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ABSTRACT 

M i c r o p e l l e t i z a t i o n  t e c h n i q u e  u s i n g  c r o s s l i n k e d  g e l a t i n  
m a t r i x  was c h o s e n  t o  e v a l u a t e  i ts u t i l i t y  i n  c o n t r o l l e d  release 
m e d i c a t i o n s .  Tr imethopr im,  which h a s  a v e r y  h i g h  s o l u b i l i t y  

g r a d i e n t  i n  g a s t r i c  pH, was s e l e c t e d  i n  t h i s  i n v e s t i g a t i o n .  
M i c r o p e l l e t s  were formed by t h e  m o d i f i e d  s p r a y  c o n g e a l i n g  

t e c h n i q u e .  The effects of e x p o s u r e  of t h e  c r o s s l i n k i n g  a g e n t s  

t o  t h e  g e l a t i n  m a t r i x  of t h e  m i c r o p e l l e t s  on t h e  e f f e c t i v i t y  

a s  t h e  c o n t r o l l e d  release d r u g  d e l i v e r y  s y s t e m  were i n v e s t -  

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

r e p r o d u c i b i l t y  of t h e  s u c e s s i v e  b a t c h e s  were d e c i d e d l y  s u p e r i o r  
t o  e i t h e r  t h e  p u r e  d r u g  or  t h e  n o n - c r o s s l i n k e d  o n e s .  P a r t i c l e  

s i z e  d i s t r i b u t i o n  was o b s e r v e d  t o  v a r y  depending  o n  t h e  c o n t e n t  

of t h e  c r o s s l i n k e d  g e l a t i n  i n  t h e  m i c r o p e l l e t s .  S c a n n i n g  elec- 
t r o n  m i c r o g r a p h s  c o n f i r m e d  t h e  p o r o u s  s u r f a c e  t o p o g r a p h y  of 
t h e  m i c r o p e l l e t s .  The d r u g  release c h a r a c t e r i s t i c s  was s u g g e s t -  
ed  as t h e  d i f f u s i o n  c o n t r o l l e d  f i rs t  order d i s s o l u t i o n  p r o c e s s .  
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INTRODUCTION 

DAS AND GUPTA 

The c o n s i d e r a t i o n  of  t h e  effects of t h e  g a s t r i c  empty ing  

time becomes a v e r y  i m p o r t a n t  fac tor  i n  t h e  d e s i g n  of c o n t r o l -  

l e d  release o r a l  d o s a g e  forms. The s ize  of t h e  dosage  form 
c o n s i d e r a b l y  affects t h e  g a s t r i c  emptying time fo r  t h e  p a r t -  

i c u l a r  d o s a g e  form . S i n g l e  u n i t  p r e p a r a t i o n s  t e n d  t o  follow 
t h e  f o o d  which h a s  t h e  small i n t e s t i n a l  t r a n s i t  time between 

3 and 8 h o u r s  . When t h e  u n i t  of t h e  dosage  forms are  less 
t h a n  1.5 mm, t h e y  can e a s i l y  p a s s  t h e  p y l o r i c  r e g i o n  of t h e  

i n t e s t i n e  e v e n  when t h e  s p h i n c t e r  i s  c l o s e d .  T h i s  phenomenon 

a v o i d s  t h e  dependency of t h e  d o s a g e  form on t h e  i n d i v i d u a l ' s  

i n t e s t i n a l  t r a n s i t  time , which w i d e l y  v a r i e s  on t h e  e m o t i o n a l  

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

u n i t s  w i t h  t h e  s i n g l e  u n i t s ,  Bechgaard e t  a15 s p e c i f i c a l l y  

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

h u n d r e d s  of m i n i - s u b u n i t s ,  p r e s e n t  a h i g h l y  p r e f e r a b l e  a l ter-  
n a t i v e ,  which is d u e  t o  t h e  g r e a t e r  p r e d i c t a b i l i t y  and  r e p r o -  

d u c i b i l i t y  of i t s  t h e r a p e u t i c  effects and w i l l  h a v e  a much 

l o w e r e d  r i s k  of  d o s e  dumping, s i d e  effects and g a s t r o i n t e s t i n a l  

i r r i t a t i o n s .  C o n t r o l l e d  release d o s a g e  forms s u c h  a s  t h e  s o l i d  

s p h e r i c a l  m i c r o p e l l e t e d  d o s a g e  forms are becoming v e r y  p o p u l a r  

i n  t h e r a p e u t i c s  a s  a t t e m p t s  are b e i n g  made t o  e x t e n d  t h e  plasma 

h a l f  l i f e  of c e r t a i n  d r u g s .  G e n e r a l l y ,  m i c r o p e l l e t s  a re  s p h e r -  

i c a l  b o d i e s  formed from a mass of f i n e l y  d i v i d e d  p a r t i c l e s  

by a c o n t i n u o u s  r o l l i n g  or t u m b l i n g  mot ion  . M i c r o p e l l e t s  

r a n g i n g  from 0.4 t o  1.5 mm a r e  t h e  most i m p o r t a n t  i n  g a l e n i c a l  

pharmacy. 

1 

2 

3 

4 

6 

One of t h e  most i m p o r t a n t  method f o r  t h e  p r e p a r a t i o n  

of p e l l e t s ,  of d i f f e r e n t  s i z e  f o r  v a r i o u s  u s e s ,  i s  t h e  s p r a y  

c o n g e a l i n g  t e c h n i q u e .  The embedding of d r u g s  i n t o  s p h e r i c a l  
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MICROPELLETIZATION 1675 

matrices by t h e  s p r a y  c o n g e a l i n g  method was r e p o r t e d  p r e v i o u s l y  

” ’. The p r e s e n t  i n v e s t i g a t i o n  i n v o l v e s  t h e  d e s i g n  of micro-  

p e l l e t s  of c r o s s l i n k e d  g e l a t i n  m a t r i x  and t h e  s t u d y  of t h e  

d r u g  release p r o f i l e  from t h e  d o s a g e  form i n  o r d e r  t o  p r o d u c e  

a n  optimum c o n t r o l l e d  release p r o p e r t i e s .  T r i m e t h o r p r i m ,  w i t h  

a b i o l o g i c a l  h a l f  l i f e  of 8.9 2 0.9 hours’ a n d  v e r y  h i g h  s o l u -  

b i l i t y  g r a d i e n t  i n  g a s t r i c  pH, was s e l e c t e d  a s  t h e  core mat- 

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

EXPERIMENTAL 

Materials: 

Trimethopr im I . P .  was s u p p l i e d  by t h e  c o u r t e s y  of Smi th  

S t a n i s t r e e t  P h a r m a c e u t i c a l s  L i m i t e d ,  C a l c u t t a .  G e l a t i n  (Type 

1 ,  300 Bloom, Sigma Chemica l  Company, S t .  Lou i s ,  U S A ) ,  L i q u i d  

P a r a f f i n  and L i g h t  L i q u i d  P a r a f f i n  - I .P . ,  G l u t a r a l d e h y d e  

A.R.  25% w/v (E.  Merck, I n d i a ) ,  F o r m a l i n  A.R. 35% (E. Merck, 

I n d i a )  were o b t a i n e d  c o m m e r c i a l l y  and u s e d  a s  r e c e i v e d .  Tri- 
methoprim was s i e v e d  t o  y i e l d  p a r t i c l e s  i n  t h e  r a n g e  of  250  

urn. 

Preparation of  the Dosage Form: 

The f o r m u l a t i o n s  were p r e p a r e d  i n  t h e  p r o p o r t i o n s  of 

3: 10, 1: 2 and 1: 1 a s  t h e  d r u g  t o  g e l a t i n  r a t io .  S u f f i c i e n t  

amount of d r u g  was s l o w l y  i n c o r p o r a t e d  i n  30% w/v of g e l a t i n  

s o l  i n  water. The homogeneous d r u g  g e l a t i n  m i x t u r e  was poured  

i n  a c o n s t a n t  and  s t e a d y  stream i n t o  warm, 55 - 6OoC, 400 

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

of 23.92 CP a t  55OC, a c h i e v e d  by b l e n d i n g  40% v l v  l i q u i d  p a r a -  

f f i n  I .P .  and 60% v / v  l i g h t  l i q u i d  p a r a f f i n  I .P .  The s y s t e m  

was s t i r r e d  u n i f o r m l y  a t  300 - 350 r.p.m w i t h  a p a d d l e  stirrer. 
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16 76 DAS AND GUPTA 

After s t i r r i n g  f o r  a b o u t  15 m i n u t e s ,  t h e  c o n t e n t  of t h e  v e s s e l  

was q u i c k l y  c o o l e d  down t o  a b o u t  5 - 10°C by p l a c i n g  ice mix- 

t u r e  a r o u n d  t h e  b e a k e r .  T h i s  t e m p e r a t u r e  was m a i n t a i n e d  till 

t h e  g e l a t i n  m i c r o d r o p s  formed p e r f e c t  g e l .  The s y s t e m  was 

f u r t h e r  stirred for a b o u t  15 m i n u t e s  and 30 m l  of c h i l l e d  

i s o p r o p a n o l  was added  a t  t h e  rate of 3 mllmin. Then t h e  b e a k e r  

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

o v e r n i g h t  t o  allow t h e  c o m p l e t i o n  of t h e  g e l l i n g  p r o c e s s .  

After o v e r n i g h t  f r e e z i n g ,  t h e  m i c r o p e l l e t s  were f i l t e r e d  

t h r o u g h  a # 100 mesh n y l o n  c l o t h  and washed s e v e r a l  times 
w i t h  c h i l l e d  e t h y l  e t h e r  t o  remove t h e  traces of l i q u i d  p a r a -  

f f i n .  Then t h e y  were d r i e d  i n  a vacuum d e s i c c a t o r  fo r  2 4  h o u r s  

t o  a m o i s t u r e  c o n t e n t  of a b o u t  5 - 10%. 

Crosslinking of  the Gelatin Matrix : 

The c r o s s l i n k i n g  of t h e  g e l a t i n  m a t r i x  was a c h i e v e d  by 

t h r e e  t e c h n i q u e s ,  which  are d e s c r i b e d  below : 

i )  C r o s s l i n k i n g  by glutaraldehyde/formaldehyde-isopropanol 
m i x t u r e  : Each s i z e  r a n g e  of t h e  m i c r o p e l l e t s  were d i p p e d  

i n t o  10% w / w  s o l u t i o n  of glutaraldehydelformaldehyde i n  iso- 
p r o p a n o l  i n  a c o v e r e d  g l a s s  v e s s e l ,  t h e n  i n  a r e f r i g e r a t o r  

a t  2 - 5OC f o r  2 4  h o u r s  and d r i e d  i n  a i r .  

i i )  C r o s s l i n k i n g  by glutaraldehyde/formaldehyde vapour:  

Each s i z e  r a n g e  of m i c r o p e l l e t s  were p l a c e d  o v e r  a s c r e e n  

o f  # 100 mesh k e p t  i n s i d e  a d e s i c c a t o r  p r e v i o u s l y  s a t u r a t e d  

w i t h  t h e  vapour  by t r a n s f e r i n g  50 m l  of 35% w / w  of formaldehyde  

or  25% w / w  g l u t a r a l d e h y d e .  The m i c r o p e l l e t s  were exposed  t o  
t h e  vapour  fo r  c r o s s l i n k i n g  o f  t h e  g e l a t i n  f o r  v a r i a b l e  times. 
T i m e  t o  time, t h e  m i c r o p e l l e t s  were moved t o  have  uni form 
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MICROPELLETIZATION 1677 

cross l ink ing.  Then the mic rope l le ts  were kept i n  a i r  f o r  24 

hours a t  ambient temperature and then d r ied  a t  35OC f o r  com- 

p l e t e  removal o f  adsorbed glutaraldehydelformaldehyde By 

varying the durat ion o f  cross l ink ing,  i t  was thoughtto c o n t r o l  

the drug release. 

i i i )  In situ cross l ink ing  : One hundred f i f t y  m l  so lu t i on  

o f  glutaraldehydelformaldehyde was added t o  the system a f t e r  

the g e l a t i n  microdrops formed per fec t  gel, ins tead o f  water 

abs t rac t ing  c h i l l e d  isoprapanol. Then the t o t a l  mixture was 

kept i n  r e f r i g e r a t o r  f o r  overnight t o  a l low complete c ross l ink -  

ing.  

Evaluation of  Hicropellets 

Tota l  y i e l d  : 

The mic rope l le ts  were weighed accurately on keeping i n  

the vacuum desiccator u n t i l  constant weight was at ta ined. 

Scanning e lect ron microscopy : 

The mic rope l le ts  were f i xed  on the aluminium mounts and 

were coated w i t h  go ld  using a sput te r  coater device. The photo- 

graph was taken on H I T A C H I  S - 415 A Scanning E lec t ron  Micro- 

scope. 

Content Uni formi ty  

An accurately weighed 100 mg o f  t he  powdered micropel le ts  

was transfered i n t o  a 250 m l  g lass stoppered Erlenmeyer f lask,  

using 50 m l  o f  20% w l w  o f  ace t ic  ac id  so lu t i on  i n  water. The 
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1678 DAS AND GUPTA 

c o n t e n t  of t h e  f l a s k  was l e f t  t o  s t a n d  fo r  18 h o u r s  a t  a m b i e n t  
t e m p e r a t u r e  w i t h  c o n s t a n t  s h a k i n g .  The l i q u i d  was f i l t e r e d  

a n d  t h e  a l i q u o t  was a 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  10 . 
P a r t i c l e  s ize  a n a l y s i s  : 

P a r t i c l e  s i ze  d i s t r i b u t i o n  was d e t e r m i n e d  u s i n g  s t a n d a r d  

s i e v e  s h a k e r ,  h a v i n g  d o u b l e  g y r a t o r y  and v i b r a t o r y  movements. 

Jn vitro d i s s o l u t i o n  : 

The in vitro d i s s o l u t i o n  s t u d y  was u n d e r t a k e n  i n  U S P 

X X  d i s s o l u t i o n  a p p a r a t u s  w i t h  t h e  b a s k e t  c o v e r e d  w i t h  # 100 

mesh n y l o n  s c r e e n  bonded p e r m a n e n t l y  t o  t h e  i n n e r  wal l .  D i s -  
s o l u t i o n  s t u d i e s  were c a r r i e d  o u t  a t  t h e  d e s i g n a t e d  pH p r o f i l e ,  

which was r e p o r t e d  t o  s i m u l a t e  t h e  g a s t r o - i n t e s t i n a l  pH con- 

d i t i o n s ’ ’ .  The a l i q u o t s  o f  d i s s o l u t i o n  were a 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  . 10 

RESULTS AND DISCUSSIONS 

The f o r m a t i o n  of t h e  m i c r o p e l l e t s  is a p h y s i c a l  pheno- 
menon. When t h e  d r u g  is d i s p e r s e d  i n  t h e  g e l a t i n  s o l  i t  ac- 
q u i r e s  a n  enormously l a r g e  s u r f a c e  area. When t h i s  g e l a t i n  
s o l  i s  poured  i n  a h y d r o p h o b i c  medium, as l i q u i d  p a r a f f i n ,  

w h i l e  s t i r r i n g ,  t h e  s t r o n g  c o h e s i v e  forces among t h e  m o l e c u l e s  
o f  g e l a t i n  so l ,  u n d e r  t h e  i n f l u e n c e  of t h e  hydrophobic  n a t u r e  
o f  t h e  s u r r o u n d i n g  medium, c o n v e r t s  i t se l f  i n t o  d r o p l e t s  of 

d i f f e r e n t  sizes. Due t o  t h e  n a t u r a l  t e n d e n c y  of any  matter 
t o  a c h i e v e  t h e  minimum s u r f a c e  area, t h e  d r o p l e t s  a c h i e v e  
s p h e r i c a l  shape .  T h r e e  factors a re  a s s o c i a t e d  w i t h  t h i s  pheno- 

menon ; 
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MICROPELLETIZATION 1679 

- t h e  c o h e s i v e  force of t h e  g e l a t i n  s o l ,  

- t h e  hydrophobic  n a t u r e  of t h e  s u r r o u n d i n g  medium, 

- c o n t i n u o u s  r o l l i n g  o r  tumbl ing  motion of t h e  s o f t  

g e l a t i n  microdrops.  

Factors Affecting Micropelletization: 

The f o l l o w i n g  f a c t o r s  were o b s e r v e d  t o  be v e r y  i m p o r t a n t  

i n  o r d e r  t o  a c h i e v e  good p h y s i c a l  p r o p e r t i e s  of t h e  m i c r o p e l -  

lets: 

V i s c o s i t y  of t h e  p a r a f f i n  medium: 

E x p e r i m e n t s  were u n d e r t a k e n  u s i n g  t h e  media of d i f f e r e n t  

v i s c o s i t i e s  a c h i e v e d  by b l e n d i n g  l i g h t  l i q u i d  p a r a f f i n  and  

l i q u i d  p a r a f f i n  i n t h e  volume p r o p o r t i o n  of 1 : 3 ,  3:2 and 1 : l .  

I t  was o b s e r v e d  t h a t  optimum v i s c o s i t y  a t  t h e  t e m p e r a t u r e  

of t h e  m a n u f a c t u r e  p l a y e d  a n  i m p o r t a n t  f ac to r  on t h e  p h y s i c a l  

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

produced  h i g h e r  p e r c e n t a g e  of u n a c c e p t a b l y  l a r g e  m i c r o p e l l e t s .  

The optimum v i s c o s i t y  of 23.92 CP a t  55OC was o b s e r v e d  t o  
b e  b e s t  i n  o b t a i n i n g  good p a r t i c l e  s i ze  d i s t r i b u t i o n ,  

V i s c o s i t y  of t h e  d r u g  - g e l a t i n  m i x t u r e  : 

The v i s c o s i t y  of t h e  d r u g  g e l a t i n  m i x t u r e  a t  t h e  p a r t -  

i c u l a r  t e m p e r a t u r e  i n f l u e n c e d  t h e  d i a m e t e r  of t h e  stream of 

its a d d i t i o n .  T h i s  v i s c o s i t y  i s  a g a i n  i n f l u e n c e d  by t h e  t o t a l  
amount of t h e  d r u g  d i s p e r s e d  i n t o  t h e  g e l a t i n  s o l  and its 

water c o n t e n t .  A t  h i g h e r  v i s c o s i t y  of t h e  d r u g  - g e l a t i n  mix- 
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1680 DAS AND GUPTA 

ture,  much l a r g e r  m i c r o p e l l e t s  were formed,  whereas ,  a t  lower 
v i s c o s i t y  much smaller m i c r o p e l l e t s  were formed w h i l e  keeping  

t h e  t e m p e r a t u r e  unchanged.  

Degree of a g i t a t i o n  o r  s t i r r i n g  s p e e d  : 

The s t i r r i n g  s p e e d  was found t o  be o n e  o f  t h e  most i m p o r t -  

a n t  f ac to r s  c o n t r i b u t i n g  t o  t h e  s i ze  d i s t r i b u t i o n  of t h e  micro- 

p e l l e t s .  The p e r c e n t a g e  of small m i c r o p e l l e t s  i n c r e a s e d  when 

i n c r e a s i n g  t h e  stirrer speed .  A t  t h e  same time, t h e  p e r c e n t a g e  

of l a r g e  m i c r o p e l l e t s  i n c r e a s e d  on d e c r e a s i n g  t h e  stirrer 

s p e e d .  T h e r e f o r e ,  a n  optimum stirrer s p e e d  is a l w a y s  d e s i r a b l e ,  

which was found t o  b e  i n  t h e  r a n g e  of 300 - 350 r.p.m. 

T e m p e r a t u r e  : 

T e m p e r a t u r e  change  of t h e  medium had c r i t i ca l  i n f l u e n c e  

over t h e  s i z e  of t h e  m i c r o p e l l e t s .  F i n e r  m i c r o p e l l e t s  were 
o b t a i n e d  i f  t h e r e  was a d e l a y  i n  l o w e r i n g  of t h e  t e m p e r a t u r e  

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

i n i t i a l l y  formed were broken  down i n t o  f i n e r  o n e s  due  t o  s o f t -  
n e s s .  The h i g h  t e m p e r a t u r e  of t h e  medium ( 7 7 O O C )  a t  t h e  begin-  

i n g  of t h e  p r o c e s s  made t h e  g e l a t i n  d r o p l e t s  t o  r e d u c e  f u r t h e r  

t h e i r  s izes which was a g a i n  i n f l u e n c e d  by t h e  s p e e d  of t h e  

stirrer. I n  o r d e r  t o  o b t a i n  t h e  m i c r o p e l l e t s  w i t h  t h e  optimum 

s i z e  d i s t r i b u t i o n ,  it was n e c e s s a r y  t o  syphon o u t  t h e  h o t  

water from t h e  o u t e r  j a c k e t  of t h e  m a n u f a c t u r i n g  v e s s e l  i m -  

m e d i a t e l y .  

Mode of  c r o s s l i n k i n g  : 

The mode o f  c r o s s l i n k i n g  had v e r y  pronounced e f f e c t  on 

t h e  p h y s i c a l  p r o p e r t i e s  of t h e  m i c r o p e l l e t s .  As t h r e e  modes 
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MICROPELLETIZATION 1681 

o f  c ross l ink ing  were adopted, the p r i n c i p l e s  and the e f f e c t s  

could be discussed as fo l lows : 

Vapour c ross l ink ing  : 

For t h i s  method o f  g e l a t i n  cross l ink ing,  some specia l  

precautions should be taken dur ing the manufacturing process. 

The temperature a f t e r  formation o f  the embryonic mic rope l le ts  

was maintained below 5OC. Since the mic rope l le ts  contained 

h igh  amount o f  water, there i s  every p o s s i b i l i t y  o f  the micro- 

p e l l e t s  being aggregated on increasing the temperature. The 

d r ied  micropel le ts  must be maintained exposed t o  the vapour 

f o r  uniform cross l ink ing  a l l  over. However, t h i s  process could 

be very use fu l  f o r  drugs which are otherwise so lub le i n  the 

c ross l ink ing  agents. 

Cross l ink ing w i t h  aldehyde and isopropanol mixture: 

S imi la r  precautions, as described i n  the case o f  vapour 

c ross l ink ing  o f  the g e l a t i n  should a lso be adopted f o r  drugs 

which would not leach out i n  the aldehyde or  isopropanol cross- 
l i nk ing .  

In situ cross l ink ing  

This method o f f e r s  advantage over the previous two methods 

i n  respect o f  the c o n t r o l  o f  temperature a f t e r  the formation 

o f  the micropel le ts ,  s ince the  c ross l ink ing  agent was d i r e c t l y  

added t o  the system there was no requirement f o r  the water 

abst ract ing agent. Therefore, the a lcohol  so lub le drugs could 

be micropel leted by t h i s  method. On the other hand, the alde- 

hyde so lub le drugs could not  be micropel le ted by t h i s  process. 
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1682 DAS AND GUPTA 

Physical Characterization of the Micropellets 

Yield : 

Table 1 shows t h a t  t h e  v a r i a b l e  y i e l d  was o b t a i n e d  depend- 

i n g  on t h e  d r u g  : g e l a t i n  r a t i o  and t h e  method of c r o s s l i n k i n g  

of t h e  g e l a t i n  m a t r i x  of t h e  m i c r o p e l l e t s ,  where t h e  l a t e r  

fac tor  a p p e a r e d  t o  have t h e  most i m p o r t a n t  role .  

I n c r e a s i n g  t h e  d r u g  : g e l a t i n  r a t i o  f a v o u r e d  t h e  d e g r e e  

of y i e l d .  I n  t h e  case of in si tu c r o s s l i n k i n g ,  t h e  a v e r a g e  

y i e l d  was s a t i s f a c t o r y .  

S c a n n i n g  E l e c t r o n  Micrograph : 

The s c a n n i n g  e l e c t r o n  micrograph  i n  f i g .  1 r e v e a l e d  s p h e r -  

i c a l  m i c r o p e l l e t e s  w i t h  rough s u r f a c e s .  A t  h i g h e r  m a g n i f i c -  

a t i o n s ,  s u r f a c e  s h r i n k a g e s  and p o r e s  were o b s e r v e d .  After 

t h e  d i s s o l u t i o n  s t u d y ,  t h e  m i c r o p e l l e t s  d i d  n o t  change  i n  

s h a p e  which i n d i c a t e s  t h a t  t h e  d r u g  was d i f f u s e d  o u t  t h r o u g h  

t h e  minor p o r e s  and c h a n n e l s .  

C o n t e n t  u n i f o r m i t y  : 

AS r e v e a l e d  from t a b l e  1 ,  t h e  c o n t e n t  u n i f o r m i t y  of t h e  

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

5% of t h e  a v e r a g e  v a l u e .  It  was o b s e r v e d  t h a t  s i g n i f i c a n t  

amount o f  d r u g  was l o s t  d u r i n g  t h e  p r o c e s s  of in s i tu  c r o s s l i n k -  

i n g  which c o u l d  be e x p l a i n e d  as  t h e  d r u g  l e a c h i n g  a s  well 

a s  d i f f u s i o n  is f a c i l i t a t e d  when t h e  m a t r i x  is so f t  and con-  

t a i n s  l a r g e  amount of water. 
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1684 DAS AND GUPTA 

FIGURE 1 

Scanning  e l e c t r o n  micrograph  of c r o s s l i n k e d  g e l a t i n  micro- 
p e l l e t s  showing s u r f a c e  t o p o g r a p h y  

P a r t i c l e  S ize  D i s t r i b u t i o n  : 

As e v i d e n c e d  from t a b l e  2 ,  t h e  p a r t i c l e  s i ze  d i s t r i b u t i o n  

was i n f l u e n c e d  by t h e  method of c r o s s l i n k i n g  of t h e  g e l a t i n  

m a t r i x .  The c r o s s l i n k i n g  methods o t h e r  t h a n  in si tu o n e s  

a re  a s s o c i a t e d  w i t h  t h e  p a r t i c l e  s i ze  r e d u c t i o n  by t h e  impact  

w i t h  t h e  b l a d e  of t h e  stirrer till t h e  c o m p l e t i o n  of t h e  p r o -  

cess whereas  t h e  in si tu c r o s s l i n k i n g  o f fe rs  t h e  a d v a n t a g e s  

of r i g i d i z a t i o n  of t h e  g e l a t i n  m a t r i x  w h i l e  s o l i d i f i c a t i o n  

of t h e  m i c r o p e l l e t s .  
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1686 DAS AND GUPTA 

In Vitro Dissolution Study 

As e v i d e n c e d  from f i g u r e  2 ,  it i s  o b v i o u s  t h a t  t h e  d r u g  

release ra te  was d e p e n d e n t  on  t h e  i n i t i a l  amount of t h e  d r u g  

p r e s e n t  i n  t h e  m i c r o p e l l e t s .  C o n s i d e r i n g  t h e  d o s e  s i ze ,  t h e  

optimum d r u g  : g e l a t i n  r a t i o  f o r  t r i m e t h o p r i m  was found  t o  

b e  3:lO. T h i s  optimum p r o p o r t i o n  r e s u l t e d  i n  t h e  maximum re- 

lease of t h e  d r u g  fo r  5 h o u r s .  

I t  was o b s e r v e d  from t h e  f i g .  3 ,  t h a t  t h e  l a r g e r  p a r t i c l e s  

o f  20132 mesh s i z e  f a i l e d  t o  release t h e  t o t a l  d r u g  w i t h i n  

t h e  s c h e d u l e d  p e r i o d  of e x p e r i m e n t a t i o n .  The d r u g  release 

rate  i n c r e a s e d  w i t h  t h e  d e c r e a s e d  p a r t i c l e  s ize .  I n  t h e  case 
of smaller p a r t i c l e s ,  t h e  d i f f u s i o n a l  p a t h  l e n g t h  i s  less. 

T h e r e f o r e ,  t h e  d r u g  release t a k e s  p l a c e  u n i f o r m a l y  f rom t h e  

s u r f a c e  as  well a s  from t h e  core. Hence t h e  t o t a l  release 

a t  t h e  end  of t h e  s t u d y  and i n d i v i d u a l  release rate b o t h  f o u n d  

t o  b e  h i g h e r  i n  t h e  case of h i g h e r  d r u g  g e l a t i n  r a t i o .  The 

optimum p a r t i c l e  s i ze  was c h o s e n  t o  be 32/44 mesh, s i n c e  t h i s  

s i ze  r a n g e  a p p e a r e d  t o  b e  most s u i t a b l e  f o r  u n i f o r m  f l o w a b i l i t y  

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

The c r o s s l i n k i n g  of t h e  g e l a t i n  m i c r o p e l l e t s  w i t h  10% 

g l u t a r a l h y d e l  f o r m a l d e h y d e - i s o p r o p a n o l  m i x t u r e  was o b s e r v e d  

t o  be  most e f f e c t i v e  i n  c o n t r o l l i n g  t h e  d r u g  release a s  shown 

i n  f i g .  4. Optimum time of e x p o s u r e  t o  t h e  c r o s s l i n k i n g  a g e n t s  

was found  t o  b e  72 h o u r s .  T h i s  method o f f e r s  t h e  u n i q u e  advan-  

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

The method o f  c r o s s l i n k i n g  u t i l i z i n g  g l u t a r a l d e h y d e f  

f o r m a l d e h y d e  vapour  h a s  most p r o b a b l y  been  u s e d  w i d e l y  f o r  
c r o s s l i n k i n g  t h e  g e l a t i n .  S i n c e  v a p o u r  c r o s s l i n k i n g  is a v e r y  

slow p r o c e s s  as  w e l l  as  a l l  t h e  s u r f a c e s  are n o t  e q u i v a l e n t l y  
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FIGURE 2 
Effect of d r u g  : g e l a t i n  r a t i o  of r n i c r o p e l l e t s  on in vitro 
d i s s o l u t i o n  p r o f i l e  of t r i m e t h o p r i r n  ; s i e v e  s i z e  32/44, c r o s s -  
l i n k i n g  a g e n t  10% g l u t u a r a l d e h y d e  - i s o p r o p a n o l  m i x t u r e  f o r  
72 h o u r s  
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16 88 DAS AND GUPTA 

T i m e ,  hr 

FIGURE 3 

Effect of p a r t i c l e  size of  m i c r o p e l l e t s  on in vitm d i s s o l u t i o n  
p r o f i l e  of trimethoprim; s i e v e  s ize  3 2 / 4 4 ,  c r o s s l i n k i n g  a g e n t  
10% g l u t a r a l d e h y d e  - i s o p r o p a n o l  mix ture  for 7 2  hours  
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40 

20 

GLUTARALDEHY DE- ISOPROPANOL 
CROSSLINKING TIME : 92 hrs V 

72hrs 0 
48hrs e 
24hrs A 

h 
FORMALDEHYDE- ISOPROPANOL 
CROSSLINKINGTIME : 92 hrs 'I 

72hrs 
48hrs o 
24hrs A 

P H  

4 1.2 + 2.5 4 4 .5  4 7.0 + 7.5 
I I I 1 I I I 
1 2 3 4 5 6 7 8 

I 

Time, hr  

FIGURE 4 
Effect of 1 0 %  glutaraldehyde/forrnaldehyde - isopropanol mixture 
crosslinking of rnicropellets on in vitro dissolution profile 
o f  trirnethoprirn; sieve s i ze  32/44, drug : gelatin ratio 1 
: 2  
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FIGURE 5 

E f f e c t  of g l u t a r a l d e h y d e / f o r m a l d e h y d e  vapour c r o s s l i n k i n g  
of m i c r o p e l l e t s  on in vitm d i s s o l u t i o n  p r o f i l e  of t r imetho-  
prim sieve s i z e  32/44, drug : g e l a t i n  r a t i o  1 : 2 

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

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1691 MICROPELLETIZATION 

1 oc 

80 

0) 
C 
C 
0 

.- 

.- 
E 

az 
E 
n 

60 

.- 
L 

0 
L: 
t 

E .- 
c-' 
+ 40 

2 
a 

c 
aJ 

aJ 

20 

4 1.2 4 2.5 4 4.5 4 7.0 4 7.5 
I I I I I I I 1 
1 2 3 4 5 6 7 8 

Time, hr 

FIGURE 6 
Effect of in situ r i g i d i z a t i o n  of m i c r o p e l l e t s  w i th  g l u t a r a l -  
dehydelformaldehyde on in vitro d i s s o l u t i o n  p r o f i l e  o f  t r i -  
methoprim ; s i e v e  size 32/44, drug : g e l a t i n  r a t i o  1 : 2 
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exposed t o  vapour, t h i s  method produced the micropel le ts  w i th  

surfaces of  frequent non-crossl inking areas which are more 

prone t o  form channels t o  leach out the drug causing much 

less  prolongat ion of the drug release p r o f i l e  as shown i n  

f i g .  5. The e f f e c t  o f  r i g i d i z a t i o n  was much l ess  than the 

other  two methods discussed, because the t i g h t e r  s t ruc tu re  

produced i n  the matr ix  makes i t  d i f f i c u l t  f o r  c ross l ink ing  

agent t o  penetrate e f f e c t i v e l y .  

As evidenced from the f i g .  6, the in situ cross l ink ing  

o f  the  g e l a t i n  matr ix  renders higher drug release ra tes  because 

the  c ross l ink ing  o f  g e l a t i n  occurs when the matr ix  i s  a s o f t  

g e l  and imbibed much water which i s  evaporated dur ing the 

process of dry ing forming channels i n  the matr ix,  render ing 

the  matr ix  eas i l y  swel lab le i n  contact w i t h  water. Therefore, 

the drug i s  much e a s i l y  d i f f used  from the spongy matr ix  than 

i n  the process w i t h  c ross l ink ing  agent - isopropanol. During 

the  dry ing process, the surface shrinkage 

t o  occur. 

K ine t i cs  o f  drug release : 

The drug release k i n e t i c s  was evaluated 

computer package. The drug release p r o f i l e  

order k i n e t i c s  upto 80% o f  the t o t a l  drug 

i s  a lso expected 

12 using the RELAN 
depic ts  the f i r s t  

content. The drug 

release data was in te rpre ted  using the l i n e a r  regression and 

subsequent s t a t i s t i c a l  analysis.  The t 50% values are depicted 

i n  tab le  3. The drug release i s  explained to occur by d i f f u s i o n  

con t ro l l ed  f i r s t  order d isso lut ion,  where the fo l low ing  events 

are expected t o  occur i n  ser iat im; 

- d i sso lu t i on  o f  the drug adsorbed on the surface 

o f  the mic rope l le ts  and thereby g i v ing  r i s e  t o  
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MICROPELLETIZATION 1695 

t h e  phenomenon of b u r s t i n g  effect and i n i t i a l  

d e p r e s s i o n  of t h e  p l o t s ,  

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

p o r e s  and c h a n n e l s  of t h e  matrices, 

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

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

s u r f  ace, 

d i f f u s i o n  of t h e  s o l v a t e d  d r u g  t o  t h e  b u l k  of 

t h e  d i s s o l u t i o n  medium. 

The r e s i d u a l  formaldehyde  and g l u t a r a l d e h y d e  i n  t h e  micro-  

p e l l e t s  were d e t e r m i n e d  by t h e  method of Macfadyen13 and  was 
o b s e r v e d  t o  be w i t h i n  5 p.p.m., d e s c r i b e d  a s  n o n - t o x i c  . 14 

I n  c o n c l u s i o n ,  c r o s s l i n k e d  g e l a t i n  m i c r o p e l l e t i z a t i o n  

would be v e r y  e f f e c t i v e l y  a p p l i c a b l e  as a t t e m p t s  are b e i n g  

made t o  p r o l o n g  t h e  release of d r u g s .  C r ’ o s s l i n k i n g  of t h e  

g e l a t i n  matrices w i t h  glutaraldehyde-isopropanol m i x t u r e  o f f e r s  

most a c c e p t a b l e  optimum d r u g  release p r o f i l e .  
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