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ABSTRACT 

In developing compressed tablets trepibutone 40mg, 

dissolution studies indicated that the compression pre- 

ssure applied exerted strong influence on drug dissolu- 

tion from the tablets. It was found that the incorpo- 

ration of disintegrants in the granular formulation pre- 

vented the decrease in dissolution rate of drug from 

tablets by compression. Instead of the intragranular 

disintegrants, incorporation of a rubber po~der, which 

does not swell at all in water and has some elastic re- 

coveries after compression, did not improve the drug dis- 

solution from tablets. It was concluded that the addi- 
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126 KITAMORI AND W I N O  

tion of disintegrants in the granular formulation resul- 

ted in little prevention of the particle aggregation 

during compression. 

in water is considered to play an important part in the 

deaggregation of drug particles. 

The swelling of disintegrant grains 

INTRODUCTION 

Trepibutone [3-(2'4'5'-triethoxybenzol) propionic 

acid] is a new potent antispasmodic for biliary smooth 

muscle. 1 ') 

In developing compressed tablets trepibutone 40mg, 

it was found that the dissolution of the drug from the 

tablets was strongly affected by the compression pres- 

sure applied. The pressure-dependent dissolution cer- 

tainly depended upon the drug content in the tablet.3' 

Therefore, the effect of the compression pressure on the 

dissolution can be eliminated when the drug content is 

lower than 10%. The drug content, however, should be 

kept above 30% so that the tablet size will not be too 

large for easy oral intake. 

The incorporation of disintegrants in the granular 

formulation prevented the drug dissolution of tablets 

from decreasing by compression. The mechanism of the 

improvement in the pressure-dependent dissolution was 

also investigated. 
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INTRAGRANULAR DISINTEGRANTS 127 

EXPERIMENTAL 

Materials: The c r y s t a l  form o f  t r e p i b u t o n e  (manufac- 

t u r e d  by Takeda Chemical I n d u s t r i e s ,  L td . ,  Lot  0 1 4 )  i s  

f i b r o u s  and i t s  appearance  i s  l i k e  a cot ton-wool .  The 

drug  i s  a hydrophobic  weak a c i d  and p o o r l y  s o l u b l e  i n  

water o r  an  acidic s o l u t i o n .  The pka v a l u e  i s  5.45 and 

s o l u b i l i t y  i n  McIlvain b u f f e r  (pH 5 . 0 )  i s  1 . 5 ~ 1 0 - ~  g/ml 

a t  37O. 

Lac tose  J .P .  (D.M.V.,  Hol land)  w a s  used a s  a n  ad ju -  

van t .  Corns t a rch  J . P .  (Nihon Corns t a rch  L td . )  and car- 

boxymethyl c e l l u l o s e  ca l c ium J .P .  (ECG-505, Gotoku Pharm- 

a c e u t i c a l  E n t e r p r i s e  I n c . )  w e r e  used  as d i s i n t e g r a n t s .  A 

rubbe r  powder* w a s  chosen as a model of a d i s i n t e g r a n t .  

Hydroxypropyl c e l l u l o s e  J .P .  (HPC-L, Nihon Soda C o . )  

was used  as  a b i n d e r .  

P r e p a r a t i o n  o f  g r a n u l e s  and t a b l e t s :  The drug  w a s  mixed 

w i t h  l a c t o s e  and d i s i n t e g r a n t ,  and moistened w i t h  aqueous 

hydroxypropyl  c e l l u l o s e  s o l u t i o n  i n  a mortar. The 

mois tened  powder was massed w i t h  a p e s t l e  and passed  

through a 32-mesh s i e v e .  The g r a n u l e s  were t h e n  d r i e d  

i n  a vacuum d r y e r  (55O) and r epassed  th rough  a 32-mesh 

s i e v e .  The g r a n u l e s  w e r e  p repa red  a t  v a r y i n g  l e v e l s  o f  

___ 

* T h i s  i s  k i n d l y  p repa red  by Naniwa Rubber C o .  f o r  o u r  

s t u d i e s .  
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128 KITAMORI AND MAKIN0 

drug  and d i s i n t e g r a n t  c o n t e n t ,  where l a c t o s e  was used 

to a d j u s t  t h e  d r u g  and d i s i n t e g r a n t  c o n t e n t s .  

The g r a n u l e s  were compressed i n t o  t a b l e t s  each  

400mg on a p h y s i c a l  t e s t i n g  i n s t r u m e n t  (Autograph IS- 

5 0 0 0 ,  Shimadzu Se isakusho L td . )  u s ing  a lOmm f l a t - f a c e d  

punch and d i e  system. 

D i s s o l u t i o n  rate measurements: Recen t ly  Kitamori  and 

Makino found it p o s s i b l e  t o  e l u c i d a t e  t h e  change i n  t h e  

p a r t i c l e  s t a t e  d u r i n g  compression from t h e  p r e s s u r e -  

dependent  d i s s o l u t i o n  behav io r  o f  t a b l e t s  by comparing 

t h e  d i s s o l u t i o n  rates f o r  suspens ions  o r  g r a n u l e s  con- 

t a i n i n g  t h e  same amounts of d rug .4 )  

The d i s s o l u t i o n  p r o f i l e s  f o r  d i s i n t e g r a t e d  t a b l e t s  

as w e l l  as  f o r  g r a n u l e s  were measured by a m o d i f i c a t i o n  

o f  t h e  U.S.P. method. A schemat ic  diagram of  t h e  d i s -  

s o l u t i o n  a p p a r a t u s  used  are shown i n  F ig .1 .  A magnet ic  

stirrer w a s  used  t o  a g i t a t e  t h e  d i s s o l u t i o n  medium wi th-  

o u t  r o t a t i n g  t h e  b a s k e t .  The a g i t a t i o n  speed w a s  regu-  

l a t e d  t o  300rpm by a tachometer  g e n e r a t o r  (Toyo Se isaku-  

sho Co.). Suspens ions  o r  d i s i n t e g r a t e d  t a b l e t s  were 

thrown i n t o  t h e  beaker  d i r e c t l y .  The s o l u t i o n  w a s  

pumped c o n t i n u o u s l y  a t  a f low rate o f  approximate ly  2 . 9  

ml/min from t h e  r e s e r v o i r  th rough t h e  f lowcell  by a pro-  

p o r t i o n i n g  pump (Auto Analyzer ,  Technicon,  U.S.A.) and 

r e t u r n e d  t o  t h e  r e s e r v o i r .  The absorbance  a t  271nm w a s  
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INTRAGRANULAR DISINTEGRANTS 

PROPORTIONING P U R  

129 

USP 

A 

, .- .,r-,, yJ , 
DISSOLUTION BASKET 

I -  I WATER BATH(37') 

MAGNETIC STIRRER (300rm) 

STIRRING REGULATOR 

FIGURE 1 

Schematic Diagram of t h e  Di s so lu t ion  Appara 

TUBING 

t u s  

cont inuously measured using a spectrophotometer ( 1 2 4 ,  

H i t ach i  Ltd.  and recorded (by Hi t ach i  Recorder 0 5 6 ) .  

One l i t e r  of a McIlvain b u f f e r  (pH 5 . 0 )  maintained a t  37O 

w a s  used as t h e  d i s s o l u t i o n  medium. For each d i s s o l u -  

t i o n  s tudy t h e  samples of d i s i n t e g r a t e d  t a b l e t s  w e r e  

used i n  amounts t h a t  were corresponding t o  20mg of tre- 

pibutone so t h a t  apparent  s ink  c o n d i t i o n s  w e r e  maintain-  

ed throughout t h e  d i s s o l u t i o n  tes t  s i n c e  t h e  q u a n t i t y  of 

drug w a s  less than one t e n t h  of i t s  s o l u b i l i t y .  The 

t i m e  necessa ry  f o r  50  o r  80% d i s s o l u t i o n  w a s  employed 

t o  r e p r e s e n t  t h e  d i s s o l u t i o n  ra tes  f o r  d i s i n t e g r a t e d  

t a b l e t s  o r  g ranu le s .  
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130 KITAMORI AND MAKINO 

RESULTS AND DISCUSSION 

The g r a n u l e s  c o n t a i n i n g  1 0 ,  32 and 50% drug  wi th-  

o u t  any d i s i n t e g r a n t  were compressed a t  d i f f e r e n t  p re -  

s s u r e  l eve ls .  The re fo re ,  t h e  d i s s o l u t i o n  r a t e s  f o r  d i s  

i n t e g r a t e d  t a b l e t s  were measured i n  o r d e r  t o  e l im4na te  

t h e  e f f e c t  of  d i s i n t e g r a t i o n  t i m e  on t h e  d i s s o l u t i o n  

rate.  The r e s u l t s  w e r e  shown i n  F i g . 2 ,  where t h e  d i s -  

COMPRESSION PRESSURE (ton/anz) 

FIGURE 2 

E f f e c t  o f  Compression P r e s s u r e  on D i s s o l u t i o n  R a t e  of 

Trepibutone  from D i s i n t e g r a t e d  T a b l e t s .  

Key: Drug Content  i s  ( 0 )  lo%, ( 0 )  32% and ( 0 )  50%. 
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INTRAGRANULAR DISINTEGRANTS 131 

s o l u t i o n  rates f o r  g ranu le s  be fo re  compression w e r e  p l o t -  

t e d  a t  zero compression p r e s s u r e  on t h e  a b s c i s s a .  

I t  i s  c lear  t h a t  d i s s o l u t i o n  behavior  f o r  d i s i n t e g r a -  

t e d  t a b l e t s  o f  h ighe r  drug c o n t e n t  than 1 0 %  i s  p res su re -  

dependent. I t  should be noted t h a t  t h e  d i s s o l u t i o n  ra te  

f o r  g r a n u l e s  c o n t a i n i n g  50% drug d i f f e r s  from those  f o r  

o t h e r  g r a n u l e s  even though no compression p r e s s u r e  has  

been app l i ed .  

F ig .3  shows t h e  scanning e l e c t r o n  microphotographs 

which are t h e  c r o s s - s e c t i o n a l  views of g r a n u l e s  c o n t a i n -  

i n g  32% drug and t h e i r  t a b l e t s  compressed a t  0 .5 ,  1 . 0  

and 2 . 0  ton/cm2 r e s p e c t i v e l y .  Nevertheless  t h e  drug 

c o n t e n t  i n  t h e  g ranu le s  i s  n o t  so high, drug p a r t i c l e s  

are e s p e c i a l l y  s t r i k i n g  on t h e s e  photos.  The d e n s i t y  

of t h e  drug i s  1.26 g/ml and i s  n o t  so s m a l l  t han  those  

of  l a c t o s e  o r  o t h e r  mater ia ls .  Therefore ,  t h e  c o n t e n t  

of t h e  drug by volume i s  n e a r l y  equa l  t o  t h a t  by weight.  

I t  can a l s o  be seen t h a t  f i b r o u s  c r y s t a l s  are aggregated 

each o t h e r  i n  t h e  g ranu le s .  The compression p r e s s u r e  

breaks up t h e  c r y s t a l s  and t i g h t e r  aggrega te s  of  drug 

are formed. Aggregation of  drug p a r t i c l e s  may provide 

t h e  dec rease  i n  apparent  s p e c i f i c  s u r f a c e  a r e a s . 5 )  

must be t h e  reason t h a t  t h e  compression lowers  t h e  d i s -  

s o l u t i o n  rate of drug from t a b l e t s .  

I t  

I n  o r d e r  t o  improve t h e  pressure-dependent d i s s o l u -  

t i o n  of  t h e  t r e p i b u t o n e  t a b l e t s ,  t h e  use of  some s u r f a c -  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



132 KITAMORI AND W I N O  

C r o s s - s e c t i o n a l  V i e w s  of Granu les  Con ta in ing  32% Drug and 

T h e i r  T a b l e t s  

Key: ( A )  Granules  ( B )  T a b l e t  Compressed a t  0 .5  ton/cm , 
( C )  1 . 0  ton/cm2 and  ( D )  2.0 ton/cm . 

2 

2 
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INTRAGRANULAR DISINTEGRANTS 133 

tants and disintegrants in the granular formulation was 

attempted. 

ration of surfactants into tablet formulations was effec- 

tive in reducing disintegration time. The effect of 

surfactants on dissolution of trepibutone, however, was 

not observed in this case. A possible explanation for 

this result may be as follows. The main binder used in 

their tablet was acasia having a poor surface activity, 

which is thought to have resulted in an insufficient im- 

provement in the wettability of hydrophobic drugs. On 

the contrary, hydroxypropyl cellulose used in our for- 

mulation enhanced wettability of drugs without any help 

of surfactants. 

Cooper6’ and Agiar” reported that incorpo- 

It is suggested from the examination of the scann- 

ing electron micrographs and from the results of incor- 

poration of surfactants that separation of drug particles 

from their aggregates has to be positively done by the 

explosive power of disintegrants.’‘’) From this point of 

view, extragranular disintegrants in the tablet formula- 

tion was not effective in enhancing the dissolution rate 

except in reducing disintegration time of the tablet as 

shown in Fig.4. The similar results have been also ob- 

tained in other formulations, where the aggregation of 

drug particles during tableting depended only upon the 

drug content in granules and did not depend upon the ap- 

parent drug content in the tablet. 
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134 KITAMORI AND MAKIN0 

D I S I NTEGRANT (% 1 

FIGURE 4 

E f f e c t  of  E x t r a g r a n u l a r  D i s i n t e g r a n t s  on D i s s o l u t i o n  

R a t e  of T rep ibu tone  from D i s i n t e g r a t e d  T a b l e t s .  T a b l e t s  

Conta in ing  32% Drug w e r e  Compressed a t  1 . 0  ton/cm . 
Key: ( 0 )  Corns ta rch  ( 0 )  ECG-505. 

2 

I n c o r p o r a t i o n  o f  d i s i n t e g r a n t s  i n  t h e  g r a n u l a r  f o r -  

mu la t ion  d r a s t i c a l l y  improved t h e  pressure-dependent  d i s -  

s o l u t i o n  behav io r .  F ig .5  shows t h e  improvement i n  t h e  

d i s s o l u t i o n  r a t e  f o r  d i s i n t e g r a t e d  tablets  of t r e p i b u t o n e  

compressed a t  1 . 0  ton/cm2 when c o r n s t a r c h  or ECG-505 h a s  

been used  as  an i n t r a g r a n u l a r  d i s i n t e g r a n t .  The d i s s o -  

l u t i o n  ra te  i n c r e a s e d  o r ,  i n  o t h e r  words, TsO% dec reased  

as t h e  c o n t e n t  of d i s i n t e g r a n t s  i n  t h e  g r a n u l e s  i n c r e a s e d  

The d i s s o l u t i o n  rates f o r  t h e s e  d i s i n t e g r a t e d  t a b l e t s ,  
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INTRAGRANULAR DISINTEGRANTS 135 

C 

I 
0 1.0 20 30 

DISINTEGRANT ( X I  

FIGURE 5 

Improvement i n  D i s s o l u t i o n  R a t e  of Trepibutone  from 

D i s i n t e g r a t e d  T a b l e t s .  T a b l e t s  Con ta in ing  32% Drug 
.-. 

were Compressed a t  1 . 0  ton/cm' . 
Key: ( 0  ) Corns ta rch  ( ) ECG-505. 

however, d i d  n o t  r e a c h  t h a t  f o r  g r a n u l e s  b e f o r e  c o m -  

p r e s s i o n  w i t h i n  t h e  c o n c e n t r a t i o n  range  of d i s i n t e g r a n t s  

used.  The dependency of t h e  compression p r e s s u r e  on 

t h e  d i s s o l u t i o n  ra te  d i d  n o t  v a n i s h  comple te ly .  The 

d i s s o l u t i o n  rate ( T B O %  ) v e r s u s  t h e  compression pre-  

s s u r e  i s  shown i n  F ig .6 .  I t  seemed t h a t  t h e  improve- 

ment i n  t h e  d i s s o l u t i o n  ra te  by u s i n g  d i s i n t e g r a n t s  
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136 KITAMORI AND MAKIN0 

/ 

/ 
A 

G 0.5 1 .o 1.5 
COMPRESS ION PRESSURE ( ton/cm2 I 

FIGURE 6 

Effect of Intragranular Disintegrants on Relationship 

between Compression Pressure and Dissolution Rate of 

Trepibutone from Disintegrated Tablets. 

Key: (A) without Intragranular Disintegrants, ( 0 )  

Cornstarch, ( 0 )  ECG-505. 

corresponded to the swelling of disintegrant particles 

in water. l o )  

As mentioned above, the improvement in dissolution 

rate by disintegrants must result from dispersion of 

drug particles from their aggregates. Studies were 
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carried out to determine whether preventing the drug par- 

ticles from aggregating each other during compression by 

the elastic properties of disintegrants or dispersing the 

particles from their aggregates during disintegration by 

the swelling properties of disintegrants was more effec- 

tive. For this purpose, a rubber powder, which does not 

swell at all in water and has some elastic recoveries af- 

ter compression, was chosen as a model of disintegrant. 

Fig.7 shows the dissolution profiles for disintegrated 

tablets containing 32% drug with 10% rubber powder and 

without disintegrants. The dissolution profile for gra- 

nules before compression is also shown in Fig.7. It is 

clear from the figure that the dissolution profile for 

disintegrated tablets containing a rubber powder is al- 

most the same as that for disintegrated tablets without 

disintegrants, nevertheless only low hardness could be 

obtained in the granules with a rubber powder. There- 

fore, it was concluded that the addition of disintegrants 

in the granular formulation resulted iwlittle prevention 

of the particle aggregation during compression. 

Lowenthal' "stated that the water absorbed by the 

disintegrant particles in the tablets might be a factor 

in tablet disintegration. The tablet containing 32% 

drug with 30% starch as a disintegrant and having a poro- 

sity of 10% was compressed. The tablet expanded to 

their porosity of 13% during the storage at 25' and 75% 
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I . 
10 20 30 

FIGURE 7 

Dissolution Profiles for Disintegrated Tablets containing 

32% Drug with 10% Rubber Powder and without Disintegrants, 

Key: ( A )  Granules (B) with 10% Rubber Powder (C) with- 

out Disintegrants. 

relative humidity for one day. 

( TS0% ) for the disintegrated tablets was prolonged 

from 6 to 7 minutes by the moisture absorption, whereas 

the dissolution rate for disintegranted tablets origina- 

lly compressed to the porosity of 13% was 4 minutes. 

It was suggested that the sudden swelling of disintegrant 

The dissolution rate 
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grains in water may play an important part in the deagg- 

regation of drug particles. 
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