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ABSTRACT 

A m o d i f i c a t i o n  i n  baske t - rack  assembly i s  proposed t h a t  

enab le s  one t o  deve lop  t h e  mathemat ica l  model f o r  d i s i n t e g r a -  

t i o n  of s o l i d  dosage form. Once t h e  pa rame te r s  of  t h e  model 

i s  known, t h e  t r u e  d i s i n t e g r a t i o n  ra te  c o n s t a n t  can be deter-  

mined. The method i s  based on t h e  assumpti.on of  deaggrega t ion  

of  s o l i d  dosage forms i n  a cascading  

INTRODUCTION 

system. 

Although d i s i n t e g r a t i o n  i s  cons ide red  t o  be impor tan t  i n  

t h e  a b s o r p t i o n  of o r a l l y  admin i s t e red  s o l i d  dosage forms, few 

s t u d i e s  can  b e  found i n  t h e  l i t e r a t u r e  r ega rd ing  t h e  mathemat ica l  

expres s ion  of d i s i n t e g r a t i o n  p r o f i l e s .  One of  t h e  d i f f i c u l t i e s  
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1348 B O R O U J E R D I  

i n  deve loping  such a n  e x p r e s s i o n  and c a l c u l a t i n g  t h e  t r u e  

d i s i n t e g r a t i o n  r a t e  c o n s t a n t  i s  t h e  a b s t r a c t i o n  of t h e  baske t -  

r a c k  a p p a r a t u s .  I n  1970, S a n d e l l  (1) proposed t h a t  a d i s i n t e -  

g r a t i o n  test  should  be: " . . . .deve loped  and improved s o  t h a t  i t  

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

and deaggrega te  i n  such a way t h a t  t h e  o r i g i n a l  drug p a r t i c l e s  

are formed." H e  performed some p r e l i m i n a r y  s t u d i e s  u s i n g  3Omm 

d i a m e t e r  P l e x i g l a s s  t u b e  c o n t a i n i n g  t h r e e  sieves. The sieve 

openings  were 2mm, 0.5mm and O . l m m ,  r e s p e c t i v e l y .  The t u b e  

w a s  r a i s e d  and lowered l c m  eve ry  10  seconds  i n  water a t  3 J ° C .  

A f t e r  a p e r i o d  of t i m e ,  t h e  g r a n u l e s  on t h e  s i e v e s  w e r e  d r i e d  

and t h e  amount on each sieve w a s  de te rmined .  T h i s  approach ,  

w i t h  some m o d i f i c a t i o n s ,  combined w i t h  t h e  baske t - r ack  appara-  

t u s  can be  used  t o  c h a r a c t e r i z e  t h e  dynamic p r o c e s s  of d i s i n t e -  

g r a t i o n .  It i s  a l s o  wor th  n o t i n g  t h a t  h i s  d e f i n i t i o n  of d i s i n -  

t e g r a t i o n  t es t  i s  v e r y  much i n  acco rd  w i t h  t h e  one i n  USP XXI 

(2)  

I n  t h i s  a r t i c l e  t h e  baske t - r ack  assembly h a s  been modi- 

f i e d  t o  i n c l u d e  t h e  superimposed sieves. The modi f ied  appara-  

t u s  h a s  been used  t o  deve lop  a mathemat ica l  model based on t h e  

assumpt ion  of deaggrega t ion  of s o l i d  dosage  forms. I t  h a s  been 

sugges t ed  t h a t  t h e  a p p a r a t u s  and t h e  model can  b e  used t o  obse rve  

t h e  d i s i n t e g r a t i o n  p r o f i l e  of a g i v e n  s o l i d  dosage  form and t o  

d e f i n e  t h e  t r u e  d i s i n t e g r a t i o n  ra te  c o n s t a n t .  
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MATHEMATICAL MODEL FOR D I S I N T E G R A T I O N  1349 

EXPERIMENTAL 

The b a s k e t - r a c k  a s s e m b l y  of  USP d i s i n t e g r a t i o n  a p p a r a t u s  

(Van-Kel I n d u s t r i e s ,  I n c . )  w a s  m o d i f i e d  t o  i n c l u d e  t h e  f o l l o w i n g  

d e t a i l s .  Each t u b e  w a s  d i v i d e d  i n t o  3-5 compartments  by minia-  

t u r e  s i e v e s  a r r a n g e d  i n  t i e r  of e q u a l  d i s t : a n c e .  The t u b e s  can 

a c t u a l l y  b e  c u t  t o  form t h e  m i n i a t u r e  s ieves ,  The s ieves  were 

equipped  w i t h  meshes of 5,7,10,20, w i t h  a r i t h m e t i c  mean of open- 

i n g  of 3.4mm, 2.4mm, and 1.4mm, t h u s  g i v i n g  f o u r  g r a d e  s i z e s  

of a g g r e g a t e s .  The rest  o f  t h e  equipment  w a s  assembled  as  

d e s c r i b e d  i n  USP. The speed  of  t h e  motor  and t h e  l e n g t h  of  

t h e  s t r o k e  t o  move t h e  b a s k e t  c o n t a i n i n g  t h e  s i x  compartmen- 

t a l i z e d  t u b e s ,  up and down, w a s  a t  t h e  r a t e  of  n o t  less t h a n  

28 and n o t  more t h a n  32 c o m p l e t e  c y c l e s  p e r  m i n u t e .  However, 

t h e  d i s t a n c e  of t h e  s t r o k e  d i d  n o t  exceed  t h e  h e i g h t  of t h e  

f i r s t  c:ompartment. T o  o p e r a t e  t h e  a p p a r a t u s  c o a t e d  p l a c e b o  

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

f i r s t  compartment w i t h  t h e  sieve o p e n i n g  of 4 m ) .  The 

b a s k e t  was t h e n  set  i n  m o t i o n  u n d e r  t h e  same c o n d i t i o n s  

d e s c r i b e d  i n  US? X X I  ( 2 ) .  The w e i g h t  s i z e  d i s t r i b u t i o n  as  

f u n c t i o n  of t i m e  w a s  d e t e r m i n e d  by removing t h e  t u b e s  a t  

d i f f e r e n t  t i m e  i n t e r v a l s  and d r y i n g  and weighing  t h e  a g g r e -  

g a t e s .  A f r e q u e n c y  d i s t r i b u t i o n  c a n  t h e n  b e  imposed on t h e  

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

t e g r a t i o n  c a p a b i l i t y  was a s s i g n e d  t o  e a c h  s t a t e .  
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1350 

THEORY 

BOROUJERDI 

I f  w e  assume t h a t  t h e s e  f r a c t i o n a t e d  a g g r e g a t e s  charac-  

t e r i z e  t h e  s ta te  of  t h e  s o l i d  dosage  form d u r i n g  t h e  d i s i n t e -  

g r a t i o n ,  t h e n  s t a t e  1, r e t a i n e d  i n  a l l  compartments of  1, 

i s  t h e  p e r c e n t a g e  o f  a g g r e g a t e s  of  s i z e  N ( i . e . ,  3 . 4 ) ;  s ta te  

2 ,  r e t a i n e d  i n  a l l  compartments of 11 2 ,  i s  t h e  pe rcen tage  of 

a g g r e g a t e s  of s i z e  N-1 ( i . e . ,  2.4), and so on. The l as t  s ta te  

i s  assumed t o  b e  t h e  t o t a l l y  d i s i n t e g r a t e d  s ta te .  Assoc ia t ed  

w i t h  each s ta te  i s  a decay  ra te  c o n s t a n t ,  K i ,  t h a t  r e p r e s e n t s  

t h e  p r o b a b i l i t y  of t h e  a g g r e g a t e s  t o  be  s i e v e d  through a par-  

t i c u l a r  compartment. The p r o c e s s  of d i s i n t e g r a t i o n  i s  assumed 

t o  t a k e  p l a c e  i n  t h e  fo l lowing  manner: t h e  a g g r e g a t e s  of  s i z e  

3.4mm are reduced t o  2.4mm and t h e  a g g r e g a t e s  of 2.4mm are 

reduced t o  1.4mm a l l  a l o n g  t h e  c h a i n  of  s ta tes  u n t i l  t h e  aggre-  

g a t e s  a r e  no l o n g e r  l a r g e r  t h a n  t h e  s i e v e  opening of  t h e  l a s t  

compartment. W e  have  i n  e s s e n c e  a cascad ing  e f f e c t  of l a r g e r  

p a r t i c l e  s i z e  t o  smaller p a r t i c l e  s i z e .  

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

t e g r a t i o n  p r o c e s s  i n  t h e  cascad ing  a p p a r a t u s  where P i  ( i  = 1,..,4) 

i s  t h e  p e r c e n t  of a g g r e g a t e s  a t  each  s t a t e  i s  

- dP2 = KIPI-KZPZ, 
d t  
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MATHEMATICAL MODEL FOR DISINTEGRATION 1351 

These are a set  of l i n e a r  f i r s t - o r d e r  d i f f e r e n t i a l  

equa t ions .  We can c o n s i d e r  two ways of deve loping  t h e  

s o l u t i o n  of Eq 1-4. The f i r s t  one i s  when w e  c o n s i d e r  one 

tube  and one t a b l e t .  The s o l u t i o n  would then  b e  t h e  c lass ical  

mono- and b i - exponen t i a l  decays  as f o l l o w s  

-K1 t P 1  = Poe 

w i t h  t h e  i n i t i a l  c o n d i t i o n s  of  P1 = P O ,  P2 = 0 and P3 = 0 

a t  t = 0. 

The second approach ,  t h a t  i s  more r e a l i s t i c  and proposed 

i n  t h i s  a r t ic le ,  i s  when w e  c o n s i d e r  t h e  whole a p p a r a t u s  o r  

series of t h e  appa ra tus .  I n  t h i s  case, one p l a c e s  t a b l e t s  i n  

t h e  a p p a r a t u s ,  one a t  a t i m e ,  and sets t h e  a p p a r a t u s  i n  motion,  

one a t  a t ime.  The re fo re ,  Pp i s  t h e  i n i t i a l  c o n d i t i o n  of s t a t e  

i and Pc = 0 a t  t i m e  equa l  t o  ze ro .  

t h e  d i s i n t e g r a t i o n  rate c o n s t a n t s  w i t h  K4 e q u a l  t o  ze ro .  The 

K i  (i = 1 , .  . . , 4 )  r e p r e s e n t s  
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1352 BOROUJERDI 

s o l u t i o n  t o  Eq 1-4, f o r  t h e  t o t a l l y  d i s i n t e g r a t e d  s o l i d  dosage 

form i s  

- K 1  t -K2 t e e 0 
p 4  = K1K2K3P1' (-K1) (K3-KI) (Kz-Kl)+ ( -K2) (K3-K2) (Kl-K2) 

The g e n e r a l  s o l u t i o n  t o  a set of d i f f e r e n t i a l  e q u a t i o n s  

as shown by Eq  1-4 i n  c l o s e d  form i s  

i i (Kj-Ki+l- .K. -Gt PO 
i - l ) ( e  J) P i = C  C J=1 m=l (K .-K ) (K -Km) . . . (Kj-Km) 

1 m i -1  (91 

where m > J .  When J = m, (K--K ) = 1 ( 3 ) .  J m  - 

When p r e s e n t e d  as p e r c e n t  remain ing  t o  d i s i n t e g r a t e ,  

t h e  e q u a t i o n  should  be  w r i t t e n  as % remain ing  t o  d i s i n t e g r a t e  

= 100 - P i ,  where P i  i s  t h e  l a s t  s t a t e  t o  be  cons ide red .  The 

f r a c t i o n  d i s s o l v e d  du r ing  d i s i n t e g r a t i o n  can  be cons ide red  

n e g l i g i b l e  o r  can be s u b t r a c t e d  from 100, t h a t  is ,  Z remaining 

t o  d i s i n t e g r a t e  = (100 - Z d i s s o l v e d  du r ing  d i s i n t e g r a t i o n )  

- P i .  I n  a cascad ing  p r o c e s s ,  t h e  v a l u e  f o r  K which i n d i c a t e  

t h e  ra te  of t r a n s i t i o n  from one s t a t e  i n t o  t h e  n e x t ,  d i f f e r s  

f o r  each s t a t e .  There  are a l so  d i f f e r e n c e s  between t u b e s  i n  

t h e  baske t - rack  assembly. For  exampl-e, K3 i n  t h e  f i r s t  t u b e  
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MATHEMATICAL MODEL FOR D I S I N T E G R A T I O N  1353 

may be  smaller than  K 3  i n  t h e  second tube .  We assume, how- 

e v e r ,  t h a t  o v e r a l l  K 3  i s  a n  ave rage  ra te  c o n s t a n t  f o r  s t a t e  

3 i n  a l l  of t h e  t u b e s .  

For  p r a c t i c a l  purposes  E q  8 can be  re formula ted  so  t h a t  

w e  can form t h e  s e r i e s  

-K3 t + ~ ~ e - ~ 2 ~  + K 4 e  -K1 t Y ( t )  = X1 + X 2 e  

From p r e v i o u s  d i s c u s s i o n ,  i t  i s  known t h a t  t h e  sum of  

PI mst  be  equal  t o  100%. 

and estimate t h e  c o e f f i c i e n t s  i n  Eq  10 by equa t ing  i t  t o  

b e  t h e  % remaining t o  d i s i n t e g r a t e .  Thus, 

The re fo re ,  we may s e t  XI = 100 

(15) 
-K1 t -K2 t -K, t 

100% - Z remaining t o  = XI + X z e  + X3E' + X 4 e  
d i s i n t e g r a t e  

S ince  X1 = 100% a t  t = 0,  Eq 15  can  be  r e w r i t t e n  a s  

-K1 t -K2 t --K 3 t -% remaining t o  = X 2 e  + X 3 e  + X 4 e  
d i s i n t e g r a t e  
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1 3 5 4  BOROU J ERD I 

KESULTS AND DISCUSSIONS 

T o  i l l u s t r a t e  t h e  u s e  of  p r e v i o u s l y  d i s c u s s e d  t echn ique ,  

w e  s h a l l  assume t h e  system of p lacebo  t a b l e t s  w i t h  t h e  fo l lowing  

c h a r a c t e r i s t i c s  and pa rame te r s .  

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

as 

Kd = 0.  155min-1 

Exper imen ta l ly  t h i s  would be  t h e  r e s u l t .  Obvious ly ,  

g i v e n  t h e  o u t p u t  from a n  exper iment ,  w e  must f i r s t  e s t i m a t e  

t h e  p r o p e r  number of terms t o  use .  T h i s  may be  done by t r y i n g  

a number of schemes and e v a l u a t i n g  t h e  e r r o r  f u n c t i o n s .  A l l  

estimates of t h e  pa rame te r s  can b e  improved by u s i n g  i t e r a t i v e  

t echn iques .  The computer f i t t i n g  of t h e  data  p r o v i d e s  a satis- 

f a c t o r y  way of  e s t i m a t i n g  d i s i n t e g r a t i o n  ra te  c o n s t a n t  and per -  

c e n t  of  a g g r e g a t e s  i n  a g i v e n  compartment. 

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

should  be  i n v e s t i g a t e d .  The a t t e n t i o n  must b e  g i v e n  t o  t h e  

p a t t e r n  of d i s i n t e g r a t i o n  p r o f i l e ,  and how t h e  p a t t e r n  i s  

i n f l u e n c e d  by t h e  f o r m u l a t i o n  and t h e  manufac tur ing  f a c t o r s .  

The d i s i n t e g r a t i o n  r a t e  c o n s t a n t ,  c a l c u l a t e d  by t h i s  method, 

r e f l e c t s  t h e  d i s i n t e g r a t i o n  p r o f i l e  and 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 .  T h e o r e t i c a l l y ,  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  
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MATHEMATICAL MODEL FOR D I S I N T E G R A T I O N  1355 

TABLE 1 

S i z e  Weight D i s t r i b u t i o n  and Rate C o n s t a n t s  of t h e  
P lacebo  T a b l e t s  

A r i t h e m t i c  Mean Sieved  Number P i  K i  
of  Opening (Passed /  Keta ined)  2 (Min-l) 

3 .4  
2 .4  
1 . 4  

517 70 0 .05  
7/10 20 0 .35  

10/20  10 0 . 5  

i s  a f u n c t i o n  of s u r f a c e  area. T h e r e f o r e ,  t h e  c o r r e l a t i o n  

between 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  and t h e  r a t e  c o n s t a n t  

f o r  d i s i n t e g r a t i o n ,  c a l c u l a t e d  by t h e  c a s c a d i n g  sys tem,  can  

be  more meaningfu l .  F u r t h e r  works are i n  p r o g r e s s  t o  de t e rmine  

t h e  a p p l i c a b i l i t y  of t h e  method. 
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