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INTRODUCTION 

An i n  v i t r o  d i s s o l u t i o n  t e s t  f o r  determining the  ra te  a t  which 

a drug i s  r e l eased  from a dosage form can be a h e l p f u l  t o o l  i n  the  

e a r l y  s t ages  of dosage form design.  Furthermore,  the  i n  v i t r o  

r e l e a s e  can give va luable  informat ion  about t he  e f f e c t s  of s to rage  

t i m e  and s to rage  temperature .  

Many d i f f e r e n t  types  of appara tus  have been designed f o r  t he  

de te rmina t ion  of t he  i n  v i t r o  a v a i l a b i l i t y  of a drug from a 

suppos i tory .  A recent  survey has been publ ished ( 1 ) .  Five  genera l  

types can be d i s t ingu i shed  ( 2 ) ;  i n  two of t hese  a membrane s e p a r a t e s  

t he  compartment conta in ing  the drug de l ive ry  form from the  sampling 

compartment. I n  the  case of f a t t y  s u p p o s i t o r i e s ,  t he  main purpose of 

the  membrane i s  t o  prevent  f a t t y  compounds from e n t e r i n g  the  samples 

o r  the  on-line flow-through c e l l .  

Very few authors  seem t o  r e a l i z e  t h a t  t he  i n t r o d u c t i o n  of a 

a d d i t i o n a l  process  such a s  membrane t r anspor t  can mask the  a c t u a l  

r e l e a s e  of the  drug from the  de l ive ry  form ( 2 ,  3 ) .  Since i n  the  

development of a drug formula t ion  i t  ?re only the  a c t u a l  release 

c h a r a c t e r i s t i c s  of the  de l ive ry  form t h a t  a r e  of importance and no t  

t he  apparent  r e l e a s e  r a t e  ( a f t e r  d i f f u s i o n ) ,  a comparison of apparent  

r a t e s  miaht give misleading r e s u l t s .  
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384 TUKKER AND DE BLAEY 

I f  a de l ive ry  form (A) i s  placed i n  a membrane-envelopped 

compartment (B) and the  drug concent ra t ion  i s  measured i n  the  

ad jacen t  sampling compartment ( C ) ,  then  the r e l e a s e  model might 

be depic ted  schemat ica l ly  as i n  f i g .  1 .  I f  t he  release of t he  

drug from t h e  d e l i v e r y  form (A+B) i s  f a s t  compared t o  t h e  n e t  

membrane t r anspor t  (WC), t he  l a t t e r  w i l l  become the  rate 

determining s t e p  i n  the  o v e r a l l  p rocess  and the  release rate  

measured i n  the sampling compartment w i l l  become d i f f u s i o n  

con t ro l l ed .  Then the  r e l e a s e  r a t e  measured i n  compartment C i s  

n o t  i d e n t i c a l  t o  t he  a c t u a l  r e l e a s e  ra te .  It  i s  only i E  t he  mem- 

brane t r anspor t  i s  much f a s t e r  than the  r e l e a s e  rate t h a t  t h e  

membrane does no t  a c t  a s  a l i m i t i n g  s t e p .  

However, s ince  most types of d i s s o l u t i o n  appara tus  f o r  suppos i to r i e s  

are provided wi th  membranes having a r e l a t i v e l y  small su r face  

area and most membranes usua l ly  have r a t h e r  s low d i f f u s i o n  

p r o p e r t i e s ,  the  membrane d i f f u s i o n  might o f t e n  be a s u b s t a n t i a l  

r a t e  determining s t e p .  

Moreover, i f  the  same de l ive ry  form i s  t e s t e d  i n  two d i f f e r e n t  

types of d i s s o l u t i o n  appara tus ,  one o r  both of which a r e  provided 

wi th  a membrane, one cannot draw any d e f i n i t e  conclusions about 

the r e l e a s e  c h a r a c t e r i s t i c s  observed. For  in s t ance ,  a d i f f e r e n c e  

i n  the  a r e a  of t he  membrane s u r f a c e ,  i . e .  the  d i f f u s i o n  a r e a ,  and 

i n  the  membrane th ickness ,  can c r e a t e  a marked d i f f e r e n c e  i n  the  

apparent  r e l e a s e  ra te .  On the  o t h e r  hand, comparing formulat ions 

t e s t e d  i n  d i f f e r e n t  appara tus ,  which might happen i n  i n t e r l a b  t e s t s ,  

could mask d i f f e rences  i n  the  a c t u a l  r e l e a s e  rate.  

In  our  opinion i t  i s  e s s e n t i a l  t h a t  t he  a c t u a l  r e l e a s e  be 

es t imated ,  t o  give a good comparison between the  r e l e a s e  cl iaracter-  

i s t i c s  of the  dosage forms, even i f  t he  l a t t e r  are t e s t e d  i n  

d i f f e r e n t  types of appara tus .  The a i m  of t h i s  paper  i s  t o  demon- 

s t ra te ,  both theore  t h i c a l  ly  and exper imenta l ly  , t he  discrepancy 

between a c t u a l  and apparent  r e l e a s e  r a t e s  and t o  f i n d  ou t  whether 

i t  i s  poss ib l e  t o  e l imina te  the  disadvantages caused by the  use  of 

membranes i n  r e l e a s e  t e s t i n g .  Since the  most r e c e n t l y  developed 
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MEMBRANES I N  DISSOLUTION TESTING 
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Figure 1: Schematical  d e s c r i p t i o n  of a release appara tus  wi th  a 

nembrane envelopped r e l e a s e  compartment. For exp lana t ion  

see  t e x t .  

types of apparatus  f o r  the  determining of t he  i n  v i t r o  a v a i l a b i l i t y  

a r e  provided wi th  a semi-permeable membrane, only t h i s  type of 

membrane w i l l  be considered i n  t h i s  paper .  

THE0 RET I CAL AF'P ROACH 

The r e l e a s e  of a drug from a suppos i tory ,  o r  any o t h e r  drug 

de l ive ry  form, enc losed  i n  a s m a l l  membrane-envelopped compartment, 

i s  shown schemat ica l ly  i n  f i g .  1 ,  i n  which A denotes the  de l ive ry  

form and B is t he  s o l v e n t  phase w i t h i n  the  membrane compartment 

wi th  volume vb. The drug i s  exchanged between compartment B and 

the ,  gene ra l ly  l a rge ,  sampling compartment C wi th  volume Vc.  The 

r a t e  of exchange i s  determined by the  microconstants  k23 and k32. 

The k i n e t i c s  of t he  r e l e a s e  and the  d i f f u s i o n  are r ep resen ted  by 

the  fol lowing s e t  of equat ions :  

dMa 
-I - =  

d t  
(eq.  1) 

i n  which M s t ands  f o r  mass and C €o r  the  concen t r a t ion ,  the  

s u b s c r i p t  r e f e r i n g  t o  a p a r t i c u l a r  compartment, I s tands  f o r  t he  
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386 TUKKER AND DE BLAEY 

d rug  release - w i t h  undefined k i n e t i c s  - from t h e  s u p p o s i t o r y  and 

Km ( u n i t :  vol.ume x t ime- ')  c h a r a c t e r i z e s  t h e  membrane t r a n s p o r t .  

I n  non-equivalent  compartments (when vb * Vc) eq .  3 can be r e w r i t t e n  

as : 

S u b s t i t u t i n g  k23  f o r  Km/Vb and k32 f o r  K /Vc  y i e l d s  a f t e r  

rearrangement:  
m 

o r  
k32 1 dMc 

k23 d t  23 

M = -  .- + __ 
b k C 

(eq.  5) 

(eq.  5a) 

Now the  t o t a l  amount of d rug  r e l e a s e d  a t  any t i m e  can be e s t i m a t e d  

u s i n g  eq.  6: 

(eq.  6 )  
1 dMc "b 

M, = Mb + M c  = - '- + ( I  + - )  M 
k 23 d t  V C  

I f  t h e  volume r a t i o  V b / V c  i s  ve ry  s m a l l  ( i . e .  i f  Vb<<Vc) e q .  6 may be 

r e w r i t t e n  a s  : 

1 dMc 
M = -  0 -  

k23 d t  
+ M c  t (eq.  6 a )  

Th i s  e q u a t i o n  i s  analogous t o  t h e  one proposed f o r  t h e  c a l c u l a t i o n  

of t h e  i n  v i v o  a b s o r p t i o n  of  drugs based  on t h e  u r i n a r y  e x c r e t i o n  

d a t a  of  the unchanged d rug  ( 4 ) .  

I n  o r d e r  t o  s o l v e  eq .  5 and eq .  6 t h e  membrane t r a n s p o r t  r a t e  

c o n s t a n t  k23 must be known. Two approaches a r e  p o s s i b l e .  According 

t o  e q .  3 K, cail be o b t a i n e d  a s  the s l o p e  of t he  l i n e a r  p l o t  of t h e  

i n c r e a s e  i n  mass i n  compartment C p e r  u n i t  time v e r s u s  the 

d i f f e r e n c e  i n  c o n c e n t r a t i o n  of d rug  between compartments B and C 

r e s p . ,  when a known amount of  d rug  i n  a f i x e d  volume i s  p u t  i n t o  
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MEMBRANES IN DISSOLUTION TESTING 387 

compartment B .  Since kZ3 = Km/Vb, the  membrane t r a n s p o r t  r a t e  

cons tan t  k can now be ca l cu la t ed .  But more e l e g a n t l y ,  t he  r a t e  

cons tan t  kZ3 can be ca l cu la t ed  d i r e c t l y  i n  each experiment by 

means of the t i m e  vs .  concent ra t ion  curve ( f i g .  2 ) .  When the  

r e l e a s e  of the drug from the  de l ive ry  form i s  f i n i s h e d ,  i t  holds  

t h a t  % = Mt - Mc. S u b s t i t u t i n g  i n  eq.  3 and rearrangement g ives :  

23 

L 

Separa t ing  the  v a r i a b l e s  and i n t e g r a t i n g  y i e l d s :  

‘ 2 3  

k23 
In ( M t - M  1 

k + k  CO 
23  32 

In  t h i s  equat ion  M r ep resen t s  the mass i n  compartment C a t  the  

t i m e  t h a t  the  i n t e g r a t i o n  s t a r t s ,  i . e .  when M 

k23/(k33+k,2) equals  V / ( V  +V ) , t h e  lef t -hand s i d e  of eq .8  

r ep resen t s  the  n a t u r a l  logar i thm of the  t r a n s f e r a b l e  mass. When 

t h i s  parameter i s  p l o t t e d  versus  time one ob ta ins  a l i n e a r  p l o t  

wi th  a s lope  - (kZ3 + k32) .  Since k 23 /k 32 = Vc/Vb ,  s u b s t i t u t i n g  

kZ3.Vb/Vc f o r  k32 shows t h a t  t he  s lope  equals  - k Z 3  ( 1  + V /V >. 
Again, i f  t he  volume r a t i o  i s  very  low, t h e  s lope  w i l l  equa l  - kZ3 
( f i g .  2 a ) .  The co r rec tness  of t h i s  approach w i l l  be proven both 

t h e o r e t i c a l l y  and exper imenta l ly .  

When the r a t e  of r e l e a s e  of a drug from a d e l i v e r y  form fol lows 

f i r s t  o rde r  k i n e t i c s  wi th  a r a t e  cons tan t  k and s ink  cond i t ions  i n  

the  sampling Compartment a r e  obeyed, i n t e g r a t i o n  of eq.1 and eq .2 , in  

which now C 

balance M = Md-M,,-Magives 

co 
= % + Mc. Since 

c c b  

b c  

12’ 

becomes n e g l i g i b l e  smal l ,  and s u b s t i t u t i o n  i n  the  mass 
C 

C 

-k t 
11 

k 2 3 -  k 1 2  (eq.  9) 

23 -k t 
Mco 12 

[ k Z 3  ( 1  - e ) - k I 2  ( 1  - e - 
Mc - 
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388 TUKKER AND DE BLAEY 
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Figure 2: Appearance of the drug i n  measuring compartment C ,  us ing  

a membrane. 

This func t ion  desc r ibes  the  mass of t he  drug i n  t h e  sampling 

compartment C as a func t ion  of time under s ink  cond i t ions  i n  C - l a t e r  

we can s e e  t h a t  C >>C i n  t h e  f i r s t  p a r t  of an experiment.  
b c  

With t h e  a i d  of a computer and a non-l inear  r eg res s ion  program 

i t  moight be p o s s i b l e  t o  f i n d  t h e  f i r s t  o rder  r e l e a s e  

r a t e  cons tan t  k 1 2  from the concent ra t ion  d a t a  i n  compartment C ,  

i f  the  amount r e l eased  and the  membrane t r a n s p o r t  ra te  cons tan t  

k23 are known. 

However, most f i r s t  o rde r  r a t e -con t ro l l ed  de l ive ry  forms 

w i l l  ( e spec ia l ly  i n  the f i r s t  p a r t  of t he  r e l e a s e )  dev ia t e  from 

the  c o r r e c t  f i r s t  o rde r  k i n e t i c s ,  and the  mathematical  approach, 

as d i s t i n c t  from the descr ibed  numerical  approach, w i l l  give less 

cor  re  c t pa r a m  te  r s . 
Simulat ion of the  a c t u a l  and apparent  drug r e l e a s e  wi th  the  

a i d  of a p l o t t i n g  computer shows t h a t  t h e r e  w i l l  be no important  
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MEMBRANES IN DISSOLUTION TESTING 3 89 

Aminophyl I ine III/tt 
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E 

; 100 
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0 300 

>TIMECmin) --_- 600 

Figure 2a: Ln ( t r a n s f e r a b l e  mass) vs  t i m e  curve from the  same 

experiment.  For exp lana t ion  see  t e x t .  

d i f f e rence  between the  a c t u a l  and apparent  r e l e a s e  curves  i f  

k 1 2 < < k 2 3 , e . g .  wherek23 i s  13 o r  26 times l a r g e r  than k I 2  resp .  

( f i g .  3). This may be the  case when the  r e l e a s e  r a t e  from the  

de l ive ry  form i s  very low compared t o  the  d i f f u s i o n ,  as a r e s u l t  

of a r a t h e r  slow r e l e a s e  o r  f a s t  membrane t r a n s p o r t  (due t o  

membrane p r o p e r t i e s  l i k e  membrane th ickness  and/or  s u r f a c e  a r e a ) .  

In  t h i s  p a r t i c u l a r  case  the  l a s t  p a r t  of t he  time vs. concent ra t ior  

curve cannot be used f o r  the  c a l c u l a t i o n  of the  membrane t r a n s p o r t  

rate cons tan t .  For the  c o r r e c t i o n  of the apparent  release curve,  

one has t o  c a l c u l a t e  the  r a t e  cons tan t  according t o  the  method 

descr ibed  e a r l i e r  and 

when the  d i f f e r e n c e  between apparent  and a c t u a l  r e l e a s e  curves 

i s  very smal l ,  as depic ted  i n  f i g .  3 ,  one can s a f e l y  ignore  the  

co r rec t ion .  

use a drug s o l u t i o n  t o  c a l c u l a t e  Km. O r ,  
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390 TUKKER AND DE BLAEY 

4004 

---- > TIMEChrr) 

Figure 3: Simulated a c t u a l  and apparent  r e l ease  curves (see t e x t ) .  

EXPERIMENTAL 

I.  Suppository prepara t ion .  Two batches of suppos i to r i e s  were 

prepared by the fus ion  method. Each suppos i tory  contained approx. 

360 mg of aminophylline i n  a f a t t y  suppos i tory  base (Witepsol H I 5  

o r  Estarinum B ) .  Af t e r  prepara t ion  the conten t  uniformity w a s  

determined and found t o  be wi th in  acceptab le  l i m i t s  f o r  a l l  

batches ( G . V .  < I % ) .  

11. Release apparatus .  The r e l ease  apparatus  used was e s s e n t i a l l y  

the  same as  descr ibed  e a r l i e r  (5) and i s  depic ted  schemat ica l ly  

i n  f i g .  4 .  A semi-permeable membrane i s  a t t ached  t o  one end of the 

g l a s s  tube ( i n t .  diam. 36 nun) wi th  the he lp  of  a rubber O-ring. 

In s ide  the r e l ease  chamber the  so lu t e  was mixed by means of a small  

s t i r r e r  to  ensure a uniform concent ra t ion  of drug throughout t he  

c e n t r a l  compartment, and reproducible  d i f fus ion  circumstances 

without  d i s tu rb ing  the suppos i tory .  The concent ra t ion  of the drug 
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MEMBRANES I N  DISSOLUTION TESTING 39 1 

v I 
II I I 

1 1 ,  
I I  

& 
Figure 4 :  Diagram of the  r e l e a s e  appara tus  used. 

i n  the  sampling compartment was measured cont inuously spec t ro-  

photometr ica l ly .  The temperature i n  the  r e l e a s e  compartment w a s  kep t  

cons tan t  a t  37.0 + 0 . 2  C.  The release medium was demineral ized wa te r  

and the  volume of compartment B was  10.0 o r  25.0 m l  ( accu ra t e ly  

known i n  each experiment) and 2000 m l  i n  compartment C. 

111. Membranes. Four d i f f e r e n t  membranes were used: Visking 

regenera ted  c e l l u l o s e  d i a l y s i s  t ub ing ,  types 20 and C-65, and 

Diachema c e l l u l o s e  hydra te  d i a l y s i s  membrane , molecular weight 

cut-off 5000 and I0000 resp .  A f t e r  t he  membranes have been a t t ached  

to  the g l a s s  tube,  they were soaked overn ight  i n  demineral ized 

water and r in sed  w e l l  before  use.  The r e l e a s e  appara tus  descr ibed  

was provided wi th  one of these  fou r  types of membranes. 

Suppos i tor ies  from each ba tch  were t e s t e d .  Other s u p p o s i t o r i e s  

from the  same batches were t e s t e d  i n  the  same s e t  up wi thout  a 

membrane. 

0 
- 

When the  concent ra t ion  i n  compartment C reached a cons tan t  

l e v e l ,  i . e .  when the  n e t  i n f l u x  equa l l ed  zero ,  the  experiment w a s  

terminated.  No c o r r e c t i o n  was made f o r  the  r e l a t i v e l y  small amount 

of drug remaining i n  s o l u t i o n  i n  compartment B when a membrane was 

used, s i n c e  Mb/Mc = V /V 
k23 w a s  c a l c u l a t e d  a f t e r  each experiment by p l o t t i n g  the  In 

= 10/2000. The d i f f u s i o n  r a t e  cons tan t  b c  
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39 2 TUKKER AND DE BLAEY 

( t r a n s f e r a b l e  mass) vs .  time and c a l c u l a t i n g  the  s lope  of t he  

s t r a i g h t  l i n e  ( f i g .  2a) .  Since k 

very small compared t o  k 2 3  (depending on the  volume of water ,  i . e .  

10 o r  25 rn l  i n  compartment B ,  k 2 3  was 200 and 80 times l a r g e r  than 

k32 r e s p . ) ,  the  s lope  was taken as  - kZ3.  

RESULTS AND DISCUSSION 

= k 2 3 ~  V / V  and i s  the re fo re  32 b c  

Simulat ion of the  a c t u a l  and apparent  drug r e l e a s e  wi th  the  
- 1  a i d  of a computer, us ing  eq .  9 and microconstants  k = 0.015 min 

and k23 = 0.002 min 

shown i n  f i g .  5.  Using eq. 6a ,  the amount i n  B and thus the  t o t a l  

amount re leased  could be ca l cu la t ed ,  on the  b a s i s  of  the  

concent ra t ion  d a t a  i n  compartment C: the  t o t a l  amount c a l c u l a t e d  

i s  a l s o  depicted i n  f i g .  5 by the  continuous l i n e .  The c a l c u l a t e d  

12 - 1  r e sp . ,  gave an apparent  r e l e a s e  curve a s  

---- > TIMEChrr) 

Figure 5 :  Actual (---) and apparent  (C )  r e l e a s e  curves  a f t e r  

s imula t ion .  The continuous upper l i n e  i n d i c a t e s  the 

c a l c u l a t e d  r e l e a s e .  
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Figure 6 :  Actual ( 1 )  and apparent  ( C )  r e l ease  curves us ing  a " rap id  
-3 - d i f fus ion"  membrane (kZ3= 9.10 min '). T= c a l c u l a t e d  

r e l e a s e ,  B= drug i n  compartment B.  

r e l e a s e  curve i s  no t  e s s e n t i a l l y  d i f f e r e n t  from the s imulated 

curve t h a t  i s  based on f i r s t  o rder  k i n e t i c s ,  and t h i s  i n d i c a t e s  

t h a t  t h i s  approach i s  j u s t i f i e d .  

I n  curve C an i n f l e x i o n  can be seen a t  t = 2.5 hours approx. The 

time a t  which t h i s  i n f l ex ion  occurs  can be ca l cu la t ed  us ing  the  

second de r iva t ive  of eq.  9 ,  which g ives :  

k2 3 1 
t = In (-) 

12 k23 - k12 
k 

This i n f l e x i o n  i n d i c a t e s  t h a t  a t  t h e  corresponding t i m e  the  inpu t  

p e r  u n i t  t i m e  i n  B i s  equal  t o  the n e t  output ;  t h i s  sugges ts  t h a t  

the  r e l ease  from the  dosage form i s  almost f i n i shed ,  o r  has  become 

neg l ig ib ly  small  compared t o  the  d i f fus ion .  
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394 TUKKER AND DE BLAEY 
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Figure 7: Calculated and apparent  r e l e a s e  us ing  d i f f e r e n t  volumes 

of water i n  compartment B ( see  t e x t ) .  Curve 1:volume B = 1 0  m l ;  

curve 2:25 m l .  

The same numerical  method w a s  app l i ed  t o  s u p p o s i t o r i e s  t e s t e d  

i n  the  descr ibed  r e l e a s e  appara tus .  When a suppos i tory  was t e s t e d  

wi thout  a membrane, a r e l e a s e  of 70% was found t o  occur wi th in  

45 min. ( f i g .  6 ,  curve I ) .  When a " rap id  d i f fus ion"  Diachema 10000 

membrane wi th  a t r a n s p o r t  r a t e  cons t an t  k = 9.10 min w a s  

used, the  drug was much s lower i n  appear ing  i n  the  measuring 

compartment,as expected.  Only a f t e r  3 hours  70% w a s  found i n  C 

( f i g .  6 ,  curve C). By c a l c u l a t i n g  the inc rease  i n  mass i n  C and 

us ing  eq. 6a,  w e  could c a l c u l a t e  the  a c t u a l  r e l e a s e  from the  

suppos i tory  ( f i g .  6 ,  curve T ) .  I t  i s  shown i n  f i g .  6 t h a t  t h i s  

ca l cu la t ed  curve,  T ,  i s  e s s e n t i a l l y  the  same as  the  curve measured 

without  a membrane. The c a l c u l a t e d  curve shows a s l i g h t  o s c i l l a t i o n ,  

due t o  the  f a c t  t h a t  i n  the  c a l c u l a t i o n  of AM s m a l l  e r r o r s  a r e  

en larged  because of the  d i v i s i o n  by kZ3 (eq.  6 and 6a ) .  In  the  

- 3  - 1  
23  

C 
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100 

50 

0 

0 60 I20 
---- > T I M E  (rnin) 

180 

Figure 8 :  Apparent and c a l c u l a t e d  r e l e a s e  us ing  d i f f e r e n t  membranes. 
-3 - 1  

-3 
Key 1 = Visking 20 ; k23 = 6 .3 -10  min 

2 = Visking C-65 ; k,, = 3.5.10 
L-l -3 3 = Diachema 10000 ; k,, = 9 *I0  
L;)  -3 4 = Diachema 5000 ; k23 = 5.7.10 

same f i g u r e  the  mass i n  B i s  p l o t t e d  as a percentage of the  t o t a l  

conten t  of t he  suppos i tory  ( f i g .  6 ,  curve B ) .  It can be seen from 

t h i s  f i g u r e  t h a t  dur ing  the  f i r s t  hour of t he  experiment a 

s u b s t a n t i a l  amount of drug i s  p r e s e n t  i n  the c e n t r a l  compartment. 

This curve a l s o  shows t h a t  t he  concent ra t ion  i n  the  c e n t r a l  

compartment reaches a maximum a t  the  same time as an  i n f l e x i o n  

appears i n  curve C. A t  t h i s  moment approx. 90% of the  t o t a l  i n  

v i t r o  a v a i l a b i l i t y  w a s  reached. 

Inc reas ing  the  amount of water  i n s i d e  the  r e l e a s e  compartment 

B from 10 t o  25 m l  caused a marked decrease i n  the  ra te  a t  which 

the  drug appeared i n  compartment C ( f i g .  7 ,  curve 1 ) .  
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396 TUKKER AND DE BLAEY 

In  the  same f i g u r e  the  mass of the  a c t i v e  compound i s  dep ic t ed  

when the  same membrane i s  used but  t he  amount of water i n  B was 

10 m l  (curve 2 ) .  

This r e s u l t  shows c l e a r l y  the  pronounced in f luence  of the  volume 

of the c e n t r a l  compartment. Since k23 equa l s  Km/Vb, t he  membrane 

t r anspor t  r a t e  cons tan t  w i l l  decrease i n  p ropor t ion  t o  the  volume 
- 3  

i nc rease  i n  B ( f o r  a 10 m l  volume: k23 = 5.29 x 10 
-3 - 25 m l :  k23  = 2.36 x 10 

min-l; 

min I ) .  Ca lcu la t ion  of t he  a c t u a l  r e l e a s e  

however, on the  b a s i s  of these  rate cons t an t s ,  shows t h a t  i n  

r e a l i t y  the  inc rease  i n  volume of the  r e l e a s e  compartment has  no 

e f f e c t  on the  release rate of the  drug. 

When membranes wi th  d i f f e r e n t  membrane t r a n p o r t  r a t e  cons t an t s  

were used,  the rate of appearance i n  the  sampling compartment C 

va r i ed  accordingly ( f i g .  8 ) .  I n  the  same f i g u r e  we give the  

r e l e a s e  curves c a l c u l a t e d  wi th  the  he lp  of eq.  6a.  Despi te  t he  

f a c t  t h a t  the  drug i n  the sample compartment w a s  much slower i n  

appearing when e .  g. a Visking C-65 membrane w a s  used (curve 2 )  , 
the  ca l cu la t ed  release r a t e  was equ iva len t  t o  the  o t h e r  c a l c u l a t e d  

release rates (within the experimental  l i m i t s ) .  

CONCLUSIONS 
~~ 

This paper i n d i c a t e s  t h a t  i t  might be p o s s i b l e  t o  c a l c u l a t e  

the  a c t u a l  r e l e a s e  rate of a drug from a f i r s t  o rde r  r a t e - c o n t r o l l e d  

dosage form by means of non-l inear  r eg res s ion  a n a l y s i s  of t he  apparent  

r e l e a s e  d a t a ,  i f  t h i s  r e l e a s e  r a t e  is measured i n  w e l l  designed 

r e l e a s e  apparatus  provided wi th  a membrane. 

However, since most de l ive ry  forms do n o t  fol low f i r s t  o r d e r  

k i n e t i c s  from the  very beginning of t he  release, the  descr ibed  

numerical  c a l c u l a t i o n  of the  release w i l l  g ive more s a t i s f a c t o r y  

r e s u l t s .  Although we have shown t h a t  i t  i s  poss ib l e  t o  c a l c u l a t e  

the  a c t u a l  drug r e l e a s e  r a t e  exper imenta l ly ,  i t  should be poin ted  

ou t  t h a t  t h i s  technique may only be app l i ed  i f  c e r t a i n  s t r i c t  

condi t ions  a r e  observed: the  membrane t r a n s p o r t  ra te  cons t an t  ~ 

necessary  f o r  the  c a l c u l a t i o n  of  the mass i n  the  c e n t r a l  

compartment, must r e a l l y  be a cons tan t  throughout t he  experiment.  
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This w i l l  only be the  case when the  area of the  membrane s u r f a c e  

remains cons t an t ,  t he  s o l u t e  i n  the  r e l e a s e  compartment i s  w e l l  

s t i r r e d  and the  volume i n  t h i s  compartment remains cons t an t .  When 

the re  i s  no mixing i n  the  c e n t r a l  compartment, the  concent ra t ion  

of t he  drug i n  t h i s  compartment w i l l  n o t  be equal  i n  a l l  i t s  p a r t s .  

For example due t o  convection dur ing  the  r e l e a s e  of t he  drug a 

c e r t a i n  degree of mixing w i l l  occur  but  when the  r e l e a s e  deminishes,  

the  f l u x  of the  drug towards the  membrane w i l l  u l t i m a t e l y  only 

occur a s  a r e s u l t  of d i f fus ion .  

I f  t h e r e  i s  too l i t t l e  water  i n  the  c e n t r a l  compartment t he  

concent ra t ions  of the  drug i n s i d e  the  membrane envelopped compartment 

might become too h igh  and thus cause an osmotic i n f l u x  of water. 

This i n f l u x  of water w i l l  cause an i n c r e a s e  i n  volume and accord ingly  

a decrease i n  the  rate"constant"k which i s  no longer  a cons t an t .  2 3 '  
I n  most types of release appara tus  the  l a s t  two cond i t ions  r e l a t i n g  

t o  mixing and cons tan t  c e n t r a l  volume are n o t  observed, and thus 

i n  most cases  i t  w i l l  n o t  be p o s s i b l e  t o  c a l c u l a t e  t he  a c t u a l  

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

Moreover, s i n c e  the  r a t i o  between the  membrane t r a n s p o r t  r a t e  

cons tan t  and the  r e l e a s e  rate from the  dosage form w i l l  have a 

cons iderable  in f luence  on the  d i f f e r e n c e  between apparent  and 

a c t u a l  r e l e a s e  (and thus on the  t o t a l  amount of t he  drug  i n  the  

r e l e a s e  compartment), i t  should be c l e a r  t h a t  a r e l a t i v e l y  low 

membrane t r a n s p o r t  rate might cause a high concent ra t ion  of t he  

drug i n  the  c e n t r a l  compartment, thus  caus ing  non-sink condi t ions .  

Then the  membrane used might have an a d d i t i o n a l  i n f luence  on the  

r e l ease  ra te  of the drug. This i n f luence  may be cons iderable  i n  

the  case of drugs wi th  slow d i f f u s i o n  o r  membranes w i t h  low 

p e r m e a b i l i t i e s ,  e .g .  due t o  a s m a l l  su r f ace  a rea .  

I n  our  opinion i t  i s  no t  only use fu l  b u t  i t  i s  e s s e n t i a l  

t o  c a l c u l a t e  the  a c t u a l  release r a t e  of any drug from a dosage 

form i f  us ing  a d i s s o l u t i o n  appara tus  provided wi th  a membrane. 

This w i l l  only be p o s s i b l e  i f  t he  r e l e a s e  appara tus  has  been 

proper ly  designed . 
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