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ABSTRACT 

The l i b e r a t i o n  of a d r u g  from an i n e r t  m a t r i x  t a b l e t  

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

released as  a f u n c t i o n  of t h e  s q u a r e  r o o t  of t i m e ,  

according t o  t h e  e q u a t i o n  p r o p o s e d  by  Higuch i  f o r  t h e  

mechanism of d r u g  release.  I n  many cases t h i s  p l o t t i n g  

does n o t  g i v e  a s t r a i g h t  l i n e  d u r i n g  al.1 t h e  

l i b e r a t i o n .  I n  t h i s  p a p e r  matrices c o n t a i n i n g  
me toc lop ramide  as  a n  a c t i v e  d r u g  and e t h y l c e l l u l o s e  a s  

a polymer have  b e e n  s t u d i e d ,  and  t h e  o r i g i n  of t h e  non 

l i n e a r  release a t  t n e  end of tne l i b e r a l t i o n  d i s c u s s e d .  

INTRODUCTION 

The l i b e r a t i o n  of a d r u g  from anl i n e r t  m a t r i x  t a b l e t  

i s  u s u a l l y  s t u d i e d  i n  v i t r o  by  p l o t t i n g  t h e  p e r c e n t a g e  
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2338 STAMM AND TRITSCH 

of d rug  l i b e r a t e d  as  a f u n c t i o n  o f  t h e  s q u a r e  r o o t  of 

t i m e ,  a cco rd ing  t o  t h e  r e l a t i o n  proposed by  H I G U C H I  

( 4 )  f o r  t h e  mechanism of  d rug  d i s s o l u t i o n  : 

1 / 2  
Q = ( k . t )  ( e q u a t i o n  1) 

where Q i s  t h e  amount of  d rug  d i s s o l v e d  

t is  t h e  t i m e  
k i s  t h e  l i b e r a t i o n  c o n s t a n t  

1 / 2  
k = ( ( D . e / T )  . ( 2 . A  - e . C s ) .  C s )  ( e q u a t i o n  2 )  

where D i s  t h e  d i f f u s i o n  f a c t o r  

e i s  t h e  p o r o s i t y  f a c t o r  of t h e  m a t r i x  
T is  t h e  t o r t u o s i t y  f a c t o r  of t h e  m a t r i x  
A is  t h e  amount of  d rug  i n  t h e  m a t r i x  

(weight /volume)  
C s  is  t h e  s o l u b i l i t y  of t h e  d r u g  

These r e l a t i o n s  i n d i c a t e  t h a t  t h e  l i b e r a t i o n  of  d r u g  
i s  a l i n e a r  f u n c t i o n  of  t h e  s q u a r e  r o o t  of  t i m e .  

I n  p r a c t i c e  t h e r e  is  o f t e n  s e e n  t h a t  t h e  l i n e a r  
r e l a t i o n s h i p  between t h e  amount of d r u g  l i b e r a t e d  and 
t h e  s q u a r e  r o o t  of t i m e  is on ly  t r u e  i n  a p a r t  of t h e  
d i s s o l u t i o n  c u r v e  ( 7 5  t o  80 % of t h e  t i m e  needed f o r  
comple te  l i b e r a t i o n  of  t h e  d r u g )  

F A R H A D I E H ,  BORODKIN and BUDDENHAGEN ( 1 , 2 )  have 
mentioned t h a t  t h i s  s l o p e  change is  related t o  t h e  
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LIBERATION OF DRUGS FROM INERT MATRICES 2339 

geometrical shape of t h e  t a b l e t  : accor id ing  t o  t h e s e  

a u t h o r s  , a  f l a t  t a b l e t  shows a l i n e a r  l i b e r a t i o n  
p r o f i l e  durincg a l o n g e r  t i m e  t h a n  a c u r v e d  one .  

Accord ing  t o  FESSI,  P U I S I E U X ,  MARTY and  CARSTENSEN 

( 3 1 ,  t h e  chanlge i n  s l o p e  i s  d u e  t o  a m o d i f i c a t i o n  i n  

t h e  l i b e r a t i o n  p r o c e s s  i t s e l f .  T h i s  c h a n g e  a p p e a r s  

when t h e  t a b l e t  h a s  b e e n  c o m p l e t e l y  p e n e t r a t e d  by  t h e  

d i s s o l u t i o n  l i q u i d  : From t h i s  moment, t h e  H I G U C H I  l a w  
i s  no  l o n g e r  v a l i d ,  and t h e  d r u g  d i s s o l u t i o n  o c c u r s  
a c c o r d i n g  t o  a s imple  d i f f u s i o n  model. 

In  t h i s  p a p e r  i t  was t r ied  t o  v e r i f y  i f  t h e  
m o d i f i c a t i o n  +of t h e  s l o p e  i n  t h e  l i b e r a t i o n  p l o t  c o u l d  

n o t  be d u e  t o  t h e  i n t e r n a l  s t r u c t u r e  of t h e  t a b l e t s .  

MATERIALS - 
For  t h i s  s t u d y  Metoclopramide H y d r o c h l o r i d e  (Methoxy-2 
c h l o r o - 5  p r o c a i n a m i d e  1 - an  a n t i e m e t i c  d r u g  w a s  

c h o o s e n  as t h e  a c t i v e  component  of t h e  f o r m u l a t i o n  : 

I t  i s  a d r u g  which shows a good s t a b i l i t y  i n  ac id ic  
and  a l c a l i n e  medium, a s h o r t  h a l f  l i f e  (and a good 

a b s o r p t i o n  i n  t h e  G . I . t r ac t  s o  t h a t  t h i s  d r u g  is  a n  
i n t e r e s t i n g  m o l e c u l e  t o  be p u t  i n  a l o n g  a c t i n g  
f o r m u l a t i c n .  

I n e r t  matrices w e r e  manufac tu re ' d  w i t h  e t h y l c e l l u l o s e  

( E t h y l c e l l u l o s e  2 0  c p s  - H e r c u l e s )  as  a m a t r i x  a g e n t ,  

l ac tose  a s  an  i n e r t  f i l l e r  and p o r o s i t y  e n h a n c e r ,  and  
magnesium s t e a r a t e  a s  a l u b r i c a n t .  
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2340 

HETHODS 

STAMM AND T R I T S C H  

I n e r t  matrices where manufac tured  a c c o r d i n g  t o  t h e  
formula  : 

Metoclopramide , lHCl,lH20.. . . .  10,O % 
Lactose c r y s t a l l i n e  (E .F .C . ) . .  3 9 , s  % 
E t h y l c e l l u l o s e  20............. 50,O % 
Magnesium s t e a r a t e  ........... 0,5 % 

The t ab le t s  were manufac tured  on a Korsch E K / O  

t a b l e t t i n g  machine w i t h  12 m m  f l a t  s i n g l e  punches.  
T h i s  equipment  is f i t t e d  o u t  w i t h  s t r a i n  gauges  and 
a l l o w s  t h e  r e c o r d i n g  of t h e  compress ion  forces. 
The t a b l e t s  w e r e  manufac tured  a t  f o u r  d i f f e r e n t  
compress ion  forces. The q u a n t i t y  of  powder compressed 
w a s  a d j u s t e d  i n  o r d e r  t o  g i v e  t ab le t s  of t h e  same 
t h i c k n e s s  ( 3 m m )  a t  each  compress ion  p r e s s u r e .  So a l l  

t h e  tablets show t h e  same s u r f a c e  ( 3 . 3 9 2 9  cm2). The 
h a r d n e s s  of t h e  t ab le t s  w a s  measured on an  Erweka TBT 

h a r d n e s s  tes ter ,  and t h e  t r u e  h a r d n e s s  w a s  c a l c u l a t e d  
a c c o r d i n g  t o  t h e  fo rmula  g i v e n  by TIMOSHENKO and 
GOODIER (5). The proper t ies  of t h e  tablets  a r e  g i v e n  
i n  t ab le  1 ( a v e r a g e  of 20  measurements ) .  

The d i s s o l u t i o n  of t h e  manufactured t ab le t s  h a s  been 

s t u d i e d  according t o  t h e  U.S.P. X X  Paddle method. The 
d i s s o l u t i o n  medium w a s  1000 m l  of d i s t i l l a t e d  water a t  

37 degres C b e c a u s e  i t  c o u l d  be s e e n  t h a t  there is no 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  d i s s o l u t i o n  p r o f i l e  when 
w a t e r  is t a k e n  a s  medium i n s t e a d  of 0 . 1  N h y d r o c h l o r i c  
acid.  The r o t a t i o n  speed  of t h e  p a d d l e  w a s  50 r.p.rn. 
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L I B E R A T I O N  OF DRUGS FROM I N E R T  MATR1C:ES 2341 

Table 1 : Proper t ies  of t h e  tablets  

The amount of Metoclopramide d i # s s o l v e d  w a s  mesured by  

U . V .  S p e c t r o p h o t o m e t r y  a t  2 7 2  nim. 

RESULTS 

The r e s u l t s  of: t h e  l i b e r a t i o n  of Metoclopramide a re  
g i v e n  i n  t a b l e  2 and f i g u r e  1. 

T h e  batch Dl, which h a s  a low h a r d n e s s  and a h i g h  
p o r o s i t y ,  g i v e s  a q u i c k  re lease of t h e  d r u g .  With h i g h  
h a r d n e s s e s  , t h e  l i b e r a t i o n  p r o f i l e s  a r e  a p p r o x i m a t e l y  
t h e  same. 

The l i b e r a t i o n  c o n s t a n t s  show t h a t  t h e  h a r d n e s s  and 

p o r o s i t y  o f  t h e  matrices a r e  of l i t t l e  i n f l u e n c e  on 
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2342 STAMM AND TRITSCH 

Table 2 : Amount of d r u g  d i sso lved  from t h e  tablets  

...................................................... 
D i s s o l u t i o n  c o n s t a n t  

-2 -1 /2  

(0 .01  mg.cn .s 1 

C o r r e l a t i o n  

c o e f f i c i e n t  0.9987 0.9999 0 . 9999 0.9998 

t h e  d i s s o l u t i o n  of t h e  d r u g  when t h e s e  v a l u e s  are o v e r  
( f o r  h a r d n e s s )  or u n d e r  ( f o r  p o r o s i t y )  c e r t a i n  l i m i t s .  

For  e a c h  of t h e s e  t a b l e t  b a t c h e s ,  t h e  amount of d r u g  

d i s s o l v e d  h a s  been  p lo t t ed  vs t h e  s q u a r e  roo t  of t i m e  
( f i g u r e s  2 ,  3 ,  4 and 5 )  
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LIBERATION OF DRCGS FROM INERT MATRICE8S 2343 

Matrix D1 

Matrix D2 0 

Matrix D3 I 

Time (minutesi  --------- -* 
30 60 i 213 180 240 300 360 420 480 540 

F I G U R E  1 : Percentage of d r u g  r ' e l e a s e d  as a f u n c t i o n  
of t i m e  

I n  e a c h  case a l i n e a r  r e l a t i o n s h i p  betweten t h e  amount 
of d r u g  d i s s o l v e d  and t h e  s q u a r e  roo t  of time c o u l d  be 

o b s e r v e d  d u r i n g  t h e  b e g i n i n g  of t h e  d i s s o l u t i o n .  A t  

t h e  end t h e r e  is a c h a n g e  i n  t h e  s l o p e  of t h e  c u r v e .  

T h i s  c h a n g e  i n  t h e  s l o p e  a p p e a r s  f a s t e r  when t h e  

p o r o s i t y  of th ' e  m a t r i x  i s  h i g h .  

The t i m e  a f t e r  which t h e  c h a n g e  i n  t h e  s. lope a p p e a r s  

w a s  e v a l u a t e d  Ion t h e  f i g u r e s  2 t o  5 ,  and p l o t t e d  v s  

t h e  p o r o s i t y  of t h e  m a t r i x  ( f i g u r e  6 ) .  

The re  is  a L i n e a r  r e l a t i o n s h i p  be tween  t h e  p o r o s i t y  of 

t h e  matrices and t h e  t i m e  needed  f o r  t h e  c h a n g e  of 
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2344 STAMM AND TRITSCH 

30 

2c 

1( 

mg drug 
dissolved 

- - - - - - - - 
!8,2 rng 

. _  

I 

I 
I 

I 

I 
I 

Time (min.) :112 
minutes 

v .  

30 60 120 180 240 300 360 ’ 
FIGURE 2 : Amount of d r u g  d i s s o l v e d  a s  a f u n c t i o n  of 

t h e  s q u a r e  roo t  of t i m e  (Batch  D1) 

s l o p e  t o  a p p e a r ,  e x c e p t e d  f o r  v e r y  l o w  p o r o s i t i e s ,  
where  t h e  t i m e  r e a c h e s  a m a x i m a l  v a l u e .  

DISCUSSION ---- 
The change i n  t h e  s l o p e  of t h e  l i b e r a t i o n  c u r v e  c a n  be 

e x p l a i n e d  i n  d i f f e r e n t  manners. I t  c o u l d  be r e l a t e d  t o  
a change i n  t h e  l i b e r a t i o n  mechanism, as mentioned by  

FESSI and al. f 31, or  i t  c o u l d  be d u e  t o  t h e  i n t e r n a l  
s t r u c t u r e  of t h e  tablets .  
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L I B E R A T I O N  OF DRUGS FROM I N E R T  MATRICES 2345 

I 

// I I I I I 

I 
I 
I 

I 
I 

1 
I 
I 
I 
I 
I 

I 
I 
I 
I 

/ 
,/ I I 

i i 

;26:! time (min. / I 1 I 'minutes 

30 60 l;O 180 240 3 6 0  360 420 
+ 

FIGURE 3 : Amount of d r u g  disso:Lved a s  a f u n c t i o n  of 
t h e  s q u a r e  r o o t  o f  t i m e  ( B a t c h  D2) 

Change i n  t h e  IMechanisrn of L i b e r a t i o n  
-__I-- 

The e q u a t i o n  g i v e n  b y  H I G U C H I  assumes  t h a t  t h e  s i z e  o f  
t h e  s o l i d  i n  c o n t a c t  w i t h  t h e  l i q u i d  i s  of i n f i n i t e  
s i z e .  After  a t i m e  e q u a l  t o  t ,  t h e  d i s s o l u t i o n  medium 
h a s  p e n e t r a t e d  t h e  m a t r i x  on a c e r t a i n  l e n g t h  e q u a l  t o  
a .  A t  t h e  i n t e r f a c e  be tween t h e  s o l i d  and  t h e  l i q u i d ,  
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2346 STAMM AND TRITSCH 

/o 

30 60 120 180 240 300 360 420480 

FIGURE 4 : Amount of d r u g  d i s s o l v e d  as  a f u n c t i o n  of 
t h e  s q u a r e  roo t  of t i m e  (Batch  D3) 

t h e  c o n c e n t r a t i o n  i n  d i s s o l v e d  d r u g  i s  e q u a l  t o  t h e  

s o l u b i l i t y  of t h e  d r u g .  I n  t h e  d i s s o l u t i o n  medium, 
o u t s i d e  of t h e  s o l i d  m a t r i x ,  t h e  c o n c e n t r a t i o n  is 
e q u a l  t o  ze ro  ( " s i n k "  c o n d i t i o n s ) .  According t o  FESSI  

and a l .  ( 3 )  there i s  a c o n c e n t r a t i o n  g r a d i e n t  i n  t h e  
t a b l e t ,  from C = S a t  t h e  s o l i d - l i q u i d  i n t e r f a c e  t o  C 

= 0 a t  t h e  o u t s i d e  of t h e  t a b l e t .  

I n  f a c t  t h e  d imens ion  of t h e  t ab le t  is  n o t  i n f i n i t e  : 
a s  l o n g  a s  there  r ema ins  a p a r t  of t h e  t ab l e t  which  
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t mg of drug dissolved 
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.-L 
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FIGURE 5 : Amount of d r u g  dissolved a s  a f u n c t i o n  of 
t h e  square r o o t  of time ( B a t c h  D4) 

h a s  n o t  b e e n  wetted b y  t h e  d i s s o l u t i o n  medium, t h e  

e q u a t i o n  g i v e n  :by HIGUCHI is  v a l i d .  When , t h e  t a b l e t  is 
c o m p l e t l y  w e t t e d ,  C becomes l o w e r  t h a n  t h e  s o l u b i l i t y  

S ,  and t h e  r e l a t i o n  of HIGUCHI c a n  no l o n g e r  be u s e d  : 
a t  t h a t  t i m e  t h e  c h a n g e  i n  t h e  s l o p e  o c c u r s .  

FESSI and a l .  ( 3 )  h a v e  c a l c u l a t e d  t h e  amount of d r u g  

r e m a i n i n g  i n  t h e  t a b l e t  a t  t h e  " c r i t i ca l  time" (time 
a t  which  t h e  s lope  of t h e  c u r v e  c h a n g e s ) .  

3 .1416 

J = e . S . ------ . h . r  ( e q u a t i o n  3 )  
6 
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STAMM AND TRITSCH 

1 

" c r i t i c a l  t i m e "  e, (mn) 

0 /-- : 

poros i ty  
4 '  1 I 1 

0,1707 0,0741 0,0460 0,0240 

303 

262 

112 

F I G U R E  6 : C r i t i c a l  t i m e  a s  a f u n c t i o n  of t h e  p o r o s i t y  
of t ab l e t s  

where : J i s  t h e  amount of d r u g  r ema in ing  
i n  t h e  tablet  

e i s  t h e  p o r o s i t y  of t h e  tab le t  
S is t h e  s o l u b i l i t y  of t h e  d r u g  
h is t h e  t h i c k n e s s  of t h e  m a t r i x  t ab le t  
r is  t h e  r a d i u s  of t h e  m a t r i x  t ab l e t  

I n  t h e  case of Metoclopramide tablets  s t u d i e d  here ,  

t h e  amount of remain ing  d r u g  i n  the? t ab le t  a t  t h e  
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D4 2.40 0.3 1.20 4.85 

c r i t i c a l  t i m e  h a s  been  C a l c u l a t e d ,  acco rd ing  t o  t h e  

e q u a t i o n  ( 3 )  and h a s  a l s o  been e v a l u a t e d  from t h e  

f i g u r e s  2 ,  3 ,  4 and 5. 

The r e s u l t s ,  r e p o r t e d  i n  t a b l e  3 show t h a t  t h e  

c a l c u l a t e d  v a l u e s  are c l o s e  t o  t h e  e x p e r i m e n t a l  ones  

fo r  t h e  batches;  D 1  and D2. T h i s  con f i rms  t h e  

h y p o t h e s i s  of F'ESSI and a l .  ( 3 ) .  

For matrices of g r e a t  h a r d n e s s  ( b a t c h e s  Dl3 and D 4 ) ,  

t h e  d i f f e r e n c e s  between c a l c u l a t e d  and e x p e r i m e n t a l  
v a l u e s  are more i m p o r t a n t .  It s e e m s  ( f i g iu rc  6 and 

tab le  3 )  t h a t  t h e  h y p o t h e s i s  of E'ESSI and a l .  is  v a l i d  

f o r  t a b l e t s  of w e a k  o r  medium h a r d n e s s  ( h i g h  o r  medium 

p o r o s i t y )  b u t  n o t  f o r  v e r y  ha rd  t a b l e t s  w i th  low 

p o r o s i t y .  
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2350 STAMM AND TRITSCH 

F I G U R E  7 : D e n s i t y  z o n e s  i n  a t ab le t  p r e p a r e d  on a n  
a l t e r n a t i v e  t a b l e t t i n g  machine  ( H . D .  = h i g h  
d e n s i t y  ; B.D. = low d e n s i t y )  

High D e n s i t y  Nuc leus  - 
An o t h e r  h y p o t h e s i s  c o u l d  e x p l a i n  t h e  c h a n g e  i n  t h e  
s l o p e  of t h e  d r u g  l i b e r a t i o n  c u r v e  : T r a i n  (6) h a s  

shown t h a t  t h e  d e n s i t y  of a t ab le t  p roduced  on a n  

a l t e r n a t i v e  p r e s s  is  n o t  homogeneous, b e c a u s e  t h e  
force t r a n s m i s s i o n  i n  a powder u n d e r  p r e s s u r e  is n o t  
u n i f o r m .  I n  t h e  t a b l e t s  t h e r e  are p a r t s  w i t h  l o w  
d e n s i t y  and  o t h e r s  w i t h  h i g h  d e n s i t y .  T h e r e  is  

e s p e c i a l l y  a zone  of h i g h  d e n s i t y  i n  t h e  c e n t e r  of t h e  
t a b l e t  ( f i g u r e  7). 

T h i s  h i g h  d e n s i t y  zone  i n  t h e  middle of t h e  t a b l e t  
c o u l d  e x p l a i n  t h e  c h a n g e  i n  t h e  s lope of t h e  
l i b e r a t i o n  p r o f i l e s .  
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L I B E R A T I O N  O F  DRIJGS FROM I N E R T  M A T R I C E 8 S  2351 

i oa 

75 

5( 

2! 

0 n,ucleus D 2  

nuc leus  D 3  

Q n u c l e u s  D4 

tes 1 

I ' -- 
30 60 120 180 

F I G U R E  8 : Percen tage  of d r u g  di.ssolvecl a s  a f u n c t i o n  
of t h e  s q u a r e  root  of t i m e  ( n u c l e u s  D2, D3 
and D4) 
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2 3 5 2  STAMM AND T R I T S C H  

I n  o r d e r  t o  v e r i f y  t h i s  p o s s i b i l i t y ,  t ab l e t s  from t h e  

d i f f e r e n t  b a t c h e s  were c u t  i n  order t o  i n s u l a t e  t h e  

c e n t r a l  n u c l e u s  ( a p p r o x ,  90 m g ,  20 % of t h e  w e i g h t  of 
t h e  o r i g i n a l  t a b l e t ) .  T h i s  exper iment  c o u l d  n o t  be 
ach ieved  w i t h  t h e  b a t c h  D 1 ,  b e c a u s e  of t h e  low 
h a r d n e s s  of t h e  batch.  

The l i b e r a t i o n  p r o f i l e  w a s  s t u d i e d  a s  mentioned 
p r e v i o u s l y ,  and t h e  p l o t  of t h e  p e r c e n t a g e  of d r u g  
d isso lved  as a f u n c t i o n  of t h e  s q u a r e  roo t  of t i m e  is  
g i v e n  i n  f i g u r e  8. 

Each n u c l e u s  c a n  be c o n s i d e r e d  as  a who le  t ab l e t ,  
w h i c h  l iberates  t h e  w h o l e  q u a n t i t y  of d r u g  c o n t a i n e d  
i n  i t .  The n u c l e u s  shows a l i n e a r  l i b e r a t i o n  p r o f i l e ,  
w i t h o u t  any change i n  t h e  s lope  of t h e  c u r v e ,  

So i t  can  be assumed t h a t  t h e  n u c l e u s  p r e p a r e d  h a s  a 
h i g h e r  homogeneity in d e n s i t y  t h a n  t h e  whole t ab l e t ,  
and t h a t  t h e  change i n  t h e  l i b e r a t i o n  p r o f i l e  s l o p e  is  
p robab ly  due  t o  t h e  d i f f e r e n c e s  of d e n s i t y  i n  t h e  

t a b l e t s .  

CONCLUSION 

The p l o t t i n g  of t h e  l i b e r a t i o n  of a d r u g  from an i n e r t  
m a t r i x  v s  s q u a r e  roo t  of t i m e  o f t e n  shows a change i n  
t h e  s l o p e  of t h e  c u r v e  a t  t h e  end of t h e  d i s s o l u t i o n .  
I t  was t r ied i n  t h i s  pape r  t o  v e r i f y  i f  this change is 
due  t o  a m o d i f i c a t i o n  of t h e  l i b e r a t i o n  mechanism o r  
t o  t h e  d i f f e r e n c e  of d e n s i t i e s  i n  t h e  t ab l e t s ,  
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L I B E R A T I O N  OF DRUGS FROM INERT M A T R I C E S  2353 

For  t a b l e t s  s h o w i n g  a h i g h  p o r o s i t y  ( l o w  h a r d n e s s ) ,  

t h e  c h a n g e  i n  t h e  s l o p e  is  p r o h a b l y  d u e  t o  a c h a n g e  i n  
t h e  l i b e r a t i o n  mechanism,  b u t  f o r  t a b l e t s  w i t h  l o w  
p o r o s i t y  ( h i g h  h a r d n e s s ) ,  t h e  d l i f f e r e n c e s  of d e n s i t y  

i n  t h e  t a b l e t s  a r e  r e s p o n s i b l e  of t h e  c h a n g e  of s lope .  
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