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ABSTRACT 

Polyvinylace ta te  mic rosphe res  containing theophy l l ine  

were p repa red  by emulsif icat ion and so lvent  removal method.  

The r e l ease  pa t t e rn  of t heophy l l ine  from t h e  mic rosphe res  

w a s  found to b e  bes t  expla ined  by  diffusion cont ro l led  p rocess .  

The  r a t e s  of r e l e a s e  were  found t o  be  influenced by drug-  

polymer r a t i o s ,  s i z e  of mic rosphe res ,  concentrat ion of su r fac -  

tan t  used for t h e  p repa ra t ion  of mic rosphe res ,  and p H  of 

t h e  d isso lu t ion  media.  

INTRODUCTION 

Different polymers  l i k e  g e l a t i n ( l ) ,  e t h y l c e l l u l o s e ( 2 ) ,  

and poly lac t ic  ac id  ( 3 )  have  been used  to p r e p a r e  micropel le t s  

o r  microspheres  containing d i f f e r e n t  d rugs .  Polyvinylace ta te  

(PVAc) has  not been s tud ied  in t h i s  r e g a r d .  PVAc, in  combina- 

t ion wi th  hydroxypropy lce l lu lose ,  has  only been used  for  

f ab r i ca t ion  of fi lm t y p e  dosage f o r m ( $ ) .  T h i s  pape r  p re sen t s  

t h e  prepara t ion  of PVAc mic rosphe res  by emulsif icat ion and 

so lvent  removal method and s t u d i e s  t h e  r e l e a s e  of t heophy l l ine  

f r o m  t h e s e  microspheres .  
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Materials 

Anhydrous theophyl l ine-Indian Pharmacopoeia ,  1970 was 

generously supp l i ed  by Dey's  Medical Stores(Mfg.  ) L t d .  ,Calcu t ta ,  

Ind ia .  Polyvinylace ta te  resin molecular wt .40,000(Koch-Light,  

England) ,  Span 80(Fluka ,Swi tzer land  1 were  obta ined  commercia- 

l l y  and used a s  r ece ived .  All o t h e r  chemicals  were  of ana ly t ica l  

reagent g rade .  

Prepara t ion  of Polyvinylace ta te  Microspheres  

Theophyl l ine  and PVAc were  used i n  t h e  r a t i o  of 1:1, 

1.5:1, and 2 : l  t o  p r e p a r e  t h e  rn ic rospheres .  3.5 gms. of PVAc 

was d i s so lved  in 15  ml of acetone maintained a t  15°C. Required 

amount of theophyl l ine  was d i s p e r s e d  uniformly in  t h e  polymer 

solut ion.  This  phase  was ,  t hen ,  emul s i f i ed ,  a t  a s t i r r i n g  s p e e d  

of 1 2 0 0  r . p . m . ,  in  heavy l iqu id  pa ra f f in ,  maintained a t  1 5 ° C  

and containing 0.1%, 0.5% and 1 . 0 %  V / V  of s p a n  80 .  S t i r r ing  

w a s  continued for suff ic ient  per iod  t o  evapora t e  off acetone 

a t  ambient tempera ture .  The  mic rosphe res  were  r i g i d i z e d  by 

adding n-hexane d ropwise .  T h e  mic rosphe res  w e r e  co l lec ted  

by f i l t r a t i o n ,  washed wi th  co ld  n-hexane,  and k e p t  in  vacuum 

desc ica tor  in  a cool p lace .  Reproducib i l i ty  of t h e  methodology 

was eva lua ted  by p repa r ing  t r i p l i c a t e  ba t ches  and determining 

t h e  percentage of d rug  embeded.  S ieve  ana lys i s  of each  batch 

was c a r r i e d  out to  de te rmine  t h e  s i z e  d i s t r i b u t i o n  of micros- 

phe res .  

In-vi t ro  Dissolution Study 

In-v i t ro  r e l ease  of theophy l l ine  from PVAc microspheres  

in  0.1") HCl and in  phosphate  buffer  of pH 7 . 4  were  d e t e r -  

mined using USP-XX ro ta t ing  baske t  d i sso lu t ion  appa ra tus  follow- 

ing t h e  method r e p o r t e d  previous ly  ( 2 ) .  

Scanning Electron Micrography 

A f t e r  complete drug  r e l e a s e  in 0.1") HC1 and in  phos-  

pha te  buffer  of pH 7 . 4  a t  37"C, t h e  mic rosphe res  were  d r i e d  

and mounted onto s t u b s  using double  s i d e d  a d h e s i v e  t a p e .  
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FIGURE 1 

Effect of s p a n  80 on t h e  s i ze -d i s t r ibu t ion  of polyvinylace ta te  
microspheres  p repa red  a t  1 2 0 0  r . p . m .  Key - Drug: polymer-(O) 
1:1, ( A )  1.5:1, ( 0 ) 2 : 1  

They were vacuum coated wi th  gold fi lm and were  obse rved  

under scanning e lec t ron  microscope (Hi tachi  scanning e lec t ron  

microscope,  Model S-415A) for su r face  c h a r a c t e r i s t i c s ,  

RESULTS A N D  DISCUSSION 

Content Uniformity 

The average  theophy l l ine  content in  d i f f e ren t  s i z e d  micro- 

s p h e r e s ,  having a constant  drug-polymer r a t i o ,  were  almost  

same(Tab1e 1). Moreover,  t h e  ave rage  theophy l l ine  content 

of t h e  mic rosphe res ,  having a constant drug-polymer r a t i o ,  

was almost same i r r e s p e c t i v e  of t h e  concentrat ion of span  80 

used dur ing  t h e i r  p repa ra t ion  ensuring t h e  uniformity of d rug  

content.  

Pa r t i c l e  S ize-d is t r ibu t ion  

An increase  in  theophy l l ine  - PVAc r a t i o  s h i f t e d  t h e  

s ize-d is t r ibu t ion  c u r v e s  towards  t h e  bigger  size leading  t o  
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FIGURE 2 

Apparent  diffusion cont ro l led  r e l e a s e  p ro f i l e s  of theophy l l ine  
f r o m  polyvinylace ta te  microspheres  a s  a function of concentrat ion 
of s p a n  8 0 ,  used during t h e i r  p repa ra t ion ,  and  pH of d isso lu t ion  
media.  Key-Drug-polymer r a t i o  and average  mic rosphe re  d i ame te r :  
(-1 1:1, 9 2 2 . 5  pm, ( - - -  1 1 . 5 : l .  727 pm. Concentration of s p a n  
80 ( %  V / V )  : ( 0 )  0 .1 ,  ( A ) 0 . 5 ,  (c] j 1 . 0 .  Dissolution media : 
(Open s y m b o l s )  O.l(N) HCl, (c losed  s y m b o l s )  phospha te  buffer  
of pH 7.4 

an increase  i n  average  d iameter  due  to  h ighe r  r e l a t i v e  v i scos i ty  

of t h e  d i s p e r s e d  phase  and h ighe r  in te r fac ia l  tension.  However,  

an increase  in  concentrat ion of sur fac tan t  i n  t h e  continuous 

phase  led  to t h e  formation of sma l l e r  mic rosphe res  due to 

lowering of sur face  tension whi le  maintaining t h e  same t rend  

of increasing t h e  average  d iameter  a s  t h e  drug-polymer r a t i o  

was increased  (F igure  1).  
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Release of Theophyl l ine  from Microspheres  

The r e l ease  p ro f i l e s  of theophy l l ine  f r o m  t h e  micros-  

phe res  were found(Figure  2 )  t o  b e  b e s t  expla ined  b y  d i f fus ion  

control led process  according to Higuchi e q u a t i o n ( $ ) .  The  r a t e  

of r e l ease  of theophy l l ine  from t h e  microspheres  w a s  found 

to be  influenced by s e v e r a l  f a c t o r s .  

For a constant drug-polymer r a t i o ,  t h e  r a t e  of r e l ease  

of theophyl l ine  in  both  t h e  d isso lu t ion  media increased  a s  

t h e  size of t h e  microspheres  decreased(Tab1e  1 ) .  T h i s  is in  

accordance wi th  t h e  f ac t  t h a t  t h e  r e l ease  of drug  f r o m  a micro- 

s p h e r e  i s  i nve r se ly  r e l a t ed  to t h e  s i z e  of t h e  mic rosphe re .  

For a pa r t i cu la r  s i z e  of mic rosphe re ,  a n  increase  in  

drug-polymer r a t i o  increased  t h e  r a t e  of re lease(Tab1e  1 ).  

An increase  in drug-polymer r a t i o  increased  concentrat ion g rad i -  

ent  and boosted t h e  re lease .  

Increase in concentrat ion of s p a n  8 0 ,  used dur ing  t h e  

prepara t ion  of rn ic rospheres ,  increased  t h e  r a t e  of r e i e a s e  

of theophyl l ine  in both t h e  d isso lu t ion  med ia (F igure  2 ) .  Since 

span  80 ne i ther  increased  t h e  so lub i l i t y  of theophy l l ine  nor 

changed t h e  wave length of maximum abso rp t ion  in  e i t h e r  of 

t h e  d isso lu t ion  media,  t h e r e  was no in te rac t ion  between span  80 

and theophy l l ine .  The increase  i n  r e l ease  rate may,  t h e r e f o r e ,  

b e  a consequence of inc rease  i n  channels ,  made by increas ing  

concentration of span  8 0 ,  a v a i l a b l e  for  diffusion of d rug .  Figure 

2 fu r the r  shows t h a t  t h e  r a t e  of r e l ease  of t heophy l l ine  from 

t h e  mic rosphe res ,  p r e p a r e d  with 0 . 1 %  V / V  of span  8 0 ,  in  phos-  

pha te  buffer of pH 7 . 4  was s l i g h t l y  g rea t e r  t han  t h a t  i n  O.l(N) 

HC1. This  d i f fe rence  i n  r e l ease  r a t e s  in t h e  two d isso lu t ion  

media enlarged a s  t h e  concentrat ion of s p a n  8 0 ,  used during 

t h e  prepara t ion  of mic rosphe res ,  was inc reased .  I t  may be 

assumed t h a t  po lyvinyl  ace t a t e ,  l i k e  po lyv iny l -phospha te l6 ) ,  

might have  undergone contract ion in a c i d i c  media and expans ion  

i n  a lka l ine  media and t h i s  expans ion  might have  been potent ia-  

ted  by  s p a n  80 leading to f u r t h e r  i nc rease  in channels  for 

diffusion wi th  consequent increase  in r a t e  of r e l ease .  Scanning 
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Ax Magnification X 1 0 0  

Ay Magnification X 1 0 0  

Bx Magnification X 50 

By Magnification X 1 0 0  

A z  Magnification X 1 5 0  Bz Magnification X 100  

F I G U R E  3 

Scanning e l ec t ron  photomicrographs of polyvinylace ta te  micro- 
s p h e r e s  aftels complete  d rug  r e l e a s e  in O.l(N) HCl ( A x ,  Ay, 
A z )  and in phosphate  buffer  of pH 7 . 4  ( B x ,  By,  B z ) .  Concen- 
t r a t ion  of s p a n  80  used  for  t h e  p repa ra t ion  of mic rosphe res  
: 0 . 1 %  V / V  ( A X ,  B x ) ,  0 .5% V / V  (Ay ,  B y ) ,  1 . 0 %  V / V  ( A z ,  B z ) .  
Before leaching ,  drug-polymer r a t i o  in t h e  mic rosphe res  was 2:  1. 
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e l e c t r o n  mic roscop ic  o b s e r v a t i o n s  r e v e a l e d  t h a t  t h e  pores on 

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

in O . l ( N )  HCl, w e r e  not so prominent  a s  w e r e  t h e  pores o n  

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

in  p h o s p h a t e  bu f fe r  of p H  7 . 4 ( F i g u r e  3 ) .  I t  was a l s o  o b s e r v e d  

f r o m  F i g u r e  3 t h a t  t h e  number of p o r e s  o n  t h e  s u r f a c e  of t h e  

m i c r o s p h e r e s ,  a f t e r  c o m p l e t e  d r u g  r e l e a s e  i n  p h o s p h a t e  bu f fe r  

of pH 7.4, i n c r e a s e d  as  t h e  concen t r a t ion  of s p a n  80 ,  a d d e d  

in t h e  cont inuous p h a s e  d u r i n g  t h e i r  p r e p a r a t i o n ,  was i n c r e a s e d ,  

T h e s e  o b s e r v a t i o n s  a p p a r e n t l y  conf i rmed  t h e  a b o v e  a s s u m p t i o n s .  

However ,  f u r t h e r  work  is n e c e s s a r y  t o  e l u c i d a t e  t h e  e x a c t  

mechanism of such  a c t i o n .  
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