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ABSTRACT 

Th is  r e p o r t  concerns t h e  use o f  water  i n s o l u b l e  polymer, 

po lycapro lac tone,  as a c a r r i e r  t o  enhance t h e  d i s s o l u t i o n  r a t e  o f  
two drugs, ch lo rpromaz ine  and progesterone.  Po lycapro lac tone 

microspheres c o n t a i n i n g  these drugs were prepared by an emuls ion-  

s o l v e n t  evapora t i on  techn ique and d i s s o l u t i o n  c h a r a c t e r i s t i c s  

were compared t o  pu re  drug.  

cap ro lac tone  and proges terone - po lycapro lac tone  microspheres ex- 
h i b i t e d  a f a s t e r  d i s s o l u t i o n  r a t e  than t h e  pu re  drugs.  V o l e c u l a r  

o r  c o l l o i d a l  d i s p e r s i o n  o f  drugs i n  t h e  po lycapro lac tone  m ic ro -  

shere m a t r i x  and t h e  h i g h  p e r m e a b i l i t y  o f  po l ycap ro lac tone  t o  t h e  

drugs and wa te r  a r e  p o s s i b l e  reasons f o r  t h e  r a p i d  r e l e a s e  p r o -  

p e r t i e s  observed. 

D i s s o l u t i o n  s t u d i e s  revea led  t h a t  bo th  ch lo rpromaz ine-po ly -  
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250 C H A N G ,  P R I C E ,  AND WHITWORTH 

INTRODUCTION 

The p r e p a r a t i o n  o f  d r u g - c a r r i e r  d i s p e r s i o n s  by f u s i o n  and 

s o l v e n t  techniques has s u c c e s s f u l l y  i nc reased  d i s s o l u t i o n  p ro -  

p e r t i e s  and b i o a v a i l a b i l i t y  o f  p o o r l y  wa te r -so lub le  drugs. 

water  s o l u b l e  c a r r i e r s  i n c l u d i n g  urea, s o l i d  p o l y e t h y l e n e  g l y c o l s ,  

c i t r i c  ac id ,  s u c c i n i c  ac id ,  p e n t a e r y t h r i t o l ,  p e n t a e r y t h r i t y l  

t e t r a a c e t a t e ,  mann i to l ,  dex t ros ,  and o t h e r  sugars have been 

employed as s o l i d  d i s p e r s i o n  systems and new wa te r  s o l u b l e  agents 

cor ; t inue t o  be t e s t e d  ( 1 , Z ) .  

There a r e  no r e p o r t s  or: t h e  use o f  water  i n s o l u b l e  c a r r i e r s  

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

water  i n s o l u b l e  polymer, po l ycap ro lac tone ,  as a c a r r i e r  t o  

enhance t h e  d i s s o l u t i o n  r a t e  o f  two drugs,  ch lo rpromaz ine  and 

progesterone.  S o l i d  d i s p e r s i o n  microspheres o f  these drugs i n  

po l ycap ro lac tone  were prepared by an emu ls ion -so l ven t  evapora t i on  

techn ique and d i s s o l u t i o n  c h a r a c t e r i s t i c s  were compared t o  pure 

drug. 

Many 

Th is  r e p o r t  concerns t h e  use o f  a 

EXPERIMCNTAL 

M a t e r i a l s  

The m a t e r i a l s  used i n  t h i s  s tudy  were po lycapro lac tone  ( S c i -  

e n t i f i c  Polymer Products ,  I nc .  , Onta r io ,  N.Y. ) ,  ch lo rpromaz ine  

hyd roch lo r i de ,  progesterone,  and p o l y v i n y l  a l c o h o l  (Sigma Chemi- 

c a l  Co. , F a i r l a n e ,  F1.J.). Chlorpromazine h y d r o c h l o r i d e  was con- 

v e r t e d  t o  i t s  base by t rea tmen t  w i t h  sodium hyd rox ide  s o l u t i o n .  

Met hods 

Chlorpromazine and proges terone microspheres were prepared 

by an emuls ion-so lvent  evapora t i on  techn ique u s i n g  po lycapro lac -  

tone as t h e  m a t r i x .  

d i s s o l v e d  i n  methylene c h l o r i d e .  The s o l u t i o n  was e m u l s i f i e d  by 

s t i r r i n g  i n  d i s t i l l e d  wa te r  c o n t a i n i n g  5% p o l y v i n y l  a l c o h o l  and 

0.05% sodium l a u r y l  s u l f a t e .  A f t e r  twe lve  hours o f  s t i r r i n g ,  t h e  

microspheres were separated by f i l t r a t i o n  th rough f i l t e r  paper, 

h'eighed amounts o f  polymer and t h e  d r u g  were 
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ENHANCEMENT OF DISSOLUTION RATE 251 

washed w i t h  wa te r  and then d r i e d  a t  room tempera ture  under  vacuum 
f o r  a t  l e a s t  24 hours.  The d r i e d  microspheres were s i z e d  th rough 

s tandard  s ieves  t o  i s o l a t e  f r a c t i o n s  o f  t h e  d e s i r e d  d iameter .  

Drug l o a d i n g  o f  microspheres was determined by d i s s o l v i n g  an 

a c c u r a t e l y  weighed q u a n t i t y  of 10 mg t o  15 mg microspheres i n  50 

m l  o f  methy lene c h l o r i d e  and t h e n  measuring t h e  U.V. absorbance 

a t  314 nm f o r  ch lo rpromaz ine  and a t  238 nm f o r  progesterone.  
C i s s o l u t i o n  r a t e  s t u d i e s  were c a r r i e d  o u t  on samples o f  

microspheres e q u i v a l e n t  t o  10 mg o f  ch lo rpromaz ine  o r  15 mg o f  

progesterone u s i n g  a d i s s o l u t i o n  apparatus s i m i l a r  t o  one i n  U.S. 

P. X X .  For ch lorpromazine,  t h e  d i s s o l u t i o n  medium c o n s i s t e d  o f  

1000 m l  pH 7.0 phosphate bu f fe r  s o l u t i o n .  

t h e  low s o l u b i l i t y  problem of progesterone,  0.5 p a r t  o f  p ropy lene 

g l y c o l  and 9.5 p a r t s  o f  pH 7.0 phosphate b u f f e r  s c l u t i o n  was used 
as t h e  d i s s o l u t i o n  medium. Ccnstant  s t i r r i n g  a t  100 r.p.m. was 

per formed by a mechanical p r o p e l l e r  s t i r r e r .  A t  each t i m e  i n t e r -  

v a l  an a l i q u o t  was withdrawn, f i l t e r e d  th rough 0.45 m ic ron  po re  

s i z e  f i l t e r  and assayed s p e c t r o p h o m e t r i c a l l y .  Chlorprornazine was 

assayed a t  255 nm and proges terone a t  248 r;m. A f t e r  a n a l y s i s ,  t h e  

a l i q u o t  was r e t u r n e d  t o  t h e  d i s s o l u t i o n  vesse l .  

tem were ob ta ined  u s i n g  a Perk in-Elmer d i f f e r e n t i a l  scanning c a l -  

o r ime te r ;  h e a t i n g  r a t e  was 20"C/min. The d i f f e r e n t i a l  thermo- 

grams were ob ta ined  i n  t h e  presence o f  s t a t i c  a i r .  

I n  o r d e r  t o  e l i m i n a t e  

Thermoqrams o f  p roges terone powder and i t s  m ic rosphere  sys-  

RESULTS AND DISCUSSIONS 

Fas t  r e l e a s i n g  c o p e c i p i t a t e s  a r e  commonly p repared by a s o l -  

ven t  method. The emuls ion-so lvent  evapora t i on  techn ique can be 
regarded as a m o d i f i e d  s o l v e n t  method which i n v o l v e s  d i s s o l v i n g  
t h e  drug  and t h e  i n e r t  c a r r i e r  i n  a common s o l v e n t ,  e m u l s i f i c a -  

t i o n  o f  t h e  s o l u t i o n  i n  an immisc ib le  l i q u i d ,  f o l l o w e d  by evap- 

o r a t i m  of t h e  s o l v e n t  i n  t h e  e m u l s i f i e d  s t a t e .  T h i s  m o d i f i e d  
techn ique produces a f i n e  powder c o n s i s t i n g  o f  s p h e r i c a l  pa r -  
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FIGURE 1 

Dissolution Profiles of Chlorpromazine from powder and from 
Polycaprolactone microspheres 
KEY: 0 Chlorpromazine powder (average particle size, 21 

microns). 
A Microsphere (using polyvinyl alcohol a s  a dispersing 

agent, average particle size, 45 microns). 
0 Microsphere (without using polyvinyl alcohol in prep- 

aration, average particle size, 30.5 microns). 
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ENHANCEMENT OF DISSOLUTION RATE 2 5 3  
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FIGURE 2 

Dissulution Profiles of Progesterone from powder and from 
Polycaprolactone microspheres 
KEY: Progesterone powder (average par t ic le  s i ze ,  44 

microns). 
o Microsphere (average par t ic le  s i ze ,  34 microns). 
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2 5 4  CHANG , PRICE, AND WHITWORTH 

I 
a 

~~ I 

sb 100 150 
TEMPERATURE, O C  

FIGURE 3 

Thermograms of Progesterone , Polycaprolactone, physical mixture 
and microsphere 
KEY: 1 Polycaprolactone 

2 Progesterone 
3 Physical mixture o f  Polycaprolactone and Progesterone 
4 m i  crospheres 

ticles and eliminates the pulverization process which is needed 
for traditional solvent methods. Although the present study 
utilize a water insoluble polymer as a matrix, microspheres of 
matrix, microspheres o f  water soluble carriers also can be pre- 
pared by the emulsion-solvent evaporation technique. 
Chlorpromazine-polycaprolactone System 

tone microspheres with and without polyvinyl alcohol as a dis- 
The release data of chlorpromazine from both polycaprolac- 
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ENHANCEMENT OF DISSOLUTION RATE 255 

p e r s i n g  agent. and f rom chlorprornaz ine powder a r e  shown i n  F i g u r e  

1. 

w i t h o u t  us ing  p o l y v i n y l  a l c o h o l  was s l i g h t l y  f a s t e r  t han  t h a t  

f rom microspheres u s i n g  p o l y v i n y l  a l c o h o l  i n  p r e p a r a t i o n .  T h i s  

r e s u l t  may be due t o  more r a p i d  v a p o r i z a t i o n  o f  methy lene c h l o -  

r i d e  which caused t h e  f o r m a t i o n  o f  ho les  on t h e  su r face .  I t  i s  

s u r p r i s i n g  t h a t  t h e  r e l e a s e  r a t e  o f  ch lo rpromaz ine  powder was 

s lower  than  t h a t  f rom po lycapro lac tone  microspheres.  Because t h e  

m e l t i n g  p o i n t s  o f  b o t h  ch lo rpromaz ine  and po lycapro lac tone  a r e  a- 

round 60°C, il; was n o t  p o s s i b l e  t o  use thermal  a n a l y s i s  t o  eva lu -  

a t e  t h e  chlorpromazine-polycaprolactone system. Po lycapro lac tone  

microspheres c o n t a i n i n g  16% ch lo rpromaz ine  were t r a n s l u c e n t  under 

t h e  microscope. T h i s  o b s e r v a t i o n  i n d i c a t e s  t h a t  t h e  d rug  was 

m o l e c u l a r l y  o r  c o l l o i d a l l y  d i spe red  i n  t h e  m a t r i x .  

Proges terone-po lycapro l  actone System 

The d i s s o l u t i o n  da ta  o f  t h e  pure  proges terone and p r o g e s t e r -  

one-polymer microspheres a r e  shown i n  F i g u r e  2. 

e v i d e n t  t h a t  t h e  15.6% progesterone-polycaprolactone microspheres 

e x h i b i t e d  a f a s t e r  d i s s o l u t i o n  r a t e  t h a n  t h e  p l a i n  progesterone.  

S ince po lycapro lac tone  i s  a w a t e r - i n s o l u b l e  polymer, f a c t o r s  such 

as inc reased w e t t a b i l i t y  and s o l u b i l i z a t i o n  o f  t h e  drug  by t h e  

c a r r i e r  a t  t h e  d i f f u s i o n  l a y e r  do n e t  e x p l a i n  t h e  enhancement o f  

d i s s o l u t i o n  r a t e  o f  p roges terone d i spe rsed  i n  po l ycap ro lac tone  

microspheres.  F i g u r e  3 shows t h e  thermograms o f  t h e  drug,  p o l y -  

mer, p h y s i c a l  m i x t u r e  and microspheres.  

cap ro lac tone  microspheres e x h i b i t e d  t h e  c h a r a c t e r i s t i c  m e l t i n g  

endotherm o f  t h e  polymer b u t  n o t  t h a t  of progesterone.  

thermal  ev idence tends t o  r u l e  o u t  t h e  f o r m a t i o n  o f  p roges terone 

polymorphic  forms, t h e  i n t e r a c t i o n  between t h e  d rug  and po lycap-  
r o l a c t o n e  d u r i n g  t h e  p r e p a r a t i o n  o f  microspheres , and e u t e c t i c  

f o rma t ion .  Mo lecu la r  o r  c o l l o i d a l  d i s p e r s i o n  o f  p roges terone i n  

t h e  po lycapro lac tone  mic rosphere  m a t r i x  and p o l y c a p r o l a c t o n e ' s  

h i g h  p e r m e a b i l i t y  t o  p roges terone and water  a r e  p o s s i b l e  a l t e r -  

n a t i v e  reasons f o r  t h e  r a p i d  r e l e a s e  p r o p e r t i e s  observed. 

The r e l e a s e  r a t e  o f  ch lo rpromaz ine  f rom microspheres prepared 

I t  i s  c l e a r l y  

15.6% proyes terone-po ly -  

Th is  
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