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Effect of Intragranular and Extragranular
Disintegrating Agents on Particle Size of

Disintegrated Tablets

E. SHOTTON * and G. S. LEONARD *

Abstract O Five materials were compared for their effectiveness
as disintegrating agents: maize starch, sodium calcium alginate, alginic
acid, microcrystalline cellulose, and a colloidal aluminum silicate. The
effect of the proportion of the agent present and the position with
respect to the granule, intra- and extragranular, was examined. The
extragranular formulations disintegrated much more rapidly than
the intragranular ones, but the latter gave a much finer dispersion of
particles. A combination of intra- and extragranular disintegrating
agents gave the best compromise; of those tested, the alginates ap-
peared to effect the breakdown to the smallest particles when placed
intragranularly. A method of assessing the effectiveness of disinte-
grating agents for uncoated tablets is suggested, but the resulting
weight mean particle size is the more important criterion for tablets
complying with a pharmacopoeial disintegration test. The porosity
and crushing strength of tablets are useful as guides to disintegration
only when a given formulation is used.

Keyphrases O Disintegrating agents—intra- and extragranular,
effect on particle size of disintegrated tablets 0 Particle size—dis-
integrated tablets, effect of intra- and extragranular disintegrating
agents O Tablets—effect of intra- and extragranular disintegrating
agents on particle size O Dosage forms—tablets, effect of intra- and
extragranular disintegrating agents on particle size

The disintegration test described in the British
Pharmacopoeia ensures that the tablet will break down
to pass a 1.70-mm sieve aperture. This size is larger than
the granule size used for most tablets and has been
criticized (1). A few attempts have been made to assess
the particle sizes formed on disintegration.

A nest of three sieves with apertures of 0.81, 0.54, and
0.27 mm was used in the USP disintegration test ap-
paratus instead of the tube described (2). An automated
particle counter! was used to determine particle-size
frequencies for tablets prepared from aspirin and starch
mixtures (3). Sandell (4) used a method similar to that
of Sanders (2), but the sieves had apertures of 0.1,.0.5,
and 2.0 mm.
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Previous work on the sizing of the disintegrant has
been reviewed (5). To obtain rapid dissolution, disin-
tegration should release drug as near as possible to its
original particle size.

EXPERIMENTAL

Materials—Sulfadiazine BP was used as the active drug. The
solubility was determined as 14.4 mg in 100 ml of water at 37°, and
the density was 1.505 g/ml at 21°.

The size distribution of the sulfadiazine powder was determined
using an automated particle counter? with 0.9% (w/v) solution of so-
dium chloride saturated with sulfadiazine as the electrolyte. The
average mean weight diameter was approximately 9 um (6).

The following disintegrating agents were used: maize starch BP,
microcrystalline cellulose2, sodium calcium alginate?, alginic acid, and
a synthetic colloidal aluminum silicate?. Povidone was used as a binder
to form the granules.

Preparation—Wet granulation was accomplished by moistening
sulfadiazine with a sufficient quantity of 10% povidone solution to
give a final content of 3% (w/w) followed by additional distilled water.
The moistened mass was pushed through a granulator®, the granules
were then dried, and a sieve fraction of 355-500-um particles was used.
Extragranular agents were added to the dried granules.

Intragranular disintegrating agents were mixed with the sulfadi-
azine powder before granulating with the povidone solution.

Granulation by precompression was used only for the sodium cal-
cium alginate, since this method was recommended by the suppliers.
One gram of the mixed powders was compressed in a 15.35-mm di-
ameter die to form a weak tablet. Such tablets were then broken to
form granules, and a 355-500-um fraction was selected. Before pre-
compression, povidone powder (3%) was incorporated in one batch
of powder but not in a second batch. The tablets produced from these
granules were thus comparable with the intragranular tablets con-
taining sodium calcium alginate from the wet granulation method.

The proportions of these agents are shown in Table I.

1 Coulter.

2 Avicel PH.

3 Alginate F417, Alginate Industries Ltd.
4 Laponite CP, Laporte Industries Ltd.

5 FErweka F.A.G.
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Table III—Disintegration Factors for Some Disintegrating Agentsa

Mean
Disintegrating Agent, % and Siting Disintegration Disintegration Particle
Factor Time, sec Size, um

Starch 10e 161 30 181
Starch 5i and 5e 131 79 84
Alginic acid 8i 117 156 48
Colloidal aluminum silicate 8e 103 57 149
Starch 10i 89 212 46
Microcrystalline cellulose 201 and 10e 75 98 118
Sodium calcium alginate 8e 39 84 267
Sodium calcium alginate 8i 39 1258 18
Alginic acid 8e 36 97 253
Sodium calcium alginate 4e 32 93 292
Sodium calcium alginate 4iS 30 59 500
Alginic acid 4i 28 243 127
Starch 5e 28 106 295
Colloidal aluminum silicate 4e 25 151 233
Sodium calcium alginate 4iSP 24 75 478
Sodium calcium alginate 4i 23 1490 26
Microcrystalline cellulose 10i and 10e 21 184 222
Alginic acid 4e 18 195 255
Microcrystalline cellulose 20i 15 331 182
Microcrystalline cellulose 20e 4 550 322
Starch 51 3 748 372
Microcrystalline cellulose 10i 0.9 2959 428
Microcrystalline cellulose 10e 0.8 2659 425

4 All tablets were prepared from granules 355—-500 um and were compressed at approximately 1000 kg. Key: i = intragranular, wet granula-
tion; e = extragranular, wet granulation; S = granulation by precompression without povidone;and SP = granulation by precompression with

povidone.

Compression of the granules was carried out on a single-punch,
hand-driven tablet machine with both top and bottom punches in-
strumented with strain gauges. The die wall and punch faces were
dusted lightly with magnesium stearate as a lubricant, the excess being
wiped away with a paper tissue. A total dry weight of granules of 500
+ 5 mg was hand filled into the die for each compression, and 12
tablets were prepared from each granulation. The flat-faced punches
used for the final tablet were 12 mm in diameter, and the machine was
driven at a rate equivalent to 20 compression cycles/min.

A series of experiments in which the applied force was kept roughly
constant at 1000 kg was carried out using a sieve fraction of the
granules with a diameter in the 355-500-um range.

Tablet Crushing Strength—A diametral crushing strength tester,
as described by Shotton and Ganderton (7) and modified by Leonard
(8), was used to determine the force applied diametrically to break
the tablets. The results given in this report are the mean figures from
five tablets.

Disintegration Time—The method described in the British
Pharmacopoeia was used; the five tablets were timed individually.
The internal diameter of the reservoir tube was 44 mm, and the
aqueous medium was 0.9% sodium chloride saturated with sulfadi-
azine. This medium was chosen to act as the electrolyte in the counter
and to prevent dissolution of the sulfadiazine particles. A guided disk
was not used.

For very slowly disintegrating tablets, the test was stopped after
1 hr.

Size Analysis of Disintegrated Tablets—The suspensions from
three of the five tablets, which had intermediate disintegration times,
were passed through a nest of 3.8-cm diameter sieves with the fol-
lowing apertures: 1400, 1000, 710, 500, 355, 250, 180, 125, 90, and 75
um. The apparatus was described previously (6).

The liquid, with particles less than 75 um, was collected in a flask,
and the particles in a sample of 0.5 ml were sized with an automated
particle counter using a 200-um diameter sampling tube. The wide
range of particle sizes imposed limitations on the orifice size of the
counting tube that could be used with the counter. In addition, to
count the high proportion of particles present below 20 um would
involve considerable dilution. Further stirring and dilution would
break down more aggregates above 20 um. Therefore, in each case,
the particles below 20 um were assumed to be the original sulfadiazine
powder with a mean particle size of 9 um (6). This value was used in
calculating the mean size of particles obtained from the disintegrated
tablet (Tables I-III) to give comparative values.

Tablet Porosity—The mass, diameter, and thickness of the tablets
were measured before subjecting them to further tests, and the po-
rosity was calculated from these values. The volume of the powder
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used was obtained from the mass and density of each constituent
present, and the porosity was the difference between this value and
the volume of the tablet. The porosity is expressed as a percentage
of the tablet volume.

RESULTS

The porosity of the tablets from all wet granulation formulations
was within 17 + 1%, except for 2.5 and 5.0% extragranular starch which
was between 14.5 and 15.5%. Tablets prepared from granules formed
by precompression were between 15 and 16.3% porosity (Table I).

The crushing strength, the time taken for the tablets to disintegrate,
and the mean particle size of the disintegrated tablets are also given
in Table I for disintegrants incorporated both intra- and extragran-
ularly. Table II gives the mean disintegration time, crushing force,
and particle size for tablets containing maize starch and compressed
at four pressure levels.

Esxamples of particle-size distributions obtained from disintegrated
tablets, from which the mean size was calculated, are given in Fig. 1
for sodium calcium alginate; similar curves for maize starch and the
sulfadiazine powder were published previously (6).

DISCUSSION

The disintegration of oral tablets in the GI tract is desired to fa-
cilitate the dissolution of the drug and thus its absorption. The ef-
fectiveness of a disintegrating agent could be assessed based on the
time taken for the wet tablet to break up and on the size of the re-
covered particles. The size of the disintegrated particles should be
compared with the particle size of the original powdered drug. The
effect of the proportion of the disintegration agent on the disinte-
gration time is well known, and this work examines the effect of the
position, intra- and extragranular, and concentration of the agent
upon the particle size of the disintegrated tablets. Previous work (6)
showed the effect of 2.5, 5.0, and 10% maize starch upon the disinte-
gration time and the recovered mean particle size of sulfadiazine
tablets, and some results are included for comparison with the other
disintegrating agents.

A more rapid disintegration of the tablets was found at all con-
centrations with extragranular agents than with intragranular agents
(Fig. 2). This result may be explained by the local concentrations of
these substanees around the granules. Hydrophilic channels are
formed which are rapidly penetrated by water, as shown by placing
a drop of dilute iodine solution on the tablet (6). With tablets having
intragranular agents, the particles of the agent are isolated and sur-
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Figure 1—Effect of formulation and granulation on the particle-size
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(0). Open symbols represent extracellular agents; solid symbols
represent intragranular agents by wet granulation; half-open
symbols represent intragranular agents by precompression. Gran-
ules were 355-500 um, and applied compression force was 1000
kg.

rounded by sulfadiazine particles which are not so readily wetted.
Thus, although the porosities of comparable formulations are similar
(Table I), the disintegration times are very different.

Similar results were obtained at the four compression forces used,
as shown in Table II for maize starch as the disintegrating agent. From
Fig. 2, the most effective agent would appear to be extragranular maize
starch at the greater proportions, with alginic acid, colloidal aluminum
silicate, and sodium calcium alginate being slightly less effective. At
low concentrations, 1 and 2% sodium calcium alginate was superior
to the other agents used.

The crushing force required to break the tablets was affected very
little by the concentration of disintegrating agent placed intragran-
ularly. With extragranular agents, however, weaker tablets were
formed, which also contributed to the shorter disintegration time.

The disintegration patterns of the two formulation types were
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Figure 2—Effect of concentration of disintegrating agent on tablet
disintegration time. Key: ® O, sodium calcium alginate; m 0, alginic
acid,; ¢, colloidal aluminum silicate; and A A, maize starch. Open
symbols represent intragranular agents; solid symbols represent
extragranular agents. Granules were 355-500 um, and applied
compression force was 1000 kg.
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Figure 3—Effect of concentration on the arithmetic weight-mean
particle size of disintegrated tablets. Key: see Fig. 2.

different in that the extragranular disintegrant caused the tablet to
break up rapidly to aggregates, many of which corresponded in size
to the original granule. In contrast, the intragranular disintegrant
caused erosion of the tablet from the outside since penetration was
slow, but the mean aggregate size was much smaller (Table I), with
only few aggregates corresponding to the granule size.

Figure 1, concerning sodium calcium alginate, shows that a high
proportion of particles and aggregates fell below 20 um for all in-
tragranular proportions of this agent and that very few were greater
than 100 gm. With 4 and 8% of sodium calcium alginate, a mean
particle size of 26 and 18 um, respectively, was obtained so that a high
proportion of the sulfadiazine must have been released as original
particles. These granules had a mean particle size of about 9 um and
80% below 20 um (6).

The effect of the proportion of the agent upon the weight-mean
particle size of the disintegrated tablet is shown in Fig. 3. The effec-
tiveness of the intragranular agent compared with the extragranular
formulation is clearly indicated. The alginic acid and sodium calcium
alginate were much more effective as intragranular agents even at
proportions as low as 1 and 29%.

Again, at this compression force, the weight-mean particle size of
the intragranular formulations is affected by the proportion of the
agent but not by the breaking strength of the tablet or the porosity,
which are nearly constant. No allowance for the particle size of the
disintegrating agent was made since the sodium calcium alginate,
alginic acid, and colloidal aluminum silicate all swell considerably in
water to form a gel. Since the maize starch size range was between 5
and 30 um, correcting for its presence would have increased the
weight-mean particle size with all proportions of starch and the
comparison with the alginate would have been less favorable. Only
comparative values have meaning in this context, because the results
are greatly influenced by the compression force and materials being
compressed.

The tablets formed from granules prepared by precompression
(Table I) gave weaker tablets than those from the wet granulations.
These contained intragranular sodium calcium alginate, and the po-
rosity was only a little less than for tablets from wet granulations.
Although the disintegration time was greatly reduced, the size of ag-
gregates after disintegration of the tablet was of the same order as the
original granules. It may be assumed that the second compression
consolidated the granules further so that penetration of water into
the granule was resisted.

Microcrystalline cellulose was not very effective, either intra- or
extragranularly, and it is used principally as a direct compression
diluent (Table I). Its binding properties are good.

When using a mixture of 5% intragranular and 5% extragranular
maize starch, intermediate values for disintegration time and
weight-mean particle size were obtained.
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3000

When all values for mean particle size were plotted against the
mean disintegration time for maize starch formulations, Fig. 4 was
obtained. This figure shows that, for a given disintegration time, the
intragranular agent gave a smaller particle size than the extragranular
formulations; the mixed formulations were intermediate. These re-
sults do not discriminate between different concentrations of maize
starch or the effect of compression pressure. Figure 5 shows a similar
plot for alginic acid and sodium calcium alginate.

When comparing disintegrating agents, both the disintegration time
and the mean particle size should be considered together. For un-
coated tablets, a factor comparing the disintegration time with the
official limit for uncoated tablets (15 min in the British Pharmaco-
poeia) and the particle size of the drug should be useful initially:

arithmetic mean

disintegration 15 min size of drug
= - - X100 (Eq.1
factor actual arithmetic mean (Eq. 1)
disintegration  size from tablet
time

The larger the factor, the more effective is the disintegrating agent.
Examples of values of this factor for the materials examined are shown
in Table ITI together with the approximate disintegration times and
the mean particle sizes of disintegrated tablets. By using different
ratios of intra- and extragranular agents, or different agents intra-
and extragranularly, a tablet with improved properties can be for-
mulated, particularly if sodium calcium alginate or alginic acid is
incorporated intragranularly.

For drugs absorbed from the GI tract, the particle size of the dis-
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Figure 5—Disintegration time and mean particle size recovered on
disintegration for alginic acid and sodium calcium alginate formu-
lations. Key: B, intragranular alginic acid; @, sodium calcium al-
ginate; O, extragranular alginic acid; and O, sodium calcium algi-
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integrated tablet and the disintegration time are both important for
obtaining the desired dissolution characteristics.
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