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ABSTRACT 

Formal.  i n -case in  has been proposed as a t a b l e t  
d i s i n t e q r a n t  under t h e  t r a d e  name o f  Esma-sprenq. The 
s i g n i f i c a n c e  n f  wa te r  p e n e t r a t i o n  on t h e  d i s i n t e q r a t i o n  
mechanism has been eva lua ted  by  u s i n g  d i f f e r e n t  t a b l e t  
c o n s t i t u e n t s  and b y  m a d i f y i n q  t h e  h y d r o p h o b i c i t y  i n s i d e  t h e  
t a b l e t .  Fo rma l in -case in  appears t o  be e o o i w r f u l  
d i s i n t e g r a t i o n  aqen t a sii f f i c i e n t  I y hy d r  o p h i  I i c ne twor I< 
has been c rea ted  w i th in  t,he t a b l e t .  S w e l l i n g  o f  t h e  
d i s i n t e g r a n t  has a l s o  been cons idered and e v a l u a t e d  under 
d i f f e r e n t  c o n d i t i o n s .  However, t h i s  mechanisrn appears t o  be  
n e a l i q i b l e  i n  t h e  d i s i n t e a r a t i o n  process. I n  a d d i t i o n ,  a 
number of compressional  c h a r a c t e r i s t i c s  were s t u d i e d .  

when 

INTRODUCTION 

I n  r e c e n t  years ,  mu& a t t e n t i o n  has been p a i d  t o  t h e  
b i o a v a i l a h i l i t y  o f  d ruas  admin i s te red  by  c o n v e n t i o n a l  oral.  
dosaae forms. For t a b l e t s ,  t h e  d i s i n t e q r a t i o n  process  o f e n  
becomes a l i m i t i n q  f a c t o r  for druq d i s s o l u t i o n ,  e s p e c i a l l y  f o r  
druas w i t h  low s o l u b i l i t y  i n  water o r  i n  b i o l o q i c a l  f l .u ids.  
F a c t o r s  t h a t  i n f l u e n c e  d i s i n t e q r a t i o n  a r e  numerous. 
F o r m u l a t i o n - r e l a t e d  f a c t o r s ,  siich as n a t u r e  o f  d i l u e n t s ,  
b inde rs ,  l u b r i c a n t s  and, o f  cni irse, d i s in t .eq ran ts ,  are  as 
impor tan t  as manu fac tu re - re la ted  f a c t o r s ,  such as  e x i s t e n c e  o f  
a o r a n u l a t i o n  s taqe  d u r i n g  manufac tur ina ,  compressional  l e v e l s  
and s t o r a q e .  To ensure  c o r r e c t  t a b l e t  d i s i n t e q r a t i o n ,  i t  i s  
necessary t o  unders tand t h e  d i s i n t e q r a n t  p r o p e r t i e s ,  hence t h e  
d i s i n t e q r a t i o n  mechanism. 
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6 14 PONCHEL AND DUCHENE 

D i f f e r e n t  t h e o r i e s  (1, 2 )  c o n c e r n i n g  d i s i n t e g r a n t  a c t i o n  
mechanisms have  been proposed i n  t h e  p a s t .  F o r  i n s o l u b l e  
p r o d u c t s ,  t h e y  i n c l u d e  t h e  s w e l l i n g  o f  d i s i n t e g r a n t  p a r t i c l e s  
( 3 ,  10, l l ) ,  m o d i f i c a t i o n  of  p a r t i c l e  p a r t i c l e  i n t e r a c t i o n s  
( 6 - 9 ) ,  p o r o s i t y  and c a p i l l a r y  a c t i o n  ( 9 1 ,  r e l e a s e  o f  
compress iona l ly- induced  de fo rma t ions  due  t o  l i q u i d  contac t -  ( 2 )  
and a i r  d i l a t i o n  ( 1 4 ) .  These t h e o r i e s  a r e  n o t  n e c e s s a r i l y  
c o n t r a d i c t o r y ,  a l though  t h e  two f i r s t  a r e  h i g h l y  probab1.e i n  
many c a s e s .  

Whatever t h e  mechanism, and p r i o r  t o  d i s i n t e g r a t i o n ,  
p e n e t r a t i o n  o f  t h e  l i q u i d  medium i n s i d e  t h e  t a b l e t  i s  
necessa ry  ( 1 2 ,  1 3 ) .  T h i s  phenomenon is  i n f l u e n c e d  by t h e  
n a t u r e  o f  t h e  porous  network (8)  developed  w i t h i n  t h e  t a b l e t  
d u r i n g  compress ion  ( n a t u r e  and s i z e  o f  t h e  pores, w i e t t a b i l i t y  
o f  t h e  w a l l s  o f  t h e  porous  network by l i q u i d s )  and by t h e  
p r o p e r t i e s .  of t h e  l i q u i d  medium ( s u r f a c e  t e n s i o n ,  v i s c o s i t y ,  
p o l a r i t y ) .  When t h e  l i q u i d  h a s  p e n e t r a t e d  i n t o  t h e  t a b l e t ,  t h e  
a c t i o n  mechanism o f  t h e  d i s i n t e g r a n t  t a k e s  p l a c e ,  s o  t h a t  
d i s i n t e q r a t i o n  o c c u r r s .  

Fo rma l in -case in  is an i n s o l u b l e  s e m i - s y n t h e t i c  polymer 
d e r i v e d  from c a s e i n  and is used  a s  a t a b l e t  d i s i n t e q r a n t  
( 1 5 , 1 6 ) .  As i t  i s  a h y d r o p h i l i c  s u b s t a n c e  comple t ly  d i g e s t i b l e  
( 1 7 ) ,  i t  minimizes  p o s s i b l e  b i o p h a r m a c e u t i c a l  problems due t o  
drug  a d s o r p t i o n  e f f e c t s .  The aim o f  t h i s  s t u d y  i s  t o  
i n v e s t i g a t e  t h e  d i s i n t e g r a t i o n  mechanism of  t h i s  p r o d u c t .  

MATERIALS A N D  METHODS 

The d i s i n t e g r a n t  used  was t h e  commercial  g rade  o f  
f o r m a l i n - c a s e i n  (Esma-spreng f i n e ,  SAPA, E z a n v i l l e ,  F r a n c e ) .  
Model s u b s t a n c e s  were a c e t y l s a l i c y l i c  a c i d  (ASA, P r o l a b o ,  
P a r i s ,  F r a n c e )  and d i c a l c i u m  phospha te  d i h y d r a t e  (Emcompress, 
Ed. Mendel l ,  Carmel., N . Y . ,  U.S.A.). The c h a r a t e r i s t i c s  o f  
t h e s e  p r o d u c t s ,  i n c l u d i n g  t r u e ,  b u l k ,  t apped  d e n s i t i e s ,  C a r r ' s  
c o m p r e s s i b i l i t y  index  (18) ,  loss  on d r y i n g  and p a r t i c l e  s i z e  
( a s  e s t i m a t e d  by sieve and C o u l t e r  c o u n t e r  measurements)  a r e  
p r e s e n t e d  i n  Table  1. Magnesium s t e a r a t e  ( P r o l a b o ,  P a r i s ,  
F rance )  was used a s  a l u b r i c a n t .  411 o t h e r  r e a g e n t s  were 
a n a l y t i c a l  g r a d e .  

The model s u b s t a n c e  was p l a c e d  i n  a 1 l i t e r  c o n t a i n e r ,  
which was abou t  o n e - t h i r d  f u l l ,  and t h e n  mixed w i t h  v a r y i n a  
q u a n t i t i e s  o f  d i s i n t e g r a n t  i n  a mixer ( T u r b u l a ,  Model T Z G ,  
Eachhofen,  B a s l e ,  S w i t z e r l a n d )  a t  70 r /min.  f o r  10 minu tes .  
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FORMALIN-CASEIN 

- 
Substance 

Dicalcium 
phosphate 

Acetylsalicylic 
acid 

Formal in 
casein 

615 

True Loose Tapped Carr's Loss on 
density bulk bulk index drying 
(g.cm-3) density densit ( % )  ( % I  

(g.cm-3) (g.cm-3) 

2,873 0 ,855  0 ,990 13 ,6  6 , 7  

1,362 0 , 662 0 ,735  9,9 117 

1,195 0 ,172  0 ,222  22.5 9 , 7  

Particle 
size 
( P I  

125 

42 3 

LO 

Compression was c a r r i e d  o u t  a t  d i f f e r e n t  p r e s s u r e  l eve l s  
by u s i n g  an i n s t r u m e n t e d  s ina l e -punch  t a b l e t t i n q  machine 
(KORSH EK-0, R e r l i n ,  F.R.G.)  employing f l a t  punches  o f  1 2  mm 
i n  d i a m e t e r .  I n  o r d e r  t o  o b t a i n  r e p r o d u c i b l e  resul ts ,  
compress ion  was a lways  per formed on t h e  same t r u e  v o l u m e t r i c  
q u a n t i t y  o f  powder (19 ) ,  c o r r e s p o n d i n g  t o  t a b l e t s  o f  1 2  mm i n  
d i ame te r  (D) and 2 mrn i n  h e i q h t  ( h )  a t  z e r o  p o r o s i t y .  The 
powder w e i g h t ,  M, c o r r e s p o n d i n g  t o  such  t a b l e t s  was c a l c u l a t e d  
by u s i n g  t h e  powder t r u e  d e n s i t y  ( p v ) ,  a c c o r d i n g  t o  t h e  
fo l lowinq  e q u a t i o n  : 

71 D 2  h 
M =  - P V  (1) 

4 

T a b l e t s  tryere used  a f t e r  a t  l e a s t  two d a y s  i n  o r d e r  t o  
a l low any  p o s s i b l e  m o d i f i c a t i o n  a f t e r  compress ion  and s t o r e d  
i n  g l a s s  c o n t a i n e r s  under  p l a s t i c  caps. 

T a b l e t  weight  v a r i a t i o n s  were de termined  on 10 t a b l e t s .  
Tab le t  p o r o s i t y  was de te rmined  by measur ing  t h e  d i a m e t e r  and  
t h e  t h i c k n e s s  o f  10 t a b l e t s ,  c o n s i d e r i n g  t h e  t r u e  d e n s i t y  o f  
t h e  i n i t i a l  components.  F r a c t u r e  s t r e n g t h  o f  t h e  t a b l e t s  was 
a l s o  measured w i t h  a h a r d n e s s  tes ter  ( S c h l e u n i q e r  model 2E, K .  
S c h l e u n i g e r  , Z u r i c h ,  S w i t z e r l a n d )  and e x p r e s s e d  a s  t e n s i l e  
s t r e n g t h  (20 ) .  

I n  a d d i t i o n ,  c o m p r e s s i o n a l  p r o p e r t i e s  o f  t h e  d i f f e r e n t  
powder b l e n d s  were c h a r a c t e r i z e d  by u s i n g  t h e  RYSCHKEWJTCH 
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616 PONCHEL AND DUCHENE 

Formalin-casein (!?A) 

0 
1 
1 . 5  
2 
3 

TABLE 2 
Ryschkewitch Equation Parameters ,  Correspondinq t o  Diclcium 
Phosphate T a b l e t s  Lubr i ca t ed  with 0.5% Magnesium S t e a r a t e  and 
Containing Varying Percentages of  Formalin-casein a s  
D i s i n t e g r a n t  . 

b I_ naxmax 

-0.1668 5.095 
-0.1755 6.375 
-0.1757 6.347 
-0 - 1760 6.302 
-0.1528 5.638 

I 

I 

c) -998 
0.996 
0.990 
0.992 
0.982 

equat ion ( 2 1  ) which e x p r e s s e s  t h e  r e l a t i o n s h i p  bet.ween 
fract-ure s t r e n g t h ,  O X  , and E t h e  remaining p o r o s i t y  i n  t h e  
tabl.et  : 

where uxmax r e p r e s e n t s  t h e  maximal a t t a i n a b l e  f r a c t u r e  
s t r e n g t h  f o r  E = 0 and where b is a c o n s t a n t .  

Measurement of d i s i n t e g r a t i o n  t ime was c a r r i e d  out  by 
using t h e  European Pharmacopeia appa ra tus  (Erweka Z T 6 ,  
Heusenstamm, F.R.G.), equipped with an e l e c k r o n i c  senso r  
system. Each result  is t h e  mean of s i x  de t e rmina t ions .  A l l  t h e  
tests were performed a t  37OC e i t h e r  i n  deionized water  (pH 
5 .9 )  or  i n  o t h e r  media. 

D i s i n t e g r a n t  s w e l l i n g  degrees  i n  t h e  d i f f e r e n t  
d i s i n t e g r a t i n g  media were determined by us ing  a Cou l t e r  
counter  (Cou l t ron ic s ,  Margency, France). For each d i s i n t e g r a n t  
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FORMALIN-CASEIN 617 

7200 I 
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FORMALIN-CASEIN ( % )  

FIGURE 1 

Influence of formalin-casein content on disintegration 
time of acetylsalicylic acid tablets prepared at 
constant porosity (about 3?;). Arrow indicates a 
disintegration time greater than 12 hours 

medium to be tested, the particle size distribution of  
formalin-casein was measured after dispersion o f  a weighted 
powder quantity under aaitation into the media for 15 minutes, 
and than, expressed as a volume distribution. Thus, it was 
poss ib le  t o  calculate the whole volume o f  a disintegrant 
sample immersed in a civen medium. Relative swellinq degrees, 
expressed in percent, were obtained by comparing the measured 
volume t o  t he  volume obtained f o r  the disintegrant immersed 
in Isoton. 

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



618 

RESULTS AND DISCUSSION 

PONCHEL AND DUCHENE 

From t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  s t a r t i n g  
m a t e r i a l s  summarized i n  Table 1, i t  i s  p o s s i b l e  t o  observe 
t h a t  d i c a l c i u m  phosphate and a c e t y l s a l i c y l i c  a c i d  e x h i b i t  
lower c o m p r e s s i b i l i t y  indexes  t h a n  fo rmal in -case in ,  which 
appeared t o  be more compress ib le .  The n a t u r a l l y  h y d r o p h i l i c  
n a t u r e  o f  fo rmal in -case in ,  demonstrated by  t h e  s i g n i f i c a n t  
water con ten t ,  i s  a l s o  i m p o r t a n t .  

Compressional P r o p e r t i e s  and Mechanical  S t r e n q t h  

Smal l  percentages  of f o rma l in -case in  i n  d i r e c t  
compression formulae do n o t  s i g n i f i c a n t l y  a f f e c t  t h e  
mechanical  s t r e n g t h  o f  t a b l e t s ,  as shown by  examina t ion  of  t h e  
parameters o f  t h e  RYSCHKEWITCH e q u a t i o n  parameters (Tab le  2 ) .  
An examinat ion  o f  t h e  da ta  cor respond ing  t o  dica. lc ium 
phosphate t a b l e t s ,  l u b r i c a t e d  w i th  0.5?6 maqnesium s t e a r a t e ,  
s h o w  t h a t  a d d i t i o n  o f  s l i g h t  q u a n t i t i e s  o f  f o r m a l i n - c a s e i n  ( 0  
t o  5%) do n o t  modify t a b l e t s  mechanical  p r o p e r t i e s .  

I n f l u e n c e  o f  Fo rma l in -case in  Content i n  Tab le ts  

Table 3 shows d i s i n t e g r a t i o n  t i m e s  i n  water  o f  d i c a l c i u m  
phosphate t a b l e t s ,  l u b r i c a t e d  wi th  0.5% o f  magnesium s t e a r a t e ,  
and c o n t a i n i n a  i n c r e a s i n g  percentages o f  fo rmal in -case in .  As 
p r e v i o u s l y  r e p o r t e d  (121, i t  must be  p o i n t e d  o u t  t h a t  
d i c a l c i u m  phosphate t a b l e t s  do n o t  undergo any d i s i n t e g r a t i o n  
i f  t h e r e  i s  no d i s i n t e g r a n t ,  whatever t h e  compress iona l  
p ressure .  Thus, d i c a l c i u m  phosphate can be used as a model 
substance i n  o rde r  t o  a p p r e c i a t e  t h e  power of a g i v e n  
d i s i n t e g r a n t .  A d d i t i o n  o f  more t h a n  1% o f  f o r m a l i n - c a s e i n  t o  
d i c a l c i u n  phosphate t a b l e t s ,  p repared  a t  a c o n s t a n t  p ressu re  
o f  a lmost  270 MPa, wh ich  corresponds t o  a p o r o s i t y  o f  about. 
37%, l e a d s  t o  ve ry  s h o r t  d i s i n t e g r a t i o n  t imes,  l e s s  than  one 
minute .  An i n t e r e s t i n g  fea tu re  i s  t h a t  t h e  a d d i t i o n  o f  more 
than  1% f o r m a l i n - c a s e i n  l e a d s  t o  a d i s i n t e g r a t i o n  process  
which i s  independent o f  compressional  p ressure .  This i s  n o t  
t h e  case when o n l y  1% f o r m a l i n - c a s e i n  i s  employed. 

I n  o r d e r  t o  de termine t h e  e f f e c t  o f  i n c r e a s i n g  
d i s i n t e g r a n t  l e v e l s  i n  more hydrophob ic  t a b l e t s ,  
a c e t y l s a l i c y l i c  a c i d  was chosen as  another  model substance. 
F i g u r e  1 shoivs t h e  i n f l u e n c e  o f  f o r m a l i n - c a s e i n  c o n t e n t  upon 
d i s i n t e g r a t i o n  t i m e  f o r  n o n - l u b r i c a t e d  a c e t y l s a l i c y l i c  a c i d  
t a b l e t s  p repared  a t  a cons tan t  p o r o s i t y  o f  about  3%, which 
corresponds t o  a p r e s s u r e  o f  about 260 MPa. As f o r  d i c a l c i u m  
phosphate, d i s i n t e g r a t i o n  occurs  o n l y  when a s u f f i c i e n t  
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FORMALIN-CASEIN 

264 

619 

7200 2994 6 3  42 30 

TABLE 3 
Disintegration Times ( s )  of Dicalcium Phosphate Tablets (Mean 
o f  Six Determinations), Lubricated with 0,576 o f  Magnesium 
Stearate, and Containing! Increasinq Formalin-casein 
Percentages as a Disintegrant. 

Pressure 
(MPa) 

Formalin-casein 

55 
108 
161 
215 

0 76 1 76 1.5% 2 % 3L 

7200 3.64 56 41 31 
7200 171 4 5  35 29 

7200 1155 54 42  29 
7200 47 3 46 37 2a 

percentaae of formalin-casein is added. In this case, the 
addition o f  2!% formalin-casein is necessary to observe tablet 
disinteqration. However, more than 3% formalin-casein is 
necessary in order to obtain a disintearation time of less 
than one minute. 

Continuous Network Hypothesis Examination 

Examination of the transition between non-disintegrating 
behavior and disintegrating behaviour, as reported in Table 3 
fo r  dicalcium phosphate tablets, is interesting. The addition 
o f  1% formalin-casein gives a very pronounced pressure 
dependence o f  the disintegration time. This phenomenon 
completly disappears when 1.5% formalin-casein is added. When 
disintegration time is plotted against tablet porosity for the 
same formalin-casein concentrations (Fiqure 21, similar 
features are encountered. Consequently, differences between 
porosities into the tablets cannot be invoked in order to 
explain the differences observed. 
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3000 r 

z 
0 - 

FORMAL1 N-CASE1 N 
1 %  

0 1 , 5 %  

0 1  I 
w, c! ' 2 - n  J-l 1 

2 6  30 3 4  38 42 46 

POROSITY ( % I  

FIGURE 2 

Relationship between porosity and disintegration time 
of dicalcium Dhosphate tablets, lubricated with 0.5% 
magnesium stearate, containina 1.0% and 1.5% 
formalin-casein disintegrant 

It has been reported (6,7,8,9) that it was necessary to 
establish a sufficiently continuous hydrophilic network around 
the other particles (diluent or active druo) in order to 
observe tablet disintegration. In the case of dicalcium 
phosphate tablets, it is likely that 1% fornalin-casein is not 
sufficient to establish a continuous hydrophilic polymeric 
network, but thzt 1.5% is- satisfactory. Supportins this 
hypothesis is the sharpness of the transition. Such a 
phenomenon has been reported previously for acetylsalicylic 
tablets containing increasing quantities of starch by RIXGARD 
et al. ( 6 ) .  When a sufficient hydrophilic network is 
established, disintegration time becomes independent of tablet 
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FORMALIN-CASEIN 621 

p o r o s i t y .  Examinat ion  o f  Table  3 c o n f i r m s  t h i s  h y p o t h e s i s .  I t  
shows t h a t  t h e  d i s i n t e g r a t i o n  time o f  d i c a l c i u m  phosphate  
t a b l e t s ,  p r e p a r e d  a t  about  270 MPa ( e x h i b i t i n g  an a lmos t  
c o n s t a n t  p o r o s i t y  o f  about  37%) and l u b r i c a t e d  wi th  0.5% 
magnesium s t e a r a t e ,  d r o p s  sudden ly  when t h e  p e r c e n t a g e  o f  
f o r m a l i n - c a s e i n  is h i g h e r  than  1,076. 

Eased on s p h e r e  c o o r d i n a t i o n  i n d i c e s  c a l c u l a t i o n s ,  a 
methodology fo r  t h e  c a l c u l a t i o n  o f  t h e  t h e o r e t i c a l  
d i s i n t e g r a n t  q u a n t i t y ,  0, which is n e c e s s a r y  t o  develop  a 
c o n t i n u o u s  d i s i n t e g r a n t .  network (made of  a s i m p l e  l a y e r  o f  
d i s i n t e g r a n t  p a r t i c l e s )  i n  a t a b l e t  h a s  been  proposed  by 
R I N G A R D  and  GUYOT-HERMANN ( 7 ) ,  where D1 and  D2 a r e  
r e s p e c t i v e l y  t h e  p a r t i c l e  s i z e s  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  of  t h e  d i l u e n t ,  and where d l  and d2  a r e  t h e  c o r r e s p o n d i n g  
t r u e  d e n s i t i e s :  

Q z 0 . 3 2  .-. 

However, t h e  d i s i n t e g r a n t  q u a n t i t i e s  c a l c u l a t e d  by t h i s  
method a r e  i n d i c a t i v e  o n l y ,  s ince g e n e r a l l y  t h e y  do no t  f i t  
e x a c t l y  t o  d i s i n t e g r a t i o n  d a t a .  By u s i n g  t r u e  d e n s i t i e s  and 
t h e  p a r t i c l e  mean d i a m e t e r s  o f  t a b l e  1, t h e  p e r c e n t a g e  
n e c e s s a r y  t o  o b t a i n  f u l l  cove rage  o f  d i c a l c i u m  phosphate  
p a r t i c l e s  b y  f o r m a l i n - c a s e i n  p a r t i c l e s  would be a b o u t  3 . 5 % .  
T h i s  v a l u e  is h i g h e r  t h a n  t h e  t h r e s h o l d  v a l u e  f o r  
d i s i n t e g r a t i o n  o f  1 . 5 %  obse rved  i n  Table  1. I n  t h e  c a s e  o f  
a c e t y l s a l i c y l i c  a c i d ,  t h e  c a l c u l a t e d  v a l u e  is 2.0% and have t o  
be compared w i t h  t h e  t h r e s h o l d  value o f  3.0% f o r  
d i s i n t e g r a t i o n  time ( F i g u r e  3 ) .  These s l i g h t  d i s c r e p a n c i e s  may 
b e  due t o  many f a c t o r s  n e q l e c t e d  d u r i n g  t h e  c a l c u l a t i o n ,  such  
a s  p a r t i c l e  f r a p m e n t a t i o n  d u r i n g  compress ion ,  i r r e g u l a r  shape  
o f  p a r t i c l e s  and p a r t i c l e  s w e l l i n g .  Although t h e  v a l u e s  
observed  d u r i n g  d i s i n t e g r a t i o n  e x p e r i m e n t s  do n o t  f i t  e x a c t l y  
t o  t h e  c a l c u l a t e d  v a l u e s ,  t h e y  have  t h e  same magni tude ,  
s u p p o r t i n g  t h e  h y p o t h e s i s  o f  t n e  c o n t i n u o u s  ne twork .  

Influence o f  t h e  Hydrophi l ic /Hydrophobic  Ba lance  

For d i s i n t e g r a t i o n  t o  o c c u r ,  i t  is n e c e s s a r y  t o  have a 
s u f f i c i e n t l y  h y d r o p h i l i c  network i n  t h e  t a b l e t  i n  o r d e r  t o  
have a r a p i d  w a t e r  u p t a k e ,  l e a d i n g  t o  t h e  r u p t u r e  o f  
i n t e r p a r t i c u l a t e  bonds  ( 6 - 9 ) .  L i q u i d  medium p e n e t r a t i o n  
th rough  t h e  t a b l e t  depends on t h e  h y d r o p h i l i c / h y d r o p h o b i c  
b a l a n c e  t h a t  is  e s t a b l i s h e d  i n  t h e  t a b l e t .  As p r e v i o u s l y  
p o i n t e d  o u t ,  a l t h o u g h  some water u p t a k e  may o c c u r  i n  pu re  
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7 2 0 0  r 

PONCHEL AND DUCHENE 

0 0,5 2 5 

MAGNESIUM S T E A R A T E  ( % )  

FIGURE 3 

Influence of magnesium stearate content on 
disintegration time of diclcium phosphate tablets 
prepared at constant porosity (about 37%), lubricated 
with 0.5X magnesium stearate and containing 1.0% 
formalin-casein. Arrow indicates a disintegration time 
greater than 12 hours 

dicalcium phosphate tablets ( 2 2 ) ,  Table 3 shows that water is 
unable to dissociate dicalcium phosphate particles. 
Furthermore, lubrication by hydrophobic lubricants such as 
magnesium stearate increases the hydrophoby o f  the tablets. 

Figure 3 demonstrates the incidence o f  the  
hydrophylic/hydrophobic balance in the tablet upon 
disintegration. Dicalcium phosphate tablets orepared at 
constant porosity (about 372)  with l?; formalin-casein and 
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2 5 0  

200 - 

c 
ul 
v 

W ' 1 5 0  t- 
- 

0 L 
W A T E R  NaCl BUFFER HCI 

isotonic pH=7,2 0,lM 
solut ion 

D I S I N T E C R A T  I O N  MED I UM 

FIGURE 4 

Effect of disintegration medium composition on 
disintegration time of -dicalcium phosphate tablets 
prepared at constant porosity (about 32%),  lubricated 
with 0.5% magnesium stearate and containing 2.0% 
formalin-casein 

containing increasing quantities of magnesium stearate exhibit 
increasinq disintegration times. Due to its hydrophobic 
nature, the addition of  magnesium stearate progressively 
inhibits water uptake into the porous network so that 
disintegration becomes almost impossible when the stearate 
content reaches 5%. 

Influence of the Composition of the Oisinteqration Medium 

Figure 4 shows the effect of the composition of some 
commonly used disintegration media on the disintegration time 
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Reference E2i 
3 

750 

c 
vl - 5 0 0  
W 

I- 
Z 
0 
t- < 
CT 
V 
W 
I- 
z 
v) 
0 2 5 0  

r 

- 

- 

0 

a f 
2 %  Formalin- 

casein 

0 . 2  0 , s  1 , O  

HYDROCHLORIC ACID (Mol.)  

FIGURE 5 

Influence of disintegration medium hydrochloric acid 
content on disintegration time of dicalcium phosphate 
tablets prepared at constant porosity (about 3221, 
lubricated with 0.5% magnesium stearate and containing 
2.0% formalin-casein. Reference is made to dicalcium 
phosphate tablets lubricated with 0.5% magnesium 
stearate prepared under the same conditions. Arrow 
indicates a disintegration time greater than 120 
minutes 
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Medium 

Water 
Isoton 
pH 7.2 buffer 
HC1 0.1 M 
HC1 0.2 M 
HC1 0.5 M 
HC1 1.0 M 

625 

Relative disintegration times Swelling 
( a )  ( % I  

--- +55.4 
0 

+7.1 
--- 
--- 

+115.2 +lo .  3 
1-138.4 +8.7 
1-275.9 +16.2 
+192.9 +4.2 

TABLE 4 
Relationship between Disintegration Time in Various Media 
(Expressed as Relative Values Compared with Disintegration 
Values in Isoton) and Swelling Behaviour of Formalin-casein in 
the same Media, for Dicalcium Phopsphate Tablets Lubricated 
with 0.5% Magnesium Stearate and Containing 2% Formalin-casein 
and Prepared at 270 MPa. 

o f  dicalcium phosphate tablets, prepared at a constant- 
porosity of about 32% (corresponding to a pressure of about 
270 MPa), containing 2.0% formalin-casein. Fluctuations in 
disintegration time are quit2 pronounced since tablets 
disintegrate almost twice fast in an isotonic sodium chloride 
solution than in a 0.1 M hydrochloric solution. 

Figure 5 shows the effect of the hydrochloric acid 
concentration o f  the testinq medium for the same tablets as 
previously, compared with tablet behaviour without 
formalin-casein. Increase in the acidic content up to 0.5 
Mole/l slows down the disintegration time whithout provoking 
any disintegration o f  the reference tablets. F o r  one mol/l 
hydrochloric acid, disintegration o f  the pure dicalcium 
phosphate tablets occurs, due to its solubility in strong 
acidic solution. This fact can exolain the sliaht decrease in 
the disintegration time o f  the tablets containing 
formalin-casein. 
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626 PONCHEL AND DUCHENE 

Swel l inq  Behaviour  o f  Fo rma l in -case in  P a r t i c l e s  

A number o f  a u t h o r s  have shown t h e  e x i s t e n c e  o f  
c o r r e l a t i o n s  between t h e  s w e l l i n g  behav iour  o f  v a r i o u s  
d i s i n t e g r a n t s  and t h e i r  per formances  i n  t a b l e t  d i s i n t e g r a t i o n  
f o r  a g i v e n  medium ( 4 , 5 ) .  F i g u r e s  4 and 5 p r e s e n t  r e s u l t s  
co r re spond ing  t o  d i c a l c i u m  phosphate  t a b l e t s  c o n t a i n i n g  2 2  
fo rma l in -case in .  I t  h a s  been shown p r e v i o u s l y  t h a t  t h i s  
q u a n t i t y  was a lmos t  s u f f i c i e n t  t o  e n s u r e  t h e  e s t a b l i s h m e n t  o f  
a h y d r o p h i l i c  network a l l  round t h e  d i l u e n t  o r  a c t i v e  d rug  
p a r t i c l e s .  The d i f f e r e n t  d i s i n t e g r a t i o n  times encoun te red  i n  
F i g u r e s  4 and 5 c a n  he  r e l a t e d  e i t h e r  t o  f o r m a l i n - c a s e i n  
p r o p e r t i e s ,  s u c h  a s  s w e l l i n g  behav iour ,  or t o  m o d i f i c a t i o n s  o f  
s o l i d  l i q u i d  i n t e r a c t i o n s .  

However, t h e  h y p o t h e s i s  o f  a m o d i f i c a t i o n  i n  t h e  s w e l l i n g  
behaviour  o f  f n r m a l i n - c a s e i n  i s  n o t  v e r y  s a t i s f a c t o r y .  Table  4 
p r e s e n t s  t h e  compara t ive  v a l u e s  o f  s w e l l i n g  o f  fo r rna l in -case in  
( v a l u e s  r e l a t e d  t o  i s o t o n  measurements ) .  I n  t h e  c a s e  of  a n  
i n c r e a s e  i n  t h e  a c i d i c  c o n t e n t  o f  t h e  d i s i n t e g r a t i o n  medium, 
s w e l l i n g  i s  h a r d l y  mod i f i ed  i n  comparison w i t h  t h e  r e l a t i v e  
i n c r e a s e  i n  d i s i n t e g r a t i o n  times. Thus,  p a r t i c l e  sinielling 
cannot. h e  invoked  i n  o r d e r  t o  e x p l a i n  v a r i a t i o n s  i n  t h e  
d i s i n t e g r a t i o n  time r e l a t e d  t o  chanqes  i n  t h e  d i s i n t e g r a t i o n  
media. M o d i f i c a t i o n s  o f  i n t e r p a r t i c u l a t e  f o r c e s  have been 
s t r e s s e d  by GUYOT-HERMANN e t  a l .  ( 9 ) .  I n  t h e  p r e s e n t  c a s e ,  
m o d i f i c a t i o n s  o f  s o l i d  l i q u i d  i n t e r a c t i o n s ,  r e l a t e d  t o  
v a r i a t i o n s  i n  t h e  l i q u i d  p r o p e r t i e s ,  can l e a d  i n  t u r n  t o  
m o d i f i c a t i o n s  o f  t h e  i n t e r p a r t i c u l a t e  f o r c e s .  Such phenomena 
may be invo lved  i n  t h e  p r e s e n t  d i s i n t e g r a t i o n  p r o c e s s .  

Conclus ion  

Forma l in -case in  p r o p e r t i e s  have  been s t u d i e d  pay ing  
p a r t i c u l a r  a t t e n t i o n  t o  t h e  d i s i n t e g r a t i o n  mechanism o f  t h i s  
polymer.  M o d i f i c a t i o n s  o f  d i s i n t e g r a t i o n  time when polymer 
q u a n t i t y  is v a r i e d ,  and a l s o  when v a r i a t i o n s  i n  t h e  d e g r e e  o f  
t a b l e t  hydrophohy are  induced ,  s u p p o r t  t h e  h y p o t h e s i s  of t h e  
con t inuous  h y d r o p h i l i c  network.  T a b l e t  d i s i n t e g r a t i o n  i s  
e f f i c i e n t  when t h e  amount o f  f o r m a l i n - c a s e i n  added ,  which 
depends on powder r e s p e c t i v e  p a r t i c l e  s i z e s ,  is s u f f i c i e n t  t o  
develop  a po lymer i c  p a r t i c l e  network a round t h e  o t h e r  
p a r t i c l e s .  On t h e  o t h e r  hand, f o r m a l i n - c a s e i n  p a r t i c l e  
s w e l l i n q  is n o t  i n v o l v e d  i n  t h e  i n t i m a t e  mechanism o f  t a b l e t  
d i s i n t e g r a t i o n ,  and canno t  e x p l a i n  v a r i a t i o n s  i n  t h e  
d i s i n t e g r a t i o n  time when t h e  d i s i n t e g r a t i o n  medium compos i t ion  
is  v a r i e d .  
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