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ABSTRACT 

M i c r o e n c a p s u l a t i o n  of a r e l a t i v e l y  i n s o l u b l e  d rug  s u l f a -  

d i a z i n e  w a s  c a r r i e d  o u t  by a l l o w i n g  d rops  of' a s u s p e n s i o n  of t h e  

d r u g  i n  an aqueous c e l l u l o s e  acetate  p h t h a l a t e  s o l u t i o n  t o  f a l l  

i n t o  an  a c e t i c  a c i d  h a r d e n i n g  s o l u t i o n .  S p h e r i c a l  n i c r o c a p s u l e s  

cou ld  r e a d i l y  b e  o b t a i n e d  when a s u r f a c t a n t  po lyoxye thy lene  

3 s o r b i t a n  monooleate w a s  added t o  t h e  s u s p e n s i o r  . I n c r e a s e d  

d rug  c o n c e n t r a t i o n  i n  t h e  s u s p e n s i o n  y i e l d e d  l a r g e r  mic rocapsu le s  

w i t h  s h o r t e r  d i s i n t e g r a t i o n  t imes .  The i n c o r p o r a t i o n  of v i s c o s i t y  

a g e n t s  i n t o  t h e  s u s p e n s i o n  y i e l d e d  mic rocapsu le s  w i t h  a l t e r e d  

d i s i n t e g r a t i o n  t i m e s .  

INTRODUCTION 

C e l l u l o s e  acetate p h t h a l a t e  - CAP, one of  t h e  most u s e f u l  

c o a t i n g  a g e n t s  f o r  t a b l e t s  and c a p s u l e s  has  a l s o  besen u s e d  t o  pre- 

p a r e  mic rocapsu le s  of d rug  p r o d u c t s  u s i n g  m i n e r a l  oil' o r  w a t e r  2 , 3  . 
I n  t h i s  r e s e a r c h  t h e  c a p i l l a r y  method2 whereby a n  aqueous s o l u t i o n  
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1250 MILOVANOVIC AND N A I R N  

of  CAP is introduced dropwise i n t o  an a c i d  s o l u t i o n  w a s  f u r t h e r  

i nves t iga t ed .  A model drug, su l f ad iaz ine ,  with low w a t e r  

s o l u b i l i t y  w a s  used t o  minimize l o s s e s  due t o  d i s s o l u t i o n  of the  

drug, and the  necess i ty  f o r  s a t u r a t i n g  the  hardening s o l u t i o n  

wi th  drug p r i o r  t o  microencapsulation. Various concent ra t ions  of 

CAP, drug,  and exc ip i en t s  such as v i s c o s i t y  agents  and a su r face  

active agent  were used t o  assess the  e f f e c t  on some of the  

p rope r t i e s  of t h e  microcapsules namely: formation,  shape, s i z e ,  

percentage of drug incorpora ted  and d i s i n t e g r a t i o n .  

MATERIALS 

The chemicals : c e l l u l o s e  acetate p h t h a l a t e  (Cel lu lose  a c e t a t e  

hydrogen p h t h a l a t e ,  Eastman Kodak Co., Rochester, N.Y .) , s u l f a d i a z i n e  

(Sulphadiazine, B r i t i s h  Drug Houses, Toronto, Canada) , polyoxy- 

e thylene  20 s o r b i t a n  monooleate (Tween 80, Atlas Chemical Ind . ,  

Wilmington, Del.) , hydroxypropylmethylcellulose (Methocel K4M 

Premium, Dow Chemical Co., Midland, Mich.), mic roc rys t a l l i ne  

ce l lu lose -av ice l  PH 105 (Avicel, Type PH 105, FMC Corp., Phi lade lphia ,  

PA.), g lyce r in ,  were used without  f u r t h e r  t reatment .  

METHODS 

Solu t ions  of CAP w e r e  prepared3 by d i s so lv ing  1.85 g of 

Na2HP0 

adding 5 g of CAP, a f t e r  d i s s o l u t i o n  t h e  s o l u t i o n  w a s  f i l t e r e d  

i n  about 180 m l  of d i s t i l l e d  w a t e r ,  hea t ing  t o  6OoC, then 4 

through a coarse  po ros i ty  s i n t e r e d  g l a s s  funnel  and made up t o  

180 m l  wi th  d i s t i l l e d  w a t e r .  Various q u a n t i t i e s  of drug - su l f a -  

d i az ine ,  polyoxyethylene 20 s o r b i t a n  monooleate, and v i s c o s i t y  

agents  w e r e  added wi th  s t i r r i n g  t o  appropr i a t e  volumes of the  CAP 
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MICROENCAPSULATION OF SULFADIAZINE 1251 

s o l u t i o n  t o  y i e l d  s a t i s f a c t o r y  suspens ions  w i t h  composi t ions 

l i s t e d  i n  t h e  t a b l e s .  Higher c o n c e n t r a t i o n s  of v i s c o s i t y  a g e n t s  

were n o t  s a t i s f a c t o r y  due t o  s o l u b i l i t y ,  h igh  v i s c o s i t y  and 

u n s u i t a b l e  suspending  p r o p e r t i e s .  The s u s p e n s i o n ,  50 m l ,  which 

w a s  s t i r red  throughout  t h e  experimenr w i t h  a magnetic b a r ,  w a s  

in t roduced  i n t o  t h e  hardening  s o l u t i o n  by means of s, p e r i s t a l t i c  

pump (H.R.  Flow I n d u c e r ,  Watson-Marlow Ltd.  , Buckinghamshire,  England) 

f i t t e d  w i t h  t h i c k  w a l l e d  s i l i c o n e  tub ing  ( 2 . 5  mm i d )  a s m a l l  

lumen tygon t u b i n g  and f i n a l l y  a t e f  lon  c a p i l l a r y  t u b i n g  approxi-  

mately 380 pm i n  d iameter .  The aqueous hardening  s c l u t i o n ,  200 m l ,  

conta ined  30 m l  of g l a c i a l  a c e t i c  a c i d .  

The microcapsules  were formed by i n t r o d u c i n g  6 0  drops  p e r  

rsin, of  t h e  suspens ion  i n t o  t h e  hardening  s o l u t i o n  which w a s  3 c m  

below t h e  t e f l o n  tub ing .  The hardening  s o l u t i o n  w a s  s t i r r e d  a t  

80 rpm. A f t e r  a l l  t h e  suspens ion  had been added t h e  s t i r r i n g  was 

cont inued  f o r  an a d d i t i o n a l  10 min, then  the  microcapsules  were 

c o l l e c t e d  on a nylon s t r a i n e r  and washed w e l l  wi th  d i s t i l l e d  water,  

a i r  d r i e d  i n  a fume hood f o r  18 h r  and then  i n  a d r y i n g  oven a t  

50°C f o r  48 h r .  The s i z e  of 30 microcapsules  w a s  determinee 

m i c r o s c o p i c a l l y  u s i n g  a c a l i b r a t e d  eyepiece  , o r  d i r e c t l y  w i t h  a 

c a l i b r a t e d  scale. The mean s i z e  and t h e  s i z e  range are g iven .  

The assay  f o r  s u l f a d i a z i n e  i n  t h e  microcapsules  w a s  performed 

by p u l v e r i z i n g  about  50 o r  100 mg i n  a mor ta r ,  d i s s o l v i n g  t h e  drug  

i n  30 m l  of 4 M H C 1 ,  f i l t e r i n g ,  n e u t r a l i z i n g  t h e  s o l u t i o n  w i t h  

approximately 30 m l  of 4 M NaOH and d i l u t i n g  t o  1000 m l  w i t h  

phosphate bufEer  pH 7.50. F u r t h e r  d i l u t i o n s  of  t h i s  s o l u t i o n  w i t h  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1252 MILOVANOVIC AND NAIRN 

t he  phosphate b u f f e r  w e r e  made and t h e  absorbance a t  239 nm w a s  

determined spec t rophotometr ica l ly .  The concen t r a t ion  of t h e  drug 

w a s  determined from a Beer Lambert p l o t .  Pre l iminary  s t u d i e s  

showed t h a t  absorbance of CAP, t he  s u r f a c t a n t ,  hydroxypropylmethyl- 

c e l l u l o s e  and microcrys  t a l l i n e  c e l l u l o s e  t r e a t e d  i n  the  above 

manner w a s  n e g l i g i b l e .  

The d i s i n t e g r a t i o n  of t he  microcapsules  w a s  determined by 

p l ac ing  about  50 mg i n  a 150 m l  g l a s s  s toppered  Erlenmeyer f l a s k  

con ta in ing  50 m l  of s imula ted  g a s t r i c  f l u i d  wi thout  enzyme . The 

f l a s k s  were p laced  i n  a p re -equ i l ib ra t ed  incuba to r ,  shaken a t  

100 o s c i l l a t i o n s / m i n  f o r  1 h r  a t  37 2 0.5'C, and observed f o r  

d i s i n t e g r a t i o n .  The microcapsules  were removed f r o n  t h e  incuba to r  

shaker  and t h e  g a s t r i c  f l u i d  was decanted.  They w e r e  r i n s e d  3 

t i m e s  w i th  d i s t i l l e d  water,  then  50 m l  of s imula ted  i n t e s t i n a l  

f l u i d  wi thou t  enzymes were added and the  shaking  w a s  cont inued as 

descr ibed .  The end po in t  w a s  a s ses sed  when v i s i b l e  p a r t i c l e s  

of t he  microcapsules  could n o t  be observed.  

4 

4 

RESULTS AND DISCUSSION 

I n  o r d e r  t o  produce microcapsules  con ta in ing  a uni fom.  amount 

of drug dur ing  the  encapsu la t ion  procedure,  i t  w a s  necessary  t o  

prepare  a s a t i s f a c t o r y  suspens ion  of t he  drug. Although s e v e r a l  

concen t r a t ions ,  0.5, 1 .0 ,  2.5% of CAP were employed, i t  w a s  found 

t h a t  t he  2.5% concen t r a t ion  had a p p r o p r i a t e  c h a r a c t e r i s  tics t o  

suspend va r ious  q u a n t i t i e s ,  0.25 t o  3.0 g,  of t h e  drug wi th  a 

mean p a r t i c l e  s i z e  of 30 pm, dur ing  t h e  encapsu la t ion  process .  

Microcapsules  prepared i n  t h e  absence of drug can a l s o  be  made, 
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MICROENCAPSULATION OF S U L F A D I A Z I N E  1253 

Table  1. A l l  microcapsu le s  d e s c r i b e d  i n  t h e  t a b l e s  were p repa red  

from 2.52 CAP s o l u t i o n .  

The shape of  t h e  mic rocapsu le s  w i t h  o r  w i thou t  v i s c o s i t y  a g e n t s  

w a s  improved c o n s i d e r a b l y  by t h e  a d d i t i o n  of s u r f a c t a n t  t o  t h e  

s u s p e n s i o n  of t h e  d rug ,  Tables  1, 2. A t  0 o r  1% s u r f a c t a n t  

c o n c e n t r a t i o n ,  i r r e g u l a r  shaped p a r t i c l e s  were produced,  however,  

when g l y c e r i n  w a s  i n c o r p o r a t e d ,  s p h e r i c a l  shaped p a r t i c l e s  were 

produced a t  t h e  1% c o n c e n t r a t i o n  of s u r f a c t a n t .  A t  t h e  2% 

s u r f a c t a n t  c o n c e n t r a t i o n  t h e  mic rocapsu le s  w e r e  s p h e r i c a l  i n  

shape ,  Table 2 ,  and a t  a h i g h e r  s u r f a c t a n t  c o n c e n t r a t i o n ,  3 % ,  

t h e  p roduc t  w a s  s p h e r i c a l  and s t i c k y  a t  low d rug  c o n c e n t r a t i o n s  

0.25 t o  0.75 g/50 m l  and i r r e g u l a r l y  shaped a t  h i g h e r  d r u g  concen- 

t r a t i o n s  1 t o  3 g/50 m l .  A t  h i g h e r  s u r f a c t a n t  concen t r a tFons  

o n l y  f l u f f y  o r  f i b r o u s  p r o d u c t s  were produced.  S p h e r i c a l  micro- 

c a p s u l e s  r e t a i n e d  t h e i r  smooth s u r f a c e  u n t i l  t h e  d r y i n g  p rocedure ,  

whereupon due t o  l o s s  of w a t e r  t h e  s u r f a c e  became rough. 

The s i z e  of t h e  mic rocapsu le s  w a s  p r i m a r i l y  a f f e c t e d  by t h e  

amount of d rug  c o n t a i n e d  i n  50 ml of  s u s p e n s i o n .  For exaniplc 

Table  2 shows t h a t  as t h e  amount of d rug  i n c r e a s e d ,  t h e  d i ame te r  

of t h e  mic rocapsu le s  a l s o  t ends  t o  i n c r e a s e .  V i s c o s i t y  a g e n t s  d i d  

n o t  affect  t h e  s i z e  a p p r e c i a b l y ,  Table  3 .  

S p e c t r o s c o p i c  a n a l y s e s  of  t h e  a c i d i c  e x t r a c t  of t h e  micro- 

c a p s u l e s  showed t h a t  m o s t  of t h e  d rug  i s  i n c o r p o r a t e d  i n t o  t h e  

mic rocapsu le s ,  t hus  t h e  s o l u b i l i t y  c h a r a c t e r i s t i c s  of t h e  p r o c e s s  

are s a t i s f a c t o r y  t o  minimize loss of t h e  a c t i v e  i n g r e d i e n t .  The 

use  of  0.75 g of drug t ends  t o  o p t i m i z e  t h e  pe rcen tage  of  d rug  
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i n c o r p o r a t e d ,  Tables  1, 2.  I n  most o t h e r  c:ases t h e  p e r c e n t a g e  of 

drug i n c o r p o r a t e d  was improved by about  102: when t h e  s u r f a c t a n t  

was i n c l u d e d  i n  t h e  suspens ion  medium, Tables  1, 2 .  

The microcapsules  d i d  n o t  d i s i n t e g r a t e  i n  t h e  s i m u l a t e d  

g a s t r i c  f l u i d  even though some c o n t a i n e d  a c o n s i d e r a b l e  amount 

of e x c i p i e n t  such as s u r f a c t a n t  o r  g l y c e r i n .  The d i s i n t e g r a t i o n  

of t h e  microcapsules  i n  s i m u l a t e d  i n t e s t i n a l  j u i c e  w a s  a f f e c t e d  

by t h e  amount of drug used i n  t h e  suspens ion .  I t  {can be seen  

i n  Table  2 t h a t  i n c r e a s i n g  t h e  amount of drug produces micro- 

capsules  which tend  t o  d i s i n t e g r a t e  i n  a s h o r t e r  p e r i o d .  Thus 

microcapsules  w i t h  a low c o r e  t o  c o a t  r a t i o ,  t a k e  a longer  t i m e  

t o  d i s i n t e g r a t e  i n d i c a t i n g  t h a t  t h e  d i s i n t e g r a t i o n  t i m e  can b e  

c o n t r o l l e d  t o  some e x t e n t  by t h e  amount of  CAP i n  t h e  microcapsules .  

From Table  3 i t  can he  s e e n  t h a t  i n c r e a s i n g  t h e  amourit of micro- 

c r y s t a l l i n e  c e l l u l o s e  e f f e c t e d  both  a decrease  i n  t h e  c o r e  t o  

c o a t  r a t i o  and a l s o  t h e  d i s i n t e g r a t i o n  t i m e ,  probably due t o  

t h e  i n c l u s i o n  of t h e  a g e n t  i n  t h e  microcapsules .  The a d d i t i o n  

of hydroxypropyImethylcellulose d e c r e a s e s  t h e  d i s i n t e g r a t i o n  t i m e  

by only  a few minutes .  The i n c o r p o r a t i o n  of  g l y c e r i n ,  however, 

decreased  t h e  d i s i n t e g r a t i o n  t ime by about  10 minutes .  The core  

t o  c o a t  r a t i o  w a s  s i m i l a r  t o  t h a t  of t h e  microcapsules  prepared  

w i t h o u t  g l y c e r i n  a t  t h e  same c o n c e n t r a t i o n  of drug  i n d i c a t i n g  

t h a t  most of t h e  g l y c e r i n  w a s  washed o u t  d u r i n g  t h e  procedure.  

This  s u g g e s t s  a more porous s t r u c t u r e  f o r  t h e  microcapsules .  

The presence  of a s u r f a c t a n t  d i d  n o t  a l t e r  t h e  d i s i n t e g r a t i o n  t i m e  
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a p p r e c i a b l y ,  however, i n c r e a s i n g  amounts of  s u r f a c t a n t  e f f e c t e d  

a s h o r t e r  d i s i n t e g r a t i o n  t i m e  when no drug  w a s  p r e s e n t ,  Tables  1, 2. 

CONCLUSIONS 

C e l l u l o s e  acetate p h t h a l a t e  - microcapsules  c o n t a i n i n g  a 

water i n s o l u b l e  drug  can b e  r e a d i l y  prepared.  However, t h e  

suspens ion  of  t h e  drug should  b e  uniform and have t h e  s u r f a c e  

t e n s i o n  lowered by means of  a s u r f a c t a n t  s o  t h a t  uniform s p h e r i c a l  

microcapsules  are e a s i l y  formed. The i n c o r p o r a t i o n  of  a drug  and 

a g e n t s  a l t e r i n g  t h e  v i s c o s i t y ,  and s u r f a c e  t e n s i o n  can a f f e c t  

t h e  shapes  and s i z e s  of t h e  microcapsules ,  t h e i r  c o r e  t o  c o a t  

r a t i o s  and d i s i n t e g r a t i o n  t i m e s  i n  t h e  i n t e s t i n a l  f l u i d .  
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