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ABSTRACT 

Theophyl l ine t a b l e t  formulat ions con ta in ing  a combination o f  

c a t i o n i c  and anion ic  a c r y l i c  r e s i n s  were prepared and evaluated. 

Equal amounts o f  Eudragi t  RSPM ( c a t i o n i c  r e s i n )  and Eudrag i t  LlOO 

(an ion i c  r e s i n )  were included a t  the 15% l e v e l  ( t o t a l  polymer 

content )  i n t o  the t a b l e t  formulat ions.  Pressure-hardness 

p r o f i l e s  w i t h  theophyl l  i ne - res in  compacts (4: 1) demonstrated t h a t  

compacts con ta in ing  the RSPM r e s i n  were the most compressible. 

The d i s s o l u t i o n  p r o f i l e s  f o r  theophyl l  i ne  i n  a c i d i c  media showed 

slower re lease r a t e s  from t a b l e t s  con ta in ing  the combined r e s i n s  

than from those con ta in ing  each o f  the s i n g l e  res ins .  It was 

proposed t h a t  t h i s  decrease i n  drug re lease r a t e  was a r e s u l t  of a 

so l  i d  s t a t e  i n t e r a c t i o n  between the oppos i te l y  charged polymers. 

1409 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1410 CAMERON AND MC G I N I T Y  

As the amount o f  re ta rdan t  i n  the m a t r i x  increased, the  re lease 

r a t e s  i n  a c i d i c  media decreased. I n  pH 7.4 phosphate b u f f e r ,  

much f a s t e r  release was seen due t o  the higher s o l u b i l i t y  o f  t h e  

Eudragi t  L-100 r e s i n  a t  t h i s  pH l e v e l .  Tablet  hardness between 

the range o f  6.8 kg t o  15 kg showed minimal in f luences on the 

d i s s o l u t i o n  ra te .  Recompression and re1 u b r i c a t i o n  o f  the t a b l e t  

formulat ion conta in ing both polymers, produced a decrease i n  

release ra tes  o f  theophyl l  i ne  from the  t a b l e t  ma t r i x .  

INTRODUCTION 

The resurgence o f  research and development o f  c o n t r o l l e d -  

re lease dosage forms du r ing  the past ten years was discussed i n  

depth i n  a recent a r t i c l e  by Amsel, -- e t  a1.l  The present emphasis 

has not  been r e s t r i c t e d  t o  o r a l  d e l i v e r y  systems, s ince extens ive 

research i s  a l so  being conducted w i t h  transdermal , ocular,  nasal , 
r e c t a l ,  and parentera l  dosage forms. App l i ca t i ons  of 

biodegradable polymers i n  targeted drug d e l i v e r y  systems have a l s o  

been repor ted i n  the l i t e r a t u r e .  

Among the methods used t o  formulate o r a l  con t ro l l ed - re lease  

products, the r e t a r d a t i o n  o f  drug re lease by the  use o f  b a r r i e r s  

t o  d i sso lu t i on ,  continues t o  be the most widespread method. These 

b a r r i e r s  have been u t i l i z e d  i n  t a b l e t s ,  granules, beads, m a t r i x  

systems and ion-exchange systems. 2,3,4 The m a t r i x  systems appear 

t o  be a most a t t r a c t i v e  approach, from an economic as w e l l  as from 

the process development and scale-up p o i n t s  o f  view. A m u l t i t u d e  

o f  re ta rdan t  polymers i n c l u d i n g  waxes, c e l l u l o s e  d e r i v a t i v e s ,  h i g h  
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CONTROLLED-RELEASE THEOPHYLLINE TABLET FORMULATIONS 1411 

molecular weight alcohols,  g l y c o l s ,  and hydrogels have been 

reviewed by Lee and R ~ b i n s o n . ~  Sol i d  d i spe rs ion  techniques t h a t  

i n  the past have been employed t o  accelerate d i s s o l u t i o n  r a t e s  

have a l so  been successfu l ly  employed t o  r e t a r d  drug re lease f o r  up 

t o  11 hours. 6 

I n  an e a r l i e r  r e p ~ r t , ~  the  authors discussed the r e t a r d a n t  

p roper t i es  o f  f ou r  a c r y l i c  r e s i n s  (Eudragi ts)  i n  theophy l l  i ne  slow 

re lease t a b l e t s .  The physicochemical p roper t i es  o f  these r e s i n s  

had been prev ious ly  descr ibed by Lehmann. The present 

i n v e s t i g a t i o n  i s  concerned w i t h  the p roper t i es  o f  t a b l e t s  

con ta in ing  a combination o f  an anion ic  and a c a t i o n i c  res in ,  

Eudragi t  LlOO and Eudragi t  RSPM, respec t i ve l y .  

EXPERIMENTAL 

With the except ion o f  t he  g l i d a n t  used, fumed s i l i c o n  

dioxide,' t he  m a t e r i a l s  and methods used i n  t h i s  study were the 

same as p rev ious l y  r e p ~ r t e d . ~  Sucrose" was used as the f i l l e r  

e x c i p i e n t  i n  the t a b l e t  formulat ions.  Combination r e s i n  t a b l e t s  

were prepared t o  conta in  a 1:l r a t i o  o f  Eudragi t  RSPM" and 

Eudragi t  LIOO.ll These polymers were present a t  t he  15% l e v e l  

( t o t a l  r e s i n  content ) ,  unless otherwise stated. With t h e  

except ion o f  the d i s s o l u t i o n  s tud ies conducted i n  phosphate b u f f e r  

pH 7.4, t h e  remaining s tud ies were conducted i n  900 m l  o f  0.1N 

hydroch lo r i c  ac id  conta in ing 0.02% Tween 80, maintained a t  37OC 

and ag i ta ted  a t  50 rpm, and employing the USP method I apparatus. 
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1412 CAMERON AND MC GINITY 

A comparison o f  method I and I 1  was conducted and the  i n f l uence  o f  

a g i t a t i o n  i n t e n s i t y  was s tud ied w i t h  both t e s t  methods. 

Compaction pressure-hardness p r o f i l e s  o f  drug and r e s i n  were 

developed using 500 mg compacts con ta in ing  98% t h e o p h y l l i n e  and 

s i n g l e  res ins  a t  d i f f e r e n t  r a t i o s ,  w i t h  1% fumed s i l i c o n  d i o x i d e  

and 1% magnesium stearate.  For comparison purposes, Eudragi t  RLPM 

and Eudragi t  SlOO were included i n  these studies.  The powdered 

mixture was blended f o r  f i v e  minutes i n  a tw in -she l l  b lender 

before compaction. These compacts were produced on a Stokes Model 

F s i n g l e  s t a t i o n  t a b l e t  press, f i t t e d  w i t h  an Enerpac hyd rau l i c  

load c e l l  t o  record the pressure de l i ve red  t o  the lower punch 

du r ing  the compaction process. The g ranu la t i on  f o r  the 

recompression studies was obtained by m i l l i n g  t a b l e t s  t h a t  had 

been prev ious ly  prepared by d i r e c t l y  compressing the powder blend 

t o  3-5kg. Seventy-f ive percent o f  the r e s u l t a n t  g ranu la t i on  was 

i n  the  20 t o  80 mesh size.  

RESULTS AND DISCUSSION 

A wide v a r i e t y  o f  theophyl l  i ne -ac ry l  i c  r e s i n  compacts 

conta in ing d i f f e r e n t  r a t i o s  o f  drug and polymer were evaluated f o r  

t h e i r  compaction proper t ies.  A f o u r  t o  one r a t i o  o f  drug t o  r e s i n  

i s  reported i n  the compact formulat ions s ince drug and r e s i n  were 

present i n  t h i s  r a t i o  i n  the t a b l e t  formulat ions.  The compaction 

p r o f i l e s  f o r  t h i s  fo rmu la t i on  f o r  the f o u r  r e s i n s  are shown i n  

F igure 1. Each data p o i n t  represents the  mean o f  t en  

determinat ions.  L inear r e l a t i o n s h i p s  were observed w i t h  a l l  t he  
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CONTROLLED-RELEASE THEOPHYLLINE TABLET FORMULATIONS 
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FIGURE 1. 

Hardness-pressure p r o f i l e s  o f  theophyl l ine and Eudragit -containing 
compacts (drug t o  res in  4:l) blended wi th  the  lubr icant  f o r  f i v e  
minutes. Each point  represents the mean o f  ten measurements. 
Key: + -  Eudragit  RSPM; 0 -  Eudragit  RLPM; 0 - Eudragit  L100; B - 
Eudragit S100. A 1  1 points,  when comparing d i f f e r e n t  copolymers, 
a l l  points were s i g n i f i c a n t l y  d i f f e r e n t  a t  p > 99.9% 
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1414 CAMERON AND MC GINITY 

polymers studied. The Eudragi t  RSPM polymer appeared t o  be the 

most compactable and the Eudragi t  S100, the l e a s t  compactable. 

Over the pressure range invest igated,  no laminat ion was seen i n  

any o f  t he  compacts. 

I n  an e a r l i e r  r e p ~ r t , ~  d i s s o l u t i o n  s tud ies w i t h  c o n t r o l l e d  

re lease theophyl l  ine t a b l e t s  demonstrated t h a t  the Eudragi t  RSPM 

res in ,  w i t h  quaternary amnonium groups, showed exce l l en t  r e t a r d a n t  

proper t ies.  The Eudragi t  L l O O  res in ,  an anion ic  polymer, 

demonstrated l i t t l e  a b i l i t y  i n  r e t a r d i n g  drug d i s s o l u t i o n .  A 

combination o f  both r e s i n s  i n  a 1:l r a t i o  was u t i l i z e d  a t  the 15% 

( t o t a l  r e s i n  content)  l e v e l ,  and the release p r o f i l e s  a re  

i l l u s t r a t e d  i n  F igure 2. A g rea te r  r e t a r d a n t  e f f e c t  was seen w i t h  

the combination r e s i n  than w i t h  e i t h e r  s i n g l e  r e s i n  formulat ion.  

It i s  proposed t h a t  t h e  slower eros ion o f  t he  m a t r i x  was caused by 

a sol  i d - s t a t e  i n t e r a c t i o n  between the p o s i t i v e  and negat ive 

charges on the s o l i d  res ins.  This could account f o r  the slower 

erosion r a t e  o f  the t a b l e t  m a t r i x  con ta in ing  the combination 

res ins.  The s u b s t i t u t i o n  o f  fumed s i l i c o n  d iox ide  f o r  t a l c  as t h e  

g l i d a n t  i n  the t a b l e t  f o rmu la t i on  was necessary because o f  t he  

poor f l ow  p roper t i es  o f  the combination r e s i n  t a b l e t  formulat ion.  

Although t a l c  was used successfu l ly  w i t h  s i n g l e  r e s i n  

 formulation^,^ t h i s  was no t  the case when the combination polymers 

were employed. Fumed s i l i c o n  d i o x i d e  t h a t  o f t e n  has been repo r ted  

i n  the l i t e r a t u r e  t o  overcome f l o w  problems due t o  s t a t i c  charge, 

was very e f fec t i ve  i n  overcoming problems caused by the  oppos i te l y  

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
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FIGURE 2. 

Influence of resin type on the dissolution properties of 
theophylline (300 mg) from tablets in 900ml of acidic medium (see 
Experimental for details). Key: 0- Eudragit L100; +-  Eudragit 
RSPM; = -  Eudragit RSPM/L100 combination. 
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1416 CAMERON AND MC GINITY 

charged polymers. The i n c l u s i o n  o f  sucrose, a non-hygroscopic 

f i l l e r  exc ip ient ,  was found t o  produce super ior  dosage forms 

compared t o  t a b l e t s  repor ted e a r l i e r  con ta in ing  dextrose. 7 

The in f l uence  o f  a g i t a t i o n  cond i t i ons  on drug re lease and 

t a b l e t  erosion was inves t i ga ted  us ing the basket method. The 

d i s s o l u t i o n  p r o f i l e s  appear i n  Figure 3. Sim i la r  r e s u l t s  were 

found w i t h  the paddle method, and a comparison o f  t h e  r e s u l t s  from 

both methods are shown i n  F igure 4. When a g i t a t i o n  cond i t i ons  

were increased from 50 RPM t o  125 RPM, f a s t e r  erosion o f  t he  

t a b l e t  ma t r i x  was ev ident  and the  re lease  r a t e  o f  t heophy l l i ne  was 

approximately doubled. 

The in f l uence  o f  t a b l e t  hardness on the d i s s o l u t i o n  process 

i s  shown i n  Figures 5 and 6. Drug re lease from the t a b l e t  w i t h  a 

hardness o f  4 kg was q u i t e  rap id.  The f r i a b i l i t y  value o f  t h ree  

percent f o r  t h i s  t a b l e t  f o rmu la t i on  v e r i f i e d  t h a t  i t  had l i m i t e d  

p o t e n t i a l  f o r  f u t u r e  development. It was i n t e r e s t i n g  t o  note t h a t  

t he  drug release p r o f i l e s  from t a b l e t s  w i t h  hardness values 

between 6.8 and 15 kg were very s i m i l a r .  The t a b l e t  f r i a b i l i t y  

f o r  these t a b l e t s  var ied from 0.45 percent t o  0.25 percent,  

respec t i ve l y .  As suggested by the  p la teau i n  the p r o f i l e s  o f  

Figure 6, the i n f l uence  o f  t a b l e t  hardness on the theophy l l i ne  

re lease r a t e  was minimal i n  t h i s  hardness range. 

The in f l uence  o f  medium pH and r e s i n  l e v e l s  on the  

d i s s o l u t i o n  of theophyl l  i n e  from Eudragi t -conta in ing t a b l e t s  i s  

shown i n  Figures 7 and 8. There was an obvious e f f e c t  i n  a c i d i c  
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FIGURE 3. 

I n f l u e n c e  o f  s t i r r i n g  speed on the d i s s o l u t i o n  r a t e  o f  
theophyl l  i n e  (300 mg) from t a b l e t s  conta in ing E u d r a g i t  r e s i n s  
(RSPM and L100) i n  900ml o f  a c i d i c  medium (see Experimental f o r  
d e t a i l s ) .  Key: m -  200 RPM; A -  125 RPM;+- 50 RPM. 
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1418 CAMERON AND MC G I N I T Y  
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FIGURE 4. 

Comparison o f  d i s s o l u t i o n  t e s t  method and t h e  e f f e c t  o f  s t i r r i n g  
speed on the  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  (300 mg) from 
t a b l e t s  conta in ing  Eudrag i t  copolymers (RSPM and L100) i n  900ml o f  
a c i d i c  medium. Key: m -  200 RPM Method I; o -  200 RPM Method 11; A -  
125 RPM Method I; A- 125 RPM Method 11; 0-  50 RPM Method I; +-  50 
RPM Method 11. 
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CONTROLLED-RELEASE THEOPHYLLINE TABLET FORMULATIONS 1419 
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FIGURE 5. 

I n f  1 uence o f  t a b l e t  hardness on the re1 ease r a t e  o f  t heophy l l  i n e  
(300 mg) f rom t a b l e t s  con ta in ing  Eudragi t  r e s i n s  (RSPM and L100) 
i n  900ml o f  a c i d i c  medium (see Experimental f o r  d e t a i l s ) .  
Key: +- 4 kg;O- 6.8 kg; .- 9.8 kg; 0- 15 kg. 
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1420 CAMERON AND MC G I N I T Y  
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FIGURE 6. 

Summary o f  the i n f l uence  o f  t a b l e t  hardness on the  d i s s o l u t i o n  o f  
t heophy l l i ne  (300 mg) f rom t a b l e t s  con ta in ing  a combination o f  
Eudragi t  res ins  (RSPM and L100) i n  900ml o f  a c i d i c  medium (see 
Experimental f o r  d e t a i l s ) .  
Key: +- 360 minutes; 0 - 240 minutes; - 60 minutes. 
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FIGURE 7. 

The i n f l u e n c e  of Eudrag i t  polymer l e v e l  (RSPM and L100) 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) from t a b l e t s  i n  900ml o f  
a c i d i c  medium (see  Experimental for d e t a i l s ) .  
Key: + -  5% r e s i n ;  0 -  10% r e s i n ;  m -  15% r e s i n .  
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FIGURE 8. 

The influence of Eudragit polymer level (RSPM and L100) on the 
release rate of theophylline (300 mg) from tablets in 900ml o f  pH 
7.4 phosphate buffer (see Experimental for details). 
Key: +- 5% resin; 0 - 10% resin; - 15% resin. 
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medium. As t he  t o t a l  l e v e l  o f  polymers i n  t h e  t a b l e t  was 

inc reased f rom 5 t o  15 percent ,  t h e  re lease  r a t e s  o f  t h e o p h y l l i n e  

f rom t h e  t a b l e t  m a t r i x  decreased. No s i g n i f i c a n t  drug d i s s o l u t i o n  

r e t a r d a t i o n  e f f e c t  was seen w i t h  the  t h r e e  combinat ion r e s i n  

f o r m u l a t i o n s  i n  phosphate b u f f e r  a t  pH 7.4. The r e t a r d a n t  e f f e c t  

o f  t h e  r e s i n s  was probab ly  absent due t o  t h e  h ighe r  s o l u b i l i t y  o f  

t h e  Eudrag i t  L100, s i n c e  i t  w i l l  d i s s o l v e  above pH 6.0. The 

d i s s o l u t i o n  o f  t he  Eudrag i t  LlOO r e s i n  a t  pH 7.4, r e s u l t e d  i n  a 

more porous t a b l e t  m a t r i x  which broke a p a r t  more r e a d i l y  upon 

a g i t a t i o n .  The n e t  r e s u l t  was a f a s t e r  re lease  o f  d rug  i n t o  t h e  

phosphate b u f f e r .  

The p r o f i l e s  i n  F igures  9 and 10 demonstrate t h e  i n f l u e n c e  

o f  recompression 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 rom t h e  

m a t r i x  t a b l e t s ,  Recompression w i t h o u t  f u r t h e r  a d d i t i o n  o f  a 

l u b r i c a n t  produced a 30% t o  40% r e d u c t i o n  i n  t h e  drug  r e l e a s e  

r a t e .  I n  t h i s  case, s t ronger  bonds were probab ly  formed between 

t h e  granu les  r e s u l t i n g  i n  a decrease i n  t h e  e r o s i o n  r a t e  o f  t h e  

t a b l e t .  Where t h e  granu les  had been r e l u b r i c a t e d  w i t h  magnesium 

s t e a r a t e  p r i o r  t o  f i n a l  compaction, a s l i g h t  i nc rease  i n  d rug  

re lease  was seen (F igu re  10). The standard d e v i a t i o n s  f o r  t h e  

drug con ten t  and t a b l e t  weights f o r  bo th  t h e  recompressed and t h e  

relubricated-recompressed t a b l e t s  were l e s s  than one percent .  The 

f r i a b i l i t y  values f o r  a l l  f o r m u l a t i o n s  eva lua ted  were l e s s  than 

0.2 percent.  
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FIGURE 9. 

The influence o f  recompression on the release rate o f  theophylline 
(300 mg) from tablets containing Eudragit polymers (RSPM and L100) 
in 900 ml o f  acidic medium (see Experimental for details). Key:+- 
9.8 kg; 0- 15.6 kg; - 9.4 kg (recompressed); o -  15.3 kg  
(recompressed). 
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FIGURE 10. 

The influence o f  recompression and relubrication on the 
dissolution rate of theophyll ine (300 mg) from tablets containing 
Eudragit copolymers (RSPM and L100) in 900ml o f  acidic medium (see 
Experimental for details). Key: +- 15.6 kg (directly compacted); 
0 - 15.1 kg (recompressed and relubricated); - 15.3 kg 

(recompressed). 
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SUMMARY 

The combination o f  c a t i o n i c  and anion ic  res ins  as a 

re ta rdan t  ma t r i x  i n  a theophyl l  i n e  t a b l e t  f o rmu la t i on  was 

demonstrated t o  have good p o t e n t i a l  i n  a c o n t r o l  led-re lease dosage 

form. The re ta rdan t  ef fects i n  a c i d i c  medium were dependent upon 

the l e v e l s  o f  a c r y l i c  r e s i n  polymer i n  the dosage form. The more 

r a p i d  release a t  pH 7.4 was due t o  the h igh  s o l u b i l i t y  o f  the 

Eudragi t  LlOO a t  t h i s  pH. The re lease r a t e s  a t  pH 7.4 were very 

s i m i l a r  f o r  tab e t s  con ta in ing  from 5 t o  15 percent r e s i n .  

Compactibi l  i t y  s tud ies showed good compaction p roper t i es  f o r  

t heophy l l i ne  i n  combination w i t h  the Eudragi t  res ins .  Although 

m a t r i x  erosion was found t o  increase as a g i t a t i o n  increased, the 

drug release r a t e  o f  drug from the t a b l e t s  was n o t  adversely 

inf luenced by t a b l e t  hardness i n  the 6.8-15kg range. 

Recompression from ground t a b l e t s  and re1 u b r i c a t i o n  o f  the 

g ranu la t i on  produced a decrease i n  d i s s o l u t i o n  r a t e  when compared 

t o  the o r i g i n a l  t a b l e t  formulat ion.  
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