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ABSTRACT 

Theophyl  1 i ne t a b 1  e t  f o r m u l a t i o n s  c o n t a i n i n g  0.48-14.69% o f  

g l y c e r y l  s t e a r a t e  as r e l e a s e  c o n t r o l  agent  (RCA) were p r e p a r e d  and 

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

decreased as RCA l e v e l  was i n c r e a s e d  and r e l a t i v e  v a l u e s  have been 

exp ressed  as  a n o n l i n e a r  d i s s o l u t i o n  c o e f f i c i e n t ,  K, r e p r e s e n t i n g  

t h e  f r a c t i o n a l  r e l e a s e  a f t e r  l h .  Over t h e  r a n g e  cons ide red ,  K i s  

p r o p o r t i o n a l  t o  c o n c e n t r a t i o n - '  o f  RCA ( r=0 .955,  p<O.OOl 1. 

K i n e t i c s  r e p r e s e n t i n g  t h e  mechanism o f  r e l e a s e  a l s o  change w i t h  

i n c r e a s i n g  RCA l e v e l :  a t  l o w  l e v e l s  o f  RCA, d i s s o l u t i o n  f o l l o w s  

c u b e - r o o t  k i n e t i c s ,  b u t  a t  h i g h e r  RCA l e v e l s ,  t h e  p rocess  i s  
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2632 TRIGGER, DAVIES, AND PARKER 

d i f f u s i o n - c o n t r o l l e d .  These k i n e t i c s  a re  r e l a t e d  t o  va lues  o f  t h e  

n o n l i n e a r  d i s s o l u t i o n  exponent, n, which shows a p r o p o r t i o n a l i t y  

w i t h  concen t ra t i on - '  o f  RCA ( r=0.899, p<O.OOl). 

a re  d iscussed i n  r e l a t i o n  t o  r e c e n t l y  r e p o r t e d  t h e o r e t i c a l  va lues 

o f  n. 

These f i n d i n g s  

INTRODUCTION 

The f o r m u l a t i o n  o f  c o n t r o l l e d - r e l e a s e  (C/R) s o l i d  dosage 

forms con t inues  t o  be o f  i n t e r e s t ,  p a r t i c u l a r l y  where h i g h  l e v e l s  

o f  t h e r a p e u t i c a l l y  a c t i v e  d rug  substances a r e  t o  be i n c o r p o r a t e d .  

Many such systems have been desc r ibed  i n  t h e  l i t e r a t u r e ,  o f t e n  

u t i l i s i n g  l i p i d  m a t e r i a l s  as r e l e a s e - c o n t r o l  agent (RCA). 

Goodhart' desc r ibed  t h e  r e l e a s e  mechanism f r o m  a t y p i c a l  wax 

m a t r i x  f o r m u l a t i o n  and s t a t e d  t h a t  t h i s  t o o k  p l a c e  by a d i f f u s i o n  

process. Drug r e l e a s e  i s  t hough t  t o  occur  f r o m  dosage forms o f  

t h i s  t y p e  by uptake o f  t h e  surrounding d i s s o l u t i o n  medium th rough  

channels,  f o l l owed  b y  s o l u t i o n  o f  t h e  d rug  substance and d i f f u s i o n  

i n  t h e  r e v e r s e  d i r e c t i o n  o f  d i s s o l v e d  d rug .  B road ly  s i m i l a r  

processes would appear t o  t a k e  p l a c e  b o t h  i n  v i t r o  and i n  v i v o .  

Schroeder e t  a12 showed t h a t  i n t e r a c t i o n s  d i d  n o t  t a k e  p l a c e  

between e i t h e r  t r i p e l l e n a m i n e  o r  t o l a z o l i n e  h y d r o c h l o r i d e s  w i t h  a 

wax m a t r i x  base which would be expected t o  r e s u l t  i n  d i s s o l u t i o n  

r a t e s  s u b s t a n t i a l l y  f a s t e r  t han  those o f  t h e  pure d rug  substances 

as had been r e p o r t e d  e a r l i e r  f o r  b i n a r y  mixes o f  t hese  substances 

w i t h  u rea  3 y 4  and, indeed, went on t o  show t h a t  when t h e  

combinat ions o f  t r i p e l l e n a m i n e  o r  t o l a z o l i n e  w i t h  l i p i d  m a t r i c e s  

were compressed i n t o  t a b l e t s ,  r e t a r d a t i o n  o f  t h e  r e l e a s e  was 

e v i d e n t 5 '  
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RELEASE O F  THEOPHYLLINE FROM A NEW MATRIX TABLET 2633 

The presence o f  s u r f a c t a n t s  was shown t o  i n c r e a s e  d i s s o l u t i o n  

r a t e s  i n  a manner r e l a t e d  t o  t h e i r  aqueous s o l u b i l i t y :  t h e  

i n c r e a s e d  r a t e s  suggested  t h a t  t h e s e  agen ts  make f u r t h e r  channe ls  

a v a i l a b l e  and i n c r e a s e  t h e  o v e r a l l  e f f e c t i v e  p o r o s i t y  o f  t h e  

m a t r i x .  Povidone has a l s o  been shown t o  i n c r e a s e  r e l e a s e  r a t e s  , 

presumably  by  a s i m i l a r  p r o c e s s  when i n c o r p o r a t e d  i n t o  a m a t r i x  

system, b u t  t h e  o p p o s i t e  e f f e c t  was apparen t  when t h e  m a t e r i a l  was 

p r e s e n t  i n  t h e  d i s s o l u t i o n  medium, due t o  i n c r e a s e s  i n  v i s c o s i t y  

r e s u l t i n g  i n  reduced  r a t e s  o f  l i q u i d  p e n e t r a t i o n .  

6 

Each o f  t h e  f o r m u l a t i o n s  r e f e r r e d  t o  above was p r e p a r e d  by  

t h e  s o - c a l l e d  ' h o t - m e l t '  p rocess ,  where d r u g  i s  d i s p e r s e d  i n  t h e  

m o l t e n  base; t h e  drug-wax base m i x t u r e  i s  t h e n  c h i l l e d ,  b r o k e n  up  

and compressed t o  f o r m  t a b l e t s .  The use o f  b o t h  t h i s  and a 

s o l v e n t  e v a p o r a t i o n  p rocess  were r e p o r t e d  b y  S a i d  who showed t h a t  

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

7 

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

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

s u b s t a n t i a l  range  f o l l o w i n g  t h e  d i f f u s i o n - c o n t r o l l e d  m a t r i x  model 

8 proposed b y  H i g u c h i  

...... (Eqn 1 )  

where Q i s  t h e  amount o f  d r u g  r e l e a s e d  p e r  u n i t  a r e a  o f  t a b l e t  

exposed t o  d r u g  s o l v e n t  

D i s  t h e  d i s s o l u t i o n  c o e f f i c i e n t  o f  t h e  d r u g  i n  t h e  

permeat i ng f 1 u i  d 
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2634 TRIGGER,  DAVIES, AND PARKER 

E i s  the porosity of t he  matrix 

y i s  t he  t o r t u o s i t y  of t h e  matrix 

A i s  the concentration of d r u g  in t h e  matrix 

Cs the s o l u b i l i t y  of d r u g  in  the  dissolut ion medium 

t i s  time. 

Where A i s  large in  r e l a t ion  t o  Cs, i t  i s  possible t o  simplify 

t h i s  equation t o :  

Q = K t  

Alternatively,  t he  equation may be expressed as 

1 . . . . . . ( E q n  2 )  

1 
M t / M f  = K t 2  ..... ( E q n  3 )  

where M t / M f  represents f r ac t iona l  r e l ease ,  Mt=mass of d r u g  

released a t  time, t and Mf = f i n a l  mass of d r u g  released from t h e  

C / R  dosage form a n d  adequately represents t he  release data when a 

matrix diffusion controlled release process i s  occurring. 

This s i t u a t i o n ,  where t h e  exponent term n = 0.5,  however, 

represents only one of t he  possible re lease mechanisms. Where, 

fo r  example, t h e  f r ac t ion  released i n  t h e  dissolut ion t e s t  

procedure i s  d i r e c t l y  re la ted t o  time, viz .  M t / M f = D t + C ;  where 0 i s  

the dissolution rate ( f r ac t ion  released/min) and C i s  a constant , 

an equation of the general type indicated above, b u t  with the  

exponent term n = 1 ,  can also be applied t o  t h e  d a t a  f o r  such a 

zero-order releasing system. There seems no a p r io r i  reason why 

other values of t he  exponent term, n ,  should no t  be possible t o  

give simple equations adequately representing a l t e r n a t i v e  

9 
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RELEASE OF THEOPHYLLINE FROM A NEW MATRIX TABLET 2635 

mechanism o f  d r u g  r e l e a s e ,  o r  t o  c h a r a c t e r i s e  t h e  n e t  s i t u a t i o n  

where a number o f  p rocesses  a r e  o c c u r r i n g  s i m u l a t a n e o u s l y .  

A number o f  r e c e n t  r e p o r t s  c i t e  t h e  use o f  s i m p l e  e q u a t i o n s ,  

such as Eqn 3 b u t  t h e r e  has been c o n f u s i o n  r e g a r d i n g  t h e  meanings 

o f  t h e  v a r i o u s  t e r m s .  de Haan and L e r k ”  r e p o r t  t h e  use  o f  t h e  

e q u a t i o n  i n  r e l a t i o n  t o  t h e  d i s s o l u t i o n  o f  t h e i r  megaloporous 

system, b u t  r e f e r  t o  t h e  exponent  t e r m  as i n d i c a t i v e  of  r e l e a s e  

r a t e ,  r a t h e r  t h a n  i t s  mechanism. 

Peppas”, however, r e p o r t s  t h e  use  of t h e  e q u a t i o n  t o  

d e s c r i b e  d r u g  r e l e a s e  f r o m  po lymers  and p r e d i c t s  t h a t  t h e  

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

s t a t e s  t h a t  when n=0.5, F i c k i a n  d i f f u s i o n  i s  obse rved  and t h e  

t r a n s p o r t  r a t e  o f  d r u g  f r o m  t h e  system i s  p r o p o r t i o n a l  t o  t“ 

T h i s  i s  r e p r e s e n t a t i v e  o f  a system where r e l e a s e  i s  e n t i r e l y  

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

d e s c r i b e d  e a r l i e r  b y  H i g u c h i  . 

1 

8 

Subsequent ly ,  R i  t g e r  and Peppas’ have r e p o r t e d  ma themat i ca l  

m o d e l l i n g  i n d i c a t i n g  t h a t  t h e  e q u a t i o n  can  be  used t o  a d e q u a t e l y  

d e s c r i b e  r e l e a s e  o f  d rugs  r e g a r d l e s s  o f  r e l e a s e  mechanism and 

where p u r e  F i c k i a n  r e l e a s e  i s  o c c u r r i n g  f rom t a b l e t s ,  t h e  exponent  

term, n, has t h e o r e t i c a l  l i m i t i n g  v a l u e s  o f  0.43-0.50 depend ing  on 

t h e  r a t i o  o f  t a b l e t  d i a m e t e r  t o  t h i c k n e s s .  The same a u t h o r s  

have a l s o  s t a t e d  t h a t  t h e  e q u a t i o n  may b e  used f o r  t h o s e  systems 
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2636 T R I G G E R ,  D A V I E S ,  AND P A R K E R  

where a moderate degree of swelling t akes  place,  f o r  instance,  

with 

from 

simp 

a hydrophilic polymer base which i s  progressively passing 

the glassy t o  a rubbery s t a t e .  

The use of t h e  equation i s  c l ea r ly  a t t r a c t i v e  in  t h a t  i t  

y and readi ly  o f f e r s  information on l i k e l y  r e l ease  mechanisms 

operative in drug release from a C / R  system. 

I t  does appear, however, t h a t  t h e  equation has fu r the r  

u t i l i t y ,  pa r t i cu la r ly  in the industr ia l  context,  where comparative 

release d a t a  may be generated on a number of formulations in order 

t o  optimise the  release c h a r a c t e r i s t i c s  of a proposed new product. 

The usefulness of t he  constant term, K ,  appears t o  have been 

overlooked previously in t h i s  context.  A t  f i r s t  s i g h t ,  i t  does 

seem t h a t  comparison of t he  K terms from a number of formulations 

might be d i f f i c u l t ,  pa r t i cu la r ly  where t h e  n terms d i f f e r ,  because 

of the differ ing uni ts  then a t t r i b u t a b l e  t o  K .  However, fu r the r  

consideration indicates  t h a t  where t = l ,  f o r  instance in  

dissolution s tudies  on C / R  formulations a f t e r  1 h ,  then t h e  

influence of t he  exponent term ceases t o  have any e f f e c t  and K 

represents the f r ac t ion  released a t  uni t  time. T h u s ,  systems 

having r e l a t ive ly  high r e l ease  r a t e s  would be expected t o  have 

r e l a t i v e l y  high values of K ;  those with r e l a t i v e l y  lower r e l ease  

r a t e s  s h o u l d  have correspondingly low values of K a n d  we have 

shown previously t h a t  t h i s  i s  s o l 4  and also t h a t  t he re  i s  an 

inverse re la t ionship between K a n d  time t o  specif ied f r ac t iona l  

release of d r u g .  
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RELEASE OF THEOPHYLLINE FROM A NEW MATRIX TABLET 2637 

I n  the  drug-lipid base matrix systems referred t o  previously, 

r e l a t i v e l y  low d r u g  concentrations (32.7-53.5%, by weight) have 

been achieved. Formulations recently reported by Lockwood, e t  

- a l l 5  a l so  contain high l i p i d  R C A  l e v e l s ,  which preclude the  

production o f  s a t i s f a c t o r i l y  small t a b l e t s  containing ac t ive  d r u g  

substances employed a t  high dosage l e v e l s .  An a l t e r n a t i v e  method 

of producing wax matrix t a b l e t s  has been described16 incorporating 

only a b o u t  7% of re lease control agent ( R C A ) .  The object ives  of 

the s tudies  reported here were, f i r s t l y ,  t o  determine t h e  range o f  

app l i cab i l i t y  of t h i s  system and secondly, t o  determine the  

usefulness o f  t he  K term, as defined above, t o  express comparative 

d r u g  re lease r a t e s  together with a consideration o f  t he  re lease 

kinet ics  of t he  formulations. 

- 

MATERIALS AND METHODS 

Tablets containing theophylline (Boehringer Ingel heim; 96.4% 

t o  82.3% by weight expressed as % o f  f i n a l  t a b l e t  composition 

( w / w ) )  were made by mixing t h e  ac t ive  ingredient w i t h  

polyvinylpyrrolidone (Sigma; 2.6% ( w / w )  1 and glycerol s t e a r a t e  

(Precirol  WL-2155; Gattefosse; 0-14.69% ( w / w )  , r e spec t ive ly )  by 

the matrix granulation process described previously . The wet 

granule formed was t ray-dr ied a t  45°C overnight and the  r e su l t i ng  
17  dry granulate screened t h r o u g h  an 850pm s t a i n l e s s  s t ee l  sieve 

and blended w i t h  0.8% w/w of magnesium s t e a r a t e  ( B . D . H . )  as 

lubricant .  Tablets were compressed from these granules using a 

Manesty F3 s ing le  punch machine f i t t e d  with c i r c u l a r  normal 

concave punches. 

16 
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2638 T R I G G E R ,  D A V I E S ,  AND P A R K E R  

Release p a t t e r n s  o f  r e p l i c a t e  s i n g l e  t a b l e t s  were de te rm ined  

by s o l u t i o n  r a t e  t e s t s  a t  37°C * 0.1"C u s i n g  Appara tus  2 o f  t h e  

U n i t e d  S t a t e s  Pharmacopoeia18 u t i l i s i n g  a c i d i c ,  f o l l o w e d  by  

n e u t r a l  pH d i s s o l u t i o n  media,  as i n d i c a t e d  be low:  

( a )  pH 1.2: 85ml h y d r o c h l o r i c  a c i d  (36.5% w / w )  d i l u t e d  t o  l O O O m l  

w i t h  d i  s t i  11 ed  w a t e r .  

( b )  pH 6.8-7.0: 0.59 o f  d i s o d i u m  hydrogen o r thophospha te  

(anhydrous)  and 0.39 p o t a s s i u m  d i  hydrogen o r thophospha te  were 

d i  sso l  ved and d i  1 u t e d  t o  1 OOOrnl w i t h  d i  s t i  11 ed w a t e r .  

l O m l  samples were t a k e n  a t  i n t e r v a l s  d u r i n g  t h e  s o l u t i o n  r a t e  

t e s t s ,  f i l t e r e d  t h r o u g h  0 . 4 5 ~ ~ 1  c e l l u l o s e  a c e t a t e  membrane f i l t e r s  

t o  remove p a r t i c u l a t e  m a t t e r ,  s u i t a b l y  d i l u t e d  w i t h  0.1M 

h y d r o c h l o r i c  a c i d  and ana lysed  f o r  t h e o p h y l l i n e  c o n t e n t  by  

u l t r a v i o l e t  l i g h t  a b s o r p t i o n  a t  t h e  wave leng th  o f  maximum 

a b s o r p t i o n  a t  270 nm, - vs an a p p r o p r i a t e  b l a n k .  Samples t a k e n  f r o m  

d i s s o l u t i o n  v e s s e l s  were i m m e d i a t e l y  r e p l a c e d  w i t h  e q u i v a l e n t  

volumes o f  t h e  r e l e v a n t  b u f f e r  m a i n t a i n e d  a t  37". Drug r e l e a s e  

r e s u l t s  have been expressed as t h e  f r a c t i o n  (Mt/Mf) o f  t h e  t o t a l  

c o n t e n t  o f  t h e o p h y l l i n e  expec ted  f r o m  t h e  f o r m u l a t i o n ,  r e l a t e d  t o  

t h e  w e i g h t  o f  t h e  i n d i v i d u a l  t a b l e t  t e s t e d .  

RESULTS AND D I S C U S S I O N  

f ormu 

D i s s o l u t i o n  t e s t s  on r e p l i c a t e  t a b l e t s  o f  each 

a t i o n s  c o n s i d e r e d  gave c u r v i l i n e a r  r e l a t  

o f  t h e  

onsh ips  
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RELEASE OF THEOPHYLLINE FROM A NEW MATRIX TABLET 2639 

RCA Content 
( x  u/u) 

0.48 
1.01 
1.36 
3.33 
6.44 
9.36 

12.11 
14.69 

TABLE 1 

The R e l a t i o n s h i p  o f  t h e  Non l i nea r  D i s s o l u t i o n  C o e f f i c i e n t ,  K ,  and 
Nonl i near  D i  sso l  u t i  on Exponent , n , w i t h  Content o f  Re1 ease Con t ro l  
Agent 

I 

Nonlinear dissolution Nonlinear dissolution 
coefficient, K exponent, n 

mean 

0.224 
0.209 
0.202 
0.204 
0.148 
0.135 
0.131 
0.137 

RCA Content 
( x  u/u) 

0.48 
1.01 
1.36 
3.33 
6.44 
9.36 

12.11 
14.69 

Nonlinear dissolution 
coefficient, K 

mean 

0.224 
0.209 
0.202 
0.204 
0.148 
0.135 
0.131 
0.137 

Nonlinear dissolution 
exponent, n 

r e p r e s e n t i n g  t h e  f r a c t i o n  o f  d r u g  r e l e a s e d  vs t i m e .  The r e l e a s e  

data f r o m  each i n d i v i d u a l  t a b l e t  was f i t t e d  t o  t h e  exponen t ia l  

r e l e a s e  model , Eqn 3 .  

- 

Mean values o f  K, r e f e r r e d  t o  as t h e  n o n l i n e a r  d i s s o l u t i o n  

c o e f f i c i e n t  and n,  r e f e r r e d  t o  as t h e  n o n l i n e a r  d i s s o l u t i o n  

exponent, +95% con f idence  l i m i t s ,  t o g e t h e r  w i t h  mean va lues  o f  t h e  

r e l e v a n t  d e t e r m i n a t i o n  i n d i c e s ,  r2 ,  a r e  g i v e n  i n  Tab le  1. 

The r e l a t i o n s h i p  o f  K, t h e  n o n l i n e a r  d i s s o l u t i o n  c o e f f i c  

w i t h  con ten t  o f  RCA was i n v e s t i g a t e d  by r e a r e s s i o n  ana 

en t ,  

y s i  s 
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T R I G G E R ,  DAVIES, AND PARKER 

K (fraction released) 

2640 

0.25 

0.20 

0.15 

I 

5 10 15 
Content of RCA 
( %  w / w )  

FIGURE 1 

The Relationship of Nonlinear Dissolution Coefficient, K 
(mean * 95% confidence l imi t s ) ,  with content of Release Control 
Agent ( %  w / w )  

employing the method of least  squares: the best f i t  was apparent 

with the relationship K i s  proportional t o  concentration-' of RCA 

(r=0.955, p<O.OOl) a n d  i s  shown in Figure 1 .  This high level of 

correlation representing the relationship between K and  the level 

of R C A  i s  indicative of the predictive va lue  of K in relation t o  
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RELEASE OF THEOPHYLLINE FROM A NEW MATRIX TABLET 2641  

t h e  l e v e l  of R C A  r e q u i r e d  t o  ach ieve  p r e d e t e r m i n e d  r e l e a s e  

c h a r a c t e r i s t i c s .  The l i n e  i n d i c a t i n g  t h e  r e l a t i o n s h i p  r e p r e s e n t s  

t h e  l e a s t  squares b e s t - f i t  t a k i n g  account  o f  a l l  i n d i v i d u a l  

r e p l i c a t e  d a t a  p o i n t s  mak ing  up t h e  mean v a l u e s  i n d i c a t e d .  

I t  i s  a l s o  apparent  f r o m  Tab le  1 t h a t  t h e  v a l u e s  o f  t h e  

exponent term, n, t ended  t o  be h i g h e r  a t  l ow  R C A  l e v e l s ,  and 

c o n v e r s e l y ,  appeared t o  be  somewhat l o w e r  a t  h i g h  l e v e l s  o f  

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

RCA have an e f f e c t  on r e l e a s e  r a t e  (as  exp ressed  b y  compara t i ve  K 

v a l u e s )  b u t  a l s o  has an e f f e c t  on t h e  k i n e t i c s  o f  r e l e a s e .  The 

e x a c t  r e l a t i o n s h i p  on n w i t h  RCA l e v e l  was t h e r e f o r e  a l s o  

i n v e s t i g a t e d  by  r e g r e s s i o n  a n a l y s i s  and i t  was f o u n d  t h a t  n shows 

p r o p o r t i o n a l i t y  w i t h  c o n c e n t r a t i o n - '  o f  RCA,  as shown i n  F i g u r e  2, 

c o n f i r m i n g  t h e  o r i g i n a l  o v e r v i e w  o f  t h e  d a t a ,  ( r=0 .899,  p<O.Ol). 

The l i n e  i n d i c a t i n g  t h e  r e l a t i o n s h i p  r e p r e s e n t s  t h e  l e a s t  squares 

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

making up t h e  mean v a l u e s  i n d i c a t e d .  

Ev idenced b y  t h e  change i n  n v a l u e s  w i t h  c o n c e n t r a t i o n  o f  

RCA, i t  i s  apparen t  t h a t  r e l e a s e  k i n e t i c s  change as t h e  RCA l e v e l  

i s  i nc reased .  I n  o r d e r  t o  i n v e s t i g a t e  t h i s  f u r t h e r ,  t h e  r e l e a s e  

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

t o  models r e p r e s e n t i n g  z e r o - o r d e r ,  H i g u c h i  s q u a r e - r o o t  o f  t i m e ,  o r  

H i  xson -Crowel 1 l9 c u b e - r o o t  k i n e t i c s ,  i n d i c a t i v e  o f  r e l e a s e  

mechanisms r e l a t e d  s o l e l y  t o  t i m e ,  d r u g  d i f f u s i o n  or i t s  s o l u t i o n  
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2642 

0.70 

0.60 

0.50 

0.40 

T R I G G E R ,  D A V I E S ,  AND P A R K E R  

n 

1 I I 

5 10 15 
Content o f  RCA 
( %  w/w) 

FIGURE 2 

The R e l a t i o n s h i p  o f  Non l i nea r  D i s s o l u t i o n  Exponent, n 
(mean ? 95% con f idence  l i m i t s ) ,  w i t h  c o n t e n t  o f  Release C o n t r o l  
Agent ( %  w / w )  

r a t e ,  r e s p e c t i v e l y .  These t h r e e  p o s s i b l e  processes a r e  cons ide red  

t o  be those  which may e x e r t  r a t e - l i m i t i n g  s teps  i n  t h e  o v e r a l l  

process o f  drug r e l e a s e  f r o m  t h e  t a b l e t s .  

The d e t e r m i n a t i o n  index,  r2,  a n d  r e s p e c t i v e  Student  t values 

were c a l c u l a t e d  f o r  each o f  t h e  r e l a t i o n s h i p s  and arranged i n t o  
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R E L E A S E  OF THEOPHYLLINE FROM A NEW MATRIX TABLET 2643 

TABLE 2 

The Relationship of the Nonlinear Dissolution Exponent, n, with 
Independently Assessed Dissolution Kinetics 

RCA content 
( x  u/u) 

I I 

Nonlinear dissolution 
exponent, n 

3 . 3 3  
6 . 4 4  

1 2 . 1 1  
1 4 . 6 9  

0 . 6 9 1  
0 . 6 4 0  
0 . 5 0 4  
0 . 4 9 3  
0 . 5 0 5  
0 .525  
0 . 5 0 8  
0 . 4 6 1  

Independent best-fit to 
kinetics 

model 

C u b e - r o o t  
C u b e - r o o  t 
C u b e - r o o t  
H i g u c h i  s q - r o o t  
H i g u c h i  s q - r o o t  
H i g u c h i  s q - r o o t  
H i g u c h i  s q - r o o t  
H i g u c h i  s q - r o o t  

rz 

0 . 9 9 1 1  
0 . 9 8 3 8  
0 . 9 8 3 3  
0 . 9 6 6 1  
0 . 9 9 5 3  
0 . 9 9 8 2  
0 . 9 9 6 5  
0 .9972 

t 

1 0 . 5 5  
7 .79  
7 . 6 7  
5.34 

1 4 . 5 5  
2 3 . 5 5  
1 6 . 8 7  
1 8 . 8 7  

order of best fit according t o  t values (which may be compared 

directly, since numbers of replicates were the same and conversion 

to p values results in lack of precision, since all r values were 

high). The goodness of fit for each possible kinetic model was 

verified by plotting residuals: none o f  the relationships showing 

the highest determination index value gave a plot o f  residuals 

with any obvious visible pattern indicating that no systematic 

error was present in these assessments. The values of n, together 

with the best-fit relationship from the possible kinetics models 

chosen together with respective determination indices and Student 

t values are given in Table 2. 
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2644 TRIGGER,  DAVIES,  AND PARKER 

From the resul ts  in Table 2 ,  i t  can be seen t h a t  a t  low 

levels of incorporated R C A ,  values of the exponent are relatively 

high and correspond with independent assessments of kinetics 

indicating t h a t  theophylline release i s  occurring by a cube-root 

1 aw control 1 ed process. Vi sual examination by 1 ow-power microscopy 

of tablets  with R C A  levels of less t h a n  3% shows t h a t ,  in essence, 

an erosion process i s  taking place. The content o f  R C A  i s  

sufficient t o  hold the drug in a single non-disintegrating unit as 

dissolution proceeds, b u t  the surface i s  seen t o  be eroded and 

theophylline crystals  are thus " h e l d "  a t  the surface of the 

dissolving unit dose form while dissolution takes place a t  the 

crystal surfaces. As the process continues, fresh surfaces are 

exposed and dissolution continues until the unit becomes 

exhausted. 

I t  i s  interesting t o  note, t h a t  while the "model" column of 

Table 2 indicates an  abrupt change from cube-root t o  Higuichi 

diffusion-controlled kinetics with tablets  containing more t h a n  3% 

o f  R C A ,  reductions in the values for b o t h  the determination index 

and t are apparent with the independent kinetics assessments over 

the range 0.48 t o  3.33% R C A ,  indicative of a gradual change in the 

overall mechanism of release reflected by dissolution kinetics.  

Clearly, with tablets  containing small amounts of R C A ,  the  overall 

dissolution process from the tablets re la tes  principally t o  the 

process of solution a t  the theophylline crystal surfaces, b u t  as 

the level of R C A  i s  increased, other processes undoubtedly also 
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RELEASE OF THEOPHYLLINE FROM A NEW MATRIX TABLET 2645 

o c c u r  w i t h  i n c r e a s i n g  i n f l u e n c e  on t h e  o v e r a l l  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  dosage-form. W i t h  t h e  sample c o n t a i n i n g  

3.33% o f  RCA, t h e  r2 v a l u e s  r e l a t i n g  t o  t h e  d i f f u s i o n - c o n t r o l l e d ,  

compared w i t h  a p a r t i c l e  s o l u t i o n  r a t e  c o n t r o l  1 ed r e l e a s e  p rocess  , 

were 0.9961 and 0.9621 , r e s p e c t i v e l y ,  w i t h  c o r r e s p o n d i n g  t v a l u e s  

o f  5.32 and 5.04, i n d i c a t i n g  t h a t  a s i n g l e  c h o i c e  o f  o p e r a t i v e  

process  i s f i n e l y  b a l  anced. 

I n  c i r cums tances  such as t h i s ,  where i t  i s  apparen t  t h a t  no 

s i n g l e  d i s s o l u t i o n  p rocess  i s  o p e r a t i n g  i n  i s o l a t i o n  t o  a c t  as t h e  

r a t e  c o n t r o l l i n g  s tep ,  t h e  v a l u e  o f  t h e  n o n l i n e a r  d i s s o l u t i o n  

exponent becomes e v i d e n t .  I n  t h e  s t u d i e s  r e p o r t e d  he re ,  n shows a 

c l e a r  change f r o m  v a l u e s  o f  0.6,  and g r e a t e r ,  where d i s s o l u t i o n  i s  

c o n t r o l l e d  by t h e  d i s s o l u t i o n  o f  t h e  d r u g  i t s e l f ,  t o  v a l u e s  o f  0.5 

o r  1 ess  where i ndependent assessment i n d i c a t e s  t h e  o v e r a l l  

d i s s o l u t i o n  p rocess  t o  be r a t e - c o n t r o l l e d  b y  d i f f u s i o n .  The n 

v a l u e s  we have o b t a i n e d  where H ixson-Crowe l l  c u b e - r o o t  1 aw 

d i s s o l u t i o n  k i n e t i c s  o b t a i n e d  a r e  somewhat l o w e r  t h a n  t h o s e  

r e p o r t e d  r e c e n t l y  b y  Franz ,  e t  a120, who o b t a i n e d  v a l u e s  i n  t h e  

range  0.723-. 0993 and c u b e - r o o t  model c o r r e l  a t  i ons o f  0.9884, o r  

b e t t e r .  

However, no f o r m u l a t i o n  s e r i e s  appears t o  have been r e p o r t e d  

p r e v i o u s l y  where a change i n  r e l e a s e  k i n e t i c s  has been r e l a t e d  t o  

a s p e c i f i c  f o r m u l a t i o n  parameter  and where n v a l u e s  have been 

d e r i v e d  s i m u l t a n e o u s l y .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  exponent 
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2646 

values  we have obta ined  with t a b l e t s  

R C A  f a l l  wi thin t h e  range proposed 

TRIGGER , DAVIES , 

conta in ing  small 

by Peppas” f o r  

AND PARKER 

amounts of 

anomalous 

(non-Fickian d r u g  t r a n p o r t  mechanism), bu t  t h a t  a s  the leve l  of  

R C A  i s  increased ,  d i f f u s i o n  cont ro l  led  drug t r a n s p o r t  corresponds 

well w i t h  those  proposed f o r  systems where Fick ian  t r a n s p o r t  i s  

t ak ing  place” and c l o s e l y  with the t h e o r e t i c a l  va lue  (0 .46 )  f o r  

t a b l e t s  having an aspect  r a t i o  of 512; t h e  average aspec t  r a t i o  

f o r  t a b l e t  formula t ions  repor ted  here was 4.65. Ext rapola t ion  

using the r e l a t i o n s h i p  n a l / con ten t  of R C A ,  gives exponen 

values  of 0.487-0.484 on in t roducing  hypothe t ica l  va lues  of 25-90% 

of R C A  i n t o  t h e  formula t ion :  these va lues  a l s o  accord well with 

those  proposed f o r  t a b l e t s  r e l e a s i n g  drug by d i f f u s i o n  processes .  
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