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ABSTRACT 

The re lease  k i n e t i c s  o f  l i p o p h i l  i c  d rug  f r o m  hydrophobic polymer-based 

m a t r i x - t y p e  drug  d e l i v e r y  system was s tud ied .  Us ing  t h e  " i n t r i n s i c  fo rmula" ,  

severa l  exper imenta l  problems can be ana lyzed and solved. The r e s u l t s  

revea l  t h a t  i n t r i n s i c  re lease ,  c a l c u l a t e d  f rom t h e  model, shows t h e  t r u e  

p r o p e r t i e s  o f  t h e  drug  d e l i v e r y  system, which migh t  have been d i s g u i s e d  

by t h e  boundary l a y e r  e f f e c t .  The r e s u l t s  a l s o  demonstrated t h e  needs 

o f  m a i n t a i n i n g  s i n k  c o n d i t i o n  and u n i f o r m  d i s t r i b u t i o n  o f  d i spe rsed  phase 

i n  s tudy ing  t h e  m a t r i x  d i f f u s i o n - c o n t r o l l e d  d r u g  re lease .  

INTRODUCTION 

Because o f  i t s  p h y s i o l o g i c a l  i ne r tness ,  b iomed ica l  c o m p a t i b i l i t y  and 

remarkab ly  h i g h  p e r m e a b i l i t y  t o  o rgan ic  substances, e s p e c i a l l y  t o  s t e r o i d a l  

drugs, cons ide rab le  i n t e r e s t s  have been genera ted  i n  t h e  use o f  s i l i c o n e  

e las tomers  f o r  t h e  c o n t r o l  l e d  d e l i v e r y  o f  pharmaceut ica ls  ( 1 - 7 ) .  The 

dependence o f  r e l e a s e  r a t e  upon t h e  phys icochemica l  p r o p e r t i e s  o f  d rug  

and l o a d i n g  dose i n  t h e  polymer as w e l l  as t h e  s o l u b i l i t y  i n  t h e  e x t e r n a l  
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LIU ET AL. 1374 

s o l u t i o n  was i n v e s t i g a t e d  (8-9).  It was d i scove red  t h a t  t h e  d rug  re lease  

p r o f i l e s  f rom t h e  m a t r i x - t y p e  dev i ce  a r e  i n f l u e n c e d  by t h e  hydrodynamic 

p r o p e r t i e s  o f  t h e  % vitro drug r e l e a s e  appara tus  used f o r  t h e  

i n v e s t i g a t i o n s ,  i . e . ,  t h e  re lease  p r o f i l e s  a r e  dependent upon the  f l o w  

p a t t e r n  i n  t h e  d i f f u s i o n  c e l l s  (10 ) .  There fore ,  t h e  hydrodynamics o f  a 
v i t r o  d rug  re lease  appara tus  should be w e l l  c h a r a c t e r i z e d .  F u r t h e r ,  t h e  

p h y s i o l o g i c a l  environments,  such as g a s t r o i n t e s t i n a l  m o b i l i t y  i n  t h e  case 

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

sur round ing  t h e  imp lan ted  dev ices  and t h e  aqueous boundary l a y e r  between 

t h e  drug  dev i ce  and vag ina l  sur face ,  a r e  impor tan t  concerns as w e l l ,  s i n c e  

they  w i l l  a f f e c t  t h e  i n  v i v o  re lease  and a b s o r p t i o n  p r o f i l e s  o f  a t h e r a p e u t i c  

agent f rom a drug  d e l i v e r y  dev ice .  Acco rd ing l y ,  t h e  hydrodynamic d i f f u s i o n  

l a y e r  p l a y s  a ve ry  s i g n i f i c a n t  r o l e  i n  t h e  r a t e  p r o f i l e  o f  d rug  r e l e a s e  

and abso rp t i on ;  p a r t i c u l a r l y ,  f o r  a l i p o p h i l  i c  d rug  species.  The d i f f u s i o n  

of  t h e  l i p o p h i l i c  drugs across  t h e  hydrodynamic d i f f u s i o n  l a y e r  sandwiched 

between t h e  drug  d e l i v e r y  dev i ce  and a b s o r p t i o n  su r face  o f  t i s s u e  i s  o f t e n  

the  ra te -de te rm in ing  s tep .  

A l though Roseman e t  a l .  (10) have proposed a model t o  desc r ibe  t h e  

re lease  p a t t e r n  o f  d rugs  f rom a m a t r i x - t y p e  dev i ce  w i t h  t h e  c o n s i d e r a t i o n  

o f  a boundary d i f f u s i o n  l a y e r ,  t h e  concept o f  ' i n t r i n i s i c "  d i f f u s i o n  r a t e  

has n o t  been in t roduced  u n t i l  r e c e n t l y  by To jo  e t  a l .  (11). A mathemat ica l  

express ion  was d e r i v e d  on t h e  b a s i s  o f  mat r i x -boundary  d i f f u s i o n  l a y e r  

model. Using the  mathematical  model, t h e  " i n t r i n s i c  re lease  r a t e " ,  wh ich  

i s  d e f i n e d  as the  maximum ach ievab le  r e l e a s e  r a t e  w i t h  minimum e f f e c t  f rom 

a n e g l i g i b l y  t h i n  boundary l a y e r ,  can be determined. Desp i te  t h e  v a r i a t i o n  

i n  f l o w  p a t t e r n s  i n  d i f f e r e n t  d i f f u s i o n  c e l l  designs, wh ich  a r e  o f t e n  used 

i n  d i v e r s e  i n v e s t i g a t i o n s ,  t h i s  i n t r i n s i c  r a t e  o f  re lease  shou ld  be an 

i n v a r i a n t  value. The i n t r i n s i c  r e l e a s e  r a t e  ob ta ined  thus  sheds l i g h t  

on s t a n d a r d i z a t i o n  o f  t h e  exper imenta l  va lues  f o r  i n t e r - l a b o r a t o r y  

comparison; and, t h e  r e s u l t s  ob ta ined  i n  d i f f e r e n t  l a b o r a t o r i e s  can then  

be c o r r e l a t e d  i n  a s c i e n t i f i c  manner. Apparent ly ,  t h e  e f f e c t  o f  hydrodynamic 

d i f f u s i o n  l a y e r  cou ld  l ead  t o  a p o s s i b l e  d i s t o r t i o n  o f  exper imenta l  d a t a  
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RELEASE KINETICS FOR L I P O P H I L I C  DRUG 1375 

and shou ld  be one of  t h e  impor tan t  concerns i n  any a n a l y s i s  o f  d rug  re lease  

da ta .  

The purpose o f  t h i s  i n v e s t i g a t i o n  i s  t o  s tudy  t h e  e f f e c t  o f  hydrodynamic 

d i f f u s i o n  l a y e r  on t h e  apparent re lease  p r o f i l e s  o f  l i p o p h i l i c  d rug  f rom 

a hydrophobic polymer-based m a t r i x - t y p e  d rug  d e l i v e r y  system. The 

de te rm ina t ion  and t h e  s i g n i f i c a n c e  o f  " i n t r i n s i c  re lease  r a t e "  i n  t h e  

i n t e r p r e t a t i o n  o f  exper imenta l  obse rva t i ons  a r e  i l l u s t r a t e d  as w e l l ,  w i th  

emphasis on the  exper imenta l  c o n d i t i o n s  and h e t e r o g e n e i t y  o f  m a t r i x  dev i ce .  

EXPERIMENTAL 

M a t e r i a l  

Progesterone'  was used as rece ived .  S i l a s t i c  382 med ica l  grade 

e las tomer ,  DC S i l i c o n e  f l u i d  360 and c a t a l y s t  M (Stannous Octanoate) were 

2 donated f rom t h e  manufac turer  . 
Prepara t i on  o f  Mat r i x -Type Devices 

Polymer d i s c s  w i th  va r ious  l o a d i n g  doses (0 .5  - 25% w/w) were prepared 

b y  m i x i n g  w e l l  a r e q u i r e d  amount o f  p roges terone,  10% w/w s i l i c o n e  f l u i d ,  

w i t h  65-89.5% w/w o f  s i l a s t i c  e las tomer  382 u s i n g  a l a b o r a t o r y  s t i r r e r  

f o r  a s u f f i c i e n t  t ime  t o  assure  a u n i f o r m  d i s p e r s i o n .  The m i x t u r e  was 

then deaerated i n  a d e s s i c a t o r  under a m i l d  vacuum t o  e l i m i n a t e  any a i r  

entrapped. Several  d rops  o f  C a t a l y s t  M were added w i t h  c o n s t a n t  s t i r r i n g  

and t h e  whole m i x t u r e  was then  aga in  deaera ted  under t h e  vacuum. The 

r e s u l t i n g  m i x t u r e  was q u i c k l y  poured i n t o  mo ld ing  equipment and cu red  f o r  

24 hours a t  room tempera ture .  The drug-d ispersed polymer sheet was then 

c u t  i n t o  c i r c u l a r  d i s c s  w i t h  a d iameter  o f  6.7 cm and a t h i c k n e s s  o f  0.09 

cm. 

De te rm ina t ion  o f  Progesterone Release 

A w e l l - c a l i b r a t e d  Ghannam-Chien (G-C) membrane permeat ion  system (12)  

was used, w i t h  some minor  m o d i f i c a t i o n s ,  i n  t h i s  i n v e s t i g a t i o n  f o r  

de te rm ina t ion  o f  p roges terone r e l e a s e  p r o f i l e .  Each p a i r  o f  h a l f  c e l l s  

was d i v i d e d  i n t o  two d i f f u s i o n  c e l l s ,  making i t  p o s s i b l e  t o  s imu l taneous ly  
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1376 LIU ET AL. 

s tudy  t h e  drug  re lease  from two m a t r i x  dev i ces  a t  one t i m e  ( F i g u r e  1). 

Impermeable aluminum f o i l - b a t k e d ,  p roges terone-d ispersed polymer d i s c s  

were mounted, back t o  back, a t  t h e  c e n t e r  o f  t h e  two h a l f  c e l l s ,  so t h a t  

each o f  t h e  h a l f  c e l l s  had a m a t r i x  dev i ce  w i t h  one cons tan t  r e l e a s i n g  

sur face  exposed. A f t e r  comp le te l y  assembled, 170 m l  o f  an e l u t i o n  medium 

( p r e v i o u s l y  thermosta ted  a t  37°C) was charged i n t o  each h a l f  c e l l .  A t  

p redetermined i n t e r v a l s ,  10 m l  samples were withdrawn and immedia te ly  

rep laced  w i t h  t h e  same volume o f  f r e s h ,  d rug - f ree  e l u t i o n  medium t o  m a i n t a i n  
3 t h e  same t o t a l  volume. The samples were ana lyzed by  UV spec t rophotometer  

a t  240 nm. I n  t h e  exper imenta l  design, t h e  r o t a t i o n  speed o f  s t i r r i n g  

magnets, e l u t i o n  medium and drug  l o a d i n g  dose were v a r i e d  t o  i n v e s t i g a t e  

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

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

The mechanism o f  d rug  re lease  f rom v a r i o u s  m a t r i x - t y p e  system has 

been d iscussed p r e v i o u s l y  (13) .  It was assumed t h a t  t h e  r a t e - d e t e r m i n i n g  

s tep  r e s i d e s  on t h e  d i f f u s i o n  o f  d rug  molecu les  across  t h e  m a t r i x ,  i . e . ,  

m a t r i x  d i f f u s i o n - c o n t r o l .  However, i t  i s  conce ivab le  t h a t  t h e  r a t e  o f  

d i f f u s i o n  f rom t h e  su r face  o f  t h e  m a t r i x - t y p e  dev i ce  t o  t h e  su r round ing  

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

process under c e r t a i n  exper imenta l  c o n d i t i o n s .  The d i f f e r e n c e  i n  p o l a r i t y  

between t h e  drug  s o l u t e  re leased  and t h e  s o l v e n t  mo lecu les  i n  t h e  e l u t i o n  

medium i s  one of  t h e  impor tan t  f a c t o r s  t h a t  c o u l d  de termine t h e  e x t e n t  

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

re leased  f rom a m o n o l i t h i c  m a t r i x  dev ice ,  where t h e  d rug  l o a d i n g  e x i s t s  

as a combina t ion  o f  d i s s o l v e d  and d i spe rsed  forms th roughou t  a polymer 

m a t r i x ,  i s  shown i n  F i g u r e  2 .  The assumptions used i n  t h i s  p h y s i c a l  model 

a re :  (1) t h e  drug  l o a d i n g  dose (A)  i n  t h e  polymer m a t r i x  i s  much g r e a t e r  

than i t s  s o l u b i l i t y  (C ) i n  t h e  polymer,  i . e . ,  A>>C ( 2 )  pseudo-steady 

s t a t e  i s  achieved; ( 3 )  t h e  d i f f u s i o n  c o e f f i c i e n t  ( 0 )  i s  cons tan t ;  ( 4 )  

d i f f u s i o n ,  r a t h e r  than d i s s o l u t i o n ,  i s  t h e  r a t e - d e t e r m i n i n g  s tep ;  ( 5 )  s i n k  

c o n d i t l o n  i s  ma in ta ined.  

P P; 

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.



d
on

or
 

co
m

p
ar

tm
en

t 

c
o

n
ip

a
rl

rn
e

n
l 

w
a

te
r 

ja
c

k
e

l 

te
fl

o
n

-c
o

a
te

d
 

S
O

L
U

T
IO

N
 

w
al

er
 i

n
le

t 
-> 

I 
6 
-
 s

la
 ! i

 o
n

 
sy

n
c l

ir
oi

io
u s

 m
 a

g
 n

e 
t i

 c 
s I
 i r
 r e

r 
I 

z 2
 

m
 

r
j 

H
 

n
 

cn
 

rr
l 
0
 

P
 

~~
 

F
ig

u
re

 1
 

On
e 

c
e

ll
 

u
n

it
 

o
f 

th
e 

m
o

d
if

ie
d

 
G

ha
nn

am
-C

hi
en

 
m

em
br

an
e 

pe
rm

ea
ti

on
 

sy
st

em
 

fo
r 

in
 v

it
ro

 d
ru

g 
re

le
as

e 
st

u
d

ie
s.

 

r
 

w
 

U
 

U
 

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.



1378 LIU ET AL.  

F igu re  2 

Hypo the t i ca l  c o n c e n t r a t i o n  p r o f i l e s  i n  t h e  m a t r i x - t y p e  d rug  
under pseudo-steady s t a t e  c o n d i t i o n .  

The apparent re1  ease r a t e  can be represented  by:  

a = D ( C  - Co)/x = ( A  - C /2 )  = km(Co/K - CR) = kmCo/K 
d t  P P P 

1 i v e r y  system 

where D i s  t h e  d i f f u s i v i t y  o f  d rug  i n  t h e  m a t r i x  dev ice ;  C i s  t h e  d rug  

s o l u b i l i t y  i n  t h e  polymer;  x i s  t h e  e l u t i n g  f r o n t  ( F i g u r e  2 ) ;  A i s  t h e  

l o a d i n g  dose; K i s  t h e  p a r t i t i o n  c o e f f i c i e n t  as d e f i n e d  by t h e  r a t i o  o f  

Cp/Cs,  i n  which C s  i s  t h e  drug  s o l u b i l i t y  i n  t h e  e l u t i o n  medium; C R  and 

C o  a r e  d rug  concen t ra t i ons  i n  e l u t i o n  s o l u t i o n  b u l k  and m a t r i x  su r face ,  

r e s p e c t i v e l y ;  and km i s  t h e  mass t r a n s f e r  c o e f f i c i e n t  i n  t h e  hydrodynamic 

d i f f u s i o n  l a y e r .  

P P 

S o l v i n g  Eqn (1) and t a k i n g  t h e  i n t e g r a t i o n  y i e l d  t h e  apparent  cumu la t i ve  

amount o f  d rug  re leased  ( Q ) ,  which i s  expressed as f o l l o w s :  

t 2C D t KD 
Q = I (2) d t  = ( A  - Cp/2) 2 t (4)’ - p] 

0 jA-Cp/2  km m 

2 where boundary l a y e r  e f f e c t  i s  i l l u s t r a t e d  by t h e  terms o f  (KD /k  ) and 

KD / k  i n  Eqn ( 2 ) .  It was found t h a t  t h e  mass t r a n s f e r  c o e f f i c i e n t  (k,) 

would be l a r g e  i f  t h e  drug  and e l u t i o n  medium have s i m i l a r  phys icochemica l  

P m  

P m  
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RELEASE KINETICS FOR LIPOPHILIC DRUG 1379 

c h a r a c t e r i s t i c s  o r  same p o l a r i t i e s .  The e f f e c t  o f  boundary l a y e r  becomes 

n e g l i g i b l e  i f  t h e  d rug  re leased  i s  v e r y  h y d r o p h i l i c ,  w h i l e  an aqueous 

s o l u t i o n  i s  used as t h e  e l u t i o n  medium w i t h  adequate m ix ing .  Namely, Eqn 

( 2 )  can be s i m p l i f i e d  and t h e  r e s u l t a n t  equa t ion  i s  t h e  same as t h a t  g i ven  

by  H iguch i  (13 ) :  

Q, = l i m  Q(k,) = (2A-C )D C t 
km + m  J P P P  ( 3 )  

where Q, denotes t h e  cumu la t i ve  amount o f  d rug  re leased  under i d e a l  

c o n d i t i o n ,  ( i . e . ,  w i t h  an i n f i n i t e l y  t h i n  hydrodynamic d i f f u s i o n  l a y e r )  

and i s  t hus  d e f i n e d  as t h e  " i n t r i n s i c  re lease" .  

From Eqn ( 2 )  and ( 3 ) .  a c o r r e l a t i o n  between t h e  apparent  r e l e a s e  ( Q )  

and i n t r i n s i c  re lease  ( Q  ) can be determined: 

Equat ion  ( 4 )  i s  s i g n i f i c a n t  when d e a l i n g  w i t h  t h e  re lease  o f  a 

l i p o p h i l i c  drug, i n  which t h e  d i f f u s i o n  l a y e r  would a f f e c t  t h e  apparent  

amount o f  cumu la t i ve  r e l e a s e  ( Q ) ,  b u t  n o t  t h e  i n t r i n s i c  r e l e a s e  (9,). For  

p r a c t i c a l  a p p l i c a t i o n s ,  i n t r i n s i c  re lease ,  which i s  c a l c u l a t e d  f rom Eqn 

(4), can be used as a standard,  t o  compare t h e  exper imenta l  r e s u l t s  ob ta ined  

i n  d i f f e r e n t  l a b o r a t o r i e s .  Furthermore, i n t r i n s i c  re lease  p rov ides  t h e  

i n f o r m a t i o n  t h a t  m igh t  be hidden by hydrodynamic d i f f u s i o n  l a y e r  e f f e c t ,  

which w i l l  be d iscussed l a t e r .  

E f f e c t  o f  Cosolvent and Non-sink C o n d i t i o n  

Cosolvents a r e  r o u t i n e l y  used as a i d s  t o  enhance t h e  s o l u b i l i t y  o f  

d rugs  i n  aqueous s o l u t i o n ,  p a r t i c u l a r l y  f o r  non -po la r  compounds. Usua l l y ,  

t h e  bes t  coso lven t  i s  t h e  one which most c l o s e l y  matches t h e  p o l a r i t y  o f  

t h e  compound (14) .  The a d d i t i o n  o f  c o s o l v e n t  i n t o  t h e  e l u t i o n  medium t o  

i nc rease  t h e  aqueous s o l u b i l i t y  o f  d rug  has now become a common p r a c t i c e  

i n  l a b o r a t o r i e s  t o  m a i n t a i n  a s i n k  c o n d i t i o n  r e q u i r e d  f o r  i n  v i t r o  s t u d i e s  

(15 ) .  The da ta  i n  F i g u r e  3 i l l u s t r a t e  t h a t  t h e  apparent amount o f  cumu la t i ve  

re lease  ( Q )  o f  p roges terone i s  g r e a t l y  dependent upon t h e  volume f r a c t i o n  
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F i g u r e  3 

E f f e c t  o f  s o l u t i o n  s i n k  on t h e  re lease  p r o f i l e s  o f  p roges terone f rom t h e  
m a t r i x - t y p e  d rug  d e l i v e r y  system: (1) ap a r e n t  d rug  r e l e a s e  p r o f i l e s  
i n  aqueous s o l u t i o n  c o n t a i n i n g  0% PEG 400 (d), 20% PEG 400 (A) and 40% 
PEG 400 (0 ); ( 2 )  i n t r i n s i c  d rug  r e l e a s e  p r o f i l e s  i n  aqueous s o l u t i o n  
c o n t a i n i n g  0% PEG 400 (a), 20% PEG 400 (A) and 40% PEG 400 ( m ) .  

o f  coso lven t  (PEG 400) i n  t h e  e l u t i o n  medium. S ince  proges terone molecu les  

a r e  v e r y  l i p o p h i l i c  (Tab le  I )  t h e  d i f f u s i o n  process f rom t h e  su r face  o f  

t h e  m a t r i x  d i s c  i n t o  t h e  e l u t i o n  medium c o u l d  become t h e  r a t e - d e t e r m i n i n g  

step. The t i m e  l a g  phenomenon commonly observed can be a t t r i b u t e d  t o  t h e  

d e l a y i n g  e f f e c t  o f  t h e  aqueous boundary l a y e r ,  which ex tend t h e  pa th  f o r  

t h e  d i f f u s i o n  o f  d rug  molecu les  f rom t h e  m a t r i x  dev i ce  t o  i t s  su r round ing  

e l u t i o n  medium. 

By t h e  man ipu la t i on  o f  Eqn ( 4 ) ,  wh ich  conver t s  t h e  apparent  r e l e a s e  

(9)  t o  i n t r i n s i c  re lease  ( Q m ) ,  t h e  t ime  l a g  phenomenon can be c o r r e c t e d  

( F i g u r e  3) .  I n t e r e s t i n g l y ,  a n o n - l i n e a r  r e l a t i o n s h i p  was observed when 

t h e  i n t r i n s i c  cumu la t i ve  re lease  d a t a  genera ted  i n  t h e  aqueous s o l u t i o n  
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RELEASE KINETICS FOR LIPOPHILIC DRUG 1381 

Table I - Phys ica l  P r o p e r t i e s  o f  Progesterone a t  37°C 

Phys ica l  Parameters 

D e n s i t y  

S o l u b i l i t y  i n  

0% PEG 400 

20% PEG 400 

4091 PEG 400 

P a r t i t i o n  Coef f .  ( K )  

( S i l i c o n e  po lymer lwa te r )  

1 .2  gm/ml 

12.5 Dg/ml 

48.0 Dg/ml 

198.0 bg/ml 

22. 7a 

aOata f rom Reference 16 

c o n t a i n i n g  no more than 20% v/v PEG 400 were p l o t t e d  a g a i n s t  square r o o t  

o f  t ime (t’), which suggests t h a t  t h e  e l u t i o n  medium d i d  n o t  a f f o r d  t h e  

s i n k  c o n d i t i o n  r e q u i r e d  d u r i n g  t h e  exper iments .  The c o n c e n t r a t i o n - t i m e  

da ta  i n  Table I1  i n d i c a t e  t h a t  o n l y  t h e  e l u t i o n  s o l u t i o n  c o n t a i n i n g  40% 

v/v o f  PEG 400 i s  ab le  t o  m a i n t a i n  a good s i n k  c o n d i t i o n  th roughout  t h e  

course  o f  5-hr d rug  r e l e a s e  s tud ies .  The i n t r i n s i c  d rug  r e l e a s e  p r o f i l e s  

f o r  t h e  e l u t i o n  s o l u t i o n  c o n t a i n i n g  l e s s  than  20% o f  PEG 400 ( F i g u r e  3 )  

s t a r t  t o  show c u r v a t u r e  a t  t h e  same t i m e  when s i n k  c o n d i t i o n  i s  no l o n g e r  

p r e v a i l e d .  I n  c o n t r a s t ,  a f a i r l y  l i n e a r  Q vs. t’ r e l a t i o n s h i p  was 

e s t a b l i s h e d  f o r  t h e  apparent cumu la t i ve  re lease  even when t h e  e l u t i o n  

s o l u t i o n  con ta ins  0-20% o f  PEG 400. The r e s u l t s  i m p l y  t h a t  t h e  apparent 

cumu la t i ve  re lease  p l o t  concea ls  some b a s i c  i n f o r m a t i o n  and, thus ,  d i s t o r t s  

t h e  i n v e s t i g a t i o n .  There fore ,  t h e  concept o f  i n t r i n s i c  r e l e a s e  i s  ve ry  

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

h e l p i n g  t o  ana lyze  t h e  mechan is t i cs  o f  c o n t r o l l e d  drug  re lease .  
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1382 LIU ET AL. 

Table I1  - Concentrat ion-Time P r o f i l e s  f o r  Proges terone i n  Aqueous Media 

Con ta in ing  Var ious  Volume F r a c t i o n s  o f  Coso lvent :  

Time Progesterone Concen t ra t i ona  (kg /m l )  

( h r )  

0% PEG 400 20% PEG 400 40% PEG 400 

0 .5  

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

1.44 

2.82 (N.S.)b 

3.82 (N.S.) 

4.33 (N.S. 

4.94 (N.S. 

5.42 (N.S. 

5.78 (N.S. 

6.13 ( N . S .  

1.77 

3.42 

4.96 (N.S.)b 

6 .21  (N.S. 

7.18 ( N . S .  

7.99 (N.S. 

8.43 (N.S. 

8.76 (N.S. 

3.24 

5 . 4 1  

7 .13  

8.19 

9.35 

10.08 

10.79 

11.23 

5.0 7.09 (N.S.) 9.51  (N.S.) 12.46 

aEach da ta  p o i n t  rep resen ts  t h e  average o f  t r i p l i c a t e  de te rm ina t ions  w i t h  

s tandard  d e v i a t i o n  less than  8%. 

bN. S. des ignates  t h e  d a t a  p o i n t s  ob ta ined  under non-s ink  c o n d i t i o n .  

E f f e c t  o f  R o t a t i o n  Speed 

Another  impor tan t  f a c t o r  which w i l l  a f f e c t  t h e  e x t e n t  o f  d i f f u s i o n  

l a y e r  e f f e c t  o r  mass t r a n s f e r  c o e f f i c i e n t  (k,) i s  t h e  f l o w  p a t t e r n  i n  t h e  

-- i n  v i t r o  d rug  re lease  medium. 

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

on t h e  su r face  o f  a m a t r i x - t y p e  dev i ce  mounted i n  t h e  G - C  d i f f u s i o n  c e l l s  

i s  shown i n  Table 111. The da ta  i n d i c a t e  t h a t  t h e  t h i c k n e s s  o f  d i f f u s i o n  

l a y e r  decreases as t h e  r o t a t i o n  speed increases .  Acco rd ing l y ,  t ime  l a g  

phenomenon w i l l  be more obv ious  when t h e  d i f f u s i o n  l a y e r  becomes t h i c k e r .  
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RELEASE KINETICS FOR L I P O P H I L I C  DRUG 1383 

T a b l e  111 - E f f e c t  o f  R o t a t i o n  Speed on t h e  T h i c k n e s s  

o f  Hydrodynamic D i f f u s i o n  L a y e r :  

R o t a t i o n  Speed 

( rpm)  

D i f f u s i o n  L a y e r  

T h i c k n e s s a  ( m i c r o n s )  

225 

425 

625 

99 

67 

5 3  

a C a l c u l a t e d  f r o m  Re fe rence  11 

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

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

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

r e s e a r c h  l a b o r a t o r i e s .  

The mass t r a n s f e r  c o e f f i c i e n t  (k,) i s  a l s o  known t o  be a f u n c t i o n  

o f  t h e  f l o w  p a t t e r n ,  o r  r o t a t i o n  speed, i n  t h e  fi vitro d r u g  r e l e a s e  

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

i s  a f f e c t e d ,  as e x p e c t e d  f r o m  Eqn ( 2 ) .  F i g u r e  4 shows t h e  e f f e c t  o f  r o t a t i o n  

speed on t h e  r e l e a s e  p r o f i l e s  o f  p r o g e s t e r o n e  f r o m  t h e  m a t r i x - t y p e  d e v i c e  

c o n t a i n i n g  1% d r u g  l o a d i n g .  As e x p e c t e d  f r o m  Eqn ( 4 ) ,  t h e  a p p a r e n t  r e l e a s e  

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

t h e  l a g  t i m e  a l s o  d e c r e a s e s i n  m a g n i t u d e .  On t h e  o t h e r  hand, t h e  i n t r i n s i c  

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

t o  Eqn ( 3 ) ,  t h e r e f o r e ,  t h e  l o w e r  i n t r i n s i c  d r u g  r e l e a s e  p r o f i l e  o b t a i n e d  

a t  t h e  r o t a t i o n  speed o f  225 rpm appears  t o  s u g g e s t  t h a t  t h e  pseudo-s teady  

s t a t e  has n o t  been a c h i e v e d  u n d e r  t h i s  c o n d i t i o n .  The d a t a  i n  T a b l e  I V  

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

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

medium i n  te rms  o f  t h e  m a g n i t u d e  o f  r e l e a s e  f l u x  and t i m e - l a g  v a l u e .  The 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1384 LIU ET AL. 

rn 320 

0.0 0 . 4  0 . 8  1 , 2  1 .6  2 , O  2 . 4  

TIME% (HOUR%) 

F i g u r e  4 

E f fec t  of  r o t a t i o n  speed on t h e  r e l e a s e  p r o f i l e s  o f  p roges terone f rom 
m a t r i x - t y p e  drug  d e l i v e r y  dev i ce :  (1) apparent  r e l e a s e  a t  225 rpm ( ),  
425 rpm ( A )  and 625 rpm (0 1; ( 2 )  i n t r i n s i c  re lease  a t  225 rpm (g), 
425 rpm (A) and 625 rpm (m). 

observa t i on  o f  s l i g h t l y  s c a t t e r i n g  i n  t h e  e a r l y  phase o f  i n t r i n s i c  d rug  

re lease  p l o t  ( F i g u r e  4)  c o u l d  be a t t r i b u t e d  t o  the  d i s s o l u t i o n  process 

o f  d rug  p a r t i c l e s  on t h e  su r face  o f  t he  m a t r i x - t y p e  dev ice .  

E f f e c t  o f  Drug Loading Dose 

I n  the  p r e p a r a t i o n  o f  m a t r i x - t y p e  d rug  d e l i v e r y  dev i ce ,  v a r i o u s  d rug  

l o a d i n g  doses ( A )  can be i n c o r p o r a t e d  i n t o  t h e  polymer f o r  t h e  a t ta inmen t  

o f  d i f f e r e n t  re lease  p r o f i l e s .  The e f f e c t  o f  d rug  l o a d i n g  dose on t h o  

magnitude o f  Q/t’ va lues  i s  dep ic ted  i n  F i g u r e  5. I n  c o n t r a s t  t o  t h e  
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RELEASE KINETICS FOR LIPOPHILIC DRUG 1385 

Table I V  - The F l u x  and Time-lag Phenomena o f  Apparent and I n t r i n s i c  Release 

P r o f i l e s :  

Apparent I n t r i n s i c  

225 425 625 225 425 625 

r P m  r P m  rPm rPm r P m  r P m  

F l u x  ( Q / t 4 ) a  115 140 148 143 160 158 

Time Lag (min . )  23.5 17.4 11.4 5.0 2.0 0 

aThe u n i t  o f  f l u x  i s  ug. cm-’. hr-’. 

apparent d rug  re lease  f l u x e s  t h e  i n t r i n s i c  d rug  re lease  f l u x e s  demonstrate 

a l i n e a r  r e l a t i o n s h i p  w i t h  t h e  square r o o t  o f  t h e  l o a d i n g  dose (A)’. From 

Eqn ( 3 ) ,  t h e  l o a d i n g  dose-dependence can be de r i ved ,  i f  t h e  c o n d i t i o n  2A>>C 

e x i s t s :  
P 

Q/t’ = (2DpCp)’(A)’ 

The nega t i ve  d e v i a t i o n  o f  apparent re lease  f l u x  a t  h i g h e r  l o a d i n g  doses 

f rom t h e  l i n e a r  Q vs. A’ r e l a t i o n s h i p  suggests t h a t  d i f f u s i o n  l a y e r  e f f e c t  

become more s i g n i f i c a n t  as i n c r e a s i n g  t h e  l o a d i n g  l e v e l  o f  p roges terone.  

E f f e c t  o f  P a r t i c l e  S ize  D i s t r i b u t i o n  

The e f f e c t  o f  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  o f  d i spe rsed  d rug  i n  

t h e  m a t r i x  and t h e  c u r i n g  procedure i n  dev i ce  f a b r i c a t i o n  on t h e  re lease  

k i n e t i c s  o f  d rug  f rom t h e  m a t r i x - t y p e  dev i ce  was s tud ied .  The d a t a  i n  

F igu re  6 i l l u s t r a t e  t h a t  i n  s p i t e  o f  t h e  d i f f e r e n c e  i n  t h e  r o t a t i o n  speeds 

and t h e  l o a d i n g  doses, (1% and 125 rpm vs. 20% and 425 rpm) t h e  p l o t s  o f  

i n t r i n s i c  d rug  re lease  e x h i b i t  t h e  same t i m e - l a g  ( t ’  = 0.60 hr’ o r  t 

= 21.6 min . ) .  Th i s  o b s e r v a t i o n  i m p l i e s  t h e  homogeneity problem i n h e r e n t  
1 ag 
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E f f e c t  o f  
apparent f 

400 

a 300 "I I 
Y 
W 

- s 

N 

0 1 

600 

# 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

drug l o a d i n g  dose 
ux (0) and i n t r i n s  

2 3 4 5 

(%LOADING DOSE)% 

F i g u r e  5 

on t h e  r e l e a s e  f l u x  ( Q l t 2 )  o f  p roges terone:  
c f l u x  (0).  

i n  t h e  d i s p e r s i o n  o f  d rug  p a r t i c l e s  i n  t h e  polymer m a t r i x .  The c o n t e n t  

u n i f o r m i t y  i s  o f t e n  one o f  t h e  g r e a t e s t  problems encountered  i n  t h s  

manufac tur ing  o f  d rug  d i s p e r s i o n  m a t r i x - t y p e  system; hence, an optimum 

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

non-uni  fo rm d i s p e r s i o n .  

Based on Stoke 's  law: 

m) g d2 P - P  

18 n 
v =  

where v i s  t h e  s e t t l i n g  r a t e  o f  sphere-shaped d i spe rsed  p a r t i c l e s  w i t h  

a d iameter  of  d, g i s  t h e  g r a v i t a t i o n  cons tan t ,  n i s  t h e  v i s c o s i t y  o f  

t h e  polymer medium b e f o r e  c u r i n g  and p ,  p a r e  t h e  d e n s i t i e s  of  d i spe rsed  

p a r t i c l e s  and polymer medium, r e s p e c t i v e l y .  It was e x p e r i m e n t a l l y  found 

t h a t  homogeneous d rug  d i s t r i b u t i o n  i n  the  polymer m a t r i x  c o u l d  be ach ieved 

by i n c o r p o r a t i n g  d rug  c r y s t a l s  w i th  mean p a r t i c l e  s i z e  l e s s  than  37u f o r  
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60C 

500 

400 

300 

200 

100 

I 

0.0 0.5  1.0 1 . 5  2.0 2 . 5  3 . 0  3 . 5  

TIME% (HOUR’$ 

F igu re  6 

Release p r o f i l e s  o f  p roges terone f rom t h e  m a t r i x - t y p e  drug  d e l i v e r y  dev i ce  
w i t h  ( 1 )  1% drug l o a d i n g  and a r o t a t i o n  speed o f  125 rpm; key:  apparent (A), i n t r i n s i c  (A); (2 )  20% d r u  l o a d i n g  and a r o t a t i o n  speed o f  425 
rpm; key: apparent (o), i n t r i n s i c  (&). 

o v e r n i g h t  c u r i n g  procedure a t  room tempera ture  w i t h  med ica l  grade 382 

s i l i c o n e  e las tomer  as t h e  polymer medium, s i n c e  t h e  s e t t l i n g  o f  d rug  

p a r t i c l e s  i s  min imized d u r i n g  c u r i n g  when s m a l l e r  p a r t i c l e s  a r e  used. I n  

o r d e r  t o  ach ieve  a m a t r i x - c o n t r o l l e d  re lease ,  t h e  th i ckness  o f  m a t r i x  d i s c  

shou ld  be much g r e a t e r  than t h e  d iameter  o f  d i spe rsed  p a r t i c l e s .  

The da ta  i n  F igu re  6 were generated f rom t h e  m a t r i x - t y p e  dev i ce  w i t h  

p roges terone o f  l a r g e  p a r t i c l e  s i z e  ( w i t h  mean d iameter  o f  128 p )  and wide 

d i s t r i b u t i o n  (37 t o  250 p ) .  The l a r g e  p a r t i c l e s  have a g r e a t e r  tendency 
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DRUG PARTICLES 

F i g u r e  7 

Cross-sec t iona l  v iew o f  t h e  d i s t r i b u t i o n  o f  d rug  p a r t i c l e s  w i t h  d i f f e r e n t  
p a r t i c l e  s i z e  i n  t h e  m a t r i x - t y p e  s l a b  c o n t a i n i n g  a wide p a r t i c l e  s i z e  
d i s t r i b u t i o n .  

t o  s e t t l e  i n  t h e  m a t r i x ,  as expected f rom S t o k e ' s  law, d u r i n g  an o v e r n i g h t  

c u r i n g  process; thus ,  a con ten t  u n i f o r m i t y  p rob lem was r e s u l t e d .  F i g u r e  

7 i s  a c r o s s - s e c t i o n a l  v iew of t h i s  t ype  o f  d rug  p a r t i c l e  d i s t r i b u t i o n  

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

The upper l a y e r ,  which c o n t a i n s  no d rug  p a r t i c l e s ,  i s  r e s u l t e d  f rom t h e  

se t t l emen t  o f  p a r t i c l e s  and accounts f o r  t h e  d e l a y  o f  d rug  r e l e a s e  s i n c e  

t h e  d r u g  molecu les  have to  d i f f u s e  t h r o u g h  t h i s  l a y e r  b e f o r e  t h e y  can be 

re leased  t o  t h e  e l u t i o n  medium. I t  e x p l a i n s  t h e  o b s e r v a t i o n  t h a t  no b u r s t  

d rug  re lease  phenomenon was observed i n  t h i s  i n v e s t i g a t i o n .  The t h i c k n e s s  

( h )  o f  t h i s  upper l a y e r  c o u l d  be es t ima ted  f rom t h e  f o l l o w i n g  equa t ion :  

h = 6 t  D 
l a g  P 

( 7 )  

and i s  about 200 when 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  p roges terone i n  t h e  

s i l i c o n e  polymer m a t r i x  i s  t o  be 4 .5  x cm /sec. 2 

CONCLUSION 

The exper imenta l  r e s u l t s  ob ta ined  i n  t h i s  i n v e s t i g a t i o n  have 

demonstrated t h a t  t h e  " i n t r i n s i c "  concept can be v e r y  u s e f u l  i n  t h e  
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i n t e r p r e t a t i o n  o f  t h e  m a t r i x  d i f f u s i o n - c o n t r o l l e d  r e l e a s e  o f  l i p o p h i l i c  

d rug  f rom t h e  m a t r i x - t y p e  d e l i v e r y  systems f a b r i c a t e d  f rom hydrophobic 

polymer. By e l i m i n a t i n g  t h e  e f f e c t  o f  hydrodynamic d i f f u s i o n  l a y e r ,  t h e  

a n a l y s i s  o f  i n t r i n s i c  d rug  re lease  p r o f i l e s  d i s c l o s e  t h e  problems which 

may n o t  be r e a l i z e d  o the rw ise ,  such as t h e  main ta inance o f  s i n k  c o n d i t i o n  

and f a b r i c a t i o n  s p e c i f i c a t i o n s .  Furthermore, i n t r i n s i c  d rug  r e l e a s e  p r o f i l e s  

c o u l d  a l s o  h e l p  t h e  comparison o f  exper imenta l  da ta  ob ta ined  f rom d i f f e r e n t  

1 a bora t o  r i  es . 

FOOTNOTES 

1. Sigma Chemical Company, S a i n t  Lou is ,  M i s s o u r i  63718 

2. Dow Corn ing  Corpo ra t i on ,  Midland, Mich igan 48640 

3. Perk in -E lmer  559A U V / V I S  Spectrophotometer,  Perk in -E lmer  Corpora t ion ,  
Elmwood Park, New Je rsey  07407 
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