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INTRODUCTION 

Disintegrants are among the essential ingredients in conventiona 

tablet formulation. They promote water penetration and disruption 

of the tablet in dissolution media. Although different naturally 

occuring starches were commonly used in the past, newer 

disintegrants have won wide usage in recently (1-2). Numerous 

reports have been published describing the effect of different 

additives on drug release from capsules (3-6). Although the 

importance of  the rate of  deaggregation of the powder mass before 

dissolution has been pointed out (7 )  only a few reports dealt with 

the role of disintegranting agents in capsule formulation with some 

of the earlier studies reporting mixed results (8-10). A 

distinctive feature of the studies described is that it involves 

manually filled capsules with provides little compression of the 

contents. Such capsules are far more porous than machine filled 
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1110 KATDARE ET AL. 

counterparts, thus, there is negligible resistance to the swelling 

characteristics of disintegrants which promote deaggregation. 

leaves wetting and moisture penetration as the determinants for 

deaggregation. 

This 

Capsule production has entered a new era in terms of modern 

automated high speed capsulating machines and now apprach the design 

of tablet presses. In the dosator-disk type encapsulating units the 

capsule contents formed into a plug are progressively compressed 

through a series of tamps. Recently, the effect of disintegrants on 

drug dissolution from capsules filled on such equipment was studied 

(11-13). The researchers reported that, in general, modified 

celluloses were most effective in enhancing drug dissolution 

followed in order by the modified starches, corn starch, and cross 

linked PVP. Low lubricant levels and soluble drug/excipients 

combinations also had a beneficial effect on drug dissolution. 

Compression force effects were evident in most cases; generally 

retarding the dissolution rate for insoluble excipient matrices and 

improving the rates for soluble counterparts. Interestingly 

inclusion of a superdisintegrant nullified the adverse effect 

attributed to compression caused by tamping. 

Very recently, the mechanism of action of disintegrants in 

encapsulated mixtures was investigated using an instrumented 

machine (14-15). For this comparative evaluation, liquid uptake and 

swelling efficiencies were taken into consideration. These studies 

showed that the mechanism of action of disintegrants in these 

systems is rapid liquid absorption and swelling of disintegrant 
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AN ENCAPSULATED WATER SOLUBLE TABLET GRANULATION 1111 

particles into void spaces causing the compact/plug to disintegrate 

rapidly. The more critical evaluation also suggests that the 

wicking rate may be the limiting step in swelling efficiency and 

thus relates to the efficacy of the disintegrant. 

BACKGROUND 

Recently supplies were requested of an antihypertensive drug for 

a double blind study in a capsule presentation. 

normally marketed as a compressed tablet. Its matrix consists of a 

water soluble excipient (lactose), a modified starch as a 

disintegrant, a suability enhancer and a lubricant. Precedent 

indicated that this tablet composition could be encapsulated and 

that the finished product would have physical properties, e.g. a 

dissolution rate not unlike a tablet. 

The drug is 

Batches prepared by filling the tablet granulation in a 8 3  hard 

gelatin capsule with a dosator type capsulating machine, however, 

were found substandard with respect to dissolution rates. 

Preliminary investigations into such variables as mesh size 

distribution of the tablet granulation proved inconclusive and 

prompted the initiation of a more in-depth study described herein. 

OBJECTIVE 

Thus the objective of this investigation was to study those 

physical variables believed to influence the physicochemical 

characteristics of this low dose water soluble drug in a lactose 

based matrix when encapsulated into hard gelatin capsule shells. 

These variables included: 

a. Capsule shell composition 

b. Capsule size 
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1112 KATDARE ET AL. 

c. Residual granulation moisture content 

d. Pressure of compaction (for formation of plugs) 

e. 

Evaluations were carried out by studying disintegration times 

Extragranular addition of a disintegrant 

and dissolution rates on finished capsules. 

EXPERIMENTAL 

A common granulation of the low dose, water soluble drug in a 

lactose based formulation was used throughout the study. In.one 

experiment, croscarmellose sodium (AcDisol) was added just before 

lubrication to study the effect of extragranular superdisintegrant 

on capsule dissolution characteristics. 

In preparing the compacts of the granulation whenever known 

compression pressures of comparable magnitude that exist in 

conventional tablet presses were required, a Carver Press was 

utilized. A volume fill encapsulation machine was used to hand fill 

either the granulation or the compacts into the capsule shells. The 

resulting capsules were evaluated for weight uniformity, 

disintegration characteristics (with disks) and dissolution rates 

(USP I1 method) the latter with 10, 20, 30 minute sampling points. 

The independent variables studied included: 

1) Capsule shell composition 

1.1 #3  size white opaque capsule shells from Capsugekcontrol 

1.2 83 size transparent uncolored capsule shells 

1.3 #3  size opaque capsule shells other than those supplied 

by Capsugel 

2) Capsule size 

2.1 size C3 = control 
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AN ENCAPSULATED UATER SOLUBLE TABLET GRANULATION 1113 

2.2 size #2 

2.3 size #4 

3 )  Granulation moisture content 

3.1 'As-is' = control 

3 . 2  Reduced (by storing the granulation at low humidity) 

3 . 3  Elevated (by storing the granulation at high humidity) 

4) Compaction pressure to form plug 

4.1 1.5 ton 

4.2 2.0 ton 

4.3 2.5 ton 

4.4 3 . 0  ton 

4 . 5  3 . 5  ton 

5 )  Disintegrant content 

5.1 with intragranular disintegrant = control 

5.2 with extragranular addition ( 5  mg of croscarmellose 

sodium) 

RESULTS AND DISCUSSION 

The results of the physicochemical testing are in Table 1. 

Capsule weights were found acceptable for all lots prepared, never 

varying by more or less than 6% from the mean weight. 

Disintegrating times, likewise, while within acceptable limits were 

not indicative of differences among the lots. Dissolution rates at 

10, 20 and 30 minutes expressed as % drug dissolved as expected 

proved most revealing. At the top of Table 1 listed are the 

dissolution rate results of the tablet made from the granulation 

that is used throughout this study. The tablets dissolved uniformly 
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fast and with very low variability. The control formulation in 

white opaque 8 3  size capsule shells supplied by Capsugel showed slow 

dissolution rates with wide variability at the 30 minutes sampling 

point. A colorless, transparent # 3  size capsule shell included to 

study the effect of capsule shell composition especially with 

respect to capsule shell fillers had dissolution rates somewhat 

slower with less uniformity than the control. This observation 

suggested that the capsule shell composition could have some minor 

influence on the dissolution characteristics of the drug. Opaque 

size I13 capsule shells, from a supplier other than Capsugel, were 

essentially the same as control. 

In evaluating capsule size, it was observed that #3  (i.e. 

control) and t 2  capsules allow a relatively loose powder fill. Not 

unexpectedly, both of these capsule lots have similar dissolution 

rates as control. Size U4 capsules, produce a more densely 

compacted mass and dissolved at a faster rate with lower variability 

and this was consistent with early results. This observation 

further implied that the porosity of the powder plug may be 

inversely related to dissolution rate. 

To study the residual moisture content of the granulation, 

samples were exposed to high humidity conditions at room temperature 

for 48 hours in a desiccator containing monobasic ammonium phosphate 

or to low humidity condition in a desiccator containing silica gel. 

Moisture contents were determined by loss on drying measurements at 

the end of 48 hours with the following results. The control 

granulation had 1.1% moisture, that exposed to low humidity had 0.9% 

moisture and that exposed to high humidity had 5 . 5 %  moisture. 
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1116 KATDARE ET AL. 

The dissolution rates of capsules containing granulation exposed 

to low humidity are similar to the control. Since their residual 

moisture levels were similar, these data are not unexpected. The 

capsules containing the granulation exposed to high humidity 

dissolved slower. It is postulated that the disintegrant in the 

granulation absorbs moisture upon exposed to high humidity, swells 

and expands the overall mass of the powder. Since the compact 

remains confined by the capsule shell, the disintegration 

characteristics of the dosage form are lost and this results in a 

slower rates of dissolution. 

Application of as little as 1.5 tons pressure on the plug 

improved the dissolution rates significantly where 95% of the 

labelled claim dissolved in 30 minutes. Changing pressures in 

increments of 0.5 tons produced some further improvement in 

dissolution rates, and improved the uniformity at the 20 and 30 

minute sampling points. 

the 10 minute point is consistant with the variability in wetting 

and dissolution properties of capsule shells themselves. It is 

apparent that once the compacted contents (plugs) are free from the 

capsule shell, disintegration and dissolution occurs uniformly and 

rapidly just like in case of corresponding tablets. 

The somewhat higher variability observed at 

The improvement in dissolution rates of capsules containing 

compacted plugs (using pressure) can be related to elastic 

deformation, granule fracture and reduction in compact porosity. If 

the matrix is not sufficiently compacted as in the control or the 

size 112 capsules the disintegrant swells upon exposure to moisture 
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and has sufficient void space for expansion. As a result, it is 

unable to cause any disruption of the compacted mass. Disintegra- 

tion and dissolution rates thus result solely due to slow erosion. 

The disintegration and dissolution rates observed with tablets 

compressed from the same granulation further substantiate this 

hypothesis. These observations suggest that an acceptable tablet 

granulation may not always be suitable for encapsulating 

particularly when it is impossible to apply pressures near those 

that are used in tabletting operation. 

The capsules made from granulation containing croscarmellose 

sodium (and without application of measurable pressure) 

disintegrated rapidly and dissolved uniformily at a rapid rate with 

most of the drug dissolved within 10-15 minutes. Since studies have 

shown that croscarmellose exerts its disintegrant action through 

enormous swelling efficiency and improved wicking. These attributes 

seem to nullify the variability of capsule shell dissolution. 

CONCLUSIONS 

While the capsule shell composition and moisture are shown to 

affect dissolution rates of an encapsulated tablet granulation of a 

water soluble drug in a lactose based matrix, compaction pressure is 

shown to have a more pronounced effect on dissolution 

characteristics. 

is also shown to improve the dissolution characteristics most 

s igni f i cant ly . 

An extragranular addition of a superdisintegrant 
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