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Water-Sorption Properties of Tablet Disintegrants 

K. A. KHAN * and C. T. RHODES 

Abstract The water-sorption properties of four tablet disinte- 
grants, starch, sodium carboxymethylcellulose, sodium starch gly- 
colate, and a cation-exchange resin, were examined in the form of 
powders and in compressed tablets prepared from calcium phos- 
phate dibasic dihydrate. Dissolution properties of the tablets com- 
pare well to the water-sorption properties. The effect of storage in 
the presence of water vapor upon tablets containing the various 
disintegrants was evaluated in terms of tablet hardness and disin- 
tegration time. Differences in the effects produced in the various 
tablet formulations can be related to the differing mechanisms 
whereby the disintegrants effect tablet rupture. Photomicrogra- 
phic data support the conclusions drawn from the water-sorption, 
disintegration, and dissolution studies. Sodium starch glycolate 
and the cation-exchange resin merit careful consideration by for- 
mulators using calcium phosphate dibasic dihydrate or similar di- 
rect compression matrixes. 

Keyphrases 0 Water sorption of tablet disintegrants (starch, so- 
dium carboxymethylcellulose, sodium starch glycolate, cation-ex- 
change resin)-disintegration and dissolution, powders and calci- 
um phosphate dibasic dihydrate tablets Tablet disintegrants 
(starch, sodium carboxymethylcellulose, sodium starch glycolate, 
cation-exchange resin)-water sorption of powders and calcium 
phosphate dibasic dihydrate tablets, disintegration, dissolution 

Previously, the disintegration and dissolution 
properties of tablets containing sodium starch glyco- 
late and a cation-exchange resin were reported (1 ,2) .  
The results of these evaluations clearly showed that 
both the cation-exchange resin and sodium starch 
glycolate are extremely efficient disintegrants in a 
variety of tablet systems. The objective of the pres- 
ent study was to examine the water-sorption proper- 
ties of these disintegrants in an attempt to evaluate 
the basic factors controlling their disintegrant action. 
Starch and sodium carboxymethylcellulose were in- 
cluded for comparative purposes. 

EXPERIMENTAL 

Materials-The following were used: calcium phosphate dibasic 
dihydratel (unmilled), corn starch2 BP, sodium salicylate2, ama- 
ranth2 BPC, a cation-exchange resin2, sodium starch glycolate4, so- 
dium carboxymethylcellulose5, and magnesium stearate6. 

Dried Disintegrant Powders-The dried disintegrants were 

Albright and Wilson, Oldbury, England. 
J. M. Loveridge, Southampton, England. 
Amberlite IRP88, Lennin London, England. 
Primojel, Slater, Winsfor$England. 

British Drug Houses, Poole, England. 
’ Courlose P20, British Celanese, Coventry, England. 

Table I-Effect of Humidity on Disintegration Properties 
of Calcium Phosphate Dibasic Djhydrate  Tablets, 
Containing Several Disintegrants, Stored at 100% Relative 
Humidi ty  at 37” [Punch Size 1.1 cm (7/ls in.) F la t ]  

Disintegration Time, min 

Disintegrants, Ini- 
10% (w/v) tial 2 hr 4 hr 8 hr 22hr 30hr 

Starch 15= 15= 15@ 15a 15“ 150 
Sodium carboxy- 43 50 50 55 55 60 

Sodium starch 0 .6  2 .8  7 .0  13.0 15 15 

Cation-exchange 0.83 2.0 7.0 8.0 60 60 

methylcellulose 

glycolate 

resin 
~ 

Particles remaining. 

exposed to 100% relative humidity a t  3 7 O .  Two replicate readings 
of water uptake, always in good agreement, were obtained at  vari- 
ous times over 25 hr. Figure 1 shows the water sorption by the 
disintegrant as a function of time. 

Tablet Containing 10% Disintegrant-Calcium phosphate 
dibasic dihydrate was chosen as the excipient because of i t s  very 
low equilibrium moisture content (2.5%). Furthermore, tablets 
made from the material were easier to handle after having ab- 
sorbed moisture than were other tablets, such as those prepared 
from lactose. 

The tablets containing 10% disintegrant were made using 1.1-cm 
(7/16-in.) flat punches on a single-punch tablet press7. All tablets 
were made under the same conditions of pressure and die fill set- 
tings. Fifty tablets of each formulation were used for the water- 
sorption study. Five lots of 10 tablets of each formulation (one lot 
for each time interval of 5, 10, 15,20, and 25 hr) were weighed and 
labeled individually; their thickness and diameter measurements 
were taken, using a micrometer, before and after exposure to 100% 
relative humidity. 

Figure 2 shows the water uptake by these tablets as a function of 
time. The results of expansion and thickness changes accompa- 
nying water sorption are presented in Figs. 3 and 4. (Changes in 
density reflect overall structural changes, whereas individual mea- 
surement of thickness and diameter changes allows observation of 
whether expansion occurs preferentially in, or a t  right angles to, 
the plane of compression.) These tablets were also tested for disin- 
tegration times using the BP method and for hardnessg. The effect 
of storage on disintegration time and hardness of tablets prepared 
from calcium phosphate dibasic dihydrate is shown in Tables I and 
11. 

To express the relative affinities for water of these disintegrants, 
the term “absorption efficiency” was used; it is calculated in a sim- 
ilar way as dissolution efficiency (3). Figures 5 and 6 show the ab- 
sorption efficiencies of pure disintegrants and of the disintegrants 

Manesty F3. 
Manesty disintegration tester. 
Erweka hardness tester. 
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Table 11-Effect of Humid i ty  on Hardness  of Calcium 
Phosphate  Dibasic Dihydra t e  Tab le t s  Stored at  100% 
Relative Humid i ty  at  37" 

Hardness, Erweka  Un i t s  

Disintegrants, Ini-  22 30 
10% (w/w) tial 2 hr 4 hr 8 hr hr hr 

S ta rch  5 . 6  5 . 5  5.0 5 . 5  5.0 4 . 0  
Sodium carboxymethyl- 5 . 2  3 . 2  2 . 0  2 . 2  2 . 0  2 .0  

Sodium starch glycolate 4 . 0  3 . 5  3 . 0  3 . 0  2 . 0  - 
Cation-exchange resin 3 . 0  ~ 

- - - - 

cellulose 

incorporated into tablets after 5 and 25 hr. Dissolution efficiencies 
of tablets prepared from calcium phosphate dibasic dihydrate con- 
taining 1% amaranth are shown in Fig. 7. 

Surface S t ruc tu re  of Disintegrant Compacts a f t e r  Absorb- 
ing Moisture-To obtain further information about the mecha- 
nism of action of the disintegrants evaluated in this study, com- 
pacts of disintegrants were photographed after being exposed to 
moisture. The disintegrant (250 mg) was compressed at 76.1 
MNm-2, using a hydraulic press and 13-mm flat punches. The 
compacts were exposed to an atmosphere of 100% relative humidi- 
ty a t  37O. Photomicrographs of the compacts were taken before 
and after 2 and 4 hr of exposure to humid conditions. 

The surface structure of compacts prepared from sodium starch 
glycolate is shown in Figs. 8-10, and that of cation-exchange resin 
compacts is shown in Figs. 11-13. The structure of starch and its 
compacts has been extensively studied using a scanning electron 
microscope (4); therefore, the photomicrographs were not included 
in this report. Also, since the structure of sodium carhxymethyl- 
cellulose on absorbing moisture was quite similar to that of the 
resin compacts, only the resin compacts are shown here. 
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Figure 1- Water absorption by dried disintegrant powders. 
Key: 0, cation-exchange resin; 0, sodium starch glycclate; 
0, sodium carboxymethylcellulose; a n d  ., starch. 
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Figure 2-Water sorption of calcium phosphate dibasic di- 
hydrate tablets containing 10% (w/w) distintegrant. Key: 0, 
cation-exchange resin; 0, sodium starch glycolate; 0, sodium 
carboxymethylcellulcse; and m, starch. 

RESULTS AND DISCUSSION 

The water sorption by these disintegrants as a function of time 
in powder form and when incorporated in tablets is shown in Figs. 
1 and 2. The cation-exchange resin exhibited the highest water up- 
take followed by sodium starch glycolate, sodium carboxymethyl- 
cellulose, and starch. Figure 3 shows the expansion of calcium 
phosphate dibasic dihydrate tablets containing 10% (w/w) disinte- 
grant, when exposed to 100% relative humidity, as a function of 
time. Tablets containing 10% (w/w) cation-exchange resin showed 
the highest decrease in apparent density followed by tablets con- 
taining sodium starch glycolate, sodium carboxymethylcellulose, 
and starch. An interesting observation was made in the case of cal- 
cium phosphate dibasic dihydrate containing 10% (w/w) sodium 
carboxymethylcellulose; when tablets were exposed to 100% rela- 
tive humidity a t  37", they showed considerably more expansion in 
their thickness than in their diameter (Fig. 4). It is possible that 
the expansion in the axis in which compression was applied is due 
to the elastic behavior of sodium carboxymethylcellulose after ab- 
sorbing moisture. The other tablets showed more even expansion 
in both directions. 

The results of these water-sorption studies, as evidenced by ab- 
sorption efficiencies (Figs. 5 and 61, clearly demonstrate that  the 
disintegrants with the highest water uptake are generally the most 
effective in most tablet systems (Fig. 7 and Refs. 1 and 2). Al- 
though no attempt is made to define fully the complete mechanism 
of action of these disintegrants, it appears that  the main reasons 
for the effectiveness of sodium starch glycolate and the cation-ex- 
change resin are their high uptake of water (Fig. l ) ,  the relatively 
rapid absorption of water by tablets containing these disintegrants 
(Fig. 2), and their marked swelling and expansion properties (Figs. 
3 and 4). I t  is, of course, fully expected that there may be difficul- 
ties in comparing water sorption, in hours, and tablet dissolution, 
in minutes. 
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Figure 3-Change of apparent tablet density of calcium phos- 
phate dibasic dihydrate tablets containing 10% (w/w) disin- 
tegrant on exposure to 100% relative humidity a t  37'. Key: 
0, cation-exchange resin; 0, sodium starch glycolate; a. 
sodium corboxymethylcellulose; and ., starch. 

The effect of storage (100% relative humidity) on disintegration 
time and hardness of tablets prepared from calcium phosphate di- 
basic dihydrate containing disintegrants is shown in Tables I and 
11. Generally, tablet hardness decreased and disintegration time 
increased under humid conditions. Although very little informa- 
tion is available on the effect of storage on calcium phosphate di- 
basic dihydrate tablets containing disintegrants, these results are 
in general agreement with those obtained with tablets prepared 
from lactose (7). The results presented in Tables I and I1 also show 
that the tablets containing effective disintegrants, which possess 
higher affinity for water, were most affected. The tablets contain- 

W Z  fn- 

- 
0 1 2  3 4 5  

WATER ABSORBED, % (w/w) 

Figure 4-Change of tablet diameter and thickness of calcium 
phosphate dibasic dihydrate tablets contuining 10% (w/w) 
disintegrant when exposed to 100% relative humidity ut 37'. 
Key: 0, cation-exchange resin; 0, sodium sfarch glycolate; 
a, sodium carboxymethylcellulose; and ., starch. 
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Figure &Absorption efficiencies of disintegrant powders on 
exposure to 100% relative humidity at 37O. Dark bars represent 
5 hr, and open bars represent 25 hr. Key: A, starch; B, sodium 
carboxymethylcellhe; C, sodium starch glycolate; and D, 
cation-exchange resin. 

ing cation-exchange resin and sodium starch glycolate showed a 
considerable increase in their disintegration time and a marked re- 
duction in their strength after storage. 

Tablets containing a disintegrant break up rapidly in water be- 
cause of the sudden and immediate application of stress. However, 
when a tablet containing such a disintegrant is exposed to water 
vapor, stress is built up slowly and the tablet absorbs some of the 
strain. Because the disintegrants within these tablets have lost 
some of their absorption and swelling ability, the disintegration 
time tends to increase. It can be seen that tablets containing disin- 
tegrants in which swelling is an important mechanism of action 
were most affected, i.e., cation-exchange resin and sodium starch 
glycolate.. Because swelling is not thought to be an important 
mechanism in the action of starch, the properties of tablets con- 
taining this disintegrant were not greatly affected on exposure to 
100% relative humidity. The reduction in the strength of tablets 
can be explained by the absorption of moisture by the disinteg- 
rant, thus causing swelling and bond disruption. Because moisture 
has an especially deleterious effect on the disintegration time and 
hardness of tablets containing the most effective disintegrants 
(with high affinity for moisture), suitable packaging is of supreme 
importance when such a disintegrant is used in tablets. 

A complete picture of the mechanism of action of sodium starch 
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Figure &Absorption efficiencies of calcium phosphate dibasic 
dihydrate tablets containing 10% (w/w) disintegrant on expo- 
sure to 100% relntive humidity at 37". Dark bars represent 
5 hr, and open bars represent 25 hr: Key: A, starch; B, sodium 
carboxymethykellUe; C, sodium starch glycolate; and D, 
cation-exchange resin. 
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r I 
-re I-Dissolution efficiencies of tablets prepared from 
calcium phosphate dibasic dihydrate containing 1% (w/w)  
amaranth as tracer. Key: A,  without disintegrant; B l ,  stamh, 
5%; B2, starch, 10%; Cl, sodium carboxymethylcellubw 
5%; C2, sodium carboxymethylcellule, 10%; D1, sodium 
&mh glycolate, 5%; 02, sodium starch glycolate, 10%; El, 
cation-exchange resin, 5% ; and E2, cation-exchange resin, 
10%. 

-re 9-Photomicrograph of sodium starch glycolcrte 
pact after 2 hr of exposure to 100% rehtive humidity at 370. 

glycolate emerges from the results presented in Figs. 8-10. On ab- 
sorbing moisture, the sodium starch glycolate grains show consid- 
erable structural changes. Initially, the grains swell and become 
distorted, followed by the dissolution of disintegrant particles. The 
mechanism of action of sodium starch glycolate is probably similar 
to that of starch, as described by Lowenthal and Wood (4). Sodium 
starch glycolate possesses the additional advantages of being solu- 
ble and readily dispersible in water. Its spherical particles, dis- 
persed in a tablet system, offer a larger surface, thus improving 
"wicking" (if this mechanism is operative) and allowing rapid pen- 
etration of water into the tablet interior (Fig. 4). The main reasons 
for the efficiency of this disintegrant probably are its high rate of 
water uptake (Fig. 1) and its marked swelling properties (Figs. 4 
and 5); these factors cause pressure to be exerted within the tablet, 
thus breaking up interparticle bonding. This is then followed by 
the dissolution of sodium starch glycolate particles, which results 
in the crumbling and disintegration of the entire tablet structure. 

Figures 11-13 show the surface structure of cation-exchange 
resin compacts before and after absorbing moisture (the absorbed 
moisture may be seen on the surface of compacts in Figs. 12 and pact after hr O f  b at 370. 

Figure 'QPhotomicm@'aph Of sodium starch g1W0lote com- 

13). These photographs confirm previous findings t h a t  the resin 
possesses a very high rate of water uptake (Figs. 1-3). Kun and 
Kunin (5) described hydration of the cation-exchange resin as a 
two-step process: ( a )  the hydration of the gel phase or the microre- 
ticular phase, and ( b )  the filling of macroreticular pores with 

Figure 11-Photomicrograph of cation-exchange resin compact 
before exposure to humidity. 

water, either by capillary condensation or hydraulically. From the 
results of the study of water sorption by the cation-exchange resin 
(Figs. 1, 2, and 11-13), it becomes clear that the disintegration of 
tablets containing the cation-exchange resin is probably caused by 

Figure &Photomicrograph of sodium starch glycolate com- 
pact before exposure to humidity. 
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Figure 12-Photumicmgmph of cation-exchange resin com- 
pact after 2 hr of exposure to 100% relative humidity at 37". 

the rapid penetration of water into the tablet interior and the 
crumbling of the tablet is brought about by the extensive swelling 
of resin particles. The nonadhesiveness of the cation-exchange 
resin in the hydrated state is also a useful property. 

There is a similarity between starch and the cation-exchange 
resin in that both require a minimum effective concentration (1, 
2). For starch it is said that a certain concentration is required to 
form an effective capillary system that will draw the water into the 
tablet interior (6,7). Lowenthal and Wood (4), however, disagreed 
with this explanation and proposed that water hydrates the hy- 
droxy group of starch molecules, causing them to move apart. The 
slight swelling that occurs is due to the rapid hydration step and a 
slower sorption of water step, These authors believed that the de- 
gree of breakup depends upon the number and size of starch grain 
agglomerates (total starch concentration in the tablet). The great- 
er the number and size of agglomerate, the greater is the disrup- 
tion. Similarly, a certain critical amount of cation-exchange resin 
would be necessary to produce sufficient swelling to rupture the 
tablet. Although sodium carboxymethylcellulose has a very high 
affinity for water, i t  is well known that its adhesiveness in the hy- 
drated state is responsible for the poor disintegration properties 
(1, 2) of this material. 
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