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MECHANISMS OF DISSOLUTION OF FAST RELEASE S O L I D  DISPERSIONS 

Owen I .  C o r r i g a n ,  D e p a r t m e n t  o f  P h a r m a c e u t i c s ,  
S c h o o l  o f  P h a r m a c y ,  T r i n i t y  C o l l e g e ,  1 8  S h r e w s b u r y  

R o a d ,  D u b l i n  4 ,  I r e l a n d .  

A B  S TRACT 

D r u g  d i s s o l u t i o n  f r o m  a s o l i d  d i s p e r s i o n  i s  d e p e n d -  

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

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

T h e  d i f f u s i o n  m o d e l s  d e s c r i b i n g  d i s s o l u t i o n  f r o m  m u l t i -  

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

f r o m  n o n - d i s i n t e g r a t i n g  s y s t e m s  i n  t h e  w e i g h t  f r a c t i o n  

r a n g e  w h e r e  t h e  d r u g  p h a s e  i s  e x p e c t e d  to c o n t r o l  d i s s o l -  

u t i o n .  When s o l i d  d i s p e r s i o n s  h a v e  h i g h e r  d i s s o l u t i o n  

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

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

i n d i c a t e d .  T h e s e  i n c r e a s e s  i n  r a t e  may  r e s u l t  f r o m  t h e  

f o r m a t i o n  o f  h i g h e r  e n e r g y  p h a s e s  o f  e i t h e r  c o m p o n e n t  o r  

f r o m  i n t e r a c t i o n s  b e t w e e n  t h e  c o m p o n e n t s .  T h e  c a r r i e r  may 

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

i n  s t a b i l i z i n g  t h e m  d u r i n g  s u b s e q u e n t  d i s s o l u t i o n .  When a 

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

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

t o  o c c u r  a t  h i g h  c a r r i e r  w e i g h t  f r a c t i o n s .  T h e  m o d e l  f a i l s  

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

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

b y  d i s s o l u t i o n  o f  t h e  c a r r i e r .  I n  p o l y m e r  b a s e d  s y s t e m s  
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698 CORRIGAN 

the presence of drug retards dissolution of the carrier, 

possibly through effects on binding and polymer swelling. 

These effects need to be quantified in order to allow pre- 

diction of drug release from high carrier weight fraction 

sys tems. 

INTRODUCTION 

The method of enhancing drug dissolution by incorporat- 

ing a poorly water soluble drug in a soluble phase or carrier 

was first proposed by Sekiguchi and Obi in 1 9 6 2 ' .  Urea 

was used as the soluble carrier phase and melt formation 

as the method of incorporating the drug. The concept was 

broadened by Tachibana and Nakamura who used the water 

soluble polymer polyvinylpyrrolidone (PVP) and the solvent 

method to prepare aqueous dispersions of poorly so1ubl.e 

organic materialsL. This concept was subsequently applied 

in attempts to improve the biopharmaceutical properties of 

many drugs of low aqueous solubility. The pharmaceutical 

applications of solid dispersion systems were extensively 

reviewed3 in 1971 and to date two solid dispersion systems, 

Grispeg (Sandoz-Wander) a g r i s e o f u l v i n - p o l y e t h y l e n e  glycol 

solid dispersion and Cesamet (Lilly) a nabilone-PVP solid 

dispersion,are known to have reached the market place. 

The enhancement in drug release reported as a result of 

solid dispersion formation relative to pure drug vary from 

4 as high as four hundred fold to less than two fold. An 

understanding of the mechanisms of release from solid 

dispersionswould allow the formulator to predict the potent- 

ial gain in dissolution resulting from a given solid disper- 

sion. In this paper current understanding of the mechanisms 

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.



DISSOLUTION FROM SOLID DISPERSION 699 

involved in the release from solid dispersions will be 

reviewed. 

S C O P E  OF R E V I E W  

Over thirty different materials have been examined as 

potential carrier substances (Table 1). These carriers vary 

widely i n  chemical and physicochemical properties. A large 

proportion however are classifiable as either sugars, soluble 

polymers, surfactants or soluble acids. The techniques 

employed to combine the drug and carrier have also diversified. 

Originally these techniques were employed to improve the 

dissolution and solubility characteristics of drugs and 

utilized soluble materials as carriers. More recently 

the term solid dispersion has also been applied to systems 

containing insoluble carrier materials. 3 ’ 2 0  

review will be confined to release mechanisms from soluble 

solid dispersions. Drug release from systems fabricated 

with an insoluble carrier may be considered as matrix systems, 

The current 

2 1 , 2 2  the release from which has been considered elsewhere. 

In its broadest sense the term solid dispersion, as 

used in this review, refers to the product formed by conver- 

ting a fluid drug-carrier combination to the solid state. 

This classification includes systems prepared by coprecipit- 

ation, melting or fusion, spray drying, freeze drying a n d b y  the 
3 

meltingsolvent method, but not the products of traditional 

mixing or comminution operations. 

Because of the diversity of materials used and methods 

of preparation employed, the physical characteristics of 

solid dispersions vary widely, ranging from simple eutectic 

mixtures to drug carrier complexes. 
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700 C ORR I G AN 

TABLE 1 

Materials Tested a s  Carriers for Solid Dispersions. 

Sugars 

Dextrose Po lyvinylpyrro 1 idone 

Surfactants 

P O  1 yoxy e t tiy 1 en e 

~ _ _  Polymeric Materials - 

1 4  S tearate 

Sucrose P o l y v i n y l p o l y p y r r o l i d o n e ’  Renex 650 15 

Ga 1 act o s e 

Sorbitol Hydroxypropylme thyl- Texafor AIP 

1 6  Po lye t hy 1 ene g 1 yco 1 s lo Poloxamer 188 

8 

cellulose 11 Deoxycholic Acid 17 

19 Tweens 

Spans 

11 MaltJse Methylcellulose 

Xyl i to 1 

Manni to1 

Lactose 

19 12 Pectin 

H y d r ox y e thy 1 c e 1 1 u 1 o s e 

Hydroxypropylcellulose 8 

Cyclodextrins 

Galactomannan 

6 

8 

13 

7 

Acids H i  sce 1 laneous 
Citric Acid 10 Pentaerythritol 10 

P e n t a e r y t h r i t y l t e t r a a c e t a t e  10 
1 Succinic Acid 

Urea 
Hydroxyalkylxanthins 18 

Urethane a 

DISSOLUTION OF MULTICOMPONENT SOLIDS 

Non-Interacting Systems 

In practice solid dispersions consist of more than one 

component and drug release involves the simultaneous dissol- 

ution of more than one phase. Physical m o d e l s  involving 

simultaneous diffusion and rapid equilibria have been 

developed and tested for two 2 3 y 2 4  and three component sys- 

terns. 2 5 - 2 7  T h e y  represent a good first approximation of 
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D I S S O L U T I O N  FROM SOLID DISPERSION 70 1 

t h e  r e l e a s e  f r o m  s o l i d  d i s p e r s i o n s .  T h e  m o d e l s  a s s u m e  

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

a n d  t h a t  t h e  d i s s o l u t i o n  s u r f a c e  i s  n o n - d i s i n t e g r a t i n g .  

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

r a t e  a r e  i t s  s o l u b i l i t y ( C  ) d i f f u s i o n  c o e f f i c i e n t ( D ) a n d ,  

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

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

I n  a t w o  c o m p o n e n t  s y s t e m ,  t h r e e  d i f f e r e n t  s i t u a t i o n s  

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

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

p r e s e n t  ( F i g .  1 ) .  A t  t h e  c r i t i c a l  m i x t u r e  r a t i o ,  i . e .  

w h e n  N /N = D d -  C s d / D c * C s c ,  b o t h  c o m p o n e n t s  ( d r u g ,  d ,  

a n d  c a r r i e r ,  c )  c o e x i s t  a t  a l l  t i m e s  a t  t h e  s o l i d - l i q u i d  

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

c o n d i t i o n s .  A t  all o t h e r  w e i g h t  r a t i o s ,  o n e  o r  o t h e r  

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

r e p r e s e n t s  a n  a d d i t i o n a l  b a r r i e r  r e t a r d i n g  d i s s o l u t i o n  

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

u t i o n  p r o f i l e  f o r  t h e  r e c e d i n g  c o m p o n e n t .  T h r e e  com- 

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

d i f f e r e n t  p o s s i b i l i t i e s  a t  t h e  s o l i d - l i q u i d  i n t e r f a c e 2 6 ( F i g .  1 ) .  

I n  t w o  c o m p o n e n t  s o l i d  d i s p e r s i o n s ,  e x c e p t  w h e n  t h e  

c a r r i e r  w e i z h t  f r a c t i o n  i s  v e r y  h i g h ,  t h e  l e s s  s o l u b l e  

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

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

d c  

s u r f a c e  a r e a , G d ,  i s  g i v e n  b y  

- G d  - D d ’  ‘sd 
h 

w h e r e  h i s  t h e  d i f f u s i o n  l a y e r  t h i c k n e s s  

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

1) 

Tlte 1 i m i  t i n g  

bjr 
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702 C 0R.R I GAN 

D I S S O L U T I O N  O F  TIdO COPIPOIJENT S O L I D S  

D I S S O L U T I O N  O F  T H 9 E E  COIIPONENT S O L I D S  

F! 

FIGURE 1 

T h e  p o s s i b l e  d i s s o l u t i o n  b e h a v i o u r s  of t w o  and t h r e e  
c o m p o n e n t  systems. 

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.



DISSOLUTION FROM SOLID DISPERSION 703 

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

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

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

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

a t  t h e  h i g h e r  c a r r i e r  w e i g h t  f r a c t i o n s  ( F i g .  2 ) .  The 

m o d e l  a l s o  p r e d i c t s  t h a t  t h e  r e l e a s e  r a t e  o f  e i t h e r  c7m- 

p o n e n t  i n  t h e  d i s p e r s i o n  i s  n e v e r  g r e a t e r  t h a n  t h a t  of  t h e  

p u r e  c o m p o n e n t  a l o n e .  I n  a d d i t i o n ,  n o  d i s s o l u t i o n  

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

a l s o  a r r i v e d  a t  by  G o l d b e r g  e t  a l .  2 8  

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

T h e r e f o r e  w h e r e  

f o r m a t i o n  a r e  l i k e l y  t o  b e  i n v o l v e d .  

I n t e r a c t i n g  S y s t e m s  

S o l u b l e  Complex  F o r m a t i o n :  The  m o d e l s  f o r  n o n - i n t e r a c t i n g  

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

i n  s o l u t i o n  t o  f o r m  a s o l u b l e  c o m p l e x .  2 3 y 2 5  

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

e n h a n c i n g  t h e  d r u g s  a p p a r e n t  s o l u b i l i t y .  3 y 2 9  When t w o  s u c h  

c o m p o n e n t s  a r e  p r e s e n t  i n  a s o l i d  d i s p e r s i o n ,  d i s s o l u t i o n  o f  

Many c a r r i e r  

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

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

p u r e  c o m p o n e n t s  a r e  o b s e r v e d  ( F i g .  3 ) .  The  maximum r a t e s  o c c u r  

a t  t h e  c r i t i c a l  m i x t u r e  r a t i o  g i v e n  by3':- 

Nd = D i C s d  + D c d *  K - C s d ' C s c  

+ D c d  K * C  . C  N c  D c C s c  s d  s c  

w h e r e  K i s  t h e  b i n d i n g  c o n s t a n t  a n d  D t h e  d i f f u s i o n  c o e f f i c -  

i e n t  o f  t h e  c o m p l e x .  
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0 0 . 2  0.4 0 . 6  0 . 8  1.0 

Carrier TJe i g ht F r a c t i o n  

F I G U R E  2 

Theoretical changes in relative dissolution rates of 
drug and carrier with increasing carrier weight fraction 
for two non-interacting components. Dashed lines 
illustrate the effect o n  drug dissolution rate of an 
extension o f  carrier control dissolution to systems 
containing up to 25% drug, for relative dissolution 
rates of 10, 20, 30 and 50 fold. 
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DISSOLUTION FROM SOLID DISPERSION 705 
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F I G U R E  3 

C o m p a r i s o n  o f  b e n z o c a i n e - c a f f e i n e  m i x t u r e  d i s s o l u t i o n  
d a t a  w i t h  t h e  s o l u b l e  c o m p l e x  m o d e l .  
From : H i g u c h i  e t  a 1  J. P h a r m .  S c i . ,  5 4 ,  1 4 0 5  ( 1 9 6 5 ) .  

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

2 3  
(Gmax) a t  t h e  c r i t i c a l  m i x t u r e  r a t i o  a r e  

G:aX = (Dd'  ' sd  + D c d * K  C s d * C  s c  ) / h  ( 4 )  

+ D c d * K * C s d . C  ) / h  G m a x  - 
C - (Dc- C s c  s c  

E q u a t i o n s  f o r  t h e  l i m i t i n g  r a t e s  a t  o t h e r  w e i g h t  f r a c t i o n s  

h a v e  a l s o  b e e n  d e r i v e d .  2 3  

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

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

( D c d ' K ' C s d  s c  

I t  i s  w o r t h  n o t i n g  f r o m  E q .  4 

U C  ) '  T h e r e f o r e  t h e  r e l a t i v e  maximum i n c r e a s e  
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706 C ORR I GAN 

in rate i s  greatest for the less soluble component. The 

relative increase in drug dissolution rate is given by :- 3 0  

G;ax D d. C ,," 
G O  Dd 

- = 1 +  ( 5 )  

Where G o  is the intrinsic dissolution rate of the drug. 

Dissolution rates of each component decline rapidly as the 

weight fraction deviates f r o m  the critical mixture ratio. 

Rigorous tests of this "soluble complex" model, involving 

examination of the release rates of both dissolvinp, species, 

have been reported and good agreement with theory obtained 

(Fig. 3). The dissolution rates of B-cyclodextrin-pheno- 

barbitone freeze dried dispersions and physical mixtures were 

also well described by this model3' (Fig.4 ) .  

dispersion systems, where the release of one component, the 

drug, had been monitored over a range of weight fractions, 

qualitative agreement with theory was evident . In these 

h y d r o f l u m e t h i a z i d e - p o l y e t h y l e n e  glycol (PEG) systems, little 

difference in rate between coprecipitates, melts and physical 

mixtures of similar weight fraction was observed, at the 

lower carrier weight fractions 3 2  (Fig.5 ) ,  

changes do not occur in either the drug or carrier during 

formation of the solid dispersion, then in theory the 

dissolution rates of the solid dispersion and physical 

mixtures of similar composition should not differ. In 

practice dispersed systems tend to give more reproducible 

results, due to more intimate contact between the components. 

Where significant differences occur they suggest solid state 

changes during formation of the dispersion. 

Solid State Changes. During the process of forming a solid 

dispersion the individual components may precipitate in 

In other 

3 2  

If solid state 
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D I S S O L U T I O N  FROM SOLID D I S P E R S I O N  707 

X 

0 

0.00 0.10 0.20 0.30 0.40 2 
o.50 0.60 0.70 0.80 0.90 1.00 

D R U G  MOLE FRACTION 

P l G U R E  4 

C o m p a r i s o n  o f  t h e o r y  w i t h  d a t a  f o r  d i s s o l u t i o n  r a t e  o f  
p h e n o b a r b i t o n e -  p - c y c l o d e x t r i n  f r e e z e  d r i e d  s y s t e m s .  
K e y :  ~ p h e n o b a r b i t o n e ;  ~ p - c y c l o d e x t r i n .  

d i f f e r e n t  s o l i d  p h a s e s  f r o m  t h o s e  p r e s e n t  i n  a s i m i l a r  

p h y s i c a l  m i x t u r e  i . e .  a s  p o l y m o r p h i c ,  s o l v a t e d  o r  a m o r p h o u s  

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

s o l i d i f i c a t i o n  t e c h n i q u e ,  t h e  s o l v e n t  m e d i u m ,  t h e  s p e c i f i c  

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

p o n e n t s  p r e s e n t .  T h u s  g r i s e o f u l v i n  - P V P  c o p r e c i p i t a t e s  

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

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

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.



708 CORRIGAN 

0 
'A a 

PEG WEIGHT f R A C l l O N  

FIGURE 5 
Relationship between P E G  weight fraction and the initial 
and limiting dissolution rates of hydroflumethiazide from 
P E G  4 , 0 0 0  systems. 
Key; initial rates: mechanical mix systems A ,  solvent 
systems 0 ,  melt systems x . Limiting rates: mechanical 
mix systems A , solvent systems 0 and melt systems m . 

the same systems are spray dried, amorphous dispersions a r e  

formed. 3 3 y 3 4  I n  sulphathiazole-PVP coprecipitntc systems, 

the weight fractions of PVP and the method of precipitation 

determines the proportions of form 1, form 2 and amorphous 

phase of drug produced. 3 5  

hydroflurnethiazide from ethanol resulted in the ethanol 

Although rapid precipitation o f  
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DISSOLUTION FROM SOLID DISPERSION 709 

s o l ~ a t e ~ ~ ,  c o p r e c i p i t a t i o n  o f  t h i s  d r u g  w i t h  PVP f r o m  e t h a n -  

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

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

w e i g h t  f r a c t i o n s .  3 7  

s p r a y  d r i e d ,  all s y s t e m s  w e r e  a m o r p h o u s .  3 8 y 3 9  

s t a t e  c h a n g e s  may a l s o  b e  i n d u c e d  i n  t h e  c a r r i e r .  C i t r i c  

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

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

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

t h e  d i s p e r s i o n  a n d  d o  n o t  r a p i d l y  r e v e r t  t o  t h e  l e s s  

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

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

H o w e v e r ,  w h e n  t h e s e  c o m p o n e n t s  w e r e  

S o l i d  

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

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

h i g h  e n e r g y  d r u g  p h a s e s .  

I n  t h e  c l a s s i c a l  s t u d y  o f  s u l p h a t h  a z o l e - P V P  c o p r e c i -  

p i t a t e s ,  S i m o n e l l i  e t  a 1 3 5  f o u n d  t h e  d s s o l u t i o n  r a t e s  i n  

q u a l i t a t i v e  a g r e e m e n t  w i t h  t h e  s o l u b l e  c o m p l e x  m o d e l  ( F i g .  6 ) .  

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

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

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

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

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

b y  X - r a y  d i f f r a ~ t i o n ~ ~ d i s s o l u t i o n  35 a n d  e x t e n s i v e  s o l u b i l i t y  

4 0  
d a t a .  

T h e  t h e o r e t i c a l  a n a l y s i s  a l s o  h i g h l i g h t e d  t h e  c o n s i d e r -  

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

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

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

a l s o  e m p h a s i s e d  t h e  i m p o r t a n t  r o l e  p l a y e d  b y  PVP i n  i n h i b i t i n g  
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710 CORRIGAN 

S/P RATIO 

10 

W 
a 

2 

0 0.2 0.4 0.6 0.8 1.0 
PVP WT. F R A C T I O N  

FIGURE 6 
Comparison of Theoretical and Experimental Relative 
Release Ratesof sulfathiazole as a function o f  PVP 
weight fraction. Theoretical curves for controlling layers: 
I, sulfathiazole Form 1; 11, sulfathiazole Form 11; A ,  
amorphous sulfathiazole. 
From : Simonelli et al, J. Pharm. Sci. 58, 538 (1969). 

nucleation and crystal growth thereby promoting fast release 

from PVP based solid dispersions. The inhibiting effect of 

43 PVP on crystallization, crystal growth and phase transformation 

has been demonstrated for many drugs in both organic4' and 

aqueous media. 42 

drug has been linked with the ability to form an amorphous 

coprecipitate. The molecular weight of the polymer44 and 

The magnitude of this effect for a given 
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DISSOLUTION FROM SOLID DISPERSION 7 1 1  

t h e  s t r u c t u r e  o f  t h e  d r u g 4 *  a r e  a l s o  d e t e r m i n a n t s .  

t h a t  t h e  f o r m a t i o n  o f  h i g h  e n e r g y  a m o r p h o u s  s y s t e m s  i n  PVP- 

s o l i d  d i s p e r s i o n s  w a s  n o t  u n i q u e  t o  s u l p h a t h i a z o l e  was s u b -  

s e q u e n t l y  p r e s e n t e d  b y  o t h e r  w o r k e r s .  3 7 ’ 4 6 9 4 7  An i n v e s t i g a -  

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

d r u g - P V P  c o p r e c i p i t a t e s  s u r r g e s t e d  t h e  i n v o l v e m e n t  o f  b o t h  

h y d r o g e n  b o n d i n g  a n d  v a n  d e r  W a a l s t y p e  i n t e r a c t i o n s  a s  w e l l  

a s  s p a t i a l  f a c t o r s ,  

E v i d e n c e  

4 8  

I n  o r d e r  t o  e x p l o r e  t h e  g e n e r a l i t y  o f  h i g h  e n e r g y  

d r u g  p h a s e s  t o  o t h e r  c a r r i e r  s y s t e m s ,  S i m o n e l l i  e t  a 1  i n v e s t i -  

g a t e d  p o l y e t h y l e n e  g l y c o l  

r e p o r t e d  s o m e  s u c c e s s  w i t h  b e n z o i c  a c i d  a n d  s u l o h a t h i a z o l e .  

A h i g h  e n e r g y  p h a s e  was a l s o  o b s e r v e d  w i t h  g r i s e o f u l v i n ;  

4 9  h o w e v e r  r a p i d  c o n v e r s i o n  t o  c r y s t a l l i n e  d r u g  o c c u r r e d .  

(PEG) - d r u g  c o p r  e c  i p i  t a t  e s4 ’  a n d  

R a p i d  c r y s t a l l i z a t i o n  h a s  a l s o  b e e n  r e p o r t e d  i n  i n d o m e t h a c i n -  

PEG s y s t e m s 5 ’ ,  w h i l e  n o  e v i d e n c e  was o b t a i n e d  f o r  t h e  f o r m a t i o n  

2 o f  a h i g h  e n e r g y  f o r m  o f  h y d r u f  l u m e t h i a z i d e  i n  PEG d i s p e r s i o n z .  

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

a m o r p h o u s  p h a s e  f o r m a t i o n  i s  PVP,  a n d  t h i s  a p p e a r s  t o  b e  

r e l a t e d  t o  t h e  p o l y m e r ’ s  p o t e n t  c a p a c i t y  t o  i n h i b i t  c r y s t a l  

g r o w t h .  4 1 - 4 4  

T h e  n a t u r e  o f  t h e  h i g h  e n e r g y  d r u g  p h a s e s  p r e s e n t  i n  c o -  

p r e c i p i t a t e s  i s  t h e  s u b j e c t  o f  s o m e  d e b a t e .  I t  h a s  b e e n  

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

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

r a n e  t r a n s p o r t  51’52  m e t h o d o l o g i e s ;  a l l  t h r e e  m e t h o d s  y i e l d e d  

s i m i l a r  a c t i v i t i e s  f o r  a g i v e n  d r u g .  O t h e r  m e m b r a n e  t r a n s p -  

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

i n  a f r e e  f o r m  i n  P V P - s t a b i l i z e d  s u p e r s a t u r a t e d  s o l u t i o n s .  

S h e f t e r  & C h e n g  m e a s u r e d  d r u g  s o l u b i l i t y  i n  PVP b y  t h e  D S C  

53-55 
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712 CORRIGAN 

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

h y d r o g e n  b o n d i n g  w i t h  t h e  p y r r o l i d o n e  m o i e t y  5 6  T h e y  

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

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

u t i o n  r a t e  o f  d i s p e r s i o n s  o v e r  p h y s i c a l  m i x t u r e s .  E v i d e n c e  

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

a s  w e l l  a s  m o l e c u l a r l y  b o u n d  d r u g  i n  s p r a y  d r i e d  PVP- 

h y d r o f  l u m e t h i a z i d e  s y s t e m s  was r e c e n t l y  r e p o r t e d ? ’  A 

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

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

a c t i v i t y  a n d  s t a b i l i t y .  

I n  s o l i d  d i s p e r s i o n s ,  t h e  f o r m a t i o n  o f  d i s c r e t e  

d r u g  c a r r i e r  c o m p l e x e s  o f  low s o l u b i l i t y  may a l s o  o c c u r .  

The l o w  d i s s o l u t i o n  r a t e  o f  a p h e n o b a r b i t o n e - P E G  

c o m p l e x  w a s  c o r r e l a t e d  w i t h  r e d u c e d  a b s o r p t i o n .  

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

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

p e r s i o n s  made b y  t h e  f u s i o n  m e t h o d .  A n o m a l o u s  r e d u c t -  

i o n s  i n  d i s s o l u t i o n  r a t e  a n d  a p p a r e n t  s o l u b i l i t y  o f  a 

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

PVP h a v e  b e e n  o b s e r v e d .  3 7 y 5 8 ’ 5 9  T h e s e  e f f e c t s  may b e  

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

c r o s s  l i n k s ,  p o s s i b l y  b y  h y d r o g e n  b o n d i n g ,  b e t w e e n  

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

t o  p o l y m e r  p r e c i p i t a t i o n .  

5 7  

The  d i f f u s i o n  m o d e l s  d e s c r i b i n g  d i s s o l u t i o n  f r o m  

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

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

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

u t i o n .  

C o a c e r v a t e  F o r m a t i o n .  An a l t e r n a t i v e  d i s s o l u t i o n  m o d e l  

h a s  b e e n  p r o p o s e d  b y  S e k i k a w a  e t  a 1  f o r  drug-PVP 

c o p r e c i p i t a t e s ,  w h i c h  e n v i s a g e s  f o r m a t i o n  o f  a 

c o a c e r v a t e  a t  t h e  c o p r e c i p i t a t e - s o l v e n t  i n t e r f a c e .  

T h e s e  a u t h o r s  s u g g e s t  t h a t  t h e  f a s t e r  d r u g  r e l e a s e  

o b s e r v e d  f r o m  l o w e r  m o l e c u l a r  w e i g h t  PVP c o p r e c i p i t a t e s  

s u p p o r t s  t h e i r  v i e w .  C o a c e r v a t e  f o r m a t i o n  h a s  a l s o  b e e n  

6 0  

i m p l i c a t e d  i n  t h e  r e l e a s e  f r o m  P V P - s u l f a t h i a z o l e  

s y s t e m s .  6 1  
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C A R R I E R  C O N T R O L L E D  DISSOLUTION 

713 

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

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

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

c o m b i n a t i o n s  a t  l o w  c a r r i e r  w e i g h t  f r a c t i o n s ,  a p p l i c a t i o n  

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

t e n a b l e .  C h i o u  a n d  R i e g e l m a n 3  c h a l l e n g e d  t h e  v i e w  t h a t  a t  

h i g h  c a r r i e r  w e i g h t  r a t i o s  PVP f o r m s  a c o n t r o l l i n g  

e x t e r n a l  l a y e r  i n  P V P - s u l f a t h i a z o l e  c o p r e c i p i t a t e s .  T h e i r  

a n a l y s i s  o f  t h e  o r i g i n a l  d a t a  s h o w e d  t h a t  t h e  r e l a t i v e  

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

u n i t y  i n  t h e  20:1 ,  1 O : l  a n d  5 : l  PVP-drug  s y s t e m s .  T h e y  

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

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

t o g e t h e r  o n l y  a t  t h e  c r i t i c a l  m i x t u r e  r a t i o .  T h e y  i n t e r -  

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

d i s p e r s i o n  o f  d r u g  i n  t h e  c a r r i e r .  An e x a m i n a t i o n  o f  b o t h  

p o l y m e r  a n d  d r u g  r e l e a s e  r a t e s  f r o m  PEG-drug d i s p e r s i o n s  

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

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

c o m p o n e n t s .  6 2  F u r t h e r m o r e  t h e  o b s e r v e d  maximum e n h a n c e -  

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

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

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

T h u s  a t  h i g h  c a r r i e r  w e i g h t  f r a c t i o n s  t h e  d r u g  

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

E x a m i n a t i o n  o f  e q u a t i o n s  2 a n d  3 r e v e a l s  t h a t  t h e  g r e a t e r  

t h e  d i f f e r e n c e  i n  s o l u b i l i t y  b e t w e e n  t h e  d r u g  a n d  c a r r i e r  a n d  
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7 1 4  COKRIGAN 

t h e  s m a l l e r  t h e  v a l u e  o f  K ,  t h e  s m a l l e r  w i l l  b e  t h e  p r o p o r t i o n  

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

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

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

s o l i d  l i q u i d  i n t e r f a c e .  F o r m a t i o n  o f  t h i s  l a y e r  h o w e v e r  i s  

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

t h e  n e c e s s a r y  c o h e s i v e  p r o p e r t i e s ,  t o  f o r m  a n d  s u p p o r t  a 

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

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

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

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

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

h i g h e r  d r u g  w e i g h t  f r a c t i o n s  t h a n  p r e d i c t e d  b y  t h e o r y .  T h i s  e L i e c L  

i s  i l l u s t r a t e d  b y  t h e  d o t t e d  l i n e  i n  F i g .  2. 

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

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

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

3 0  p r e s e n t  

w h e r e  A i s  t h e  c o m p o n e n t  c o n c e n t r a t i o n  i n  t l i e  s y s t e m .  

D i s s o l u t i o n  f r o m  h i g h  c a r r i e r  w e i g h t  r r a c ~ i o n  s y s t e m 5  01 P V P -  

s u l l a t h i a z o l e  a n d  P C G - d r u g b 2  i s  c o n s i s t c n ~  w i ~ t i  e q u a t i o n  0 .  

F u r t h e r  r o n € i r n i , i t i o n  o f  c a r r i e d  c o n t r o l l  P C I  d i s s o ? u t i o n  f r o m  

P V P  d i s p e r s i o n s  was o b t a i n e d  f o r  h y d r o c o r t i s o n e ,  p r e d n i s o n e  

a n d  c l o n a z e p a m  s y ~ t e 4 2 . ’ ~ ~  T h e  e n e r g i e s  o f  c ~ c t i v a t i o n  o f  d r u g  

r e l e a s e  a n d  p o l y m e r  d i s s o l u t i o n  w e r e  i d c n ~ ! i ~ i l .  I t  i 5  a p p a r e n t  

f r o m  e q u a t i o n  6 t h a t  i f  t h e  p r e s e n c c ’  01 d r u g  t locs s  n i i c  i n t e r f e r e  

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

35  
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DISSOLUTION FROM SOLID DISPERSION 7 15 

different drugs at a given weight €r,+ction s h o u l d  b e  tlie same. 

The relative change in drug dissolution rate becomes 
30 

Thus the relative rate of release from if given carrier is 

inversly proportional to the intrinsic dissolution rate (or 

solubility) of the drug. I n  this C O I I L ~ X L  i L  is noteworthy that 

dissolution of hydroilumethiazide d n d  endrof luozide from P E G :  

drug 1O:l solid dispersions were of a similar order o f  mdgnitude 

(Fig. 7) while the relative increases j n  r.ite were L3 rind 180 

fold respectively. 

The enhancement in drug dissolution rate, above that 

predicted by the classical multicomponent models, is due to 

an extension of carrier phase dissolution control to higher 

drug weight fractions than predicted by these models and is 

a consequence of the disparate solubilities of carrier and 

drug. In the absence of this effect, both models would predict 

similar limiting drug release rates at low drug weight 

fractions, since in the classical models, above the critical 

mixture ratio, a carrier layer will also control drug release. 

The studies of p - c y c l o d e x t r i n - p h e n o b a r b i t o n e  freeze dried 

dispersions (Fig. 4 )  and mechanical mixtures both showed 

reasonable agreement with the soluble complex model even 

though a solid state inclusion complex45 forms on freeze 

drying. I n  contrast thiazide diuretics, which have lower 

solubilities than phenobarbitone and interact less strongly 

with B-cy-lodextrin deviated from the soluble complex model 

and gave higher than predicted dissolution rates. If drug is 

present in solid dispersions as fine particles and dissolution 
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7 16 CORRIGAN 
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FIGURE 7 

Drug release profiles of PEG-bendrofluazide 1O:l melt 
systems, PEG-hydroflumethiazide 1O:l melt systems, o 
pure bendrofluazide andopure hydroflumethiazide, from 
constant surface area discs. 

is carrier controlled, the ultimate dissolution rate of the 

drug will depend on the particle size of drug released into 

the dissolution medium with the dissolving carrier. Therefore, 

solid dispersions may give higher release rates than 

corresponding mechanical mixtures, even when solid state 

interactions have not occurred, provided there has been a 

reduction in drug particle size. Differences of 

this mture have been reported. 
30,32,65,66 
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DISSOLUTION FROM SOLID DISPERSION 717 

Inhibition of Polymer Dissolution 

Further deviations from the multicomponent models become 

apparent when dissolution of the carrier component of solid 

dispersions is examined. Above the critical mixture ratio 

carrier dissolution rate should b e  equal to that of the 

pure carrier in non-interacting systems and greater than that 

of the pure carrier if soluble complexes are formed. However, 

15 studies with the following carriers, PVP35, PEG62, Renix 

and ~-cyclodextrin~' 

rate. The presence of dispersed drug retards dissolution. The 

effect tends to increase with increasing concentration of 

dispersed drug and is related to drug carrier interactions . 

show a decline in carrier dissolution 

64 

Marked inhibition of carrier dissolution has been observed in 

salicylic acid-PVP dispersions64 and phenobarbitone-PEG 

dispersions, systems in which strong interactions are known 

to occur. 

69 

5 7 , 5 9  

Intrinsic dissolution rate profiles of low molecular weight 

crystalline solids are linear under sink conditions and 

follow the Nernst-Brunner model7'. However, many carrier 

materials are polymeric in nature and significant 

permeation of solvent into the dissolving carrier occurs. In 

the case of amorphous polymers, dissolution involves 

transition from a hard glassy substance to an elastic swollen 

mass and finally to a low viscosity solution. Dissolution 

profiles of carriers such as PVP67 and PEG62 have a positive 

curvature; swelling is evident and the curvature tends to 

increase with molecular weight62y68(Fig. 8 ) .  Contributions 

from polymer swelling to drug release from solid dispersions 

have been reported, particularly initial positive 
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718 CORRIGAN 

1 8 0  

140 

0 

> 
w 

0 
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d c 

20 

5 10 15 20 25 30 

TIME (MIN.) 

FIGURE 8 

E f f e c t  o f  m o l e c u l a r  w e i g h t  o n  t h e  r e l e a s e  p r o f i l e  o f  PEG 
i n  w a t e r  a t  3 7 O C  u s i n g  t h e  b e a k e r  m e t h o d .  Key :. PEG 
1 0 0 0 ;  o PEG 4 0 0 0 ; ~  PEG 6 , 0 0 0  a n d  A PEG 2 0 , 0 0 0 .  

c u r v a t u r e s  3 7 y 6 2 .  T h e  e a r l y  l i t e r a t u r e  o n  d i s s o l u t i o n  o f  

p o l y m e r s  w a s  r e v i e w e d  b y  U e b e r r e i t e r 7 ' .  M o r e  r e c e n t l y  t h e  

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

i n v o l v i n g  t h e  m o t i o n  o f  t w o  b o u n d a r i e s :  t h e  l i q u i d - g e l  a n d  

g e l - g l a s s  b o ~ n d a r i e s ~ ~ .  C o n t r a s t i n g  d i s s o l u t i o n  c h a r a c t e r i s t i c s  

w e r e  p r e d i c t e d  f o r  t h e  e f f e c t  o f  d i f f e r e n t  t y p e s  o f  p o l y m e r -  

s o l v e n t  p a i r s  a s  w e l l  a s  f o r  t h e  e f f e c t s  o f  m o l e c u l a r  w e i g h t .  

T h e r e  i s  a n  o b v i o u s  n e e d  t o  q u a n t i f y  t h e  d i s s o l u t i o n  o f  

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

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

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

r e l e a s e  f r o m  s o l u b l e  s o l i d  d i s p e r s i o n s .  
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DISSOLUTION FROM SOLID DISPERSION 719 

CONCLUDING REYARKS 

The above interpretation o f  the mechanism of dissolution 

from soluble carrier systems rests heavily on the results of 

studies undertaken using constant surface area methods. 

Many solid dispersion systems are difficult to examine by 

these methods because of disintegration of the total system 

soon after contact with the dissolution medium. In practice 

when such disintegration occurs,with the ensuing increase 

in surface area, it contributes substantially to the 

enhancement in dissolution and may constitute the dominant 

factor controlling drug release. 

While the formation of both high energy drug phases 

and soluble complexes can enhance drug dissolution, opposing 

effects on drug absorption may result. High energy drug 

phases may produce supersaturated solutions and thus enhance 

membrane transport, while soluble complex formation with an 

unabsorable carrier may retard the rate of drug absorption. 

Consideration of these effects and also physical stability 

aspects of solid dispersions are beyond the scope of this 

r ev i ew . 

55 
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