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SUMMARY 

In order  to eva lua te  the a p p l i c a b i l i t y  of ch i tosan 
membranes in c o n t r o l l e d  re lease systems, a r e s e r v o i r - t y p e  
device was designed. Sodium s a l i c y l a t e  was chosen as model 
drug. The ra te  of re lease was measured in water at 37g • O.5Q C 
and the amount of drug released was determined by 
spec t ropho tomet r i c  a n a l y s i s .  The r e s u l t s  showed tha t  sodium 
s a l i c y l a t e  re lease fo l lowed a zero order  k i n e t i c s .  

INTRODUCTION 

Chitosan is a polyaminosacchar ide obta ined by a l k a l i n e  N- 
d e a c e t y l a t i o n  of c h i t i n  which is  w ide ly  d i s t r i b u t e d  in nature .  
Both c h i t i n  and chi tosan are b iodegradable ,  b iocompat ib le  and 
have low t o x i c i t y  ( 1 ,2 ) .  These p r o p e r t i e s  tu rn  ch i tosan i n t o  a 
s u i t a b l e  c a r r i e r  of pharmaceut ical  agents in c o n t r o l l e d  
d e l i v e r y  systems. Several examples have been repor ted about 
c h i t i n  and chi tosan gels as c a r r i e r s  of  indomethacin, 
papaver ine hydroch lo r ide  (3 ,4)  and c i s p l a t i n  ( 5 , 6 ) .  

Among a l l  the new c o n t r o l l e d  re lease techno log ies ,  the use 
of membranes is zhe most promising due to t h e i r  a b i l i t y  to 
ma in ta in  constancy in the drug d e l i v e r y  p r o f i l e s .  M. Kanke and 
co-workers have used ch i tosan membranes con ta in ing  predniso lone 
as model drug dispersed on the polymer ic  ma t r i x  (7 ) .  

In the present work, ch i tosan membrane was used in an in 
v i t r o  study about c o n t r o l l e d  re lease employing sodium 
s a l i c y l a t e  as model drug. 

EXPERIMENTAL 

C h e m i c a l s  and R e a g e n t s :  C h i t o s a n  was a c o m m e r c i a l  s a m p l e  
from Crab She l l s  ( p r a c t i c a l  grade) purchased from Sigma. 
Chitosan was p u r i f i e d  as f o l l o w s :  i t  was d i sso lved  in I M 
aqueous ace t i c  ac id,  f i l t e r e d  and r e p r e c i p i t a t e d  by a d d i t i o n  of 
3.6 N sodium hydrox ide,  then repea ted ly  washed w i th  d i s t i l l e d  
water up to  pH = 7. The N-acety l  content was determined by 
f i r s t  d e r i v a t i v e  u l t r a v i o l e t  spect rophotometry  (8) and was 
found in around 14.5 ~. The v i s c o s i t y - a v e r a g e  molecu lar  weight 
(9 ,10)  was 5.90 x 105 . Sodium s a l i c y l a t e  of  a n a l y t i c a l  grade 
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was 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 .  
A p p a r a t u s :  The 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 Haake  E2 t h e r m o s t a t  w i t h  • 0 , 5  
9C 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  f i l m s :  The c h i t o s a n  s o l u t i o n  was 
p r e p a r e d  a t  1% w / v  i n  1M a c e t i c  a c i d ,  f i l t e r e d  and p o u r e d  i n t o  
a P e t r i  d i s h ,  I t  was t h e n  k e p t  a t  609 C u n t i l  c o m p l e t e  
e v a p o r a t i o n  o f  t h e  s o l v e n t ,  The membrane  o b t a i n e d  was l e f t  f o r  
24 h i n  1M NaOH a q u e o u s  s o l u t i o n  a t  room t e m p e r a t u r e  and t h e n  
r e p e a t e d l y  w a s h e d  w i t h  d i s t i l l 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  m e m b r a n e :  A 
w e i g h e d  s a m p l e  o f  t h e  m e m b r a n e ,  w i t h o u t  d r u g ,  was i m m e r s e d  
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  37 
QC. 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 a c h i e v 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  ( 1 1 ) :  

w e i g h t  o f  s w o l l e n  s a m p l e  - w e i g h t  o f  d r y  s a m p l e  
(W) = 100 . . . . . . . . . . .  J w e i g h t  o f  s w o l l e n  s a m p l e  

A p p a r a t u s  f o r  m e a s u r e m e n t :  The r e s e r v o i r - t y p e  d e v i c e  ( 1 2 )  
c o n s i s t e d  o f  a g l a s s  t u b e  and a s t o p p e r e d  T e f l o n  v e s s e l  t h a t  
had a 3 mm d i a m e t e r  h o l e  on t h e  u p p e r  f a c e .  The s o l i d  d r u g  
w h i c h  was c o v e r e d  by t h e  c h i t o s a n  membrane  s w o l l e n  i n  w a t e r  i s  
p l a c e d  a t  t h e  b o t t o m  o f  t h e  s t o p p e r e d  v e s s e l ,  

M e a s u r e m e n t  o f  t h e  amoun t  o f  t h e  d r u g  r e l e a s e d :  W a t e r  (30  
m l )  was used  i n  t h e  e x t r a c t i o n s ,  Drug  r e l e a s e  e x p e r i m e n t s  w e r e  
c a r r i e d  o u t  i n  a t h e r m o s t a t e d  b a t h  a t  37~ C w i t h  c o n t i n u o u s  
s t i r r i n g .  The a m o u n t  o f  r e l e e s e d  d r u g  was 
s p e c t r o p h o t o m e t r i c a i l y  d e t e r m i n e d ,  The s a m p l e s  w e r e  t a k e n  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 t r a c t a n t  was r e n e w e d  a f t e r  
each  m e a s u r e m e n t ,  The s t u d i e s  w e r e  made 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 DISCUSSION 

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  ( F i g ,  1) u n d e r  t h e  f o l l o w i n g  c o n s t a n t  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  
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 ,  

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 l 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  w a t e r  s w o l l e n  membrane  was 304 p,  S o d i u m  
s a l y c i l a t e  was c h o s e n  as m o d e l  d r u g  o w i n g  t o  i t s  s o l u b i l i t y  i n  
w a t e r  and s u i t a b l e  UV a b s o r p t i o n  ( T a b l e  1 ) .  
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A B 

A - D e v i c e  p l a c e d  i n s i d e  t h e  g l a s s  t u b e .  
B - L o n g i t u d i n a l  c u t  o f  t h e  d e v i c e .  

F i g u r e  1: A p p a r a t u s  f o r  m e a s u r e m e n t .  

F i g u r e  2 shows t h e  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 .  The a v e r a g e  v a l u e s  a r e  p l o t t e d  i n  t h e  f i g u r e ,  The 
r e p r o d u c i b i l i t y  i n  t r i p l i c a t e  r u n s  was g o o d .  A n o n l i n e a r  t i m e  
l a g  can  be o b s e r v e d ,  t h a t  i s ,  t h e  t i m e  i t  t a k e s  ~he d r u g  t o  
c r o s s  t h e  membrane  and b e g i n  t o  r e l e a s e ,  f o l l o w e d  by a l i n e a r  
r a n g e  w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0 . 9 8 6 .  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 n g e  w e r e  c a l c u l a t e d  by  l i n e a r  r e g r e s s i o n .  The 
r e l e a s e  r a t e  o f  s o d i u m  s a l i c y l a t e  i n  w a t e r  was 7 . 4  x10  -z  
m g / m i n .  Z e r o  o r d e r  k i n e t i c s  i s  most  d e s i r a b l e  i n  c o n t r o l l e d  
r e l e a s e  s y s t e m s .  

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

T a b l e  1 : M o l e c u l a r  W e i g h t ,  W a t e r  S o l u b i l i t y ,  A n a l y t i c a l  
W a v e l e n g t h  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  o f  
Sod ium S a l i c y l a t e .  

Drug  M o l . w t .  Cs ( m g / m l )  ~ m , x  ~ ( l l m o l . c m )  

Sodium S a l i c y l a t e  1 6 0 . 1 1  1111 2 9 4 . 0  3620 
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Figure 2: Sodium sa l i c y l a t e  release from chitosan membranes. 
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