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ABSTRACT 

Solid dispers ions a re  dynamic systems, a ca re fu l  control  of 

processing var iables  i s  required t o  produce desired physico- 

chemical p rope r t i e s  of these systems. 

The influence of drug p a r t i c l e  s i z e ,  dispersion temperature and 

compression force on the release r a t e  of  theophylline from s o l i d  

dispersed system t a b l e t s  was studied. Theophylline base (micronized 

and granulate) were embedded i n t o  a polymeric mixture of PEG and 

acrylic/methacrylic e s t e r s  a t  control led temperature and shock 

cooled, Tablets were made a t  two compressional forces and drug 

release was measured spectrophotometrically over a period of  

f i f t e e n  hours. 

The r e l ease  r a t e  of drug dispersed i n  these insoluble matrices 

was independent of p a r t i c l e  s i z e  but  not  of hardness. 

* To whom a l l  correspondence should be d i r ec t ed .  

5 2 3  

Copyright 0 1985 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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



524  FASSIHI ,  PARKER, AND POURKAVOOS 

However, v a r i a t i o n s  i n  r a t i o s  of polymeric mixture and d i spe r s ion  

temperature c o n t r o l s  t h e  drug release r a t e  from i n e r t  matr ix  more 

e f f e c t i v e l y  than  such f a c t o r s  a s  drug p a r t i c l e  s i z e  and lower 

range of  t a b l e t  hardness .  The f a s t  cool ing  produced 

e x c e l l e n t  r e p r o d u c i b i l i t y  of drug conten t  throughout t h e  e n t i r e  

entrapment product .  X-ray d i f f r a c t i o n  s tudy demonstrated no 

changes i n  c r y s t a l l i n e  form of  theophyl l ine .  

A number of reviews have been publ ished on t h e  problems of 

con t ro l  l e d  drug d e l i v e r y  1 ' 2 ' 3 t 4 ' 5  and t h e  t h e o r e t i c a l  

advantages of c o n t r o l l e d  release f o r  a v a r i e t y  o f  drugs a r e  

w e l l  documented. 6 ' 7 t 8 r 9  

r e l e a s e  o f  a given drug i t  i s  d e s i r a b l e  t h a t  zero-order  k i n e t i c s  

should apply t o  the  system. I n  genera l  t h e  drug may be 

phys ica l ly  incorpora ted  i n t o  a polymeric matr ix  and compressed. 

So l id  d i spe r s ion  techniques have obvious a p p l i c a t i o n s  i n  

providing a homogeneous d i s t r i b u t i o n  o f  t h e  drug toge the r  wi th  

I n  order  t o  ensure a cons t an t  r a t e  o f  

ea se  of mixing, r e p r o d u c i b i l i t y ,  p r e d i c t a b i l i t y  and c o n t r o l  of 

r e l e a s e  p r o f i l e s .  10,11,12 

Drug r e l e a s e  from s o l i d  d i spe r s ions  i n  in so lub le  polymeric 

mat r ices  i s  dependent on t h e  r a t e  o f  drug d i f f u s i o n  and usua l ly  

fol lows t h e  square r o o t  law e q ~ a t i 0 n . l ~  Recent s t u d i e s  of such 

d i spe r s ions  have shown t h a t  so lub le  complexes a r e  formed. The 

d i f f e r e n c e  i n  c r y s t a l l i n i t y  between s o l i d  d i spe r s ions  and phys ica l  

mix of drug and c a r r i e r  has a l s o  been demonstrated.  The 

cool ing  condi t ions  o f  molten d ispersed  systems in f luences  t h e  

r e l e a s e  k i n e t i c s  ,16 due t o  change i n  polymorphic p r o p e r t i e s  of  

t he  drug. 

14,15 

I t  i s  d i f f i c u l t  t o  c o n t r o l  r a t e  of drug r e l e a s e  from s o l i d  

d i spe r sed  systems. Release k i n e t i c s  a r e  d i r e c t l y  inf luenced  by 

formulat ion and physico-chemical f a c t o r s .  In  a s o l i d  d i spe r sed  

system dynamic events  a r e  complex and opt imiza t ion  of p re se l ec t ed  
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SOLID DISPERSION CONTROLLED RELEASE 5 25 

d e l i v e r y  r a t e  may on ly  be achieved by c a r e f u l  con t ro l  of  

process ing  parameters  . 

This  paper i s  concerned wi th  the  e f f e c t s  of  formulat ion and 

those  important  parameters  which may in f luence  the  d i s s o l u t i o n  

p r o f i l e  of  Theophylline from inso lub le  polymeric mat r ices  i n t o  an 

aqueous environment. Theophylline was chosen because of i t s  low 

s o l u b i l i t y ,  ease of  assay ,  and s h o r t  ha l f  l i f e ,  a l though many 

problems have been r epor t ed  i n  producing con t ro l l ed  r e l e a s e  

dosage forms. 

The fol lowing m a t e r i a l s  were used; PEG 6000 (BDH-Chemical 

Ltd. ,  Poole ,  England) ,  E thyl  c e l l u l o s e  (Hercules Powder Company 

L t d . ) ,  Eudragi t  r e t a r d  - BN 70041 and Theophylline c r y s t a l s  

commercial grade,  Lot 1028  and 51647. U.V. spectrophotometer- 

Perkin E l m e r  554, Manesty t a b l e t  machine type F3, Hardness 

t e s t e r  (Engineer ing systems CT40 Nottingham) , x-ray d i f f r a c t i o n  

type  pw 1120/90, ( P h i l l i p s ,  England).  Theophylline s i z e  a n a l y s i s  

was performed us ing  a HIAC-PA720, 24 channel p a r t i c l e  s i z e  

ana lyser17  (Northey I n t .  Systems Ltd. , London). 

Two formulae were used f o r  compression a s  shown i n  Table 1. 

PEG 6000 and e t h y l  c e l l u l o s e  were melted and mixed i n  a ch ina  

d i s h  on a h o t p l a t e  a t  c o n t r o l l e d  temperatures  of  75O, 85O and 90° 

f o r  10 minutes.  Methacrylate  polymer w a s  added t o  t h e  

homogeneous m e l t  and mixed f o r  a f u r t h e r  10 minutes. Then, 

theophyl l ine  was added t o  t h e  molten mixtures  and s t i r r i n g  

cont inued f o r  another  10 minutes a t  t h e  s e l e c t e d  temperatures  t o  

achieve a uniform d i s t r i b u t i o n .  

The mixtures  w e r e  immediately poured onto  g l a s s  p l a t e s ,  
0 maintained a t  0 C and allowed t o  congeal.  Each s o l i d i f i e d  mass 

w a s  t r a n s f e r r e d  t o  a ceramic mortar and f i n e l y  ground f o r  15  
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526 FASSIHI, PARKER, AND POURKAVOOS 

TABLE 1. 

FORMULAS USED 

Theophylline 2 0  

PEG 6000 55 

Ethyl  c e l l u l o s e  10 

Acryl ic /Methacryl ic  E s t e r s  1 5  

2 0  

40  

15 

25 

Quan t i t i e s  l i s t e d  a r e  percentage by weight.  

minutes and then s ieved.  The f r a c t i o n  f i n e r  than 4201.im was used. 

The r e s u l t a n t  powder was compressed a t  t w o  p re s su res  us ing  a 

round convex punch 7 . 5 m  diameter  on a Manesty type F3 t a b l e t  

machine. Table t s  w e r e  produced weighing 200mg and having 

hardnesses  of  3.5 and 4.8 kg. Uniformity of  t a b l e t  weight and 

hardness were wi th in  5 pe r  cent .  

TESTING 

Release p r o f i l e s  were obta ined  immediately a f t e r  t a b l e t  

manufacture. Rate of  r e l e a s e  was monitored using a flow-through 

UV spectrophotometr ic  technique,  under s i n k  cond i t ions ,  with 

d i s t i l l e d  water a s  d i s s o l u t i o n  medium. 

For each determinat ion a t a b l e t  was placed i n  a baske t  

r o t a t e d  a t  60rpm, the  d i s s o l u t i o n  medium maintained a t  37OC,  and 

spectrophotometr ic  measurements made a t  271nm. I t  was found 

t h a t  the  presence of o t h e r  i n g r e d i e n t s  used i n  the  formulat ion 

d i d  no t  i n t e r f e r e  wi th  t h e  drug assay .  

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

P a r t i c l e  s i z e  p r o f i l e s  by volume f o r  granula ted  and 

micronised samples o f  theophyl l ine  with t h e i r  median va lues  a r e  

given i n  f igu re  1. 
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SOLID DISPERSION CONTROLLED RELEASE 52 7 
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-A GRANULATE (MEDIAN = 47 MICROMETRES) - MICRONISED (MEDIAN = 14 MICROMETRES) 

S IZE I N  M I C R O M E T R E 5  C L O G  5 C R L E 3  

FIGURE 1 Particle size distribution curves for granulated and 
micronised samples of Theophylline with median values. 

Table 2 shows t h e  va lues  f o r  theophyl l ine  con ten t ,  hardness  

and weight of t a b l e t s .  The cons is tency  of theophyl l ine  con ten t  

i n  both formula t ions  I and I1 i n d i c a t e s  t h e  uniform 

d i s t r i b u t i o n  of  t he  drug. 

The d i s s o l u t i o n  curves obta ined  a r e  shown i n  f i g u r e s  2 - 5 

and a r e  t y p i c a l  r e l e a s e  p r o f i l e s .  The c h a r a c t e r i s t i c s  of  t hese  

curves  r e f l e c t  t h e  parameters  involved such a s  polymer 

concent ra t ion  and hardness ,  i n  agreement with previous reports. 
18 

Figure 2 shows t h e  in f luence  of  hardness  on drug  release 

from t a b l e t s  o f  two formulat ions produced t o  g i v e  l o w  (3 .5  k g )  & high 

(4 .8  kg) hardness.  I t  i s  t o  be expected t h a t  hardness  would 
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100 
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40 

20 

0 

529 

I 

0 2 4 6 8 10 

TIME ( h r s )  

F i q .  2 RELEASE CURVES FOR EACH OF THE COMPRESSED SOLID 
DISPERSED POLYMERIC SYSTEMS (FORMULATION I & 11). 

0 7 4 6 8 10 

TIME ( hrs ) 

F i q .  3 AMOUNT OF THEOPHYLLINE RELEASED VERSUS TIME FOR 
TABLETS PREPARED AT 3.55 kg (FORMULATION I AND 
90°C, MICRONIZED AND GRANULATE) . 
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5 30 FASSIHI, PARKER, AND POURKAVOOS 

100 

80 

60 

40 

20 

0 
0 2 4 6 8 10 

TIME ( hrs ) 

F i q  4 EFFECT OF D I S P E R S I O N  TEMPERATURE ON RELEASE RATE OF 
THEOPHYLLINE FROM TABLETS PREPARED AT 3.5Kg, FORWLATION I .  

a f f e c t  t h e  r a t e  o f  r e l e a s e ,  a s  po ros i ty  and degree of t o r t u o s i t y  

i n  t h e  system in f luences  t h e  r e l e a s e  r a t e  k i n e t i c s .  

Figure 3 g ives  t h e  r e l e a s e  p r o f i l e s  from t a b l e t s  prepared a t  
0 3.55 kg, formulat ion I ,  90 C ,  us ing  micronized and granula ted  

theophyl l ine  base.  P a r t i c l e  s i z e  d i d  not  a f f e c t  r a t e  o f  drug 

r e l e a s e  from t a b l e t s ,  however, when t h e  same q u a n t i t i e s  of  

micronized and granula ted  theophyl l ine  b a s e l a s  such,were d isso lved  

i n  water  a t  the  same temperature ( 3 7  C ) ,  higher  concent ra t ions  of 

t he  micronized drug went i n t o  so lu t ion .  Thus, i n  t he  s o l i d  

d i spe r s ion  technique descr ibed  t h e  s o l u b i l i t y  of t h e  granula ted  

drug i s  a s  high a s  t h a t  of t h e  micronized. 

been descr ibed elsewhere f o r  o t h e r  low so lub le  drugs.  

0 

This  phenomena has  
19 

Figure 4 i n d i c a t e s  t he  in f luence  of  d i spe r s ion  temperature 

dur ing  processing.  Release r a t e  k i n e t i c  changes a r e  s i g n i f i c a n t ,  
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SOLID DISPERSION CONTROLLED RELEASE 531 

100 

80 

60 

40 

20 

0 
0 2 4 6 8 10 

TIME (hrs  1 

F i g .  5 EFFECT OF FORMULATION COMPONENTS ON DRUG RELEASE FROM 
POLYMERIC M A T R I C E S  (FORMULATION I AND I 1  A T  3.5Kg AND 
D I S P E R S I O N  TEMPERATURE O F  85OC.  

such t h a t ,  a t  h igher  d i spe r s ion  temperature an inc rease  i n  t h e  

r e l a t i v e  f l a t n e s s  of  t h e  pseudo-steady s t a t e  po r t ion  of t h e  curves  

improves markedly with t i m e .  This  s i t u a t i o n  could be explained 

s ince ,  a t  higher  temperature drug p a r t i c l e s  d i s so lve  o r  d i spe r se  

a t  equi l ibr ium i n  the  matr ix .  The s o l i d  p a r t i c l e s  he ld  wi th in  

t h e  polymeric system al low a high l e v e l  o f  d i spe r s ion  and a l a r g e  

sur face  a rea  to  be achieved forming a unique r e s e r v o i r  f o r  drug 

entrapment. The r e l e a s e  o f  t he  drug from t h i s  device i s  of  a 

desorp t ion  type fol lowing t h e  usua l  square r o o t  law k i n e t i c s .  

Figure 5 i l l u s t r a t e s  t h e  r e l e a s e  p r o f i l e s  from tablets  

conta in ing  var ious  concent ra t ions  o f  polymers a t  one hardness.  

Prolongat ion o f  r e l e a s e  i s  enhanced by inc reas ing  t h e  polymer 

concent ra t ion .  The r e l e a s e  p a t t e r n  approaches a l i m i t i n g  va lue  

a s  polymer concent ra t ion  inc reases  and work is  i n  progress  t o  

e l u c i d a t e  t h i s  r e l a t ionsh ip .  
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5 32 F A S S I H I ,  PARKER, AND POURKAVOOS 

A F i g u r e  6 B 

X-ray d i f f r a c t i o n  p a t t e r n s  of T h e o p h y l l i n e ,  (A) b e f o r e  
m e l t i n g .  (B) a f t e r  i t  h a s  been shock  coo led .  
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SOLID D I S P E R S I O N  CONTROLLED RELEASE 533 

X-ray d i f f r a c t i o n  p a t t e r n s  of theophyl l ine  used w e r e  taken 

from samples t h a t  were shock cooled,  f i g u r e  6. The r a t e  of 

cool ing  d id  no t  in f luence  t h e  c r y s t a l l i n i t y  of theophyl l ine  a s  

i d e n t i f i e d  from x-ray d i f f r a c t i o n  p r o f i l e s  which remained 

cons tan t .  However, to  a l a r g e  e x t e n t  drug i s  embedded amorphously 

i n  the  polymers. 

CONCLUSIONS 

The product ion o f  s o l i d  d i spe r s ions  may p resen t  a 

thermodynamically more a c t i v e  form of drug substance and d i r e c t l y  

in f luences  t h e  d i f f u s i o n  and r e l e a s e  r a t e .  

I n  $design of t hese  d e l i v e r y  systems, balancing t h e  r a t i o  

of polymers (hydrophi l ic  o r  l i p o p h i l i c )  must be coupled wi th  the  

v a r i a b l e s  by which a c t i v e  drug i s  entrapped,  a long wi th  the  

in f luence  of physico-chemical and mechanical f a c t o r s  on r e l e a s e  

k i  ne ti c s . 

Se lec t ion  of polymer, channel l ing  agent ,  method of  

i nco rpora t ion ,  r a t i o  of drug t o  polymer, formulat ion c o n s t r a i n t s  and 

d i spe r s ion  temperature a r e  important  determining f a c t o r s  on 

r e l e a s e  r a t e .  In  matr ix  type formula t ions ,  which gene ra l ly  

fol low square r o o t  law r e l e a s e  k i n e t i c s ,  t he  des i r ed  zero-order 

r e l e a s e  may be achieved by c o n t r o l  of these  repor ted  pa rane te r s  

and s p e c i a l  geometric forms. 
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