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ABSTRACT 

G e l a t i n  mic rosphe res  a r e  p r e p a r e d  by e m u l s i f i c a t i o n  

o f  a aqueous g e l a t i n  s o l u t i o n  i n  a o i l y  phase  c o n t a i n i n g  

a s u r f a c t a n t ,  g e l a t i o n  by c o o l i n g ,  d e h y d r a t i o n  by i s o -  

p ropano l  and c r o s s - l i n k i n g  by formaldehyde .  The pH, t h e  

g e l a t i n  c o n c e n t r a t i o n  i n  tkLe aqueous s o l u t i o n  and t h e  

s u r f a c t a n t  c o n c e n t r a t i o n  i n  t h e  o i l y  phase  have some 

i n f l u e n c e  on t h e  s i z e  d i s t r i b u t i o n  o f  un loaded  and 

loaded  m i c r o s p h e r e s  and on t h e  drug  c o n t e n t s  o f  micro-  

s p h e r e s .  

I IiT RO i)U C T I ON 

G e l a t i n ,  a n a t u r a l  macromolecule  i s  wide ly  used  t o  

p r e p a r e  m i c r o c a p s u l e s  by c o a c e r v a t i o n .  However, some 

works r e p o r t  p r o c e s s e s  based  on e m u l s i f i c a t i o n ,  g e l a t i o n  

and d e h y d r a t i o n  which c x  be used  t o  p r e p a r e  mic ropa r -  
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1360 CHEMTOB, ASSIMACOPOULOS, AND CHAUMEIL 

9 t i c u l e s  o r  n a r ~ o p a r t i c u l e s  w i t h  g e l a t i o n .  Tanaka and a l .  

have d i s p e r s e d  and g e l a t e d  g e l a t i n  i n  an  o i l y  phase  

and d e h y d r a t e d  i t  by i s o p r o p a n o l  b e f o r e  c r o s s  l i n k i n g  

by formaldehyde .  They o b t a i n e d  m i c r o p e l l e t s  which a r e  

s u b t a i n e d  r e l e a s e  dosage  forms .  Goto and a l ?  p r e p a r e d  

m i c r o c a p s u l e s  o f  su l fonamides  w i t h  t h i s  p r o c e s s .  

I laschida and a 1 ? y 5 y 6 ,  S e z a k i  and al! u sed  t h e  same 

p r o c e s s e s  t o  p r e p a r e  m i c r o s p h e r e s  of  abou t  1 , 6  u m  

which can  d e l i v e r  a n t i n e o p l a s i c  a g e n t  t o  l y m p h a t i c s .  By 

c o n t r o l l i n g  t h e  e x t e n t  of  e m u l s i f i c a t i o n ,  Yoshioka 

and al!' p r e p a r e d  two k i n d s  o f  s p h e r e s  : nanosphe res  

(280 nm) and m i c r o s p h e r e s  ( 1 5  urn) .  

I n  t h i s  work, w e  r e p o r t  a d e t a i l e d  method t o  p r e -  

p a r e  g e l a t i n  n i c r o s p h e r e s  and w e  a t t e m p t  t o  examine 

t h e  i n f l u e n c e  o f  some p a r a m e t e r s  such  as  : pH and con- 

c e n t r a t i o n  o f  g e l a t i n  s o l u t i o n ,  s t i r r i n g  r a t e  d u r i n g  

g e l a t i o n ,  s u r f a c t a n t  c o n c e n t r a t i o n  i n  t h e  o i l y  p h a s e ,  

on t h e  s i z e  d i s t r i b u t i o n  o f  m i c r o s p h e r e s  o r  on t h e i r  

a r u g  c o n t e n t s .  

MATERIALS - 

G e l a t i n  : P i g  S k i n ,  260 Bloom, i s o e l e c t r i c  p o i n t  

8 .9 -9  ( R o u s s e l o t ,  F rance )  ; m i n e r a l  o i l  : v i s c o s i t y  

220 c s t  (Esso ,  P r imol  3521, s o r b i t a n  t r i o l e a t e  : HLB 

1 . 8  ( A r l a c e l  8 5 ,  I .C . I .  F r a n c e ) ,  m e t r o n i d a z o l e  (1H-  

i m i d a z o l e ,  l-ethanol-2-methyl-5-nitro-) ( S p e c i a l .  
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GELATIN MICROSPHERES 

METHODS 

1361 

The method 

was developped  

used  f o r  t h e  p r e p a r a t i o n  o f  mic rosphe res  

from t h a t  d e s c r i b e d  by Tanaka and a18 

The d i f f e r e n t  s t e p s  a r e  r e p r e s e n t e d  i n  t h e  f o l l o w i n g  

scheme ( f i g u r e  1 ) .  Aqueous g e l a t i n  s o l u t i o n  i s  p r e p a r e d  

a day b e f o r e  u s e ,  d i s t i l l e d  water i s  added f o r  g e l a t i n  

s w e l l i n g ,  t h e  m i x t u r e  i s  h e a t e d  a t  55°C t o  o b t a i n  a s o l ,  

pH i s  a j u s t e d  w i t h  N a G H  N o r  H C 1  N and t h e  s o l  i s  

s e t t l e d  i n  a r e i r i g e r a t o r  u n t i l  u s e .  

Aqueous g e l a t i n  s o l u t i o n  a t  55°C i s  s l o w l y  added 

(10 minu tes )  w i t h  s t i r r i n g  t o  m i n e r a l  o i l  c o n t a i n i n g  

s o r b i t a n  t r i o l e a t e .  Then t h e  v e s s e l  i s  s t e p p e d  i n  i c e  

w a t e r  (O"-SO"C) and k e p t  under  c o n t r o l l e d  c o n t i n u e d  

s t i r r i n g  1 h 30 t o  g e l i f y  t h e  g e l a t i n  mic rodrops .  De- 

h y d r a t i o n  i s  o b t a i n e d  by a d d i t i o n  t o  t h e  d i s p e r s i o n  of  

i s o p r o p a n o l  (5°C) unde r  g e n t l y  s t i r r i n g .  Only i s o p r o -  

p a n o l  and a c e t o n e  can  be used  t o  s e p a r a t e  t h e  micro-  

s p h e r e s  from t h e  o i l y  phase  and t o  o b t a i n  a f r e e  f l o -  

wing powder, when m i x t u r e s  o f  water and a l c o h o l  o r  e t h e r  

a re  u s e d ,  t h e  m i c r o s p h e r e s  a r e  agg lomera ted .  Micro- 

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

formaldehyde (1  ml/g o f  m i c r o s p h e r e s )  a s  t h e  c r o s s -  

l i n k i n g  a g e n t .  Excess  c a r b o n y l  r e a g e n t  i s  removed by 

a d d i n g  i s o p r o p a n o l ,  p e l l e t i n g  t h e  mic rosphe res  by c e n t r i -  

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

washed two t i m e s  i n  t h i s  manner and  s u b s e q u e n t l y  s t o r e d  
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1362 CHEMTOB, ASSIMACOPOULOS, AND CHAUMEIL 

2 0  m l  
G e l a t i n  2 0  % w/v 
aqueous s o l u t i o n -  
pE 5 , s  a t  55OC 
added dropwise  \ 

200 m l  
Mine ra l  o i l  + 

So r b  i t an / a t  5 5 O C  
T r i o l e a t e  2 % w/v 

M i x i n s - s t i r r i n g  r a t e  20.000 rpm 
2 0  minu te s  1 

1 

Cool in2  0"-5°C 

s t i r r i n g  r a t e  2 . 4 3 0  rpm 
1 h 30 

Dehydra t ion  by i s o p r o p r a n o l  5°C 
1 , 5  m l / m l  o f  water 

1 
C e n t r i f u g a t i o n  1200 x g 2 0  minu tes  

Washing ' i s o p r o p a n o l  5°C 

C r o s s - l i n k i n g  formaldehyde 

i s o p r o p a n o l  5 "C 
1 
.1 

Washing 

Paper  f i l t r a t i o n  
r e f r i g e r a t o r  2"-5"C 

FIGURE 1 
Fl ic rospheres  p r e p a r a t i o n  scheme 

2 4  11 i n  t h e  r e f r i g e r a t o r  a t  2 - 5 "  t o  g e t  f r e e  from i s o -  

p r o p a n o l .  

To p r e p a r e  l o a d e d  m i c r o s p h e r e s ,  m e t r o n i d a z o l e  i s  

d i s p e r s e d  i n  t h e  g e l a t i n  s o l u t i o n  a t  55°C  under  s t i r -  

r i n g  and  t h e  o i l y  phase  c o n t a i n i n g  5 p e r  c e n t  v / v  of 
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GELATIN MICROSPHERES 1363 

s u r f a c t a n t .  Q u a n t i t i e s  o f  m e t r o n i d a z o l e  and g e l a t i n  

used  were 1 : l .  

A C o u l t e r  Counter  model TA I1 was used  t o  de t e rmine  

m i c r o s p h e r e s  s i z e  d i s t r i b u t i o n s .  Samples were d i s p e r s e d  

i n  an  e l e c t r o l y t e  s o l u t i o n  c o n t a i n i n g  0 . 9  % w/v sodium 

ch lo r i c i e  and Monarox by s o n i f i c a t i o n  f o r  10 minu tes  

p r i o r  t o  each  expe r imen t .  

Apparent  s p e c i f i c  s u r f a c e  a r e a s  were c a l c u l a t e d  

from t h e  p a r t i c u l e  s i z e  d i s t r i b u t i o n s .  The m i c r o s p h e r e s  

d e n s i t y  was c o n s i d e r e d  as 1 .  

The s u r f a c e  c h a r a c t e r i s t i c s  o f  m i c r o s p h e r e s  were 

examined by means o f  a s c a n n i n g  e l e c t r o n  microscope .  

To de te rmine  t o t a l  d rug  c o n t e n t ,  m i c r o s p h e r e s  were 

s e t t l e d  i n  H C 1  (3N) a t  55°C d u r i n g  2 0  m i n u t e s .  The mix- 

t u r e  was f i l t e r e d ,  d i l u t e d  w i t h  w a t e r  and  e s s a y 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  2 7 5  nm. P e r c e n t a g e  of t o t a l  

m e t r o n i d a z o l e  w a s  e x p r e s s e d  i n  g/100 g o f  m i c r o s p h e r e s .  

To de t e rmine  f r e e  d rug  c o n t e n t ,  mic rosphe res  were 

d i s p e r s e d  i n  H C l  (0.1N) d u r i n g  3 m i n u t e s .  The m i x t u r e  

was f i l t e r e d  d i l u t e d  w i t h  w a t e r  and e s s a y e d  a t  275 nm. 

P e r c e n t a g e  of  f r e e  d rug  w a s  e x p r e s s e d  i n  &/ lo0  g o f  

m i c r o s p h e r e s .  

E n c a p s u l a t e d  drug  i s  d e f i n i t e d  as : t o t a l  d rug  

c o n t e n t  menor f r e e  d rug  c o n t e n t .  

- RESULTS AND DISCUSSION 

G e l a t i o n  and d e h y d r a t i o n  o f  g e l a t i n  g i v e  micro-  

s p h e r e s  of  s i z e  r ange  6 t o  1 4  u m .  
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1364 CHEMTOB, ASSIMACOPOULOS, AND CHAUMEIL 

Photo  1 shows unloaded  m i c r o s p h e r e s  and Photo 2 

l o a d e d  m i c r o s p h e r e s ,  b o t h  o b t a i n e d  a t  pE 5 . 5 .  With t h i s  

pH, we can  o b s e r v e  agg lomera te s  o f  p a r t i c u l e s  n e a r  t h e  

m i c r o s p h e r e s ,  t h o s e  agg lomera te s  a r e  n o t e d  f o r  un loadcd  

and l o a d e d  m i c r o s p h e r e s .  

Loaded m i c r o s p h e r e s  p r e p a r e d  a t  pH 9 a r e  p r e s e n t e d  

on Photo  3 ,  a t  pH 9 m i c r o s p h e r e s  a r e  i n d i v i d u a l i z e d ,  t h e  

s i z e  i s  more homogenous b u t  t h e  s u r f a c e  a s p e c t  l o o k s  

s t i l l  i r r e g u l a r .  Photo 4 shows unloaded  m i c r o s p h e r e s  

p r e p a r e d  a t  pH 9 .  

The pH o f  t h e  Aqueous G e l a t i n  S o l u t i o n  I n f l u e n c e s  

S i z e  D i s t r i b u t i o n s  

. The s i z e  d i s t r i b u t i o n s  of g e l a t i n  m i c r o s p h e r e s ,  s t a n -  

d a r d  d e v i a t i o n s ,  and  a p p a r e n t  s p e c i f i c  s u r f a c e  a r e a s  

a r e  r e p o r t e d  i n  T a b l e  1 .  

. For un loaded  m i c r o s p h e r e s ,  a t  pH 1 1 ,  g e l a t i n  g i v e s  

a g g l o m e r a t e s  which do n o t  d i s p e r s e  i n  i s o p r o p a n o l  f o r  

washing and  no m i c r o s p h e r e s  were formed. The s m a l l e s t  

un loaded  m i c r o s p h e r e s  a r e  o b t a i n e d  a t  pH 7 ,  f o r  more 

a c i d i c  o r  a l c a l i n  pH v a l u e s ,  t h e  m i c r o s p h e r e s  a re  

b i g g e r .  The v a l u e s  o f  a p p a r e n t  s u r f a c e  a r e a s  f o l l o w  a 

c u r v e  t o o ,  t h e  h i g h e s t  v a l u e  i s  o b t a i n e d  a t  pH 7 .  Gela-  

t i n  v i s c o s i t y  v a r i e s  w i t h  pH, maximum e x i s t  f o r  a c i d  

and a l c a l i n  pH and f o r  h i g h  v i s c o s i t i e s  d i s p e r s i o n  of  

g e l a t i n  d r o p l e t s  w i l l  n o t  be as e f f i c i e n t  as  f o r  pH 7 

and pH 5 .5 .  
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GELATIN MICROSPHERES 1365 

Photo  1 

Photo  2 
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1366 CHEMTOB, ASSIMACOPOULOS, AND CHAUMEIL 

Photo  3 

Photo 4 
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1368 CHEMTOB, ASSIMACOPOULOS, AND CHAUMEIL 

. The pH o f  aqueous g e l a t i n  s o l u t i o n  m o d i f i e s  t h e  s i z e  

d i s t r i b u t i o n  of  d rug  l o a d e d  m i c r o s p h e r e s .  The smallest  

s i z e  i s  obse rved  a t  pH 3.5 and l a r g e r  s i z e  d i s t r i b u t i o n s  

a r e  n o t e d  a t  o t h e r  pH. The h i g h e r  s u r f a c t a n t  c o n c e n t r a -  

t i o n  (5  p e r  c e n t ,  v /v )  which w a s  u sed  t o  p r e p a r e  loaded  

m i c r o s p h e r e s  i n s t e a d  o f  2 p e r  c e n t  f o r  un loaded  micro-  

s p h e r e s ,  h a s  m o d i f i e d  t h e  s i z e  d i s t r i b u t i o n s  o f  l oaded  

m i c r o s p h e r e s  even w i t h  a c i d  and  a l c a l i n  pH and t h e  i n -  

f l u e n c e  of pH on t h e  v i s c o s i t y  o f  g e l a t i n  s o l u t i o n  and 

on t h e  s i z e  o f  g e l a t i n  d r o p l e t s  i s  n o t  m a i n t a i n e d .  

The S u r f a c t a n t  c o n c e n t r a t i o n  i n  t h e  O i l y  Phase 

I n t e r a c t s  on t h e  S i z e  D i s t r i b u t i o n  of Mic rosphe res  

The s i z e  d i s t r i b u t i o n  of  un loaded  m i c r o s p h e r e s  de-  

c r e a s e s  when t h e  s u r f a c t a n t  c o n c e n t r a t i o n  i n  t h e  o i l y  

phase  i s  i n c r e a s e d  from 2 p e r  c e n t  t o  5 p e r  c e n t  v / v  

(Table  2 ) .  I s h i z a k a  and a l ?  u s i n g  0.1 t o  5 p e r  c e n t  o f  

s u r f a c t a n t  obse rved  a d r o p  i n  s i z e  d i s t r i b u t i o n  when 

t h e  s u r f a c t a n t  c o n c e n t r a t i o n  i s  t h e  h i g h e s t .  But f o r  a 

h i g h  q u a n t i t y  of  s u r f a c t a n t  s u c h  a s  10 p e r  c e n t  v /v ,  

we t h i n k  t h a t  t h e  c o n c e n t r a t i o n  m o d i f i e s  t h e  v i s c o s i t y  

of  t h e  o i l y  phase  and  t h e  i n t e r f a c i a l  t e n s i o n  o f  t h e  

g e l a t i n  d r o p l e t s  i n d u c i n g  c o a l e s c e n c e  and l a r g e r  micro-  

s p h e r e s .  

The G e l a t i n  C o n c e n t r a t i o n  o f  t h e  Aclueous S o l u t i o n  

I n f l u e n c e  S i z e  D i s t r i b u t i o n  o f  Unloaded and Loaded 

Mic rosphe res  
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GELATIN MICROSPHERES 1369 

TABLE 2 
I n f l u e n c e  of  S u r f a c t a n t  C o n c e n t r a t i o n  on S i z e  D i s t r i b u t i o n  

of  Unloaded Mic rosphe res  

Sur  f a c  t a n t  Mean d i a m e t e r  S t a n d a r d  d e v i a t i o n  

c o n c e n t r a t i o n  % um 

2 
5 

10 

8 , 5 9  
4 , 4 6  
5,61 

2,91 

3,11 
2,56 

When t h e  g e l a t i n  c o n c e n t r a t i o n  o f  t h e  aqueous s o l u -  

t i o n  i s  lowered  t h e  mean d i a m e t e r  and  t h e  s t a n d a r d  de-  

v i a t i o n  d e c r e a s e  t o o  (Tab le  3 )  I s h i z a k a  and  a!.? n o t e d  

t h a t  t h e  s i z e  d i s t r i b u t i o n  c u r v e  became na r rower  w i t h  

d e c r e a s i n g  albumin c o n c e n t r a t i o n .  The m o d i f i c a t i o n  o f  

g e l a t i n  c o n c e n t r a t i o n  changes  t h e  v i s c o s i t y  of  t h e  ge-  

l a t i n  s o l u t i o n  and t h e  microspheres 'mean d i a m e t e r .  

The s t i r r i n g  r a t e  used  d u r i n g  g e l a t i n  s t e p  does  n o t  

i n t e r r a c t  marke ly  w i t h  s i z e  d i s t r i b u t i o n  o f  m i c r o s p h e r e s .  

Drug C o n t e n t s  o f  Mic rosphe res  a r e  a f f e c t e d  by t h e  

pH o f  Aqueous G e l a t i n  S o l u t i o n  

. The t o t a l  d rug  c o n t e n t s  and t h e  f r e e  drug  c o n t e n t s  

a r e  r e p o r t e d  i n  T a b l e  4 .  

. T o t a l  drug  c o n t e n t  i s  h i g h e r  f o r  pH 5 . 5  b u t  f r e e  d rug  

c o n t e n t  t o o .  A t  pH 9 ,  o n l y  16 .6  p e r  c e n t  o f  t o t a l  metro-  
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TABLE 3 
I n f l u e n c e  o f  G e l a t i n  C o n c e n t r a t i o n  on S i z e  D i s t r i b u t i o n  

o f  b l i c rosphe res  

Gelatin Unl oade d Loaded 

w’v- % diameter deviation diameter deviation 
Mean Standard Mean Standard 

10 6,16 3,39 5,83 3,87 
20 7,15 3,67 6,Ol 4,98 
30 8,lO 3,89 11,03 3,19 

TABLE 4 
I n f l u e n c e  o f  G e l a t i n  S o l u t i o n  pH on Drug C o n t e n t s  

~~ 

pH Gelatin Total drug content Free drug content Encapsulated 
solution % % drug % 

9 16.6 8.96 7.64 
5.5 26.3 22.62 3.68 
3.6 7 6.55 2.45 

n i d a z o l e  i s  r e c o v e r e d ,  however t h e  f r e e  drug  c o n t e n t  i s  

t h e  l o w e s t  and h a l f  o f  t h e  m e t r o n i d a z o l e  remains  i n  t h e  

mic rosphe res .  The a p p a r e n t  s p e c i f i c  s u r f a c e  a r e a  (Table  1 )  

i s  smaller f o r  t h o s e  m i c r o s p h e r e s  p r e p a r e d  a t  pH 9 ,  s o  

we can  t h i n k  t h a t  d r u g  i s  e n c a p s u l a t e d  and n o t  o n l y  f i -  

xed  on t h e  s u r f a c e .  Levy and a l !  obse rved  w i t h  g e l a t i n  

of  i s o e l e c t r i c  p o i n t  8 . 9 ,  t h a t  m i c r o c a p s u l e s  p r e p a r e d  

a t  pH 9 o f f e r  b e t t e r  s t a b i l i t y  t o  enzymat ic  s u b s t a n c e s .  
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TABLE 5 

I n f l u e n c e  o f  S t i r r i n g  Rate used  d u r i n g  G e l a t i o n  on Drug 
Con ten t s  

St i r r ing ra te  Total drug content Free drug content Encapsulated 
% drug % B rpm 

3550 10,s 7,55 2,95 
3020 1 1 , 2  7,85 3,25 
2430 26,3 22,62 3,6S 
1450 16,7 15,25 0,85 

TABLE 6 

I n f l u e n c e  of  G e l a t i n  C o n c e n t r a t i o n  on Drug C o n t e n t s  

Gelatin Total drug content Free drug content Encapsulated drug 
w/v % 9 % % 

10 
20  

30 

3.2 
26.3 
19.1 

- 
22.62 
16.8 

3.68 
2.3 

So ,  f o r  mic rosphe res  p r e p a r e d  a t  pH 9 ,  t h e  g e l a t i n  w a l l  

i s  less  porous  and t h e  d rug  en t r apmen t  i s  b e t t e r .  

Drug Con ten t s  o f  Mic rosphe res  a re  I n f l u e n c e d  by t h e  - 
S t i r r i n g  Rate  used  d u r i n g  t h e  G e l a t i o n  S t 9  - 

The t o t a l  d rug  c o n t e n t s  (Tab le  5 )  a r e  i n c r e a s e d  

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

i s  lowered  b u t  t h e  f r e e  drug  c o n t e n t s  a r e  i n c r e a s e d  t o o ,  
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1372 CHEMTOB, ASSIMACOPOULOS, AND CHAUMEIL 

and t h e  p e r c e n t  of  e n c a p s u l a t e d  d rug  remains  s t i l l  v e r y  

low. The b e s t  r e s u l t s  a r e  o b t a i n e d  a t  2430 rpm. 

Drug C o n t e n t s  o f  !a ic rospheres  change w i t h  t h e  Con- 

c e n t r a t i o n  o f  t h e  G e l a t i n  S o l u t i o n  

The i n c r e a s z  of  g e l a t i n  c o n c e n t i - a t i o n  10 t o  30 p e r  

c e n t  m o d i f i e s  t h e  t o t a l  d rug  c o n t e n t s  (Tab le  6 ) ,  b u t  

t h e  f r e e  d rug  c o n t e n t  u s e  a lways  v e r y  i m p o r t a n t  and t h e  

e n c a p s u l a t e d  drug  v e r y  low. The 20 p e r  c e n t  w/v g e l a -  

t i n  s o l u t i o n  g i v e s  t h e  h i g h e s t  q u a n t i t y  o f  t o t a l  met ro-  

n i d a z o l e .  G e l a t i n  m i c r o s p h e r e s  p r e p a r e d  w i t h  t h e  2 0  p e r  

c e n t  w/v g e l a t i n  s o l u t i o n  a t  pH 9 have  a f r e e  drug  con- 

t e n t  lowered  and a e n c a p s u l a t e d  drug  c o n t e n t  more impor- 

t a n t  (Table  4 ) .  Haschida  and a l ? * ’  used  a 2 0  p e r  c e n t  w/v 

g e l a t i n  s o l u t i o n  b u t  d i d  n o t  speak  abou t  t h e  drug  c o n t e n t .  

With a l l  p r o c e s s e s ,  t o t a l  d rug  c o n t e n t s  a r e  v e r y  

low and f r e e  d rug  c o n t e n t s  v e r y  h i g h .  The h i g h  amount 

of  f r e e  d rug  may be due t o  t h e  f a c t  t h a t  d rug  i s  en-  

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

l e a v e s  i t  v e r y  q u i c k l y .  Friedman and a l ?  o b t a i n e d  w i t h  

a lbumin  m i c r o s p h e r e s  t h e  same k i n d  of r e s u l t s ,  d rug  was 

immedia t ly  f r e e ,  t h e y  t h o u g h t  t h a t  t h i s  w a s  due t o  t h e  

spongy n a t u r e  of  t h o s e  m i c r o s p h e r e s .  

CONCLUSION 

With g e l a t i n  p i g  s k i n  i s o e l e c t r i c  p o i n t  8 . 9 ,  g e l a t i n  

m i c r o s p h e r e s  can  be e a s i l y  p r e p a r e d  by c o n t r o l l i n g  pH 

and c o n c e n t r a t i o n  o f  t h e  g e l a t i n  s o l u t i o n  and a l s o  s u r -  

f a c t a n t  c o n c e n t r a t i o n  of  t h e  o i l y  phase .  
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The pH o f  t h e  g e l a t i n  aqueous s o l u t i o n  does  n o t  

i n t e r a c t  marke ly  w i t h  t h e  s i z e  d i s t r i b u t i o n  o f  un loaded  

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

t h e  o i l y  phase  i s  a n  i m p o r t a n t  f a c t o r  t o  r educe  t h e  

s i z e  d i s t r i b u t i o n  and  a c o n c e n t r a t i o n  o f  20 p e r  c e n t  w/v 

o f  g e l a t i n  i n  t h e  aqueous phase  a t  pH 9 i s  t h e  b e s t  t o  

e n c a p s u l a t e d  m e t r o n i d a z o l e .  
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