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Sodium s a l i c y l a t e  i n  v a r i o u s  c o n c e n t r a t i o n s  i n  Carbopol 

m a t r i x ,  a polymer of  a c r y l i c  a c i d ,  h a s  been t e s t e d  i n  s y n t h e t i c  

g a s t r i c  l i q u i d  f o r  de t e rmin ing  m a t t e r  t r a n s f e r s  c o n t r o l l e d  by t r a n -  

s i e n t  d i f f u s i o n .  The l i q u i d  e n t e r s  t h e  polymer w i t h  a l a r g e  s w e l -  

l i n g  a s  a r e s u l t ,  d i s s o l v e s  t h e  d rug  which i s  t h e n  e x t r a c t e d  from 

t h e  m a t r i x .  Concentrat ion-dependent  d i f f u s i v i t i e s  are found f o r  

t h e s e  t r a n s f e r s .  Model l ing o f  t h e s e  t r a n s f e r s  u s i n g  an e x p l i c i t  nu- 

merical method w i t h  f i n i t e  d i f f e r e n c e s  is  d e s c r i b e d .  P r o f i l e s  o f  

c o n c e n t r a t i o n s  o f  bo th  materials th roughou t  t h e  m a t r i x  a r e  determi-  

ned. By i n t e g r a t i n g  t h e s e  r e s u l t s ,  matters t r a n s f e r r e d  as a f u n c t i o n  

of t i n e  have been c a l c u l a t e d ,  g i v i n g  r e s u l t s  i n  good agreement  with 

expe r imen t s .  

Op t imiza t ion  o f  conven t iona l  a g e n t  d e l i v e r y  t o  maximize agen t  

a v a i l i b i l i t y  w i th  a minimum amount o f  t h e  drug can  be r e a l i z e d  by 
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68 MALLEY ET AL. 

t h e  r epea ted  a p p l i c a t i o n  o f  small inc remen t s  o f  t h e  t o t a l  dose.  

Obviously con t inuous  a p p l i c a t i o n s  o f  d rugs  by c o n v e n t i o n a l  d rug  

d e l i v e r y  systems are i m p r a c t i c a l .  However, t h e  method becomes prac-  

t i c a l  and h i g h l y  promising when is cons ide red  a new t y p e  o f  dosage 

form c o n s i s t i n g  o f  a p r o t e c t e d  s u p p l y  o f  d rug  form which t h e  drug 

is a u t o m a t i c a l l y  r e l e a s e d  a t  a c o n t r o l l e d  r a t e  ove r  a long p e r i o d  

o f  time. S e v e r a l  polymeric  c o n t r o l l e d  re lease d e v i c e s  have been de- 

veloped (1-3)l 

i : r e s e r v o i r  d e v i c e s  w h e r e  a c t i v e  a g e n t s  form a c o r e  surrounded 

by an i n e r t  d i f f u s i o n  b a r r i e r  

ii : d e v i c e s  where t h e  a c t i v e  a g e n t  is bound t o  a polymer backbone 

iii  : monol i th i c  d e v i c e s  where t h e  a g e n t  i s  d i s p e r s e d  i n  an i n e r t  

ma t r ix .  Both b iodegradab le  and nondegradable  polymers can be 

used (3-6). 

In  t h e  last  case, s e v e r a l  t h e o r i e s  have been p u t  forward i n  

o r d e r  t o  e x p l a i n  t h e  d i s s o l u t i o n  p r o c e s s .  Very o f t e n  t h e y  are  b u i l t  

on a combination o f  hydrodynamic and d i f f u s i v e  e f fec ts  ( 7 - l o ) ,  ex- 

p l a i n i n g  t h e  s q u a r e  r o o t  l a w  of time dependence wi th  t h e  amount of 

drug t r a n s f e r r e d .  I n  p r e v i o u s  works (11-14) w e  p o i n t e d  o u t  t h a t  

model l ing for m a t t e r  t r a n s f e r s  through p l a s t i c i z e d  PVC-liquid in-  

terface cou ld  be o f  i n t e r e s t ,  a l l o w i n g  some a d d i t i o n a l  knowledge on 

t h e  p r o f i l e s  o f  c o n c e n t r a t i o n  o f  matters developed th roughou t  t h e  

polymeric  m a t r i x .  It  w a s  shown t h a t  two m a t t e r  t r a n s f e r s  t a k e  p l a c e  

s imul t aneous ly  : t h e  l i q u i d  p e n e t r a t e s  t h e  mat r ix  and d i s s o l v e s  t h e  

a d d i t i v e s  which then  d i f f u s e s  o u t  i n t o  t h e  e x t e r i o r  l i q u i d .  

The purpose o f  t h i s  pape r  i s  t o  work on t a b l e t s  c o n t a i n i n g  

d i f f e r e n t  c o n c e n t r a t i o n  o f  sodium s a l i c y l a t e  d i s p e r s e d  i n  Carbopol 

934 as polymeric  m a t r i x .  Carbopol has  shown promise i n  pharrnaceutic 

t a b l e t i n g  where it c o n t r o l s  r e l e a s e  o f  t h e  medicament (15).  T a b l e t s  

having Carbopol 934 as b i n d e r  e x h i b i t  s e v e r a l  advan tages  : h a r d n e s s ,  

p a l a t i b i l i t y ,  s t r e n g t h ,  s t a b i l i t y .  Moreover, t h e  Carbopol r e s i d u e  is 

n o t  absorbed i n  t h e  body and p a s s e s  through unchanged. For  t h e  pur- 

pose  o f  d e r i v a t i o n ,  t h i n  s h e e t s  o f  m a t e r i a l  a r e  c o n s i d e r e d ,  and 
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MODELLING OF CONTROLLED DRUG-RELEASE 69 

soaked i n t o  s y n t h e t i c  g a s t r i c  l i q u i d .  Both t r a n s f e r s  o f  l i q u i d  

i n t o ,  and drug o u t  o f  t h e  s l a b  are s t u d i e d ,  and d i f f u s i v i t i e s  are 

determined from t h e  s q u a r e  r o o t  time dependence wi th  amounts o f  

both m a t t e r s  t r a n s f e r r e d .  The method p r e v i o u s l y  d e s c r i b e d  has  

wi th  very good r e s u l t  been a p p l i e d  t o  t h e  d e t e r m i n a t i o n  o f  d i s s o l u -  

t i o n  ra tes  from d i s i n t e g r a t i n g  d i s c s  o f  sodium s a l i c y l a t e .  Carbopol 

i n  s y n t h e t i c  g a s t r i c  l i q u i d .  To g e t  i n s i g h t  i n t o  t h e  mechanism, our 

mathematical  model has  been a p p l i e d  t o  t h e  s t u d y  of t h e  drug r e l e a s e  

k i n e t i c s  i n t o  t h e  l i q u i d .  This  model is a l s o  of  i n t e r e s t ,  a l l owing  

t o  enhance t h e  r ange  o f  a p p l i c a b i l i t y  f o r  t h e  r e s u l t s  o b t a i n e d .  

EXPERIMENTAL 

Sodium s a l i c y l a t e  and Carbopol 934 P (FB Goodrich) have been 

used as drug and polymer m a t r i x ,  r e s p e c t i v e l y .  Carbopol is a poly- 

mer or' a c r y l i c  a c i d ,  and Carbopol 934 P is a material of. h igh  pu- 

r i t y  wi th  a molecu la r  weight around 3.000,OOO. Both of  t h e s e  mate- 

r i a l s  i n  powder form have been mixed i n  a mor t a r .  S h e e t s  were ob- 

t a i n e d  from a s t ee l  mold o p e r a t e d  by a p r e s s  a t  lZO°C under a p res -  

s u r e  o f  180 b a r s ,  a f t e r  a 6 min. h e a t i n g .  S e v e r a l  t a b l e t s  ( 2  cm. i n  

d i ame te r ,  and 0.016 cm. - 0.002 f'or t h e  t h i c k n e s s )  have been c u t  

from t h e  s h e e t s .  

+ 

Experiments have been conducted i n  c l o s e d  f l a s h s  u s i n g  a con- 

t r o l l e d  r a t e  o f  s t i r r i n g ,  because t h e  s t i r r i n g  o f  l i q u i d  was shown 

t o  be  o f  i n t e r e s t  ( 1 6 ) .  The t a b l e t  (250 mg) l o c a t e d  i n  f i b e r  g l a s s  

b a s k e t ,  is soaked i n  s y n t h e t i c  g a s t r i c  l i q u i d  (100 m l )  a t  37OC. The 

l i q u i d  (pH = 1.2) has  t h e  fo l lowing  composi t ion : 80 m l  H C 1  1 N, 

2 g. Na C1 f o r  1000 m l  o f  aqueous s o l u t i o n .  

Sample o f  l i q u i d  is t aken  a t  i n t e r v a l  f o r  a n a l y s i s  o f  sodium 

s a l i c y l a t e  and t h e  t a b l e t  is weighed for de te rmin ing  t h e  amount o f  

l i q u i d  i n  polymer m a t r i x .  The amount o f  sodium s a l i c y l a t e  r e l e a s e d  

from t h e  polymer dev ice  is measured .by u s i n g  UV-spectrophotometry 

(DB-G Beckman) a t  300 nm. 
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70 MALLEY ET A L .  

For c a l c u l a t i o n ,  9 s l i c e s  a r e  cons ide red  w i t h  an increment  

o f  space  of abou t  0.02 cm. and increment  o f  t ime o f  180 s. The 

modulus f o r  t h e  l i q u i d  and drug is  h i g h e r  t h a n  3,  so t h a t  conver- 

gence is e a s i l y  o b t a i n e d  i n  c a l c u l a t i o n s .  The p r o f i l e s  o f  concen- 

t r a t i o n  developed through polymer s h e e t  are c a l c u l a t e d  f o r  t h e  li- 

quid and d rug ,  a s  w e l l  as t h e  amount o f  b o t h  t h e s e  materials t r a n s -  

f e r r e d  through t h e  l iquid-polymer i n t e r f a c e .  

METHOD OF CALCULATION 

Two s imul t aneous  d i f f u s i o n s  t a k e  p l a c e  : t h e  l i q u i d  pene t r a -  

t e s  t h e  polymer,  d i s s o l v e s  t h e  d rug  which then  d i f f u s e s  o u t  i n t o  

t h e  l i q u i d .  Both t r ans fe r s  are assumed t o  be governed by F i c k i a n  

laws o f  t r a n s i e n t  d i f f u s i o n .  Some o t h e r  assumptions are made : 

- One-dimensional d i f f u s i o n  is c o n s i d e r e d  through t h e  t h i n  

s h e e t  of m a t e r i a l .  

- Both t r a n s f e r s  are c o n t r o l l e d  by t r a n s i e n t  d i f f u s i o n  w i t h  

concentrat ion-dependent  d i f f u s i v i t i e s .  

- The c o n c e n t r a t i o n  a t  e q u i l i b r i u m  is o b t a i n e d  f o r  t h e  . l i q u i d  

and drug on s h e e t  f a c e s  a s  soon as t h e  s h e e t  i s  soaked i n t o  t h e  

l i q u i d .  

C l a s s i c a l  e q u a t i o n  o f  d i f f u s i o n  wi th  t h e  above-mentioned 

c o n d i t i o n s  canno t  be s o l v e d  (17 ) .  

t However f o r  s h o r t  times, because t h e  amount o f  s u b s t a n c e  M 

a t  t i m e  t is s m a l l  and t h e  l o c a l  c o n c e n t r a t i o n s  w i t h i n  t h e  s h e e t  

may be assumed t o  be c o n s t a n t ,  t h e  amount M is  expres sed  as a 

f u n c t i o n  o f  t h e  q u a n t i t y  M, t r a n s f e r r e d  a t  e q u i l i b r i u m  by t h e  s i n g l e  

e q u a t i o n  : 

t 

where D is t h e  d i f f u s i v i t y  o f  t h e  s u b s t a n c e  and L t h e  t h i c k n e s s  o f  

t h e  s h e e t .  
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MODELLING OF CONTROLLED DRUG-RELEASE 71 

The problem has  been s o l v e d  by u s i n g  a n  e x p l i c i t  numerical  

method w i t h  f i n i t e  d i f f e r e n c e .  F i g .  1 shows a c r o s s  s e c t i o n  of t h e  

s h e e t  o f  t h i c k n e s s  L ,  having a uniform c r o s s - s e c t i o n a l  area ; t h e  

s o l i d  is d i v i d e d  i n t o  a number o f  e q u a l  f i n i t e  s l i c e s  o f  t h i c k n e s s  

AX by c o n c e n t r a t i o n - r e f e r e n c e  planes.  The matter b a l a n c e  w r i t t e n  

on t h e  p l a n e  n a l low one t o  o b t a i n  t h e  c o n c e n t r a t i o n  f o r  t h e  l i q u i d  

and drug a s  f o l l o w s  : 

Liquid i n  polymer m a t r i x  

wi th  t h e  un id imens iona l  modulus M as a f u n t i o n  o f  increments  o f  

space  AX and t i m e  A t  

and 

S 1 
V and V be ing  t h e  volume f r a c t i o n  o f  d rug  and l i q u i d  t r a n s f e r r e d .  

*Erug  i n  Polymer Matr ix  

(5) 

w i t h  

We have a l s o  f o r  t h e  d rug  
b 1“ ‘n+1 i 

S 1 
‘ n , i + l  ~5 - 

MS 
+ 

‘n-1, . I  i 
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7 2  MALLEY ET A L .  

and 

( 7 )  

Fig .  1 : Diagram for concen t r a t ion - t ime  r e f e r e n c e s .  

DS = Do n , i  

V and V be ing  t h e  volume o f  l i q u i d  and drug i n  volume u n i t  of 

polymer ma t r ix .  
1 S 

Amount of matter t r a n s f e r r e d  

The amount o f  matter t r a n s f e r r e d  between t h e  l i q u i d  and s h e e t  

up to,t irne t are o b t a i n e d  by summing t h e  above-mentioned concen t r a -  

t i o n s  w i t h  res;;ect t o  space  : 

Mi N 
( 8 )  

m : 3  

be ing  t h e  concen t r a t*bn  o f  material on s h e e t  faces. 
‘ 0 ,  i 
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MODELLING OF CONTROLLED DRUG-RELEASE 7 3  

RESULTS AND DISCUSSION 

After soak ing  i n  s y n t h e t i c  g a s t r i c  l i q u i d ,  polymer t a b l e t s  

c o n t a i n i n g  sodium s a l i c y l a t e  s w e l l  p r o g r e s s i v e l y  m a i n t a i n i n g  t h e i r  

shape f o r  times lower t h a n  abou t  1 h r ,  and then  become g e l a t i n o u s  

and undergo a t t r i t i o n .  The h i g h e r  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  

polymer i n  t h e  t a b l e t ,  t h e  h i g h e r  t h e  s w e l l i n g .  These r e s u l t s  are 

i l l u s t r a t e d  i n  F i g .  7 and F i g .  6 showing t h a t  t h e  amount o f  l i q u i d  

t r a n s f e r r e d  i n  polymer m a t r i x  is  l a r g e l y  h i g h e r  t h a n  t h a t  o f  drug 

t r a n s f e r r e d  i n t o  t h e  l i q u i d .  

F ig .  2 shows t h a t  t h e  amount of d rug  t r a n s f e r r e d  i n t o  t h e  

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

wi th  an i n c r e a s e  i n  t h e  shope o f  t h e s e  c u r v e s  a t  abou t  2 h r .  

I n  t h e  same way, F ig .  3 p roves  t h e  s q u a r e  r o o t  o f  time depen- 

dence o f  m a t r i x  f o r m u l a t i o n s  wi th  t h e  amount o f  l i q u i d  which has  

e n t e r e d  t h e  polymer. The v a l u e s  o f  t h e  s l o p e s  o f  t h e s e  s t r a i g h t  li- 

nes o b t a i n e d  i n  Fig.  2 and F ig .  3, as w e l l  a s  t h e  v a l u e s  o f  t h e  a- 

mount o f  m a t t e r  t r a n s f e r r e d  a t  e q u i l i b r i u m  shown i n  F i g .  6 and 

F ig .  7 a l l o w  t h e  c a l c u l a t i o n  of  d i f f u s i v i t y  f o r  tine l i q u i d  and 

d rug ,  by u s i n g  eq.  1. 

The v a l u e s  o f  d i f f u s i v i t y  for t h e  l i q u i d  i n  t h e  loga r i thm 

form is found t o  be p r o p o r t i o n a l  t o  ( d r u g  c o n c e n t r a t i o n  i n  polymer 

m a t r i x )  i n  F ig .4  f o r  v a r i o u s  d rug  c o n c e n t r a t i o n s  th roughou t  15- 

20 % range.  The d i f f u s i v i t y  f o r  t h e  drug does n o t  f o l l o w  t h e  same 

law, and it can be expres sed  by eq. 7 as a f u n c t i o n  o f  t h e  volumes 

o f  l i q u i d  and drug l o c a t e d  p e r  u n i t  volume o f  polymer m a t r i x .  Values 

f o r  d i f f u s i v i t i e s  a t  t h e  beginning of t h e  p r o c e s s  as w e l l  as amounts 

of matters t r a n s f e r r e d  a t  e q u i l i b r i u m  are c i t e d  i n  Table  1 f o r  sam- 

p l e s  of v a r i o u s  composi t ions.  The d i f f u s i v i t y  f o r  t h e  l i q u i d  can be 

expres sed  as a f u n c t i o n  of  c o n c e n t r a t i o n s  o f  drug and l i q u i d  i n  t h e  

polymer m a t r i x  by eq.  4 ,  where t h e s e  c o n c e n t r a t i o n s  depend on t h e  

time and p o s i t i o n  i n  t h e  m a t r i x .  The b e s t  r e s u l t s  o b t a i n e d  f o r  t h e  

s i m u l a t i o n  are o b t a i n e d  when t h e  v a l u e  g i v e n  f o r  t h e  c o e f f i c i e n t  

i n  eq.  4 is  1, showing i n  t h i s  case t h a t  l i q u i d  and drug p l a y  

-1 

- 

t h e  same r o l e  for c a l c u l a t i o n .  
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SAL. 

5 10 15 20 

F i g .  2 : Amount o f  Na S a l .  t r a n s f e r r e d  v s .  squa re  r o o t  o f  t i m e ,  

f o r  v a r i o u s  m a t r i x  composi t ions.  

Mathematical  s i m u l a t i o n s  undertaken s imul t aneous ly  f o r  t h e  

d rug  and l i q u i d  by u s i n g  t h e  model and above-mentioned e q u a t i o n s  

a l low d i r e c t l y  t h e  d e t e r m i n a t i o n  of t h e  p r o f i l e s  o f  concenkra t ion  

o f  t h e  drug and l i q u i d  developed th roughou t  polymer m a t r i x  a t  va- 

r i o u s  times. Some p r o f i l e s  are i l l u s t r a t e d  i n  F ig .  5 wh i l e  t h e  i n i -  

t i a l  c o n c e n t r a t i o n  o f  t h e  d rug  i n  t h e  m a t r i x  is 25 %. I t  is not  

e a s y  t o  v e r i f y  by expe r imen t s  t h e s e  t h e o r e t i c a l  r e s u l t s ,  as proved 

i n  a p r e v i o u s  pape r  concerned wi th  p l a s t i c i z e r  PVC c o n t a c t e d  wi th  

b e n z y l i c  a l c o h o l  (11). 

However, t h e  v a l i d i t y  o f  mathematical  s i m u l a t i o n s  unde r t aken  

by u s i n g  t h e  above-described model can be  a p p r e c i a t e d  by comparing 
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-1 5 

-16 

v 

75 

0 

F i g .  3 : Amount of l i q u i d  t r a n s f e r r e d  v s .  squa re  r o o t  of  time, for  

v a r i o u s  m a t r i x  composi t ions.  

1 - 
0.02 0.04 0.06 )C 

F i g .  4 : Log. of D i f f u s i v i t y  f o r  l i q u i d  as a f u n c t i o n  o f  
-1 (Na S a l i c y l a t e  conc. i n  m a t r i x )  . 
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76  MALLEY ET AL. 

TABLE 1 : D i f f u s i v i t i e s  and amounts t r a n s f e r r e d  a t  e q u i l i b r i u m .  

r&%) 1 8  2 
Compound D.IO (cm / s )  d(%) D ? I o ~ ( C ~ ~ / S )  

Car50-Sa150 16 235 393 30 

Car75-Sa125 23 315 3 , 6  19 

Car85-Sa115 30 500 697 7 , 5  

F 0 F 

F i g .  5 : P r o f i l e s  o f  c o n c e n t r a t i o n  developed though t h e  m a t r i x  

s h e e t .  L e f t  : Na S a l i c y l a t e  - Righ t  : l i q u i d .  
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9. 

600 
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20 

% SAL. 
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+ 

C50-S50 

C75-S25 

C85-Sl5 
* 

0 10 20 30 40 TIME (h) 

F i g . 6  : Amount of Na S a l .  t r a n s f e r r e d  a s  a f u n c t i o n  o f  time. 

- : c a l c u l a t e d  + : expe r imen ta l .  

-IQ. 

C85-Sl5 + 

t 

C75-525 

C!iO-S50 

0 10 20 30 40 TIME (h) 

Fig .  7 : Amount o f  l i q u i d  t r a n s f e r r e d  as a f u n c t i o n  of t i m e .  

: c a l c u l a t e d  + : expe r imen ta l .  
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78 MALLEY ET A L .  

t h e  c a l c u l a t e d  v a l u e s  u i t h  t h e  expe r imen ta l  ones  f o r  matters t r a n s -  

f e r r e d  through t h e  l i q u i d - m a t r i x  i n t e r f a c e .  F ig .  6 and F ig .  7 b e a r  

o u t  t h e  good agreement between t h e o r e t i c a l  and expe r imen ta l  amounts 

o f  matter t r a n s f e r r e d  a t  d i f f e r e n t  times and f o r  v a r i o u s  concentra-  

t i o n s  o f  drug i n  polymeric  matrix. 

CONCLUSIONS 

These s t u d i e s  c a r r i e d  o u t  w i t h  t h i n  s h e e t s  o f  v a r i o u s  concen- 

t r a t i o n s  o f  sodium s a l i c y l a t e  p r e s s e d  i n t o  Carbopol mat r ix  i n  syn- 

t h e t i c  g a s t r i c  l i q u i d  have g o t  i n s i g h t  i n t o  t h e  phenomenon o f  mat- 

t e r  t r a n s f e r s .  Both t r a n s f e r s  o f  l i q u i d  and d rug  t a k e  p l a c e  w i t h  a 

s w e l l i n g  o f  t h e  m a t r i x  and drug release i n  t h e  l i q u i d  as t h e  r e s u l t .  

These matter t ransfers  a r e  c o n t r o l l e d  by t r a n s i e n t  d i f f u s i o n  wi th  

concentrat ion-dependent  d i f f u s i v i t i e s .  

I n  o r d e r  t o  enhance t h e s e  s t u d i e s  and o b t a i n  r e s u l t s  a b l e  t o  

g i v e  i n d u s t r i a l  a p p l i c a t i o n s  f o r  c o n t r o l l e d - d r u g  release, a model 

d e s c r i b i n g  t h e s e  phenomena h a s  been d e s c r i b e d .  T h i s  model g i v e s  

c a l c u l a t e d  r e s u l t s  i n  good agreement wi th  expe r imen t s .  So it is 

a b l e  t o  p r e d i c t  by c a l c u l a t i o n  t h e  ra te  o f  matter t r a n s f e r r e d  i n  

o t h e r  v a r i o u s  c a s e s  w i t h  d i f f e r e n t  shapes  and s i z e s  o f  t h e  mat r ix .  
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