
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 3(4),  309-314 (1977) 

PRODUCTION OF A COACERVATE FILM 

FOR MICROCAPSULE DIFFUSION STUDIES 

Anthony Pa lmier i  111 
School of Pharmacy 

The University of Wyoming 
Laramie, Wyoming 82071 

ABSTRACT 

Unt i l  t he  las t  f i v e  yea r s ,  study of microcapsules formed by 
complex coacervation has been approached almost e n t i r e l y  on an 
empi r i ca l  bas i s .  
complex coacervation is respons ib le  f o r  t h e  sus t a ined  r e l e a s e  
c h a r a c t e r i s t i c s  of t h e  dosage form. Because d i s s o l u t i o n  of t h e  
drug from microcapsules i s  o f t en  l imi ted  by t h e  s t r u c t u r e  and 
na tu re  of t h e  s h e l l  w a l l ,  of prime i n t e r e s t  would be t h e  con- 
s t r u c t i o n  of an acac ia-ge la t in  f i lm  f o r  d i f fus ion  s tud ie s .  
Apparent optimal condi t ions  f o r  production of t h e  coacervate 
f i l m  were developed. The condi t ions  were similar t o  those  used 
t o  produce microcapsules by var ious  researchers .  These condi- 
t i o n s  produced a coacervate f i l m  which could be cu t  i n t o  two 
square centimeter s ec t ions  apparently s u i t a b l e  f o r  d i f fus ion  
s t u d i e s .  
from s t r u c t u r a l  de fec t s  when observed wi th  a stereo-microscope. 

The ge la t in-acac ia  coa t ing  formed through 

Films produced by complex coacervation appeared f r e e  

Un t i l  t h e  l a s t  f i v e  years ,  s tudy  of microcapsules formed by 

complex coacervation has been approached almost e n t i r e l y  on an 

empir ica l  b a s i s .  Only r ecen t ly  has  i t  been poss ib l e  t o  s tudy  

microcapsule d i s so lu t ion  and important parameters such a s  w a l l  

th ickness  (l), optimum coacervation pH ( 2 ) ,  consumption of cross- 

l i nk ing  agents (3), and e l e c t r o n  microscopy t o  determine su r face  
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310 PALMIER1 

c h a r a c t e r i s t i c s  ( 4 ) .  D i f f u s i o n  o r  l e a c h i n g  through t h e  g e l a t i n -  

acacia s h e l l  w a l l  h a s  been shown t o  b e  t h e  rate l i m i t i n g  s t e p  

a t  least  f o r  a segment of t h e  d i s s o l u t i o n  ( 2 ) .  This  g e l a t i n -  

acacia c o a t i n g  formed through complex c o a c e r v a t i o n  and cross -  

l i n k e d  w i t h  formaldehyde o r  g l u t e r a l d e h y d e  i s  r e s p o n s i b l e  f o r  

t h e  s u s t a i n e d  release c h a r a c t e r i s t i c s  of t h e  dosage form s i n c e  

t h e  d i s s o l u t i o n  media m u s t  d i f f u s e  through t h e  s h e l l  w a l l ,  

d i s s o l v e  t h e  e n c a p s u l a t e d  drug and t h e  drug  d i s s o l v e d  i n  t h e  

s o l v e n t  must permeate  o u t  through the she l l  w a l l  i n t o  t h e  t o t a l  

d i s s o l u t i o n  f l u i d .  

Because d i s s o l u t i o n  of  t h e  drug  from microcapsules  i s  

o f t e n  l i m i t e d  by t h e  s t r u c t u r e  and n a t u r e  o f  t h e  s h e l l  w a l l ,  of 

prime i n t e r e s t  would b e  t h e  c o n s t r u c t i o n  of  an a c a c i a - g e l a t i n  

c o a c e r v a t e  f i l m  f o r  d i f f u s i o n  s t u d i e s .  The f i l m  would have t o  

be extremely t h i n ,  similar i n  wid th  t o  t h a t  of  a microcapsule  

s h e l l  w a l l ,  r e a d i l y  r e p r o d u c i b l e  and e s s e n t i a l l y  f r e e  from any 

s t r u c t u r a l  d e f e c t s .  Product ion  of  such a f i l m  would p o s s i b l y  

a l low f o r  a more t h e o r e t i c a l  approach and e v a l u a t i o n  of micro- 

e n c a p s u l a t e d  systems.  

I t  w a s  p o s t u l a t e d  t h a t  t h e  optimum c o n d i t i o n s  f o r  product ion  

of a coacerva te  f i l m  s u i t a b l e  f o r  d i f f u s i o n  s t u d i e s  would b e  

similar t o  t h o s e  of e n c a p s u l a t i o n .  

Because of t h i s ,  t h e  f o l l o w i n g  parameters  i n  t h e  coacerva-  

t i o n  procedure  w e r e  i n v e s t i g a t e d  and changed as l i s t e d .  
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COACERVATE FILM 311 

I n i t i a l  co l lo id  concentrations w e r e  1, 3 and 5% 

(w/v>. 

The temperature of t he  o r i g i n a l  so lu t ions  w a s  varied 

from 40' t o  60'. 

The pH of the o r i g i n a l  acac ia  and g e l a t i n  so lu t ions  

were 6.5,  7 .0  and 7.5. 

The formaldehyde was added a t  th ree  d i f f e r e n t  times: 

before  lowering the  temperature, while the  temperature 

w a s  lowered, and a f t e r  the temperature w a s  lowered. 

The formaldehyde w a s  added i n  concentrations of 1, 5 

and 10 mls. p e r  100 m l s .  of coacervate so lu t ion .  

The concentration of isopropanol was va r i ed  from 30 

to  70% (v/v).  

The conta iner  f o r  the  coacervate f i l m  w a s  Pyrex, 

t e f l o n  o r  aluminum. 

The f i l m  w a s  a i r  dr ied  o r  oven d r i ed  a t  40°, 50°, 

60°. 

Resul t s  and Discussion 

Scheme I i l lustrates the  mixing procedure and amounts of 

substances t h a t  produced apparent optimum c6nditions f o r  

development of the  coacervate f i lm.  They are: 

(1) 1% g e l a t i n  and acac ia .  I f  more concentrated so lu t ions  

were used, the  system tended t o  become lumpy and 

d i f f i c u l t  t o  f i l t e r .  
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312 PALM1 ERI  

SCHEME I 

PROCESS FOR PRODUCTION OF A COACERVATE FILM 

Ge la t in  Acacia 

1% Solu t ion  100 m l s .  1% Solu t ibn  100 m l s .  
I 
500 

I 
PH i . 0  

I 
500 

I 
pH 7.0 

Lower pH 3.0-4.5 

_______________________------- __________-_-_--___-_-_-------_ 1 Above Gela t ion  Temperature 

chill 
1 

Add 10 mls .  
Formaldehyde 

Filt!er 

Resuspend 
i n  50% (v/v) 
I s oprop an0 1 

I 
F i l t e r  

I 
Pour I n t o  

Teflon P l a t e  
I 

Dry a t  50° 

P e e l  o f f  Film 

i 

I 

(2)  A beginning temperature  o f  50° appeared s a t i s f a c t o r y  

al though temperatures  from 40° t o  60' appeared no t  

t o  a l t e r  the  f i l m  c h a r a c t e r i s t i c s .  

An i n i t i a l  pH of 7.0 for each  s o l u t i o n  was s a t i s f a c t o r y .  (3)  

( 4 )  The time of  formaldehyde add i t ion  appeared n o t  t o  

i n f l u e n c e  t h e  coacerva te .  

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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



COACERVATE FILM 313 

(5) Ten mi l l i l i t e rs  of formaldehyde cross-linked 

t h e  coacervate mixture s u f f i c i e n t l y .  

(6) A concentration of 50% (v/v) isopropanol i n  water 

removed excess water rap id ly ,  y e t  did not  des t roy  the 

i n t e g r i t y  of t he  coacervate f i l m  as did 60% (v/v).  

The f i l m  was most e a s i l y  removed from a f l a t  t e f l o n  

coated shee t  r a the r  than a pyrex o r  aluminum shee t ,  

A drying temperature of 50' dr ied  t h e  coacervate 

f i l m  with minimal de fec t s  wi th in  10 hours. 

(7) 

(8) 

These condi t ions  produced a coacervate f i l m  which could 

be c u t  i n t o  two square centimeter s ec t ions  s u i t a b l e  f o r  d i f fu -  

s ion  s tud ie s .  

samples was 95.61 u * 5.91 u. Although t h e  f i l m  would o f t en  

have de fec t s ,  the  ind iv idua l  s ec t ions  f o r  d i f fus ion  s t u d i e s  d id  

not .  These coacervate f i l m  models appear t o  be v i ab le  f o r  

s tudy  of d i f fus ion  c h a r a c t e r i s t i c s  through microcapsule s h e l l  

wa l l s .  

The average f i l m  th ickness  of twenty-five 

Since c o l l o i d a l  s i l i c a  has been shown t o  be use fu l  i n  

production of free-flowing microcapsules ( 2 ) ,  it w a s  added t o  

the  f i l m  producing process a f t e r  the  pH of t h e  coacervate mix- 

t u r e  was lowered t o  cause coacervation. When c o l l o i d a l  s i l i c a  

was added, t he  average of twenty-five f i l m  th ickness  measure- 

ments was 99.61 p ? 7.63 u ,  approximately t h a t  of t he  f i lm  

without c o l l o i d a l  s i l i c a .  Both f i lms  appeared f r e e  from 

s t r u c t u r a l  de fec t s  when observed with a stereo-microscope. 
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314 PALMIER1 

Future e l e c t r o n  microscopic  s t u d i e s  may prove u s e f u l  in f u r t h e r  

ve r i fy ing  t h a t  t h e  f i l m  produced is f r e e  from voids ,  sub- 

microscopic  c racks  o r  o t h e r  s t r u c t u r a l  de fec t s .  

Although the  f i l m  d i scussed  he re  i s  r e l a t i v e l y  t h i c k  

when compared t o  t h a t  c a l c u l a t e d  f o r  coacervate  s h e l l  w a l l s ,  

i t  appears  t o  warran t  s tudy  a s  a d i f f u s i o n a l  model. Future  

r e p o r t s  s h a l l  d i scuss  t h e  use fu lness  of t h i s  model and i t s  

a p p l i c a b i l i t y  t o  microcapsules  produced by complex coacerva- 

t i on .  
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