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THEORETICAL RATIONALE FOR DRUG RELEASE FROM NON-IDEALISED, PLANAR, 

PERFORATED LAMINATES 

E.J. Pywell and J.H. Collett, Department of Pharmacy, University 

of Manchester, Manchester M13 9PL 

ABSTRACT 

Methods of achieving the ideal of zero-order drug release 

kinetics are discussed with particular reference to the 

"multiple-hole approach". 

certain assumptions are made concerning device geometry which may 

not hold in practice due to manufacturing procedures. The 

resultant non-conformity of device geometry requires modification 

of previously described equations of drug release from multiple 

hole devices. In this paper, a theoretical rationale for drug 

release from a non-idealised planar matrix surface exposed 

through multiple holes in an impermeable laminate is derived from 

first principles. 

When considering this approach, 

INTRODUCTION 

Diffusion controlled matrices have been amongst the most 

widely used drug delivery systems for prolonged release, but a 
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common disadvantage i s  t h e i r  i n a b i l i t y  t o  achieve 

zero-order drug r e l e a s e  k i n e t i c s ”  ’. Most mat r ix  

PYWELL AND COLLETT 

the  i d e a l  of 

devi  c es have 

been designed i n  t h e  form of a r ec t angu la r  s l a b  where i t  has  been 

observed t h a t  t h e  cumulative amount of drug r e l e a s e d ,  i n  v i t r o  
3-7 and i n  vivo, is  p ropor t iona l  t o  t h e  square  r o o t  of t ime . 

Laminating a ra te  c o n t r o l l i n g  membrane t o  t h e  r e l e a s i n g  f ace  

of a mat r ix ,  where t h e  membrane i s  l e s s  permeable t o  t h e  drug than 

t h e  mat r ix ,  provides  t h e  means of achieving zero-order drug 

r e l e a s e .  Employing ra te  c o n t r o l l i n g  membranes t o  achieve  zero- 

order  r e l e a s e  k i n e t i c s  r equ i r e s  t h e  choice  of a s u i t a b l e  membrane 

dependent on the  s o l u b i l i t y  and d i f f u s i o n  c o e f f i c i e n t  of t h e  drug 

i n  t h e  membrane. Therefore ,  a s p e c i f i c  membrane may be  requi red  

f o r  each d i f f e r e n t  drug t o  be incorpora ted  i n t o  the  system. 

An a l t e r n a t i v e  method of c o n t r o l l i n g  r e l e a s e  k i n e t i c s  from 

matr ix  systems i s  t o  change the  ma t r ix  geometry. Although some 

geometries,  i n  p a r t i c u l a r  hemispherical  geometries , can provide 

zero-order r e l e a s e  k i n e t i c s ,  a s p e c i a l  shape may be r equ i r ed  which 

could be unsu i t ab le  depending on t h e  end-use a p p l i c a t i o n  of t h e  

system. 

8 

Kuu and Yalkowsky proposed a r a t i o n a l e  f o r  ob ta in ing  cons t an t  

drug r e l e a s e  by laminat ing an impermeable membrane, wi th  m u l t i p l e  

9 c i r c u l a r  pe r fo ra t ions  a t  s p e c i f i c  s epa ra t ion ,  onto a ma t r ix  s l a b  . 
The membrane was assumed t o  be impermeable t o  drug and so  drug is  

r e l eased  only  through t h e  holes .  

The r a t e  and du ra t ion  of drug r e l e a s e  can e a s i l y  be  modified 

by a s imple a l t e r a t i o n  of h o l e  s i z e  and s p a c i a l  d i s t r i b u t i o n ,  h o l e  
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DRUG RELEASE FROM NON-IDEALISED, PLANAR, PERFORATED LAMINATES 2389 

9 conf igu ra t ion  and ho le  number , A gene ra l  equat ion  desc r ibes  

r e l e a s e  : 

J = 2 N ~ D a c  equat ion  1 
S 

where J i s  the  d i f f u s i o n  r a t e ,  N i s  the  t o t a l  number of ho le s  on 

t h e  device ,  D i s  t h e  d i f f u s i o n  c o e f f i c i e n t  of t h e  drug i n  t h e  

mat r ix ,  a i s  t h e  ho le  diameter  (where a = 2a;) and C 

s o l u b i l i t y  of t he  drug i n  t h e  mat r ix .  Therefore ,  t h e  "mult iple-  

ho le  approach" t o  obta in ing  zero-order r e l e a s e  o f f e r s  a g r e a t e r  

degree of f l e x i b i l i t y  i n  t h e  s e l e c t i o n  of a ma t r ix  m a t e r i a l  i n  t h a t  

t h e  r a t e  and du ra t ion  of drug r e l e a s e  can be  a l t e r e d  by easy 

adjustment  of h o l e  s i z e  and dens i ty .  I n  add i t ion ,  i t  al lows f o r  

t h e  r e l e a s e  of macromolecules which w i l l  no t  pass  through conven- 

t i o n a l  r a t e  c o n t r o l l i n g  membranes. 

i s  t h e  
S 

However, t h e  "mult iple-hole  approach" assumes t h a t  hemispher- 

9 i c a l  ho le s  a r e  made i n t o  t h e  polymer ma t r ix  . I n  p r a c t i c e ,  t h e  

f a b r i c a t i o n  of laminates  comprising an impermeable membrane 

pe r fo ra t ed  wi th  r e g u l a r l y  spaced holes  which are cont inuous w i t h  

p lanar  ho les  i n  t h e  membrane ( a s  opposed t o  hemispherical  ho le s )  

i s  a n t i c i p a t e d .  Consequently,  such a mod i f i ca t ion  of device  

geometry r e q u i r e s  mod i f i ca t ion  of t he  equat ion  which desc r ibes  

drug r e l e a s e .  

equat ion  f o r  drug r e l e a s e  from a p lanar  ma t r ix  s u r f a c e  exposed 

through m u l t i p l e  ho le s  i n  an impermeable laminate .  

Theore t i ca l  - Development of t h e  modified r e l e a s e  equat ion.  

I n  t h i s  work we have developed a t h e o r e t i c a l  

A gene ra l  express ion  desc r ibes  t h e  r e l e a s e  of drug from i n e r t  

mat r ices  : 

DAd c 
d t  dh 
- =  dQ - equat ion  2 
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2390 PYWELL AND COLLETT 

where Q is the mass of drug being transferred, t is time, c is the 

drug concentration, D is the diffusion coefficient of the drug and 

A is the total cross-sectional area of the diffusion path at 

distance h, where h is the distance from the diffusion source to 

the release surface. Integrating equation 2 to give the diffusion 

rate yields: 

equation 3 

where h is the initial boundary, C is the drug concentration 

at the dissolution surface, C is the drug concentration at the 

initial boundary and H is the distance to the receding boundary. 

0 S 

a 

Therefore, it is apparent that the diffusion rate is dependent 

upon the diffusion time, t, and, assuming that the initial drug 

concentration is much higher than the drug solubility, then: 

J = dM 
dt 
- equation 4 

where J is the diffusion rate and M is the total mass of drug 

dissolved in the diffusional path at anytime. Since the diffusion 

of the drug through the matrix is the rate controlling step, the 

concentration of the drug in the matrix at h=o is negligible. 

Therefore, substituting h =o and C =o into equation 3 and 

integrating gives equation 5 where the diffusion rate is shown to 
0 a 

be inversely proportional to H: 

J = ADCs - 
H 

equation 5 
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DRUG RELEASE FROM NON-IDEALISED, PLANAR, PERFORATED LAMINATES 2391 

where A i s  the  s u r f a c e  a r e a  of t he  r e l e a s i n g  f ace .  Here we assume 

t h a t  t h e  drug concen t r a t ion  i n  t h e  d i s s o l u t i o n  medium i s  i n i t i a l l y  

zero and t h a t  t h e  p a r t i t i o n  c o e f f i c i e n t  of t he  drug between t h e  

d i s s o l u t i o n  medium and t h e  ma t r ix  i s  un i ty .  

The va lue  of H i s  obta ined  from equat ions  3 ,  4 and 5 by 

s u b s t i t u t i n g  v i n t o  equat ion  6: 

M = V ?  equat ion  6 

where V i s  the  volume of t h e  ma t r ix  i n  t h e  d i f f u s i o n  reg ion  

(equal t o  AH) and ? 
matrix,  The va lue  of H ,  t h e r e f o r e ,  i s  g iven  by: 

i s  the  weight of drug per  u n i t  volume of 

H = 2DC t ’ 
($-) 

The d i f f u s i o n  r a t e  i s  then descr ibed  by: 
1 

J = A  

equat ion  7 

equat ion  8 

Equation 8 shows t h a t  t h e  d i f f u s i o n  r a t e  i s  i n v e r s e l y  p ropor t iona l  

t o  the  square-root  of t i m e .  

one-dimensional model of Higuchi . 
Equation 8 can b e  compared wi th  t h e  

3Y4 

Having e s t a b l i s h e d  t h e  r e l a t i o n s h i p  between t h e  d i s t a n c e  t o  

the  receding boundary, H,  and t ime, t (equat ion  7) it is  p o s s i b l e  

t o  d e r i v e  an equat ion  which w i l l  de sc r ibe  drug r e l e a s e  from a 

p lanar  mat r ix  su r face  exposed through m u l t i p l e  ho le s  i n  an 

impermeable laminate .  

so ,  i n i t i a l l y ,  r e l e a s e  w i l l  follow square-root  of t i m e  dependent 

k i n e t i c s .  A s  t h e  f r o n t  of drug d i s s o l u t i o n  recedes i n t o  t h e  

polymer mat r ix ,  t h e  presence of t he  impermeable membrane 

The r e l e a s i n g  f a c e  w i l l  always be  p l ana r  D
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2392 PYWELL AND COLLETT 

surrounding each h o l e  w i l l  i n f luence  the  drug d i f f u s i o n  pa th .  

Figure 1 shows a schematic d e s c r i p t i o n  of drug d i s s o l u t i o n  and 

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

developing a s  a series of segments of c i r c l e s  of changing r ad ius .  

On a three-dimensional s c a l e ,  t h i s  becomes a s e r i e s  of segments 

of spheres  of changing r ad ius ,  r .  From simple t r igonometry,  t h e  

a rea ,  A, of t h e  segment of a sphere i s  descr ibed  by t h e  fol lowing 

r e l a t i o n s h i p :  

A = 21rrH equat ion  9 

where r i s  the  r ad ius  of t he  sphere  and H i s  the  h e i g h t  of t h e  

segment. Equation 9 ,  t he re fo re ,  enables  a c a l c u l a t i o n  t o  be made 

of t h e  t o t a l  su r f ace  a rea  of each r e l e a s i n g  face .  The r ad ius  of 

each sphere  i s  given by the  equat ion:  
n 

equat ion  10 

where a i s  t h e  l eng th  of t h e  cord which c u t s  each segment 

(Figure 1) and which i s  c a l c u l a t e d  from t h e  equat ion:  

(where a .  i s  

segment of a 

1 

H r ep resen t s  

a = 2(a .  + H) equat ion  11 
1 

t he  r ad ius  of t h e  h o l e ) .  Therefore ,  t he  a r e a  of t h e  

sphere  i s  given by t h e  fol lowing equat ion:  

equat ion  12 2 A = 21~(',a?. + aiH + H ) 
1 

the  he igh t  of t h e  segment and, t h e r e f o r e ,  t h e  

d i s t ance  t o  the  receding boundary. The r e l a t i o n s h i p  between H 

and t has prev ious ly  been determined (equat ion  7 ) .  Therefore ,  

t h e  t o t a l  su r f ace  a r e a  a v a i l a b l e  f o r  r e l e a s e  from a p lana r  ma t r ix  
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- -  

NON-PERMEABLE R E C E D I N G  BOUNDARIES 
PERFORATED MEMBRANE 

. .  '\\ ' \ 

\ \ \  \ I / /  
I 

I / /  'h ' I 

' \ '\ 

.. , 

FIGURE I 

Schematic description of the formation of receding boundaries of 
drug dissolution from a planar hole. 
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PYWELL AND COLLETT 2394 

exposed through a single hole in an impermeable laminate 

increases as a function of time according to the relationship: 

+ (?)I equation 13 

J 
From the Higuchi one-dimensional release model3' 4, release from 

a slab follows square-root of time dependent kinetics where the 

diffusion rate is inversely proportional to the square-root of 

time (equation 8) .  Substituting equation 13 into equation 8 

gives : 
2 I I -1  

J = 1na i (2DCs)'pZt 

+ na. (2DCs) 

+ T (2DCs) 3 1 2  Q -fti 
1 

equation 14 

Integrating equation 14 gives the amount of drug release from a 

planar matrix exposed through a single hole in an impermeable 

laminate after time, t: 

+ na. (2DC )t 

+ 2/3rr (2DCs) 3 1 ~  9 -1,3i2 
1 S 

equation 15 

The amount of drug released through multiple holes after time, t, 

is described by: 

Qt = NQ equation 16 

where N is the number of holes on the device. Thus the release of 
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DRUG RELEASE FROM NON-IDEALISED, PLANAR, PERFORATED LAMINATES 2395 

drug from multiple-planar holes is predicted by a three parameter 

release model. 
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