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ABSTRACT 
D i s s o l u t i o n  performance f o r  t h r e e  commercial ly  a v a i l a b l e  

p a r e n t e r a l  p r e d n i s o l o n e  a c e t a t e  s u s p e n s i o n s  was ana lyzed  u s i n g  a 

d i f f u s i o n  based model. Physicochemical  p r o p e r t i e s  of t h e  d rug  and 

p a r t i c l e  s i z e  c h a r a c t e r i s t i c s  of t h e  f o r m u l a t i o n  were inc luded  i n  

t h e  model a s  impor t an t  d e t e r m i n a n r s  o f  d i s s o l u t i o n  performance. 

The model d e s c r i b e s  t h e  d i s s o l u t i o n  p r o f i l e  € o r  e a c h  

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

r a t e  c o n s t a n t .  For P roduc t s  I and I1 with s i m i l a r  p a r t i c l e  s i z e  

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

p r o f i l e  f o r  e a c h  f o r m u l a t i o n  but d o e s  no t  p rov ide  c o n c l u s i v e  

evidence about  r easons  f o r  d i f f e r e n c e s  i n  d i s s o l u t i o n  performance 

between t h e  two p r o d u c t s .  For P roduc t  111, t h e  model s u f f i c i e n t l y  

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

e f f e c t  of a bimodal d i s t r i b u t i o n  of l a r g e r  d rug  p a r t i c l e s .  

This  approach  t o  t h e  a n a l y s i s  of d i s s o l u t i o n  d a t a  f o r  

suspens ion  f o r m u l a t i o n s  i s  sugges t ed  as being u s e f u l  d u r i n g  the  

f o r m u l a t i o n  p rocess  t o  p rov ide  f o r  p rede te rmined  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 ,  as  an e v a l u a t i v e  t o o l  i n  q u a l i t y  a s s u r a n c e ,  and 

f o r  c o r r e l a t i n g  in-vivo and i n - v i t r o  p roduc t  performance. 
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396 STOUT ET A L .  

INTRODUCTION 

Commercial f o r m u l a t i o n s  o f  o t i c  , o p h t h a l m i c ,  and p a r e n t e r a l  

s u s p e n s i o n s  of p r e d n i s o l o n e  acetate  and o t h e r  i n s o l u b l e  s t e r o i d s  

a r e  s u b j e c t  t o  v a r i a t i o n s  i n  d r u g  r e l e a s e  r a t e .  P a r t i c l e  s i z e  and 

f o r m u l a t i o n  v a r i a b l e s  such  a s  v i s c o s i t y  have been  shown t o  a f f e c t  

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

s o l o n e  a c e t a t e ' .  The b i o l o g i c a l  e q u i v a l e n c e  of two commercial  

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

w i t h  no  d i f f e r e n c e s  be ing  shown between d r u g  l e v e l s  i n  t h e  c o r n e a  

and aqueous  humor and i n  mean d e c r e a s e  i n  c o r n e a l  i n f l ammat ion  

a f t e r  t o p i c a l  t h e r a p y 2 .  However, t h i s  s t u d y  d i d  n o t  d e m o n s t r a t e  

whe the r  t h e s e  f o r m u l a t i o n s  were s imilar  i n  p a r t i c l e  s i z e ,  which 

would,  i n  p a r t ,  accoun t  f o r  t h e i r  s imilar  per formance .  For 

f o r m u l a t i o n s  of dexamethasone hav ing  d i f f e r i n g  p a r t i c l e  s i z e  

d i s t r i b u t i o n s ,  t h e  aqueous  humor and c o r n e a l  c o n c e n t r a t i o n  

p r o f i l e s  were found t o  be  s i g n i f i c a n t l y  d i f f e r e n t  i n  r a b b i t s J .  

I n  g e n e r a l ,  c o n s i d e r a t i o n  of  b o t h  d i s s o l u t i o n  and p a r t i c l e  

s i z e  d a t a  s h o u l d  enhance  t h e  i n t e r p r e t a t i o n  o f  d a t a  conce rn ing  

b i o l o g i c a l  e q u i v a l e n c y .  These d a t a  s h o u l d  a l s o  be u s e f u l  t o  

i n t e r p r e t  i n - v i t r o  d i s s o l u t i o n  d a t a  and compare r e l e a s e  r a t e s  

between f o r m u l a t i o n s  i n  t h e  c o n t e x t  of a k i n e t i c  model. A 

d i f f u s i o n  based  model i n c o r p o r a t i n g  p a r t i c l e  s i z e ,  d rug  

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

which c o u l d  t h e n  be used  t o  e f f i c i e n t l y  compare t h e  f o r m u l a t i o n s  

and t o  p r e d i c t  per formance  c h a r a c t e r i s t i c s .  

A p r e v i o u s  s t u d y  demons t r a t ed  t h e  a p p l i c a b i l i t y  of  a 

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

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

s u s p e n s i o n s 4 .  An o b j e c t i v e  of t h e  p r e s e n t  s t u d y  i s  t o  ex tend  t h i s  

model t o  t h e  a n a l y s i s  and  i n t e r p r e t a t i o n  of  d i s s o l u t i o n  r a t e  d a t a  

and p a r t i c l e  s i z e  d a t a  f o r  t h r e e  commerc ia l ly  a v a i l a b l e  p a r e n t e r a l  

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

BACKGROUND ON DATA ANALYSIS 
Akers e t  a1.5 have ment ioned  t h r e e  r e a s o n s  f o r  f o r m u l a t i n g  

p a r e n t e r a l  s u s p e n s i o n s :  
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DISSOLUTION PERFORMANCE 39 7 

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

2 .  c o n s i d e r a t i o n s  conce rn ing  phys icochemica l  s t a b i l i t y  

3.  o b j e c t i v e s  r e l a t i n g  t o  r e t a r d i n g  o r  c o n t r o l l i n g  d rug  

r e l e a s e  r a t e .  

Fo rmula t ion  of p r e d n i s o l o n e  a c e t a t e  as a p a r e n t e r a l  suspens ion  

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

p a r t i c u l a r l y  impor t an t  t o  t h e r a p e u t i c  e f f e c t i v e n e s s .  The aqueous 

s o l u b i l i t y  of s t e r o i d s  i s  v e r y  l i m i t e d 6 .  In a d d i t i o n ,  release 

r a t e s  from p a r e n t e r a l  s u s p e n s i o n s  can be c o n t r o l l e d  by f o r m u l a t i n g  

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

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

i n t r i n s i c  phys i cochemica l  p r o p e r t i e s  of t h e  d r u g ,  such  a s  so lu -  

b i l i t y ,  and f o r m u l a t i o n  c h a r a c t e r i s t i c s ,  s u c h  a s  p a r t i c l e  s i z e  

d i s t r i b u t i o n .  Thus, a model based a n a l y s i s  of t h e s e  p r o f i l e s  

shou ld  a l s o  r e f l e c t  d rug  p r o p e r t i e s  and f o r m u l a t i o n  

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

c h a r a c t e r i s t i c  v a l u e ,  &, t h e  d i s s o l u t i o n  r a t e  c o n s t a n t .  

A d i f f u s i o n  based model which accoun t s  f o r  i n t r i n s i c  

physicochemical  d rug  p r o p e r t i e s  and p a r t i c l e  s i z e  h a s  been 

d i s c u s s e d  by Higuchi and Hiestand’.  According t o  t h i s  model,  t h e  

weight f r a c t i o n  u n d i s s o l v e d ,  WFU, f o r  a m u l t i s i z e d  p a r t i c l e  popu- 

l a t i o n  a t  t ime t i s  g i v e n  by 

N 

WFU = C I(AOI>2 - ( K t ) ] 3 / 2 / ( A O I > 3  * F ( I )  ( E q .  1) 

1=1  

whe re : 

I = channel  number c o r r e s p o n d i n g  t o  t h e  p a r t i c l e  s i z e  

r ange  of t h e  e l e c t r o n i c  p a r t i c l e  s i z e  c o u n t e r  

N = t o t a l  number o f  c h a n n e l s  

A 0 1  = i n i t i a l  r a d i u s  of p a r t i c l e  s i z e  i n  t h e  I t h  channe l  (cm) 

F ( T )  = f r a c t i o n  of t h e  t o t a l  volume ( w e i g h t )  of p a r t i c l e s  i n  

t h e  I t h  channe l  

K = 2DCS/p d.  

The d i s s o l u t i o n  r a t e ,  K (cm2/sec>, i n c l u d e s  t h e  d rug  d i f f u s i o n  

c o e f f i c i e n t ,  D ( cm2/ sec ) ,  d rug  s o l u b i l i t y ,  Cs (gm/crn3>, and d rug  
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3 98 STOUT ET AL. 

3 d e n s i t y ,  p d  (gm/cm >. I n  cases where s i n k  c o n d i t i o n s  a r e  n o t  main- 

t a i n e d ,  t h e  model i s  mod i f i ed  by m u l t i p l y i n g  K by t h e  f r a c t i o n a l  

c o n c e n t r a t i o n  g r a d i e n t ,  (C,-C,>/C,, remain ing  a t  time t where C+ 

(gm/cm3) i s  t h e  c o n c e n t r a t i o n  o f  d r u g  d i s s o l v e d  a t  time t .  

For  p a r t i c l e s  i n  t h e  micron  s i z e  r a n g e ,  a q u e s t i o n  a r i s e s  as  

t o  whether  b o t h  c o n v e c t i o n  and d i f f u s i o n  c o n t r i b u t e  t o  t h e  

d i s s o l u t i o n  p r o c e s s .  Mauger _ -  e t  a1.8 have s u g g e s t e d  t h a t  s t e r o i d  

p a r t i c l e s  hav ing  r a d i i  e q u a l  t o  o r  l ess  t h a n  10 mic rons  a r e  

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

Higuchi -Hies tand  model. 

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

F ( I )  for e a c h  i n i t i a l  p a r t i c l e  s i z e ,  A O I .  Upon d i s s o l u t i o n  

t e s t i n g ,  a p r o f i l e  of  WE'U v e r s u s  t i m e  is g e n e r a t e d  f o r  e a c h  

f o r m u l a t i o n .  The p a r t i c l e  s i z e  d a t a  and a v a l u e  f o r  K c a n  be 

i n c o r p o r a t e d  i n t o  e q u a t i o n  1 t o  g e n e r a t e  c a l c u l a t e d  v a l u e s  f o r  WFU 

a t  v a r i o u s  t i m e s  t .  When K i s  v a r i e d  as a f i t t i n g  term, t h e  

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

e x p e r i m e n t a l  d i s s o l u t i o n  p r o f i l e .  A l t e r n a t i v e l y ,  K c a n  be c a l c u -  

l a t e d  u s i n g  i n d e p e n d e n t l y  de t e rmined  v a l u e s  f o r  D,  C s ,  and p d  . 
I n  e i t h e r  c a s e ,  t h i s  a n a l y s i s  p r o v i d e s  f o r  a n  e v a l u a t i o n  of  two 

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

shape'. Curve l e v e l  r e f l e c t s  t h e  d i s t a n c e  between t h e  e x p e r i -  

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

shape  means t h a t  t h e  c u r v e s  do  n o t  i n t e r s e c t  and  d i v e r g e  

th roughou t  t h e  t ime f rame of  i n t e r e s t .  S i m i l a r  c u r v e  shape  

i m p l i e s  t h a t  t h e  proposed  model i s  a p h y s i c a l l y  r e a s o n a b l e  

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

A key f e a t u r e  of t h i s  approach  t o  t h e  a n a l y s i s  of  s u s p e n s i o n  

d i s s o l u t i o n  d a t a  i s  t h e  i n c o r p o r a t i o n  of  p a r t i c l e  s i z e  d i s t r i -  

b u t i o n  d a t a  unique  t o  a g i v e n  f o r m u l a t i o n .  T h i s  i s  c r i t i c a l  when 

comparing v a r i o u s  f o r m u l a t i o n s  of  t h e  same d rug  where phys ico-  

chemica l  p r o p e r t i e s  a r e  i n v a r i a n t  and p a r t i c l e  s i z e  d i s t r i b u t i o n  

gove rns  t h e  d i f f e r e n c e  between d i s s o l u t i o n  pe r fo rmance .  
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D I S S O L U T I O N  PERFORMANCE 399 

EXPERIMENTAL 

Particle-Size Analysis 

A l l  p a r t i c l e - s i z e  d a t a  were o b t a i n e d  w i t h  a r e s i s t a n c e  p a r t i -  

c l e  c o u n t e r  ( C o u l t e r  Counter  TA 11, C o u l t e r  E l e c t r o n i c s ,  H i a l e a h ,  

F L )  t h a t  employs t h e  b a s i c  au tomated  p r i n c i p l e  of  s i z i n g  p a r t i c l e s  

f o r  a 16-channel  ( s i z e )  d i s t r i b u t i o n  a n a l y s i s  and c o n v e r t s  t h e  

v o l u m e t r i c  s i z e  of  t h e  p a r t i c l e  t o  t h e  e q u i v a l e n t  s p h e r i c a l  diame- 

t e r .  The c a l i b r a t i o n  mater ia l s  f o r  t h e  200- p m a p e r t u r e  t u b e  were 

9.6 micron p o l y s t y r e n e  b e a d s  ( C o u l t e r  E l e c t r o n i c s ,  H i a l e a h ,  FL) .  

P a r t i c l e - s i z e  d e t e r m i n a t i o n s  of t h e  s u s p e n s i o n s  were made 

u s i n g  a ba lanced  e l e c t r o l y t e  ( I s o t o n ,  C o u l t e r  E l e c t r o n i c s ,  

H i a l e a h ,  FL) s a t u r a t e d  w i t h  p r e d n i s o l o n e  acetate  and f i l t e r e d  

tw ice  t h r o u g h  a 0.22-  p m f i l t e r  t o  a v o i d  p a r t i c u l a t e  contami-  

n a t i o n .  Suspens ion  samples f o r  p a r t i c l e - s i z e  a n a l y s i s  were 

ma in ta ined  a t  a d i l u t i o n  c o n s i s t e n t  w i t h  a v o i d i n g  c o i n c i d e n c e  

e r r o r s  when added t o  t h e  s a t u r a t e d  e l e c t r o l y t e .  Tota l  p a r t i c l e  

coun t s  were a l lowed  t o  accumula t e  f o r  a p p r o x i m a t e l y  60 seconds .  

The p a r t i c l e - s i z e  d i s t r i b u t i o n  d a t a  o b t a i n e d  from t h e  p a r t i c l e  

c o u n t e r  were p rov ided  by a numer ic  d i s p l a y  o f  t h e  c u m u l a t i v e  and 

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

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

each  c h a n n e l  was i n c o r p o r a t e d  i n t o  e q u a t i o n  1 f o r  t h e  c a l c u l a t i o n  

of  WFU a t  v a r i o u s  times t .  

Dissolution Testing and Drug Assay 

A l l  r e p o r t e d  d i s s o l u t i o n  d a t a  were o b t a i n e d  u s i n g  a d e v i c e  

d e s c r i b e d  by Shah _ -  e t  a l l o ,  w i t h  sample  b a s k e t  removed. (Appara tus  

made a v a i l a b l e  c o u r t e s y  of The Upjohn Co., Kalamazoo, MI). The 

b a s i c  f e a t u r e s  of t h e  a p p a r a t u s  are  a j a c k e t e d  l a r g e  volume f l a s k ,  

a r o t a t i n g  f i l t e r  a s sembly ,  and a n  e x t e r n a l  v a r i a b l e - s p e e d  

magnet ic  s t i r r e r .  The r o t a t i n g  f i l t e r  assembly  p r o v i d e s  v a r i a b l e  

i n t e n s i t y  o f  mi ld  l amina r  l i q u i d  a g i t a t i o n  and a l s o  f u n c t i o n s  a s  

an  situ nonclogging  f i l t e r  t o  pe rmi t  e f f i c i e n t  c o n t i n u o u s  

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

p r o c e s s .  The assembly  i s  suspended  on t h e  f l a r e d  end o f  a g l a s s  

c a p i l l a r y  p i l o t  t u b e  and f r e e l y  r o t a t e s  i n  t h e  c e n t e r  of t h e  f l a s k  
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4 00 STOUT ET A L .  

by means o f  t h e  e x t e r n a l  magne t i c  s t i r r e r  coup led  w i t h  a magnet ic  

b a r  embedded i n  t h e  assembly bottom. A 0.5- pm p o r o s i t y  s i n t e r e d  

s t a i n l e s s  s t e e l  f i l t e r  was employed on t h e  assembly.  

One l i t e r  of d i s t i l l e d  water was t r a n s f e r r e d  i n t o  t h e  f l a s k ,  

and t h e  f l u i d  was a l lowed  t o  e q u i l i b r a t e  a t  37OC. The s t i r r i n g  

speed of t h e  r o t a t i n g  f i l t e r  assembly was set a t  300 rpm, w i t h  a 

s t r o b e  lamp used t o  s t a n d a r i z e  t h e  speed .  Using a p e r i s t a l t i c  

pump ( M a s t e r f l e x  Pump, Cole-Parmer, Chicago, I L ) ,  f l u i d  samples 

were c o n t i n u o u s l y  withdrawn th rough  t h e  f i l t e r  and t h e  c a p i l l a r y  

p i l o t  t u b e  a t  t h e  r a t e  of 100 ml/min, c i r c u l a t e d  th rough  a flow- 

c e l l  i n  t h e  s p e c t r o p h o t o m e t e r ,  and r e t u r n e d  t o  t h e  f l a s k .  The 

system was al lowed t o  run  f o r  a t  l e a s t  15 minu tes  t o  e n s u r e  t h e  

c o n s i s t e n c y  of t h e  f l o w  and s t i r r i n g  r a t e .  The spec t ropho tomete r  

(Perkin-Elmer Double-Beam, Coleman 124 H i t a c h i ,  L t d . ,  Tokyo, 

J apan)  was t h e n  c a l i b r a t e d  f o r  z e r o  abso rbance  a t  247 nm w i t h  t h e  

d i s s o l u t i o n  medium f lowing  th rough  t h e  r e f e r e n c e  c e l l .  Th i s  

methodology provided a c o n t i n u o u s  spec t ropho tomet r  i c  a s s a y  o f  

p r e d n i s o l o n e  a c e t a t e  d i s s o l u t i o n  from s u s p e n s i o n .  A s t a n d a r d  

c u r v e  had been g e n e r a t e d  a t  247 nm which showed good l i n e a r i t y  

th roughou t  t h e  d r u g  c o n c e n t r a t i o n  range of i n t e r e s t .  

The d i s s o l u t i o n  expe r imen t  was s t a r t e d  by i n j e c t i n g  a measured 

t o t a l  weight (10 mg) of p r e d n i s o l o n e  acetate  as t h e  commercial 

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

w i t h  a long  n e e d l e .  P rov ided  t h a t  100% drug  d i s s o l u t i o n  o c c u r r e d  

d u r i n g  t h e  s t u d y ,  t h i s  t o t a l  amount i n j e c t e d  gave  a f i n a l  

c o n c e n t r a t i o n  of 10 p g / m l ,  a c o n c e n t r a t i o n  which approaches  59% of 

p r e d n i s o l o n e  a c e t a t e - s  s o l u b i l i t y  ( C s  =17 p g / m l ) .  Thus,  f o r  t h e s e  

expe r imen t s ,  d i s s o l u t i o n  o c c u r r e d  under non-sink c o n d i t i o n s .  

An a n a l y t i c a l  methodology was a l s o  developed t o  d e t e r m i n e  i f  

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

i n t e r f e r e d  wi th  t h e  a s s a y .  A sample of t h e  commercial  s u s p e n s i o n  

was f i l t e r e d  th rough  a 0.22- u m  f i l t e r ,  and t h e  f i l t r a t e  was d i -  

l u t e d  t o  t h e  same c o n c e n t r a t i o n  as t h a t  used f o r  t h e  a c t u a l  d i s s o -  

l u t i o n  s t u d y .  These s o l u t i o n s  showed l i t t l e  o r  no abso rbance .  
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DISSOLUTION PERFORMANCE 

RESULTS AND DISCUSSION 

40 1 

A b a s i c  o b j e c t i v e  of t h i s  s t u d y  was t o  t es t  t h e  a p p l i c a b i l i t y  

of t h e  Higuchi-Hiestand model f o r  d e s c r i b i n g  d i s s o l u t i o n  k i n e t i c s  

of s i z e d ,  commercial ly  fo rmula t ed  p redn i so lone  a c e t a t e  suspen- 

s i o n s .  While t h i s  model i s  a p p r o p r i a t e  f o r  c h a r a c t e r i z i n g  

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

d i s t r i b u t i o n s  of  p a r t i c l e  s i z e s ,  t e s t i n g  of  a more complex system 

of i n d u s t r i a l l y - m i l l e d  d rug  powders suspended w i t h  a number o f  

a d d i t i v e s  p r o v i d e s  some measure of t h e  g e n e r a l  a p p l i c a b i l i t y  f o r  

t h i s  model. 

Three commercial p r e p a r a t i o n s  of s t e r i l e  p redn i so lone  a c e t a t e  

suspens ion ,  U.S.P.,  were chosen and d i s s o l u t i o n  t e s t e d .  P a r t i c l e  

s i z e  p r o f i l e s ,  based on volume, a r e  g iven  as h i s tog rams  i n  F igu re  

1. For e a c h  s u s p e n s i o n ,  t h e  m a j o r i t y  of t h e  p a r t i c l e s  (> - 80%) a r e  

of a s i z e  ( < l o  - p r a d i u s )  such t h a t  d i s s o l u t i o n  shou ld  be p r i m a r i l y  

d i f f u s i o n  based.  The mean p a r t i c l e  r a d i u s  f o r  Product  I and I1 is 

4.48 and 4.95 microns cm), r e s p e c t i v e l y ,  ( a  9.5% d i f f e r e n c e )  

and 9.60 microns f o r  Product  I11 ( n e a r l y  twice a s  l a r g e  a s  t h e  

means of P roduc t s  I and 11). The p a r t i c l e  s i z e  d i s t r i b u t i o n s  of 

P roduc t s  I and I1 show c l o s e  resemblance.  Thus, i t  i s  expected 

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

Product 111 has  a b roade r  s i z e  d i s t r i b u t i o n  w i t h  l a r g e r  d rug  

p a r t i c l e s ,  p r e d i c t i v e  of  a s lower  r a t e  o f  r e l e a s e .  

The d i s s o l u t i o n  p r o f i l e  f o r  Product  I is shown i n  F igu re  2 

where each  d a t a  p o i n t  r e p r e s e n t s  t h e  ave rage  o f  t h r e e  d i s s o l u t i o n  

runs .  The d a t a  were r e p r o d u c i b l e  and t h e  v a r i a n c e  was no t  found 

t o  be  a f u n c t i o n  of t ime. Upon o b s e r v a t i o n ,  t h e  shapes  of the 

t h e o r e t i c a l l y  g e n e r a t e d  cu rve  w i t h  a c o n s i d e r a t i o n  of non-sink 

c o n d i t i o n s  ( s o l i d  l i n e )  and t h e  e x p e r i m e n t a l l y  de t e rmined  d i s s o l u -  

t i o n  p r o f i l e  ( i n d i v i d u a l  d a t a  p o i n t s )  of Product  I a r e  s i m i l a r .  

Th i s  s u g g e s t s  t h a t  t h e  Higuchi-Hiestand model i s  a p p r o p r i a t e  f o r  

d e s c r i b i n g  t h e  d i s s o l u t i o n  k i n e t i c s  of  t h i s  p a r t i c l e  popu la t ion .  

The d i s s o l u t i o n  of Product  I i s  r e l a t i v e l y  f a s t ,  w i t h  h a l f  of  

t h e  d rug  d i s s o l v e d  i n  two minutes .  The s o l i d  l i n e  f o r  F igu re  2 is 

based on t h e  Higuchi-Hiestand model f o r  a m u l t i s i z e d  p a r t i c l e  
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402 STOUT E T  AL. 

FIGURE 1 
P A R T I C L E  S I Z E  D I S T R I B U T I O N S  FOR THREE COMMERCIAL 
PREDNISOLONE ACETATE S U S P E N S I O N S :  I ,  11, AND 111 
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DISSOLUTION PERFORMANCE 40 3 
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FIGURE 2 
DISSOLUTION PROFILE FOR PRODUCT I PREDNISOLONE 

ACETATE SUSPENSION 
( S o l i d  l i n e  from Higuchi-Hiestand Model) 

p o p u l a t i o n ,  w i th  K ,  t h e  d i s s o l u t i o n  r a t e  c o n s t a n t ,  v a r i e d  i n  o r d e r  

t o  s i m u l a t e  a r e p r e s e n t a t i v e  p r o f i l e  which approximates  t h e  

expe r imen ta l  d a t a .  The t h e o r e t i c a l  d i s s o l u t i o n  r a t e  c o n s t a n t  f o r  

p redn i so lone  a c e t a t e  is 1.31 X 10-l' cm / s e e ,  which was determined 

from t h e  f o l l o w i n g  d a t a  f o r  t h e  d rug :  D = 5 x 10-6 cm2/sec, 

cS = 1.7 x 

2 

gm/cm3, and P d  = 1 .3  gm/cm 3 . 
The Higuchi-Hiestand model, i n  d e s c r i b i n g  t h e  d i s s o l u t i o n  of 

Product  I ,  shows good c o r r e l a t i o n  throughout  t h e  d i s s o l u t i o n  

p r o f i l e .  Th i s  cu rve  was g e n e r a t e d  u s i n g  a K v a l u e  of 5.62 X 10-l' 

cm / s e c ,  a f a c t o r  4 . 3  t imes  f a s t e r  t h a n  t h e o r y  p r e d i c t s .  The 

v a r i a t i o n  between t h e  expe r imen ta l  d a t a  and t h e  f i t t e d  cu rve  was 

evidenced by a t o t a l  sum of  s q u a r e s  of 5.10 X n=13. 

2 

The d i s s o l u t i o n  p r o f i l e  f o r  Product  11 is  shown i n  F igu re  3. 

The d i s s o l u t i o n  ra te  c o n s t a n t ,  w i t h  a c o n s i d e r a t i o n  of non-sink 

c o n d i t i o n s ,  was v a r i e d  t o  g i v e  t h e  b e s t  approximation t o  t h e  

expe r imen ta l  d a t a ,  w i t h  the  c a l c u l a t e d  p r o f i l e  f o r  Product  I1 

g i v i n g  r e a s o n a b l e  correspondence t o  t h e  expe r imen ta l  d a t a  ( t o t a l  

sum of s q u a r e s  of 9.86 X n=13).  
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K=1.27x10-gcm2 /sec 
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FIGURE 3 
DISSOLUTION PROFILE FOR PRODUCT I1 PREDNISOLONE 

ACETATE SUSPENSION 
( S o l i d  l i n e  from Higuchi -Hies tand  Model) 

The c a l c u l a t e d  K v a l u e  f o r  t h e  d i s s o l u t i o n  of P roduc t  I1 u s i n g  

t h e  Higuchi -Hies tand  model i s  9.7 times f a s t e r  t h a n  t h e o r y  pre-  

d i c t s  (1.27 X cm2/ sec ) .  While mic ron ized  d r u g  p a r t i c l e s  have 

c o n s i s t e n t l y  e x h i b i t e d  h i g h e r  ra tes  of d i s s o l u t i o n  t h a n  would be 

a n t i c i p a t e d ,  t h e s e  r a t e  d i f f e r e n c e s  have v a r i e d  from 3.5 t o  4 

t i m e s  l a r g e r  f o r  p r e d n i s o l o n e  a c e t a t e  . S i m i l a r l y ,  P roduc t  I h a s  

a d i s s o l u t i o n  r a t e  about  4 t i m e s  f a s t e r  t h a n  t h e o r y  p r e d i c t s .  

4 

I n  p r i n c i p l e ,  t h e  r a t e  c o n s t a n t s  f o r  P r o d u c t s  I and I1 shou ld  

be e q u i v a l e n t .  According t o  e q u a t i o n  1 ,  t h e  ra te  c o n s t a n t  i s  

dependent  on D ,  Cs , and pd and no t  on f o r m u l a t i o n  v a r i a b l e s .  

Reference  t o  t h e  Appendix shows t h a t  t h e  f o r m u l a t i o n  f a c t o r s  

p o t e n t i a l l y  a f f e c t i n g  D and Cs ,  s u c h  as v i s c o s i t y - i n d u c i n g  a g e n t s  

and s u r f a c t a n t s ,  are  s i m i l a r  f o r  e a c h  p roduc t .  Thus,  t h e  reason 

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

comparing t h e  d i s s o l u t i o n  per formance  f o r  P r o d u c t s  I and  11, i t  i s  

no ted  t h a t  t h e  t ime fo r  50% d i s s o l u t i o n  ( T 5 0 )  f o r  P r o d u c t  I i s  110 

seconds  w h i l e  t h a t  f o r  Product  I1 is 60 seconds .  The similar 
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FIGURE 4 
DISSOLUTION PROFILE FOR PRODUCT 111 PREDNISOLONE 

ACETATE SUSPENSION 
( S o l i d  l i n e  from Higuchi-Hiestand Model) 

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

d i f f e r e n c e .  

An a p p a r e n t  l i m i t a t i o n  a s s o c i a t e d  w i t h  model a p p l i c a t i o n  t o  

commercial  p r o d u c t s  i s  t h e  a s p e c t  o f  manufac tu r ing  p rocedures  f o r  

a p roduc t  (w, p r o c e s s  v a r i a b l e s )  and how t h e s e  p r o c e d u r e s  

d i f f e r  f o r  a n o t h e r  p roduc t .  For example,  t h e  d i f f e r e n c e  i n  d i s s o -  

l u t i o n  performance between P roduc t s  I and I1 may be r e l a t e d  t o  t h e  

p rocess  used f o r  t h e  m i l l i n g  o f  t h e  p r e d n i s o l o n e  acetate  f o r  

Product  11, which may have g e n e r a t e d  mic ron ized  p a r t i c l e s  

e n e r g e t i c a l l y ’  1, l 2  and g e ~ m e t r i c a l l y l ~  d i f f e r e n t  from t h e  micro- 

n i z a t i o n  p r o c e s s  used f o r  P roduc t  I. T h e r e f o r e ,  w i t h o u t  a know- 

l e d g e  of t h e  manner i n  which a d r u g  is p r o c e s s e d ,  t h e r e  i s  a l i m i t  

t o  t h e  c o n c l u s i o n s  t h a t  c a n  be drawn when model t e s t i n g  

commercial ly  fo rmula t ed  d r u g  p roduc t s .  D e s p i t e  t h i s ,  i t  i s  of 

i n t e r e s t  t o  n o t e  t h a t  t h e  Higuchi-Hiestand model s t i l l  p r o v i d e s  a 

r e a s o n a b l e  d e s c r i p t i o n  o f  d r u g  d i s s o l u t i o n  k i n e t i c s  of P r o d u c t s  I 

and I1 based on p a r t i c l e  s i z e  d i s t r i b u t i o n s .  
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The d i s s o l u t i o n  p r o f i l e  f o r  Product  111 i s  g i v e n  i n  F i g u r e  4. 

The d i s s o l u t i o n  o f  P roduc t  I11 i s  s l o w e r  t h a n  t h a t  of P roduc t  I o r  

11, and t h e  t ime a x i s  i n  F i g u r e  4 has  been expanded a c c o r d i n g l y .  

For example,  t h e  T50 f o r  P roduc t  111 i s  245 seconds  compared t o  a 

T50 of 110 seconds f o r  Product  I. Th i s  s lower  d i s s o l u t i o n  a p p e a r s  

t o  be r e l a t e d  t o  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n .  A comparison of 

t h e  p a r t i c l e  s i z e  h i s tog rams  of t h e  t h r e e  p r o d u c t s  ( F i g u r e  1 )  

shows t h a t  t h e  r ange  o f  p a r t i c l e  s i z e s  and t h e  mean p a r t i c l e  s i z e  

(9 .60  microns)  f o r  Product  111 a r e  g r e a t e r  t h a n  f o r  P r o d u c t s  I and 

11 (4.48 and 4.95 microns,  r e s p e c t i v e l y ) .  I n  p a r t i c u l a r ,  t h e  vol- 

ume of p a r t i c l e s  l a r g e r  t h a n  10 microns i n  r a d i u s  f o r  Product  I11 

i s  s i g n i f i c a n t l y  i n c r e a s e d  (20% s. The p resence  of 

t h e s e  l a r g e  d rug  p a r t i c l e s  seem t o  be r e f l e c t e d  i n  a more extended 

r e l e a s e  of Product  I11 wi th  r e s p e c t  t o  t ime.  

2.5% - 5 % ) .  

For Product  111, t h e  b e s t  approximated d i s s o l u t i o n  p r o f i l e  t o  

t h e  e x p e r i m e n t a l  d a t a ,  u s i n g  t h e  Higuchi-Hiestand model,  g i v e s  a R 

va lue  of 6.86 X 10-l' cm2/sec,  which is 5.2 t i m e s  f a s t e r  t h a n  

t h e o r y  p r e d i c t s .  The c a l c u l a t e d  c u r v e  f o r  Product  111 d i f f e r s  i n  

i t s  c l o s e n e s s  of approx ima t ion  t o  e a c h  e x p e r i m e n t a l  p o i n t  through- 

o u t  t h e  d i s s o l u t i o n  p r o f i l e ,  as evidenced by a sum of  s q u a r e s  

v a l u e  of 10.3 X ( n  = 1 2 ) .  A c o n s i d e r a t i o n  of t h e  p a r t i c l e  

s i z e  d i s t r i b u t i o n  f o r  Product  111 ( F i g u r e  1) v e r i f i e s  t h a t  t h e  

shape of t h e  d i s t r i b u t i o n  i s  bimodal r a t h e r  t h a n  symmet r i ca l .  The 

k i n e t i c s  of r e l e a s e  f o r  t h i s  t y p e  of p a r t i c l e  d i s t r i b u t i o n  may be 

less  p r e d i c t a b l e  t h a n  f o r  a symmet r i ca l  d i s t r i b u t i o n  i n  which t h e  

mean p a r t i c l e  r a d i u s  c h a r a c t e r i z e s  t h a t  f o r  t h e  p a r t i c l e  popu- 

l a t i o n .  The p o s s i b i l i t y  a l s o  e x i s t s  t h a t  t h o s e  p a r t i c l e s  10 m i -  

c r o n s  o r  l a r g e r  i n  r a d i u s  (20% of Product  I11 p a r t i c l e  p o p u l a t i o n ,  

by volume) may i n i t i a l l y  d i s s o l v e  as  a f u n c t i o n  o f  bo th  d i f f u -  

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

s i g n i f i c a n c e  of an  a p p r e c i a t i o n  of t he  u n d e r l y i n g  p a r t i c l e  s i z e  

d i s t r i b u t i o n  f o r  a d rug  sample when t h e  g o a l  i s  c h a r a c t e r i z a t i o n  

of d rug  r e l e a s e  r a t e  k i n e t i c s .  

The r e s u l t s  of t h i s  s t u d y  demons t r a t e  t h a t  d i f f u s i o n  based 

d i s s o l u t i o n  models c a n  be a p p l i e d  t o  d e s c r i b i n g  d i s s o l u t i o n  
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k i n e t i c s  of commerc ia l ly  f o r m u l a t e d  d r u g  s u s p e n s i o n s .  T h i s  model 

based  approach  i n t e g r a t e s  phys i cochemica l  p r o p e r t i e s  of t h e  d r u g  

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

a s  impor t  a n t  de  t e r m i  nan t s o f d i s s o  1 u t  i o n  pe r f o rmance . The 

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

v a l u e  v i a  t h e  d i s s o l u t i o n  r a t e  c o n s t a n t .  T h i s  a n a l y s i s  can  be 

u s e f u l  d u r i n g  t h e  f o r m u l a t i o n  development phase t o  p r o v i d e  € o r  

p rede te rmined  d i s s o l u t i o n  per formance ,  a s  a n  e v a l u a t i v e  t o o l  f o r  

q u a l i t y  a s s u r a n c e  p u r p o s e s ,  and f o r  c o r r e l a t i n g  i n - v i t r o  and 

in -v ivo  p roduc t  per formance .  
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APPENDIX 

PREDNISOLONE ACETATE SUSPENSIONS 
COMMERC IAL INJECTABLE FORMU LATIO NS 

P r o d u c t s  Ia and  IIb - Each m l  c o n t a i n s :  

Ac t ive :  P r e d n i s o l o n e  A c e t a t e  25 mg 
I n a c t i v e s :  P o l y s o r b a t e  80  2 %  

Sodium Carboxymethylce l  l u l o s e  1 mg 
Sodium C h l o r i d e  9 %  

P r e s e r v a t i v e  : Benzyl Alcohol  9 mg 
S o l v e n t :  Water f o r  I n j e c t i o n  q. s .  

a ( B u f f e r e d  w i t h  Sodium A c e t a t e  and A c e t i c  Acid) 
(pH a d j u s t m e n t  w i t h  Sodium Phospha te  and C i t r i c  Acid) 

P roduc t  111 - Each m l  c o n t a i n s :  

A c t i v e :  P r e d n i s o l o n e  A c e t a t e  25 mg 

Sodium C i t r a t e  30 mg 
P r e s e r v a t i v e s :  Benzyl Alcohol  9 mg 

S o l v e n t :  Water f o r  I n j e c t i o n  q . s .  

0.25 mg I n a c t i v e s :  M e t h y l c e l l u l o s e  

Me t h y  1 pa r a b  en 
Propy 1 pa r a b  en  

1.8 mg 
0.2 mg 
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