
The solid dispersion (SD) is known as a method to im-
prove dissolution properties of poorly water soluble drugs.1—4)

Many pharmaceutical excipients are used as a carrier of SD,
especially water soluble polymers such as hydroxypropylcel-
lulose, chitosan, hydroxypropylmethylcellulose (HPMC) and
polyvinylpyrrolidone due to their wide compatibilities with
many drugs and the excellent stability. The SD powder pre-
pared by using HPMC showed a fast dissolution of drug.
However the dissolution rate of the drug from the tablet 
prepared from HPMC SD was very slow. Because HPMC
formed a gel layer on the surface of tablet and interfered 
the tablet disintegration. There are many studies concerning
about prolongation of dissolution of HPMC matrix tablet
varying drug–HPMC ratio, viscosity grade of HPMC and
combining of excipients.5—9) While there are seldom reports
about the acceleration of disintegration of HPMC tablets.
Fagan et al. reported a catastrophic disintegration of HPMC
matrix tablet in solution at different ionic strength.10)

Generally, content of HPMC used is 1 to 5 times of drug
content used for preparing solid dispersion. For one tablet,
content of active pharmaceutical ingredient is usually 5—
50% of total weight. Therefore, content of HPMC in one
tablet has to be 5—50% of total weight.

Disintegration is the important step for drug release.11—13)

There are many factors affecting disintegration such as water
uptake, dissolution of ingredients, swelling of disintegrants,
deformation of granules, and heat of wetting. Therefore, no
simple theory was satisfactorily applied to all disintegrant
systems.

This study investigated the effect of various additives to
the disintegration property of HPMC and lactose matrix
tablets. The effect of inorganic salts on HPMC tablet disinte-
gration was also explored.

Experimental
Materials Hydroxypropylmethylcellulose (TC-5E®, Shin-Etsu Chemi-

cal), Ac-di-sol® (Asahi Chemical), Primojel® (Matsutani Chemical), Koli-
don-CL® (BASF), low substituted hydroxypropylcellulose (L-HPC®, Shin-
Etsu Chemical) used were of pharmaceutical manufacturing grade. The inor-
ganic salts used were of reagent grade.

Preparation of Tablets Components of tablet were mixed in a mortar

with a pestle. Then the mixture was compressed into tablet using an oil press
or AutoGraph® (Shimadzu) with the punch of 7.5 mm diameter with 8 mm
radius cup at 5000 kN/punch pressure.

Determination of Disintegration Time Disintegration time was meas-
ured using the disintegration apparatus (Toyama Chemical, Japan). Measure-
ment conditions were followed by the Japanese Pharmacopoeia XVI (37 °C,
30 strokes/min) without using disk. Aside from the disintegration test in salt
solutions, the using test medium was distilled water.

Effect of HPMC Concentration on Tablet Disintegration Tablets
were prepared using two components, lactose monohydrate and HPMC.
Total weight of tablets was fixed as 150 mg. The HPMC concentrations in
tablets were 0, 5, 10, 20, 33, 67 or 100% HPMC. Disintegration time was
determined as described above (n�3).

Effect of Disintegrants Tablets consisting of 50 mg HPMC, 70 mg lac-
tose monohydrate and 30mg disintegrants (Ac-di-sol®, Primojel®, Kolidon-
CL®, L-HPC®, or NaHCO3) were prepared. As reference sample, tablets
consisting of 50 mg HPMC and 100 mg lactose monohydrate were used.
Disintegration time was measured for 3 tablets of each formulation.

Effect of Salt on Tablet Disintegration Tablets consisting of 50 mg
HPMC, 70 mg lactose monohydrate and 30 mg of inorganic salts were pre-
pared for measurement of disintegration time (n�3). Inorganic salts used
were NaHCO3, Na2CO3, Na2SO4, NaCl, KCl, KH2PO4, and K2SO4.

Disintegration Test in Salt Solutions Disintegration tests were con-
ducted using salt solutions (NaHCO3, NaCl, Na2SO4, or Na2CO3) with the
ionic strength of 0.9. The tested tablets were composed of 50 mg HPMC and
100 mg lactose monohydrate.

Effect of Disintegration Medium Temperature on Tablet Disintegra-
tion To evaluate temperature effect on disintegration property, tablet disin-
tegration time was measured under 4 different temperature conditions, 4 °C,
25 °C, 37 °C, or 50 °C, using 3 kinds of formulation as follows:

(a) 50 mg HPMC, 100 mg lactose monohydrate
(b) 50 mg HPMC, 70 mg lactose monohydrate, 30 mg NaHCO3

(c) 50 mg HPMC, 70 mg lactose monohydrate, 30 mg Na2CO3

Results and Discussion
Disintegration of HPMC Matrix Tablets The correla-

tion between HPMC content in tablets and disintegration
time was investigated using tablet consisting of HPMC and
lactose monohydrate. The results of disintegration tests are
shown in Fig. 1. For the tablets including more than 10%
HPMC, increasing concentration of HPMC caused an in-
crease in disintegration time of HPMC tablets. When HPMC
matrix tablets were exposed to water, HPMC absorbed water
rapidly and formed gelatinous layer on the tablet surface.
This result in undisintegrated tablet and the erosion became
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the main path way for the size reduction of the tablet.5) When
the concentration of HPMC was less than 10%, however, the
gel layer of HPMC was not formed and the tablet could dis-
integrate.

Effect of Disintegrants on Disintegration Time of
HPMC Matrix Tablets The disintegration time of HPMC
matrix tablets including disintegrants (20% in tablets) is dis-
played in Fig. 2. The concentration of HPMC was fixed at
33.3% (1/3 of tablet). There was no significant change in dis-
integration time by the addition of typical disintegrants such
as Ac-di-sol®, Primojel®, Kolidon-CL®, L-HPC®, although
the addition of 1 to 10% disintegrant was usually enough 
to get rapid disintegration. In the HPMC matrix tablets, gel
layer resisted the swelling of disintegrants and prevented
from tablets disintegration. On the other hand, when NaHCO3

was added to the tablets, disintegration time was remarkably
decreased. Sodium bicarbonate might interfere the forming
of the HPMC gel layer.

Effect of Inorganic Salts on Tablet Disintegration
From the results that NaHCO3 accelerated the disintegration
of HPMC tablets, the effect of other sodium or potassium in-
organic salts on the disintegration of HPMC tablets was ex-
amined (Fig. 3). The test sample tablets consisted of 50 mg
HPMC, 70 mg lactose monohydrate and 30 mg inorganic salt,
while the control tablet contained 50 mg HPMC and 100 mg
lactose monohydrate. Like NaHCO3, disintegration time was
remarkably improved by adding KH2PO4, K2SO4, KCl, and
NaCl. However, there was no significant improvement of dis-
integration time in the cases of Na2CO3, and Na2SO4. Espe-
cially by the addition of Na2CO3, disintegration time was ob-
viously prolonged compared with the control tablet. From
these results, it was found that there was no relationship be-
tween ion series of inorganic salts and disintegration time.

Disintegration Test in Salt Solutions To clarify the
mechanism of accelerated disintegration of inorganic salts,

each salt was added into disintegration medium instead of
adding into tablet. The disintegration tests were conducted
using control tablets consisting of 50 mg HPMC and 100 mg
lactose monohydrate. The ionic strength of the salt solution
was adjusted to 0.9 since salting out effect was related to the
ionic strength. The results are shown in Fig. 4. Rapid tablet
disintegration was clearly observed in all salt solutions com-
pared with the control and there was no difference among
salts (bars in Fig. 4). While there was wide distribution of
disintegration time when different salts were added to the
tablets (lines in Fig. 4).

Mitchell et al. reported the effect of salts on the dissolu-
tion of propranolol from HPMC matrix tablets.14) The HPMC
matrix tablets in the certain concentration of salts solution
started to disintegrate before the gel which normally protects
the inner constituents from dissolution was formed. Fagan et
al. also introduced a concept of threshold ionic strengths that
catastrophic disintegration (within 15 min) occurred when
the salt concentration in the disintegration fluid approached
the cloud-point of hydroxyalkylcellulose.10) When NaHCO3

and Na2CO3 were added into tablets or into dissolution media,
however, different effects on disintegration time were ob-
served. This difference between NaHCO3 and Na2CO3

should not come from ion series, but from some factors in
the dissolution process of the salts.

Correlation with Dissolution Enthalpy To discuss the
factors in salt dissolution process that might affect tablet dis-
integration, the solubility and the heat of dissolution of salts
are presented in Table 1. There was no correlation between
disintegration time and solubility (R2�0.54). On the other
hand, there was a linear correlation between disintegration
time and heat of dissolution as shown in Fig. 5 (R2=0.91).
However, since the same weight (30 mg) of salts was added
in all samples, so the heat of dissolution should be normal-
ized by the weight of salt added. As the acceleration of tablet
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Fig. 1. Effect of HPMC Concentration on Tablet Disintegration Time

Fig. 2. Disintegration Time of HPMC Tablets Containing Various Disinte-
grants (20%)

Fig. 3. Disintegration Time of HPMC Tablets Containing Various Inor-
ganic Salts (20%)

Fig. 4. Effect of Inorganic Salts Solution on Disintegration Time of Lac-
tose and HPMC Tablets

Bars: disintegration time of lactose/HPMC tablets in salt solutions, line: disintegra-
tion time of tablets containing salts in water.



disintegration should be due to salting out effect, the effect
was related to ionic strength. Then, the heat of dissolution of
salt was recalculated based on ionic strength (Fig. 6).

When inorganic salts were added into dissolution media,
the ionic strength, I, was calculated according to Eq. 1;

I�0.5S (mZ 2) (1)

where m is molarity, and Z is the valency of each ion in the
solution.

In the case of the addition of inorganic salts into tablet, in-
organic salts were dissolved and diluted with water pene-
trated into the tablet. Since the diluted salts were subse-
quently released from the tablet, the ionic strength of the
tablet inside was not constant. Therefore, assuming that the
fluid volume in tablet stays constant, multiplying dissolution
enthalpy by the ionic strength per unit volume was per-
formed to consider both the dissolution enthalpy and the
ionic strength effects on the tablet disintegration time.

Fagan et al.10) and Mitchell et al.14) reported that HPMC
matrix tablet was rapidly disintegrated in the dissolution fluid
when the ionic strength of the fluid exceeded at critical value.
Johnson et al.15) also reported that the influence of ionic
strength in the dissolution fluid on matrix tablets of hydroxy-
propyl cellulose. The matrix tablets swelled and gelated in
dissolution water without any disruption of the matrix in-
tegrity at ionic strengths less than 0.5. On the other hand, hy-
droxypropyl cellulose tablets were disintegrated at ionic
strengths 0.5—1.0 of NaCl solution. When inorganic salts
were added into the tablet, the salts in tablets were dissolved
with penetrated water and became high concentrated ionic
solution in the tablet. The tablet disintegration might be ac-
celerated by this high concentrated ionic solution.

The salts that had positive dissolution enthalpy could ac-

celerate the disintegration of tablets and the salts that had
negative dissolution enthalpy prolonged the disintegration
time of tablets. This suggests that the thermal environment
and ionic strength inside the tablet might affect the disinte-
gration of tablets.

Effect of Temperature of Disintegration Medium on
Tablet Disintegration As the heat of dissolution was cor-
related with tablet disintegration property, effect of tempera-
ture of disintegration medium on tablet disintegration was in-
vestigated by changing medium temperature 4, 25, 37, and
50 °C.

Effects of medium temperature on the disintegration time
are shown in Fig. 7. The disintegration time of control tablets
became shorter with the increase of medium temperature.
This was explained in terms of the increase in solubility of
lactose monohydrate by temperature. Tablets containing
NaHCO3 showed shorter disintegration time compared with
the control tablets except at 50 °C. Especially, clear disinte-
gration improvement effect was observed at 37 °C. Tablets
containing Na2CO3 showed rapid disintegration at 4 °C com-
pare with control tablets. Disintegration time was not de-
pended on the temperature between 25 °C and 50 °C. Com-
pared with control tablets, disintegration time was prolonged
at 50 °C.

By visual inspection, quick disintegration of control tablets
and tablets containing NaHCO3 were observed at 50 °C.
However, on the surface of Na2CO3 tablets, gel layer was
formed at 50 °C, then gradual erosion from the surface. This
suggests that Na2CO3 promote a gel forming function of
HPMC.

Sarker et al. reported hydration–dehydration properties of
HPMC.16) As the temperature is increased, polymer mole-
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Fig. 5. Relationship between Heat of Dissolution Enthalpy and Tablet Dis-
integration Time

Fig. 6. Relationship between Tablet Disintegration Time and Heat of Dis-
solution Enthalpy after Correction of Ionic Strength of Inorganic Salts in
Tablets

Fig. 7. Effect of Solution Temperature on Disintegration Time

�, HPMC : lactose; �, HPMC : lactose : NaHCO3; �, HPMC : lactose : Na2CO3.

Table 1. Various Properties of Inorganic Salts and Disintegration Time

Solubility at Heat of dissolution Disinegration
Salt 30 °C a) enthalpy a) time

(g/l) (kJ/mol) (min)

NaHCO3 127 19.1 3.13
KH2PO4 200 19.6 1.73
K2SO4 148 23.7 2.12
KCl 401 17.2 11.7
NaCl 363 3.90 16.5
Na2SO4 482 �2.40 24.6
Na2CO3 328 �26.7 32.0

a) The Chemical Society of Japan, “Kagakubinran kiso-hen,” Maruzen, 2004.



cules lose their water of hydration. When the temperature is
higher than the lower critical solution temperature (LCST),
the hydrophobic bonding will be formed. Therefore, the gel
layer forming of Na2CO3 tablets at 50 °C could be explained
by this thermal gelation.

Conclusions
The HPMC matrix tablets dissolved or disintegrated slowly

because of the gel layer formation on the surface of the
tablet. Disintegration of tablets containing HPMC was not
improved by using typical disintegrants, but it could be im-
proved by the addition of some kinds of inorganic salts that
had positive heat of dissolution. On the other hand, salts that
had negative dissolution enthalpy prolonged disintegration of
tablet. These suggest that the thermal environment and ionic
strength inside the tablet might be a key factor for the disin-
tegration of HPMC matrix tablets.
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