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In vitro drug release from chitosan membranes 
Study of the mechanisms of permeation 
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SUMMARY 

In v i t r o  s tudies of con t r o l l ed  release from chitosan 
membranes were ca r r i ed  out using drugs of d i f f e r e n t  molecular 
weight .  The release rate was measured in water at 37g • 0.5g C 
by determining the amount of drug released by spect rophotometr ic  
ana lys is .  I t  was found that  release of acetamide, n ico t inamide,  
sodium benzoate, sodium s a l i c y l a t e ,  phenobarbi ta l  sodium and 
sodium ce fazo l ine  fo l lowed zero-order  k i n e t i c s .  The r e l a t i o n  
between molecular weight and d i f f u s i o n  c o e f f i c i e n t  was 
es tab l i shed.  

INTRODUCTION 

Among a l l  t h e  new c o n t r o l l e d  r e l e a s e  t e c h n o l o g i e s ,  t h e  use 
o f  membranes i s  t h e  most p r o m i s i n g  due t o  t h e i r  a b i l i t y  t o  
m a i n t a i n  c o n s t a n c y  in  t h e  d rug  d e l i v e r y  p r o f i l e s .  

S o l u t e  t r a n s p o r t  t h r o u g h  p o l y m e r i c  membranes i s  g e n e r a l l y  
d e s c r i b e d  in  t e rms  o f  two mechanisms ( 1 , 2 ) :  t h e  po re  mechanism 
and t h e  s o l u t i o n - d i f f u s i o n  o r  p a r t i t i o n  mechanism.  In  t h e  f i r s t  
t y p e ,  t h e  d i f f u s i o n  r a t e  i s  c o n t r o l l e d  p r i m a r i l y  by t h e  pore  
s i z e  o f  t h e  membrane and t h e  m o l e c u l a r  vo lume o f  t h e  s o l u t e .  In 
t h e  o t h e r  mechanism, t h e  p h y s i c a l - c h e m i c a l  p r o p e r t i e s  o f  t he  
s o l u t e  and t h e  membrane p l a y  dominan t  r o l e s .  These two  
mechanisms r e p r e s e n t  t h e  ex t reme  t y p e s  o f  p e r m e a t i o n  and d rugs  
p r o b a b l y  pe rmea te  by bo th  mechan isms,  one o f  them b e i n g  
predominant. 

In previous studies (3) we used a r e s e r v o i r - t y p e  device in 
an in v i t r o  assay fo r  c o n t r o l l e d  release of sodium s a l i c y l a t e  
employing a chi tosan membrane. The resu l t s  showed that  sodium 
s a l i c y l a t e  release fo l lowed zero order k i n e t i c s .  In the present 
study the permeation of acetamide, n ico t inamide,  sodium 
benzoate, sodium s a l i c y l a t e ,  phenobarbi ta l  sodium and sodium 
ce fazo l ine  through a chitosan membrane was determined and the 
resu l t s  were i n te rp re ted  in terms of the mechanisms of drug 
permeation through chitosan f i lms .  
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EXPERIMENTAL 

C h e m i c a l  and  R e a g e n t s :  The c h i t o s a n  ( S i g m a )  was p u r i f i e d  by  
dissolving it in aqueous acetic acid, filtering, precipitating 
with sodium hydroxide, and washing with deionized water. The 
d e g r e e  o f  N - a c e t y l a t i o n  ( 4 )  was 1 4 . 5  % and t h e  r e l a t i v e  
m o l e c u l a r  mass ( 5 , 6 )  was 5 . 9 0  x 105 . A c e t a m i d e ,  n i c o t i n a m i d e ,  
s o d i u m  b e n z o a t e ,  s o d i u m  s a l i c y l a t e ,  p h e n o b a r b i t a l  s o d i u m  and 
s o d i u m  c e f a z o l i n e  o f  a n a l y t i c a l  g r a d e  w e r e  used  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n .  The w a t e r  used  was d e i o n i z e d .  
A p p a r a t u s :  S p e c t r o p h o t o m e t r i c  s t u d i e s  w e r e  c a r r i e d  o u t  on a 
S h i m a d z u  UV 260 s p e c t r o p h o t o m e t e r .  A c o n s t a n t - t e m p e r a t u r e  b a t h  
w h i c h  was r e g u l a t e d  by a t h e r m o s t a t  ( H a a k e  E2) w i t h  • 0 . 5  ~C 
p r e c i s i o n  was u s e d .  
P r e p a r a t i o n  o f  c h i t o s a n  membrane:  The c h i t o s a n  s a m p l e s  w e r e  
d i s s o l v e d  i n  a c e t i c  a c i d  s o l u t i o n  1 M  a t  a c o n c e n t r a t i o n  o f  1 % .  
The c h i t o s a n  s o l u t i o n  was f i l t e r e d  and c a s t  on a P e t r i  d i s h .  The 
d i s h  was k e p t  a t  60 QC u n t i l  t h e  s o l v e n t  was c o m p l e t e l y  
r e m o v e d .  The c h i t o s a n  membrane  t h u s  o b t a i n e d  was i m m e r s e d  i n  
a q u e o u s  NaOH s o l u t i o n  1 M a t  room t e m p e r a t u r e  f o r  24 h o u r s  
and t h e n  was w a s h e d  w i t h  a b u n d a n t  d e i o n i z e d  w a t e r ,  The t h i c k n e s s  
o f  t h e  membrane  s w o l l e n  i n  w a t e r  was d e t e r m i n e d  w i t h  an o p t i c a l  
m i c r o s c o p e .  
M e a s u r e m e n t  o f  w a t e r  c o n t e n t  (W) o f  t h e  membrane:  A w e i g h e d  
s a m p l e  of t h e  m e m b r a n e ,  w i t h o u t  d r u g ,  was immersed i n  
d e i o n i z e d  w a t e r  and s w o l l e n  i n  a v e s s e l  t h e r m o s t a t e d  a t  379 • 
O.SQ C. The s w o l l e n  s a m p l e  was r e m o v e d  f r o m  t h e  w a t e r  a t  
r e g u l a r  t i m e  i n t e r v a l s  and t h e  e x c e s s  s o l u t i o n  on t h e  s w o l l e n  
s a m p l e  was a b s o r b e d  by  g e n t l e  t a m p i n g  b e t w e e n  f i l t e r  p a p e r s .  
The s a m p l e  was w e i g h e d ,  and  t h e  p r o c e d u r e  was r e p e a t e d  u n t i l  a 
c o n s t a n t  w e i g h t  was o b t a i n e d .  M e a s u r e m e n t s  w e r e  p e r f o r m e d  i n  
t r i p l i c a t e .  The s w e l l i n g  d e g r e e  was c a l c u l a t e d  f r o m  t h e  
f o l l o w i n g  e q u a t i o n  ( 7 ) :  

= ( weig   of Weight  pi o  

M e a s u r e m e n t  o f  r e l e a s e  r a t e s :  The r e l e a s e  s t u d i e s  w e r e  c a r r i e d  
o u t  w i t h  a r e s e r v o i r - t y p e  d e v i c e  w h i c h  was p l a c e d  i n t o  a t u b e  
c o n t a i n i n g  30 m] o f  w a t e r  and t h e n  s t o r e d  a t  37 • 0 , 5  QC w i t h  
c o n t i n u o u s  s t i r r i n g  d u r i n g  t h e  e x p e r i m e n t .  S a m p l e s  Were 
w i t h d r a w n  a t  s u i t a b l e  t i m e  i n t e r v a l s .  The d r u g  c o n c e n t r a t i o n  
was d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  a t  t h e  a n a l y t i c a l  
w a v e l e n g t h .  The r e l e a s e  med ium was c o m p l e t e l y  r e m o v e d  a f t e r  
e v e r y  m e a s u r e m e n t .  A l l  e x p e r i m e n t s  w e r e  i n  t r i p l i c a t e  and  t h e  
a v e r a g e  v a l u e s  w e r e  p l o t t e d .  

RESULTS AND D ISCUSSION 

The d i f f u s i o n  s t u d i e s  w e r e  c a r r i e d  o u t  u s i n g  a r e s e r v o i r -  
t y p e  d e v i c e  ( 3 )  u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :  c o n t a i n e r  o f  
s a t u r a t e d  d r u g ,  c o n t i n u o u s  s t i r r i n g  and p e r i o d i c a l  r e n e w a l  o f  
t h e  r e l e a s e  m e d i u m .  
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T a b ] e  1: M o l e c u l a r  W e i g h t  ( M o l . W t . ) ,  W a t e r  S o l u b i l i t y  ( C s ) ,  
A n a l y t i c a l  W a v e l e n g t h  ( ~ max )  and M o l a r  
A b s o r p t i v i t y  C o e f f i c i e n t s  ( e )  o f  t h e  S t u d i e d  D r u g s .  

D rug  M o l . W t .  Cs ~ m a x  e 
( m g / m l )  ( ] / m o l . c m )  

A c e t a m i d e  59 2000 2 0 9 . 6  133 

N i c o t i n a m i d e  122 1000 2 6 1 . 0  2872 

Sod ium B e n z o a t e  144 556 2 2 4 . 0  7456 

S o d i u m  S a l i c y ] a t e  160 11-11 2 9 4 . 0  3620  

P h e n o b a r b i t a l  S o d i u m  254 1000 2 3 8 , O  8620  

S o d i u m  C e f a z o l i n e  476 1000 2 7 0 . 0  12242 

A c h i t o s a n  m e m b r a n e ,  p r e p a r e d  by s o ] v e n t  e v a p o r a t i o n ,  w i t h  
a t o t a l  w a t e r  c o n t e n t  a t  e q u i l i b r i u m  o f  5 0 , 7  % was u s e d ,  The 
t h i c k n e s s  o f  t h e  membrane  s w o l l e n  i n  w a t e r  was 304 ~. 

The d r u g s  ( T a b l e  1)  w e r e  c h o s e n  t a k i n g  i n t o  a c c o u n t  t h e i r  
m o l e c u l a r  w e i g h t ,  w a t e r  s o ] u b i l i t y  and s u i t a b i l i t y  i n  v i s i b l e -  
u l t a v i o l e t  a b s o r p t i o n .  

F i g u r e s  1 and 2 show p l o t s  o f  t h e  t o t a l  amoun t  (mg)  o f  t h e  
d r u g  r e l e a s e d  v e r s u s  t i m e  f o r  each  d r u g .  I n  a ] ]  t h e  p l o t s  a n o n -  
l i n e a r  zone  ( n o t  shown )  was o b s e r v e d .  T h i s  zone  c o r r e s p o n d s  t o  
t h e  t i m e  l a g  b e f o r e  e s t a b l i s h m e n t  o f  t h e  s t e a d y - s t a t e  
c o n c e n t r a t i o n  p r o f i l e .  The p a r a m e t e r s  f o r  t h e  l i n e a r  r a t i o  w e r e  
c a l c u l a t e d  by means o f  a s t a n d a r d  t e c h n i q u e  o f  l i n e a r  
r e g r e s s i o n .  The l i n e  r e g r e s s i o n ,  t h e  v a r i a n c e s  and t h e  
c o r r e ] a t i o n  c o e f f i c i e n t s  a r e  l i s t e d  i n  T a b l e  2.  

T a b l e  2 :  L i n e  r e g r e s s i o n ,  v a r i a n c e  and c o r r e l a t i o n  c o e f f i c i e n t s  
( r )  o f  amoun t  o f  d r u g  r e l e a s e d  as a f u n c t i o n  o f  t i m e  
p r o f i ] e  f o r  a ] ]  t h e  s t u d i e d  d r u g s .  

Drug Line regression Variance r 

A c e t a m i d e  - 1 . 5 8  + 4 . 2 7 x 1 0  "1 X 1 .11  0 . 9 9 7  

N i c o t i n a m i d e  - 7 . 0 6  + 2 . 1 3 x 1 0  -1 . X 2 . 9 7  0 . 9 9 8  

S o d i u m  B e n z o a t e  - 3 5 . 4  + 4 . 0 1 x 1 0  "1 . X 1 . 6 9  0 . 9 8 2  

S o d i u m  S a l i c y ] a t e  - 1 4 . 4  + 7 . 4 2 x 1 0  "2 . X 1 .41  0 . 9 8 6  

P h e n o b a r b i t a ]  - 1 1 . 2  + 9 . 8 7 x 1 0  -2 X 0 . 0 7  0 . 9 9 9  
S o d i u m  

S o d i u m  C e f a z o l i n e  - 8 8 . 3  + 1 . 1 0 x 1 0  -1 X 1 . 6 7  0 . 9 9 6  
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F i g u r e  1: T o t a l  a m o u n t  o f  d r u g  r e l e a s e d  v e r s u s  t i m e ,  

The d i f f u s i o n  c o e f f i c i e n t  f o r  e a c h  d r u g  was d e t e r m i n e d  f r o m  
s t e a d y - s t a t e  d i f f u s i o n  e x p e r i m e n t s  u s i n g  t h e  f o l l o w i n g  e q u a t i o n  
( 2 ) :  

Me SP C t - - -  
1 6D 

w h e r e  ~ i s  t h e  t o t a l  a m o u n t  o f  d r u g  r e l e a s e d ,  S t h e  m e m b r a n e  
s u r f a c e  a r e a ,  P t h e  m e m b r a n e  p e r m e a b i ] i t y ,  C t h e  d r u g  r e s e r v o i r  
c o n c e n t r a t i o n ,  I t h e  t h i c k n e s s  o f  t h e  m e m b r a n e ,  t t h e  t i m e  and  
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F i g u r e  2:  T o t a l  amoun t  o f  d r u g  r e l e a s e d  v e r s u s  t i m e .  

D t h e  d i f f u s i o n  c o e f f i c i e n t ,  
As shown i n  F i g u r e  1, by  p l o t t i n g  M t v e r s u s  t ,  t h e  i n t e r c e p t  

o f  t h e  s t e a d y - s t a t e  p o r t i o n  on t h e  t i m e  a x i s  i s  1 z / 6 D, w h i c h  
c o r r e s p o n d s  t o  t h e  t i m e  l a g  ( t f )  ( 8 ) .  

The t i m e  l a g s  w e r e  c a l c u l a t e d  f r o m  t h e  l i n e ,  r e g r e s s i o n  
e q u a t i o n  w h e r e  

M~=a*b, t 

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

E x t r a p o l i n g  t h i s  t o  M t = 0 g i v e s  t = t I o r  

a 

tl- b 

I n  t h i s  w a y ,  t h e  t i m e  l a g  f o r  e a c h  d r u g  was used  t o  
c a l c u l a t e  t h e  d i f f u s i o n  c o e f f i c i e n t s  u s i n g  

12 
D- 

6 t I 

The t i m e  l a g s  and t h e  d i f f u s i o n  c o e f f i c i e n t s  f o r  a l l  t h e  
s t u d i e d  d r u g s  a r e  shown i n  T a b l e  3,  

F i g u r e  3 shows a p l o t  o f  t h e  d i f f u s i o n  c o e f f i c i e n t s  v e r s u s  
m o l e c u l a r  w e i g h t s .  

The d i f f u s i o n  c o e f f i c i e n t s  a r e  r e l a t i v e l y  i n d e p e n d e n t  f o r  
d r u g s  o f  m o l e c u l a r  w e i g h t s  b e t w e e n  476 and 144.  T h e r e f o r e  t h e  
d o m i n a n t  m e c h a n i s m  f o r  t h e  p e r m e a t i o n  o f  t h e s e  s o l u t e s  i s  a 
s o l u t i o n - d i f f u s i o n  m e c h a n i s m .  
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T a b l e  3:  T ime  l a g s  and d i f f u s i o n  c o e f f i c i e n t s  f o r  a l l  t h e  
s t u d i e d  d r u g s .  

D rug  t I ( m i n )  D ( c m 2 / m i n )  

A c e t a m i d e  3 . 7  4 

N i c o t i n a m i d e  33 .1  4 

Sod ium B e n z o a t e  8 8 . 3  1 

Sod ium S a l i c y ] a t e  194 .1  7 

P h e n o b a r b i t a l  S o d i u m  1 1 3 . 5  1 

Sod ium C e f a z o ] i n e  8 0 2 . 7  1 

8 x 10 -5 

68 x 10 -0 

75 x 10 -0 

98 x 10 -0 

36 x 10 -0 

93 x 10 -/ 

The a b r u p t  c h a n g e  o f  t h e  s l o p e  i n  t h e  p l o t  shown i n  F i g u r e  
3 s u g g e s t s  t h a t  a m o d i f i c a t i o n  i n  t h e  p e r m e a t i o n  m e c h a n i s m  
o c c u r s  f o r  t h e  l o w  m o l e c u l a r  w e i g h t  d r u g s  w i t h  a p r e v a i l i n g  p o r e  
m e c h a n i s m .  

In  t h e  c h a n g e  z o n e ,  b o t h  m e c h a n i s m s  o f  s o l u t e  p e r m e a t i o n  
p r o b a b l y  c o n t r i b u t e  t o  t h e  o b s e r v e d  p e r m e a b i l i t y .  

I n  c o n c l u s i o n ,  t h e s e  r e s u l t s  w o u l d  c o n f i r m  t h a t  c h i t o s a n  
membranes  can  be e m p l o y e d  as c o n t r o l l e d - r e l e a s e  d e v i c e s  f o r  
d r u g s  u s i n g  a r e s e r v o i r - t y p e  d e v i c e .  The r e l a t i o n s h i p  b e t w e e n  
m o l e c u l a r  w e i g h t  and d i f f u s i o n  c o e f f i c i e n t  e n a b l e d  us t o  
d e t e r m i n e  t h e  d o m i n a n t  p e r m e a b i l i t y  m e c h a n i s m  t h r o u g h  c h i t o s a n  
m e m b r a n e s ,  T h i s  m e c h a n i s m  i s  v a l i d  f o r  s i n g l e  and m o n o v a l e n t  
d r u g s  w h e r e  c o m p l e x  i n t e r a c t i o n s  o f  d r u g - m e m b r a n e  a r e  m i n i m u m .  

500- 

~00 

f.- 
"T 

300- 

rr 

2oo~ 

~r 

too4 
! 

2b ~ ~ so 
DxE06 (crn21min) 

F i g u r e  3:  M o l e c u l a r  w e i g h t  v e r s u s  d i f f u s i o n  c o e f f i c i e n t .  
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