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ABSTRACT 

The s e l e c t i o n  o f  a f i l l e r  e x c i p i e n t  was demons t ra ted  t o  have 

a d r a m a t i c  e f f e c t  on t h e  r e l e a s e  p r o p e r t i e s  o f  t h e o p h y l l i n e  f rom 

m a t r i x  t a b l e t s  c o n t a i n i n g  an a c r y l i c  r e s i n  po lymer  as t h e  

r e t a r d a n t  subs tance.  T h e o p h y l l  i n e  t a b l e t s  were f o r m u l a t e d  t o  

c o n t a i n  60 p e r c e n t  d rug ,  28  p e r c e n t  f i l l e r  e x c i p i e n t ,  10 p e r c e n t  

E u d r a g i t  S100, 1.5 p e r c e n t  fumed s i l i c a  and 0.5 p e r c e n t  magnesium 

s t e a r a t e .  Re lease r a t e s  were most r a p i d  when m i c r o c r y s t a l  1 i n e  

c e l l u l o s e  was t h e  f i l l e r  e x c i p i e n t  and t h e  s l o w e s t  when c a l c i u m  

s u l f a t e  was used as t h e  d i l u e n t .  D i s s o l u t i o n  r a t e s  decreased i n  

a c i d i c  medium as t h e  l e v e l  o f  E u d r a g i t  SlOO i n c r e a s e d  f r o m  z e r o  t o  

f i f t e e n  p e r c e n t .  I n  pH 7.4 phosphate  b u f f e r ,  USP, t h e  converse  

h e l d  t r u e  because o f  t h e  h i g h  s o l u b i l i t y  o f  t h e  r e s i n  a t  t h i s  pH 

30 3 

Copyright 0 1987 by Marcel Dekker, Inc. 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



304 CAMERON AND MC GINITY 

v a l u e .  There  was no d i f f e r e n c e  between d i s s o l u t i o n  r a t e s  a t  pH 

1.1 and pH 4.0. T a b l e t  p o r o s i t y  was i n f l u e n c e d  s i g n i f i c a n t l y  by  

t h e  f i l l e r  e x c i p i e n t .  H i g h e r  p o r o s i t y  u s u a l l y  r e s u l t e d  i n  g r e a t e r  

t h e o p h y l l i n e  d i s s o l u t i o n  r a t e s .  When suc rose  was employed as t h e  

f i l l e r  e x c i p i e n t ,  t a b l e t  p o r o s i t y  was i n v e r s e l y  r e l a t e d  t o  t a b l e t  

hardness .  

INTRODUCTION 

The deve lopment  o f  p h a r m a c e u t i c a l  methodo logy  used i n  t h e  

p r o d u c t i o n  o f  c o n t r o l l e d - r e l e a s e d  dosage fo rms  has c o n c e n t r a t e d  on  

methods t o  reduce  t h e  r a t e  a t  wh ich  t h e  a c t i v e  m o i e t y  i s  r e l e a s e d  

f r o m  t h e  dosage f o r m  f o r  a b s o r p t i o n  by t h e  body. I n  e a r l i e r  

r e p o r t s  M c G i n i t y  and co-workers', '  examined t h e  r e t a r d a n t  

p r o p e r t i e s  o f  a c r y l i c  r e s i n  po l ymers  i n  c o n t r o l  l e d - r e l e a s e  

t h e o p h y l l i n e  t a b l e t s .  I n  a d d i t i o n ,  Khanna and S p e i s e r  s t u d i e d  t h e  

r e l e a s e  p r o p e r t i e s  o f  ch lo ra rnphen ico l  f r o m  m e t h a c r y l i c  a c i d  and 

m e t h y l m e t h a c r y l a t e  p o l y m e r i c  beads. S w e l l i n g  and d i f f u s i o n  were 

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

i o n i c  s t r e n t h  o f  t h e  d i s s o l u t i o n  media were found t o  a c c e l e r a t e  

d i f f u s i o n  f r o m  t h e  beads. 3 

C a r l i  and co-workers  r e p o r t e d  t h a t  E u d r a g i t  RS and E u d r a g i t  

RL copo lymers  had poor  s u r f a c e  w e t t a b i l   it^.^ These po lymers  

however were r e p o r t e d  t o  have good l i q u i d  t r a n s p o r t  p r o p e r t i e s .  

Drug r e l e a s e  was c o n t r o l l e d  by d i f f u s i o n  t h r o u g h  t h e  m a t r i x  po res ,  

and copo lymers  c o n t a i n i n g  a h i g h e r  p e r c e n t a g e  o f  h y d r o p h i l  i c  
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TABLET FORMULATIONS CONTAINING ACRYLIC RESINS. 111 :: CI 5 

groups produced the f a s t e s t  drug release rates.  El-Fattah and co- 

workers found t h a t  compact  hardness had a pronounced influence on  

the re1 ease ra te  of theophyll ine from t a b 1  e t s  prepared from 

coprecipitates containing different  Eudragit res ins .  The 

resul t ing dissolution patterns were found t o  be described best by 

the Higuchi equation.6 I n  an e a r l i e r  report ,  McGinity a n d  co- 

workers reported t h a t  t ab le t  hardness influenced drug release over 

the hardness range between 4 t o  7 k g ,  b u t  no s ignif icant  

5 

L differences were seen in the hardness range from 7 t o  1 5  kg.  

Yoshida and coworkers7 achieved control led drug dissolution from 

tab le t s  by radiation-induced polymerization i n  the presence o f  

acryl i c  res ins .  Using wet granulation techniques, controlled- 

release tab le t s  containing propranolol and acryl ic  resins were 

prepared successfully .' However, most reported applications for 

the acrylic resin polymers have been concerned with the c o a t i n g  of  

t ab le t s  and beads t o  control drug release from the dosage 

forms . '-14 The objective of the present study was to  examine the 

influence of f i l l e r  excipients on the dissolution properties and  

porosity of  controlled-release theophylline tab le t s  containing the 

acryl ic  res in ,  Eudragit S100. 

EXPERIMENTAL 

The f i l l e r  excipients investigated included microcrystall ine 

ce l l  ulose, l5  lactose,16 dextrose, l7  sucrose, l8 and calcium 

su l fa te .  '' Tablets (500mg),  compressed t o  a hardness level 

between nine and f i f teen kg,  were formulated t o  c o n t a i n  60 percent 
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3 0 6  'CAMERON AND MC G I N I T Y  

theophylline, 28 percent f i l l e r  excipient,  10 percent Eudragit 

S100, 1.5 percent fumed s i l i c a ,  and 0.5 percent magnesium 

s teara te .  Other materials and the methods used were the same as 

those reported ear 1 ier  . 1 

Porosity measurements were conducted in duplicate using 

mercury intrusion porosimetry . 2o These determinations were 

conducted on tab le t s  containing the Eudragit SlOO resin and the 

following f i l l e r  excipients;  sucrose, dextrose, spray-dried 

lactose,  microcrystall ine cel lulose,  and calcium su l fa te .  Tablets 

were evacuated of a i r  for a period of t h i r t y  minutes before being 

subjected t o  porosity measurements. 

The t o t a l  porosity o f  the tab le t s  was determined from the 

volume of mercury forced i n t o  the tab le t s .  Percentages of 

individual pore s ize  ranges re la t ive  t o  the t o t a l  porosity,  were 

determined using a cylindrical  pore model, by measuring the 

changes in volume of  mercury forced into the tab le t s  with 

incremental increases in pressure. Porosity was measured as a 

function of the tab le t  hardness as well a s  a function of  the 

f i l l e r  excipient. 

RESULTS AND DISCUSSION 

Several f i l l e r  excipients were evaluated for the i r  influence 

on the release ra te  and physical properties of theophylline 

tab le t s .  A n  e a r l i e r  pub1 ication' reported that  the Eudragit SlOO 

resin was the leas t  compressible of the four res ins  studied. 

However, a t  the 10 percent resin level ,  the compressibility of the 
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TABLET FORMULATIONS CONTAINING ACRYLIC RESINS. 111 307 

4 : l  d r u g  t o  r e s i n  f o r m u l a t i o n  was s u f f i c i e n t  t o  p roduce t a b l e t s  

w i t h  a c c e p t a b l e  p h y s i c a l  p r o p e r t i e s .  V a r i a t i o n s  i n  t a b l e t  

hardness  were m i n i m a l  and t h e  f r i a b i l i t y  v a l u e s  v a r i e d  f r o m  0.1 

p e r c e n t  f o r  m i c r o c r y s t a l l  i n e  c e l l u l o s e  t o  0.58 p e r c e n t  f o r  

sucrose.  E x c e l l e n t  c o n t e n t  u n i f o r m i t i e s  were seen w i t h  t a b l e t s  

f o r  a l l  e x c i p i e n t s  s t u d i e d .  

The d i s s o l u t i o n  p r o f i l e s  i n  a c i d i c  medium a r e  shown i n  

F i g u r e  1. These p r o f i l e s  demons t ra te  a d r a m a t i c  i n f l u e n c e  o f  t h e  

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

t a b l e t  m a t r i c e s .  Drug r e l e a s e  was most r a p i d  f rom t a b l e t s  

c o n t a i n i n g  m i c r o c r y s t a l l i n e  c e l l u l o s e .  T a b l e t s  c o n t a i n i n g  c a l c i u m  

s u l f a t e  r e l e a s e d  d r u g s  a t  t h e  s l o w e s t  r a t e ,  w h i l e  t a b l e t s  

c o n t a i n i n g  t h e  o t h e r  r e m a i n i n g  e x c i p i e n t s ,  r e l e a s e d  d r u g  a t  

i n t e r m e d i a t e  r a t e s .  D i s s o l u t i o n  was u n i f o r m  i n  a l l  cases w i t h  

s t a n d a r d  e r r o r s  o f  means l e s s  t h a n  f o u r  p e r c e n t  f o r  a l l  

f o r m u l a t i o n s  t e s t e d .  When compar ing  d i f f e r e n t  f i l l e r  e x c i p i e n t s ,  

t h e  q u a n t i t i e s  o f  d r u g  r e l e a s e d  a f t e r  s i x  hou rs  were found t o  be 

s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  99 p e r c e n t  l e v e l .  These 

d i f f e r e n c e s  may be a t t r i b u t e d  t o  p o r o s i t y ,  d i s s o l u t i o n ,  o r  

p e r m e a b i l i t y  o f  t h e s e  m a t e r i a l s .  O f  p a r t i c u l a r  i n t e r e s t  was t h e  

d i s s o l u t i o n  c u r v e  f o r  t h e  t a b l e t s  c o n t a i n i n g  m i c r o c r y s t a l l  i n e  

c e l l u l o s e .  Drug r e l e a s e  f r o m  t h e s e  t a b l e t s  was r e t a r d e d  by t h e  

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

t h e  m i c r o c r y s t a l l  i n e  c e l l u l o s e .  A l though  t h e  t a b l e t s  l a m i n a t e d  

w i t h i n  one hour  o f  c o n t a c t  w i t h  t h e  e l u t i o n  medium, f o u r  h o u r s  

were  r e q u i r e d  t o  r e l e a s e  a p p r o x i m a t e l y  85 p e r c e n t  o f  t h e  a c t i v e  
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308  C A M E R O N  A N D  MC G I N I T Y  

0 100 200 300 400 

Time (minutes) 

FIGURE 1. 

The i n f l u e n c e  o f  f i l l e r  e x c i p i e n t s  on t h e  r e l e a s e  r a t e  o f  

t h e o p h y l l i n e  (300 mg) f r o m  t a b l e t s  c o n t a i n i n g  E u d r a g i t  SlOO i n  900 

m l  o f  a c i d i c  media (see E x p e r i m e n t a l  f o r  d e t a i l s ) .  

Key: + m i c r o c r y s t a l l i n e  c e l l u l o s e ;  0 l a c t o s e ;  A s u c r o s e ;  

c a l c i u m  s u l f a t e  (9O/S);  0 , d e x t r o s e ;  A , c a l c i u m  s u l f a t e  

(90A/A).  

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TABLET FORMULATIONS CONTAINING ACRYLIC RESINS. 111 309 

i n g r e d i e n t  f r o m  t h e  t a b l e t  m a t r i x .  T h i s  l a m i n a t i o n  was n o t  

e v i d e n t  w i t h  t a b l e t s  c o n t a i n i n g  t h e  o t h e r  e x c i p i e n t s  wh ich  

r e l e a s e d  t h e o p h y l l i n e  by a s low  e r o s i o n  o f  t h e  t a b l e t  m a t r i x .  

Us ing  sucrose as t h e  f i l l e r  m a t e r i a l ,  t h e  i n f l u e n c e  o f  r e s i n  

l e v e l  on t h e  d i s s o l u t i o n  r a t e  o f  t h e o p h y l l i n e  f r o m  t a b l e t s  i n  

a c i d i c  medium i s  shown i n  F i g u r e  2. A s i g n i f i c a n t  d i f f e r e n c e  

between t a b l e t  f o r m u l a t i o n s  ( P  > 99 p e r c e n t )  was obse rved  when 

compar ing  t h e  i n f l u e n c e  o f  t h e  l e v e l  o f  a c r y l i c  copo lymer  on t h e  

d i s s o l u t i o n  r a t e s  o f  t h e o p h y l l  i n e .  I n c r e a s i n g  copo lymer  c o n t e n t  

f r o m  z e r o  t o  f i f t e e n  p e r c e n t  decreased t h e  amount o f  d r u g  

d i s s o l v e d  a f t e r  s i x  hou rs  by a p p r o x i m a t e l y  one t h i r d .  The r e l e a s e  

r a t e s  were v e r y  r e p r o d u c i b l e  as i n d i c a t e d  by t h e  s m a l l  s t a n d a r d  

e r r o r s  o f  means: l e s s  t h a n  f i v e  p e r c e n t  i n  a l l  cases .  

Drug d i s s o l u t i o n  as a f u n c t i o n  o f  r e s i n  l e v e l  i n  phosphate  

b u f f e r  (pH 7.4, USP) i s  shown i n  F i g u r e  3. Whereas d r u g  

d i s s o l u t i o n  decreased w i t h  i n c r e a s i n g  r e s i n  l e v e l  i n  t h e  a c i d i c  

medium, t h e  converse  h e l d  t r u e  i n  t h i s  b u f f e r .  S ince  t h e  E u d r a g i t  

SlOO r e s i n  was s o l u b l e  a t  t h i s  pH, t h e  h i g h e r  r e s i n  l e v e l s  

i n c r e a s e d  e r o s i o n  o f  t h e  t a b l e t  m a t r i x  and promoted t h e  d r u g  

r e l e a s e  process .  Re lease r a t e s  were found  t o  depend s i g n i f i c a n t l y  

upon t h e  amount o f  r e s i n  p r e s e n t  w i t h i n  t h e  t a b l e t  a t  pH 7.4. 

These r e l e a s e  r a t e s  were s i g n i f i c a n t l y  h gher  when compared t o  

t h o s e  o b t a i n e d  i n  medium a t  pH 1.1. The i n f l u e n c e  o f  pH on t h e  

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

suc rose  and 15  p e r c e n t  E u d r a g i t  SlOO i s  shown i n  F i g u r e  4. Drug 

r e l e a s e  i n  pH 4.0 medium was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  
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310 CAMERON A N D  MC G I N I T Y  

0 100 200 300 400 

Time (minutes) 

FIGURE 2. 

D i s s o l u t i o n  p r o f i l e s  o f  t h e o p h y l l  i n e  (300 mg) f r o m  t a b l e t s  

c o n t a i n i n g  E u d r a g i t  S100, as a f u n c t i o n  o f  t o t a l  r e s i n  c o n t e n t ,  i n  

900 m l  o f  a c i d i c  medium (see  E x p e r i m e n t a l  f o r  d e t a i l s ) .  

Key: + , 0% SlOO 0 ,  5% S100; , 10% S100; 0 , 15% S100. 
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FIGURE 3 ,  

D i s s o l u t i o n  p r o f i l e s  o f  t h e o p h y l l  i n e  (300 mg) f rom t a b l e t s  

c o n t a i n i n g  E u d r a g i t  SlOO as a f u n c t i o n  o f  t o t a l  r e s i n  con ten t ,  i n  

900 m l  o f  pH 7 .4  phosphate b u f f e r  (see Exper imenta l  f o r  d e t a i l s ) .  

Key: , 15% S100; a , 10% S100; 0 ,  5% S100; + ,  0% S100. 
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FIGURE 4. 

The influence o f  medium pH on the dissolution of 

theophyll ine (300 mg) from tablets containing 15 percent Eudragit 

SlOO resin. Key: + , pl-l 7.4; 0 ,  pH 4.0; , pH 1.1. 
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d i s s o l u t i o n  p r o f i l e s  a t  pH 1.1. Release c h a r a c t e r i s t i c s  were 

found  t o  be s i g n i f i c a n t l y  d i f f e r e n t  when compar ing  r e s u l t s  i n  

a c i d i c  media w i t h  t h o s e  a t  pH 7.4. 

T a b l e t  p o r e  s i z e  d i s t r i b u t i o n s  as a f u n c t i o n  o f  t h e  f i l l e r  

e x c i p i e n t  employed a r e  shown i n  F i g u r e  5. The p o r e  s i z e  

d i s t r i b u t i o n s  f o r  t h e  d i f f e r e n t  t a b l e t  f o r m u l a t i o n s  were s i m i l a r  

i n  shape. However, t h e  p o r e  s i z e  d i s t r i b u t i o n s  f o r  t a b l e t s  

c o n t a i n i n g  d i f f e r e n t  e x c i p i e n t s  v a r i e d  i n  t h e i r  d i s p l a c e m e n t  a l o n g  

t h e  p o r e  d i a m e t e r  a x i s .  Pore s i z e  d i s t r i b u t i o n s  as a f u n c t i o n  o f  

t a b l e t  hardness  f o r  s u c r o s e - c o n t a i n i n g  t a b l e t s  a r e  p i c t u r e d  i n  

F i g u r e  6 w h i c h  shows t h a t  t a b l e t  hardness  has an i n v e r s e  

r e l a t i o n s h i p  w i t h  p o r e  s i z e .  A d d i t i o n a l l y ,  t o t a l  p o r e  volumes, as  

w e l l  as p o r e  s i z e  d i s t r i b u t i o n s  decrease w i t h  i n c r e a s i n g  t a b l e t  

ha rdness .  The d a t a  i n  F i g u r e  7 f o r  suc rose  c o n t a i n i n g  t a b l e t s  

show t h a t  t a b l e t  hardness  was i n v e r s e l y  r e l a t e d  t o  t h e  t o t a l  p o r e  

o r  v o i d  volume. 

SUMMARY 

The i n c o r p o r a t i o n  o f  E u d r a g i t  SlOO r e s i n  i n t o  t h e o p h y l l  i n e  

t a b l e t s  c o n t a i n i n g  d i r e c t l y  c o m p r e s s i b l e  f i l l e r  e x c i p i e n t s ,  was 

shown t o  r e t a r d  t h e  r e l e a s e  o f  t h e  d r u g  f r o m  t h e  t a b l e t  m a t r i x .  

D i s s o l u t i o n  o f  d r u g  f r o m  t h e  t a b l e t  m a t r i x  was found t o  be 

dependent upon t h e  t y p e  o f  f i l l e r  e x c i p i e n t  used, t h e  amount o f  

a c r y l i c  r e s i n  i n  t h e  t a b l e t  and t h e  pH o f  t h e  d i s s o l u t i o n  medium 

employed. I n  a c i d i c  media,  r e l e a s e  r a t e s  decreased as po lymer  

l e v e l s  i nc reased .  The r e v e r s e  was demons t ra ted  a t  pH 7.4 i n  w h i c h  
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FIGURE 5. 

The influence of the filler excipient on the relative volume 

o f  pores and pore size distributions for theophylline tablets 

containing Eudragit S100. 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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TABLET FORMULATIONS CONTAINING ACRYLIC RESINS. 111 315 

10 100 1000 10000 

Pore Radius ( 8 )  

FIGURE 6 .  

The i n f l u e n c e  o f  t a b l e t  hardness  on t h e  r e l a t i v e  volume o f  

po res  and p o r e  s i z e  d i s t r i b u t i o n s  f o r  t h e o p h y l l i n e  (300 mg) 

t a b l e t s  c o n t a i n i n g  suc rose  and E u d r a g i t  S100. D
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FIGURE 7. 

porosity as a function 

tablets containing sucrose 

12 14 16 

of tablet hardness 

and Eudragit S100. 
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t h e  po lymer  was f r e e l y  s o l u b l e .  The r a t e  o f  d i s s o l u t i o n  i n c r e a s e d  

a t  pH 7.4 as t h e  l e v e l  o f  po lymer  i n  t h e  t a b l e t  was i nc reased .  The 

most r a p i d  r e l e a s e  p r o f i l e  was o b t a i n e d  f r o m  t a b l e t s  c o n t a i n i n g  

m i c r o c r y s t a l l i n e  c e l l u l o s e .  A l t h o u g h  t h i s  e x c i p i e n t  p romoted t h e  

e r o s i o n  o f  t h e  dosage forms, t h e  p resence  o f  t h e  a c r y l i c  r e s i n  was 

s u f f i c i e n t  t o  r e t a r d  d r u g  d i s s o l u t i o n .  Ca lc ium s u l f a t e  90 A / A  

t h a t  c o n t a i n e d  a c a c i a  as t h e  b i n d i n g  agen t ,  p roduced  t h e  s l o w e s t  

r a t e  o f  d r u g  r e l e a s e .  T a b l e t s  c o n t a i n i n g  t h e  s o l u b l e  e x c i p i e n t s ,  

suc rose  and d e x t r o s e ,  and those  f o r m u l a t e d  w i t h  c a l c i u m  s u l f a t e  

90s produced r e l e a s e  cu rves  between t h e  two ex t remes.  S i n c e  t h e  

E u d r a g i t  SlOO i s  s o l u b l e  a t  n e u t r a l  pH, p o t e n t i a l  b i o a v a i l a b i  i t y  

prob lems - -  i n  v i v o  w i t h  d r u g s  f o r m u l a t e d  i n t o  m a t r i x  t a b  e t s  

c o n t a i n i n g  t h e  a c r y l i c  po l ymer  c o u l d  p o s s i b l y  be  e l i m i n a t e d .  
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