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ABSTRACT 

?he development of a disintegrating force inside t h e  

tablet due to the liquid,’solid coptact depends on a 

proper wetti?g of the material and occur according to 

saturation kinetics. 

The aim of the present work is the evaluation of such 

a force development in relation to the characteristicy 

of the tablet iri particular to the compression force. 

For thi5 purpoce.the disintegrating force of diffe- 

rent tablets formulations has been measured by means 
of a previcusly described apparatus. 

The results obtained shcw that a new evaluation of 

a compact disintegration characteristics may be obtai- 

ned through the determination of such parameters as 
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136 COLOMBO ET AL. 

t h e  maximum f o r c e  deve loped  ( y o )  and t h e  time of  t h e  

h a l f  maximum f o r c e  development  ( b ) .  

I N T R O D U C T I O N  

The d i s i n t e g r a t i o n  of a compressed t a b l e t  i n t o  gr:+ 

n u i e s  or i n d i v i d u a l  p a r t i c l e s  is  a ra te  l i m i t i n g  s t e p  

for t h e  d i s s o l u t i o n  o f  d r u g s .  T h e r e f o r e  a r a p i d  d i s i r l -  

t e g r a t i o n  p r o c e s s  i s  t h e  p r e r e q u i s i t e  f o r  a good b i o a -  

l a b i i  i t y .  

For t h i s  p u r p o s e ,  i t  i s  n e c e s s a r y  t h a t  t h e  l i q u i d  

p e n e t r a t i o n  i n t o  t h e  t a b l e t  a c t i v a t e s  t h e  development  

o f  a f o r c e  caFab le  o f  s e p a r a t i n g  t h e  p a r t i c l e s .  

timo (aoc) 

Fig. 1 - Diaintograting forco pattorn in dlrroront 
liquid.. 
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DISINTEGRATING FORCE 137 

Suoh a f o r c e  a c t i v a t i o n  i s  an e s s e n t i a l  moment: i n  

f a c t ,  as shown i n  f i g u r e  1, t a b l e t s  r a p i d l y  d i s i n t e g r a -  

t i n g  i n  wa te r ,  when submerged i n  e t h a n o l ,  a r e  qu ick ly  p e  

n e t r a t e d  by the  l i q u i d  b u t  do n o t  d i s i n t e g r a t e  because 

e thano l  does n o t  a c t i v a t e  the d i s i n t e g r a t i n g  f o r c e .  On 

the  c o n t r a r y  when the  l i q u i d / s o l i d  c o n t a c t  is  capable of 

causing a d i s i n t e g r a t i n g  f o r c e  , a d i r e c t  r e l a t i o n s h i p  can 

be observed between l i q u i d  p e n e t r a t i o n  and f o r c e  develoE 

ment r a t e .  Such a r e l a t i o n s h i p ,  p rev ious ly  v e r i f i e d  by 

u s  (11, would i n d i c a t e  among the  f a c t o r s  involved i n  f o r  

ce  development those appearing i n  t h e  Washburn equa t ion  

d e s c r i b i n g  the  c a p i l l a r y  p e n e t r a t i o n  p rocess  of a l i qu id ,  

i . e .  ( 8 )  s u r f a c e  t e n s i o n ,  (8) c o n t a c t  ang le ,  (R) pores  

r a d i u s  and ( 7 )  l i q u i d  v i s c o s i t y .  Consequently t h e  mecha- 

n i s m s  by which t h e  d i s i n t e g r a t i n g  f o r c e  develops depend 

on these  f a c t o r s ;  they may be grouped, on the  b a s i s  of  

dinamic c o n s i d e r a t i o n s ,  i n  t h e  fo l lowing  manner: 

a )  the  p r e s s u r e  e x e r t e d  by t h e  a i r  entrapped i n  po res  

s t r u c t u r e s  due t o  a hydrodinamic p rocess  ( 2 )  o r  t o  the  

h e a t  of w e t t i n g  ( 3 )  

b )  t h e  s w e l l i n g  of  t he  d i s i n t e g r a t i n g  agent  ( 4 )  

c )  t h e  r e p u l s i o n  among p a r t i c l e s  caused by the  c o n t a c t  

between s o l i d  and l i q u i d  ( 5 )  ( 6 ) .  

This would i n d i c a t e  t h a t  t he  development of a d i s i n t e -  

g r a t i n g  f o r c e ,  and t h e r e f o r e  a d i s i n t e g r a t i o n  p rocess ,  

depend on a p rope r  w e t t i n g  o f  t h e  t a b l e t .  

Such a f o r c e  develops i n s i d e  the  t a b l e t  according t o  

a s a t u r a t i o n  k i n e t i c s  expressed by a hype rbo l i c  equat ion 
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138 COLOMBO ET AL. 

w r i t t e n  i n  t h e  s e m p l i f i e d  form: 

where x r e p r e s e n t s  t h e  time y t h e  f o r c e  and y o ,  b a r e  

c o n s t a n t s .  From t h e  s l o p e  and i n t e r c e p t  v a l u e s  o f  t h e  

s t r a i g h t  l i n e  t h e  p a r a m e t e r s  y o ,  i . e .  t h e  maximum for- 

c e  deve loped ,  and b ,  i . e .  t h e  t ime needed t o  deve lop  

h a l f  maximum f o r c e  can  be c a l c u l a t e d .  The a i m  o f  t h e  

p r e s e n t  work w a s  t h e  e v a l u a t i o n  o f  such  a d i s i n t e g r a -  

t i n g  f o r c e  in ,c ide  t h e  t a b l e t  and t h e  d e f i n i t i o n  o f  t h e  

meaning o f  t h e  above ment ioned  p a r a m e t e r s  i n  r e l a t i o n  

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

the compress ion  f o r c e .  

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

r e r t  t a b l e t  f c r m u l a t i o n s  hap been measured by means o f  

a p r e v i o u r l y  d e s c r i b e d  a p p a r a t u s  ( 3  1 .  

E XP E R IIlIE NTb. L 

- D i c i n t e g r a t i n g  f o r c e  measurements  

'The d i s i n t e g r a t i n g  f o r c e  development  w a s  measured 

u s i n g  t h e  a p p a r a t u s  p r e v i o u s l y  d e s c r i b e d  (1) and il- 

l u s t r a t e d  i n  f i g u r e  2 .  

- F r o d u c t s  employed 

D i f f e r e n t  s e r i e s  o f  t a b l e t s ,  p r e p a r e d  u n d e r  c o n t r o l -  

l e d  c o n d i t i o n s .  were s t u d i e d .  T h e i r  c o m p o s i t i o n s  a r e  

g iven  i n  Table  I .  

The t a b l e t s  were checked for p o r o s i t y ,  h a r d n e s s ,  d i s i n -  

t e g r a t i o n  t i m e  (USF X I X  w i t h o u t  d i s c ) ,  w a t e r  p e n e t r a -  

t i o n  ( 7 )  and d i s i n t e g r a t i n g  f o r c e .  
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DISINTEGRATING FORCE 139 

+ (b) rerow throod 

(d) o#rtur.r - (I) rlntord ghrr 
dlre 

CVLINDRE 

OUARTZ LOAD-WASHER 
(6) 

(14) bod-waohor nwm~rlng 

(IS) polyothylow d l ~ :  

(12) .intend @OU d1.c 

h.rd 

(q) tablot 

AOSCNBLLD APPARATUO 
SUBNERBCD IN WATER 

Flg. 2 - Ap@rrrtuo for dl~lntogr~tlng tore. morruromont. 

RESULTS AND DISCUSSION 

The example of GRAN s e r i e s  t a b l e t s ,  ob ta ined  a t  ap- 

proximately the  same compression f o r c e  l e v e l ,  is s i g n i  

f i c a n t  t o  e l u c i d a t e  t h e  r e l a t i o n s h i p  between y o ,  b va- 

l u e s  and d i s i n t e g r a t i o n  time of  t a b l e t s :  a r a p i d  d i s i r  

t e g r a t i o n  p rocess  r e q u i r e s  t h e  development of a signif , .  

c a n t  f o r c e ,  b u t  t he  r a t e  a t  which t h i s  p rocess  occur s  

is important  t o o .  The examination o f  Table 2 shows th<x', 

C l i N J  T a b l e t s ,  which develop a h igh  d i s i n t e g r a t i n g  fo!: 

c e  (83  N ) ,  d i s i n t e g r a t e  more s lowly t h a t  the GRANIOO 

t a b l e t s ,  which develop a smaller d i s i n t e g r a t i n g  f o r c e  

(28 N) b u t  i n  a s h o r t e r  t ime. 

0 
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140 COLOMBO ET AL. 

TABLE I 

Composition of Tablets  ( 0  11 mmf 

ASA5 Aspirin c r y s t a l s  0.500 g 
Maize s t a r c h  0.025 g 

Aspirin c r y s t a l s  
Maize s t a r c h  ASAIO 

0.500 g 
0.050 g 

~~ ~ 

ASAc 3% Aspirin coated 
Syloidr 
Explotabr 
Maize s t a r c h  

0.500 g 
0.016 g 
0.015 g 
0.015 g 

ASAc 15% Aspirin coated 0.600 g 
Maize s t a r c h  0.075 g 

ASAc Aspirin coated 0.500 g 
Avicel pH 101 0.075 g 

Av: c e l  MagneRium s t e a r a t e  0.005 g 

ASRc Aspirin coated 

Elcema Maize s t a r c h  
Elcema G250 

Talc 

0.500 g 
0.070 g 
0.030 g 
0.010 g 

ASAc Aspir in  coated 
Sta-RX 

Sta-RX Talc 

0.500 g 
0.100 g 
0.010 g 

CRAN ( 0 )  Diluent (granular  form) 
Ni t rofuranto in  
Explotabr 
Magnesium s t e a r a t e  

0.450 g 
0.050 g 
0.015 g 
0.005 g 

STZ (x)  Sulphathiazole  granules  
Maize ntarch 

0.500 g 
0.050 g 

( O )  me d i l u e n t  w a s  obtained by w e t  g ranula t ion  of mixtures of pota- 

t o  s ta rch : lac tose  (7:3) and CawPo .2H 0 i n  d i f f e r e n t  proport ion ran- 

ging from 0 t o  100%.GRANo means no CaHPOq.2H20. GRAN 

GRANSO 50% CaHP04.2H20, and GRANloo 100% CaHP04.2H20. 

(x)  The granules  were obtained by wet granula t ing  with g e l a t i n  solu-  

t i o n  then slugging. mi l l ing  and s iev ing  t o  ob ta in  a 18-70 ASTM f rac-  

tion. 

4 2  
25% CaHP029, 25 
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DISINTEGRATING FORCE 141 

TABLE 2 

GRAN Tablets Characteristics 

Porosity y o  b USP XIX 

% N sec D.T. 

see 

GRANO 8.4 83 16"10 65" 

11.2 66 8"90 40" GRAN 

22.6 54 5"80 22IV 

24.5 28 6"79 24" 

25 

GRAN50 

100 GRAN 

This is in agreement with the results obtained com- 

paring disintegration time and water penetration (12) 

which evidenced that the water penetration rate rather 

than the amount of water absorbed influences the disir 

tegration time. 

Water absorbed (ml) 

Fig. 3- Relationship between yo and 

water absorption. 
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COLOMBO ET AL. 1 4 2  

The rnaxitrl-iri f o r c e  deve luped  ( y o )  depends  0 1 1  :he (4'1.1 

ity and ~ ~ ~ a n t i ' ; y  o f  t h e  d i s i n t e g r a t i n g  a g e n t  and seems 

, b e  r e l a t e d  t o  :he amount of  w a t e r  abso rbed  by t h e  

a b l e + :  t h i s  1s p a r t i c u l a r l y  e v i d e n t  i n  GFAN s e r i e s  

' l i p r e  t h e  amount o f  water abso rbed  d e c r e a s e s  t o g e t h e r  

2 t h  t h e  d i s i r i + e g r a t i n g  f o r c e  deve loFed ( F i g u r e  3 ) ,  

- 

10' 

b (sac) 

10' 

10; 

101 

10' 
tablet porosity (yo) 

Fig. 4 - Relationship between tablet porosity and b value. 

ASA5 0 ; ASAIO 0 ;  ASA, Avicet 8 ; ASA, Elcema ID; 

ASAc Sta-Rx 8 ;  STZ A ;  GRAN 0 . 
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DISINTEGRATING FORCE 143 

o l l o w i n g  t h e  d e c r e a s e  o f  i n t r a g r a n u l a r  s t a r c h  pe rcen -  

-"age from GRAN t o  GRAN t a b l e t s .  0 100 
The t ime o f  t h e  h a l f  f o r c e  development  ( b )  i s  r e l a -  

ted t o  t h e  w a t e r  p e n e t r a t i o n  r a t e  (1) and i n c r e a s e s  on 

d e c r e a s i n g  t a b l e t  p o r o s i t y  ( F i g u r e  4). 

TABLE 3 

C h a r a c t e r i s t i c s  of T a b l e t s  Con ta in ing  S t a r c h  or i t s  

D e r i v a t i v e s  

USP XIX Force Hard- Poro-  y o  b 
l e v e l  n e s s  s i t y  N s e  c D . T .  
hN N % s e c  

56 30 9.7 15.3 54186 12" 

159 65 6.2 39 30"05 18" 

310 79 6.0 46.5 531177 32" 

5 
ASA 

46 12 12.7 18.3 3"08 6 'I 

165 65 6.9 46.2 8"51 8 'I 
10 0. S x 

273 72 6.4 66.6 22"33 12f1 

ASAc3% 79 30 - 20.8 127" 112j1 

148 86 - 34.3 269" 2 10" 

245 168 - 54.9 1049" 600" 

ASAc 95 26.4 10.7 64.7 14" 13" 

Elcema 181 45.6 8.6 71.6 21" 19" 

282 53 8.0 74.5 34" 24" 

ASAc 93 22.7 13.5 15.8 13" 23" 

Sta-RX 191 54.7 10.3 14.7 31" 105" 

2 8 5  66.3 9.3 14.5 70" 187" 
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COLOMBO ET AL. 

o n s h i p  b e t w e e n  y o ,  b v a l u e s  and  d i s i n  - 

ds triie also f o r  the o t h e r  s e r i e s  of  

-c- tile c o m p r e c s i o n  f o r c e  level r e p r e s e n t s  

A l l  t he  tablets e x a m i n e d ,  c o n t a i n i n g  

! j  ~~ 1 ~ 1 ..i a t i (Table  3 )  as d i s i n t r g r a t i n g  

i n  y o  and b val.ue.: on i n c r e a s i n g  

e ( e x c e p t  fcer y o  v a l u e s  o f  t a b l e t s c o n  - 

a-R:.:). ':he i n c r e a s e  of  y ,  v a l u e s  on i n c r e a s i n g  

117 F o r c e  i s  i n  a g r e e m e n t  w i t h  t h e  r e p o r t s  of 

( 2 )  ( U ) ,  a c c o r d i n g  t o  whom t h e  s t a r c h  

! i[-,g i . ~  more e f f e c t i v e  a t  r e d u c e d  p o r o s i t y  v g  

some o t h e r s  (12), t h i s  i s  i n  a g r e e m e n t  

n :hat i n  c e r t a i n  f o r m u l a t i o n s  t h e  

I d i a m e t e r ,  t h e  g r e a t e r  zhe c a p i l l a r y  pre:;sure 

e i O I J e s ?  ! ' .. For t a b l e t s  c o n t a i n i n g  A v i c e l  as a c i i s i n t e  - 

e 4), on i n c r e a s i n g  c o m p r e s s i o n  f o r c e ,  

T.-alae i n c r e a s e s .  T h i s  i n d i c a t e s  t h a t  

i n g  s g e n t ,  i?: c a p a b l e  of d e v e l o p i n g  a 

TP.BL,E r, 

I ' h a r a c ~ e r i c t l f ~  of A S A P  Avice: T a b l e t s  

1- . rce 3ar.i- P o r o s i t y  y o  b USP XIX 
% rJ s e c  D . T .  ' :. .; e 1 n c+ c 1 .  

I i  s e c  

12.3 42. ? 72tl 80" ,7 Ti ~. 

3 F, 9.1 43.1  1.05" 97"  
7 . 9  42. .7 146" 160" 1 ei 3' 

290 4 5 7 . 3  43.1 275" 235" 

- 7  

_I _I ,, 
! 1 I. 

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.
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'ihe p o s s i b l e  changes  caused  i n  t a b l e t -  p r o p e r t i e s b y  

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

p a r a m e t e r s .  STZ t a b l e t s  ( T a b l e  5 )  r e p r e s e n t  an example 

af t h a t :  y o  and b v a l u e s  as w e l l  a? p e n e t r a t i o n  r a t e  

and d i s i n t e g r a t i o n  t i m e ,  d e e p l y  change a f t e r  4 months 

s t o r a g e  a t  room c o n d i t i o n s .  

10 20 30 
Time (rnin) 
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c ONC I>U s I O N S  

?'he j o i n t  c o n s i d e r a t i o n  o f  y o  and  b v a l u e s  allow:: t o  

e v a l u a t e  the c h a r a c  t e r i r t i c s  o f  t h e  P t u d i e d  fo rmula t inns  

a n d  of o b t a i n e d  c o m p a c t s .  

'To c o n c i d e r  s i m u l t a n e o u s l y  t h e  two p a r a m e t e r s  y0 , /2b  

ratio:; were c a l c u l a t e d .  T h i s  v a l u e  depend: on compres -  

?ion f:?rce and  g e n e r a l l y  d e c r e a - e ~  on i n c r e a s i n g  corn- 

YO - 
2b 

10 

1 0, 

ti  

-=IF 

I 

101 102 

Compression force IhN) 

3 

Fig. 5 - Relationship between 3 and compression 
2b 

force level. 

ASA 5 0 ; ASAIO ; ASA, 3% bD ; ASA, 15% 0 ; 

ASA, Avicel 8 ; ASA, Elcema 0 i ASA, Sta-Rx 9; 

STZ A. 

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.



DISINTEGRATING FORCE 147 

For some f o r m u l a t i o n s  c o n t a i n i n g  h i g h  p e r c e n t a g e s  of  

s t a r c h ,  i t  s ta r t s  d e c r e a s i n g  when a c e r t a i n  f o r c e  l e v e l  

i s  r eached .  The d i s i n t e g r a t i o n  time o f  t a b l e t s  depends 

on y , /2b  v a l u e s :  a s  shown i n  f i g u r e  6 ,  t h e  p o i n t s  re la -  

t i v e  t o  d i f f e r e r . t  t a b l e t s  are grouped b e s i d e  a s t r a i g h :  

l i n e  ( c o r r e l a t i o n  c o e f f i c i e n t  0 . 9 6 8 ) .  

\ 

I 
10-2 10’’ 10’ 2 (N/aec) 

Flg.6- Retstionahip between 3 and diaintegrrtion time. 
2b 

ASA5 0 ;ASA10 0 i ASA, 3% 8 : ASA, Avicel 8 ; 

ASA, Elcema 0 ; ASA, Sta- Rx 9 .  The numbers indicate the 

compression force levels. 

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.



148 COLOMBO ET AL. 

b 1;ai.ue:: on increasing o r  tablet : :  

lire ,'I may ii?dicate that the d i s i n t e g r a t i r p ;  

pi:. a:: we11 the hardness  measurement, ir. 

ii!:I.cn of the bonds between p a r - t i c l e c .  
- 

'*'P 1 , I k  -refem. ;I inew evaluat io:?  of  a compact disintegra- 

be cbtained through the deter- 

hardness (N)  

F ig .7 -  Relationship between 3 and hardness. 
2b 

ASAS 0 i ASAIO ; ASAc 3% 8 i 

ASA, Avicel 8 i ASA, Elcema 0 i 

A S A ~  S ta -RX e i STZ A .  
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On t h e  b a s i s  o f  t h e  r e s u l t s  o b t a i n e d  f o r  t h e  same 

~ r r n u l a t i o n ,  t h e  d i s i n t e g r a t i o n  t ime o f  t h e  t a b l e t  seem: 

J depend on b v a l u e  more than  on yo  v a l u e  ( F i g u r e  8 ) .  

'Yiis would conf i rm t h e  Nogami h y p o t h e s i s  and t h e  resu l t : :  

r e p o r t e d  i n  ( 7 )  a c c o r d i n g  t o  which water p e n e t r a t i o n  

p r o c e s s  r a t h e r  t han  p a r t i c l e s  s e p a r a t i o n  de te rmine  t h e  

r a t e  o f  t a b l e t  d i s i n t e g r a t i o n  (11). 

Fig. 8-  Relationehip between disintegration time and b velue. 

ASAS 0 ;  ASAIO 0 ;  ASA, 3% 0 ;  ASA, Avicel B; STZ a; 
ASA, Elcema 8 ;  ASA, Sta- R x  8 .  The numbers indicate 
the compression force Ievelr. 
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O n  the o t h e r  hand, t he  maximum f o r c e  ( y o )  va lue  Seems 

t o  be r e l a r e d  t o  the  r e s u l t  of  d i s i n t e g r a t i o n  p r o c e s s ,  

t h a t  i s  t h e  dimensions o f  t h e  p a r t i c l e s  gene ra t ed .  I t  

was observed t h a t  tablets  showing h igh  yo  v a l u e s o l d i s i n -  

t e g r a t e  i n t o  smaller fragments  than those  developing 

l o w  f o r c e  levels. I t  would be i n t e r e s t i n g  t o  confirm 

this by i n v e s t i g a t i n g  t h e  r e l a t i o n s h i p s  between yo  and 

The s i z e  d i s t r i b u t i o n  of  p a r t i c l e s  gene ra t ed .  

The d i s i n t e g r a t i n g  f o r c e  cu rves  may a l s o  i n d i c a t e  

whether t he  compact behaves as an omogeneous s t r u c t u r e  

w i t h  regard t o  wa te r  a b s o r p t i o n .  Compacts b reak ing  up 

i n t o  small f ragments  show rep roduc ib le  c u r v e s ,  F i g u r e  

9 ) ,  whereas f o r  tablets  showing l amina t ion  o r  f o r m a t b n  

c ) f  l a r g e  fragments ,  a g r e a t  v a r i a n c e  i n  y o  and b value5 

' I  i g u r c  10) can be seen. 

2 6 10 14 18 
timo (oocl 

Fig.@- Dirintogroting forco pottornr of thr- 
tobl01S QRAN25 * 
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20 60 100 120 140 
time (sac) 

Fig. 10- Disintegrating force patterns for 

three tablets ASA, 15% 236hN. 

20 60 100 140 
t ime (SOC) 

Fig. 11 - Disintegrating force pattern of 

an exploding tablet ASA, Elcema 
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e : 1.0 
0 
L 

P c 
S 0.6 

100 200 300 400 500 

time (sec) 

Fig. 12- Disintegrating force pattern of a tablet 
undergoing erosion ASA, Sta- Rx 285hN. 
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