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ABSTRACT 

T h i s  pape r  shows how t h e  Box method,  based  on t h e  

s t a t i s t i c a l  t e c h n i q u e  known a s  l t s p l i t - p l o t l l  i n  g e n e r a l  

u s e  f o r  r e p l i c a t e  measurements ,  may be used  t o  q u a n t i f y  

and compare i n  v i t r o  d i s s o l u t i o n  c u r v e s  of c o n t r o l l e d  

r e l e a s e  s o l i d  o r a l  dosage  fo rms .  I n  t h i s  c a s e ,  i t  i s  

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

s t a b i l i t y  t e s t  on c o n t r o l l e d - r e l e a s e d  l i t h i u m  t a b l e t s  

f o r m u l a t e d  w i t h  a wax m a t r i x  and c o n t a i n i n g  1 0 . 8  mEq 

l i t h i u m  p e r  t a b l e t .  The f i n d i n g s  showed t h a t  t h e  t o t a l  

amount of  l i t h i u m  d i s s o l v e d  a f t e r  t h e  t a b l e t s  had been 

s t o r e d  f o r  a p e r i o d  of s i x  months was s l i g h t l y  g r e a t e r  

t h a n  b e f o r e  s t o r a g e ;  t h e  d i s s o l u t i o n  mean r a t e  went 

from 1 .06  mEq/h t o  1 . 1 7  mEq/h and t h e  d i s s o l u t i o n  r a t e  

c u r v e  p r o f i l e  a p p a r e n t l y  r e g i s t e r e d  less  v a r i a t i o n .  
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1108 FARINA AND LLABRES 

The method d e s c r i b e d  h e r e  f o r  t h e  compar ison  of  

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

c u r v e s  d o  n o t  f o l l o w  a set k i n e t i c  p r o c e s s  and h a s  

proved s e n s i t i v e  t o  s l i g h t  changes  i n  t h e  d i s s o l u t i o n  

p r o f i l e .  

I N T R O D U C T I O N  

C o n t r o l l e d - r e l e a s e  s o l i d  o r a l  dosage  forms  o f t e n  

have complex d i s s o l u t i o n  p r o f i l e s  which make them h a r d  

t o  i n t e r p r e t  u s i n g  k i n e t i c  models  s o  t h a t  it i s  a s  w e l l  

t o  have independen t  model methods t o  hand by which t o  

q u a n t i f y  and compare i n  v i t r o  d i s s o l u t i o n  c u r v e s .  
1 

The t h r e e  t y p e s  of a p p a r a t u s  s u g g e s t e d  by USP 

a r e  c l o s e d ,  ( t h e r e  i s  no way f o r  t h e  d i s s o l v e d  d r u g  t o  

get  o u t  of t h e  s y s t e m ) ,  s o  t h a t  t h e  c u r v e  of  t h e  

d i s s o l v e d  d r u g  i s  c u m u l a t i v e ;  s t a t i s t i c a l  i n t e r p r e t a t i o n  

of t h i s  t y p e  of  c u r v e  must t a k e  i n t o  accoun t  t h e  

p o s s i b l e  c o r r e l a t i o n  of t h e  e r r o r s  and t h e ,  a t  t i m e s ,  

h i g h  number of p o i n t s  d e t e r m i n i n g  t h e  c u r v e ,  and w e l l -  

known s t a t i s t i c a l  methods such  a s  t h e  a n a l y s i s  o f  growth 

c u r v e s  must be  a p p l i e d .  T h i s  p a p e r  shows how t h e  Box 

method may be  used  f o r  t h i s  p u r p o s e ;  i n  t h i s  c a s e ,  it 

is a p p l i e d  t o  t h e  i n t e r p r e t a t i o n  of  t h e  f i n d i n g s  of  a 

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

2 

STAT I S  'I I C A L MODE L 

The Box method i s  based  on t h e  s t a t i s t i c a l  t e c h -  

n i q u e  known a s  " s p l i t - p l o t "  i n  g e n e r a l  u s e  f o r  r e p l i c a t e  

measurements .  I n  t h i s  c a s e ,  from t h e  c u m u l a t i v e  d i s s o l u -  

t i o n  c u r v e  d e f i n e d  by t h e  p o i n t s  X X2....X ( see  F i g .  
1 '  m 
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STATISTICAL COMPARISON OF DISSOLUTION CURVES 
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F I G U R E  1 

Cumulat ive  d i s s o l u t i o n  c u r v e  ( a )  and d e r i v a t . i o n  

of d i s s o l u t i o n  r a t e  c u r v e  ( b ) .  
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1110 FARINA AND LLABRES 

1 - a ) ,  a d i s s o l u t i o n  r a t e  c u r v e  was c o n s t r u c t e d ,  d e f i n e d  

m 1 i- 1 
by p o i n t s  Y 

/ ( t i- t i- l) .  The mean d i s s o l u t i o n  r a t e ,  Y ,  i s  c a l c u l a t e d  

by t h e  e x p r e s s i o n  Y . / m  and e q u a l s  t h e  t o t a l  of d i s s o l v e d  

d r u g  d i v i d e d  by t h e  d u r a t i o n  of  t h e  t e s t  and i s  t h u s  

independent  of t h e  d i s s o l u k i o n  c u r v e  p r o f i l e .  When two 

f o r m u l a t i o n s  a r e  compared one of  t h e  f o l l o w i n g  c a s e s  

w i l l  o ccu r  ( see  F i g .  2 ) :  1 )  b o t h  f o r m u l a t i o n s  show 

s i m i l a r  mean r a t e s  and d i s s o l u t i o n  p r o f i l e s  ( F i g .  2 - a ) ;  

2 )  t h e  f o r m u l a t i o n s  d i f f e r  o n l y  i n  t h e  mean d i s s o l u t i o n  

r a t e s ,  w i t h  s i m i l a r  p r o f i l e s  ( F i g .  2 - b ) ,  i e ,  t h e  d i s -  

s o l u t i o n  r a t e  i s  reduced  i n  t h e  same p r o p o r t i o n  i n  t h e  

v a r i o u s  p e r i o d s ;  3 )  t h e  mean d i s s o l u t i o n  r a t e  i s  s i m i l a r  

b u t  t h e  d i s s o l u t i o n  p r o f i l e s  d i f f e r  ( F i g .  2 - c ) ;  4) t h e  

f o r m u l a t i o n s  a r e  d i f f e r e n t  b o t h  i n  mean d i s s o l u t i o n  r a t e  

and d i s s o l u t i o n  r a t e  c u r v e  p r o f i l e s .  The A N O V A  s t a t i s -  

t i c a l  model f o r  r e p e a t e d  measurements  i s  t h e  b a s i s  of 

t h e  Box method. and i s  a s  f o l l o w s :  

. . . .  Y ( s ee  F i g .  1-b) where Y . = ( Y i - Y  ) 
- 1 '  y 2  

1 

' i j k '  p +  (xi+ T k ( i ) +  P j ' " P i j ' P " j k ( i ) '  ' , , ,(ijk) 

E q . ( l )  
where (x and 0 r e p r e s e n t  t h e  e f f e c t s  of  t h e  f o r m u l a t i o n  

and t h e  p e r i o d  t a k e n . r e s p e c t i v e l y ;  T 

of t h e  Kth u n i t  of t h e  i f o r m u l a t i o n  unde r  s t u d y ;  t h e  

terms 

" f o r m u l a t i o n  by p e r i o d "  and Ilunit  w i t h i n  f o r m u l a t i o n  by 

p e r i o d " .  I f  t h e  f o r m u l a t i o n  and p e r i o d  f a c t o r s  a r e  

assumed t o  b e  f i x e d  and t h a t  of t h e  u n i t  t e s t e d  a l e a t o r y ,  

t h e  mean s q u a r e s  e x p e c t e d  f o r  t h e  s o u r c e  of e a c h  v a r i a t i o n  

t a k e  t h e  forms  s e t  o u t  i n  Tab le  I .  There  a r e  two error 

i j 
i s  t h e  e f f e c t  

k ( i )  

i j  Y @ " j k ( i )  c o r r e s p o n d  t o  t h e  i n t e r a c t i o n s  
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STATISTICAL COMPARISON OF DISSOLUTION CURVES 1111 
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P o s s i b l e  c a s e s  when t w o  f o r m u l a t i o n s  a r e  compared 
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1112 FARINA AND LLABRES 

T A B L E  I 

Expected Va lues  of Mean S q u a r e s  for I 1 S p l i t - p l o t v 1  Design 

Source  o f  v a r i a t i o n  
Expected  v a l u e  of  

mean s q u a r e  

For mu 1 a t  i o n  

U n i t s  w i t h i n  f o r m u l a t i o n  

Pe r iod  

Formula t ion  by p e r i o d  

U n i t s  w i t h i n  f o r m u l a t i o n  

by p e r i o d  

2 2  
O€+ apn 

~~ ~~ ~ ~ 

p=number of t e s t e d  f o r m u l a t i o n s ;  n=number of  u n i t s  t e s t e d  

f o r  each  f o r m u l a t i o n ;  q=number o f  p e r i o d s .  

terms ( l l s p l i t - p l o t " )  : I )  " u n i t s  w i t h i n  f o r m u l a t i o n f 1  which 

m o n i t o r s  t h e  e f f e c t  of  t h e  f o r m u l a t i o n s  and 2 )  " i n t e r -  

a c t i o n  u n i t s  w i t h i n  f o r m u l a t i o n  by p e r i o d "  compar ing  t h e  

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

by p e r i o d " .  

The Box method, a s  he e n u c i a t e d  i t ,  a l s o  r e q u i r e s :  

homogeneity o f  t h e  v a r i a n c e - c o v a r i a n c e  m a t r i x  f o r  t h e  

d i f f e r e n t  t r e a t m e n t s  and t h a t  a l l  t h e  e l e m e n t s  of  t h e  

d i a g o n a l  on one s i d e  and t h e  e l e m e n t s  o u t s i d e  it on t h e  

o t h e r ,  o f  t h e  combined v a r i a n c e - c o v a r i a n c e  m a t r i x  s h o u l d  

be  e q u a l  among t h e m s e l v e s .  T h i s  r equ i r emen t  may h e  

checked by t h e  Shef  f &  tes t  f o r  v a r i a n c e  homuyerreity 

a s  r e p o r t e d  by Greenhouse and Geisser  ; i f  it is  n o t  

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

4 
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STATISTICAL COMPARISON OF DISSOLUTION CURVES 1113 

of f reedom of  t h e  t e r m s  " p e r i o d 1 1 ,  " f o r m u l a t i o n  by p e r i o d "  

and  " p e r i o d  by u n i t s  w i t h i n  f o r m u l a t i o n " ,  m u l t i p l i e d  by 

t h e  f a c t o r :  

q 2  ( ;i.i -v I' 
Eq. ( 2 )  2 -2 2-2 

€ =  

( q - l ) ( 2 s v j k - 2 q s v . + q  v 1 
J 

where i s  t h e  mean v a l u e  o f  

combined v a r i a n c e - c o v a r i a n c e  

v a l u e  of  t h e  d i a g o n a l  and  
j 

j .  

d e t a i l s  how 
6 

Winer 

a l l  t h e  e l e m e n t s  of  t h e  

m a t r i x ,  V ,  v t h e  mean 
i j  

t h e  mean v a l u e  of  t h e  row 

t h e  c a l c u l . a t i o n s  s h o u l d  b e  

made. W e  u s e d  t h e  programme w r i t t e n  by Davidson  a n d  

Toporek for u n i - a n d  m u l t i v a r i a n t  a n a l y s i s  of t h e  

v a r i a n c e .  I n  t h i s  programme A N U V A  c a n  b e  o b t a i n e d  f rom 

r e p l i c a t e  measurements  i n  t h e  t e r m s  d e s c r i b e d  a n d  a l s o  

from a m u l t i v a r i a n t  a p p r o x i m a t i o n .  

To i n t e r p r e t  t h e  A N O V A  r e s u l t s  t h e  f o l l o w i n g  must 

b e  t a k e n  i n t o  a c c o u n t :  1 )  i f  t h e  n u l l  h y p o t h e s i s  f o r  t h e  

e f f e c t  " f o r m u l a t i o n "  is v a l i d ,  t h e  mean d i s s o l u t i o n  r a t e  

must b e  t h e  same f o r  a l l  t h e  f o r m u l a t i o n s  t e s t e d ;  2 )  i f  

t h e  n u l l  h y p o t h e s i s  for t h e  t e r m  " p e r i o d "  i s  a c c e p t e d .  

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

t es t ,  i e ,  f o l l o w i n g  z e r o - o r d e r  k i n e t i c s ;  3 )  i f  t h e  n u l l  

h y p o t h e s i s  f o r  t h e  t e r m  " i n t e r a c t i o n  p e r i o d  by f o r m u l a -  

t i o n "  h o l d s  good,  t h e  d i s s o l u t i o n  r a t e  c u r v e  p r o f i l e s  

must b e  s i m i l a r .  

MATERIAL A N D  METHODS 

The s a m p l e s  t e s t e d  were l i t h i u m  c a r b o n a t e  (Merck)  

t a b l e t s  f o r m u l a t e d  w i t h  a wax m a t r i x  and  c o n t a i n e d  1 0 . 8  
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1114 FARINA AND LLABRES 

mEq l i t h i u m  p e r  t a b l e t .  For t h e  d i s s o l u t i o n  tests t h e  

tiSP Appara tus  I ( D i s o l u t e s t  Turu Grau,  Mod. D - 6 )  was 

used  f o r  s i x  s i m u l t a n e u s  t e s t s  a t  100 r . p . m .  w i t h  

h y d r o c h l o r i c  a c i d  (Merck A R )  0.1N w i t h  0 . 1 %  

po lyoxye thy lene  s o r b i t a n  monoolea te  (Merck SR) a s  

d i s s o l u t i o n  medium. The sampl ing  t i m e s  were a f t e r  0 . 5 ,  

1 . 5 ,  3 . 5 ,  4 ,  7 and 8 h r s .  Atomic a b s o r p t i o n  

spec t ropho tomet ry  ( P e r k i n  E l m e r  603) w a s  t a k e n  a f t e r  

d i l u t i o n  w i t h  d e i o n i z e d  w a t e r  a t  335.8 nm u s i n g  a n  a i r /  

a c e t y l e n e  f l a m e .  

RESULTS A N D  DISCUSSION -- 
F i g u r e  3 shows t h e  c u m u l a t i v e  d i s s o l u t i o n  c u r v e s  

of t h e  t a b l e t s  b e f o r e  and a f t e r  b e i n g  s t o r e d  f o r  s i x  

months.  The t o t a l  amount of  l i t h i u m  d i s s o l v e d  i n  8 h r s .  

was s l i g h t l y  g r e a t e r ;  t h e  mean r a t e  went from 1 . 0 6  mEq/h 

t o  1 .17  mEq/h. The d i s s o l u t i o n  r a t e  c u r v e  p r o f i l e  ( F i g .  

4) a p p a r e n t l y ' r e g i s t e r e d  less  v a r i a t i o n .  

Tab le  I1 se t s  out t h e  summarized A N O V A  f i n d i n g s :  

it can  be  s e e n  t h a t  t h e  d i f f e r e n c e  i n  t h e  mean 

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

0 .05;  t h i s  i s  n o t  t r u e  of  t h e  t e r m s  " p e r i o d "  and " i n t e r -  

a c t i o n  p e r i o d  by f o r m u l a t i o n " .  T h i s  l a t t e r ,  i n t e n d e d  a s  

a check on t h e  s t a t i s t i c a l  e q u a l i t y  of  b o t h  p r o f i l e s ,  

i l l u s t r a t e s  t h e  change  i n  t h e  release p r o f i l e  d u r i n g  t h e  

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

o r d e r  k i n e t i c s  s i n c e  t h e  n u l l  h y p o t h e s i s  f o r  " p e r i o d "  

d o e s  n o t  good. Moreover,  t h e  c u r v e  p r o f i l e  c a n  n o t  be  

i n t e r p r e t e d  by any s i m p l e  k i n e t i c  p r o c e s s .  
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STATISTICAL COMPARISON OF DISSOLUTION CURVES 1115 

I I I I I I I 

8 
hours 

2 4 6 

F I G U R E  3 

Cumula t ive  d i s s o l u t i o n  c u r v e s  of  t h e  t a b l e t s  b e f o r e  

( W )  and a f t e r  ( 0 )  b e i n g  s t o r e d  f o r  six months.  

I t  s h o u l d  be  n o t e d  t h a t  t h e  d e g r e e s  of  f r e e d o m w e r e  

reduced  when t e s t i n g  " p e r i o d "  and I l formula t ion  by per iodl l  

( f rom 5 and 50 t o  2 . 8  and 2 7 . 8 ,  r e s p e c t i v i l y )  d u e  t o  t h e  

form of t h e  combined v a r i a n c e - c o v a r i a n c e  m a t r i x ;  a s  a 

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

t h e  v a r i a b i l i t y ;  v a r i a b i l i t y  w a s  a l s o  g r e a t e r  a t  t h e  

o u t s e t  of t h e  d i s s o l u t i o n  t e s t ,  s o  t h e  Greenhouse and 

Geisser a p r o x i m a t i o n  s h o u l d  be  s y s t e m a t i c a l l y  a p p l i e d .  

O f  t h e  v a r i o u s  methods p roposed  f o r  t h e  a n a l y s i s  

of t h e  growth c u r v e s ,  t h a t  of  Box was chosen  f o r  t h e  
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1116 FARINA AND LLABRES 

mEq/h 

2- 

1.5- 

1-  

05- 

2 
I 1 I I I 1 1 I 

8 ’ hours 1 2 3 4 5 6 

f o l l o w i n g  r e a s o n s :  1 )  it d o e s  n o t  r e q u i r e  any k i n e t i c  

or e m p i r i c a l  model t o  i n t e r p r e t  t h e  d i s s o l u t i o n  c u r v e ;  

2 )  t h e  ANOVA f i n d i n g s  a r e  e a s i l y  a s s e s s e d ,  a s  exp la i l l ed  

above;  3 )  t h e  c a l c u l a t i o n s  i n v o l v e d  a r e  r e l a t i v e l y  

s imple  and 4) it p e r m i t s  compar ison  between p a i r s  of  

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

d e s i g n s  w i t h  a view t o  t h e  development  o f  p h a r m a c e u t i c a l  

fo rms .  The “ s p l i t - p l o t ”  method h a s  a l s o  been  a d v o c a t e d  

by West lake  f o r  t h e  compar ison  of serum l e v e l - t i m e  

c u r v e s  o r  u r i n a r y  e x c r e t i o n  i n  b i o a v a i l a b i l i t y  t e s t i n g ,  

w i t h  t h e  l o g a r i t h m i c  c o n v e r s i o n  of t h e  d a t a  t o  o b t a i n  a 

s u i t a b l e  form of combined v a r i a n c e - c o v a r i a n c e  m a t r i x .  

8 

I n  c o n c l u s i o n ,  t h e  method d e s c r i b e d  h e r e  f o r  t h e  

comparison o f  d i s s o l u t i o n  c u r v e s  i s  p a r t i c u l a r l y  u s e f u l  
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STATISTICAL COMPARISON OF DISSOLUTION CURVES 1117 

TABLE 2 

Summarized A N O V A  f i n d i n g s .  

S o u r c e  o f  v a r i a t i o n  MS F DF P 

F o r m u l a t i o n  0 . 2 3 1  4 . 4  1-10 0 . 0 6 1 6  

E r r o r  0 .0521 

P e r i o d  0 . 4 7 8  2 5 . 8  5 -50  <0.0005 

2 . 8 - 2 7 . 8 "  < 0 . 0 0 0 5  

F o r m u l a t i o n  by p e r i o d  0 . 0 6 3 5  5 . 8  5 - 5 0  0 .0002 

2 . 8 - 2 7 . b *  0 . 0 0 3 7  

E r r o r  0 . 0 1 0 8  

.- 

* = d e g r e e s  of  f reedom a d j u s t e d  a c c o r d i n g  t o  G r e e n h o u s e  

and  Geisser method.  

MS=mean s q u a r e ;  F = S n e d e c o r ' s  F ;  D F = d e g r e e s  of  f r e e d o m  

P = p r o b a b i l i t y  of  n u l l  h y p q t h e s i s  t e s t i n g .  

when t h e  c u r v e s  d o  n o t  f o l l o w  a se t  k i n e t i c  p r o c e s s  a n d  

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

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