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THE INFLUENCE OF 'THE SWELLING CHAHACTERIS'I'ICS UF STARCH AND STARCH 

DERlVA'l'ES O N  'THE D l S I N l ' E G H A ' I ' l O N  OF POWDERS, PACKED I N  H A H D  G E L A ' T I N  

CAPSULES. 

P. D e  B e u k e l a e r ,  M .  Van Oo teghem a n d  A .  L u d w i g  

U n i v e r s i t y  o f  A n t w e r p ,  Wilri j k ,  B e l g i u n i  

S t a r c h  a n d  s t a r c h  d e r i v a t e s  a re  f r e q u e n t l y  u s e d  i n  t a b l e t s  t o  

i m p r o v e  t h e  d i s i n t e g r , a t i o n  ' l ' h e i r  d i s i n t e g r a t i n g  a c t i o n  h a s  m a i n l y  

b e e n  a t t r i b u t e d  t o  t h e  s w e l l i n g  of' t h e  p a r t i c l e s  when t h e y  are  

i m m e r s e d  i n  a n  a q u e o u s  s o l u t i o n .  I t  h a s  b e e n  a s s u m e d  t h a t  t a b l e t  

d i s i n t e g r a t i o n  w o u l d  b e  r e l a t e d  t o  t h e  r a t i o  b e t w e e n  t h e  p o r e  

d i a m e t e r  a n d  t h e  l i n e a r  g r o w t h  of. t h e  d i s i n t e g r a n t  p a r t i c l e s .  The  

p r e s e n t  work  i r i v e s  t i g a t e s  t h e  r e l a t i o n s h i p  b e t w e e n  d i s i n t e g r a n t  

s w e l l i n g ,  p o r e  d i a m e t e r  a n d  d r u g  r e l ease  ra te  f o r  l o o s e l y  p a c k e d  

p o w d e r b e d s  i n  h a r d  g e l a t i n  c a p s u l e s .  

1 N T H O D U C T l O N  

The  re lease  o f  d r u g s ,  a n d  e s p e c i a l l y  o f  h y d r o f o b i c  d r u g s ,  

f'rom h a r d  g e l a t i n  c a p s u l e s  i s  o f t e n  s e r i o u s l y  l i m i t e d  by t h e  d i s -  

i n t e g r a t i o n  r a t e  o f  t h e  p o w d e r c y l i n d e r  i n  t h e  c a p s u l e .  A p o s s i b l e  

r emedy  for t h i s  p r o b l e m  c a n  b e  f o u n d  i n  t h e  u s e  o f  d i s i r i t e g r a n t s .  

T h e s e  a d j u v a n t s  h a v e  b e e n  w i d e l y  u s e d  i n  t a b l e t s  t o  p r o m o t e  the 

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

f'o.rms. The m e c h a n i s m  o f  a c t i o n  o f  d i s i n t e g r a n t s  i n  t a b l e t s  h a s  

b e e n  a t t r i b u t e d  m a i n l y  t o  t h e  s w e l l i n g  o f '  t h e  p a r t i c l e s  when t h e y  

a r e  b r o u g h t  i n t o  c o n t a c t  w i t h  water. A c c o r d i n g  t o  C o u v r e u r ' ,  a 

d i s i n t e g r a n t  s h o u l d  b e  e f ' f e c t i v e  i f  t h e  l i n e a r  g r o w t h  o f  t h e  d i s -  

i n t e g r a n t  p a r t i c l e s  d u r i n g  s w e l l i n g  i s  g rea t e r  t h a n  t h e  mean p o r e  
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4 3 2  DE BEUKELAER, VAN OOTEGHEM, ANT) LUDWIG 

swelling is not effective swelling is effective 

FlGUHE 1 

T h e o r e t i c a l  r e p r e s e n t a t i o n  of  t h e  i n f l u e n c e  of  s w e l l i n g  of d i s i n -  
t e g r a n t  p a r t i c l e s  on t h e  d i s i n t e g r a t i o n  o f  t h e  p o w d e r b e d .  

d i a m e t e r  i n  t h e  p o w d e r b e d  ( F i g .  1 ) .  Compared  t o  t a b l e t s  h o w e v e r ,  

the p o w d e r  i n  c a p s u l e s  i s  much more po rous  a n d  less  c o m p r e s s e d .  

The  p r e s e n t  w o r k  i n v e s t i g a t e s  t h e  r e l a t i o n s h i p  b e t w e e n  d i s i n t e -  

g r an t  s w e l l i n g ,  p o r o s i t y  a n d  p o r e  d i a m e t e r  o f  t h e  p o w d e r c y l i n d e r  a n d  

release r a t e  o f  t h e  d r u g  from g e l a t i n  c a p s u l e s .  

MATERIALS 

I n  t h e s e  e x p e r i m e n t s ,  p h e n a c e t i n  p o w d e r  ( B a y e r  , L e v e r k u s e n ,  

W-Germany) was u s e d  a s  a m o d e l  d r u g .  P o t a t o  s t a r c h  a n d  s o d i u m  

s t a r c h  g l y c o l a t e  ( E x p l o t a b  , R o q u e t t e  f r e r e s ,  L i l l e ,  F r a n c e )  were 

t h e  s e l e c t e d  d i s i n t e g r a n t s .  T h e s e  two materials e x h i b i t  g r e a t l y  

d i f f e r e n t  s w e l l i n g  c h a r a c t e r i s t i c s .  Lactose 200 mesh  ( D . M . V . ,  

V e g h e l ,  H o l l a n d )  was u s e d  as  a n o n  s w e l l i n g  h y d r o p h y l i c  r e f e r e n c e  

s u b s t a n c e .  By m e a n s  o f  a n  a i r - j e t  s i e v e  ( m o d e l  AZOOLS,  A l p i n e  AG 

M a s c h i n e n f a b r i k ,  A u g s b u r g ,  W-Germany ) t h e  d i s i r i t e g r a r i t s  were d i v i -  

d e d  i n  a f i n e  f r a c t i o n ,  w i t h  p a r t i c l e s  smal ler  t h a n  4 5  pm, a n d  a 

coarse f r a c t i o n ,  w i t h  a p a r t i c l e  s i z e  b e t w e e n  4 5  a n d  80 pm. 
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INFLUENCE OF STARCH ON D I S I N T E G R A T I O N  4 3 3  

METHODS 

D e t e r m i n a t i o n  of  P a r t i c l e  S i z e  a n d  S w e l l i n g  -- of  t h e  A d j u v a n t s  - -- 
The d i a m e t e r s  of  t h e  ' d r y '  p a r t i c l e s  a r e  m e a s u r e d  on a s u s -  

p e n s i o n  i n  p a r a f f i n  o i l .  The diameters  o f  t h e  s w o l l e n  p a r t i c l e s  

a r e  d e t e r m i n e d  on  a s u s p e n s i o n  i n  s i m u l a t e d  g a s t r i c  f l u i d .  Micro-  

p h o t o g r a p h s  o f  t h e  s u s p e n s i o n s  are  b r o u g h t  on  t h e  d i g i t i z e r  pad o f  

a K o n t r o n  MOP-AM02 a p p a r a t u s .  After  m a n u a l  t r a c i n g  o f  a n  i n d i v i -  

d u a l  p a r t i c l e ,  t h e  a p p a r a t u s  c a l c u l a t e s  t h e  p r o j e c t e d  area a n d  

t r a n s m i t s  t h i s  v a l u e  t o  a HP 9815A c a l c u l a t o r ,  which  d e t e r m i n e s  

t h e  s i z e  d i s t r i b u t i o n  a n d  i t s  s p e c i f i c  p a r a m e t e r s .  

P r e p a r a t i o n  of  Powder M i x t u r e s  a n d  F i l l i n g  of  t h e  C a p s u l e s  -___ 
A T u r b u l a  m i x e r  ( W i l l y  B a c h o f e n  M a s c h i n e n f a b r i k ,  B a s e l ,  S w i t -  

z e r l a n d )  was u s e d  t o  p r e p a r e  m i x t u r e s  of  p h e n a c e t i n  w i t h  50% o f  

t h e  a d j u v a n t s .  D i f f e r e n t  q u a n t i t i e s  o f  t h e s e  powder m i x t u r e s  were 

c o m p r e s s e d  t o  a c o n s t a n t  volume i n  g e l a t i n  c a p s u l e s .  Thus powder-  

c y l i n d e r s  were o b t a i n e d  w i t h  v a r y i n g  p o r o s i t i e s ,  a n d  a s  a c o n s e -  

q u e n c e  w i t h  d i f f e r e n t  p o r e  d i a m e t e r s .  The c a p s u l e s  were f i l l e d  by 

means o f  a s p e c i a l  f i l l i n g  a p p a r a t u s ,  w h i c h  a l lows  t o  c o m p r e s s  t h e  

powders  t o  a c o n s t a n t  v o l u m e .  The a p p l i e d  fo rce  is  m e a s u r e d  by 

means o f  a p i e z o - e l e c t r i c  fo rce  t r a n s d u c e r ,  a n d  a f t e r  a m p l i f i c a -  

t i o n  t h e  s i g n a l  i s  r e c o r d e d  on  a f a s t  b a l l i s t i c  r e c o r d e r .  Two 

d i f f e r e n t  d i e s  c a n  b e  u s e d  i n  t h i s  p r e s s :  The f i r s t  o n e  i s  u s e d  t o  

f i l l  a n  empty c a p s u l e - b o d y  w i t h  t h e  powder  m i x t u r e .  The s e c o n d  o n e  

is  a m e a s u r i n g - d i e .  It  p e r m i t s  t o  c o m p r e s s  t h e  powder  t o  a c y l i n -  

d e r  w h i c h  h a s  t h e  same diameter a n d  volume as  t h e  powder  c y l i n d e r  

i n  a c a p s u l e .  

D e t e r m i n a t i o n  o f  t h e  P o r e  Diameter --- 
The mean h y d r a u l i c  p o r e  d i a m e t e r  i n  t h e  p o w d e r c y l i n d e r s  i s  

m e a s u r e d  by  means  o f  a n  a d a p t e d  B l a i n e  a p p a r a t u s  3-5. The p o w d e r s  

a r e  c o m p r e s s e d  i n t o  t h e  m e a s u r i n g  d i e  a n d  p l a c e d  o n t o  t h e  B l a i n e  

a p p a r a t u s ,  a n d  t h e  t ime,  n e e d e d  by a c o n s t a n t  vo lume of a i r  t o  

flow t h r o u g h  t h e  powder  i s  m e a s u r e d .  
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434 DE BEUKELAER, VAN OOTEGHEM, AND LUDWIG 

Drug Release Hate 

The d r u g  re lease ra te  i s  m e a s u r e d  w i t h  a n  a u t o m a t e d  b e a k e r  
6 method.  The r e s u l t s  are  e x p r e s s e d  as d i s s o l u t i o n - e f f i c i e n c y  

( D . E . ) .  

HESULTS 

S w e l l i n g  E f f i c i e n c y  of  t h e  D i s i n t e g r a n t s  -- 
The r e s u l t s  of  t h e  p a r t i c l e  s i z e  m e a s u r e m e n t s  in a q u e o u s  a n d  

n o n  aquous  m e d i a  are  g i v e n  i n  t a b l e  1 .  Both powder f r a c t i o n s  o f  

s t a r c h  g l y c o l a t e  show a d r a m a t i c  d i a m e t e r  i n c r e a s e  i n  water of 

more t h a n  300%. T h i s  phenomenon however  seems t o  b e  v e r y  pH d e -  

p e n d a n t .  I n d e e d ,  t h e  s w e l l i n g  i s  much less  p r o n o u n c e d  i n  s i m u l a t e d  

gas t r ic  f l u i d  ( S . G . F . ) ,  w h i c h  h a s  a pH o f  1 .  S t i l l ,  e v e n  i n  t h e s e  

c i r c u m s t a n c e s ,  t h e  i n c r e a s e  of  d i a m e t e r  o f  t h e  E x p l o t a b  p a r t i c l e s  

c o m p a r e s  v e r y  f a v o r a b l y  w i t h  t h a t  o f  t h e  n a t i v e  p o t a t o  s t a r c h .  

S w e l l i n g  of p o t a t o  s t a r c h  i s  n o t  v e r y  d e p e n d e n t  on t h e  pH of  t h e  

s o l u t i o n .  In e i t h e r  medium t h e  d i a m e t e r  i n c r e a s e s  w i t h  a b o u t  1 1  t o  

14%. 

n 

I n f l u e n c e  of U i s i n t e g r a n t  Type on Drug Release - --- 
F i g u r e  2 shows t h e  d r u g  re lease  ra tes  from h a r d  g e l a t i n  cap- 

sules as  a f u n c t i o n  of  p o r o s i t y ,  f o r  m i x t u r e s  o f  p h e n a c e t i n  w i t h  

l a c t o s e  and  w i t h  t h e  f i n e  powder  f r a c t i o n s  o f  p o t a t o  s t a r c h  a n d  

s o d i u m  s t a r c h  g l y c o l a t e .  A s  c a n  be s e e n  i n  t a b l e  1 ,  t h e s e  3 t y p e s  

of a d j u v a n t s  h a v e  c o m p a r a b l e  p a r t i c l e  s i z e s .  

- P o t a t o  s t a r c h  4 45um is n o t  a v e r y  good d i s i n t e g r a n t  i n  c a p s u l e s .  

In p o w d e r b e d s  w i t h  a h i g h  p o r o s i t y  (40% or m o r e )  i t  d o e s  n o t  p e r -  

form b e t t e r  t h a n  l ac tose .  A t  lower p o r o s i t i e s  ( h i g h e r  c o m p r e s s i o n  

f o r c e s )  i t s  e f f i c i e n c y  i m p r o v e s  s l i g h t l y ,  b u t  s t i l l  r e m a i n s  r e l a -  

t i v e l y  low. A t  n e i t h e r  p o r o s i t y  l e v e l  t h e  p o w d e r c y l i n d e r s  were 

c o m p l e t e l y  d i s i n t e g r a t e d  w i t h i n  2 h o u r s .  

- S t a r c h  g l y c o l a t e  < 45um, w h i c h  h a s  a h i g h e r  s w e l l i n g  c a p a c i t y  

t h a n  p o t a t o  s t a r c h  < 45 um, is  a much b e t t e r  d i s i n t e g r a n t  i n  ge la -  

t i n  c a p s u l e s .  P o r o s i t y  v a r i a t i o n s  h a v e  h a r d l y  a n y  i n f l u e n c e  o n  i t s  

a c t i v i t y .  For t h e s e  m i x t u r e s  a l l  of t h e  p o w d e r c y l i n d e r s  d i s i n t e g -  

r a t e  w i t h i n  l ess  t h a n  10 m i n u t e s .  
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TABLE 1 

P a r t i c l e  S i z e  a n d  S w e l l i n g  

p o t a t o  s t a r c h  ( 4 5 p  

I t  It 4 5 - 80 p m 

I t  45-80pm 

s t a r c h  g l y c o l a t e  (45pm 

l a c t o s e  200 mesh 

p h e n a c e t i n  

I 

P A R A F F I N  W A T E R  

diam. diam. g r o w t h  

( p m )  (p) (ym) 

33.79 37;64 3.85 

61.34 69.91 8.57 

34.90 139.59 104.49  

d l  d2 A d Z d Z - d l  

62.45 233.56 171.11 

22.40 - 0 

43-90  0 

DE 61 
7 

8 0  

60 

4 0  

20 

S.G.F. 

diam. g r o w t h  

(pm) (ym) 
d 3  Ad = d j - d ’  

38.74 4.95 

70.32 8.98 

52.24 17.34 

81.97 19.52 

0 

0 

4 50 YO Starch glycolate ~ 4 5 u m  
= 50 70 Potato starch c 4 5 u m  
* 50 ‘10 Lactose 2 0 0 m e s h  

I I 1 1 I 

porosity 
0.10 0.20 0.3p 0.40 0.50 

FIGURE 2 

Drug re lease  r a t e  of  m i x t u r e s  o f  p h e n a c e t i n  w i t h  d i f f e r e n t  t y p e s  
o f  a d j u v a n t s  o f  c o m p a r a b l e  p a r t i c l e  s i z e ,  a s  a f u n c t i o n  of  p o r o s i -  
t y .  
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DEBo/ Of0 

601 4 50% Starch glycolate < 4 5  Urn 

v ,, 4 5 - 8 0 u m  . 5@/0 Potato starch <45 urn 
A ,, ., 45-80um 

0:lo 0:20 0:30 0,'40 0.50 
porosity 

FIGURE 3 

Drug re lease r a t e  of  m i x t u r e s  o f  p h e n a c e t i n  w i t h  d i s i n t e g r a n t s  of 
d i f f e r e n t  p a r t i c l e  s i z e ,  as  a f u n c t i o n  of  p o r o s i t y .  

I n f l u e n c e  of p a r t i c l e  s i z e  on  d r u g  re lease - --- 
The d r u g  release r a t e s  from h a r d  g e l a t i n  c a p s u l e s  is shown i n  

f i g u r e  3 as  a f u n c t i o n  of  p o r o s i t y ,  fo r  m i x t u r e s  o f  p h e n a c e t i n  

w i t h  d i f f e r e n t  p a r t i c l e  s i z e  f r a c t i o n s  of  p o t a t o  s t a r c h  a n d  of  

s o d i u m  s t a r c h  g l y c o l a t e .  F i g u r e s  4 a n d  5 g i v e  t h e  mean p o r e  d i a -  

meter of  t h e  powder  c y l i n d e r s  a s  a f u n c t i o n  of p o r o s i t y ,  f o r  

s t a r c h  g l y c o l a t e  a n d  p o t a t o  s t a r c h  r e s p e c t i v e l y .  They a l s o  r e p r e -  

s e n t  t h e  mean i n c r e a s e  i n  d i a m e t e r  of  t h e  d i s i n t e g r a n t  p a r t i c l e s  

a s  a r e s u l t  of  s w e l l i n g .  

F o r  s t a r c h  g l y c o l a t e  t h e r e  is  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  

re lease ra te  b e t w e e n  t h e  two s i e v e  f r a c t i o n s .  Both p e r f o r m  v e r y  
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I N F L U E N C E  OF STARCH ON D I S I N T E G R A T I O N  437 

Ad Starch glycolate ~ 4 5  urn _ _ _ _ - - _ - - - _ - - -  
4 - Starch glycolate 45-80vrn 

--t Starch glycolate c 4 5  urn 

0,lO 0.20 030 0.40 0;50 
porosity 

FIGURE 4 
Mean p o r e  d i ame te r  o f  m i x t u r e s  w i t h  s t a r c h  g l y c o l a t e ,  a s  a f u n c -  
t i o n  of  p o r o s i t y  (-- ) ,  c o m p a r e d  w i t h  t h e  diameter i n c r e a s e  o f  
t h e  d i s i n t e g r a n t  p a r t i c l e s  (-- - - 1 .  

- potato starch 45-80um - potato starch < 45urn 
14 

- 

Ad potato starch ~ 4 5 u r n  
9 6  

4 

2 

_ _ - _ -  - - - - - - - - P 

0.30 0.40 0,50 
0.10 o*20porosi t y 

FIGURE 5 

Mean p o r e  d i a m e t e r  o f  m i x t u r e s  w i t h  p o t a t o  s t a r c h ,  a s  a f - u n c t i o n  of 
p o r o s i t y  (-- ) ,  c o m p a r e d  w i t h  t h e  d i a m e t e r  i n c r e a s e  o f  t h e  d i s i n t e -  
g r a n t  p a r t i c l e s  ( - - -  - ) . 
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438 DE BEUKELAER, VAN OOTEGHEM, AND LUDWIG 

w e l l  a t  a l l  p o r o s i t y  l e v e l s .  D i s i n t e g r a t i o n  is v e r y  f a s t  i n  a l l  

cases .  T h i s  i s  i n  a g r e e m e n t  w i t h  C o u v r e u r ' s  t h e o r y ,  s i n c e  f i g .  4 

c l e a r l y  s h o w s  t h a t  f o r  b o t h  f r a c t i o n s  t h e  l i n e a r  g r o w t h  of t h e  

p a r t i c l e s  i s  greater  t h a n  t h e  mean p o r e  d i a m e t e r ,  f o r  a l l  p o r o s i -  

t i e s  t e s t e d .  

F o r  m i x t u r e s  w i t h  p o t a t o  s t a r c h  f i g .  5 c l e a r l y  s h o w s  t h a t  a t  

p o r o s i t i e s  o f  l e s s  t h a n  0 . 2 5  a n d  0 .35  r e s p e c t i v e l y ,  t h e  l i n e a r  

p a r t i c l e  g r o w t h  o f  t h e  f r a c t i o n s  4 4 5 u m  a n d  45-80um is  g rea t e r  

t h a n  t h e  mean p o r e  d i a m e t e r .  T h i s  s u g g e s t s  a r a p i d  d i s i n t e g r a t i o n  

a n d  a h i g h  r e l ease  r a t e .  En r e a l i t y  n o n e  of t h e  p o w d e r b e d s  d i s i n -  

t e g r a t e s  w i t h i n  120 m i n u t e s .  V a r i a t i o n s  i n  p o r o s i t y  d o  n o t  p r o d u c e  

g rea t  c h a n g e s  i n  r e l ease  r a t e ,  as  shown  i n  f i g u r e  3 .  I n  f ' a c t ,  a 

m a r k e d  s w e l l i n g  o f  t h e  p o w d e r c y l i n d e r s  c a n  b e  o b s e r v e d  a f t e r  r u p -  

t u r e  o f  t h e  g e l a t i n  wal l .  I t  i s  more p r o n o u n c e d  i n  t h e  p o w d e r b e d s  

w i t h  low p o r o s i t y .  T h i s  s w e l l i n g  h o w e v e r  d o e s  n o t  r e s u l t  i n  d i s i n -  

t e g r a t i o n  o f  t h e  p o w d e r b e d .  

C O N C L U S I O N S  

From t h e  r e s u l t s  o b t a i n e d ,  f o l l o w i n g  c o n c l u s i o n s  may b e  d r a w n :  

- P o t a t o  s t a r c h  is n o t  a g o o d  d i s i n t e g r a n t  i n  g e l a t i n  c a p s u l e s .  

- The s t ronger  s w e l l i n g  s t a r c h  g l y c o l a t e  i s  a much b e t t e r  d i s i n -  

t e g r a n t  i n  c a p s u l e s .  

- A t  t h e  u s e d  c o n c e n t r a t i o n ,  p o r o s i t y  v a r i a t i o n s  d o  n o t  h a v e  a 

g r e a t  i n f l u e n c e  o n  d i s i n t e g r a t i o n  t ime a n d  r e l e a s e  r a t e .  

- 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  p a r t i c l e s  seems t o  b e  a v e r y  i m p o r -  

t a n t  f a c t o r .  H o w e v e r ,  t h e  t h e o r y  w h i c h  re la tes  d i s i n t e g r a t i o n  

time t o  t h e  r e l a t i o n  o f  l i n e a r  p a r t i c l e  g r o w t h  a n d  mean p o r e  

d i a m e t e r  d o e s  riot seem t o  h o l d  i n  t h e  case of  h a r d  g e l a t i n  
c a p s u l e s .  

A C K N O W L E D G M E N T S  

T h i s  w o r k  was s u p p o r t e d  b y  t h e  I W O N L  ( I n s t i t u u t  t o t  a a n -  

r n o e d i g i n g  v a n  h e t  w e t e n s c h a p p e l i j k  o n d e r r o e k  i n  N i j v e r -  

h e i d  en  L a n d  b o u w l  ( B - 1 0 5 0  Brussels 1 .  
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