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ABSTRACT 

Chlorpromazine microspheres were prepared by an emulsion solvent 
evaporation technique using polycaprolactone and cell ulose acetate 
butyrate as the matrix. The fluidity o f  the polymer solution was 
easily adjusted by use of mixtures of two polymers and thus pro- 
vided a practical means to control the microsphere size. 
-- In Vitro release pattern was easily changed by changing the ratios 
of these two polymers. An increase in polycaprolactone content o f  
the polymer microsphere matrix brought about an increase in the 
release rate. Drug loading had no predictable effect on the dis- 
solution rate, but smaller microspheres gave more rapid drug re- 
lease due to the greater surface area. 
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1120 CHANG, PRICE AND WHITWORTH 

INTRODUCTION 

Mixtures o f  polymers can have proper t ies  s i g n i f i c a n t l y  bet-  
t e r  than an i n d i v i d u a l  polymer f o r  achieving sustained release. 
Th s i n v e s t i g a t i o n  demonstrates the f e a s i b i l i t y  o f  us ing mixtures 
o f  polycaprolactone and c e l l u l o s e  acetate bu ty ra te  t o  c o n t r o l  the  
r e  ease c h a r a c t e r i s t i c s  and s i z e  o f  microspheres conta in ing 
ch orpromazine. Several o ther  f a c t o r s  a f f e c t i n g  the re lease r a t e  
o f  chlorpromazine from t h i s  system were a l s o  studied. 

EXPERIMENTAL 

Mater ia ls  

they were polycaprolactone and ce l  l u l o s e  acetate butyrate (Scien- 
t i f i c  Polymer Products, Inc. , Ontario, NY) , sodium l a u r y l  su l fa te  
(Fisher S c i e n t i f i c  Co. , Fair lane, NJ) , methylene c h l o r i d e  (J.T. 
Baker Chemical Co., Ph i l l i psburg ,  NJ). Chlorpromazine hydrochlo- 
r i d e  (Sigma Chemical Co., S t .  Louis, MO) was converted t o  i t s  
base by treatment w i t h  sodium hydroxide so lu t ion .  

The mater ia ls  were used as received from the supp l ie r  and 

Methods 
Chlorpromazine microspheres were prepared by an emu1 sion- 

solvent evaporation technique using polycaprolactone and c e l l u l o s e  
acetate butyrate as the  matr ix .  The technique involved the  d i s -  
persion o f  drug i n  a methylene c h l o r i d e  s o l u t i o n  o f  the polymers, 
fo l lowed by e m u l s i f i c a t i o n  o f  the polymer s o l u t i o n  i n  water us ing 
sodium l a u r y l  s u l f a t e  as the emuls i f ie r .  A f t e r  continuous s t i r r i n g  
f o r  one hour a t  room temperature, the so lvent  evaporated and a 
r i g i d  polymer microspheres were formed. The microspheres were 
separated by f i  1 t r a t i o n  through f i  1 t e r  paper, washed copious ly  
w i t h  water and then d r i e d  i n  vacuo a t  room temperature f o r  a t  
l e a s t  24 hours. The d r i e d  microspheres were subjected t o  s ieve 
s i z i n g  t o  ob ta in  the desired microsphere s izes f o r  the  d i s s o l u t i o n  
tes ts .  
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CONTROL OF DRUG RELEASE RATE 1121 

Content analysis was performed by dissolving an accurately 
weighed quantity of 10 mg to 15 mg microspheres in 50 ml of me- 
thylene chloride. The concentration of chlorpromazine was deter- 
mined spectrophotometrically at 314 nm. Each determination was 
performed in triplicate. 

microspheres equivalent to 10 mg of chlorpromazine using a dis- 
solution apparatus similar to one in U.S.P. The dissolution me- 
dium consisted of 1000 ml pH 7.0 phosphate buffer solution main- 
tained at 37°C. Constant stirring at 100 r.p.m. was performed by 
a mechanical propeller stirrer to ensure the non-aggregation of 
the microspheres and to attain hydrodynamic equilibrium in the 
dissolution fluid. At each time interval an aliquot was with- 
drawn, filtered through 0.45 micron pore size Millipore filter 
and assayed spectrophotometrically at 255 nm for its chlorpro- 
mazine content. After analysis, the aliquot was returned to the 
dissolution tank. 

The dissolution rate studies were carried out on samples of 

RESULTS AND DISCUSSION 

Preparation of Microspheres of Cellulose Acetate Butyrate and 
Polycaprolactone 

Several polymers in addition to cellulose acetate butyrate 
were tried as binary polymeric matrix systems with polycapro- 
lactone. When polymethylmethacrylate or polycarbonate was used, 
a sticky mass formed which prevented recovery of the microspheres. 
However, microspheres were easily prepared from mixtures of poly- 
caprolactone with cellulose derivatives including ethyl cel lu- 
lose, cellulose acetate butyrate, and cellulose propionate. Be- 
cause of its high permeability to chlorpromazine, ethyl cellulose 
was not suitable to mix with polycaprolactone to regulate the 
drug release. Therefore, cellulose acetate butyrate was selected 
in this study. Table I shows the composition of microsphere 
formulations used in this study. 
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FIGURE 1 
Typical Particle Size Distribution for Formulation 4 and Formula- 
tion 6 

Effect of Mixture of Polycaprolactone and Cellulose Acetate Buty- 
rate on Particle Size 

Figure 1 shows the typical size distribution for formulation 
4 and formulation 6.  Polycaprolactone microspheres behaved as a 
moderately coarse powder and passed through a 4 0  mesh standard 
sieve. Because of the emulsion system used to prepare the micro- 
spheres, a wide range particle size distribution was expected. 
Instead a narrow particle size distribution with 95% of micro- 
spheres between No. 20(850 um) and No.40(425 um) sieves was ob- 
tained for the polycaptrolactone-cellulose acetate butyrate 
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1124 CHANG, P R I C E  AND WHITWORTH 

microspheres. This result indicates that the use of mixtures of 
two polymers to control microsphere size is feasible. 

Microsphere size can be largely controlled by rate of agi- 
tation, but is also dependent on the viscosity, interfacial ten- 
sion, and density of the microsphere materials. Because of me- 
chanical limitations and emulsion instability, utilization of 
different rates of agitation to control the capsule size is not 
feasible in some situations. The fluidity of the polymer solution 
can be easily adjusted by use of mixtures of two polymers and 
thus provides a practical means to control the capsule size. 
Effect of Polycaprolactone and Cellulose Acetate Butyrate Ratio 
on Dissolution Rate 

Figure 2 shows the cumulative percent release of drug from 
microspheres prepared with different ratios of polycaprolactone 
and cellulose acetate butyrate. The release pattern was easily 
changed by changing the ratios of these two polymers. It was sur- 
prising that cellulose acetate butyrate was almost impermeable to 
chlorpromazine and gave only 3.3% drug release at end of a 7 hour 
dissolution test. An increase in polycaprolactone content of the 
polymer microsphere matrix brought about an increase in the re- 
lease rate, but a 3 : l  ratio of polycaprolactone to cellulose ace- 
tate butyrate enhanced dissolution only slightly over that ob- 
tained for a 1:l ratio. This ratio seems to approach the fast 
dissolution extreme for the polycaprolactone-cel lulose acetate 
butyrate system. Because the desired particle size for polycapro- 
lactone microspheres was not obtained, no dissolution test was 
conducted for formulation 6. 
An equation for the spherical matrix has been derived by Higuchi 

the fraction of drug released, K is a constant and T is time. 
Table I1 shows the calculated 3/2(1-(1-F) 2/3 )-F values at each 

sampling time and correlation coefficients obtained by linear 
regression of 3/2( 1-( 1-F)'l3)-F versus time for each formulation. 

(1) and Baker, et al. ( 2 )  as: 3/2(1-(1-F) 2/ 3 )-F = KT, where F is -- 
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CONTROL OF DRUG RELEASE RATE 1125 

HOURS 

FIGURE 2 
E f f e c t  o f  PolycaprolactonelCellulose Acetate Butyrate Ra t io  on 
D isso lu t i on  Rate o f  Microspheres Containing Chlorpromazine 
KEY: 0 formulat ion 1, 0 f o rmu la t i on  2, A f o rmu la t i on  3, 

O f o r m u l a t i o n  4, f o rmu la t i on  5 
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Figure 3 shows a l i n e a r  r e l a t i o n s h i p  between ca l cu la ted  
3/2(1-(1-F) 
previous r e p o r t  by L a i  (3 ) .  
E f f e c t  o f  Drug Loading on D isso lu t i on  Rate 

Lower drug loading r e s u l t s  i n  a g rea te r  p ropor t i on  o f  encap- 
s u l a t i n g  ma te r ia l  and r e l a t i v e l y  longer  d i f f u s i o n  path length.  
Balancing t h i s  fac to r ,  more microspheres a re  requ i red  f o r  a given 
dose, t he re fo re  a l a r g e r  surface area i s  a v a i l a b l e  f o r  contact  
w i t h  the d i s s o l u t i o n  media. The d i s s o l u t i o n  r a t e  i s  i n f l uenced  by 
these two con t rad i c to ry  fac to rs .  

Figure 4 reveals t h a t  drug loading d i d  n o t  have p r e d i c t a b l e  
e f f e c t  on the  d i s s o l u t i o n  r a t e  when a constant drug dose was em- 
ployed f o r  d i sso lu t i on .  
E f f e c t  o f  P a r t i c l e  Size on D i s s o l u t i o n  Rate 

Because o f  the narrow p a r t i c l e  s i z e  d i s t r i b u t i o n  obtained, 
the 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  r a t e  was examined by 
us ing on ly  th ree  p a r t i c l e  s izes.  As shown i n  Figure 5, t h e  
smal ler  the microspheres the more r a p i d  the drug re lease due t o  
the  greater  surface area. 

The drug release from microspheres w i t h  d i f f e r e n t  p a r t i c l e  
s i z e  o r  drug loading can be described by Higuchi o r  Baker and 
Lonsdale's model f o r  d i s s o l u t i o n  from spher ica l  matr ices.  

Morphology o f  Cel lu lose Acetate Butyrate - Polycaprolactone 
M i  crospheres 

Scanning e l e c t r o n  micrographs o f  c e l l u l o s e  acetate buty-  
ra te-polycapro l  actone m i  crospheres con ta in ing  c h l  oropromazi ne a re  
shown i n  Plates 1. - 7. Cel lu lose acetate b u t y r a t e  microspheres 
had l a r g e  holes on the surface poss ib l y  caused by r a p i d  vapor i -  
z a t i o n  o f  the so lvent  and subsequent format ion o f  bubbles du r ing  
the f a b r i c a t i o n  process (P la te  1). The same surface a t  t he  h ighe r  
magn i f i ca t i on  i n  P la te  2 i s  shown t o  be ve ry  porous. 
acetate butyrate-poly-  caprol  actone microspheres bear a resem- 
blance t o  the  surface o f  the c e l l u l o s e  acetate bu ty ra te  micro- 

2/3 )-F values and t ime which conf i rm the r e s u l t s  o f  a 

Ce l l u lose  
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3/2 Relationship between Calculated Value of 3/2(1-(1-F) ) - F and 
Time for Cellulose Acetate Butyrate - Polycaprolactone Micro- 
spheres Containing Chl orpromazine 
KEY: 0 formulation 2, A formulation 3, 0 formulation 4, 

FIGURE 3 

0 formulation 5 
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FIGURE 4 
Effec t  of Drug Loading on Dissolut ion Rate o f  Cel lu lose  Acetate  
Butyrate - Polycaprolactone Microspheres Containing Chlor- 
prornazi ne 
K E Y :  A drug con ten t  8.1% W / W  drug con ten t  15.6% W / W  

II drug con ten t  21.3% W/W o drug con ten t  26.8% W / W  
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FIGURE 5 
E f fec t  o f  P a r t i c l e  Size on D i s s o l u t i o n  Rate of Ce l l u lose  Acetate 
Butyrate - Polycaprolactone Microspheres Containing Chlorpro- 
mazine 
KEY: 0 210 microns, A 505 microns, 0 715 microns 
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CONTROL OF DRUG RELEASE RATE 1131 

FIGURE 6 
Scanning Electron Micrographs of Chlorpromazine Microspheres Pre- 
pared with Various Ratios of Polycaprolactone and Cellulose Ace- 
tate Butyrate 
KEY: Plate 1, formulation 1 ( x  170) 

Plate 2, formulation 1 ( x  1700) 
Plate 3, formulation 2 ( x  170) 
Plate 4, formulation 2 (x  170) 
Plate 5, formulation 3 ( x  170) 
Plate 6, formulation 4 ( x  170) 
Plate 7, formulation 5 ( x  170) 
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FIGURE 6 CONTINUED: PLATE 2, formulation 1 (~1700) 

FIGURE 6 CONTINUED: PLATE 3, formulation 2 ( ~ 1 7 0 )  
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CONTROL OF DRUG RELEASE RATE 

FIGURE 6 CONTINUED: PLATE 4 ,  formulation 2 (x170) 

FIGURE 6 CONTINUED: PLATE 5, formulation 3 (~170) 
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FIGURE 6 CONTINUED: PLATE 6, formulation 4 (x170) 

FIGURE 6 CONTINUED: PLATE 7, formulation 5 (x170) 
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CONTROL OF DRUG R E L E A S E  R A T E  1135 

spheres. However, t he re  i s  no d e p o s i t i o n  o f  polymer segments o r  
pieces on t he  su r face  o f  c e l l u -  l o s e  ace ta te  b u t y r a t e  m ic ro -  
spheres shown i n  P l a t e  1, as t h e r e  a r e  i n  P la tes  3-7. T h i s  r e s u l t  
suggests t h a t  d e p o s i t i o n  o f  polymer segments o r  p ieces  i s  due t o  
the  po lycapro lac tone.  
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