerva.lion) of the polymer will occur. Drop­
lets of concencnted polymer solution will fonn and coalesce 
to yield a two-phase UquJd-llquld system. In cases where the 
coaling material is an i.mmisc:ible polymer or Insoluble liquid 
polymer, lt may be added directly. Also monomers can be 
dissolved in lhe liquid vehicle phase and, subsequently, poly­
merized at the Interface. 

Equipment requlttd for mlcroencapsulatlon by th method 
is relatively ample; it comi.sts mainly of jacketed tanks with 
varlabJe speed agitators. Ftgure 61 sho~ a typical Oow 
d.l&gram of a production lnstallatlon. 

F1g 51. Production mstall.1fion lor the mooencac:>1"8tlon process 
(courtesy. NCR). 
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Other Oral Solld Douge Form1 

PIiia 

PUis are small, round solid d05age forms containing a medld­
nal agent and are intended for oral administration. Pills were 
formerly the most extensively used oral dosage rorm, but they 
have been replaced largely by compressed tablets and 
capsulff. Subsl.anees which are bitter or unpleasant to the 
taste, if not corrosive or deliquescent, can be administered in 
this form lflhe ~ Is not too large. 

Formerly, pills were made extemporaneousty by the commu­
nity pharmadst whose skill at pi.lJ.nwdng became an art. How­
ever, the few pULs which are now used in pharmacy are pre• 
pared on a large scale with mtthanical equjpment. The pill 
formulas of the NF were introduced largely for the purpose or 
establlshlng standards or 8lrength for the well-known and 
currentJy used pills. Hexylresorcinol Pills consist or hexYI• 
resordnol cry8tals covered with a rupture-resistant coating 
that i5 dispersible in the dlgestive tract. Lt should be noted 
lhal the offidaJ hexylresorcinol pUls are prepared nol by lfadi. 
tional methods but by a patented process, the gelatin coatlng 
belng sufficiently tough lhat it can nol be broken readily, even 
when chewed. Therefore, the general method ror lhe prepa• 
ration or pills does not apply to hexylresorci.nol piJls. 

Previous editions or this text should be consulted for meth­
ods or pW preparation. 

Trochff 
These ronns of oral medkalion, also known as lozeriges or 

pastilles, are dL,coid-shaped solids containing the medicinal 
agent in a suitably flavored base. The base may be a hard 
sugar candy, glycerinated gelatin or the com bi.nation of sugar 
with sufficient mucilage LO give lt form. Troches are placed 
i.n the mouth where they slowly dissolve, liberating the active 
lngredJem. The drug Involved can be an anllsepUc, local 
anesthetic, antibiotic, antlhi.staminic, ant.itussive, analgesic or 
a decongestant. 

Fonnerty, troches were prepared extemporaneously by the 
pharmacist.. The mAM ls fonned by adding water slowly to a 
mixture of the powdered drug, powdered sugar and a gum 
unlll a pliable mMS Ls formed. Powdered acacia in '7% con­
centration gives sufficient adhesiveness to the mass. The 
mMS Ls rolled out and the troche pieces cut out using a cutter, 
or else the mass is rolled into a cylinder and divided. Each 
piece Is sh.aped and allowed to dry before di$pensing. 

Ir the active ingredient is heat.stable, it may be prepared in a 
hard candy base. Syrup Is concentrated to the point where it 
becomes a pliable mass, the active i.ngred.ient is added and lhe 
mixture ls kneaded whUe warm to form a homogeneous ma.,.s. 
The mass is worked gradually into a pipe form having the 
diameter desired for the candy piece and the lozenges cut 
from the pipe and allowed to cool. This ls an entirely me­
chanical operation with equipment designed for this purpose. 

Ir lhe active ingredient ls heat-labile, It may be made into a 
lozenge preparation by rompression. The granulation is pre­
pared in a manner similar to that used for any compres,ed 
tablet. The lozenge ls made using heavy compr~ion equip­
ment to give a tablet which ls harder than usu.al as lt ls 
dt$irable for the troche to dissolve or disintegrate slowly in 
the mouth. In the fonnulatlon or the lozenge the lngredJents 
are chosen which will promote its slow-dissolving char 
acterislles. Compress on ls gaining in popularlty as a means 
or making troches and candy pieces because or the increased 
spttds of compression equipment. In cases where holes are 
to be placed in troches or candy piec..'elf, core-rod tooling is 
used (see Fig 52). Core-rod tooling Includes a rod centered 
on the lower punch around which the troche is compressed in 
the dJe cavity. The upper punch has an opening In Its center 
ror the core rod to enter during compr~ion. It is evident 
that maximum accuracy Is needed to provlde &Ugnment as the 
narrow punches are inserted into the die. 

~~" ...... ""'"' u~,., Pv•u, 

c .. , Rod 

0" -

Fig R . Core-rod tooling for~-- ig tloChes o, cancty p-ec:es 
wtlt'I hole In oencer (courtesy, Vector/Colton). 

Related tO capsule.,;, ina.'SJT\uch as they provide an e<liblt 
container for Lhe oral admlnlstratlon or solid drugs, cachec.s 
formerly v.·ere used in pharmacy. They varied In stu from •, 
to ¼ in in dia.meter and consisted of two concave pieces of 
wafer made or flour and water. Mer one se-ction was filled 
with lhe prescribed quantity or the medicinal agent, they we'"" 
sealed tightly by moistening the margins and pressing them 
firmzy together. When molst~ncd with water, thelrch.ar.lcter 
was changed enti.rely; lhey b«ame sort. elastic and slipper)' 
Hence, Lhey could be swallowed easily by Ooa.ting them on 
water. 

Petleta 

1be term pellet is now applied to smalJ, sterile cylinders 
about 3.2 mm In diameter by 8 mm in length, which are formed 
by compression rrom medicated masses .. :» Whenever pro­
longed and cont.lnuous absorption or testO!lterone, estradiol 
or desoxycorticosterone i.s desired, peUets of these potent 
honnone:s may be used by lmplanwlon. 

llefe~ 
I. Wagner JG: F'll,~nl:rnfC:lhliml Plw1m.n,oA·i•1rlir . ~ 

lnl.dl Publ, Hamlkon, JI., li76. 
2 Benet LZ. Le\)' G. f'erralok> BL Pltaf"tJtt1C'ul.lr1i'tic.-._. l+lnrlrnt 

Vk>w. Plenun,, N-Yortc. 198-t. 
:J. Manni.nen V, Ojala K, R,_11 P: Wlf«I 2: 922. 19i2. 
4 KatchenB.Symdw,wt .. -z : JPll(mnSc156. 1108, J96i. 
6. Ka.tcilM 8; A NO Pllurnt0C't>/ 1hnC't>I 29: 118, I 9i I. 
6. Han.'ICh C.Ounn. WJ III: JPhnrmS<i61: I. 1972. 
7. flyMGL, Yalkowslly SHandRotiemanT: lbid63 ◄ i9. 19i~. 
8 Llebemlan HA, Lachman L. eds. PhanMJL-.•111,rol Du;.aY(" Fnrm\ 

Tabll:>1$.. vol 1. U and Ill. Deklc<'r. Nt'W'Yorlt. 1980. 1981 and 1'182 
9. ~ A.I, Train 0: A Biblingmphu 'l{tlu- Talxf'li11g fl/ M ,"ll,e1tw.1l 

StU>Slat/Cf's, Pharma.ceuural Pre London. 100:t 
10. Evans AJ. A 81b/l,-,gmpJty <I} llw Tabi,-1i11g 11/ M('rli1·1n.,1/ SNI> 

$11111/'t's, Ph(ln11o<~•ut1c:nl Ptt•.u, l,,mdrm. /9'U 
11. LM:hman L. cl (I/ ; Thr ThetilJJ and Pm<11er 1,J ln<lustnul f'ha r­

,n(J(°/1. 3rd ed. Lea& f'cblger, Philadelphia. 193H. 
I 2. Banker G, Rhode~CT: M otl.rm Phnrmru:-MlliOf. D~ld,.er, New l'or\, 

1979 



I :l. ANel HC: lnlrodNaiQn lo PllorffUJCCUJu;a# 0n'9CV.J(' ~ . 3rd 
ed. lAtlA Feblgu, Philadelphia, 1981. 

14. Monkh009e OC,LachJL: Ca_11 JP/la"'4 Sd7: 29, 1972. 
IS . BlanchatdJ: A.mJ Pllarm ISO: 132, 1978. 
16. Handbook of P'-ormoawtical B.rcii,ie,us, APhA/Phann Soc Greai 

8ntlan, APhA, Wuhlnglon., DC 1986. 
17 . Rudnic: OI. KanlgJL, Rhocles C'r: JPMrmSd, 7♦: 641, 1985. 
18. Rudnic EM, Rh~CT. Well"hS, 8m1ardo P: DnlQDn,•JndPllorm 

8 8 7, 1982. 
19 . KanlgJL, RudnkEM: PMrmTl'dl, 8:50, 1984. 
2 0 . Rudnk &M, Rhodn CT, S.Yi~ IP, Sctlwwu 18: DnAg ~ Ind ""°"" '1: 3-47, 1981. 
2 1. Ca,-g« I.bl QjColln'oJW/or Oral °"'<Jt, Capaugd AO, Ba9e.l. 

1988,. 
22. role,VL, BekutroPF: PllarmTedl9: 110, 1987, 
23. &-.rt A:. Ertglllttml{/ 169: 203. 1950. 
24. DmdSf. AupburgffU.: JP1t4rm $ci66: ISS, 1977. 
25. Jonn TM. In Poldennand J , ed; Form11lali.on and Prr:porali.on 

QJDMc,geForms, ElseY1er, Hon.hHoUand. 29, 1977. 
:l6. 8-J£. Rue PJ: J J>A.onn Ptlarmt:Uol SO.! 60 I, 1987. 
2 7. Sunllnen,MP, Enf'•n-RP,CarinsJ~ JPltormSci66: 11 72, 1977. 
28 , Herwy JA. Rtte JE ln Gr~u MJ, Wyatt-Sarwent JL. eds; Por-

tie.~ She Alltllysis, Soc AaaJ Chem. London, 1970. 
29. Jones TM: NtaPMrm T«.11: 1978. 
30. Chowhan Z1'; Pltorm Tedi. It: 46, I 988, 
31. Mehl.AM: /buH8(Dec): 1988. 

OAAL SOUO DOSAGE FORMS UMt 

32. Mendes RW. Roy SB: Ibid 1(3): 35, I 978. 
33. Wuratt DE: J A.PM Sd Ed ♦9: 82, I !HIO. 
34. MmdNRW, RoySB: Pltonn TBCAt(9): 61, 1978, 
35. MaUnowlld JU, Smith WE: J Pltoma Sd 53: 285. 197 4. 
36. WoodruffCW,Nut:aleNO: /t,id 61: 181, 1972. 
37. O'Connor RE. Hol~J.Schwuu.JB: A.mJ Pllann J6(J: 80, 1984. 
38. O'ConnorR£,SchwaruJB: DrvoDevlndPllormll: 1837, 198fi, 
39. Newton JM: ~g a.em Aerosol Nncs 31(Apr); 33, I 966. 
40. US Pat 3,88:J6◄7. lluy 13, 1975. 
41 . ~i"'1 S~COJitm Mtmual, APM, WuhinlJon, DC, 1981. 
42 . Knoechel EL et aL· J Pllarm Sd .5& 116, 1967. 
43 , W~ PE: l>nlg Co.ffllel /Rd I 0.5(3); 63, 1969. 
4-4, HieltandENandSmithDP: PotoderTeclt..38" 146, 1984 
45. H~ EN, Wclb JE, Poel CB. Ochi, J: J P'-orm Sc,, 66: 5 10. 

1977. 
46. ~ . H: Jt11Jl'ltaml, J.t: 41, 1982. 
47. WaltffJT'. ~ . U..: PtlormT«lt 10: 26, 1986. 
48 . SchwuuJB: 1bi_d5(9) : 102, 1981. 
49, Manhall K: Ibid 7(3): 68, 1983. 
50. Jones BE: .1(/gl'MmA.en»olNft&IS.o{Ftby. 25, 1969. 
51. Delaney R: l'ttAmt Ex« f(3): 34, 1982. 
~2. TannenbaumPJetol; Cli11~7"""g;-593, 1968. 
53. Ebtrt WR.: PMnR T«A J (JQ): 44, 1977. 
5-4 . Madan PL: lbtd.1(9): 88, 1978. 
65. Cox PH,SPN\ifftF: Pllarm W~ 105: 681 , 1970. 




