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'}" Ag 1g usual in articles concerning tablet stndies, this

may also bogin by pointing out that in the past tableting

hmmh secorpliched and improved only through empirlecal ape-

! v-,ua* Just how empirical some of these approaches have been
Qﬁlmatrmtad by the following statement concerning the degree

ﬂmuwruaﬂiwn needed to obtain a good hy wfawmza tablet (1)

] "The pellets can be easily made by

rmaciest having the necoess preuz
gﬁ% whaﬁiﬁ not be anmpraauaﬁ W ug %@a munh’

force (a tap with a 1igh poden

usually suffices), else the &e&uﬁiaﬂ# wi&l

not be rapidly enough obtained."
podermic tallets are no longer called soluble compressed
, and nelther are such blatantly empirical and unprecise
otions found in formulation procedures today, Yet this shows
taw vory enpirical a basis tableting has rested at one time,
ement in departing from empirical approaches has been
owe Rao (2) points out that, n, . .very few attempte at the
'Q“fmtianar the basgie factors influencing tablets have been
balven. a8 late as 1990," \
. 8ince 1950 the trend has boen toward the acquisition of
STvvamaﬁantitnﬁ$vn mespuroments in tablet studles, This
1s a report on part of this broad progran of study which
sed at studying and correlating both the statie and the
manic factors which enter into successful tablet formulation,
%j afacture, and utilisation, a&vwrai'artiamaa whiceh have
ply defined the problems and offered methods and data toward
» solution have appoared rocently (3,Mseees316417)¢
| A study and comparison of the value of potato starch and
Ii?ﬂwww acid as disintegrating agents in phemacetin, thyroid,




ftalls, barbital, and phenobarbital tablets has boen pre
;i‘ : mmm (5)s In the present investization a study of
r;_ geid form of carboxymethyleellulose and of corn starch
| been undertaken, Sulfathiasole tablets have boon made at
}ﬂf us eompressional foree levels and with various anounts of
reh as the disinterrant for some —
" lose as the digintegrating agent {for others, The @MWMW
h detornine the ‘affects of disintegrant concentration on
J t disintogration time and hardness when the tablets were
id at different known compressional forces.

m Mmmmny available forn of carboxymethyleellulose
8 sodiun salt and is designated CHMCy The material used in
study 1s the free acid form made by replacing the m1m
m& hydrogen atoms, This produect will be henceforth
fgnated CICA in this manuseript, “
f?,mmﬁm studies o the toxicity of CMC have been made by
h and Steudel (18), Brown and Houghton (19), Werle (20),
(21), Shelanski and Clark (22), and Rowe, Spencer, Adans,
ish (23)s Yo toxlcity was observed when CMC was given orally
d to various twﬁ animals and human beingss The product
B not attacted ‘hy any of the digestive Julces and appeared
pntitatively and unchanged in the fecess Hueper (24) has
toxlcity vhen CMC was injected




m martiw and gﬁwpm%m of CHCA as a wator dise
m powder have boen previously described (25)s The
i of proparation used here was modified only in the 1m
3 proceduro.

. The OMC used was that of the Hercules Powder Company

zton, Delm¢ Tt was Prenium Low Viscosity=-Type 70.
Mﬁtim wag ion mehmgm as follows:

,‘; Bight 4000 ce, Erlonmeyer flasks formed a series of resin

gy Tach flask contained 1 Kgs of tho sulfonic acid eation
hange resin, Arberlite IRe120 (26). The resin was charged
jding 300 ec, concentrated hydrochloric acld md 700 ces
1ed water to each flask with periodie shaking over a period
al hours, Then the NC1l solution was decanted and a series
ashin by decantation followed, Usmally at least six such
Mnps were nocessary before the decanted water showed no
‘\ ‘to litmms paper. Then sbout 3L. of the 2% CMC golution
m to flask #1, shaken pericdically for 1920 minutes,
 4nteo #2 after the resin mn:.ea, where the process was

eated, serially until the mtwial had been transferred through
mm flasi:se About 10L, was run through the series before
ﬁwxa wore recharped and washed,

m CHCA solution obtained was then spray dried hsr atorizing
m a mﬂsz. chamber of a Bowen Spray Drier (27). A white
Ty wry girilar to cornstareh in appearance wvas produced,
m @m gtarenh used in this study was a food grade Argo

': g

7 mﬁm&lq



m mmmmm rur the stareh forrmlations was made by

} 30 Gm, of 107 starch paste to each 97 Gm, of sulfathiazole
rg. XIII Powder, Mallinckrodt)s The mized mass was then

i through a 10 mesh stainless steel wire sieve, and the
miting granules were dried at %5°C, for four hours. The

od granules wore then pushed through a #20 mesh sieve and
Jected on a 60 mesh sieves The granules used to make tablets

those which pagsed through the former but which were too

to pass through the latter, These granules, now containing
mﬁ'ath&amlm eonstituted the master granulation, Portions

: were used to make seven other granulatiens simply by mixing

_‘: proper amounts of dry stareh powder to get gr

gsion containing 17, 2¢, 4, 87, 157, 307, and 607 of dry

amles for COle

The mtwﬁi for conmpression containing CHCA was nmade by

¢ the CHCA to the sulfathiazole powder, mixing, adding starch
with gome additional water, grawulating, and d!'m* Granule
"«m standardized with #20 and 60 mesh sieves also. The
aration of the six mmmmmm.a granulmmm is

rizod in Table I.

Mmlm 96 951 93.1 89,2
mm mﬁtﬁi :

j‘f g, RN nges taens R L
ditional Vater, "



ne slightly
, seomed te have been caused
by an mwwmmm protracted drying time or by a slighte
s8ive drying temperature, Those granulations amm very
m sulfathiazole granulations employing dry stareh
P as dlgintegrant and six amplmng CHCA as the ﬂismmgmt
W for compression into tablets, Portions of ﬂa
m weighed and eonpressed into tablets one by m& using a
3}3 ineh m@z die set and a mechanical lever nachine
mely ﬂamﬁ,m (33* The ten compressional forces used were
{ “**‘-‘“’* 1500, 2000, 2500, 3000, %ooO, 000, 6500, and BOOO
} por tablet, Tach of the thirtoen gramuletions was come
mm tablets at these respective foree levels. Twenty
te from each of the ntmhwml:‘m%xmmu granulations and
3 tablets from each of the CHCAwsulfathinszole granwlations
mahm at each foree level, The tablets were stored in
tap vials with cotton pluge below and above thems The
Ifathiazole tablots containing the dry stareh vere sixty days
m subjected to disintegration and hardness testss those
: g CHCA were two days old vhen those deterninations vere
_ Hialf of each separate group of tablets was used for the
'g‘taagrmgm time deterninations and half for the hardness tests,
:“‘ " W
. Tablet hardness was determined with a pnoumatic tablet

\

l



8 'wm developed by Streng, Cobb Co,, Ine. This tester

1 previously mentioned and deseribed (h,:m)* Its recording
W callbrated with & compression tank and sam, and the

" ng- m—mm& line plot is showm in Pigure 47, Por each

_ M&atﬁ was essentlally that of the U,8.P. XIV (29) with
1 mumumﬁ The basket raclk contained four compartmen

ead of the six recommended in the U,8,P, A 20L, Pyrex gmsa
t was used to hold the digintegration fluid (water), and the
erature of the water was maintained at 37°C, by an electrically
1led heater and thermoregulator, The basket rack was

ghed by a cord to a variable speed motor which raised and

d the submerged assenbly through aporoxirately a 5 eme range
wone times o minute, A tablet was considered disintegrated '
m of its fragments passed through the #8 mes: sereen floor
4ts compartment in the basket raek, Disintegration times vere
- led in seconds, :




e

DATA
fhe resulis of the disintegration time and hardness tests
tabulated in Tables II, III, IV, and V, The median values
he ones shown in these tables, Median values are used
use the numver of tablets in ocach group tosted was so emall
y occasional widely variant value encountered would affect
gan value to an extent not commensurate with its own
eance, ' "
4 ilte are alw shown graphically in Pigures 150, The
?au used were chosen after an inspection of a previously
fv' od investigation (¥)s The graphs may be divided as follows
woups for purposes of explanation.
Mm&m 1.6t The logarithm of Msin%mtim tine vs.
pressional force at each percentage of starch used as
begrant,
% Flpures 7=12: The logarithm of disintegration time vs.
X mm force at each percentage of CHMCA used as
3. Figures 13-22: The logarithm of disintogration time vse
A, Mgammm of the percentage of starch used as ammwmt
, each r‘cmm lovel used, .
b, Pigures 23-32: The logarithm of disintegration time vs.
mmtm of the percontage of CHCA used as d.inmmgmm at
ach forco level used,
' 5', Pigures 33-38: The hardness vs. the mggmm of the
ompressional force at each percentage of stareh used as dis-
ﬁmtg
64 Tigures 30-44: The hardness vs. the lagmitm of the




&mﬁ. foree at oach percentage of CMCA used as disintegrant.
1;; Pigure 45: Strong, Cobb hardness tester readings vss
yressed alr goupge readings.

b & Figure 46: A plot of disintegration time vs, compressional
ge for b CICA tablets.
9, Figures 47-50: Sumary graphs coubining where possible
mres 1-4% in aporopriate groups.

m;m of Mgures 14k are plotted logarithmically with
eurves or stralght lines because the maxmin exemplified in
e 46 are not completely signifieant statistically because of

‘M"‘,,J‘tf Wrag -
he probable error of the mean in a series of n measures

B2y 83, sessty, vhere m s the mean is given by the expression

g*’%ﬁ%g RO . .

3 he following approximate equation is a convenient forn
E m 0.,8453

_ hel , where 24 mw&mta
mm@uemm sun of t&w deviations, s

. The probable errors figured for this data on the basis of

MMM (not tadmlated) had values between 2-157, Since

A values vere nm for the tables and graphs, the errors

1 be Iua thm the ealenlated errore because mam divergent

L) t;; are elininated by using median values, Hence the maxmin

'. in Pigure 46) essentially lose thelr significance.

. The tables and graphs follow. |

AP
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CoMPRES STONAL % Dry StaccuInTag

oes - 34 8 jE 30
500 [78]40]33]10]1¢ o]
{000 di5|/04|56]134118 13
(500  |434]19|i31 |45 23] 1L
1 000 897(3431153149 |19 |1
4500 ﬁ:4oc 575(143]4§ [42] 11
3000 3197|7516 |35 ] 18 | 14
4000 lusfias|307|40]dd] 13
5000 3950 4|70 41 | I8 | 14
6500 |oae|sas|io7 24| 14|14
Booo  Jiosodfies7| 95|19 {15 14|

Table II. Disintegration times (median values) in
- seconds are shown at various'cOmpressional forces

"with varied concentrations of starch in tablets.

J \
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R

C o MPRESSIONAL | % C MC Ac. InTAB
Foree i ok 8 5
| 500 |¢|54[48|36 nm
1000 |aca|in]eaf4a|3afis
[ 1500 |7a|ieal7al41]35] 15
d000  f0do|358]i38|4L 47|17
3500  |(9g]461|155|55]45 |30
3000 lissaes| 7| 44|49]23 |
000 |aigi{esof195]¢2 [83]48
5000  [seboladg|as |8l |7a] 3
6500 ]lmoom 80| 8l =
R000  f4omda4|8l fﬁ:x 98|34

seconds are shown

~ Table III. Disintegration times (median values) in

at various compressional forces

with varied concentrations of CMCA in tablets.
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—E—'MPRESSIWE 7 DRy StarenInTag i
Foree [ 3 & 8§ s 3

| soo [3o[asfas]aofis]o
JOOO  |6.3]|6d]|54|45]38]06

I I500 - |/09]1.9 |/0d|l03]|6.0}/.L
| J 000 B354 1T 92|
31500  [I55]153]140]i50{/05]43

- 3000 182|134 157|175 |136 | 5.0
4000 |i57{181]/68]d08172 |74
5000  I74|307[173|334 165|797
6500 [174]317|d38]983) 193] 8.
8000 173 371305 .13.ll:H.o 18

Table IV. Hardness in Strong-Cobb units (median

values) are shown at various compressional forces

with'varied concentrations of starch in tablets,
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* CoMPRESSTONAL Z CMC Ac. InTae
Ty | 3 4 8 I5 30
500 39|30(38]|3.6]d3]|d3
|000 80|80|80]64|63]|54

[ 1500 |87|nalias]73]480]
1000 [44]15.5]14.3]134]154{13.0
2500 |6 |i7i|i4s|173]188] 118

3000  |318]|334]d46|16.8]19.6|I70
4000 1310]41.5)16.0|34.5| 375188

|  5000. [(93|dei|i87| 247|263 1o

[ 6500 43| 4711334{d3.0] 60| d04

: 8000 jﬁuiao 606300 dad

' Table V. Hardness in Strong-Cobb units (medien .

values) are shown at various compressional forces

with varied concentrations of CMCA in tablets.
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DIBCUSSION OF RESULTS

The graphs may be conveniently grouped as follows for
purposes of diseussion: _ '

l. TFigures l=12: Observation of the log disintegration
tinme vs. compressional force graphs indicates ineroansed dis-
integration time as the compressional force used to make the
tablets 1s inereased. In some aaaaé, especially with 8¢ stareh
(Figure %) and 4 CMCA (Pigure 9), the curves descend after
rising showing that the dlsintegration times at 8000 pounds
foree wore approximately equal to those at %00 pounds
are seen to lie bhotween 1700 and HOOO pounds force, For 3ﬂ§
starch the times are so short that a straight line with only a
very slight upward slope can be drawn, |

2« FPlpures 13«22: Obgervation of the lop disintegration
time ve. log percent starch graphs inﬁiam@aa strietly minaar
relationshing of these coordinates in %ha lowver comp
force range, the disintegration times deecreasing graatly as the

pereentage of starch ig inereaseds The relationships as the
corpressional forces are inereased from 3000 toward 8000 pounds
are still nearly linear, and the curves rise steoply as did the
straight lines, :

3+ Pigures 23-32: The lines relaiing the log percent of
CHCA teo the log disintegration time are not nearly as straight as
© with the stareh group just mentloned above. The time of dis-
integration decrosses greatly as the percentage of CHCA increnses,
yet here there is a tapering or leveling off as the CHCA cone
centration in the tablets reaches 8, 19, and 309, Pigures 2429
11lustrate this well. As the compressionil forees are imereased



to the 70008000 range, there is little difference between the
disintegration timee of the tablets containing &, 8, 1%, and 30¢
CMCAs Pigures 30«32 bear this out, |

4, Mpgures 33-38: The relationships found between hard-
ness and the log of ecompressional force are the following: Ilarde
nese inereases lineerly and quite rapidly with an increase in

foree with starch concentrations of 1k, As the concentration
of stareh reaches 87 and 157, leveling off is noted, This 1s
best exenpliried by Pigure 38 (307 starch) where hardness inere:

vory 1ittle with an inerense in compressional foreces This is to be
expected sinece the larpe preportion of dry starch pewder causes
the poor compressibility,

Y. Mpures 3%0-h%: These eurves are sinilar to those
mentioned above except thet the leveling off is not noted. All
the curves are linear or ﬁmﬂy gos Since CHCA was gramulated with
the mlfaimmmm sowdor and was not added as a powder after
granulation, compressibility and hence hardness was malntained
 throughout, even at the 307 concentration,

6. Tigures 47-70: Figures 47 and 48 coubine Figures le6
and 7«12, respectively. As m arount of disintegrant increases,
disginterration tines bhecome shorter through the Mcslﬁ rmgé of
ecompressional ferees, The graphs also illustrate this effect
at any particular eompressional foree if read vertically., At
a concentration of 30f disintegrant it 1s observed that disw
integration time is essentially unaffected by compressional
foree, all the tablets having the sane time of dlisintegration,
Piguros 49 and 50 covbine Figures 33-38 and 39«44, respectively.

As conpressional foree inereases, hardness inereases at each




‘ ' =5
. disintegrant concentrations With the exception of the very soft

tablets eontaining 307 stareh, it 1s observed that hardness ine
croases independently of the amount of disintegrant present and
1g a funetion only of the compressional force,

7, Pigure 46: The graph of disintegration tine Voe COUm
pressional force of sulfathiazole tablets containing L CHCA
18 shown only to call attention to the fact that a regular pattern
was formed as the series of disintegration time Vae force graphs
were plotted monlogaritimically, For this graph two additional
points at 3700 and H500 r ounds were determined, The other graphe
in the series (not shown here) varied from essentially straight
1ines %o curves with one or two maxima; the graph shown exenplifies
the latter, Further investigation and analysis 1s needed before |
any postulations or conciusions are warranted here.

The granulation eontaining 60F dry stareh was not found
amenable to compression into tablets even with high corpres |
forees,




CONCLUSIONS
This study indicates that CHMCA compares favorably to
'utarch ae a disintegrating agent; the one causing faster tablet
digintegration than the other in some instances and viece versa,
as may be noted by comparing the data of Tables II and III,
| CHCA alse has three distinet advantages over starch:

1. CYCA-sulfathiazole gramulation drying times are much
ghorter, The CICA grannlations were dry in two hours vhereas the
starchegulfathiazole granulation was not found to be dry after this
yﬁwind of tine, ;

5, CNCA can be mixed with other powders in the tablet formue
lation befere the binding peste is added, Sinee the disintegrant
does not hmvé‘ﬁa bo added after the gramulation process, an extra
weighing and nixing step in the tablet manufacturing procedure is
elininated, ‘ : _

3. Sulfathiazole tablets employing CMCA as disintegrant and |
prepared at a given compressional force are harder than the
eorrespending tablets employing starch as disintegrant, Iuch of
this inereased hardness 1s no doubt due to the fact that no extra
"fines" are added sinee CHMCA is granulatoed with the other ingrow
dientis, ;

The long-standing empirical observatlons that tablets become
Saraaw ag the compressional forces nsed to make then are increased
“and that disintegration times become shorier as the amount of
digintegrant is inereased, have been abundantly verified.

As the eoncentration of disintegrant approaches 307, it is
observed that disintegration time 1s essentially unaffected by
compressional force, all the tablets having the same diﬁznkagfaﬁiﬁn




he data hore presented may also have value as a basis for
predicting at least qualitative effects to be exnected when the

' vwmmw of eorprossional foree and anount of digintegrant are

changed, Other compounds may be studied sinilarly to deternine
if the conclusions drawn from this investigation are generally
applicable. ‘

nventually exact knowledge of all statie and dynanie factors
concerning and affecting tablets ray be found, Then tableting
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