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A BS TRACT 

The goal  of t h i s  work was t o  develop a s u i t a b l e  method f o r  

microencapsulation o f  theophyl l ine using copolymer o f  a c r y l a t e  and 

methacrylate  es ter  (EUDRAGIT) a s  t he  coa t ing  ma te r i a l .  The effect  

o f  p r o t e c t i v e  c o l l o i d s  on the  process  of microencapsulation was 

evaluated.  The i n  v i t r o  s tud ie s  revealed s i g n i f i c a n t  con t ro l  o f  

drug r e l e a s e  f o r  t he  developed dosage form. Ind iv idua l ly ,  t he  

polymer coated drug p a r t i c l e s  o f  d i f f e r e n t  co re  : coa t  r a t i o  and 

d i f f e r e n t  propor t ions  o f  p r o t e c t i v e  c o l l o i d s  were found t o  i n f l u -  

ence the  pharmacokinetic parameters a s  revea led  from the i n  vivo 

b i o a v a i l a b i l i t y  s t u d i e s  i n  gastric-emptying con t ro l l ed  r a b b i t s .  In  

vivo b i o a v a i l a b i l i t y  da ta  were compared using Westlake's confidence 

l i m i t .  

INTRODUCTION 

Theophylline is an effective brochodi la tor  with moderate 

aqueous s o l u b i l i t y .  It p resen t s  a p o t e n t i a l  bioequivalence problem 

due t o  the  nonreproducible r a t e  o f  d i s s o l u t i o n  o f  t he  drug i n  the  

g a s t r o i n t e s t i n a l  f l u i d  . The prolonged r e l e a s e  theophyl l ine  formu- i 
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5 52 CHATTARAJ ET AL. 

la t ions  o f f e r  the advantage o f  l e s s  frequent dosing as well as 

minimum f luctuat ions of the serum theophylline during the dosing 
interval2”. The object o f  the present invest igat ion was t o  control 
the rate  o f  release of theophylline from the mult iple  u n i t  drug 

del ivery systems, i n  a very reproducible manner i n  order t o  

represent a better bioequivalence aspect. 

The preparations o f  mu1 t i p l e  un i t  products o f  theophylline 
have been reported by John e t  a14, Kawashima e t  a15 and Benita and 
Donbrow . In  view o f  the versa t i le  properties o f  the copolymers o f  

methacrylate acid es ters  (EUDRAGIT), the microcapsules o f  EUDRAGIT 
were expected t o  present a new l i g h t  on the release k i n e t i c s  o f  
the drug .  

6 

The microencapsule t i o n  was achieved by nonaqueous phase 
separation coacervation using polyisobutylene a s  the coacervation 

inducing agent. 

f Rohm Ph rm 
Ma terial s 
EUDRAGIT RS 100 was received by courtesy GmbH, 

Darmstadt, West Germany. Theophylline - Indian Pharmacopoeia, 
Polyisobutylene (mol. w t .  380,000, densi ty  0.918 g m / m l ,  A l d r i c h ,  

USA),  Xbloroform (analytical reagent, E.  Merck, Ind ia) ,  n-Hexane 
(analytical reagent, E .  Merck, India) were produced commercially 
and were used without fur ther  pur i f ica t ion .  

Preparation of Theophylline Mcrocepsules 
While s t i r r i n g  a t  300 r.p.m. ,  3-8% w/w polyisobutylene was 

added i n t o  a homogeneous 5% w/w solut ion o f  EUDRAGIT RS 100 i n  
choloroform. Powdered theophylline o f  120 mesh s i z e  dispersed i n t o  
the solution. The phase separation and subsequent deposition o f  
the l iquid polymer onto the  surface of the core material and r i g i -  
dization of the  deposited polymer was achieved by dropwise addition 

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 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CONTROLLED THEOPHYLLINE RELEASE 553 

o f  chi l led n-hexane, while s t i r r i n g  a t  600-650 r.p.m. A f t e r  the 
formation o f  embryonic microcapsules, they were seperated from the 
solution by decantation and washed w i t h  three 250 m l  portions o f  

chi l led n-hexane t o  remove any polyisobutylene adsorbed a t  the 
in ter face  and also any placebo coacervate. The microcapsules were 
a i r  dried a t  ambient temperature f o r  30 minutes and f i n a l l y  dried 
a t  5OoC i n  vacuum drier  f o r  one hour. 

In v i t r o  Dissolution Study 
In v i t r o  d r u g  release p r o f i l e  was evaluated using USP X X  

rotating basket dissolut ion apparatus7 with the basket covered 
with l00mesh nylon cloth t o  prevent escaping o f  the microcapsules. 
The basket was rotated a t  100 2 2 rev.  min. . Five hundred m l  of 

the dissolut ion f l u i d  was taken and the process o f  increasing the 
pH conditions was followed . A constant temperature of 37 l 0 C  

was maintained. Five m l  o f  the dissolut ion al iguots  were removed 
a t  30 min interval  and the amount o f  theophylline released was 
assayed spectrophotometrically a t  271 nm. 

-1 

8 

Assessment of Bioavai labi l i ty  in Rabbits 
Male albino rabbits were used w i t h  a for tn ight  washout period 

between each use and the s t a t e  o f  coprophagy maintained properly . 
The administration o f  microcapsules o f  theophylline was based on 
a crossover design t o  minimize the inf luence o f  any residual or 
cumulative e f f e c t s  o f  preceding doses. 

9 

A s ingle  dose? equivalent t o  40 mg of theophylline per k g  

bodyweight, was p u t  i n t o  hard gelat in  capsule. The mouth o f  the 
animal was pushed open with a wooden gag and capsule was placed on 
the tongue. S u f f i c i e n t  water was administered t o  f l u s h  the 

capsule. During the blood sampling only water was allowed ad 

1 ib i  tum.  

Blood samples were drawn from the marginal ear vein a t  prede- 
termined time and were frozen immediately till the analysis were 
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5 54 CHATTARAJ ET AL. 

F i g .  1 - Scanning electron micrograph o f  EVDRAGIT microcapsules 
showing sur face  topography. 

performed. A f t e r  p r e c i p i t a t i o n  and seperat ion  o f  t he  p l a s m a  

pro te ins  by cen t r i fuga t ion ,  the  content  o f  t he  d r u g  i n  blood was 

determined spectrophotometrical ly  . 10 

RESULTS AND DISCUSSIONS 

The scanning e l ec t ron  micrograph i n  F i g .  1 revealed complete 

encapsulation o f  t he  theophyl l ine  p a r t i c l e s .  The microcapsules 

were i r regu lar l y  shaped wi th  aggregation o f  the smaller ones. 

Microencapsulation using methacrylate e s t e r  copolymer coacer- 

va t ion  i n  the presence o f  a pro tec t i ve  co l lo id  l i k e  poly i sobuty lene  

prevents  the  formation o f  empty stabil ized coacervation drop le t s  

from in t e rac t ion  with the  microcapsules and favours  the  formation 

o f  a continuous uniform coat ing over the  sur face  o f  t he  core mate- 

rial. The use o f  polyisobutylene (5.5% w / w )  increased the  percen- 

tage o f  s m a l l  microcapsules, though the  recovered ones were 

detected t o  be polynuclear. Lower percentage o f  po ly i sobuty lene  

f a i l e d  t o  produce uniform microcapsules, ra ther  aggregates. 

S imi lar l y ,  w i t h  higher percentage o f  po ly i sobuty lene  the  higher 

v i s c o s i t y  produced i n  the  system lowered the  y i e l d  of t he  product. 
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CONTROLLED THEOPHYLLINE RELEASE 555 

Minutes 

F i g .  2 - Effect of core : coat r a t i o  6 n  i n  v i t r o  theophyll ine 
release; polyisobutylene 5.5% w/w, s ieve size 32/44.  

The d r u g  content o f  the microcapsules was maximum a t  5.5% w/w of 
polyisobutylene a t  certain f ixed core:coat  ra t io .  

Comparative study o f  the dissolut ion p r o f i l e s  of the drug 
from d i f f e r e n t  batches o f  the microcapsules prepared w i t h  various 
core : coat r a t i o  and percentages of polyisobutylene are presented 
i n  F i g .  2 3, respect ively .  Beyond the optimum range o f  polyiso- 

butylene,  the drug release upto 400 mins were noted f o r  a l l  the 
microcapsules. The f irs t  order k i n e t i c s  and Higuchi d i f f u s i o n  

model was followed 77.5% and 86.4%, respect ively ,  when the experi- 
mental d a t a  were subjected t o  s t a t i s t i c a l  v a l i d i t y  tests f o r  
d i f f e r e n t  model f i t t i n g  by program R E L A d ' .  The f i r s t  order 

d i f f u s i o n  controlled dissolut ion w a s  suggested t o  occur. 

The pharmacokinetic d a t a  i n  table  1 depicted a s i g n i f i c a n t  

d i f ference  o f  maximum p l a s m a  leve l  'Cmax) and the t i m e  t o  reach 
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5 56 CBATTARAJ ET AL. 
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F i g .  3 - Effect o f  polyisobutylene concentration on i n  v i t r o  
theophylline release; core : coat r a t i o  1 : 2.5, 
sieve size 32/44. 

the Cmax (tmax), among d i f f e r e n t  batches o f  microcapsules. I t  was 

also observed that the plasma level of theophylline slowly 
declined during a very long period with the microcapsules having a 
core : coat r a t i o  o f  1:2.5. The comparative AUC values indicate  
t h a t  the b e t t e r  maintenance of plasma l e v e l  of the  drug w a s  
achieved from microcapsulated d r u g .  

Both classical hypothesis tes t ing  o f  variance, a t  0.1 l e v e l ,  
and Westlake's confidence in tervals  on the d a t a  obtained from 12 
rabbits f o r  the  formulations having the core : coat r a t i o  1:1,  1:2 

and 1:2.5 indicate  tha t  the formulation having core:coat r a t i o  
1:2 .5  s i g n i f i c a n t l y  b e t t e r  than the other formulations tes ted ,  
considering the following Westlake's confidence parameters : 

12 Westlake's 95% Confidence Limit - - xs = 7.527 ; X n  = l 4 . 0 i  ; S = 3.69 
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5 58 CHATTARAJ ET A L .  

6.0 1 
T 

The0 : EDR :: 1 : 2.5  A 
1 : 2  
1 : l  0 

/ 
'1.0 1.10 1.20 1.30 1 . ~ 0  

Log of dissolution rote 
Log Do.s[Log Mg dissolved/30rnin 1 

F i g .  4 - Correlation of dissolut ion r a t e  and mean plasma 
theophylline levels i n  stomach emptying controlled 
rabbits.  

By Equating 
2(xS-xn) = (kl+k2) S / G  

= 8.69 then kl + k2 

A = 0.0145 

where, 
- 
X, = Mean f o r  product having l e a s t  desired properties 

(core:coat :: 1:l) 

xn = Mean f o r  product having b e t t e r  desired properties 

S = Standard Deviation f o r  the s e t  
kl & k2 = Probabili ty o f  integating ' t '  value 

(k l  & k 2  i s  so chosen t h a t  the  integral  o f  ' t '  

d i s t r ibu t ion  from k2  t o  k4 i s  0.95) 

(core:coat :: 1:2.5) 

A = Difference o f  L i m i t s  

With kl and k2 values, from the ' t '  tab les ,  we could d r a w  the 
inference t h a t  the experimental d a t a  f o r  core:coat r a t i o  1 :2.5 

show s i g n i f i c a n t l y  b e t t e r  controlled release properties than f o r  
core:coat r a t i o  1:l and is within Westlake's 95% confidence l imits.  
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CONTROLLED THEOPHYLLINE RELEASE 559 

The r e s u l t s  o f  t he  pharmacokinetic analys i s  a l so  suggests  t h a t  the  

microcapsules prepared w i t h  t he  core:coat r a t i o  of 1:2.5, and 

w i t h  5.5% w/w o f  polyisobutylene i l l u s t r a t e s  s i g n i f i c a n t  

control led re lease  charac te r i s t i c s .  

Correlat ion o f  t he  i n  v ivo  p l a s m a  l e v e l  o f  t he  drug and the  

i n  v i t r o  d i s so lu t ion  r a t e  i s  depicted i n  F i g .  4 .  S i g n i f i c a n t  

corre la t ion  c o e f f i c i e n t ,  0.998 ( p  < 0.101, i nd ica te s  the  v a l i d i t y  

o f  i n  v i t r o  rout ine  assay o f  t he  drug and a v a i l a b i l i t y  o f  

theophyl l ine from such dosage forms i n  v ivo .  

In  conclusion,  t he  microcapsules o f  methacrylate e s t e r s  

containing theophyl l ine s a t i s f a c t o r i l y  maintain the  p l a s m a  l e v e l  

o f  t he  drug f o r  a prolonged period. The control led re l ease  charac- 
t e r i s t i c s  o f  t h e  drug was s i g n i f i c a n t l y  reproducible. 
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