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ABSTRACT 

Studies were conducted on the preparation o f  controlled re- 

lease polycaprolactone-polylact ide microcapsules of chlorpro- 

mazine and on release o f  the drug from the microcapsules in pH 

7.0 buffer medium. 

obtained by simple change in the polymer system. 

was released from the microspheres in a biphasic manner con- 

sisting o f  an initial fast release phase followed by a slow-re- 

lease phase. Increas ng the drug content increased the initial 

drug release rate but no significant drug loading effect on the 

second stage dissolut on rate was noted. There was no signifi- 

cant effect o f  particle size on the drug release rate from the 

A wide range of release rates of the drug was 

Chlorpromazine 
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2356 CHANG, P R I C E ,  AND WHITWORTH 

microspheres. The s w e l l i n g  p roper t y  o f  t h e  microspheres and the  

agglomerate na tu re  o f  t h e  s ieve  f r a c t i o n s  may compl icate the  drug 

re lease k i n e t i c s  and obscure the  p a r t i c l e  s i z e  e f f e c t  on d i sso lu -  

t i o n  ra te .  

INTRODUCTION 

Long-ac t i n g  i n  j e c  tab’le a n t i  -psychot i c  preparat ions a re  o f  

value because p a t i e n t  compliance has always presented a major 

d i f f i c u l t y  t h a t  chal lenges the  medical p ro fess ion  i n  t h e  manage- 

ment o f  psycho t i c  d i so rde rs (  1). An e s t e r i f i c a t i o n  approach has 

been repo r ted  and u t i l i z e d  t o  achieve l onger  d u r a t i o n  o f  a c t i o n  

f o r  n e u r o l e p t i c  drugs(2,3,4). An encapsulated p repara t i on  o f  

chlorpromazine has been repo r ted  i n  

Resul ts o f  prev ious i n v e s t i g a t  

m ix tu res  o f  two polymers t o  prepare 

means t o  r e g u l a t e  the  drug re lease.  

t h e  1 i t e r a t u r e (  5 ) .  

ons demonstrated t h a t  us ng 

microspheres may o f f e r  a 

I n  t h e  present  i n v e s t i -  

gat ions,  chlorpromazine base was chosen as a model n e u r o l e p t i c  t o  

be encapsulated i n  a m a t r i x  us ing  mixtures o f  polycaprolactone 

and p o l y l a c t i d e  as m a t r i x  ma te r ia l s .  

The purpose o f  t h e  present  s tudy was t o  develop a bio-de- 

gradable po lymer ic  system f o r  t he  sustained subdermal d e l i v e r y  o f  

neu ro lep t i cs ,  t o  i n v e s t i g a t e  the  p o s s i b i l i t y  of t a i l o r i n g  t h e  drug 

d i s s o l u t i o n  from the  polymeric system by use of m ix tu res  o f  po l y -  

capro lacton and p o l y l a c t i d e  and t o  study f a c t o r s  such as p a r t i c l e  

s i z e  and drug-polymer r a t i o  on t h e  r a t e  of chlorpromazine re -  

1 ease. 
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POLYCAPROLACTONE-POLYLACTIDE MICROSPHERES 2 3 5 7  

E X P E R I MENTAL 

Mater ia ls  

The m a t e r i a l s  used i n  this s tudy were polycaprolactone (Sci-  

e n t i f i c  Polymer Products,  Inc. , Ontar io,  N . Y . )  !, d i l a c t i d e  ( F r i n -  

ton Labora tor ies ,  Vineland, N.J.), chlorpromazine hydrochloride 

(Sigma Chemical Co., S t .  Louis, M O . ) ,  sodium bauryl s u l f a t e  (Fis- 

her S c i e n t i f i c  C o . ,  Fai r lane ,  N.J.) methylene c h l o r i d e  (5. T. 

Baker Chemical C o . ,  P h i l l i p s b u r g ,  K.J.), benzene ( J .  T. Baker 

Chemical Co., Phi l l ipsburg ,  N.J.), eth,yl a c e t a t e  ( F i s c h e r  Sci-  

e n t i f i c  Co. F,airlawn, N.J.) , Polyvinyl alcohol (Sigma Chemical 

Co. , St .  Louis, MO), te t raphenyl  t i n  (Aldrich Chemical Co. , Mil- 

waukee¶ NI) anid except f o r  d i l a c t i d e  and chlorpromazine hydro- 

ch lor ide  were IJse~d without f u r t h e r  p u r i f i c a t i o n .  Chlorpromazine 

hydrochloride was converted t o  i t s  base by treatment w i t h  sodium 

hydroxide s o l u t i o n .  

using e thyl  a c e t a t e  a s  so lvent .  

Methods 

T h e  crude d i l a c t i d e  was r e c r y s t a l l i z e d  twice 

Poly lac t ide  was prepared from d i l a c t i d e  in an oven a t  165°C 

The mean f o r  6 hours u s i n g  0.02% tetraphenyl  t i n  a s  a c a t a l y s t .  

molecular w e i g h t  of p o l y l a c t i d e  was determined v iscometr ica l ly  t o  

be 7800 by usi i ig  a Cannon-Fenske viscoineter w i t h  benzene as  a 

polymer so lvent  a t  25°C. 

Chlorpromazine microspheres were prepared b y  an emulsion- 

so lvent  evaporation process u s i n g  polylcaprolactone and polylac-  

t i d e  as  t h e  matr ix .  

promazine were dissolved i n  methylene c h l o r i d e .  

Weighed amounts of polymer(s) and ch lor -  

The s o l u t i o n  was 
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CHANG, PRICE, AND WHITWORTH 2358 

emu1 s 

vinyl 

hours 

f ied by s t i r r i n g  i n  d i s t i l l e d  water containing 5% poly- 

alcohol and 0.05% sodium lauryl sulfate .  After twelve 

o f  stirring, the microspheres were separated by f i l t r a t i o n  

t h r o u g h  f i l t e r  paper, washed w i t h  water and t h e n  dried a t  room 

temperature under vacuum for  a t  l eas t  24 hours. The dried micro- 

spheres were sized through s t a n d a r d  sieves t o  i so la te  fractions 

o f  the desired diameter. 

Drug loading of the microspheres was determined by dis- 

solving an accurately weighed quantity of  10 mg t o  15 mg micro- 

spheres in 50 m l  of  methylene chloride and then measuring the 

U . V .  absorbance a t  314 nm. 

Dissolution ra te  studies were carried o u t  on sample o f  

microspheres equivalent t o  10 mg of chlorpromazine using a dis-  

solution apparatus similar to one described i n  U.S.P. XX. The 

dissolution medium consisted of 1000 ml pH 7.0 phosphate buffer 

solution maintained a t  37°C. 

performed by a mechanical propeller s t i r r e r .  A t  each time i n -  

terval aliquot was withdrawn, f i l t e r e d  t h r o u g h  0.45 micron pore 

s ize  Millipore f i l t e r  and assayed spectrophotometrically a t  255 

nm for i t s  chlorpromazine content. After analysis,  the a l i q u o t  

was returned t o  the dissolution vessel. 

Constant s t i r r i n g  a t  100 r.p.m. was 

RESULTS AND DISCUSSION 

Preparation of Microspheres of polylactide-Polycaprolactone 

When greater than 1:l r a t i o  of polylactide t o  polycapro- 

lactone was used, sodium lauryl sulfate  was n o t  capable o f  main- 
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POLYCAPROLACTONE-POLYLACTIDE MICROSPHERES 2359 

t a i n i n g  t h e  i n t e g r i t y  o f  t h e  polymer d r o p l e t s  d u r i n g  t h e  f a b r i -  

c a t i o n  process and m o d i f i c a t i o n  o f  t h e  m ic roencapsu la t i on  process 

was requ i red .  

gen t  such as p o l y v i n y l  a l c o h o l  e l i m i n a t e d  t h i s  p rob  em. However, 

macromolecular d i s p e r s i n g  agents tended t o  i nc rease  t h e  t ime  

needed t o  s c l i d i f y  t h e  polymers. 

I t  was found t h a t  a macromolecular  d spe rs ing  a- 

S ince a l i p h a t i c  p o l y e s t e r s  degrade by h y d r o l y s i s ,  t h e  m i c r o -  

spheres shou ld  n o t  be exposed t o  t h e  aqueous d i s p e r s i n g  medium 

f o r  excess i ve l y  1 ong pe r iods  d u r i n g  t h e  s o l v e n t  evapora t i on  s tep .  

However, no degradat ion  was observed d u r i n g  t h e  t i m e  r e q u i r e d  by 

s o l v e n t  evapora t i on  process used i n  t h ' s  s tudy .  Tab le  I shows 

t h e  composi t ions,  d rug  l o a d i n g  and pe rcen t  d rug  l c s s  f o r  t h e  

m ic roencapsu la t i on  f o r m u l a t i o v s  used i n  t h e  p resen t  s tudy.  

E f f e c t  o f  Po lycapro lac tone and P o l y l a c t i d e  R a t i o  on D i s s o l u t i o n  

Rate - 
F i g u r e  1 and F igu re  2 show t h e  cumu la t i ve  pe rcen t  o f  d rug  

r e l e a s e  f rom microspheres prepared w i t h  d i f f e r e n t  r a t i o s  o f  p o l y -  

cap ro lac tone  and p o l y l a c t i d e  as a f u n c t i o n  o f  t ime.  A wide range 

of r e l e a s e  r a t e s  of  t h e  drug  was ob ta ined  b y  si.nple change o f  t h e  

polymer r a t i o .  An i nc rease  i n  po l ycap ro lac tone  con ten t  o f  t h e  

microspheres brought  about  an i nc rease  i n  t h e  r e l e a s e  r a t e .  

Chlorpromazine was re leased  from t h e  microspheres i n  a b i p h a s i c  

manner c o n s i s t i n g  o f  an i n i t i a l  f a s t  r e l e a s e  phase f o l l o w e d  by  a 

s low- re lease phase. A l i n e a r  r e l a t i o n s h i p  was no ted  between t h e  

amcunt o f  t h e  i n i t i a l  f a s t  r e l e a s e  o f  ch lo rpromaz ine  f o r  each 

f o r m u l a t i o n  and t h e  p o l y l a c t i d e / t o t a l  polymer r a t i o .  As t h e  
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POLYCAPROLACTONE-POLYLACTIDE MICROSPHERES 2361 
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FIGURE 1 
E f f e c t o f Po 1 y c a pro 1 act o ne / Po 1 y 1 a c t i dle Ra t i o o n  Short Te rm 
(7 hours) Dissolution of Microspheres Containing Chlorpromazine 
KEY: e formulation 1, 0 formulation 2, A formulation 3, 

0 formulation 4, o formulation 5 
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I I I 1 I 1 

1 2 3 4 5 6 
DAYS 

FIGURE 2 
Effect of PolycaprolactonelPolylactide Ratio on Long Term (6 
days) Dissolution o f  Microspheres Containing Chlorpromazine 
KEY: A formulation 3, 0 formulation 4, 0 formulation 5 
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POLYCAPROLACTONE-POLYLACTIDE MICROSPHERES 

I I I I 1 
0 0.25 0.5 0.75 1 

W/W POLYLACT I D E I T O T A L  POLYMER 

2 3 6 3  

FIGURE 3 
Relationship between the Amount of the Initial Release* and the 
Fraction o f  Polyl acti de 
* Obtained from the point change to the approximately zero order 
release stage. 
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2364 CHANG, P R I C E ,  AND WHITWORTH 

polylactide content of the polymer microsphere matrix increased, 

the amount of the initial chlorpromazine release decreased 

(Figure 3 ) .  

Effect of Drug Loading on Dissolution Rate 

Figure 4 shows the effect of drug content on the release of 

chlorpromazine. 

rates was achieved by altering the drug content. 

drug content increases the initial drug release rate. 

As shown in Figure 4, a wide spectrum o f  release 

Increasing the 

A linear relationship between the amount of initial fast 

chlorpromazine release and drug loading was noted (Figure 5).  

Drug loading had no significant effect on the second stage dis- 

solution rate. 

Regardless of the concentration o f  chlorpromazine initially 

incorporated into the polymer, the amount remaining after the 

fast release period was relatively constant, ranging from 0.89 x 

to 2.18 x mole/gram of microspheres and corresponding 

to molar ratios of drug to carboxyl end-group in polylactide of 

0.96 to 2.64 (mean, 1.84 f 0.68 S.D.). 

so relatively constant as noted from the slopes o f  the second 

phase dissolution lines. 

a molar ratio of 2:1, is more strongly bound, and probably re- 

leased only as the polymer is hydrolyzed. 

initial drug release was due to drug located near the surface of 

t.he microspheres caused by migration during the solvent evapo- 

ration process. Dissolution from the polylactide microspheres 

was not typical o f  release from spherical matrix systems as de- 

Rates o f  release were al- 

Drug remaining in the polymer matrix in 

At least part of the 
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2365 

FIGURE 4 
Effec t  of Drug Lloading on Dissolut ion of Polylactide-Polycapro- 
1 actone Microsphleres Containing Chlor Iromazi ne 
KEY:  0 d r u g  clontent 3.0% w/w, 

A drug clontent 14.2% w/w, c) drug conten t  25.0% w/w 
d drug content  7.0% w/w, 
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CHANG, PRICE, AND WHITWORTH 

I I 

10 20 30 
OhW/W LOADING 

FIGURE 5 
Relationship between the Amount o f  the Initial Release* and Drug 
Loading of Polylactide-Polycaprolactone Microspheres Containing 
Chloropromazine 
* Obtained from the point change to the approximately zero order 
release stage. 
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POLYCAPROLACTONE-POLYLACTIDE MICROSPHERES 2367 

1-1 
1 2 3 4 5 6 

DAYS 

F I G U R E  6 
E f f e c t  o f  P a r t i c l e  S i z e  on D i s s o l u t i o n  o f  P o l y l a c t i d e - P o l y c a p r o -  
1 a c t o n e  Mic rospheres  C o n t a i n i n g  Ch lorpromaz i  ne 

KEY: 0 44 mic rons ,  V 107 mic rons ,  0 157 mic rons ,  
A 214 m i c r o n s  
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2368 CHANG, P R I C E ,  AND WHITWORTH 

s c r i b e d  by  t h e  H iguch i  o r  Baker-Lonsdale models (6,7). 

E f f e c t  o f  P a r t i c l e  S i ze  on D i s s o l u t i o n  Rate 

T h e o r e t i c a l l y ,  t h e  s m a l l e r  t h e  microspheres t h e  more r a p i d  

t h e  d rug  r e l e a s e  due t o  t h e  g r e a t e r  s u r f a c e  area. 

F i g u r e  6 r e v e a l s  t h a t  t h e r e  was no s i g n i f i c a n t  e f f e c t  o f  p a r t i c l e  

s i z e  on t h e  d rug  r e l e a s e  r a t e  f rom t h e  microspheres.  The l a c k  of 

p a r t i c l e  s i z e  e f f e c t  on d i s s o l u t i o n  may have been due t o  t h e  

agglomerate n a t u r e  o f  t h e  s i e v e  f r a c t i o n s .  E l e c t r o n  micrographs 

( P l a t e s  1-3) revea led  open-s t ruc te red  agglomerates of smal I par -  

t i c l e s .  T h i s  s t r u c t u r e  would p e r m i t  r e l a t i v e l y  f r e e  access of 

t h e  d i s s o l u t i o n  f l u i d  t o  t h e  i n t e r i o r  o f  t h e  aggregate and a l l  

s i e v e  f r a c t i o n s  would have about t h e  same d i s s o l u t i o n  cha rac te r -  

i s t i c s .  Another f a c t o r  was t h a t  t h e  p o l y l a c t i d e  prepared f o r  

t h i s  s tudy  was a low mo lecu la r  we igh t  polymer (app rox ima te l y  7800) 

which tended t o  s w e l l  i n  t h e  d i s s o l u t i o n  medium. The s w e l l i n g  o f  

t h e  microspheres compl ica tes  t h e i r  d rug  r e l e a s e  k i n e t i c s  and may 

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

Morphology o f  P o l y l a c t i d e  - Po lycapro lac tone Microspheres 

However, 

Scanning e l e c t r o n  micrographs (SEN) o f  p o l y l a c t i d e  m ic ro -  

spheres c o n t a i n i n g  ch lo rpromaz ine  a r e  shown i n  P l a t e s  1-3. The 

p i c t u r e s  i n d i c a t e  aggregates o f  s p h e r i c a l  microspheres w i t h  

g e n e r a l l y  smooth sur faces .  The appearance o f  p o l y l a c t i d e  - p o l y -  

cap ro lac tone  ( 3 : l )  microspheres i s  s i m i l a r  t o  t h a t  o f  p o l y l a c t i d e  

microspheres ( p l a t e s  4 & 5) .  However, t h e  appearance changed 

d r a m a t i c a l l y  as t h e  po lycapro lac tone  c o n t e n t  i n  t h e  microsphere 

m a t r i x  inc reased.  P l a t e  6 shows l e s s  s p h e r i c a l  p a r t i c l e s  and 
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POLYCAPROLACT0NE:-POLYLACTIDE MICROSPH ERES 2369 

FIGURE 7 
Scanning Electron Micrographs of Chlorpromazine Microspheres 
Prepared with Various Ratios of Polylactide and Polycaprolactone 

KEY: Plate 1, 
Plate 2, 
Plate 3, 
Plate 4, 
Plate 5, 
Plate 6, 
Plate 7, 
Plate 8, 
Plate 9, 
Plate 10, 
Plate 11, 

formulation 5 (x850) 
formulation 5 ( ~ 3 4 0 0 )  
formulation 5 ( ~ 8 5 0 0 )  
formulation 4 ( ~ 3 4 0 0 )  
formulation 4 ( ~ 8 5 0 0 )  
formulation 3 (x850) 
formulation 3 ( ~ 1 7 0 0 )  
formulation 2 (x850) 
formulation 2 ( ~ 3 4 0 0 )  
formulation 1 ( ~ 1 7 0 0 )  
formulation 1 (~17000)  
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F I G U R E  7 ,  P L A T E  2 
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POLYCAPROLACTONEi-POLYLACTIDE MICROSPHERES 

F I G U R E  7 ,  PLATE 3 

2371 
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FIGURE 7 ,  PLATE 4 
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POLYCAPROLACTOIJE-POLYLACTIDE MICROSPHERES 2 3 7 3  

FIGURE 7 ,  PLATE 5 
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FIGURE 7, PLATE 6 
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POLYCAPROLACTONE-POLYLACTIDE MICROSPHERES 

FIGURE 7 ,  PLATE: 7 

2375 
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FIGURE 7, PLATE 8 
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POLYCAPROLACTONE-POLYLACTIDE MICROSPHERES 

FIGURE 7, PLATE 9 
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F I G U R E  7 ,  P L A T E  10 
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POLYCAPROLACTONE-POLYLACTIDE MICROSPHERES 

FIGURE 7 ,  PLATE 11 

2 3  7 9  
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CHANG, P R I C E ,  AND WHITWORTH 2380 

large holes on the surface o f  polylactide - polycaprolactone 
(1:l) microspheres. 

ion can be seen in plate 7. 

in polylactide - polycaprolactone (1:3) microspheres (Plate 8). 
However, no surface depressions were observed under higher mag- 

nification (Plate 9). Plates 10 and 11 show polycaprolactone 

microspheres containing drug. 

microspheres is not smooth, and is comprised o f  valleys and 

ridges . 

Under higher magnification, surface depress- 

The cavity structure still remained 

The surface o f  polycaprolactone 

Microcapsules containing polycaprolactone showed greater 

apparent surface area than those prepared from pure polylactide. 

The increased surface area is the probable cause for the greater 

dissolution rates observed with microcapsules containing polycap- 

rolactone. 
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