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ABSTRACT 

T h e o r e t i c a l l y  ex2ec ted  r a t e s  o f  r e l e a s e  o f  s o l i d  d r u g s  

i n c o r p o r a t e d  i n t o  s o l i d  m a t r i c e s  have been d e r i v e d  f o r  s e v e r a l  

model systems. Ma themat i ca l  r e l a t i o n s  have been o b t a i n e d  f o r  

cases ( a )  where t h e  d r u g  p a r t i c l e s  a r e  d i s p e r s e d  i n  a homogeneous, 

u n i f o r m  m a t r i x  wh ich  a c t s  as t h e  d i f f u s i o n a l  medium and ( b )  where 
t h e  p a r t i c l e s  a r e  i n c o r p o r a t e d  i n  an e s s e n t i a l l y  g r a n u l a r  m a t r i x  

and r e l e a s e d  b y  t h e  l e a c h i n g  a c t i o n  o f  t h e  p e n e t r a t i n g  s o l v e n t .  A 
number o f  t e c h n o l o g i c a l  f a c t o r s  a r e  i n f l u e n c i n g  t h e  f o r m u l a t i o n  

o f  s u s t a i n e d  r e l e a s e  t a b l e t s .  I t  was found t h a t  t h e  c h o i c e  o f  ma-  

t r i x  m a t e r i a l ,  amount o f  d rug  i n c o r p o r a t e d  i n  m a t r i x ,  m a t r i x  a d d i -  

t i v e s ,  t h e  hardness  o f  t h e  t a b l e t ,  d e n s i t y  v a r i a t i o n ,  and t a b l e t  

shape c o u l d  marked ly  a f f e c t  t h e  r e l e a s e  r a t e  and a l s o  t h e  f o r m u l a -  

t i o n .  
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INTRODUCTION 

CAPAN 

A1 though t h e  concept o f  sus ta ined  

o r a l l y  admin i s te red  drugs has been w i t h  
o r  c o n t r o l l e d  d e l i v e r y  o f  

us f o r  some t ime,  t h e r e  
has been a remarkable i n c r e a s e  i n  i n t e r e s t  i n  t h i s  t y p e  o f  dosage 

form d u r i n g  t h e  l a s t  decade. T h i s  i s  a consequence o f  t h e  s imu l -  

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

c o s t s  o f  deve lop ing  new drug e n t i t i e s ,  t h e  e x p i r a t i o n  of  e x i s t i n g  

pa ten ts ,  and t h e  d i s c o v e r y  o f  novel  polymer systems and dev i ces  

s u i t a b l e  f o r  c o n t r o l l e d  d e l i v e r y  o f  o r a l  dosage forms (1 -3 ) .  

Two mechanisms o f  r e l e a s e  from these systems have been 

t r e a t e d .  ( a )  E x t r a c t i o n  o f  t h e  medicament by a s imp le  d i f f u s i o n a l  

process through and from an enve lop ing  homogeneous m a t r i x  . The 

drug i s  presumed t o  go s u c c e s s i v e l y  f rom t h e  c r y s t a l  su r faces  i n t o  

t h e  u n i f o r m  m a t r i x  and o u t  i n t o  t h e  b a t h i n g  s o l v e n t  which i n  t u r n  

a c t s  as a p e r f e c t  s i n k .  ( b )  Leaching o f  t h e  m e d i c a m e n t  b y  t h e  

b a t h i n g  f l u i d  which i s  a b l e  t o  e n t e r  t h e  d rug -mat r i x  phase through 

pores, cracks,  and i n t e r g r a n u l a r  spaces. The drug i s  presumed t o  

d i s s o l v e  s l o w l y  i n t o  t h e  permeat ing f l u i d  phase and t o  d i f f u s e  

f rom t h e  system a l o n g  t h e  c racks  and c a p i l l a r y  channels f i l l e d  

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

i n  t h i s  i ns tance ,  t o  be i n s i g n i f i c a n t .  The two mechanisms a r e  

dep ic ted  s c h e m a t i c a l l y  i n  F i g . 1  ( 4 ) .  

The amount o f  t o t a l  drug re leased  f rom a p l a n a r  system hav ing  
a homogeneous m a t r i x ,  o r i g i n a l l y  suggested by H iguch i ,  where t h e  

amount o f  t h e  drug re leased  a f t e r  t i m e  t per  u n i t  exposed area i s  

p r o p o r t i o n a l  t o  t h e  square r o o t  o f  t ime, t : 

Where D i s  t h e  d i f f u s i o n  c o e f f i c i e n t ,  C, i s  t h e  s o l u b i l i t y  o f  d rug  

i n  t h e  m a t r i x  substance, W, i s  t h e  amount o f  drug r e l e a s e d  i n  t i m e  
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TECHNOLOGICAL FACTORS AND SUSTAINED RELEASE TABLETS 929 

Homogeneous matrix Granular matrix 

F I G U R E  1 

Two methods o f  d rug  r e l e a s e  f rom t h e  p e l l e t s  ( 4 ) .  

t, Wo i s  t h e  amount o f  t h e  drug,  S i s  t h e  e f f e c t i v e  d i f f u s i o n a l  

area, V i s  t h e  e f f e c t i v e  volume o f  t h e  m a t r i x  ( 4 ) .  

The analogous equa t ion  f o r  t h e  r e l e a s e  of  a s i n g l e  drug 

f rom one s u r f a c e  o f  an i n s o l u b l e  m a t r i x  o r  g r a n u l a r  m a t r i x  i s :  

Where E i s  t h e  p o r o s i t y  o f  t h e  m a t r i x ,  T i s  t o r t u o s i t y  

m a t r i x .  I n  t h i s  model, t he  d rug  i s  d j s s o l v e d  by a l e a c h i n g  a c t i o n  

o f  t h e  s o l v e n t  which e n t e r s  t h e  m a t r i x  through connec t ing  c a p i l l a -  

r i e s  and t h e  r a t e  o f  d rug  r e l e a s e  i s  dependent on t h e  r a t e  o f  d rug  

d i f f u s i o n  b u t  n o t  on t h e  r a t e  o f  s o l i d  d i s s o l u t i o n .  The assumptions 

made i n  d e r i v i n g  Eq.2 a r e  as f o l l o w s .  

o f  t h e  

1 )  A pseudo-steady s t a t e  c o n d i t i o n  i s  ma in ta ined  d u r i n g  t h e  r e l e a s e  

process.  
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9 30 CAPAN 

2 )  Drug par t ic les  are qui te  small re la t ive  t o  the average distance 
of diffusion and are  uniformly dis t r ibuted i n  the matrix. 

3 )  The diffusion coeff ic ient  remains constant and no interaction 
between the d r u g  a n d  the matrix 

A i s  greater t h a n  C ,  or E C, by a factor  of three or four ( 4 ) .  

occurs. 

4 )  

The release of a drug from an  insoluble, i n e r t  matrix i s  
described by the T.Higuchi equation i f  the rate-determining process 
i s  diffusion ( E q . 2 ) .  The release of drugs from wax matrixes ( 5 - 7 ) ,  

methylacrylate-methyl methacrylate copolymer matrices (8,9) , 
compressed hydrophilic matrices ( 1 0 , l l )  have also been shown to  
follow Er1.2. However, the aqueous so lubi l i ty  of a drug  will a f f e c t  
the release mechanism from polymer matrices and therefore allows 
d i f f i c u l t  mathematical interpretat ions of dissolution r a t e  ( 4 , l l ) .  
Water penetration may be visualized as a f ront  moving into 
t a b l e t ,  hydrating the polymer and dissolving the act ive material 
which then diffuses  o u t  th rough  the swollen matrix. If the d r u g  
has limited water so lubi l i ty  so t h a t  i t  has n o t  completely d i s -  
solved when the polymer i s  hydrated then diffusion will commence 
from a saturated solution. The expression describing d rug  release 
from the s ingle  face of a t a b l e t  is T.Higuchj equation ( E q . 2 ) .  

and 

the 

If the d rug  has a high aqueous so lubi l i ty  and has completely 
dissolved when the matrix i s  hydrated then the following expression 
applies ( 1 1 , 1 2 ) :  

- -  'r - 2wo ($-) (+)" (Eq.3) 
t l / 2  

Where D' i s  the apparent diffusion coeff ic ient  of d r u g  ( D ' =  D / T )  

in the hydrated matrix. The other terms have the same meaning as  
in E q . 2 .  
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TECHNOLOGICAL FACTORS AND S U S T A I N E D  RELEASE TABLETS 931 

Generally for  Eqns. 2 and 3 t o  hold d r u g  release should be 
examined under near perfect sink conditions and the amount d i s -  
solved should be less  t h a n  30% of the i n i t i a l  dose. S and V a r e  
larger  than the corresponding values of the t a b l e t  pr ior  t o  immer- 
sion i n  the solvent due  t o  swelling of the matrix when hydrated. 
Eqns 2 and 3 predict  a zero intercept  b u t  inevitably small negative 
intercepts  will be obtained due t o  f a i l u r e  o f  the systems t o  a t t a i n  
immediately the s t a t e  of diffusion described by Eqns. 2 and  3. 
Generally, however, a soluble d r u g  i s  released by diffusion from 
the gel layer and by t a b l e t  erosion where as an insoluble d r u g  i s  
released by exposure t h r o u g h  tab le t  erosion ( 1 3 ) .  These relat ion-  
ships indicate tha t  the release of d r u g  i s  a l inear  function of 
the square root  of time. I n  pract ice  i t  i s  often found tha t  the 
l inear  relationship between the amount  of d r u g  released a n d  the 
square roo t  of time i s  only valid in part  of the dissolved curve 
( 7 5  t o  80% of the time needed for  complete l iberat ion of the d r u g ) .  

Farhadieh e t  a l .  (8,9) have suggested tha t  t h i s  slope change 
i s  re la ted t o  the geometric shape of the t a b l e t ,  a f l a t  t a b l e t  
showing a l inear  release prof i le  during a longer time than a 
spherical one. However, according to  Fessi e t  a l .  ( 1 4 ) ,  the change 
i n  slope i s  due t o  modification in the release process i t s e l f .  This 

change appears when the t a b l e t  has been completely penetrated by 
the dissolution l iqu id .  The Higuchi law i s  then no longer valid and 
d rug  dissolution occurs according t o  a simple diffusion model.Stamm 
e t  a l .  ( 1 5 )  a lso found s imilar  resu l t s  for  tab le t s  showing a high 
porosity ( l o w  hardness). B u t  fo r  tab le t s  with low porosity ( h i g h  
hardness), the differences in density in the tab le t s  a re  responsible 
for  the change in slope. 

Bamba e t  a l .  ( 1 6 )  have proposed a goodness of f i t  method t o  
determine the mechanism of release from a system. They proposed the 
following process which could be r a t e  determining in the release of 
d rug  from a system. They are a )  the permeation of water, b )  the ge- 
la t ion r a t e ,  c )  the diffusion ra te  of the d r u g  in the gel d )  the 
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9 32 CAPAN 

d i s s o l u t i o n  r a t e  o f  t h e  d rug  i n  t h e  p e n e t r a t i n g  wa te r ,  and e)  t h e  
H iguch i  porous p e n e t r a t i o n  ( 4 ) .  I f  t h e  r e l e a s e  p a t t e r n  o f  t h e  d rug  
f rom t h e  fo rmu la  i s  d i c t a t e d  by a, b o r  c processes then i t  i s  a 

f i r s t - o r d e r  r e l e a s e  and Eq.4 should be a p p l i c a b l e .  I f  t h e  r e l e a s e  
i s  d e p i c t e d  by process d, then a cube r o o t  r e l a t i o n s h i p  should h o l d  
(Eq.5), and i f  i t  i s  governed by porous p e n e t r a t i o n  then t h e  H iguch i  

square r o o t  law should app ly  (Eq.6) .  

I n  W = - k f . t  t i 

3J100 -3& z k c t  (Eq.5) 

Where, W i s  t h e  percentage o f  d rug  und isso lved  a t  t i m e  t ( h ) ,  k f  

( h - l )  and i a r e  t h e  f i r s t - o r d e r  d i s s o l u t i o n  r a t e  c o n s t a n t  and t h e  
i n t e r c e p t  o f  t h e  l o g - l i n e a r  p l o t  o f  t h e  t ype  i n  Eq.4, kc i s  t h e  cube 

r o o t  d i s s o l u t i o n  r a t e  c o n s t a n t  (mg.h-1/3) and kd i s  t h e  H iguch i  
cons tan t .  The a p p l i c a t i o n  o f  such methodology a l l owed  c h a r a c t e r i z a -  

t i o n  o f  t h e  mechanism and r a t e  o f  drug r e l e a s e  f rom sus ta ined  r e -  
l ease  m a t r i x  t a b l e t s  (17-19) .  I n  t h e  homogeneous case, d rug  r e l e a s e  

i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  square r o o t  o f  t ime .  Eq.2 then  
reduces t o :  

Q = k t  1’2 (Eq.7) 

Eq.7 a l s o  desc r ibes  t h e  case o f  g r a n u l a r  m a t r i x  i f  drug r e -  
l ease  f rom t h e  m a t r i x  i s  d i f f u s i o n  c o n t r o l l e d  and t h e  v a l u e  o f  r e -  
l ease  r a t e  c o n s t a n t  k remains cons tan t  t h roughou t  t h e  l e a c h i n g  

process. I n  t h i s  i ns tance ,  one may c o n t r o l  d rug  r e l e a s e  f rom a 
sus ta ined  r e l e a s e  m a t r i x  t a b l e t s  by v a r y i n g  t h e  f o l l o w i n g  parame- 

t e r s  : 
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TECHNOLOGICAL FACTORS AND SUSTAINED RELEASE TABLETS 933 

1 )  Choice of matrix material ,  

2 )  Amount of d r u g  incorporated i n  matrix, 

3 )  Matrix addi t ives ,  

4 )  Hardness of the t a b l e t ,  density var ia t ion and t a b l e t  shape. 

CHOICE OF MATRIX MATERIAL 

For a study of t h i s  type, i t  was necessary t o  obtain a 
matrix which would s a t i s f y  c e r t a i n  minimum requirements. I t  s h o u l d  
be i n e r t ,  insoluble ,  s h o u l d  remain i n t a c t  during experiment, pro-  
vide a sustained release over a reasonable length o f  time, and most 
important, y i e ld  a reproducible s t r a i g h t  l i n e  when the amount o f  

drug released i s  plotted versus the square root of time. For the 
above reasons, i t  was f e l t  t h a t  a p l a s t i c  matrix would be prefer-  
able  t o  one consis t ing of f a t s  and waxes. 

Desai e t  a1 (20,21) and Singh e t  a l .  ( 2 2 )  have made exten- 
s ive  experimental on i n e r t  matrices and fu r the r  theoret ical  stu- 
d i e s  of E q . 2 .  I n  t h e i r  approach several d i f f e r e n t s  p l a s t i c s  a n d  
several drugs were involved. They independently determined t h e  
appropriate 0, t he  s o l u b i l i t y  C,, t he  appropriate E ( t w o  ways), 
and  T by an independent experiment with the  same matrix u t i l i z i n g  
E q . 2 .  These invest igators  a l s o  showed ( 2 1 )  t h a t  in  some instances 
(polyethylene matrices without su r fac t an t  in the solvent)  wetting 
may be poor a n d  therefore  the e f f ec t ive  T values may be i n  t h e  
tens of thousands. More recent studies show t h a t  i n  these c a s e s  
the diffusion control led model probably f a i l s ,  and  the r e l e a s e  
r a t e  i s  determined by the channel penetration r a t e  of the solvent 
( 2 2 ) .  I n  o ther  instances (polyvinyl chlor ide matrices i n  water) 
wetting was e f f i c i e n t ,  b u t  a i r  removal from the matrix s i g n i f i -  
cant ly  a l t e r e d  the d rug  re lease pat tern (23,24).  Furthermore, the 
choice of the i n e r t  matrix strongly influences the observed amount 
released (Wr/S) versus t1/2 p lo t s .  Polyvinyl chlor ide releases  
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9 34 CAPAN 

16 

8 

0 150 
(TIME)’+ see. 

F I G U R E  2 

Comparison of release ra tes  of various p l a s t i c  matrices containing 
5% sodium sa l icy la te .  Key: 0 ,  polyvinyl chloride; 0 ,  plaskon 
(=halogenated fluorocarbon homopolymer); , polyethylene ( 2 0 ) .  

sodium sa l icy la te  four t o  s ix  times f a s t e r  t h a n  p l a s k o n  a n d  
(Wr/S) versus t1j2 p l o t  i s  sigmoidal a n d  t h i s  atypical behavior 
was a t t r ibu ted  t o  the slow removal of a i r  from the t a b l e t  (F ig .2) .  

The importance of choice of matrix material on d r u g  re lease 
in formulation of sustained release tab le t s  i s  i l l u s t r a t e d  by many 
studies.  McGinity e t  a l .  (25 )  examined the retardant properties o f  

acryl ic  resin polymers in sustained release theophylline t a b l e t s .  
I n  addition, Khanna and Speiser studied the release properties of 
chloramphenicol from methacryl i c  acid a n d  methylmethacrylate 
polymeric beads. Swelling and diffusion were the major factors  
influencing d rug  release ( 2 6 ) .  Carli e t  a l .  ( 2 7 )  reported t h a t  
Eudragit RS and Eudragit RL c polymers had poor surface wettabi- 
l i t y .  These polymers, however were reported t o  have good l iquid 
transport  properties.  Drug r e  ease was controlled by d j f f u s i o n  
through the matrix pores, and copolymer containing a higher per- 
centage of hydrophilic groups produced the f a s t e s t  d r u g  release 
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TECHNOLOGICAL FACTORS AND SUSTAINED RELEASE TABLETS 935 

TIME, MIN. 

F I G U R E  3 

Drug re lease from various compressed polymer matrices.  Key: , 
chlorpheniramine maleate from polyvinylpyrrolidone; A , sodium 
s a l i c y l a t e  from sodium carboxymethylcellulose; m ,  chlorpheniramine 
maleate from methylcellulose; + , chlorpheniramine maleate from 
sodi um carboxymethyl c e l l  u l  ose ( 11 ) . 

r a t e s .  Korsmeyer e t  a l .  (28) investigated t h a t  the release k ine t i c s  
of potassium chloride from hydroxypropyl methylcel lulose matrices 
prepared with several d i f f e r e n t  compression forces  deviates s i g n i f -  
icant ly  from the c l a s s i ca l  t l/* dependence. They noted t h a t  t h i s  
behavior was a t t r i b u t e d  to  a i r  entrapped in the matrix during 
preparation and  removal of the a i r  p r io r  t o  re lease restored the 
t r ad i t i ona l  t1/2 behavior. 

I n  the case of compressed hydrophilic matrices,  i t  appears 
t ha t  the polymer which forms the hydration layer l e a s t  suscept ible  
t o  erosion and dissolut ion will  show the g rea t e s t  retarding act ion 
on d r u g  re lease.  I f  the hydrated layer remains i n t a c t ,  the d r u g  
diffuses  through t h a t  l aye r ,  and the release pattern i s  l i n e a r  with 
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936 CAPAN 

the square r o o t  of time. If the hydrated layer does n o t  maintain 
i t s  in tegr i ty ,  the release of drug will be l inear  in re la t ion t o  
time as i s  expected from a system of constant surface area subject 
t o  dissolution in a perfect  sink (29,30). Figure 3 shows the release 
of chlorpheniramine maleate from a t a b l e t  where d i f fe ren ts  hydro- 
phi l ic  polymers had been used as  the tab le t  matrix. 

The posi t  
change in 
T ,  can be 
the d r u g  

and hence 

There a re ,  therefore,  other factors  , not  immediately appar- 
ent from Eqns.2 and  3 .  which control the release of a d r u g  from 
compressed hydrophil i c  matrices. For instance the ra te  of hydration 
of the hydrophilic matrix compared t o  the ra te  of wetting and d is -  
solution of the remainder of the t a b l e t .  Using constant tab le t  
weights b u t  d i f fe ren t  c h l o r p h e n i r a m i n e  m a l e a t e  ; hydroxypropyl 
methylcellulose r a t i o s ,  Lapidus and Lordi ( 1 1 )  noted tha t  the 
Higuchian dissolution ra tes ,  plotted as a function of the dose 
within the t a b l e t  were l inear  f o r  u p  t o  a 25% concentration of d r u g .  

ve change in l i n e a r i t y  above t h i s  level resulted from a 
the tor tuosi ty  of the hydrated polymer (Fig.4) .  Tortuosity, 
re la ted t o  D '  and the actual diffusion coeff ic ient  D of 
n the re lease media by 

D D ' = -  
7 

tor tuosi ty  may influence d r u g  release.  An increase in the 
polymer concentration showed a corresponding increase in tortuosi ty 
for  the same concentration of drug.  The term (S/V) ( D ' / T ) ' / ~  in 
Eqn.3 i s  therefore subject t o  var ia t ion as the d r u g :  polymer r a t i o  
i s  varied. In addition, a t t r i t i o n  of the t a b l e t  surface accounts 
for  the posit ive deviation, I f  a t t r i t i o n  i s  considered t o  be the 
wearing away of the external surface of the hydration layer ,  the 
eroded material will  go into solution quickly a n d  provide d rug  in 
addition t o  t h a t  already avajlable from diffusion.  On the other 
hand, e lectrolytes  apparently increase the tortuosi ty of the 

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TECHNOLOGICAL FACTORS AND SUSTAINED RELEASE TABLETS 937 

100 

A 
v rn 

A 

75 - A /' ' 
A" 0 

A/' 1 ' 0 ,' 
¶/' 0 ,' v 

0 6 12 18 
(TIM& MIN. 

F I G U R E  4 

C h l o r p h e n i r a m i n e  m a l e a t e  r e l e a s e  f r o m  a who le  t a b l e t .  Key: v ,  
h y d r o x y p r o p y l  m e t h y l c e l l u l o s e ;  rn , s t a n d a r d  t a b l e t  i n  pH 1.5 
s o l u t i o n ;  A ,  33.3% w/w of  po l ymer  r e p l a c e d  w i t h  l a c t o s e  i n  t h e  
s t a n d a r d  t a b l e t ;  0 ,  s t a n d a r d  t a b l e t  i n  water;.  o , p l a n a r  s u r f a c e  
o f  a s t a n d a r d  t a b l e t  (11) .  

h y d r a t e d  f i l m .  S i n c e  i o n s  reduce  t h e  a c t i v i t y  o f  w a t e r ,  h y d r a t i o n  

o f  t h e  m a t r i x  s h o u l d  b e  reduced, r e s u l t i n g  i n  a decreased d r u g  

r e l e a s e  r a t e  (10) .  

The i n f l u e n c e  o f  v i s c o s i t y  o f  p o l y m e r i c  s o l u t i o n s  a n d  
v i s c o s i t y  g rade  o f  t h e  po lymer  on t h e  d i s s o l u t i o n  r a t e  o f  drugs  

f r o m  m a t r i x  t a b l e t s  were  s t u d i e d .  Nakano e t  a l .  ( 3 1 )  i n d i c a t e d  t h a t  

t h e  d r u g  r e l e a s e  r a t e  was f a s t  f r o m  t h e  t a b l e t s  made o f  t h e  low-  
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9 38 CAPAN 

hOURS 

F I G U R E  5 

Re1 ease p r o f  i 1 es o f  theophyl  1 i ne from tab1 e t s  prepared f rom 1 : 1 
m i x t u r e  o f  t h e o p h y l l  i n e  (250 mg) and h y d r o x y p r o p y l c e l l  u l o s e  of 
va r ious  composi t ions.  Key: V i s c o s i t y  grades of t h e  polymer ( 0 )  
low; ( A )  medium; ( m )  h i g h - v i s c o s i t y  grade polymer, and ( 0 )  ( 3 : l )  
(A), 1:1, and ( 0 )  1:2 m i x t u r e s  of low-and medium-v iscos i ty  grade 
polymers ( 3 1  ) . 

v i s c o s i t y  grade polymer, w h i l e  t h e  r e l e a s e  r a t e  was slow from t a b -  

l e t s  made o f  t h e  polymers o f  medium-and h i g h - v i s c o s i t y  grades. 
Therefore,  t a b l e t s  made f rom m i x t u r e s  o f  l o w - v i s c o s i t y  grade p o l y -  

mer and medium-v iscos i ty  grade p o l y m e r  i n  t h e  m i x i n g  r a t i o s ,  a s  

shown i n  F i g . 5 ,  were examined t o  o b t a i n  an a p p r o p r i a t e  r e l e a s e  r a t e .  

Wi th  an i n c r e a s e  i n  t h e  c o n t e n t s  o f  t h e  medium-v iscos i ty  grade p o l -  

ymer, t h e  r e l e a s e  r a t e s  was decreased. Therefore,  t h e  d rug  r e l e a s e  

r a t e  can be m o d i f i e d  by changing t h e  m i x i n g  r a t i o  o f  two polymers 

w i t h  d i f f e r e n t  v i s c o s i t y  grades depending on t h e  r e q u i r e d  s u s t a i n  

p e r i o d .  S a r i  s u t a  e t  a l .  ( 3 2 , 3 3 )  i n v e s t i g a t e d  t h e  i n f  1 u e n c e  o f  
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939 TECHNOLOGICAL FACTORS AND SUSTAINED RELEASE TABLETS 

v i s c o s i t y  on  t h e  d i s s o l u t i o n  r a t e  o f  b e n z o i c  a c i d  i n  aqueous s o l u -  

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

when t h e  d i s s o l u t i o n  o f  one-component, n o n d i s i n t e g r a t i n g  s p h e r e  

o c c u r i n g  i n  a non r e a c t i v e  medium a t  s i n k  c o n d i t i o n s  i s  d i f f u s i o n  

c o n t r o l l e d ,  t h e  d i s s o l u t i o n  r a t e  (R) may be expressed as :  

DC s R =  
h 

where h i s  t h e  e f f e c t i v e  f i l m  t h i c k n e s s .  However, e a r l i e r  work by  

Salomen e t  a l .  ( 3 4 )  i n d i c a t e d  t h a t  t h e  v i s c o s i t y  g rade o f  hyd roxy -  
p r o p y l m e t h y l c e l l u l o s e  o n l y  a f f e c t e d  t h e  l a g  t i m e  f o r  p o t a s s i u m  

c h l o r i d e  d i f f u s i o n  t o  become q u a s i - s t a t i o n a r y  b u t  d i d  n o t  a f f e c t  

t h e  r a t e  o f  r e l e a s e .  

AMOUNT OF DRUG INCORPORATED I N  M A T R I X  

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

i s  i n t e r e s t i n g  and o f  p r a c t i c a l  impor tance  i n  t h e  f i e l d  o f  s u s t a i n -  

ed r e l e a s e  t a b l e t s .  T h i s  can b e  a v e r y  i m p o r t a n t  f a c t o r ,  as f r e -  

q u e n t l y  i t  i s  d e s i r a b l e  t o  p roduce s e v e r a l  t a b l e t  c o n c e n t r a t i o n s  

o f  t h e  same d rug  and m a t r i x  t o  p r o v i d e  a v a r i e t y  o f  dosage sched- 

u l e s .  To do t h i s  t h e  t a b l e t  c o n c e n t r a t i o n  dependency mus t  f i r s t  be 

de termined.  

Desa i  e t  a l .  ( 2 0 )  showed t h a t  t h e  s l o p e  o f  t h e  r e  ease c u r v e  

shou ld  be p r o p o r t i o n a l  t o  t h e  square  r o o t  o f  t h e  amount o f  d r u g  i n  

t a b l e t  as i t  appears  r a i s e d  t o  t h e  f i r s t  power under  t h e  square  r o o t  

s i g n .  C l o s e r  e x a m i n a t i o n  ( 4 )  wou ld  r e v e a l  a d i r e c t  r e l a t  o n s h i p .  

F i g . 6  shows t h e  e f f e c t  o f  amount o f  d r u g  i n c o r p o r a t e d  i n  m a t r i x  on 

t a b l e t s  c o n t a i n i n g  5, 10 and 20% sodium s a l i c y l a t e  i n  p o l y e t h y l e n e .  

Comparing t h e  e x p e r i m e n t a l  r e s u l t s ,  t h e  s l o p e  o f  t h e  10% t a b l e t  was 

o n l y  1 .3  t i m e s  g r e a t e r  t h a n  t h e  5% t a b l e t ,  and t h e  20% t a b l e t  was 

2.9 t imes  g r e a t e r  t h a n  t h e  5% t a b l e t .  T h i s  may i n d i c a t e  t h a t  t h e  
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9 40 CAPAN 

50 250 450 

(TIMEj4, sec. 

F I G U R E  6 

Sodium s a l i c y l a t e  r e l e a s e  as a f u n c t i o n  o f  i t s  c o n c e n t r a t i o n  i n  
p o l y e t h y l e n e  t a b l e t .  Key: A, 20% w/w; B, 10% w/w; C, 5% w/w ( 2 0 ) .  

o t h e r  f a c t o r s  i n  t h e  Eq.2 a r e  changing w i t h  t h e  amount o f  s o d i u m  

s a l i c y l a t e  o r  t h a t  p o r o s i t y  was n o t  p r o p o r t i o n a l  t o  t h e  t o t a l  amount 

o f  drug  p resen t  i n  t h e  m a t r i x  p e r  u n i t  volume. 

Several  o t h e r  i n v e s t i g a t o r s  a l s o  t h e o r e t i c a l l y  t r e a t e d  t h e  

m a t r i x  model and showed t h a t  t h e  amount o f  d rug  i n f l u e n c e  t h e  d i s -  

s o l u t i o n  r a t e  (35-38).  I n  a p l a n a r  system, t h e  r e l e a s e  o f  drug p e r  

u n i t  t ime, dWt/dt, i s  desc r ibed  by 

where Wo i s  t h e  amount o f  t h e  d rug  i n  t h e  m a t r i x ,  W o / V  i s  t h e  d rug  

l o a d i n g ,  and C s  i s  t h e  s o l u b i l i t y  o f  t h e  d rug  i n  t h e  m a t r i x  a t  t i m e  t . 

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TECHNOLOGICAL FACTORS AND SUSTAINED RELEASE TABLETS 941 

When t h e  d rug  l o a d i n g  becomes much g r e a t e r  than t h e  s o l u b i l i t y  

and a g r a n u l a r  m a t r i x  ( w i t h  t h e  p o s s i b i l i t y  o f  i n t e r p a r t i c l e  c o n t a c t )  
i s  formed, Eq.9 u s u a l l y  i s  m o d i f i e d  t o  g i v e :  

E 2w0 dW, ---- D (- - 

which becomes: 

2 E D Wo C s  1 / 2  
- z  dWt s [  ] t-1’2 (Eq.11) 

d t  T . V  

i n  t h e  case where (Wo/V) > > E C ~ .  

Thus, Eq.9 i s  m o d i f i e d  by an e f f e c t i v e  p o r o s i t y ,  E, which 

can be r e l a t e d  t o  t h e  volume f r a c t i o n  o f  d rug  i n  the  m a t r i x ,  and 

an e f f e c t i v e  t o r t u o s i t y ,  T ,  which desc r ibes  t h e  t o r t u o u s  d i f f u s i o n  
p a t h  a drug mo lecu le  must f o l l o w .  In a d d i t i o n ,  t h e  D v a l u e  i s  taken 

as t h e  d i f f u s i v i t y  o f  t h e  s o l u t e  i n  t h e  r e c e p t o r  s o l u t i o n .  I n  o t h e r  

words, i t  i s  assumed t h a t  t h e  drug i s  r e l e a s e d  by l e a c h i n g  through 

channels t h a t  a r e  formed i n  t h e  cont inuous m a t r i x .  

When Eq.11 i s  r e w r i t t e n  as : 

Q = K t -  1 /2  

w i t h  

and 
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942 CAPAN 

Table I - Release r a t e  Constant f o r  S a l i c y l i c  Acid a t  Various Drug 
Concentrat ions in  a Polyethylene Glycol -Ethyl c e l l  ul o se  
Film 

Release Rate Constant ,  mg/36cm 2 /min 1 / 2  

Drug, mg/ml Calcu la ted  Measured 

55 0 . 3  0.25 

100 0 .6  0.65 

2 00 1.45 1 . 4  

300 2.63 2.7 

350 3.36 3.65 

I t  can be seen t h a t  t h i s  model p r e d i c t s  t h a t  the r e l e a s e  r a t e  con- 
s t a n t  changes i n  propor t ion  the  square  roo t  of t he  i n i t i a l  drug 
loading,  ( W o / V )  o r  t he  amount of  d r u g  incorpora ted  i n  mat r ix ,  the 
r a t i o  E/T then expresses  the f r a c t i o n a l  a r ea  a v a i l a b l e  f o r  r e l e a s e .  

Recently,  Chandrasekaran e t  a1 . (39)  proposed an equat ion  
c a l c u l a t i n g  the  r e l e a s e  r a t e  of d rug  from the dens i ty  of the dis-  
persed phase,  the drug loading ,  and the permeabi l i ty  of the d r u g  
i n  the pure polymer. Table I p re sen t s  the r e l e a s e  r a t e  c o n s t a n t  
computed by Chandrasekaran e t  a l .  and measured by Samuelov ( 3 7 ) .  
The r e l a t i o n  between the  r e l e a s e  r a t e  cons t an t s  determined expe r i -  
mental ly  and those ca l cu la t ed  from the model i s  in  good agreement.  
The dev ia t ion  a t  very high d rug  loading ( >  30%) can be a t t r i b u t e d  
t o  i n t e r p a r t i c l e  con tac t .  The i n t e r p a r t i c l e  con tac t  l eads  t o  the 
formation of channels  i n  the membrane through which the drug can 
be leached.  
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TECHNOLOGICAL FACTORS AND SUSTAINED RELEASE TABLETS 943 

0.1 0.2 
A ,  (glcm3) 

FIGURE 7 

S lopes  o f  r e l e a s e  d a t a  ( d i v i d e d  by  s u r f a c e  a r e a )  as a f u n c t i o n  of 
A,  t h e  i n i t i a l  d r u g  l o a d i n g  ( 4 0 ) .  

F e s s i  e t  a l .  ( 4 0 )  have shown f o r  s e v e r a l  s y s t e m s  o f  l o w  
l o a d i n g  t y p e ,  t h a t  t h e  square  r o o t  e q u a t i o n  (Eq.2)  i s  obeyed, and 

t h a t  t h e  s l o p e  i s  a p p r o x i m a t e l y  p r o p o r t i o n a l  t o  t h e  i n i t i a l  d rug  

l o a d i n g  ( F i g . 7 ) .  

MATRIX ADDITIVES 

M a t r i x  a d d i t i v e s  or f o r m u l a t i o n  a d d i t i v e s  f u r t h e r  m o d i f y  

r e l e a s e  r a t e s .  D a l y  e t  a ( 4 1 )  c o n s i d e r e d  t h a t  t h e  a d d i t i o n  o f  
s u r f a c t a n t s  may m o d i f y  r e l e a s e  f r o m  h y d r o x y p r o p y l  me thy l  c e l l  ul ose 

m a t r i c e s  by b i n d i n g  t o  t h e  po lymer  and i n c r e a s i n g  t h e  v i s c o s i t y .  

More s i m p l e  mo lecu les ,  f o r  example i n s o l u b l e  d i l u e n t s  such as t r i -  

b a s i c  c a l c i u m  phosphate  o r  w a t e r  s o l u b l e  d i l u e n t s  such as  l a c t o s e  

may m o d i f y  r e l e a s e  r a t e s .  Lap idus  e t  a l .  ( 1 1 )  showed t h a t  t h e  ad- 
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9 44 CAPAN 

0 16.6 50.0 8: 

F I G U R E  8 

Effects o f  addition of t a b l e t  di luents  on the ra te  o f  chlorpheniramjne 
maleate release from a hydroxypropyl methylcellulose t a b l e t  matrix. 
Key: A , lactose;  0 ,  tricalcium phosphate (11) .  

di tion of lactose increased the release r a t e  of chlorpheniramine 
more than the equivalent amount of calcium phosphate. The observed 
divergence can be explained by the difference in s o l u b i l i t y  o f  the 
diluents and t h e i r  subsequent e f fec ts  on the tor tuosi ty  fac tor .  A s  

the water-soluble di luent  dissolved, i t  diffused outward and dec- 
reased the tor tuosi ty  o f  the diffusion p a t h  o f  the d r u g .  On the 
other hand, the tr icalcium phosphate d i d  n o t  d i f fuse outward, b u t  
rather became entrapped within the matrix and effected an increase 
in release of d r u g  only by the f a c t  tha t  i t s  presence necessarily 
decreased the gum concentration. This e f f e c t  can be seen i n  F i g . 8 .  

F.Uner e t  a l .  ( 4 2 )  showed tha t  the same ef fec t  in the sustained 
release isoniazid matrix t a b l e t s .  Since the drug was more water 
soluble, the desired release rate was obtained by u t i l i z i n g  t r i -  
basic calcium phosphate as  matrix addi t ive.  
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TECHNOLOGICAL FACTORS AND SUSTAINED RELEASE TABLETS 94 5 

Several investigators have described the incorporation of 
additives, such as channeling agents, into the matrix a n d  improve 
d rug  release. Emori e t  a l .  showed that  the release of phenacetin 
from a wax matrix was improved by the addition of an acryl ic  acid 
polymer. Increasing the amount of polymer increased the release 
rate of phenacetin due t o  the formation of pores and  channels in 
the matrix resulting from leaching of the polymer ( 4 3 ) .  Dakkuri e t  

a l .  ( 4 4 )  indicated t h a t  the u t i l i za t ion  of povidone as a channeling 
agent in the formulation of a sustained-release tripelennamine 
hydrochloride core significantly influenced d r u g  release.  I t  appears 
t h a t  channel formation i s  the mechanism underlying the increase in 
the d r u g  dissolution ra te  from cores containing the polymer. 

Parab e t  a l .  ( 1 7 )  have shown t h a t  the addition of varying 
amounts of  mannj to l  or hydroxypropyl methylcellulose into the wax 
matrix improve theophylline release.  I n  addition, Ritschel e t  a l .  
(18) examined the influence of channel ing agents from theophyl l ine 
matrix tablets  prepared with acryl ic  resin.  No difference in the 
amount of drug  released, was found when lactose or  dextrose were 
added t o  the internal phase before granulation. However, addition 
of dextrose a f t e r  granulation into the external phase resulted i n  
a small increase in the amount of d r u g  released. 

Influence of lactose and  t r ibas ic  calcium phosphate on the 
tablets  was release of cibenzoline succinate from plast ic  matrix 

studied by Costa e t  a l .  ( 4 5 ) .  Cameron e t  a l .  ( 4 6 )  also examined 
the release of theophyllline from matrix tablets  c o n t a i n i n g  a n  
acrylic resin polymer as the retardant substance. Re1 e a s a  rates  
were most rapid when microcrystalline cellulose was the f i l l e r  
excipient and the slowest when calcium sulfate  was used as the 
diluent. More recently, the influence of matrix additives on the  
d r u g  release rate  of theophylline was investigated by Aerde e t  a l .  

( 4 7 )  * 
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946 CAPAN 

TABLET HARDNESSYDENSITY VARIATION AND TABLET SHAPE 

Susta ined r e l e a s e  m a t r i x  t a b l e t s ,  which no rma l l y  c o n t a i n  

l a r g e r  amounts of  drug than  conven t iona l  t a b l e t s ,  should remain 

i n d i v i s i b l e  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  and drug s h o u l d  b e  

re leased  by d i f f u s i o n  o r  e ros ion .  I t  i s  apparent  t h a t  these m a t r i c e s  

must be mechan ica l l y  s t r o n g .  The ma jo r  component o f  t h e  m a t r i x  

d e l i v e r y  system i s  a m i x t u r e  o f  v a r i o u s  polymers.  

Compression behaviour  o f  powders i s  c o n v e n i e n t l y  c h a r a c t e r -  

i z e d  by Heckel p l o t s  (48) ,  and v a r i o u s  au tho rs  have s u c c e s s s f u l l y  

a p p l i e d  H e c k e l ' s  equa t ion  t o  pharmaceut ica l  powders t o  i d e n t i f y  

t h e  t ypes  of mechanism o c c u r r i n g  d u r i n g  compression (49,50). 

t h e  Heckel equat ion,  t h e  r e l a t i v e  d e n s i t y ,  D, i s  d i r e c t l y  r e l e a t e d  

t o  t h e  a p p l i e d  compression f o r c e ,  P. 

I n  

I n  ( 1 / ( 1  - D))  z KP + C (4  1 5 )  

Where K and C a re  cons tan ts .  The r e l a t i v e  d e n s i t y  i s  o b t a i n e d  as 

t h e  r a t i o  between t h e  apparent  d e n s i t y  pa ( g . c ~ n - ~ )  of  t h e  compact 

a t  p ressu re  P and t h e  t r u e  d e n s i t y ,  p t  (g.cm-3), o f  t h e  powder i . e .  

The p l o t  o f  I n  (1 /1 - D) versus i n c r e a s i n g  a p p l i e d  compres- 
s i o n a l  f o r c e  P should produce a s t r a i g h t  l i n e  w i t h  a p o s i t i v e  s lope.  

D e v i a t i o n s  f rom t h i s  l i n e  i n d i c a t e  t h e  t ype  o f  mechanism o c c u r r i n g  

d u r i n g  compression. Hersey e t  a l .  ( 5 1 )  and York e t  a l .  ( 5 2 )  d i s t i n -  

gu ished 3 types o f  powder behaviour  on t h e  b a s i s  o f  t h e  above equa- 

t i o n .  These a r e  i l l u s t r a t e d  as Types A ,  B, and C i n  F ig.9.  I n  Type 

A, t h e  d i f f e r e n t - s i z e d  f r a c t i o n s  have d i f f e r e n t  i n i t i a l  pack ing  

d e n s i t i e s  and p l o t s  remain p a r a l l e l  as a p p l i e d  p ressu re  i s  increased,  
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TECHNOLOGICAL FACTORS AND SUSTAINED RELEASE TABLETS 947 

COMPRESSION FORCE 

1- 
COMPRESSION FORCE COMPRESSION FORCE 

F I G U R E  9 

The 3 d i f f e r e n t  types o f  Heckel p l o t s  ( 5 6 ) .  

owing t o  p l a s t i c  de fo rma t ion .  I n  Type B, p l o t s  merge a t  h i g h e r  

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

d u r i n g  rearrangement.  I n  Type C, t h e  curves a r e  i n i t i a l l y  s teep 

and then merge i n  a common p l a t e a u  a t  t h e  h igh -p ressu re  end o f  t h e  

p l o t .  Sodium c h l o r i d e  and l a c t o s e  a r e  examples o f  Types A and B, 
r e s p e c t i v e l y ,  w h i l e  Type C a p p l i e s ,  p a r t i c u l a r l y ,  t o  f a t t y  a c i d s .  

Capan ( 5 3 )  and Stamm e t  a1 (54 ,55)  showed a l i n e a r  r e l a t i o n s h i p  

between compression f o r c e  and t h e  hardness o f  t a b l e t s  p repared  by 

d i f f e r e n t  m a t r i x  m a t e r i a l s .  F a s s i h i  ( 5 6 )  showed t h a t  t h e  po lymer i c  

m i x t u r e  f o l l o w s  a s imp le  Heckel r e l a t i o n s h i p  a t  low p ressu re  and 

e x h i b i t s  a sudden change a t  g r e a t e r  pressures.  Both p l a s t i c  deforma- 

t i o n  and p a r t i c l e  f u s i o n  a r e  o p e r a t i v e  d u r i n g  d e n s i f i c a t i o n .  

T a b l e t  Hardness and Dens i t y  V a r i s t i o n  

I n  an e a r l i e r  r e p o r t ,  Huber e t  a l .  (30)  s t a t e d  t h a t  t a b l e t  
hardness d i d  n o t  show marked d i f f e r e n c e s  i n  r e l e a s e  c h a r a c t e r i s t i c s  

as eva lua ted  by an i n  v i t r o  method. They observed d i f f e r e n t  r e l e a s e  
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948 CAPAN 

HOURS 

FIGURE 1 0  

I n f l u e n c e  o f  t a b l e t  hardness on i n  v i t r o  d i s s o l u t i o n  o f  dye f rom 
hydroxpropyl  m e t h y l c e l l u l o s e  t a b l e t s .  Key: 0 ,  5.3  Kg. average 
hardness; A ,  8.4 Kg. average hardness; 11.8 Kg. average 
hardness ( 3 0 ) .  

p a t t e r n s  w i t h  t a b l e t s  prepared f rom d i f f e r e n t  gums (F ig .10 ) .  Lapidus 

e t  a1 (11)  u t i l i z e d  two d i f f e r e n t  compression f o r c e s  and observed 

no s i g n i f i c a n t  d i f f e r e n c e  i n  d rug - re lease  p a t t e r n s  f rom t a b l e t s  o f  

d i f f e r i n g  d e n s i t y .  I n  t h e  examinat ion o f  t h e  e f f e c t  o f  compression 

p ressu re  on r e l e a s e  r a t e ,  t h r e e  p ressu re  l e v e l s  c o v e r i n g  a n i n e f o l d  

change i n  pe rssu re  were a p p l i e d  t o  t h e  m i x t u r e .  Release p a t t e r n s  

( n o t  shown) o f  t h e o p h y l l  i n e  from hyd roxyp ropy lce l  l u l o s e  t a b l e t s  

thus prepared were p r a c t i c a l l y  superimposabl e. Thus, compression 

pressure and compression p e r i o d  a r e  n o t  i m p o r t a n t  f a c t o r s  i n  modi- 

f y i n g  t h e  r e l e a s e  p a t t e r n  o f  t h e  drug ( 3 1 ) -  

The number o f  s t u d i e s  i n v e s t i g a t i n g  t h e  e f f e c t  o f  com- 
p r e s s i o n  p ressu re  o r  hardness on r e l e a s e  r a t e s  have y i e l d e d  c o n -  

f l i c t i n g  r e s u l t s .  Hashim e t  a l .  ( 5 7 )  showed t h a t  compression p res -  
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TECHNOLOGICAL FACTORS AND SUSTAINED RELEASE TABLETS 949 

sure (148-443 M N . m 2 )  d i d  n o t  e f f e c t  the release ra te  i n  accord- 
ance w i t h  data reported by Ford e t  a l .  (13) w h o  used pressures 
ranging from 93 t o  1395 MN.m'2 fo r  compressing promethazine hydro- 

chloride hydroxypropyl methylcel lulose (HPMC) mixtures. Similar data 
have been reported by Salomon e t  a l .  (34,58) working w i t h  potassium 
chloride/HPMC mixtures a t  pressures r a n g i n g  from 57 t o  283 MN.m" 
and by Ventouras e t  a l .  (59)  studying on sustained release lithium 
su l fa te  t a b l e t s ,  using hydrophilic matrices. Korsmeyer e t  a l .  (28) 
reported tha t  compression pressure on the same system a t  pressures 
ranging from 28 M N m 2  t o  280 MN.m-2 showed some e f f e c t  on the 
release r a t e .  This e f f e c t  was par t icular ly  marked during the f i r s t  
4h of release and could be ascribed t o  entrapped a i r .  Removal of 
the a i r  pr ior  to release restored the t radi t ional  t l i2  behavior. 

Farhadieh e t  a l .  (8) studied the d r u g  release from methyl 
acrylate-methyl methacrylate copolymer matrix. They showed tha t  
the hardness of the tab le t  appears t o  have l i t t l e  e f f e c t  on the 
release-rate  constant. This can be a t t r ibu ted  t o  compensating 
e f fec ts  from tor tuos i ty  and porosity. Goodhart e t  a l .  (60) indica- 
ted tha t  compression force was n o t  a major fac tor  effect ing re- 
lease of a water-soluble drug from a wax matrix tab le t  (Fig.11).  

Several other reports have been presented on the e f f e c t  of 
compression force on d r u g  release from matrix tablets.Aerde e t  a l .  

( 4 7 )  indicated t h a t  the influence of compression force on d r u g  re- 
lease was impor t an t  d u r i n  the f i r s t  four hours for  theophylline 
sustained release tab le t s  prepared by modified starches as matrices. 

Similar resu l t s  were o b t a  ned by Brossard e t  a1 . (61) .  

Tab1 e t  ShaDe 

Influence of shape factors  on kinet ics  of d r u g  release from 
matrix tab le t s  were investigated by several workers (62 -69) .  Higuchi 
was the f i r s t  ( 4 )  t o  derive an expression describing the release 
of d rug  through a uni t  t a b l e t  surface. The  basic Higuchi equation 
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9 50 CAPAN 

HOURS 

F I G U R E  1 1  

E f f e c t  o f  compress ion  f o r c e  on r e l e a s e  p r o f  
p ropano lamine f r o m  wax m a t r i x  t a b l e t s .  Key: 
0 ,  453.6 kg; A , 544.3 kg; m ,  907.2 kg  ( 6 0  

l e s  of  pheny l -  
0 ,  226.8 kg; 

(Eq.2) may be  adapted, t o  d e s c r i b e  d r u g  r e l e a s e  from c y l i n d r i c a l  

t a b l e t s  ( 6 4 ) ,  t o  

where ft i s  t h e  f r a c t i o n  of  d r u g  r e l e a s e d  a t  t i m e  t and kH i s  t h e  

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

s u r f a c e  t a b l e t  of  c o n s t a n t  a r e a .  I t  may be shown t h a t  t h e  H i g u c h i  
r a t e  c o n s t a n t  i s  equa l  t o  

where Ho i s  t h e  i n i t i a l  t h i c k n e s s  o f  t h e  t a b l e t ,  
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T E C H N O L O G I C A L  F A C T O R S  AN11 S U S T A I N E D  R E L E A S E  T A B L E T S  951 

W 
E 0.6 

$$ 0.2 

0 1 2 3 4 
(1IME)'I hOURS 

F I G U R E  1 2  

F rac t ion  of sodium s a l i c y l a t e  r e l eased  ( f t )  f o r  a l l - s u r f a c e  and 
one-planar-surface c y l i n d r i c a l  t a b l e t s  having a mat r ix :  drug 
r a t i o  of 3:2 a t  a d i s s o l u t i o n  f l u i d  pH of 3 .0 .  Key: ( 0  'j a l l -  
s u r f a c e  t a b l e t s ;  ( 0  ) one p lanar -sur face  t a b l e t s  ( 6 4 ) .  

Jambhekar e t  a l .  ( 6 5 )  der ived cubic  equat ions  desc r ib ing  
the r e l e a s e  of d r u g  through a l l  su r f aces  of a s low-re lease  t a b l e t .  
For a c y l i n d r i c a l  t a b l e t ,  the f r a c t i o n  of d r u g  r e l eased  a t  time t 
i s  given by: 

3 

f t  = ( 9  + 2 )  k r  ( t  

q [ k r  ( t1l2 - t1/2)]3 0 

where k r  and to a r e  the  computer-determined r e l e a s e  r a t e  cons t an t  
and l ag  t ime,  r e s p e c t i v e l y .  Higuchi r a t e  cons t an t  ( k H )  and the r e -  
l ea se  r a t e  cons t an t  ( k , )  inherent  in  the cubic  equat ion f o r  
c y l i n d r i c a l  t a b l e t s :  
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952 CAPAN 

kH = q k r  
2 

where q i s  t h e  r a t i o  o f  i n i t i a  

Examples o f  i n f l u e n c e  o f  shape 

f rom m a t r i x  t a b l e t s  a r e  shown 

t a b l e t  d iameter  t o  t h i c k n e s s .  

f a c t o r s  on k i n e t i c s  o f  d rug  r e l e a s e  

n F ig.12.  I n s p e c t i o n  o f  t h e  p r o f i l e s  

suggests t h a t  t h e  da ta  were f i t t e d  adequate ly  by t h e  c u b i c  equa t ion  

(Eq.19) when t h e  e n t i r e  t a b l e t  s u r f a c e  was exposed t o  t h e  d i s s o l u -  

t i o n  f l u i d  and by t h e  l i n e a r  equa t ion  (Eq.17) when o n l y  one p l a n a r  

s u r f a c e  was exposed. 

Acco rd ing l y ,  t a b l e t  f o r m u l a t i o n  can proceed i n  a sys temat i c  

manner by u t i l i z i n g  t a b l e t  shape t o  a d j u s t  d rug  r e l e a s e  t o  t h e  

d e s i r e d  r a t e .  Furthermore, t h e  r e l a t i o n s h i p  between t h e  two r a t e  

cons tan ts  ( k H  and kr)  i n d i c a t e s  t h a t  b o t h  may be d e s c r i b e d  i n  terms 

o f  b a s i c  phys icochemical  p r o p e r t i e s ,  such as t a b l e t  

t o r t u o s i t y  and drug s o l u b i l i t y  and d i f f u s i o n  c o e f f i c i e n t .  I t  may be 

shown, by combining eq 18 and 20, t h a t  

p o r o s i t y  and 

where ro i s  t h e  i n i t i a l  r a d i u s  o f  a c y l i n d r i c a l  o r  b iconvex t a b l e t .  

Therefore,  t h e  r e l e a s e  o f  drug f r o m  a c y l i n d r i c a l  o r  b i c o n v e x  

t a b l e t  may be p r e d i c t e d  from fundamental parameters.  

CONCLUSIONS 

Technologica l  f a c t o r s  i n f l u e n c i n g  r e l e a s e  f rom sus ta ined  

r e l e a s e  m a t r i x  t a b l e t s  c o u l d  be s t a t e d  as; cho ice  o f  polymer as 
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matrix material, polymer concentration, viscosity of polymers and 
viscosity grade, drug loading, formulation additives, channeling 
agents, shape factors. Especially no significant difference was 
observed in drug release patterns from hydrophil ic matrix tablets 
of differing density and different hardness. 
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