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ABSTRACT 

The mechanism o f  release o f  c l o € i b r a t e  from 

mic rocapsu le s  p repa red  i n  a ge la t in - sod ium s u l f a t e  

sys t em h a s  been i n v e s t i g a t e d .  A t h e o r e t i c a l  model 

vas developed to  e x p l a i n  the release p a t t e r n  of t h e  

drug  from t h e  microcapsules .  I t  w a s  shown t h a t  the 

release of t h e  drug  fo l lowed f o u r  stages g i v i n g  in-  

d i v i d i a l  zero-order p r o f i l e s .  

f rola t h e  th in -wa l l ed  mic rocapsu le s  showed greater 

d e v i a t i o n  from t h e  zero-order k i n e t i c s  b u t  fo l lowed  

the square-root of t h e  ti- plots. Microcapsules 

The o v e r a l l  =lease 
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6 30 

having t h i c k e r  wal l s  approximated  o v e r a l l  z e r o - o r d e r  

release b u t  d e v i a t e d  from t h e  squa re - roo t  of tine 

p l o t s .  The e f f e c t  of harden ing  on t h e  release p r o f i l e s  

and  possible explana t ion .  f o r  t h e  d i f f e r e n c e s  o b s e r v e d  

i n  t h e  release of c l o f i b r a t e  from t h e  t h i n - w a l l e d  and 

t h i c k - u a l l e d  m i c r o c a p s u l e s  are discussed. 

C l o f i b r a t e  IJSP is P l i q u i d  f iypocl ro1es te roI~:mic  aqanL 

which p u ~ s e u s r ? s  an u n p l e a s a n t  oJor and  tas te ,  and  is ad- 

miriisLet‘cd a t  rather Crcqucnt t i m e  i i i tervdls ( 1 ) .  f tccause 

s€ t h e s e  p r o p e r t i u s ,  r i c r o u n c a p i i l o t i o n  ot  tlic drwj mrly 

r e s u l t  In  a more a c c e p t a b l e  and  e € f r c t i v e  dosaye €om. 

S i m p l e  c o a c e r v a t i o n  u i t h  cjcrlatin h a s  been known for  

mdny years ( 2 1  and h a s  Lreri s t u d i e d  as a means of microciicnp- 

su ld t io ib  for  v a r i o u s  p h a r m a c e u t i c a l s  and ctiumicalr  L 1-6) . 
Only a few reports of the 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  of 

such  mic rocapsu le s  a r e  a v a i l a b l e  ( 1 , 7 ) ,  p o s a i b l y  because  

of t h e  d i f f i c u l t y  of o b t a i n i n g  discrete, f r ee - f lowing ,  and 

r e p r o d u c i b l e  m i c r o c a p s u l e s  ( 8 )  . 
A r e c a n t  i n v e s t i g a t i o n  reported t h a  m i c r o e n c a p s u l a t i o n  

of c l o f i b r a t e  by simple coacervation i n  a g e l a t i n - s o d i u m  

s u l f a t a  system (1). Tbr m i c r o c a p s u l e s ,  which were ha rdened  

up to a hours w i t h  fornalrhhyde uese recova red  a s  discrete, 

free-f lowing p a r t i c l e s .  D f 8 s o l u t i o n  of c l o f i b r a t a  from t h e  

m ~ c r o c a p 8 u l e 8  uas n o t  a d q u a t e l y  described by either square 

mot oL tiar or  l angonbudre r  K l n e t i a  b u t  followed pre-  

dominantly zero-order r e l e n s e  p a t t e r n  a t  a l l  hardening. t ines 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CLOCIBRATE HICROCAPSULHS. XI1 

A l i n e a r  c o r r e l a t i o n  was, however. found between t h e  harden 

time and t5,,$ release time. 

Another r e c e n t  i n v e s t i g a t i o n  reported t h e  e f f e c t  of W i i  

631 

n!l 

1 

th ickness  on t h e  r e l e a s e  c h a r a c t e r i s t i c s  of  c l o f i b r a t e  from 

the microcapsules ( 9 ) .  The w a l l  th ickness  of t h e  micro- 

capsules  w a s  c a l c u l a t e d  by recovering t h e  w a l l  m a t e r i a l  from 

t h e  microcapsule? and using t h e  r e l a t i o n s h i p  between two 

c o n c a n t r i c  sphere.. The w a l l  th ickness  of t h e  microcapsules 

w a a  found t o  be related t o  t h e  s u r f a c e  area of t h e  c l o f i b r a t e  

d r o p l e t s  being encapsulated. Thinner w a l l e d  a i c m c a p s u l e s  

gave f a s t e r  r e l e a s e  and showed g r e a t e r  d e v i a t i o n  from zero 

o r d e r  k i n e t i c s  b u t  followed t h e  square root of t i m e  p l o t s .  

Microcapsules having t h i c k e r  walls approximated zero  o r d e r  

release b u t  doviated from square  mot of time p l o t s .  

This i n v e s t i g a t i o n  discruses t h e  mechanism of r e l e a s e  

of clofibrate from t h e  microcapsules encapsula ted  by simple 

coacerva t ion  i n  a g e l a t i n - s o d i u r . 8 u l f a t e  system. 

EXPERIMENTAL 

Materials : 

A l l  materials used were of USP or reagent  grade and were used 

without  f u r t h e r  p u r i f i c a t i o n .  The g e l a t i n  used had t h e  f o l l w -  

inq  s p e c i f i c a t i o n 8  as provided by t h e  manufacturer:  1 

TYea: Type B-Lime Treated 

B l o o m :  275 

~ 

'p. Miner and Sonsr America Inc., S t ,  Claire Shores, Mich. 
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632 

V i s c o s i t y  : 63 .9  mps 

pti (of s o l u t i o n  o f  g e l a t i n )  5.70 

mis t u r e  : 10.5% 

Isoionic P o i n t :  4.9  

- Produc t ion  oC Monodisperse Spheres: 

The method used for t h e  p r o d u c t i o n  of monodisperse  

spheres of c l o f i b r a t u  L iqu id  was similar to  t h a t  reported 

i n  t h e  earlier i n v e s t i g a t i o n s  ( l , 9 l .  I n  o r d e r  t o  a t t a i n  

u n i f o m i t y  of  d r o p l e t  p r o d u c t i o n ,  a l l  e x p e r i m e n t s  were con- 

ducted under i d e n t i c a l  c o n d i t i o n s  u s i n g  sane c a p i l l a r y  and  

f o r c i n g  c l o f i l r a t e  from t h e  c a p i l l a r y  under  same a i r  p r e s s u r e .  

The d r o p l e t s  l e a v i n g  t h e  c a p i l l a r y  were allowed * to f a l l  

i n t o  t h e  g e l a t i n  s o l u t i o n  v h i c h  w a s  c o n t i n u o u s l y  stirred to 

p r e v e n t  coalesconccr o f  c l o f i b r a t e  d r o p l e t s .  

Mic roencapsu la t ion  Procedure :  

Simple c o a c e r v a t i o n  w a s  used to a c h i e v e  o i c r o e n c a p s u l a -  

t i o n  ( I ) .  A l l  e x p e r i m e n t s  were conduc ted  unde r  i d e n t i c a l  

c o n d i t i o n s  w i n g  s a m  or similar equipment .  C a a c e r v a t i o n  

Was carried o u t  a t  40° u s i n g  a water b a t h  m a i n t a i n a d  a t  

40+Lo. G e l a t i n  s o l u t i o n  w a a  p r e p a r e d  by s o a k i n g  10 g oL 

g e l a t i n  i n  100 mi of d i s t i l l e d  water, a l l o w i n g  it to h y d r a t e  

o v e r n i g h t  and  t h e n  warming to 40' to  e f f e c t  s o l u t i o n .  F o r t y  

m i l l i l i t a r a  o f  clotibrate l i q u i d  i n  t h e  torn of monod i spe r se  

s p h e r e s  w a s  t h e n  added to  t h e  g e l a t i n  s o l u t i o n  and t h e  m i x t u r e  

war stirred c o n t i n u o u s l y  a t  30 rpm to p r e v e n t  coaleacance of 

c l o f  ibrate d r o p l e t s .  
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CLOPIDRATE nImmsUtES. XII 633 

A f t e r  s t i r r i n g  f o r  abou t  5 minutes ,  a 20% w/w s o l u t i o n  

of sodium s u l f a t e ,  also a t  40'. w a s  added to  t h e  mix tu re .  

S t i r r i n g  w a s  c o n t i n u e d  €or 1 5  more minu tes  to e n s u r e  comple t e  

e n c a p s u l a t i o n  and t h e  format ion  o f  coilcervlrtc ccwtcd spltcrrs 

w a s  v e r i f i e d  m i c r o s c o p i c a l l y  . The p roduc t  was t hen  ~ ~ r ~ t i r c d  

i n t o  500 ml of  a 7% w/w sodium s u l f a t e  s o l u t i o n  a t  a b o u t  4O 

to  g e l  t h e  l i q u i d  s h e l l  o f  the microcapsu le s .  The m i x t u r e  

w a s  m a i n t a i n e d  a t  less t h a n  l o o  and  stirred c o n t i n u o u s l y  l or  

30 more minu tes  to comple te  t h e  g e l  l i n g  p r o c e s s .  

Recovery of Microcapsules :  

For t h e  pu rposes  o f  t h i s  i n v e s t i g a t i o n  i t  was e s s e n t i a l  

t o  o b t a i n  mic rocapsu le s  i n  t h e  form of a f r e e - f l o u i n y  powder. 

The method of Madan et  a l .  (8 , lO)  w a s  mod i f i ed  s l i q h t l y  a s  

reported in t h e  earlier i n v e s t i g a t i o n .  ( 1 , 9 )  and  chilled 

i s o p r o p a n o l  w a s  added to  t h e  p r o d u c t  to  d e h y d r a t e  and  f l o c c u -  

l a te  t h o  coacervated d r o p l e t s .  The mic rocapsu le s  w e r e  a l l owed  

to  settle, and  t h e  mother l i q u o r  w a s  decanted .  The p r o d u c t  

w a s  washed w i t h  chil led i s o p r o p a n o l ,  and allowed t o  a i r  d r y  

a t  room t e m p e r a t u r e  to  y i e l d  mic rocapsu le s  as discrete 

p a r t i c l e s  i n  t h e  form of a f r ee - f lowing  powder. 

D i s s o l u t i o n  S t u d i e s :  

The mic rocapsu le s  o b t a i n e d  were f i r s t  hardened  by 

i nmers ing  p o r t i o n s  o f  mic rocapsu le s  i n  a 10% s o l u t i o n  OF 

formaldehyde i n  i s o p r o p a n o l  f o r  0 ,  1, 2 ,  4 ,  and 8 hours .  Ten 

m i l l i l i t e r s  o f  t h e  ha rden ing  s o l u t i o n  w a s  used  f o r  eacil gram 

oL t h e  mic rocapsu le s .  The ha rden ing  s o l u t i o n  was later tested 

t o  de te rmine  i f  any c l o f i b r a t e  had l eaked  o u t  d u r i n g  ha rden ing  

trea t n n t .  
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634 MUDAN 

The hardened, dried microcapsules were then evaluated 

for their ability to resist release of the encapsulated 

Jrucj u s i n g  the modified f l a s k  method described in previous 

reports (1.9). The method consisted of a 1000 al, thrcc 

necked round-bottomed flask, with a 6 ca hole cut in the 

center to accommodate the entrance of a 5 cat propeller. 

A 600 ral quantity of the dissolution medium (309 isopropaiiol 

solution in water), preheated to 37' was added to the flask 

immersed in a water bath maintained at 37+0.S0. 

blade, 5 cm diameter, polyethylene propeller was inserted 

through the center opening of the flask and immersed in the 

dissolution medium to a depth of 27 ma. The propeller was 

cantered and used at a stirring rate of 54 rpm using a con- 

A three 

- 
stant speed motor.' 

Dissolution was followed by examining triplicate samples 

containing approximately 30 mg of the drug. In each case the 

microcapsules were placed on tha surface of the dissolution 

laodiup and allowed to settle. At appropriate time intervals, 

sampler of tho dissolution medium were withdrawn using a pipet 

fitted with a cotton plug: 

medium was maintained by the addition of an equal v o l ~ a  of the 

dioaolutlon raadrua after each 5 a1 sample WOS withdrawn. In 

each case, the cotton plug was added to thr dissolution 

mixture. Concentrations were detoriniiiod spectrophoto- 

wtrrcaliy at 226 mu after appropriate dilutions were made. 

A constant volume o f  the dissolution 

2SYNClt~OW ~048tant speed motor n0d.l KL2Rc 5-712. 
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CLOFIBBATE MICROCAPSULES. 111 635 

Assay P rocedure  f o r  T o t a l  C l o f i b r a t e  Content  of Microcapsu le s  : 

T r i p l i c a t e  samples  of approx ima te ly  30 n q  of t h c  micro- 

c a p s u l e s  were a c c u r a t e l y  weiqhcd and  placed i n  a 150 w l  I i a t w -  

g c n i z i n g  f l a s k  c o n t a i n i n g  50 m l  o €  30% i s o p r o p a n o l .  The 

samples  were t h e n  comple t e ly  r u p t u r e d  u s i n g  a V i r t i s  b l ende r '  

a t  its maxinun speed. I n  each  case, two samples w e r e  b l ended  

for 10 minu tes  and  complete r u p t u r e  w a s  i n s u r e d  by b l e n d i n g  a 

t h i r d  sample for 15 minu tes  w i t h  no observed i n c r e a s e  i n  drug  

c o n t e n t .  Complete c o l l e c t i o n  from the f l a s k  assembly w a s  in -  

s u r e d  by washing w i t h  50 m l  o f  30s i s o p r o p a n o l  in water. 

A l i q u o t s  w e r e  t h e n  f i l t e r e d  and  d i l u t e d  to  an a p p r o p r i a t e  

volume for s p c c t r o p h o t o r a e t r i c  a s s a y  a t  226 mu. 

RESULTS AND DISCUSSION 

P r e p a r a t i o n  of Uniform Drug P a r t i c l e s :  

P r e p a r a t i o n  of cloPibrate droplets by t h e  c a p i l l a r y  d r o p  

method r e s u l t e d  i n  uni form s p h e r e s  w i t h  a mean p a r t i c l e  diameter 

of 190 2 10 u when t h e  rate oE p r o d u c t i o n  was restricted to 

100 to 120 particles per minute.  The r c s u l t i n g  p a r t i c l c s  

were e s s e n t i a l l y  monodisperse  and i d e a l l y  s u i t e d  to crtca(>suln- 

t i o n  and d i s s o l u t i o n  s t u d i e s .  

P r e p a r a t i o n  and  Recovery of Microcapsuies :  

Some new t e c h n i q u e s ,  o t h e r  t han  those prevLous ly  described 

(1,B-lO) w e r e  attempted t o  o b t a i n  t h e  microcapsules i n  an 

'Model 45 ,  V i r t i s  Research Equipment, Ca rdne r ,  New York. 
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a c c e p t a b l e  form, i . e . ,  d i s c r e t e ,  f r e e - f l o w i n g  p a r t i c l e s .  

None o f  t h e  new t e c h n i q u e s  were as s u c c e s s f u l  as t h e  one  

described i n  earlier i n v e a t i g a t i o n s .  The o n l y  s u c c e s s f u l  

method o f  o b t a i n i n g  the m i c r o c a p s u l e s  as discrete p a r t i c l e s  

i n  a non-aggregated form uaa thr i a o p r o p a n o l - t r e a t m e n t  

t echn ique  ( I ,  8-10] . 
D i s s o l u t i o n  S t u d i e s  : 

In a l l  caaes studied t h e  release of c l o f i b r a t e  from t h e  

mic rocapsu le s  was l i n e a r  o v e r  t h e  major p a r t  of t h e  d i s s o l u t i o n  

p r o c e s s  (1). The n o n - l i n e a r i t y  observed i n  the end  p o r t i o n s  

o f  t h e  g raph  h a s  a l r e a d y  been  e x p l a i n e d  i n  the  p r e v i o u s  r e p o r t s  

(1) on the basis o f  a model d e p i c t i n g  tho v a r i o u s  stages of 

t h e  d i s s o l u t i o n  p rocesa .  

I n  order to  study t h e  mechanism of release of c l o f i b r a t e  

from the m i c r o c a p s u l e s ,  s e v e r a l  release m e c h a n i s m  were 

examined (1) , b u t  none of t h e s e  models c o u l d  e x p l a i n  t h e  

meclianisa o f  release s a t i s f a c t o r i l y .  F o r  example ,  n e i t h e r  

t h e  squa re - roo t  of t i m o  p l o t s  n o r  t h e  Langenbucher cube-coot 

d i s s o l u t i o n  p l o t s  y i a l d d d  l i n e a r  g raphs .  

c u r v a l i n c a r  a t  a l l  ha rden ing  times s t u d i e d .  I t  t h e r e f o r e  

f o l l o w s  t h a t  t h e  release o f  c i o t i b r a t e  froa the m i c r o c a p s u l e s  

does n o t  f o l l o w  t h u  c o n v e n t i o n a l  classical approaches  p roposed .  

T h i s  may Ln because  t h e  m a t r i x  of c l o f i b r a t e  m i c r o c a p s u l e s  

pe rhaps  doas n o t  n e c e s s a r i l y  behave s imi l a r  to t h o s e  used  f o r  

e x p l a i n i n g  t h e  cl ilssical w c h a n i s a a  reported €or t h e  release 

sf medicaments Croa solid matrices or from un i fo rm non-dis in-  

e q r a t i n g  g ranu le s .  

These  g r a p h s  were 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CLOFIBRATE nrcRmsvus.  1x1 637 

Re-examination of t h e s e  p l o t s  reveals t h a t  uhat appears 

to be a c u r v e l i n e a r  graph nay i n  f a c t  b e  composed of scqmcnts 

of var ious  l i n e a r  p o r t i o n s ,  each with  a d i f f e r i n g  slope. For 

example, t h e  square-root of time p l o t  ( F i g .  1) shows t h a t  each 

release curve may be drawn as segments of l i n e a r  p o r t i o n s .  The 

r e l e a s e  Lrom t h e  unhardened microcapsules  is thus shown as  

4 8 12  16 20 
(MINUTE!%)4 

FIGURE 

s(zuARB-Roo1 OF TIME PLOTS FOR HICROO\PSULES tlARDEfiED FOR 

A 0 h r . ,  0 1 h r . ,  U 2  h r . ,  0 4 h r . ,  V 8  hS. 
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compr i s inq  o f  t h r e e  L i n e a r  s eqmen t s  whereas t h e  ha rdened  micro- 

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

segments i n  e a c h  case show a p r o q r e s s i v o  i n c r e a s e  i n d i c a t i n g  

t h e  i n c r a a s v  i n  release rate as  a f u n c t i o n  OC d i s s o l u t i &  t i m e .  

The slopes of t h e  

S i m i l a r l y ,  t h e  Langenbucher cube - roo t  d i s s o l u t i o n  p - lo t s  

a l s o  a p p e a r  to  b e  composed of  L i n e a r  s egmen t s  (Fig. 2 ) .  Dut 

i n  t h i s  case t h e  release from t h e  unhardened  n i ic rocapsukes  

1 I I I I 
00 160 240 320 400 
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CLOPIBRATE t4ICXOCAPSULES. 111 639 

a p p e a r s  to  be comprised of t w o  segments  and that  from t h e  

mic rocapsu le s  hardened  f o r  one  hour  shows t h r e e  segments.  

Here also t h e  number o f  segments i n c r e a s e  as t h e  hardcninq  

time i 8  i n c r e a s e d .  The s l o p e s  o f  t h e  segments i n  each case 

decrease w i t h  t i m e .  This is because  i n  t h i s  case t h e  p l o t  

f o l l o w s  amount remain ing  t o  be released. 

I t  1s clear from Figs .  1 and 2 t h a t  the m a t r i x  or' 

c l o f i b r a t e  mic rocapsu le s  d i f f e r s  f rom t h a t  proposed  i n  t h e  

release of d r u g s  From s o l i d  matrices or from uni form,  non- 

d i s i n t e g r a t i n g  g r a n u l e s .  I n  t h e  l a t te r  cases the m a t r i x  is 

b e l i e v e d  to be uni form or homogeneous i n  t h e  s e n s e  t h a t  e i ther  

i t  behaves  as a s i n g l e  l a y e r  or each  l a y e r  o f  t h e  m a t r i x  is 

s imi l a r  t o  t h e  p r e c e d i n g  as w e l l  a s  t h e  f o l l o w i n g  l a y e r  so 

f a r  as the release characteristic o f  t h e  drug is concerned .  

In  t h e  case of c l o f i b r a t e  mic rocapsu le s  the matrix a p p e a r s  

to  be composed of v a r i o u s  e f f e c t i v e  l a y e r s  which seem to 

exh ib i t  d i f f e r e n t  release c h a r a c t e r i s t i c s .  

T h h  concep t  can  be s u p p o r t e d  by t h e  fo l lowing  e x p l a n a t i o n .  

In preparing c l o f i b r a t e  mic rocapsu le s ,  sodim s u l f a t e  is added 

t o  t h e  g e l a t i n  d i s p e r ~ i o n  to create a n  i n s u f f i c i e n c y  o f  water 

f o r  t h e  total sys t em and t h u s  cause  (simple) c o a c e r v a t i o n .  

S i n c e  conrmrcial g e l a t i n s  are n o t  homogeneous wi th  respect t o  

molecular we igh t  or molecu la r  we igh t  d i s t r i b u t i o n  (11,12) , 

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

selective f r a c t i o n a t i o n  o f  g e l a t i n ,  i.e., t h e  h i g h e r  m l c c u l a r  

we igh t  g e l a t i n  molecu le s  undergo w a c e r v a t i o n  f i r s t ,  Followed 

by t h e  n e x t  lower molecu la r  u e i g h t  f r a c t i o n .  The e x t e n t  

of f r a c t i o n a t i o n  w i l l  n a t u r a l l y  depend upon t h e  d e g r e e  o f  

h y d r a t i o n  produced which is governed  by t h e  amount of 
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640 HADAH 

sodium s u l f a t e  added t o  t h e  system. The mic rocapsu le s  

formed as a r e s u l t  O C  simple coace rva t ion  p r o c e s s  t h e r e f o r e  

may c o n s i s t  of an e s s e n t i a l l y  a u l t i l a y e r e d  w a l l  of  v a r i o u s  

g e l a t i n  f r a c t i o n s .  I f  one added sodiuP s u l f a t e  s lowly and 

i n  small increments  then it m y  be possible to  produce d 

microcapsule having a s h e l l  w a l l  t h a t  is composed of 

s e p a r a t e  layers which a r e  d i s t i n c t  from each o t h e r .  On 

t h e  o t h e r  hand, a d d i t i o n  of sodium s u l f a t e  e i t h e r  r a p i d l y  

or i n  a lump-sup q u a n t i t y  m y  produce a s h e l l  w a l l  which 

may or may n o t  be so d i o t i n c t  because t h e  f r a c t i o n a t i o n  i n  

t h i s  case nay n o t  be w e l l  & f i n e d  i n  ternre OC molecu la r  

u s i g h t  o r  molecu la r  w i g h t  d i s t r i b u t i o n  of g e l a t i n .  

would bc trw i n  a l l  coaca rva t ion  p rocedures  u t i l i z i n g  

g e l a t i n  or s i m i l a r  heteroqenoour, wall-forming materials. 

T h i s  

Thus, t he  releaae p a t t e r n  of c l o f i b r a t e  from t h e  micro- 

capsu le s  will depend upan the n a t u r e  of the mic rocapsu le  wall. 

I n  t h e  prasent i n v e s t i g a t i o n  ft appea r s  that  t h e  m i c r o -  

c a ~ e u l e  wall is composed of var ioua  l a y e r s  whicb possess 

d i f f e r e n t  releiwe c h a r a c t e r i a t i a .  In order to check t h e  

r e p r o d u c i b i l i t y  , m i c m c a p w l e r  ware p repa red  on s e v e r a l  

occasions using similar e q u i p m n t  and under i d e n t i c a l  

con& t i o n s .  The release c h a r a c t e r i s t i c s  were always found 

to be w i t h i n  narrow l i m i t . .  

of tima p l o t 8  of the releaaa OC c l o f i b r a t e  froa the micro- 

capsules hardened for 8 hours.  Each point i n  t h e  graph is 

the average and t h e  v e r t i c a l  l i n u  show t h e  range of d i s -  

s o l u t i o n  data obtainmi froa every batch. 

Pig. 3 ahou8 t h e  s q u a r e  root 

There 18 a d i s t i n c t  advuatage i n  conver t ing  the curno- 

The slopes L i n u r  graph i n t o  th. srq.l.n+.d l i n e a r  graph. 
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20 

FIGURE 3 

--Roar OF TIME PtOT FOR MICROCAPSULES tWlDf5NED FOR 8 hrs. 

of the l i n e a r  segments of su& graphs i n d i c a t e  t h e  r e s i s t a n c e  

t o  mass t r a n s f e r  through each e f f e c t i v e  l a y e r  of t h e  m i c r o -  

capsule  w a l l .  Theae Slop08 can then  be used to  e x p l a i n  

whether or n o t  the proces8 being  examined i8  o p e r a t i v e .  

T8bles I and 11 list t h e  #lope8 of t h e  l i n e a r  segments 

calculated froa ?ig#. 1 and 2 r e s p e c t i v e l y .  The slopes 

listad i n  Table  I i n d i c a t e  that t h e  relea8e of clofibrate 

from each l a y e r  is an additiv8 funct ion  which is n o t  SO 
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SEGMENT 

SLOPES OF LINEAR SECHENTS PROM 

SQUARE-ROOT OP TIM P U T S  

SLOPE OP THE LINEAR SEGMENT M R  
THE MICROCAPSULES HARDENED FOR 

0 h r  1 h r  2 h r  4 h r  8 hr  

8 3 2 2 1 

13 6 4 3 2 

2 1  9 6 5 3 

11.1 10.8 9.6 6.8 

TABLE 11 

SLOPES OF IJ#BAB SSGMEMTS FROM 

CUBE-ROOT DIssoLuTIoN PLOTS 

S EGHENT SUPS OF T= LINEAR SEGMENT (~10'~) 
FOR THE MICROCAPSULES HARDENED FOR 

0 hr' 1 hr  2 hr  4 hr 8 h r  

1 -143.9 - 45.24 -2S.56 -16.67 - 9.29 
2 -227.3 - 83.33 -34.38 -22.81 -11.76 

3 -121.88 -52.50 -26.09 -16.67 

-69.57 -48.00 -22.86 4 

5 -37.04 -26.37 

fn tha ca8a of slopma listed fa Tabla 11. 

tha slope of tho f irot  s r q r u r t  p l u  tha .lopa of tha second 

sagmnt y i e l d .  tha slope of tha third segmnt. 

the .lop. of tha second 8ogmant p l t u  tha slopm of the 

third sagmont yield. tha slop. of tha fourth 8rgarnt. and 

so on. 

For exampla 

Similarly, 

C h a r l y ,  this is tha case toc tha SlOpm8 listed in 
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T a b l e  I (square-mot o f  time plots) b u t  not  f o r  t h o s e  l i s t e d  

i n  T a b l e  11 (cube-root p lo ts ) .  

The release o f  c l o f i b r a t e  from t h e  mic rocapsu le s  

t h e r e f o r e  a p p e a r s  to  follow t h e  d i f f u s i o n  or t e a c h i n g  model 

c h a r a c t e r i s t i c  o f  t h e  square-root o f  time p l o t s .  T h i s  can  

be f u r t h e r  conf inned  when one a p p l i e s  t h e  s e q u e n t i a l  sub- 

t ract ion t e c h n i q u e  to obtain t h e  slope of t h e  a a j a c c n t  scg- 

ment. To do t h i s ,  a s t r a i g h t  l i n e  is f i t t e d  th rough  t h e  

end  p o r t i o n  o f  t h e  g raph  and a p l o t  is made o f  t h e  d i fCcrcnco  

between t h e  o r d i a n t e  v a l u e s  of t h e  o r i g i n a l  data p o i n t s  and 

the r e su l t an t  e x t r a p o l a t e d  s t r a i g h t  l i ne .  The s u b t r a c t i o n  

employed f o r  one o f  t h e  segments of t h e  mic rocapsu le s  

hardened f o r  8 h o u r s  is shown in Pig .  3. 
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