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Objectt To eollect and ecorrelate physical date on some of
the variables in compressed tablets and ecompressed
tablet mamufecture; to review some of the existing
informations and to summarize possible sources of
varistions.

ppe: To malke @ statistical analysis of the gquantitative
data obtained, by graphic wethods, wamﬁ and
measures of fregueney; to characterige the analysis
to determine signifiecant correlstions between
variables and the different distributions; and to
correlate some of the veriables in manufasturing
with observed properties of compressed tablets.

In other instances where phyeleal data were
sccumilated in order to correlate variables whiech influence
properties of compressed tablets, the welight and
sempresaional foree were carefully comtrolled and
regulated by welghing the granulation for easch fill of the
die and by the use of a special foree machine specially
adanted for compressing tablets. (1) But in this project,
the teblets were compressed om indust-type tablet machines,
as they would be in routine production and, therefors, the
weights varled and 1t was expected that the verying amounts
of granulation in the dle would influence the hardness and
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other assoslated physieal propertiss of the compressed
tablets, since the length of the compressionsl astroke was
not regulated during the producstion of the tablets.

However, it was thought that by sorting the tablets
tnto groups, aceording to weight, and condueting tests on
the teblets within each weight group, that the results
gained from this study might be indleative and, perhaps,
ecorrespond with some of the faots already available. The
tablets were arranged in this way, alse, in order that the
frequency of weights eould be graphbed and a comparison made
with the normal probability curve.



GENERAL DISCUSSION "

The modern history of ecompressed tablets dates baek
to 1843 when the Englishmen, Brockedon, invented and
patented a mashine for compressing tablets. (2) Brockedon
termod his products “compressed pills.” Kebler states (3)
that the term, compressed tablets, more thap likely was
- eriginated in the United States by John Wyeth and brother
in 1677 The menufscture of tablets in the United States
was inaugurated at Fhiladelphis in 1875 when Dunton built
the first tablet machime in America and obtained the first
American process patent for the preparation of Sableting
substences. By 1897 tablets for slmost every lmown
disense were being sold on both continents, and writers of
the time referved to the wide popularity of tablets as the
"Pablet Pad.” ()

The compressed tablet of today is the most populeyr
doseage form for medieines and it also has wide useage in
other fields where uniform amounts of substances are
required, Yood and drug legislation, the raising of
ethical standards, and lmprovements in manulessturing
technique have all served to lmprove the compressed tablet
to the extent that, uniilke 1ts counterpart of the "lablet
rad® era with all 1ts attendant evils, the compressed
tablet of today {s highly regerded as a predictable and
reliable doseage form for wediecines.
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It is evident that compressed tablets are a
development of modern Fharmecy when it 1s noted that the
UsBoePoXe, officiel in 1926, contained only ome tablet, &
tablet of 0.5 gram of mereuric chloride with a method of
assay and & prescribed tolevance. The H.F.V., offieisl

in 1926, contained only O tablets all with specified
somposition and size, but there were no assay methods or
tolerance statements. At the present time there iz & total
ef 113 tablete in the officiasl compendia, in contrast to
the 9 mentioned above, and this indicates very clearly that
the development and officlal accevtance of compressed
tablets are recent achievementa, At the present t(ire assay
methods, presoribed tolerances, and weight variation are
preseribed for all tablets in both the compendia, There is
no requirement for havdness, but disintegrationm times are
glven for many tablets.
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VIEW ¥ YHE LITERATURE

Ascording to Silver and Clasrkscn (5) great skill fs
not necessary in compressing the msjority of forsulee,
the main requirement being a nowledge «f the sluple
characteristios of the different drugs end chemloals,

Other authorities are not entively of this opinion but 1t
fs dlfficult to take strong lssue with this ssserilom if
the implication is mersly conforsity to present day
standards. However, the relsing of offiecial requirements
or standards has always colncided with develeopuent and
fmprovement within the industry, therefore, 1t iz logileal
to anticipate that the trend towerd improvement will
eontinue, present standards will be raised and then,
perhaps, the sssertion above may not be apropos.

Despite the general seceptebllity of the compwessed
tablet of today, as has often been cbserved, its manufacture
is s%ill an empirical process end the bulk of the literature
1s also largely empirieal, The substence of most of the
usual cmpirieal literature on tablet mamufacture consists of
e deseription and discussion of the tableting equipment and
of peneral proceduves for gramulating by the “wet"” and "dry"
methods replete with sueh indefinite stock phrases as,
"molsten the powders to be gramulated with the binder until
it sgrumes spproximately ‘m'-miwm.af brown sugar.”
The quentities of the suxiliery agents $0 be used ave
usually stated in very approximate amounta., The relative
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mepits of the many smterisls used as binders, fillers and
lubricants are listed., The Information thet the most
fmportant atéributes of & good granulation are uniformity,
ability to flow fresly and compressibility is alweye
stressed, Hule of the thuwdb procedures for herdoess and
tablet disintegration are described and, finally, & 1lst
of difficulties commonly encountered, l.e. capping,
pleking, ete., are given with suggested cesuses for these
condit lons,

It bas only been of late that experimental data,
resulting from basle research on physlical factors, have
been available. In the light of very recent inmvestigations
on the quantitative correlation of variables in compressed
tablets it appears that, if tablet mmuwmfacture is to be put
on & more rationsl basis, certain physieal factors oy
variables heretofore ignored should be cousidered. Higuchi
et al, (6) have studied the influence of sompressional force
on density, porosity, hardness and disintegration of
sulfathiasole tablets and have observed certain quantitative
relationships among these variables. Further work is belng
dene (7) on other formulations in this connection.

¢ i 485 haibs  Se WP AT L R L EHGE Lid S i MBS e 4 BLA LS

The Ifollowing might suffice for & terse definition
of & compressed tablet and a swmmery of its somposition
and manufacture. 4 compressed tablet is o medicated op
non-medicated mass, usually in the shape of a disk or flat
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square, which is made by compressing dry gramlayr powders
in specially constructed dles under a high force,
approximately 2,500 pounds, If the principal medicinal
ingredient is insoluble, an additional agent, e.g. starch,
should be added which will meke the tablet capable of
disintegration in en agueous medium. The gramiles must be
compressible and if the material to be tableted does not
possess this proverty, a sultable agent, e.g. stareh
paste, which will impart cchesiveness to the gramules,
should be used, After the substence to be compressed has
besn converted into uniform gramules of sultable sise by
either the "wet" or "dry" gramuleting process and appro-
priate sleving, 1t is lmperative that they flow freely and
uniforaly from the feed hopper into the die and not adhere
to the punches or dle during compression, If the granulation
does not possess this proverty, a suitable lubricating agent
mist be added, e.g. taloum and/or magnesium stearate. The
amount of force to be used for compression of the tablet
ghould be such that the teblet will be hard enough te
withstand the handling of its processing for markst but
not 80 extremely hard thet porosity is reduced to the
extent that ready permeation or solution by water is unduly
delayed.
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SUMMARY OF THE VARIABLES IN MAKUFACTURING

When the tableting process is viewed for possible
sources of variation, it might m well %o begin by
considering that this process is actuslly & series of
mtually dependent operations. The ultlmmte properties of
& given tablet would then be dependent upon the variables
introduced by each operation in the series. Therefore, by
adding or omitting an operstion or ingredient, the sources
of variation would be increased or decreased respestively.
It follows that, aside from the chemieal and physleal
properties of asplrin which play en lmportant role in its
behavior, the very uniform disintegretion and hardness
date for aspirin tablete can be partly related to the
relatively few operations required for preparation of the
gremulation and the fact that only two ingredlents ave
invelved.

Another possible source of variation during
manufecturing involves the method of incorporetion of the
ingredients into the gramulation, For example, it is
prectically impossible %o oibain a homogeneous granulation
by edding starch to the formed granules. In the case of
aspirin gramulations, however, the starch and espirin are
eombined as powders before precompression and, by so¢ doing,
an extremely high degree of homogeneity is attainable.
This is a contributing izﬂtw to the unifora behavior of
aspirin tablets with respeect to hardness and rate of
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disintegration tests., Another possible soures of veriation,
alse involving the method of imcorporsting imgredients,
concerns the exaet order in which several auxillary agents,
f.0. lubricants and disintegrants, are added to a
granulation.

In view of the preceding discussion and the fact
that the following informmtion has wide aseeptance, 1t may
be stated: if the compressional force is relatively
eonstant, as in routine tablet mamufacture, or the
compressional foree is held exactly constant, as with a
special foree machine, the degree of uniformity of the
granulation will largely determine the extent of variations
in the compressed tablets., Therefore, any factor op
condition of the gramulating process, or the constituents
of the grammlation, would have to be considered es e
potential varisble in & summery of possidle osuses of
variations in compressed tablets.

Some of the variables, then, which might influence
the degree of uniformity of the grenulstion are: the
previcusly mentioned method of incorporation and mumber of
the ingredientsj the mumber of unit operations used in the
granulating process; and such physiocal properties of the
gramulation as moisture content, hardness and density of
the particles and, the adsorptive powers of fine powders
{1 -250m). (8)

Other sources of variation in compressed tablets,
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but not direetly referrable to the granulating process,
are! variance of compressional force, stratifying of the
particles of the gramulation in the hopper and the
eollecting of powders under the feed-shoe, a8 these
conditions will cause welght verisnce. The machine,
although constructed within close tolerances, is a potential
source of variation because of the necessary amount of play
between moving parts and bearing surfaces. Vimally, the
degree of atmospherie solsture has to be considered,
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The following is the plan that was carried cut %o
study the effect of tablet machine feed variance on the
various physical properties of tablets and the frequency
of weight distribution.

¥our thousand aspirim tablets, sulfathiasole tablets
and sodium blearbonate tablets, &s well as 500 sodium
. plearbonate and mint tablets, were weighed on & projection
type analytical balanes., The entire group of weights for
each of the first three type tablets were partitioned inke
subgroups (see gemeral procedure) of a 5 mg. range in order
te show the frequency of welght in each range.

The helight of epproximately 12% of the tablets in
each renge was measured, Hardness data, for approximetely
12%, and disintegration datas, for approximately 20% of the
tablets, were collected for the tablets in oach range, o
subgroup. Data for the efleot of three different pil levels
on the disintegration rates of sodium bicarbonate tablets
were collected, :

The tablets were compressed on Iindustrial type tablet
machines, The omly variable that was relatively constant
was the uw of the comprewsional stroke, Therelere, the
 eompressional fores varied proportionally with welight
varisnce, 7The work reported in this thesis concerns the
influence of welght veriance on other variebles such 8s:
hardness, disintegration time, and Jdonaity.
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Alse deseribed 1s & statistical analysis of the mass
of data obtained for the welghts of the different type
teblete studied, Ranges, graphic methods, everages,
standard deviations and percentege deviations ave used, A
compavison of the three distributions is also mde,

£1ince one of cbjectives of this work wes to observe
tablet machine performence, tablets were not collected for
welghing and testing until it was determined that the
machine had been closely set up for the weight required
and that the variation in welight for any ten tablets was
less than 5%, Ten tablets were weighed periodically after
that as a cheok, approximately 15 minutes apart, but the
mechine was not reguleted or changed i{n any way thereafter,
The welght variation at each check was not found to exceed
S%« A summapy of the preparation of each tablet is given
below, ;

The aspirin tablets were prepared by compressing e
comercial premulation, containing 10% starch and obtalned
fromt he Dow Chemloal Uo., with a Stokes Rotary teblet
machine type R-Dy and 3/8" punches and dte,

ihree pounds of awm bicarbonate USP grede were
granulated with 0.9 pound of a 108 starch paste using a
Colton rotary wet gremulator type 3 WG . After drying
for i hours at 50°C,, the granules were cooled and ground
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to a no. 16 mesh in a Stokes Hamee type drug mill. The
.mlwim, after addition of 15 mugnesiunm stearate, was
ecompresses into tablets using the Stokes rotary machine
with 3/87 punches and dle,

The sodium bicarbomate and mint tablets were prepared
similarly with the preceding except for two modifications:
0.08% o1l of pepperamint was incorporated by spraying the

~ granuletion with an alecholie solution prior to the addition

of the magnesium stearate and considerably move foree was
used for compressing the tablets.

The sulfathiazole tablets were prepared by gramulating
7+67 pounds of sulfethiszele USP grade with 2.45 pounds of a
10f starch paste using the Coltom rotary wet gramulator,
After érylng for k hours at 60°%C., the gramles wers sooled
and ground %o a ne. 20 mesh., Ten per cent of staveh and 15
of magnesium stearate, by weight, were added to the
gramulation before compressing the tablets on & Colton
single punch teblet machine (type 3 BT) with 7/16" punches
and die, The machine was set up t0 compress tablets
welghing 8.9 grains.
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EXPER IMENGAL

| Four thousand of each of the following: sulfathiasole
tablets, aspirin tablets and sodium blearbonate tablets;
and 500 sodium bicarbomate and mint tablets were welghed
individually on & projeetien type anelyticel balance., The
heights of approximately (See Table X) 12% of the total of
the nusbers above were measured with & aicrometer oaliper)
spproximately 124 of the total number were tested for
Strong Cobb hardness; end approximately 20% were disinte~
 greted by various methods, In the selection of a tablel
to be measured, or tested, o simple saupling procedure was
followed, whereby, the same set of circumstances essential
te drawing & random semple existed throughout the whole
series of drawings.

After each tablet wes weighed, 1t was placed in one
of a consecutive series of labelled, stoppered bottles
sceording to the welght of the tablet. Iach bottle
represented a 5§ mg. differentisl and contained tablets,
therefore, that were heavier by § mg, on the average than
the tablets in the preceding bottle and lighter by the
same amount than the tebletes ln the sucoceeding bottle.
This arrengement was followed in order to determine the
frequency of weights in sheh differential and plot the
frequency distribution, Another purpose of the progressive
arrangement of the tablets by welght was to enalie
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measurement of height, hardness dete and disintegration
deta to be collected for each group of tablets in the
series, The purpose of this was to deteramine the effeet
of weight devistion on these variables, and possibly, cther
eorrelations.

Sodium bisarbomate tablets wers disintegrated at
three different pH levels to study the possible effeet of
g en the rate of disintegration of these tablets.

e for Hardness "eterminaticon

A Strong Cobb hardness tester was used to determine
the hardness of the tablets and the values were expressed
in Strong Cobb units. Rao (9) has sketehed the apparatus
and deseribed the procedure. Nowever, becsuse of the large
wusher of tablets to be tested and the relatively smell
differences in hardpmess, medificstiom of the apparstus and
procedure was found t0 be necessary.

mstead of using the pump of the instrument to bulld

up poeumatio pressury, the pump was disconnected and the
instrument was connected to a compressedely line with a
needle valve slased between the twoe, A long handle was
attached to the valve and a stop was provided in order
thet the handle eould be swung guickly to the seme point
each time, The position of the step was so situated that
after the handle was brought agalinst 1t, the somprossed
aly flowed slowly and uniforamly from the lime imto the
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instrument. The time required for sufficlent pressure to
tuild up in the instrument varied from sbout 10 to 30 ov
more seconds depending upon the degres of hardnese of the
tablets.

It was possible to cbtaln very close approximmtions
with this arrengement and the utilization of the rider
tyre pointer, The rider pointer was foreed up cach time
by the bottom pointer, or index polnter, of the gauge as
the pressure in the eylinder inereased and, although the
index poimter dropped to the sero mark after sach tablet
broke, the rider pointer remained at the position on the
diel which indleated the smount of pressure thet had been
reguired to break the tablet,

By using this errangement, the operation was fairly
woll standardized and, In view of the large number of
tablets tested, 1t wae far less arduous than would have
been the case with the ummodifiad proesdure., Another
advantage involved the faet that the slow flow of aly
into the hardness t cster orevented the rider pointer, the
position of shich indleated the degree of hardness on the
é1sl, from being houneed to & higher position by the recoll
of the bottom or genge indleator after & tablet broke. The
jatter oscurred when alr was intwoduced falrly wapidly. I
 this factor of the index pointer recoiling snd bumping the
rider pointer had been dlsregarded, 1t 1s doubtful In the
ease of the softer tablets, partioularly the asodiun
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biecarbonate tablets, 1f reproduelble data would have been
cbtalned, since the differences in hardness between the
varicus welght groups were relatively srall.

It wes necesasry to explore ¢ number
determining retes of disintegration befors sufflslently
gensitive ones, emebling reproducible data to be obtsined,
were discovered. This was to be expscted simce the
veriations in weight and hardness of the tablets were
relatively smell and It followed that the effeet of these
variables on the rete of dlsintegration would be propore
tionslly small, Several methods were eventually devised
and found to give indlestive resulis bubt one was sought
which could be simply standerdiged snd involve an ayparatus
and procedure sultable for disintegretion tests on &ll the
tablete studied, This was ultimately aceomplished,

The first method tried was essentislly the wethod
of the USP with a fow minor shanges, (10} The resulbs,
gee Table VI, obtainsd indieated plainly thet the methed
wae not sdaptable for qualitative or quantitative atudles
on dlsintegration retes of tablets menufactured sz these
wers. The method has heen used susoessfully where the.
difference in the compressicpal foroe applied to tablets
was 500 or more Me}m Put, when the sompresslonnl foroe
variss only slightly, as ia the case when tablels are




10,
eompressed as these were on an industrial type tablet
machine with mechaniesl regularity, the USP procedure is
sultable only as & limit test.

The rapid rete of disintegration of the sspirin
tablets made it imposeible to conclude anything exocert
the fact that they hed disintegrated when the USP method
was used, Put with a method employing & statiomary,
vertieal tube and water highly reprodusible results were
obtained, to the extent that it was found posaible to
distinguish between two proups of nine tablets each,
differing in weight by 10 mg., simply on the basis of a
somparison of the different rates of disintegretiom, The
possibility of prejfudieiel errors in the preceding wes
obviated by concealing the weights of the tablets from the
operator until they were disintegrated. f%he procedure
merely involved the dropping of the tablet into the column
of water in the tube with ome hand and the simltanecus
starting of the timing devies with the other handj and,
when disintegration was complete, the stopping of the
timing device, The tube was 1.2 oms in diamebter and had
an effective length of 57.5 ome See Table VI and Figure 2.

Another method, used for the disintegretion of some
of the sulfa tablets end sodium bilearbonate tablets, here
 invelved the following equipment and procedure. 4 glass
tube, stoppered at both ends, with an effective length of
130 oms and & dlameter of 1.7 om., was filled with water
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exeept for 1.9 om. The latter alr space was responsible
for & bubble coursing up through the column of water,
striking the tablet and, thereby, alding dlasintegration
each time the tube was lnwerted. The tube was fastoned
st the mid-point with a swivel type clamp to a fixed,
vertical iren bar in order thet the tube could be inverted
ecach tims the partially disintegrated tablet settled to
the bottom, until disintegration was complete,

The date obtalned by this mthod were reproducible
and appeared indleative, as shown in Tables VII and VIIL.
However, since the tempsrature was not held exaectly constant,
the results were not used as a basis for the conclusions
drevm in this paper, The effect of temperature cn the rate
of disintegration was determined only for the aspirin
tablets and is shown in Flgure 2. '

Yhe method which was eventually devised to meet the
previcusly stated requirements of ready stendardization
and adaptability for disintegrating all the tablets
studied, invelved the following, The apparatus conslsted
essentially of a 20L Pyrex glass jar to hold the disinte-
gration fluld (weter), an electric heating element to
maintain the temperature of the water at 37°C., an electric
motor, rheostats for sultable speed reduction of the motor
and regulation of the heating e¢lement and, & tube-basked
‘assembly shich wes attached to the shaft at & distence of
approximately 2.5 em. from the wotor.
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The tube~basket assembly comsisted of a rubber
stoppered glase tube, with an elffective length of T.0 em.
and 8 dlameter of 2,15 em,, provided with a round opening,
approximately 2 om. in diameter, closely adjecent to the
stoppered end. The rubber stopper had & eingle, csntric hole
by meens of which the proximal end of the tube~basket wns
tightly fitted to the shaft of the motor. A eireulsr 10-mesh
wire cloth basket was secured snugly around the distel end of
the tube 1n such a fashion as to sllow the mesh basket to
extend 2.5 am, below the end of the tube and 3.5 em, below
the surface of the water im the glass jar., UThe portion of
the basket that protruded below the tubs was the functiomal
part of the spparatus,

The following procedure wes used with this appareins,
The speed of the motor was adjusted to 520 r.p.m, for the
sulfathiasole tablets end sodium bicarbonate tablets and
172 r.p.m. for the aspirin tablets, sinee these rates leod to
good reprodueibility, The adjustments were made with the
vheostat and the use of ¢ tachometer., The motor was not
stopped each time & tablet was to be disintegrated, sinee it
was conveniently possible to reduce the speed to about 1 r.p.m.
by pressure of a finger agsinst the shaft., The tablet to be
disintegrated was inserted through the opening in the side of
the tube~basket assembly with one hend and the Mm device
was started simmltansously witht he other hand, Disintegration
was consldered comiete after the last fragment of the tablet
hed been lampelled through the sereen.
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4s a 1imit test for the vete of disintegration the
previous method offers ne advantage over the USFP procedure
since preciseness would mot be Indicated in this type of
doteraivation., Its prineiple advanteges in this experiment
was the faet 1t prooved to be 2 method whersby reprcdueible,
indlontive data gould be obtained on tsblebts that differed
only slightly with respest to weight, hardness and rate of
dintntegration. The USP method is suitable for obtsining
simllar data enly where differences in compressional Toree,
hardness and rate of disintegration ave relatively large.

Some of the ressons vhy the methoed devised in this
exveriment s move sensitive besome ovident whem & scmparison
is made between the ecssentieal features of sach procedure, In
the USP procedure the heskeb-rack must be withdrewn from the
bath in order to place & tablet in esch tube and ¢Ifflculty
wag experienced inm wetting Che tablets, since the basket~
rack and tablets had to be returned slowly to the bath in
order to avold splashing, On the other hemd In the method
developed here the tube and basket need not be withdrswn
from the bath sinee the tablet 18 inserted through the
opening in the side of the tube and drops te the botiom.
The momentum of the falling tablet plunges it into the water
and, conseQuently, facilitates rarld wetting mge;;;;m
sterting of the timing device, This s in dirsct contpast
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to the slower wettiung and lmwersion of the tablets in the
USP method; with the resulting variation or ervor caused by
not starting the timing deviee until all the bablets ave
sufficlently wetted to be Luamersed, even though one or
several of the tablets begin to disintegrate in the inter-
‘yening time.

The revolving basket arrangewelt has & cenirifugal
action end the vesultant force tends to impel the granuies
of the disintegrating tablet cutward from the center of
rotation through the mesh, whereas in the USF procedure,
gravity is largely relied on o cuuse the granules o pEss
through the wesh, Freguently, in the use of the Us P procedure,
goveral gramales of epparent squal dimensions weve observed
to require vastly aifferent pericds of tise to drvep through
the wesh, apparently for the following reascnst adherence to
the wive of the mesh, or the leng dimensicn of the grimle
happened to be perpendlouler to the mesh, thereby emablling
it to pass through, wherees ancther gramle would sesulngly
fail to drop through the mesh only because its long dimension
happened to be horisontel to the mesh. These conditions were
not enmeountersd in the method developed send uved in this work.

In the ¢ steraination of ¢isintegration rates of tablets
prepaved without a éisinbegrating agent, L.e. sodlun
bioarbonate tablets, svlubilising of the principle imgredient
{s an {mportant fector in the disintegrating process. I
effest of scluticn is to cause the tablet to gradually become
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smalier and, at the same time, the solvent appesars bo
slovly peresate the tallet until meny smell perforgations
sre formed, The tablet fimslly breaks up iuto fragments of
gramule sise which pess thru the wire meeh, The method

 tavelving the volating baskst provided for move rupid

disvlsesment of the solvemt avound the tablet and, therelore,
quisksr solutliom and disintegration. ihe results indicated
good reprodusibility.

Caloulsiions involved the foliowing Tormale:
Ghteining the average or :wen value of a series of date:

Average ‘ﬁﬁé_i,

|, Where éenotes summtion of all the B values of the wariable
. X, vhere ¥ 1a the number of observaticme. Mean velues are

used s this paper unless othorulise steted.
The stoandard deviation was uvsed as & meeanre of
var'etion apd presislion,

Standard deviation = & ® J s (& §«l‘{*

. where the svevege 15 subtracted from the value f¢r essh

Individusl chsevvetion apé this ciffevense is squared, The

. sgvares eve thepn added s donoted by £ und this sum 1s divided

by H+l, one less ther the nusber of values used, Shen the
squers root of this guotient 1s the stendard deviesien,

‘ &*%mﬂmwmummﬁ%miw,mnw
a8 the devpsity and ¥ equals saus and b equals the height of
& tablet, Yhe Tormuls was used beswuse 1% inciudes the three



2lye
veriables in the formulas that would be used to determine
the geometric voluss of & cuseave tablet. The other values
tnvelved wore troatod as constants. Ib 15 actually @
mepeure of the tablet demslty multiplied by & coustant,
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DATA

The graphs were plotted {rom the values in Tables
I = VI and are arrenged as follows for convenience of
discussion, 7The values used are mwan values, unless
indlcated otherwise.
1. Pigure 1: Veight variance vs. disintegration time of
agpirin tablets using rotating tube~basket at 172 r.p.ms
and at 37°C.
2, Flgure 2: Velight verience vs, disintegration time of
aspirin tablets using staticmary, vertical tube at 35°,,
alse at 24,8%.
3. Pigure 3: Velght variance vs, disintegration time of
sodium bloarbonate tablets at three different pil levels.
The rotating tube-basket was used at 37°C. and 520 y.p.me
he ¥igure Lt Velght verisnece vs, disintegration time of
sodium blearbonate and mint tablets at two different pi
levels and the same conditions as in preceding figuve.
5. Plgure S: VWelght variance ve, dlsintegration time of
mlfnmuwh tablets with the rotating tube~basket at
520 r.p.m. and at 37°C.
6. Filgures 6~9: Velght variance vs. hardness of the
tablets, "S~C units” are used as an abbreviation for
"strong-Cobb units .
7. FPigures 10=13t Welght variance ws, height of the tablets.
8s Pigures 1L~161 Welight variance ve. the guotient of
weight over height, The guotlient of welght over height is
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used as a measure of the approximate density.
9, Pigures 17-19t Freguensy of welight distribution surves
10, FPigure 20t Hapdness of aspirin tablets vs, disinte~
gration time by plotting the mean values for eash im Table I.
11, Figure 21: Hardness of aspirin tablets vs. welght over
height, as & measure of density, by using values in Table IL.
12, Pigure 22t Disintegration time of aspirin tablets vs.
welght over height utilising the data im Table I,

The tables are arranged as follows:

1. Tables I-VI: Contain values for the above plots.
2. Tables VII~VIII: Disintegration times for sodium
bloarbonate and mint tablets and sulfathiascle tablets using
a tube with vertical rotation,
3, Table Dt Total numbers of tablets measured and tested,
and referred to in the procedure as approximste percentage
amounts.
i« Tables X~-XI: Determination of the degree of reprodusi<
bility of the various methods used for disintegration times
of sulfethiagole tablets and aspirin tablets.
5, Table XII: Range of deviation and pereentage deviation
of 4,000 aspirin tablets, sodium bloarbonate tablets, and
sulfathiasole tablets, Standard deviatioms and the mean
weights are alse included for comparisons.
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Table VI. Disintegration times in seconds are given for
Wuﬁuﬂ ole tablets, Heoh mw Mmm & range

f t given plus @.. The times were
mm th thn modified UB wmm.
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Table VII. Disintegration times in seconds for sodium
blearbonste and ; tablets using tube and vertisal
rotation, Fach eolumn represents a range of the weight
given plus 0,005 gm.
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168 is2 irz 185 iTh 161
160 195 168 ige n 18

Median Value 155 1o | 166 184 160 8

Table VIII, Disintegration times in seconds for
sulfathiasole tablets with tube and vertlesl rotation.
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Height 570 g90 2715
Hardness 428 by Soe

Disinte~
gration 842 1121 588

Table TR, Totel numbers of tablets measured snd tested
and referred to eppreximutely as vercentage amounts in
the deseription of the gemeral experimental procedure.



: Square of Square of
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Table X, Use of the standard deviation as & mecsure of
~ precision of the methode used in auummwxa? sulfathiagzole
E tablets. The modified USP procedure was used disintegration
{ timss in the ﬂmm solummng the rotating vacket was ueed
- for those in the lefthand colum.
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DISCUSE ION OF RESULYS

The interpretaticn of the analyses of the physiecal
data on variables of the tablets is based on the premises
that the length of the compressional stroke is very nearly
gonstant and the variable, compressional force, W‘
with the variable, weight of the granulation in the die.
That the degree of foree, exerted during compression of the
tablets, is dependent upon the relative weight of gramulation
in the dte ean be readily somprehended, if ome visualises
the extreme situdtion where nothing is in the die. In the
latter instance there would be no foree or ressurs since
there is no opposing ferce distributed over the surfaces of
the punches and the die. That the machine feeds varyingly
is clearly evident from the data on the Irequency distridution

of the weights of the tablets. |

| Linear relationships with poslitive slopes are indicated
whepre the verious physieal properties of the teblets arve
plotted ageainst weight and each other. The inoresase of
compressionsl force with each successive welght inerement
causes concomitant imoreases in herdness, disintegration
time and density of the tablets. The form of the curves
indicates that these variables are linear functions of each
other at the levels of foree used with an industrial type
tablet mmchine.

The correlations found between compressional foree,
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hardness, density and, disintegration time agree quallitatively
with the results cbtained by Higuehi et al, holding
eompressional force constant.

The range and the standard deviation are used as
measures of welight varilatien, In & normml distribution one
standard deviation on each side of the arithmetiec mean
inecludes about two~thirds of the number of observations in an
entire distribution; two standard deviations similarly
measured off on each side inecludes about 95% of the
cbservations,

¥hen the frequency of welght distribution curves are
eharacterized by arithmetic means end standard deviatioms,
fairly elose sonformity to the normal frequency or probablility
ecurve is noted with an overall discrepancy of only about Li.
8ince there is no marked asymmetry or skewness of the curves,
it appears likely that varisbles, other than weight, ave also
normally distributed., The results are tabulated im Tables V and
XIT and i1llustrated graphlecally in Figures 17, 18 and 19,
’ In Table XII the variations in the weights of the
tablets are tabulated as follows: deviatiom yanges of 10, 20,
30, 4O and 50 mg. are listed with the percentage of the total
number of tablets that falls within each venge. The percentage
of deviation for each range and the weighted percentage
deviation for each total is also iisted.



See Tables X and XI for data and caleulstions, The
degree of uniformity or reproducibility is considered to be
inversely proportional to the megnitude of the standard
deviation.



R 65.
CONCLUS 1088

The results for all the tablets studied are qualita~
tively simllar and the following ecomclusions are dravm
aceordingly.

Although the length of the compressional stroke may be
held relatively comstant with production type tablet machines,
the varying feed causes variance in compressional force whiech,
in surn, influences such physical properties of compressed
tablets as, hardness, density and rate of disintegration,

A% the levels of foree invelved in the ecumpression of
these tablets, the variasbles of hardness, density, rate of
disintegration, welight and size are positively sloped, linear
functions of each other.

From the differences in hardness cbtained for tablets
varying in weight, 1t would seem justified to eonclude thet
there was an appreciable variation of compressional foree in
the process of menufacturing these tablets.

The elose conformity of ¢he frequency of weight
distribution curves to the norml fregueney or probability
eurve, indieatey the likelihood of variables, other than
weight, being normmlly distributed, also.

No correlation appears to exlst between the disintegration
properties of sodium bilcarbomate tablets and the three
different pH levels employed.
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