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ABSTRACT 

Calcium a l g i n a t e  beads impregnated w i t h  sulphamethoxazole a s  

model d r u g  were prepared and c h a r a c t e r i z e d .  Scanning e l e c t r o n  

microscope was used t o  examine t he i r  s u r f a c e  w i t h  and without 

t h e  drug. T h e  bead average d iameter  was 1.25mm and t h e  sulphame- 

thoxazole  uptake by the beads was about h a l f  of t h e  i nco rpora t ed  

q u a n t i t y .  T h e  r e l e a s e  behaviour was followed u s i n g  USP d i s s o l u -  

t i o n  method. The e f f e c t  on r e l e a s e  o f  f a c t o r s  s u c h  a s  sodium 

a l g i n a t e ,  calcium c h l o r i d e  c o n c e n t r a t i o n ,  pH, hydra t ion  and 

compression were s t u d i e d .  

no pronounced e f f e c t  on t h e  r e l e a s e .  T h e  r e l e a s e  was found t o  

be a func t ion  of calcium c h l o r i d e  concen t r a t ion .  

concen t r a t ion  t h e  lower t h e  r e l e a s e .  The  sma l l e r  t h e  water 

con ten t  t h e  lower t h e  r e l e a s e  from the beads. Compression of 

t h e  beads y i e l d s  a deformed beads w i t h  an i n c r e a s e  i n  t h e i r  

r e l e a s e .  

sulphamethoxazole loading  . Sulphamethoxazole d i f f u s i o n  through 

calcium a l g i n a t e  f i l m  was determined, 

were d i scussed .  T h e  system may o f f e r  a simple and e f f i c i e n t  

s u s t a i n  r e l e a s e  p r e p a r a t i o n .  

Sodium a l g i n a t e  c o n c e n t r a t i o n s  had 

The  h i g h e r  t h e  

P l a i n  calcium a l g i n a t e  beads were not s u i t a b l e  f o r  

The d i s s o l u t i o n  p a t t e r n s  
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I N T R O D U C T I O N  

BADWAN ET AL.  

A l g i n i c  a c i d  d e r i v a t i v e s  a r e  wide ly  used  i n  t h e  food  and 

p h a r m a c e u t i c a l  i n d u s t r y  a s  d i s p e r s i n g ,  t h i c k e n i n g  and d i s i n t e  - 
g r a t i n q  a g e n t s .  One of  t h e  p romis inq  f u t u r e  of a l g i n a t e s  i s  

their  a p p l i c a t i o n  i n  t h e  b i o t e c h n o l o q i c a l  r e s e a r c h  i n  o r d e r  t o  

inmohilize m i c r o b i a l  ce l l s  and enzymes ( 1 , 2 ) .  T h e i r  a b i l i t y  t o  

e n t r a p  t h e  c e l l s  makes t h e m  

i n  s u s t a i n  r e l e a s e  dosage  form.  T h e  o b j e c t  o f  t h i s  work i s  t o  

t e s t  such  p o s s i b i l i t y .  

3s an a t t r a c t i v e  c a n d i d a t e  f o r  use 

MATERIALS 

Sodium a l g i n a t e :  v iscosi ty  o f  l . O % w / v  s o l u t i o n  8 5 c . p . u s i n q  

' iaake f a l l i n g  b a l l  v i s c o m e t e r .  

"alcium c h l o r i d e  - and h e p t a n e ,  were from R i e d e l -  De-Haen. 

~ u l p h a m e t h o x a z o l e ,  was B.P. q u a l i t y .  

'11 r e a g e n t s  used  were of a n a l y t i c a l  g r a d e .  

METHOD 

" r e p a r a t i o n  Of T h e  Beads 

Sodium a l g i n a t e  s o l u t i o n  1 .6%w/v  i n  w a t e r  was p r e p a r e d  by 

s o a k i n g  t h e  powder i n  d i s t i l l e d  w a t e r  f o r  3 h o u r s .  8 grams of 

s u l p h a m e t h o x a i o l e  were d i s p e r s e d  a t  room t e m p e r a t u r e  i n  t h e  

sodium a l g i n a t e  v i s c o u s  s o l u t i o n  and f i l l e d  i n t o  a g l a s s  c y l i n -  

der having  a d i a m e t e r  Gf 2 .5  cm and t h e  p o r e  of  the  o r f i c e  0.25 

m m .  i n  d iameter .The end o f  t h e  c y l i n d e r  was c o n n e c t e d  t o  a 

s o u r c e  of compressed a i r .  T h e  a l g i n a t e  s o l u t i o n  was f o r c e d  

t h r o u g h  the c a p i l l a r y  end i n t o  a b e a k e r  p l a c e d  on a m a g n e t i c  

s t i r re r  . T h e  b e a k e r  c o n t a i n e d  l O O m l  o f  c a l c i u m  c h l o r i d e  of 

'0% w / v  s o l u t i o n  and 200ml of h e p t a n e .  The  formed beads  were 
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SUSTAINED RELEASE DRUG DELIVERY SYSTEM 24 1 

s e p a r a t e d ,  washed  w i t h  d i s t i l l e d  water and  d r i e d  on open  t r a y s  

a t  roan t e m p e r a t u r e .  

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

s t o r e d  i n  a c l o s e d  q l a s s  c o n t a i n e r .  A l l  b a t c h e s  were j n  t r i p l i -  

c a t e s .  

The l e a c h e d  w a t e r  was removed and  t h e  l o s s  
The  b e a d s  were 

The d r i e d  p r o d u c e d  l o a d e d  b e a d s  were f r a c t i o n a t e d  by  a micro 

s i e v e  s e t  by s h a k i n g  f o r  10 m i n u t e s .  

t o  1 . 2 5  mm were Used i n  t h i s  work .  

B e a d s  w i t h  d i a m e t e r s  2.00 

C h a r a c t e r i z a t i o n  O f  The  C a l c i u m  A l q i n a t e  B e a d s :  

S u r f  ace C h a r a c t e r i s t i c s  : 

L e t i z  s c a n n i n q  electron m i c r o s c o p e  was u s e d  t o  c h a r a c t e r i z e  

t h e  b e a d s  s u r f a c e .  

s u p p o r t  w i t h  a t h i n  a d h e s i v e  m a t e r i a l  and  t h e  s a m p l e s  were c o a t e r i  

w i t h  c a r b o n - g o l d  l a y e r s  u n d e r  vacuum. The s u r f a c e  was s c r e e n e d  

and  p h o t o m i c r o g r a p h s  were t a k e n  f o r  t h e  l o a d e d  and  u n l o a d e d  

b e a d s .  A c r o s s  s e c t i o n  was made f r o m  t h e  l o a d e d  a n d  u n l o a d e d  

b e a d s  a n d  t r e a t e d  i n  a s i m i l a r  manner .  P h o t o a g r a p h s  a r e  p r e s e n -  

t e d  i n  f i r l u r e  ( 1 - a , b , c , d  ) .  

One who le  b e a d  was p l a c e d  on a m e t a l l i c  

S u l p h a m e t h o x a z o l e  C o n t e n t  D e t e r m i n a t i o n :  
__ ~- 

The d r u g  c o n t e n t  was d e t e r m i n e d  by  p o w d e r i n g  t h e  o b t a i n e d  

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

O.1E.I sod ium h y d r o x i d e .  The a b s o r b a n c e  was m e a s u r e d  a t  257 nm 

u s i n g  P e r k i n  Elmer s p e c t r o p h o t o r n e t e r  ( model 550 S ) .  

Release Measuremen t s :  

The re lease of s u l p h a m e t h o x a z o l e  f rom c a l c i u m  a l q i n a t e  b e a d s  

was measu red  u s i n g  USPXX d i s s o l u t i o n  a p p a r a t u s .  

r o t a t e d  a t  100r .p .m.  a t  3 f C .  The d i s s o l u t i o n  medium u s e d  were 
0.lN h y d r o c h l o r i c  a c i d ,  0.1N sod ium h y d r o x i d e  and  a p h o s p h a t e  

b u f f e r  ( pH = 10.6 ) .  One gram o f  b e a d s  h a v i n g  a n  a v e r a g e  d i a -  

The b a s k e t  was 
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BADWAN ET AL. 242 

meter of 1.25mm were p l a c e d  l oose  i n  t h e  b a s k e t .  The  re lease was 

f o l l o w e d  u p  t o  6 h o u r s .  A l i a u o t s  o f  5ml w e r e w i t h d r a w n  and  

d i l u t e d  t o  l O O m l  wi th0 . l .N sod ium h y d r o x i d e .  

r e c o r d e d  a t  257nm. The  w i t h d r a w n  s a m p l e s  from d i s s o l u t i o n  

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

Tedium u s e d .  The  r e s u l t s  a re  p r e s e n t e d  i n  f i g u r e s (  2-6). 

The a b s o r b a n c e  was 

- f f e c t  of H y d r a t i o n  on t h e  Release: 

The f r e s h  fo rmed  b e a d s  were k e p t  o n  a n  open  t r a y  a t  room 

e m p e r a t u r e .  T h e i r  w e i g h t  l o s s  was r e c o r d e d  and  t h e i r  release 

a s  measu red  f o r  e a c h  s t a g e  of water l o s s .  The  e f f e c t  of water 

- o n t e n t  i s  shown i n  f i a u r e  ( 4 1. 

Effect o f  C o m p r e s s i o n :  

One gram of t h e  f ree  f l o w i n g  b e a d s  was p l a c e d  i n  a d i e  o f  
1cm d i a m e t e r  of a h y d r o l a u i c  p r e s s  and  was c o m p r e s s e d  u n d e r  5 

and  10 t o n s .  The  r e s u l t e d  de fo rmed  b e a d s  were t e s t e d  f o r  t h e i r  

r e l e a s e  p r o p e r t i e s .  
c h a r a c t e r i z e  t h e  e f f e c t  of p r e s s u r e  on t h e  g r a n u l e  s u r f a c e  a s  

shown i n  F i g u r e ( 1 - d  ) .  

The s c a n n i n g  e l e c t r o n  m i c r o s c o p e  was u s e d  t o  

L o a d i n g  of t h e  Beads  w i t h  t h e  Drug:  

A p1aj.n c a l c i u m  a l g i n a t e  b e a d s  were p r o d u c e d  a s  d e s c r i b e d  

i n  method of  p r e p a r a t i o n .  

t e m p e r a t u r e  t h e n  t h e y  were s o a k e d  i n  0.5 %w/v of s u l p h a m e t h o x a -  
zo l e  f o r  d i f f e r e n t  p e r i o d s  of time. 

w i t h  d i s t i l l e d  water and  t h e  d r u g  c o n t e n t  was d e t e r m i n e d .  

The b e a d s  were l e f t  t o  d r y  a t  room 

B e a d s  were s e p a r a t e d ,  washed  

E f f e c t  Of B o i l i n g :  

Loaded a n d  u n l o a d e d  b e a d s  were b o i l e d  i n  water f o r  30 
m i n u t e s .  S h a p e  and  s i z e  of t h e  b o i l e d  b e a d s  were v i s u a l l y  
examined .  
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SUSTAINED RELEASE DRUG DELIVERY SYSTEM 243  

C a l c i u m  A l q i n a t e  F i l m  P r e p a r a t i o n  And C l t a r e c t e r i z a t i o n  

Sodium a l g i n a t e  s o l u t i o n l y , w / v  was p o u r e d  i n t o  a p e t r i d i s h  

and  l e f t  t o  d r y .  l O O m l  o f  1O%w/v c a l c i u m  c h l o r i d e  was a d d e d  a n d  

l e f t  f o r  30 m i n u t e s .  The fo rmed  f i l m  was washed  a n d  s t o r e d  i n  a 

p e t r i d i s h  u n d e r  d i s t i l l e d  water. The  f i l m  was c h a r a c t e r i z e d  

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

p e r m i a b i l i t y  of t h e  a l g i n a t e  f i l m , ,  the membrane was p l a c e d  on 

t h e  250ml b o t t l e  mouth c o n t a i n i n g  O.lOO%w/v s o l u t i o n  of s u l p h a -  

m e t h o x a z o l e  i n  O . 1 N  h y d r o c h l o r i c  a c i d  a n d  t h e  i n v e r t e d  b o t t l e  

was p l a c e d  i n  2 l i t e r s  b e a k e r  c o n t a i n i n g  500ml of 0.1EI h y d r o -  

c h l o r i c  a c i d  p l a c e d  on a maqnetic st irrer.  S a m p l e s  of 5ml were 

w i t h d r a w n  and  a n a l y s i s  was c a r r i e d  f o r  t h e i r  s u l p h a m e t h o x a z o l e  

c o n t e n t . T h e  amount  d i f f u s e d  t h r o u g h  t h e  membrane is  shown f i g u r e  

7 ) .  

RESULTS AND DISCUSSION 
~ 

P r e p a r a t i o n  V a r i a b l e s :  

The  p r o d u c e d  b e a d s  were f a i r l y  r o u n d e d  s p h e r e s .  T h e i r  s i z e  
r a n g e s  b e t w e e n  2.00 - 0 . 3 2 5  mm w i t h  a n  a v e r a g e  d i a m e t e r  of 1.25mm 

" a l c i u m  a l g i n a t e  b e a d s  s i z e  was f o u n d  t o  depend  on t h e  r a t e  o f  

s t i r r i n g  i n  t h e  r e c i e v i n g  b e a k e r .  The  h i g h e r  t h e  s p e e d ,  t h e  lowe, 

t h e  a v e r a g e  b e a d  s i ze .  Sodium a l g i n a t e  v i s c o s i t y  p l a y s  t h e  most 

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

The s h a p e  becomes  more s p h e r i c a l  w i t h  t h e  i n c r e a s e  of sod ium 

a l g i n a t e  c o n c e n t r a t i o n .  

v i t h  a v i s c o s i t y  of 85 C . P .  was u s e d ,  i r r e q u l a r  b e d d s  were 

When l%w/v  s o l u t i o n  o f  sod ium a l g i n a t e  

y i e l d e d ;  h a v i n g  a n  a v e r a g e  d i a m e t e r  o f  0.80 mm. The p a r t i c -  

l e  s i z e  was 1.25mm i n  1.6% and  2 .08w/v  s o l u t i o n s ,  h a v i n g  v i s c o s i -  

t i es  o f  239 c . p .  and  716 c . p .  r e s p e c t i v e l y .  Such  c h a n g e  i n  t h e  

s i z e  may b e  a t t r i b u t e d  t o  t h e  f a i l u r e  of b h e  s t i r rer  t o  d i s p e r s e  

t h e  v i s c o u s  d r o p l e t s  o f  h i g h e r  c o n c e n t r a t i o n s .  However 2%w/v 

s o l u t i o n  was d i f f i c u l t  t o  m a n i p u l a t e .  The 1.6%w/v s o l u t i o n  y i e l  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



244 BADWAN ET A L .  

ded more reproducible  spheres t h e r e f o r e  such concen t r a t ion  was 

se l ec t ed  a s  t h e  workinq concen t r a t ion  i n  t h e  p re sen t  work. 

T h e  s p h e r i c a l  shape resulted was dependent on t h e  hydrophobicity 

of t he  organic  phase i n  t h e  receiving vessel. B u t y l  a c e t a t e ,  

cyclohexane and chloroform were not s u i t a b l e  t o  produce uniform 

s p h e r i c a l  beads. Heptane o f f e r s  t h e  b e s t  a l t e r n a t i v e  a s  i n  

add i t ion  t o  its hydrophobicity i t  doesnot d i s s o l v e  sulphamethaxo- 

zo le  o r  calcium a l g i n a t e .  However, beads can be  formed without 

t h e  orqanic  phase b u t  heptane presence f a c i l i a t e d  the  production 

of more s p h e r i c a l  beads d u e  t o  t h e  reduct ion i n  t h e  i n t e r f a c i a l  

tension of t h e  f a l l i n g  drop. D i f f e r e n t  sulphamethoxazole p a r t i -  

c le  s i z e  was u s e d  and found not t o  have any e f f e c t  on t h e  beads 

s i z e  o r  shape. The average sulphamethoxazole p a r t i c l e  s i z e  u s e d  

i n  t h i s  s t u d y  was 0.100mm. The  v a r i a t i o n  i n  calcium c h l o r i d e  

concentrat ion was found not t o  e f f e c t  t h e  shape and s i z e  of beads 

Surface Charac t e r i za t ion :  

Electron microscope scanning s t u d i e s ,  showed t h a t  t h e  beads 

had u n e v e n  rouqh su r face .  When t h e  unloaded beads were examined, 

their  s u r f a c e  d id  not show any c l e a r  pores  a s  shown i n  f i q u r e  

( l - a  1. When t h e  beads were loaded w i t h  t h e  druq the s u r f a c e  

was covered w i t h  adsorped sulphamethoxazole p a r t i c l e s ,  c r acks  an( 

f i s s u r e s  a s  appear ,  i n  f i q u r e  ( l - b , c  ) .  When sulphamethoxazole 

was k e p t  a t  a v e r y  low concen t r a t ion  t h e  c racks  on t h e  s u r f a c e  

d i d  not d i sappea r .  
A c r o s s  s e c t i o n  i n  a loaded bead showed t h a t  t h e  sulphamethoxa- 

zo le  p a r t i c l e s  a r e  embodied i n  t h e  calcium a l g i n a t e  matr ix .  

To f u r t h e r  t h e  understanding of t h e  beads s u r f a c e ,  loaded and 

unloaded a l g i n a t e  f i l m s  were examined, t he i r  s u r f a c e  were sirnil?. 

t o  t h a t  of t h e  beads . When loaded beads were s u b j c t e d  t o  

5 and 10 tons  of pressure, t h e  bead cracked from one e n d  f o r c i n g  

i t s  content  ou t  of t h e  co re  as  appears  i n  f i q u r e  ( l - d  1 . 
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2 45 SUSTAINED RELEASE DRUG DELIVERY SYSTM 

FICORF- ( 1  ) : 
S c a n n i n q  e l e c t r o n  niccoscope 
photogrdphs. 

1- The surface of c a l c i u m  
a lq i r i a t c  bead \ i i thocrt the  
d r u q .  

h- The v;hoLe l o a d e d  c a l c i u m  
ill ti i r I  cj 1 e hca d n i t h t h e  
tlruci. 

c- CrJcked surf,ice O F  the 
l o a d e d  calcium alcl ihate  
head.  

d -  Loaded compressed  bead .  
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246 

D r u q  C o n t e n t  D e t e r m i n a t i o n  : 

F i v e  b a t c h e s  e a c h  of 10 

BADWAN ET AL.  

g r a m s  of d r i e d  c a l c i u m  a l q i n a t e  

b e a d s  were p r e p a r e d .  T h e i r  mean c o n t e n t  of s u l p h a m e t h o x a z o l e  

was 510.5mg/G ( S.D = - 0.80 ) G e n e r a l l y  t h e  d r u q  c o m p r i s i n g  

50% of t h e  t o t a l  d r i e d  b e a d s  w e i q h t .  C o n c e n t r a t i o n s  of s o d i u m  

a l g i n a t e  o r  c a l c i u m  c h l o r i d e  h a d  n o  e f fec t  o n  t h e  e n t r a p p e d  

a m o u n t  o f  s u l p h a m e t h o x a z o l e .  T h e  r e p r o d u c i b i l i t y  of t h e  s u l p h a -  

m e t h o x a z o l e  c o n t e n t  i n  t h e  s y s t e m  may be a t t r i b u t e d  t o  t h e  

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

s o l u t i o n  o r  t h e  o r g a n i c  s o l v e n t .  However when t h e  b e a d s  were 

e x h a u s t e d  by  s o a k i n g  f o r  1.6 h o u r s  i n  0.1N h y d r o c h l o r i c  a c i d  

t h e  r e l e a s e d  s u l p h a m e t h o x a z o l e  was f o u n d  t o  b e  85% of t h e  

e m b o d i e d  q u a n t i t y  i n d i c a t i n g  t h a t  t h e  r e m a i n e d  a m o u n t  is  s t r o n -  

g l y  t r a p p e d  i n  t h e  b e a d s ’  b o d y .  

+ 

Release S t u d i e s :  

C h e m i s t r y  O f  A l q i n a t e s .  

I t  i s  a c c e p t e d  t h a t a l q i n i c  a c i d  is  a l o n g  c h a i n  of p o l y -  

s a c c h a r i d e s  c o n s i s t i n q  of t h r e e  m a i n  1 , 4  - l i n k e d  s t r u c t u r a l  

b l o c k s ,  p o l y  - D - m a n n u r o n i c  a c i d ,  p o l y - L -  g u l u r o n i c  a c i d  a n d  

b l o c k s  i n  w h i c h  t h e  two u r o n i c  a c i d s  o c c u r  t o q e t h e r  t h r o u q h  

1-4 q l y c o s i d e  l i n k a q e  ( 3 )  A l q i n i c  a c i d  s a l t s  of a l k a l i n e  metals 

a r e  s o l u b l e  a n d  t h e y  a b s o r b  u p  t o  10 times of t h e i r  w e i q h t  water.  

On t h e  o t h e r  h a n d ,  t h e  d i v a l e n t  s a l t s  of a l g i n i c  a c i d  a re  i n s o -  

l u b l e  i n  water. T h e  i n s o l u b i l i t y  o c c u r s  d u e  t o  t h e  cross l i n k -  

i n q  of t h e  d i v a l e n t  i o n  of two c h a i n s  o f a l q i n i c a c i d  y i e l d i n g  a 

rross l i n k e d  i n s o l u b l e  g e l .  C o n s e q u e n t l y ,  t h e  cross l i n k i n q  

i n c r e a s e  w i t h  t h e  i n c r e a s e  of t h e  d i v a l e n t  i o n  a v a i l a b i l i t y . T h e  

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

a c c o m p a n i e d  by  a l o s s  of water from t h e  q e l .  
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SUSTAINED RELEASE DRUG DELIVERY SYSTEM 24 7 

T r e a t m e n t  O f  Release Data: 

Many e x p r e s s i o n s  h a v e  b e e n  f o r w a r d e d  t o  d e s c r i b e  t h e  re lease 

from d i f f e r e n t  s u s t a i n e d - r e l e a s e  p r o d u c t s .  I n  g e n e r a l ,  m o d e l s  

u s e d  f o r  d e r i v a t i o n  were b a s e d  o n  release from s a l p  w i t h  a u n i t  

cross s e c t i o n  a n d  w i t h  known p o r o s i t y  a n d  c o n t a i n i n q  a u n i t  

q u a n t i t y  . H i q u c h i  ( 4 , 5  ) was t h e  f irst  t o  d e r i v e  a n  

e q u a t i o n  d e s c r i b i n q  t h e  d r u q  release from p o r o u s  m a t r i x  when 

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

factor  of t h r e e  o r  f o u r .  S u c h  t r e a t m e n t  ( 6 )  was e x t e n d e d  t o  

d e s c r i b e  t h e  re lease from p l a n e s  when t h e  d r u g  i s  p r e s e n t  i n  

low c o n t e n t .  D i f f u s i o n  from p l a n e  s h e e t s  a n d  c y l i n d e r s  were 

c o n s i d e r e d  ( 8 , 9  ) ,  R e c e n t l y  s o l u t i o n  f o r  e q u a t i o n s  d e s c r i b i n g  

re lease from s p h e r e s  a n d  t h e  e f f e c t  of i n t e r f a c i a l  t r a n s p o r t  

o n  t h e  k i n e t i c s  p r o c e s s  was p r o v i d e d .  

t a k e  p l a c e ,  t h e  e q u a t i o n  was d e r i v e d  a n d  s i m p i l i f i e d  a s  fo l lows :  

When n o  p h a s e  b o u n d r i e s  

__c - I--- 6 yt r" 1 e x p  ( - n  2 n2 7' ) . . . . . ( 1 )  - 2 Fa, Tr2 n = l  n 

Where  : 

M t  : T h e  a m o u n t  of d r u q  w h i c h  d i f f u s e s  o u t  of s p h e r e  a t  

time "t 

T h e  a m o u n t  of d r u g  t h a t  w o u l d  be r e l e a s e d  a f t e r  

i n f i n i t e  time. 

: 
M L a  

(2) 7 = - D t  . . . . . . I 1  a s  n o r m a l i z e d  p a r a m e t e r "  
2 

rO 

Where  : 

D : T h e  i n t e g r a l  d i f f u s i o n  c o e f f i c i e n t  of t h e  s u b s t r a t e  

r : R a d i u s  of t h e  s p h e r e  u s e d .  0 

A c c o r d i n g l y  = 
7% 

t = .................................. ( 3 )  
D 
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2 4 8  BADWAN ET A L .  

A t  very s h o r t  time T<<I 7 

\It = 6 M 7''' U-"' ........................... ( 4 )  
00 

A s s u m i n q  t h a t  roand D a r e  c o n s t a n t s ,  r q u a t i o n ( 4 )  can be re- 

written a s  
= & ................................. ( 5 )  Mt 

Equat ion  ( 5 )  y i e l d s  a s t r a j q h t  l i n e  w h e n  M t  p l o t t e d  a q a i n s t  s q u a r e  

r o o t  of time . T h i s  e x p r e s s i o n  i s  s i m i l a r  t o  t h e  e x p r e s s i o n  

p r e v i o u s l y  d e r i v e d  f o r  p l a n e  s u r f a c e  ( 4 , 5 ) .  D i s s o l u t i o n  t e s t s  

were c a r r i e d  o u t  t o  examine the  s u i t a b i l i t y  of  the  a l q i n a t e  t o  
a c t  a s  a ma t r ix  f o r  pro lonq  r e l e a s e  sys tems.  D i s s o l u t i o n  p a t t e r n  

i s  r e p r e s e n t e d  by p l o t t i n q  the cumula t ive  q u a n t i t y  r e l e a s e d  

a q a i n s t  t h e  squa re  r o o t  of time. D i f f e r e n t  fo rmula l ion  f a c t o r s  

such a s  sodium a l q i n a t e  and ca lc ium c h l o r i d e  c o n c e n t r a t i o n s ,  

compression pH and h y d r a t i o n  were s t u d i e d  and t h e i r  e f f e c t  on 

t h e  release of su lphamethoxazole  i s  reco rded  a s  seen i n  f i g u r e  

( 2 , 3 , 4 , 5 , 6  ) Sulphamethoxazole  r e l e a s e  i n  0.111 HCL i s  taken a s  

c o n t r o l .  F i q u r e  ( 7 )  shows t h e  pronounce de lay ,  i n  t h e  d i s s o l u -  

t i o n  time of su lphamethoxazole  by i n c o r p o r t i n g  i n  a l q i n a t e  matrix 

T h e  amount r e l e a s e d  a p p e a r s  no t  t o  vary  w j t h  t h e  sodium 

a l q i n a t e  c o n c e n t r a t i o n .  

However, t he  r e l e a s e  of 50% of t h e  s i i lphamethoxazole  c o n t e n t  is  

t a k i n q  p l a c e  a f t e r  120,160 and 200 m i n u t e s  f o r  1,1.6 and 2% w/v 

o f  sodium a l q i n a t e  s o l u t i o n  r e s p e c t i v e l y .  T h e  t o t a l  r e l e a s e  of  

su lphamethoxazole  when l % w / v  s o l u t i o n  of sodium a l q i n a t e  was used 

found t o  be i n  t h e  p rox imi ty  of 75% of t h e  t o t a l  d r u g  c o n t e n t ,  

i n  comparison t o  60 and 65% of  t o t a l  d rug  c o n t e n t  f o r  1.6 and 2% 

sodium a l g i n a t e  s o l u t i o n s .  As the c o n c e n t r a t i o n  of  ca lc ium 

c h l o r i d e  was s i m i l a r  i n  t h e  three f o r m u l a t i o n s  used one would 

-.xpect t h a t  t h e  ca lc ium i o n  w i l l  r e p l a a e  the sodium i o n .  S i n c e  

a c r o s s  l i n k i n q  t a k e s  p l a c e  between t h e  long cha in  p o l y s a c c h a r i d e  

polymers ,  t h e  system becomes less f l e x i b l e  w h e n  h i g h e r  sodium 
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SUSTAINED RELEASE DRUG DELIVERY SYSTEM 2 4 9  

7 5  
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FIGURE ( 7 1 
P e r c e n t a q e  r e l e a s e d  o f  s u l p h a m e t h o x a z o l e  i n  0.111 HC1 w i t h  
d i f f e r e n t  c o n c e n t r a t i o n s  o f  s o d i u m  a l q i n a t e  u s e d .  
0 - 1  .OX, w / v  s o d i u m  a l q i n a t e  - 10% w / v  c a l c i u m  c h l o r i d e  
0 -1.6% w / v  s o d i u m  a l q i n a t e  - 1OoA w/v calciiim c h l o r i d e  

-2.0% w / v  s o d i u m  a l q i n a t e  - 10% w / v  calciiim c h l o r i d e  

a l q i n a t o  c o n c e n t r a t i o n  is  u s e d .  When d i f f e r e n t  c a l c i u m  c h l o r i d e  

c o n c e n t r a t i o n s  were u s e d  (5-15% ) w i t h  1 . 6 % w / v  o f  s o d i u m  a l q i n a t e  

s o l u t i o n  a p r o n o u n c e d  d i f f e r e n c e  i n  t h e  release was o b s e r v e d  a s  

shown i n  f i q u r e  ( 3 ) .  T h e  s l o p e s  o f  M t  Vs t' p l o t s  q i v e  t h e  a p p e a r e n t  

release c o n s t a n t .  

c o n c e n t r a t i o n  ,a l i n e a r  r e l a t i o n s h i p  was o b t a i n e d ,  S u c h  l i n e a r i t y  

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

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

1 

S l o p e s  were p l o t t e d  a g a i n s t  c a l c i u m  c h l o r i d e  
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BADWAN ET AL.  

1 a I 1 

4 8 1 2  16 20 

t % (minutes) 

F I C I J R F (  3 ) 
Release o f  s u l p h a m e t h o x a z o l e  when 1.6% w/v sod ium a l q i n a t e  
was u s e d  w i t h  d i f f e r e n t  c a l c i u m  c h l o r i d e  p e r c e n t a g e .  
A - 5% C ? r C l ?  A - 10% CaC12 .- 15% CaC12 

D i f f e r e n t  pH med ia  were u s e d  a s  d i s s o l u t i o n  medium. I n  0.W 
sod ium h y d r o x i d e  s o l u t i o n  92% o f  s u l p h a m e t h o x a z o l e  c o n t e n t  was 
r e l e a s e d  i n  90 m i n u t e s .  T h i s  is d u e  t o  t h e  free s o l u b i l i t y  

s u l p h a m e t h o x a z o l e  i n  a l k a l i n e  medium. 

(pH 10.6 1 was u s e d  a s  d i s s o l u t i o n  medium, i t  became t u r b i d  a n d  

t h e  b e a d s  l o o s e  t h e i r  c o m p a c t n e s s  a s  t h e  cross l i n k i n g  former 

e s c a p e  t o  t h e  d i s s o l u t i o n  medium f o r m i n g  calcium p h o s p h a t e .  

I n  a n  a c i d i c  medium 0.1N h y d r o c l r i c  a c i d  65% of t h e  s u l p h a m e h o x a -  

zo l e  was r e l e a s e d  i n  360 m i n u t e s .  

When p h o s p h a t e  b u f f e r  

Release was t e s t e d  for f r e s h l y  p r e p a r e d  b e a d s  d u r i n g  t h e i r  

s q u i l i b r i u m  w i t h  a t m o s p h e r e .  F i g u r e  ( 5 )  shows  t h a t  t h e  h i g h e r  
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SUSTAINED RELEASE DRUG DELIVERY SYSTEM 
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FIGURE( 4 ) 
E f f e c t  of pH on  t h e  release of s u l p h a m e t h o x a z o l e  f r o m  
c a l c i u m  a l g i n a t e  b e a d s  

A - pH 1.0 
A - pH 10.6 

t h e  water c o n t e n t ,  t h e  h i g h e r  t h e  release, t h i s  may b e  a t t r i b u t e d  

t o  t h e  s w e l l i n g  e f f ec t  o f c r a c k s  d u e  t o  h y d r a t i o n  c o n s e q u e n t l y  

f a c i l i t a t i n g  t h e  s u l p h a m e t h o x a z o l e  release. 

B e a d s  p r e p a r e d  f r o m  1.6% w/v of sod ium a l g i n a t e  a n d  5% of c a l c i u m  

c h l o r i d e  were c o m p r e s s e d  u n d e r  5 a n d  10 t o n s  r e s p e c t i v e l y .  

C o m p r e s s i b i l i t y  i n c r e a s e d  w i t h  t h e  i n c r e a s e  of p r e s s u r e .  The  

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

immers ion  i n  t h e  d i s s o l u t i o n  medium. When t h e  L / l ease  p r o p e r t i e s  

were f o l l o w e d ,  t h e  b e a d s  e x p o s e d  t o  h i a h e r  p r e s s u r e  r e l e a s e d  t h e i r  

c o n t e n t  f a s t e r  i n d i c a t i n g  t h e  i n c r e a s e  i n  c r a c k s  on  t h e  s u r f a c e ,  
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FTCURE( 5 \ 
F f f e c t  of h y d r a t i o n  on t h e  re lease o f  s u l p h a m e t h o x a z o l e  
from calciiim d l r l i n a t e  b e a d s .  
A -  7H% water 
A -  54% water 
a -  77% water 

C o n s e q u e n t l y ,  t h e  c o n t a c t  w i t h  t h e  d i s s o l u t i o n  medium a n d  t h e  

re lease i n c r e a s e d  too.  When t h e  same a m o u n t  o f  s o d i u m  a l g i n a t e  

a n d  15% o f  c a l c i u m  c h l o r i d e  were u s e d  i n  p r e p a r i n g  b e a d s  a n d  

e x p o s e d  t o  5 t o n s ,  t h e  

r e l e a s e d  was smaller a s  shown i n  f i g u r e  ( 6 )  . T h e  r i q i d i t y  of 

t h e  b e a d s  made t h e m  eas i e r  t o  b e  r u p t u r e d  h e n c e  t h e i r  re lease 

was h i g h e r  t h a n  t h e  release from b e a d s  c o n t a i n i n g  5% c a l c i u m  

c h l o r i d e  i n  t h e  i n t i a l  s t a q e .  On t h e  o t h e r  h a n d ,  t h e  re lease 

a f t e r  360 m i n u t e s  was lower t h a n  t h e  o t h e r  f o r m u l a t , i o n  d u e  t h e  

h i q h  p e r c e n t a q e  of cross l i n k i n g  t a k i n g  p l a c e  u n d e r  s u c h  h i q h  

release was slower a n d  t h e  t o t a l  a m o u n t  
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SUSTAINED RELEASE DRUG DELIVERY SYSTEM 25 3 

4 8 12 16 20 
t ?h (minutes ) 

F I G U R E  6 
Release of sulphamethoxazole i n  0 . 1 N  H C l  from calcium 

a l a i n a t e  beads w i t h  d i f f e r e n t  concen t r a t ions  of calcium 
c h l o r i d e  and under 5 and 10 t o n s  of p re s su re .  
* - 5 %  calcium chlor ide-1.6% w / v  sodium a l q i n a t e  - 5 tons  
A - 5 %  calcium chloride-1.6%] w / v  sodium a l q i n a t e  - 10 tons  
.-15% calcium chlor ide-1.6% w/v  sodium a l q i n a t e  - 5 tons  

concentrat ion of calcium c h l o r i d e .  I n  g e n e r a l ,  compaction f o r c e  

deformed the beads but d id  not fragment i t ,  t h i s  i s  due t o  i t s  

e l a s t i c i t y  na tu re .  I n  a d d i t i o n ,  compression e n l a r g e s  t h e  c r acks  

a s  shown i n  f i g u r e  ( I . -d) .  However , when t h e  r e l e a s e  from t h e  

compressed beads was compared t o  t h e  r e l e a s e  from o rd ina ry  beads: 

it was found t h a t  t h e  compression i n c r e a s e s  t h e  r e l e a s e .  

Unfortunately,  t h e  a t tempt  t o  load t h e  calcium a l g i n a t e  

beads from a s o l u t i o n  of sulphamethoxazole was not  success fu l .  

The  t o t a l  sulphamethoxazole con ten t  a f t e r  soaking was less than 
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25  4 BADWAN ET A L .  

I.!% of t h e  s u l p h a m e t h o x a z o l e  i n  s o l u t i o n .  I t  i s  more l i k e l y  

t h a t  s u c h  amount  was a d s o r p e d  on  t h e  b e a d s  s u r f a c e .  

When l o a d e d  and  u n l o a d e d  b e a d s  were b o i l e d  t o  t es t  t h e i r  

r e s i s t a n c e  f o r  b o i l i n g ,  t h e  b e a d s  r e t a i n  t h e i r  s h a p e .  18% o f  

t h e  t o t a l  c o n t e n t  of s u l p h a m e t h o x a z o l e  was r e l e a s e d  wh ich  may b e  

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

water, 

The electron m i c r o s c o p e p h o t o q r a p h s  i n d i c a t e  t h e  p r e s e n c e  of 

cracks a n d  f i s s u r e s  on t h e  s u r f a c e  of t h e  l o a d e d  b e a d s . O b v i o u s l y  

t h e  release from t h e  b e a d s  would  t a k e  p l a c e  t h r o u q h  s u c h  c h a n n e l s .  

To e l u c i d a t e  t h e  u n d e r s t a n d i n q  of s u c h  mechan i sm,  t h e  d i f f u s i o n  

t h r o u q h  c a l c i u m  a l q i n a t e  f i l m  f r o m  t h e  same i n g r e d i e n t s  u s e d  t o  
? r e p a r e  t h e  b e a d s  was i n v e s t i q a t e d .  When t h e  c o n c e n t r a t i o n  
of d i f f u s e d  s u l p h a m e t h o x a z o l e .  was p l o t t e d  a g a i n s t  time a 

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

i n  a c c o r d a n c e  w i t h  a n  e q u a t i o n  d e r i v e d  

A 

v 
C t  = u .  - . C . t  ........... 

Where : 

n was o b t a i n e d .  T h i s  i s  
from f i c k s  law. 

.... ( 6 )  

Ct  : C o n c e n t r a t i o n  of t h e  d r u g  at. time ' I t "  

A : E f f e c t i v e  area of membrane 

Co : C o n c e n t r a t i o n  a t  0 time 
K : D i f f u s i o n  r a t e  c o n s t a n t  

By s u b s t i t u t i n g  t h e  p r a c t i c a l  v a l u e s  o b t a i n e d  f o r  A , V  and  C 

e q u a t i o n  ( 6 )  may b e  e x p r e s s e d  a s  

C t  = K ' t  

Where U' i s  t h e  s l o p e  i n  f i g u r e  ( 7 ) 

A c c o r d i n g l y ,  t h e  d i f f u s i o n  r a t e  c o n s t a n t  f o r  s u l p h a m e t h o x a ~ o l e  
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b 

40 80 I20 160 
Time (minutes)  

FIGIJRF ( 7 1 
D i f f u s i o n  of s u l p h a m e t h o x a z o l e  t h r o u q h  c a l c i u m  a l q i n a t e  f i l r  . 

was 1 . 2  x 
t h r o u g h  t h e  f o r m e d  m e m b r a n e .  

c a m i n  i n d i c a t i n g  t h a t  t h e  s u l p a  d i f f u s e s  

I n  t h e  c o n c l u s i o n ,  s u l p h a m e t h o x a z o l e  releases from a l q i n a t e  

m a t r i x  i s  t h r o u g h  t h e  c r a c k  a n d  f i s s u r e s  i n  t h e  s u r f a c e  a n d  a 

v e r y  n e q l i q a b l e  q u a n t i t y  d i f f u s e s  t h r o u q h  t h e  m a t r i x  b o d y .  

AC I< NO W L EDGE PIE N T 

T h e  a u t h o r s  t h a n k  Miss Dima S r l a r a i h a  f o r  h e r  t e c h n i c a l  

a s s i s t a n c e  a n d  Miss F i r y a l  Twal f o r  t y p i n q  t h e  m a n u s c r i p t .  
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