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ABSTRACT 

P o l y  (DL- lac t i c  acid)  [DL-PLAI m i c r o c a p s u l e s  c o n t a i n i n g  
p h e n o b a r b i t o n e  ( co re :po lymer ,  1 : 2 )  were prepared u s i n g  t h r e e  

d i f f e r e n t  mlecular w i g h t  polyirers , 20,500, 13,300 and 5,200. 

Buffer  pH 9 wre used to s tudy  d i s s o l u t i o n  rate a t  tenperatures o f  

loo, 15O, 20°, 2S0, 30° and 37OC. The release mchanism followed 

" H i g u c h i ' s "  s q u a r e  root of t i m e  r e l a t i o n s h i p  a t  a l l  t h e s e  

t e q e r a t u r e s  and allowed c a l c u l a t i o n  of release rate from t h e  
s t r a i g h t  l i n e  po r t ion  of release curve. These microcapsules showed 
an i n i t i a l  burst phase release followed by a lag phase; b t h  of 

t h e s e  phases are afEected by the  temperature  of d i s s o l u t i o n  and 

polyrner m l e c u l a r  w i g h t .  The normalized release rate [ K h 2 / S ~ l  
was found to lower l i n e a r l y  with t h e  lowering of tenperatwe wi th  

a l l  three plymrs. Arrhenius plot of t h e  n o r m l i z e d  release rate 
allowed c a l c u l a t i o n  o f  t h e  a c t i v a t i o n  e n e r g y  ( E a )  f o r  t h e  
polymers. It was found to  lowr l i n e a r l y  wi th  t h e  inc rease  i n  DL- 
PIA polymr mlecular he igh t .  

- 
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INTRODUCTION 

J A L I L  AND N I X O N  

Poly(1actic acid) [PLAI has been known for its excellent bio- 
degradabili ty and i n  vivo inser t ion  of microcapsules prepared 

form t h i s  plymr also showed excel lent  h i s toconpat ib i l i ty  . 
Wide range of synthet ic  drugs, peptide h o m n e s ,  enzyrnes have been 
encapsulated using t h i s  ~ l y m e r ~ - ~ .  The release mchanism of small 
m l e c u l a r  w i g h t  drugs depends on both diffusion through polyn-er 
membrane and e r o s i o n  of polymer m a t r i x ,  w h i l s t  t h e  release 
wchanism of l a rger  mlecules such as peptides or enzyrnes are 
dependent on the  rate of erosion of p l p r  matrix',*. This rate 
of degradation and erosion of PLA matrix is dependent on polwr 
molecular w e i g h t .  The  DL-PLA m i c r o c a p s u l e s  c o n t a i n i n g  
phenobarbitone has been shown to  swell and erode in  t h e  aqueous 
environmnt which f i n a l l y  f ragmnted a f t e r  release of drug'. The 
diffusion of drug and erosion of polyrrrer matrix m u l d  be affected 
by t h e  d i s s o l u t i o n  c o n d i t i o n ,  such as tempera ture .  When t h e  
coating polymer is thermoplastic in  nature, such as PLA, t h i s  
temperature of dissolut ion would be of prim inportance. I n  t h i s  
s t u d y  DL-PLA microcapsules  c o n t a i n i n g  phenobarbi tone were 
subjected to d i f f e r e n t  dissolut ion tenpratures to invest igate  
the  e f f e c t  of polymer m l e c u l a r  w i g h t  on t h e  release behaviour. 

1-3 

EXPERIMENTAL 

&teridLs: Poly (DL-Lactic acid), ml. w t .  20,500 ( Sandoz), 

13,300 & 5,200 (synthesized, Jali l) ;  Phenobarbitone, (Sigma), 
Acetoni t r i le ,  EPIC grade (Fisons);  Light liquid paraff in  (a); 
Span 40, ( A t l a s ) ;  Petroleum e ther ,  b.p. 40-60, analar, (Fisons);  
other  chemicals wre of reagent grade puri ty .  

*thod of M i C m 3 C a p 6 U h t i O r I :  Microcapsules *re prepared 
using the  emulsification (W/O) and organic solvent evaporation 
technique previously reportedo. Microcapsules of ncminal c : P 

ratio of 1:2 wre prepared using a l l  three  d i f f e r e n t  m l e c u l a r  

w i g h t  DL-PLA polymrs . 
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Particle size and Specific surface area determination: 
Microcapsules, suspended i n  0.9% NaC1, s o l u t i o n  conta in ing  0.0001% 

Nonidet P40 as d i spe r san t ,  were rreasured by t h e  Coul te r  counter  
(&el TAII/PC A l  Accuconp) coupled to  a populat ion accessory and 
i n t e r f a c e d  wi th  an Apple IIe c q u t e r .  Measurements were also made 
a f t e r  d e a g g r e g a t i o n  by s o n i c a t i o n  f o r  30 s e c o n d s  ( K e r r y  

s o n i c a t o r ) .  The s p e c i f i c  s u r f a c e  area of t h e  microcapsules was 
calculated frcm t h e  particle s i z e  data of a known sample weight. 

D i s so lu t ion  studies: All d i s s o l u t i o n  test =re carried o u t  
using a U.S.P. XXI d i s s o l u t i o n  apparatus. The w h o l e  system was  
automated us ing  a spectrophotcrrreter ( P h i l i p s  PU 8620 W/VIS/NIR) 

and a computer (Opus PCII I )  to  capture and analyse data. 240 nm 
wave l eng th  was used f o r  ana lys i s .  The temperature  of d i s s o l u t i o n  

bath w a s  m i n t a i n e d  a t  lowr terrperatures, 10,  15, 20, 25OC using 
a c h i l l e r  u n i t  (Churchi l l  I n s t r u m n t ,  England) and 30° & 37% w a s  
maintained by i n b u i l d  h e a t i n g  s y s t e m  of  t h e  d i s s o l u t i o n  b a t h  

( C o p l y ) .  S t i r r i n g  ra te  was m a i n t a i n e d  a t  1 0 0  rpm a n d  t h e  
temperature  at 37OC. The d i s s o l u t i o n  rnedium was buf fe r  pH9. 50 q 
of microcapsules were introduced i n t o  t h e  f l a s k .  

RESULTS AND DISCUSSION 

Microcapsules (core:polymer, 1:2) conta in ing  phenobarbitone 
(PB) were prepared u s i n g  d i f f e r e n t  m o l e c u l a r  w e i g h t  DL-PLA; 

2 0 , 5 0 0  [DL-PLA11, 1 3 , 3 0 0  iDL-PLA21 a n d  5 , 2 0 0  iDL-PLA31. 
Disso lu t ion  tertlperatures ranging f r m  10% to 37OC =re used t o  

s t u d y  t h e  release properties i n  b u f f e r  a t  pH 9. The DL-PLA 
microcapsules conta in ing  PB microcapsues has  been found to  fo l low 
a s q u a r e  root o f  t i m e  d e p e n d e n t  release m e c h a n i s m  ( t o  be 
publ i shed) .  The "Higuchi" plots of t h e  release data f r a n  DL-PLA3 
a t  d i f f e r e n t  temperatures are shown i n  f i g .  1. This  shows t h a t  
v a r i a t i o n s  of  d i s s o l u t i o n  temperature did no t  change t h e  release 

rrechanisn, i.e. a l l  fo l low a tL/2 dependent release pa t te rn  after 
t h e  i n i t i a l  burst e f f e c t  and subsequent lag phase. Microcapsules 
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FI%[RE. 1. 
"Higuchi" plots of phenobarbitone release from DL-PLA3 

microcapsules (C:P, 1:2) at different tenpratures of dissolution. 
Temp. of dissolution, %: lOIA:15, ;20, V;25, tl ;30 ,Ah;37 ,  0 . 
Dissolutian conditions: Stirring rate, 100 qm; Buffer, pH 9. 
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RELEASE K I N E T I C S  OF PHENOBARBITONE 2261 

prepared f r m  DL-PLA1 and DL-PLA2 also showed similar release 
p a t t e r n .  The q u a n t i t y  of PB released during t h e  "burst" phase was 
reduced a t  lowr d i s s o l u t i o n  temperatures wi th  a l l  three polymr 
which is a t t r i b u t a b l e  t o  t h e  lower e x t r a c t i o n  o f  PB from t h e  

v i c i n i t y  of t h e  microcapsule su r face  as t h e  tenperature decreases. 
T h e  s t e a d y  s t a t e  release ra te  ( K h 2 )  o f  PB f r o m  t h e s e  

microcapsules w a s  also reduced wi th  a decrease i n  d i s s o l u t i o n  

taperature (Fig. 1 1, which correlates hell wi th  t h e  Arrhenius 
k i n e t i c  r e l a t ionsh ip :  

k = A e-WRT ..................... ( 1 1 

The use of t h e  release rate per u n i t  s p e c i f i c  su r face  area 
[IG,2/SSAI according to  t h i s  r e l a t i o n s h i p  gives an equat ion  2. 

where l o g A  would be a ternperatwe independent i n t e r c e p t  on 

t h e  "Yl' axis of the Arrhenius plot, log(Kh2/SSA) vs. 1/T (Fig.  2 ) .  
The slope of t h e  s t r a i g h t  l i n e  (Ea/2.303R) w i l l  allow t h e  
c a l c u l a t i o n  of  Ea OE a polymer unde r  specified d i s s o l u t i o n  
cond i t ions ,  such as pH of t h e  buf fer ,  s t i r r i n g  rate, etc. 

release rate ( K ~ ~ / S S A )  

from microcapsules prepared frcm a l l  three  DL-PLA polymrs s h o d  

a s t r a i g h t  l i n e  r e l a t i o n s h i p  (F ig .  2 )  i n d i c a t i n g  t h a t  v a r i a t i o n s  
i n  t h e  d i s s o l u t i o n  temperature caused changes i n  t h e  release rate 
a c c o r d i n g  t o  A r r h e n i u s  r e l a t i o n s h i p .  T h e  decrease i n  t h e  

n o r m a l i z e d  release ra te  w i t h  t h e  decrease i n  d i s s o l u t i o n  
teqerature is a t t r i b u t a b l e  to t h e  lowering of PB s o l u b i l i t y  i n  

t h e  bulk so lu t ion .  I n  add i t ion ,  decreased tenperature w i l l  also 
decrease t h e  i n t r i n s i c  d i € f u s i v i t y ,  because of t h e m p l a s t i c  

nature of t h e  polyn-ers. 
The slo,oes of t h e  Arrhenius  plot is represented  by Ea/2.303R1 

which is a func t ion  of a c t i v a t i o n  energy. The calculated va lues  

were 2.9, 4.16, and 5.54 Kcal/mle for t h e  polymrs DL-PLAl, DL- 

A r r h e n i u s  plots  of t h e  n o r m a l i z e d  
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FEmE. 2. 
Arrhenius plot of normalized steady state release rates 

(Kh2/SS~) frcm microcapsules (C:P, 1:2) of different mlecular 
weight polyroer. Microcapsules of polymr: DL-PLA1, 0 ;DL-PLA2, A ; 
DL-PLA3, . Dissolution conditions: Stirring rate, 100 rpm; 
Buffer, pH 9. 

PLA2 6 DL-PLA3 respectively. These values will depend on many 
factors within the microcapsule system, such as, core properties, 
polpr properties, and dissolution conditions. In this study, all 
the parawters =re kept constant, except the mlecular wight of 
the DL-PLA polpr used to prepare the microcapsules, so that any 
changes in the "Ea" would be associated with the polymer 
properties and molecular weight. When the "Ea" values for 
different DL-PLAs =re plotted against their mlecular wight a 
straight line relationship was found (Fig. 31, indicating an 
increase of activation energy with a corresponding decrease in the 
polyn-er mlecular wight. This is attributable to variations in 
intrinsic polymer properties in response to temperature 

9 
variations. The low molecular DL-PLA polywr showed lower T 
value. When reduction of PB solubility is achieved by reducing 
dissolution temperature the latter will also affect the glass 
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FIGURE. 3. 
Effec t  of DL-PLA polymr m l e c u l a r  w i g h t  on t h e  ac t iva t ion  

energy (Ea, c a l c u l a t a l  fram the  slopes of f i g  2 . ) .  

t r a n s i t i o n  tenperature (T 1 of these glassy polymrs.  I n  addition, 

the mrphological  changes during d isso lu t ion  e r e  also affected by 
the terrsperature. DL-PLA3 microcapsules undergo extensive pore 
format ion  and c r a c k i n g  d u r i n g  d i s s o l u t i o n  a t  37OC, but  SEM 

s tudies ,  a f t e r  dissolut ion a t  10% f o r  15 hours, s h o e  f e w r  
pores and less f ragwnta t ion .  By cont ras t ,  t h e  microcapsules from 
t h e  high molecular  weight polymer, DL-PLA1, showed l i t t l e  
d i f f e r e n c e  i n  morphology a f t e r  d i s so lu t ion  under t h e  same 
conditions.  Degradation and erosion of DL-PLA increases with an 

J 

increase i n  tenperature 11,12 

T h i s  r e l a t i o n s h i p  between Ea and DL-PLA polymer molecular  
weight is p o s s i b l y  o n l y  an empirical one, a p p l i c a b l e  o n l y  t o  
t h e s e  microcapsule system. The c a l c u l a t e d  "Ea" v a l u e s  were 
obtained f r m  t h e  dissolut ion data of pH 9 and m y  b d i f f e r e n t  a t  
o t h e r  pHs. I t  h a s  b e e n  f o u n d  t h a t  t h e  release f r o m  t h e s e  
microcapsules  is p r o p o r t i o n a l  to  t h e  s o l u b i l i t y  of PB i n  t h e  
dissolut ion mdiurn ( to  be published).  Therefore, any change i n  t h e  
"Ea" due to t h e  changes in  p H  of t h e  dissolut ion medium w i l l  also 

be proportional,  provided other  paramters remain constant. 
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Polymer : 
DL-PLA1 
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Polymer: 
DL-PLA1 0 
DL-PLA2 A 
DL-PLA3 1 

L I I I I J 
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TEMPERATURE OF DISSOLUTION ( OC 

FIGURE. 4. 
Effect of dissolution temperature on the dynamic lag time 

(Tlag) of microcapsules (C:P, 1:2) .  Microcapsules of ,oolymr: DL- 
PLAl, 0 ; DL-PLA2, A ; DL-PLA3, . Dissolution conditions: 
Stirring rate, 100 rp; Buffer, pH 9. 

pu;uRE. 5. 
Effect of dissolution temperature on the time for 50% PB 

release (TS0%) of microcapsules (C:P, L:2) .  Microcapsules of 
polpr: DL-PLA1, 0 ; DL-PLA2, A ; DL-PLA3, m . Dissolution 
conditions: Stirring rate, 100 rpm; Buffer, pH 9. 
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RELEASE KINETICS OF PHENOBARBITONE 2265 

Reduction of the dissolution temperature exponentially 
increases the "dynamic" lag tire (Fig. 4) attributable to the 
reduced dydrodynamic activity of water at the lower teprature. 
This causes a longer polymr hydration tin-e for the d r a n e ,  
thereby exponentially increasing the lag phase. In addition, by 
lowering the dissolution temperature the polymr chain m v e n t  
will also be reduced, which will inp& water penetration into the 
&rane mre than at higher temperatures. Thus the low mlecular 
weight pol- DL-PLA3 did not shcw any lag phase at 33 6r 37OC, 
which is close to the Tg of this polymer; and when the 
temperature was reduced further, a significant lag phase was 
observed (Fig. 11, which increased exponentially with the 
reduction of temperature (Fig. 4 1. DL-PLA1 & DL-PLA2 showed a lag 
phase at a l l  tenperatures and the extent of which follows the 
sam pattern as in DL-PLA3. The tim for 50% release (T50%) also 
increased exponentially with the decrease in terrperature (Fig. 5 ) ,  

which was responsible for both an increase in the "dynamic lag 
tire" and a lowering of the release rates. 

CONCLUSION 

It can be concluded from this study that the release 
properties of the low mlecular wight drugs form poly(DL-lactic 
acid) is temperature dependent, which may be attributable to both 
reduction of core solubility in the bulk phase and lowring of 
diffusivity of the polyrer mmbrane. The latter is also dependent 
on the polymer molecular weight. A known value of "Ea" of a 
particular polpr will allow in the prediction of release rates 
in different temperatures. 
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