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ABSTRACT 

Dieaolution p ro f i l e s  fo r  so l id  dose forms represent  severa l  

observations over time on an experimental u n i t  such as a t a b l e t  

or  capsule. The pharmaceutical s c i e n t i s t  is in te res ted  i n  a 

( s t a t i s t i c a l )  comparison of these p ro f i l e s  under a va r i e ty  of 

conditions r e l a t ing  to  formulation c h a r a c t e r i s t i c s ,  and lo t -  to- 

l o t  and brand- to-brand var ia t ion .  

This paper discuaees the aaa lye is  of d i sso lu t ion  p ro f i l e s  

using an analys is  of variance approach. Ia par t i cu la r ,  the 

p ro f i l e s  ara t e s t e d  fo r  d i f fe rences  in l eve l  and shape. The 

l a t t e r  characteristic i s  po ten t i a l ly  important with respect  to  

learning about differences in thc d isso lu t ion  mechanism. 

An approximate F t e s t  is dircussed with the p o s s i b i l i t y  of 

an a r b i  t r a t y  covariance matrix in mind, and a1 terna t i v e  

conservative ana lys i s  me thode are presented. 
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970 MAUGER, CHILKO, AND HOWARD 

R e s u l t s  from the a n a l y s i s  of var iance of t y p i c a l  

d i s s o l u t i o n  da ta  show s e v e r a l  important features. F i r s t ,  the  

a n a l y s i s  does n o t  r e l y ' o n  curve f i t t i n g  procedures and the d a t a  

are used i n  t h e i r  n a t i v e  form or as a s i m p l e  transform. Second, 

t h e  d a t a  can be analyzed using the f r a c t i o n  d isso lved  and/or  the  

time f o r  a p a r t i c u l a r  f r a c t i o n  t o  d i s s o l v e ,  - e.g., trj09.' as the  

v a r i a b l e  of i n t e r e s t .  F i n a l l y ,  the a n a l y s i s  i s  capable  of 

showing d i f f e r e n c e s  be tween prof i l e a  where a r e a l i s  t ic v a r i a t i o n  

from p r o f i l e - t o - p r o f i l e  e x i s t s .  

INTRODUCTION 

Disso lu t ion  p r o f i l e s  f o r  s o l i d  dose forms are developed i n  

connec t i o n  with observa t ions  taken on a given experimental  u n i t ,  

such as a t a b l e t  o r  capsule ,  over time. The pharmaceutical  

s c i e n t i s t  is i n t e r e s t e d  i n  a comparison of these p r o f i l e s  under 

d i f f e r e n t  condi t ions  related t o  formulation f a c t o r s ,  and Lot- to- 

l o t  and brand-to-brand v a r i a t i o n .  Modeling i s  u s u a l l y  n o t  the  

problem of primary i n t e r e s t  i n  the a n a l y s i s .  

Comparison of p r o f i l e s  represent ing  a cumulative event  over 

time i s  n o t  unique t o  the pharmaceutical sc iences .  

e a r l y  work was involved with the comparison of growth curves,  

where each ind iv idua l  growth curve c l a s s i f i e d  by experimental  

condi t ion  was f i t t e d  v i a  least  squares  with a polynomial over 

time. The c o e f f i c i e n t s  of t h e  polynomial r e p r e s e n t  the s a l i e n t  

f e a t u r e s  of n observa t ions  on each curve ( p r o f i l e ) ,  and can be 

d i r e c t l y  analyzed t o  compare the prof i l e a .  

Wishart's' 

- 

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.



ANALYSIS OF DISSOLUTION DATA 97 1 

Wishart’s work p o i n t s  t o  a main quest ion related t o  the 

spec i f ic  problem of comparing d i s s o l u t i o n  p r o f i l e s .  How can the 

p r o f i l e s  be e f f i c i e n t l y  and adequately represented i n  order  t o  

provide a basis f o r  a comparison which a p p r e c i a t e s  the 

s i g n i f i c a n t  d i f f e r e n c e s  between p r o f i l e s  f o r  each experimental  

condi t ion? 

func t ion  to  f i t  the  d i s s o l u t i o n  curves.  This t reatment  leads  t o  

a set  of parameters related t o  scale, l o c a t i o n ,  and shape.  

A l t e r n a t i v e l y ,  some o f f i c i a l  d i s s o l u t i o n  tests r e l y  on a s i n g l e  

poin t  on the d i s s o l u t i o n  p r o f i l e ,  designated a s  the  amount 

dissolved i n  a c e r t a i n  period. 

A method due t o  Langenbucher2 u s e s  the  Weibull 

Langenbucher’s method provides an approach which y i e l d s  

parameters which adequately r e p r e s e n t  the p r o f i l e ,  and provide a 

b a s i s  f o r  analyzing the d i f f e r e n c e s  between curves using the 

parameters themselves. A poss ib le  disadvantage i s  the curve 

f i t t i o g  process which t h i s  method requires. 

re ly ing  on the amount d isso lved  i n  a c e r t a i n  time period,  e.g., 

The approach 

- 
i s  expedient  bu t  may n o t  adequately represent  the curve.  ’ 

Therefore,  a n  a n a l y s i s  which uses  t h i s  parameter t o  determine 

d i f f e r e n c e s  between p r o f i l e s  i s  weakened. 

The purpose of t h i s  paper i s  t o  demonstrate how a 

p a r t i c u l a r  method of analyzing d i s s o l u t i o n  da ta  i n  terms of 

curve shape and l e v e l  can be appl ied  t o  d i s s o l u t i o n  p r o f i l e s .  

Q u a n t i t a t i v e  p r o f i l e  a n a l y s i s  involving curve shape  and l e v e l  

uses the d a t a  i n  i t s  n a t i v e  form o r  as a s i m p l e  t ransformation,  
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972 MAUGER, CHILKO, AND HOWARD 

A l l ,  or  a major i ty ,  of the d a t a  are included i n  the a n a l y s i s  

scheme and a curve f i t t i n g  process  i s  n o t  necessary.  

THE PROBLEM 

Snee3 has observed t h a t  " I t  i s  n o t  uncommon f o r  a s c i e n t i s t  

to  make s e v e r a l  observat ions on a given experimental  u n i t ,  If 

these observat ions can be a s s o c i a t e d  with some continuous 

v a r i a b l e ,  such a s  t i m e  o r  temperature, they c o l l e c t i v e l y  form a 

curve." Such i s  the case f o r  the d i s s o l u t i o n  p r o f i l e s  of solid 

dosage forms where amount o r  weight f r a c t i o n  dissolved is 

followed as a func t ion  of time. 

Using the n o t a t i o n  of Greenhouse and Geisser4 t h i s  

s i t u a t i o n  can be represented by l e t t i n g  p experimental  

observat ions be made on each of n ind iv idua l  t e s t i n g  u n i t s ,  

i . e . ,  t a b l e t ,  c a p s u l e ,  etc., (K = 1,2 ,...., g) i n  each of the g 

e s t a b l i s h e d  groups,  i.e., manufacturers,  l o t s ,  etc. Assume that 

the p observat ions a r e  made with respect t o  a f ixed  v a r i a b l e ,  

t h a t  the g groups are f i x e d ,  and that the nK i n d i v i d u a l s  are 

random. Then, the a p p r o p r i a t e  model f o r  t e s t i n g  c e r t a i n  

characteristics of the d i s s o l u t i o n  p r o f i l e s  i s  a mixed one. The 

matr ix  of observat ions is shown i n  Table 1, where rows a r e  

random and t h e  columns are considered t o  be f ixed.  For 

d i s s o l u t i o n  curves each row represents  a sample of observa t ions  

which c o l l e c t i v e l y  form an  ind iv idua l  d i s s o l u t i o n  p r o f i l e ,  o r  a n  

appropr ia te  transform thereof ,  for each randomly chosen dosage 

( t e s t i n g )  u n i t s ,  - i.e., t a b l e t  o r  capsule.  The rows c o l l e c t i v e l y  

K 

- 
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ANALYSIS OF DISSOLUTION DATA 973 

Table 1 - Data Matrix 

I nd i v idua l  
X 

j I P l  
X 

x1 

xlll X l j l  X lp l  %.I 

Group Uni t r  

1 1 

nl i 
n .1 1 

Means: Group 1 

1 

n 
9 

Means: Group g 

Means: All Groups 

Note -N=I:  n 
9 

k=l 

- - 
1.11 x. j l  x. p l  

X l l g  x1 j g  X 
1Pg 

- 
x..l 

- 
x1.g 

- ... X D
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974 MAUGER, CHILKO, AND HOWARD 

form groups and each group might be the manufacturer o r  l o t .  

The columns are f ixed  with r e s p e c t  to the v a r i a b l e  of i n t e r e s t ,  

Commonly the v a r i a b l e  is time and the u n i t  observed or measured 

( t h e  x-s i n  Table 1) is concent ra t ion  or percent d i r so lvad  

( h e r e i n  r e f e r r e d  t o  as Case 1).  

Another popular method of present ing d i s s o l u t i o n  d a t a  is i n  

terms of the time, T,  i t  takes  f o r  a p a r t i c u l a r  percentage t o  

I n  t h i s  Ins tance  ( h e r e i n  r e f e r r e d  t o  as 
50% ’ d i s s o l v e ,  e .g . ,  t --- 

etc. and the 40% ’ Case 2) the  column v a r i a b l e s  become t20X, t 

u n i t  measured o r  observed ( t h e  x.8 in Table 1) i s  the amount of 

time, T ,  i t  takes f o r  a specific percent  of the dosage u n i t  t o  

d i sso lve .  

For e i t h e r  Case 1 o r  Case 2, two quest ions concerning the  

d i s s o l u t i o n  p r o f i l e s  of the  samples may be asked: 

1) A r e  the populat ion mean p r o f i l e s  similar In the sense -- 
of being paral le l? ,  - i .e.,  a r e  the shapes of the 

p r o f i l e s  similar? 

2) A r e  the d i s s o l u t i o n  p r o f i l e s  a t  the same l e v e l ?  

The f i r s t  quest ion seeks t o  answer whether o r  n o t  the group 

p r o f i l e s  have the same shape. In o ther  words, is d i s t a n c e ,  d ,  

second quest ion seeks answers a s  t o  the e q u a l i t y  between the 

group means. S p e c i f i c a l l y ,  does E(z.. l)=E(x.. 2)=. . .=E(Z. .g) . 
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ANALYSIS OF DISSOLUTION DATA 975  

Dissolut ion P r o f i l e s  (Case 1) - Concentration Versus Time 
----___.------- ----------- 

5 Box has considered a da ta  traoaformatlon which is usefu l  

in connectioa with the ques t ions  of parallelism and l e v e l  f o r  

the curves i q  f i g u r e  1. Each d i s s o l u t i o n  p r o f i l e  f o r  an  

ind iv idua l  t a b l e t  o r  capsule i n  a r e p l i c a t e  series can be 

considered in  terms of f i r s t  d i f f e r e n c e ,  C, of the amount 

dissolved,  c ,  a t  time t where 

( t ime = 0 to  time = 1), 
1 - co c1 = c 

C2 = c2 - cL ( t ime = 1 to t i m e  = 2 ) ,  etc . ,  

where time i n t e r v a l s  a r e  considered equal .  The average amount 

dissolved pe r  time i n t e r v a l ,  p ,  is given by 

and the t o t a l  amount dissolved in p time i n t e r v a l s  is p.3. Now, 

111 = xlll’ Table 1 takes form i n  terms of C’s where C 

Each row r e p r e s e n t s  the ‘iji x 1 j i * * * * 9 9  ‘ i p i  x i p i *  

d i s s o l u t i o n  p r o f i l e ,  i n  terms o t  f i r s t  d i f f e r e n c e s ,  €or  a s i n g l e  

is  c a l c u l a t e d  from t a b l e t  o r  capsule. Each row mean, e.g. 

equat ion 1 and r e p r e s e n t s  the average amount dissolved p e r  time 

- 
cl.l, 

i n t e r v a l  f o r  a s i n g l e  t a b l e t  o r  capsule  ( i n d i v i d u a l  t e s t i n g  

u n i t )  within a p a r t i c u l a r  Lot or  manufacturer (group).  Each 

column mean, e.g. 

d i f f e r e n c e s  of the amount dissolved i n  t h a t  p a r t i c u l a r  

- 
is the mean of the r e p l i c a t e  f i r s t  c. 11 , 

- 
ind iv idua l  i n t e r v a l ,  and C e e 1  is the group mean. 
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976 MAUGER, CHILKO, AND HOWARD 

We now t u r n  t o  t h e  q u e s t i o n  of e q u a l i t y  of l e v e l s  f o r  t h e  

c u r v e s  shown i n  F igu re  1. The t es t  f o r  l e v e l  depends on a 

comparison between group means, e ,g .  C , . l  and C e e 2  ( X e , l  and 

X from Table  1). The group means are c a l c u l a t e d  from t he  row 

means v i a  

- - - 
- . .2  

- - - 
( 2 )  

- 
c e e 1  = ( c l e 1  + c ~ , ~  +. . .+cnIel) /nj  

The re fo re ,  t h e  test  f o r  l e v e l  compares t h e  grand means f o r  t h e  

row means i n  each  group. 

We may v i s u a l i z e  t y p i c a l  d i s s o l u t i o n  c u r v e s  shown h e r e  i n  

f i g u r e  1. 

The t es t  f o r  p a r a l l e l i s m  f o r  t he  c u r v e s  i n  f i g u r e  1 is  made 
- 

by comparing the  d i s t a n c e ,  d ,  between the  column means C . l l ,  
- - - - - 

C. I t  is e v i d e n t  that the  pL’ p2’ C . 2 2 ;  and C. 12; c‘21’ C. 

p a r a l l e l i s m  test  compares the  means €or  the  replicate f i r s t  

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

time i n t e r v a l .  I n  o t h e r  words, i f  the  d i s s o l u t i o n  c u r v e s  i n  

terms of the  f i r s t  d i f f e r e n c e  t ransform a r e  p a r a l l e l  then the  

d i s t a n c e  between t h e  column means should  be equa l .  

D i s s o l u t i o n  P r o f i l e s  (Case 2) - T i m e  f o r  Ln T Versus t, --------------- ----& 

For the Case 2 p r o f i l e s  we are i n t e r e s t e d  in t h e  

d i s s o l u t i o n  c u r v e s  i n  terms o f  the  times, T, that i t  t akes  f o r  a 

t etc.  ‘20% ’ 40% ’ p a r t i c u l a r  c o n c e n t r a t i o n  to d i s s o l v e ,  i .e.,  -- In 

o r d e r  t o  unders tand  shape f e a t u r e s  of  d i s s o l u t i o n  c u r v e s  i n  

terms of times we t u r n  t o  t he  concep t  of t i m e  s c a l i n g  due t o  

Pedersen  and Brown . According t o  t h i s  concep t ,  two d i s s o l u t i o n  6 
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Curves are not 
at same level 

time 

97 7 

Curves are parallel 

time 

Curves are not parallel I 

I 

time 

FIGURE 1 

I 
t20X t40X t60X t80X 

FIGURE 2 
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978 MAUGER, CHILKO, A N D  HOWARD 

curves having the same i n t r i n s i c  d i sso lu t ion  p ro f i l e  can be 

brought onto each other  by a time scal ing fac tor .  This sca l ing  

f ac to r  i s  43 constant over time and represents  a r a t i o  of times 

for  a corresponding amount to dissolve f o r  each p ro f i l e .  T h a t  

i s ,  the scal ing fac tor  is  s imply  the r a t i o  of the times for  

40%, e tc .  fo r  each curve. The logarithm of a constant  t20% * 
r a t i o  is  i n  f a c t  a difference which is  constant  i t s e l f .  

Therefore, a logarithmic transformation of the t i m e ,  T, for  

e t c .  i s  a s imple  transformation which allows us  to t20%' t40%' 

t e s t  fo r  p a r a l l e l  curves i n  the sense of the time scal ing 

fac tor .  

For d a t a  analysis i n  the Case 2 sense Table 1 takes form in  

terms of In T's where ln  Tl l l  = x111, In T l j l  = X l j 1 * * * ' * * ,  

In T - Each row represents  the disso lu t ion  p r o f i l e ,  i n  

terms of the logarithmic transform of T ,  fo r  a s ing le  t a b l e t  o r  

IPl - *lPl' 

-- 
i s  calculated from In T1.l' capsule. Each row mean, e.g. 

P - 
In T = (c In T j ) / p  ( 3 )  

j=l 

and the group mean, e.g. In T.,l is calculated from 
- - -- - 
In T m e 1  = ( I n  T1,l + ln TZe1 +....+In T )/n, (4). nl.1 

The logarithmic t i m e  average i n  equation 3 has less i n t u i t i v e  

meaning than the average amount dissolved per i n t e rva l  which i s  

calculated from equation 1. I f  we were to  "sample" the curves 

i n  f igure  1 we would do so by locat ing,  say ,  the 20% amount 
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ANALYSIS OF DISSOLUTION DATA 979 

dissolved on the y a x i s  and f i n d  the corresponding t i m e  f o r  the 

20% value on the x a x i s .  This process  would be repeated f o r  

each percent  d i sso lved  of i n t e r e s t .  Following the  logari thmic 

t ransformation of each T w e  would c a l c u l a t e  a n  average I n  T 

according t o  equat ion 3. Roughly speaking In T is a "random" 

- 
v a r i a b l e  and In T i s  the average f o r  t h i s  populat ion.  This 

average is more meaningful than the commonly used t s i n c e  i t  

embodies a c o l l e c t i v e  a p p r e c i a t i o n  of the p r o f i l e  (Note the sum 

50% 

s i g n  i n  equat ion 3 ) ,  whereas t 

b u t  a s i n g l e  poin t .  

r e p r e s e n t s  the  p r o f i l e  with 
50% 

The tests f o r  l e v e l  and p a r a l l e l i s m  i n  the Case 2 sense are 

s i m i l a r  t o  those i n  the Case 1 sense.  The test  f o r  l e v e l  

depends on a comparison between groups means, e.g. In  T e e 1  and 
- 
I n  T e e 2  (y.., and from Table l ) ,  and the test  for 

p a r a l l e l i s m  depends on a comparison of the d i s t a n c e ,  d ,  between 

the column means, say la Tel l ,  l n  Te12 ;  In T.21, I n  T e 2 2 ;  and 
- - - - 

- - 
l n  T e p l ,  l n  T * p 2 '  

THE STATISTICAL ANALYSIS 

In order  t o  r e a l i s t i c a l l y  t es t  f o r  curve shapes and l e v e l  

i n  e i t h e r  the Case 1 o r  the Case 2 sense,  we m u s t  be a b l e  t o  

analyze the da ta  with a n  a p p r o p r i a t e  tes t  s t a t i s t i c ;  i n  t h i s  

case the  F statistic. Greenhouse and Geisser4 have a l r e a d y  

d i s c u s s e d  classical a n a l y s i s  of var iance tests f o r  mixed models 

which apply  t o  d i s s o l u t i o n  p r o f i l e s .  The a n a l y s i s  of var iance  
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980 MAUGER, CHILKO, AND HOWARD 

is  shown i n  Table 2 with the sum of squares ,  degrees  of freedom 

and F's. The tests r e f e r  t o  time i n t e r v a l s  i n  Case 1 and t o  

t etc. i n  Case 2 and groups r e f e r  to  manufacturer or 

3 

t20%' 40%' 

l o t ,  etc. 

of group means ( l e v e l s )  and the non-existance of group-test  

The statist ics F2 and F a c e  used  t o  test hypotheses 

i n t e r a c t i o n  ( p a r a l l e l i s m  or curve shape) ,  respec t ive ly .  One 

f u r t h e r  s ta t is t ic ,  F1, may be used to  t e a t  a hypothesis  of 

homogeneity of test  means. T e s t  statistics F2 and F are 

probably of g r e a t e s t  i n t e r e s t  t o  the present  a p p l i c a t i o n .  Note 
3 

that the  d a t a  transforms f o r  Case 1 and Case 2 a n a l y s i s  of 

d i s s o l u t i o n  p r o f i l e s  are e x a c t l y  i n  keeping with the d a t a  mat r ix  

i n  Table 1 and the a n a l y s i s  of variance i n  Table 2. It should 

also be noted t h a t ,  except  f o r  the transforms, the  d a t a  se t  i s  

much more completely used i n  its n a t i v e  form when compared with 

an  a n a l y s i s  which re l ies  on some u n i v a r i a t e  characteristic of 

the p r o f i l e  (e.g. 

characteristics o r  i n d i c e s ,  the average amount dissolved p e r  

u n i t  time and the average logarithm of times, are a v a i l a b l e  as a 

n a t u r a l  by-product of the c a l c u l a t i o n  procedure i n  Table 2 .  

F i n a l l y  , two univar ia  te  t50%) 

ASSUMPTIONS ABOUT THE ANALYSIS OF VARIANCE 

5 4 Box and Greenhouse and Geisser have discussed 

r e s t r i c t i o n s  r e l a t e d  t o  ANOVA when i t  is used to analyze d a t a  

which are, of the m u l t i v a r i a t e  type; the case a t  hand. 

Greenhouse and Geisser observed that the classical ANOVA 
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982 MAUGER, C H I L K O ,  AND HOWARD 

approach i s  only va l id  when the variance-covariance matrix i s  of 

the spec ia l  form 

* 2 
C ' C I  
PXP 1 

- 
l p . . .  p 

p l . . .  p 

. . . . .  P 

P P . .  . . 1 
- 

where p i s  the co r re l a t ion  between any two elements i n  the same 

vector.  Box showed tha t  a f i r s t  difference transformation of 

d a t a  correlated over time was p a r i t a l l y  successful  i n  forming 

the above matrix. For cumulative d isso lu t ion  data  the form of 

the variance-covariance matrix is r a re ly  subjected to t e s t s  of 

the hypothesis Z =  C , or  i s  consideration given to  the 
* 

consequences of analyzing data where C is a rb i t r a ry .  I n  the 

event that the matrix i s  of the proper form then F1, F 2 ,  and F3 

from Table 2 a r e  f r ee  of r e s t r i c t i o n s  and the ANOVA follows the 

normal approach. 

a r e  not  d i s t r ibu ted  l i k e  the tabulated F d i s t r ibu t ion .  Cole and 

Grizzle6 have mentioned t h a t  F2 does not  change when C is  not  

uniform. 

When C i s  a r b i t r a r y ,  however, the F1 and F3 

Greenhouse and Geisser have found an approximate sampling 

d i s t r ibu t ions  fo r  F1 and F 

population variance-covariance matrix. 

known, one m u s t  use  the sample variance-covariance matrix, with 

unknown consequences. 

which depend on the elements of the 
3 

Since t h i s  is  r a r e l y  

-- 
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ANALYSIS OF DISSOLUTION DATA 983 

A 1  terna t i v e l y ,  Greenhouse and Geisser show t h a t  the lower 

bound f o r  c o r r e c t i n g  F and F i s  independent of the elements of 

t h e  variance-covariance matr ix .  The a 1  terna t i v e  procedure i s  a 
1 3 

conservat ive one which g i v e s  the maximum reduct ion i n  degrees of 

1 freedom f o r  F and F With t h i s  plan the s i g n i f i c a n c e  of F 

and F3 is  judged by e n t e t i n g  the s tandard F t a b l e s  with 1 and 

(N-g) d.f .  and (g-1) and (N-g) d.f . ,  r e s p e c t i v e l y .  The n e x t  

1 3' 

s e c t i o n  w i l l  show how t h i s  conservat ive t e s t  can be appl ied  t o  

d i s s o l u t i o n  d a t a ,  and compared with the standard ANOVA. 

The preceding d iscuss ion  a p p l i e s  t o  the pooled matr ix  

obtained by averaging corresponding e n t r i e s  in the i n d i v i d u a l  

matrices. Reject ion of the hypothesis t h a t  the  m u l t i v a r i a t e  

normal populat ions have equal  covariance mat r ices  rules a g a i n s t  

pooling s i n c e  the pooled matr ix  i s  no longer a n  unbiased 

estimate of C. The t e s t  statist ic to d e t e c t  changes i n  the 

variance-covariance p a t t e r n  from group t o  group i s  discussed by 

Box. 

RESULTS AND DISCUSSION --------- 
An immediate purpose of t h i s  study was t o  conduct an  

a n a l y s i s  of d i s s o l u t i o n  d a t a  with known c h a r a c t e r i s t i c s  in order  

t o  demonstrate the use and l i m i t a t i o n s  of the a n a l y s i s  ou t l ined  

i n  Table 2.  Two d i s s o l u t i o n  p r o f i l e s ,  A and B ,  were generated 

using the following models: 

3 3  A d P  1 - ((10 - 2 * t )  / l o  ) 

and 

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.



MAUGER, CHILKO, AND HOWARD 984 

= 1 - ( ( L O  - 1 * t ) 3 / ~ ~ 3 ) .  B d  

Random samples were taken from both d e t e r m i n i s t i c  models a t  

p a r t i c u l a r  times, t, and these d a t a  are shown below in Table 3. 

The random values  were generated according t o  

A = A d  (1 + ( R  - 0.5) 2E ) - 
100 

o r  

where A d  or  B d  a r e  the d e t e r m i n i s t i c  va lues ,  R i s  a random 

number drawn from a rec tangular  d i s t r i b u t i o n ,  E is the maximum 

percent e r r o r ,  and A or  B are the randomized va lues .  The va lue  

chosen f o r  E was L O .  

The f i r s t  d i f f e r e n c e  transform f o r  these da ta  y i e l d  the  d a t a  

shown in Table 4. 

The f i r s t  d i f f e r e n c e  d a t a  (Case 1) were aaalyzed and a 

summary of the a n a l y s i s  of variance i s  given in Table  5 .  

The a n a l y s i s  shows that the observed test  s ta t is t ic  f o r  

l e v e l ,  F leads to  r e j e c t i o n  of the hypothesis of homogenaity 

of group means. The observed value f o r  F leads t o  a similar 

conclusion,  and one concludes t h a t  the mean p r o f i l e s  d i f f e r  in 

shapt from group t o  group. 

2' 

3 

A c l o s e r  examination of the d a t a  w i l l  show the meaningful 

characteristics of t h i s  a n a l y s i s .  Curve set  1 of f i g u r e  1 is a n  

approximate o u t l i n e  of the population ( d e t e r m i n i s t i c )  p r o f i l e s  

f o r  models A and B ,  and i t  can be seen t h a t  curve A reaches a 

p la teau  much e a r l i e r  than curve B. Therefore,  the average 
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TABLE 3 

Dissolut ion D a t a  f o r  Models A and B 

------- 
Group Indiv idua l  t = 1 t = 2 t = 3 t = 4 - 

1 .509 .822 .942 1.05 
A 2 .456 .826 ,928 .973 

3 .444 .757 .867 ,921 - - -- _I_-- 

4 .272 .536 .736 .751 
B 5 .293 .486 ,674 .774 

.457 e726 .770 6 ----- ,247 - - 

TABLE 4 

F i r s t  Difference Transform of Dissolu t ion  Data 

- --- 
Group Individual  A t l *  At2 At3 At4 -- -- --- 

1 .509 .313 .120 .LO8 
A 2 .456 ’ .370 . l o 2  .045 

.444 .313 .110 .054 3 

4 .272 .264 .200 .015 
B 5 .293 .193 .188 ,100 

.247 .210 .269 .044 6 

I_------- -- 

-- ---- 
*each A t  r epresents  a t i m e  i n t e r v a l  of 1 

TABLE 5 

ANOVA T a b l e  f o r  F i r s t  Difference D a t a  

Time I n t e r v a l s  3 .32479 

Groups 1 .017550 F2 = 32.18 0.0048 

Indiv idua ls  within 4 .00218167 
Groups 

Groups x T i m e  I n t e r v a l s  3 .077880 F3 = 19.20 0.0001 

Indiv idua ls  x T i m e  12  .016227 
I n t e r v a l s  within G r o x s  

-_I-- -p--------------- 
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986 MAUGER, C H I L K O ,  AND HOWARD 

amount dissolved per time i n t e t v a l ,  &, the  l e v e l ,  is g r e a t o r  

f o r  curve A when compared with curve B. This conclusion is i n  

keeping with the observed tes t  statist ic f o r  l e v e l  from the 

analysis of var iance.  

The shape of the curves  shown i n  curve set 1 of f i g u r e  1 

suggests  that they are n o t  p a r a l l e l .  Firs t  d i f f e r e n c e  

transformation of the d a t a  does n o t  a l te r  t h i s  characteristic. 

The a n a l y s i s  of var iance  confirms the d i f f e r e n c e  in rhape  

between curves A and B via the p r o b a b i l i t y  a s s o c i a t e d  with F 3' 

The a n a l y s i s  of the da ta  f o r  models A and B were next  

analyzed i n  terms of the  time, T ,  f o r  a p a r t i c u l a r  amount of 

drug t o  d isso lve .  A randomization method i d e n t i c a l  to  that used 

f o r  the f i r s t  d i f f e r e n c e  da ta  was employed, and the random 

samples were transformed to  l n  T.  Note that the mat r ix  of 

observat ions given i n  Table 6 is given in terms of the n a t u r a l  

logarithm of rhe time, T, i t  tokes for a p a r t i c u l a r  percentage 

t o  d isso lve .  

The la T d a t a  (Case 2) were analyeed and a summary of the 

a n a l y s i s  of var iance is  given in Table 7 .  

In order  t o  i n t e r p r e t  the da ta  from the a n a l y s i s  of 

variance t a b l e  i t  is usefu l  t o  r e f e r  t o  f i g u r e  2.  This 

graphica l  presenta t ion  of data  c l o s e l y  approximates the 

de te rminis t ic  In T p r o f i l e s  f o r  models A and B. Notice that the 

In T values  f o r  model A a r e  c o n s i s t e n t l y  higher than those f o r  

model B. Therefore ,  i t  is n o t  s u r p r i s i n g  that the t es t  f o r  
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ANALYSIS OF DISSOLUTION DATA 

TABLE 6 

ln T Transform of Dissolution Data 

t20% t40% t60% %OX Group Individua 1 
----__I-------------- --- 

1 -1.10 - 290 .207 * 642 
A 2 -1.08 -. 163 300 .678 

3 -1.10 - .224 .278 .779 

4 - .238 525 .978 1.48 

- ---_I_---------- 

B 5 - -361 .470 ,900 1.47 
1.41 
--I- 

6 -.252 .392 .892 ------------------- 

TABLE 7 

ANOVA Table for Ln T Data 

Time In te rva 1 s 3 10.18 

Groups 

Individua 1 s within 
Groups 

1 3.182 F2 = 484.6 0.0001 

4 ,02627 

Groups x Time Intervals 3 -01999 Fg = 3.59 0.0464 

Individuals x Time 12 .02227 
- --- -- ---_I_-------- 

Intervals within Groupe 
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988 MAUGER, CHILKO, AND HOWARD 

l e v e l  rejects the hypothesis  concerning homogeneity of group 

means ( l e v e l ) .  

P r o f i l e s  A and B i n  curve s e t  1 of f i g u r e  2 are p a r a l l e l .  

The mathematical models represent ing  A and B only d i f f e r  by a 

cons tan t  f a c t o r  of 2 ,  and the concept of time s c a l i n g  is 

evidenced i n  these p r o f i l e s  s i n c e  each curve i s  d isp laced  from 

the o ther  by a c o n s t a n t  d i s t a n c e .  We now t u r n  t o  the a n a l y s i s  

of variance t a b l e  i n  order  t o  determine i f  the  t es t  s t a t i s t i c  

f o r  shape, F3, leads t o  a similar conclusion about  the 

parallelism between p r o f i l e  A and B. 

In  fac t ,  the observed value f o r  F is such that 

.05 > P (F3 (3,12) > 3.59) > .025 

3 

w i t h  

P(F3 (3,121 > 3.59) = 0.0464. 

Thus, the  dec is ion  t o  reject  or a c c e p t  the hypothesis  w i l l  

depend upon the l e v e l  of s i g n i f i c a n c e  chosen and c e r t a i n  

fundamental assumptions regarding the v a l i d i t y  of the test  

s ta t i s t ic .  

The quest ion of p a r a l l e l i s m  in the  Case 2 sense is of 

i n t e r e s t  t o  p u r s u e  s l n c e  the test statistic f o r  shape w i l l  

c o n t r a d i c t  the n u l l  hypothesis a t  the .05 l e v e l  of s i g n i f i c a n c e  

when it is known t h a t  models A and B are i n  f a c t  p a r a l l e l .  This  

apparent  c o n t r a d i c t i o n  is  r e l a t e d  to the v a r i a b i l i t y  of the 

d a t a .  When E ,  the maximum e r r o r ,  i n  the e r r o r  recipe is reduced  
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from LO to  5 ,  the r e s u l t i n g  d a t a  matrix,  when analyzed f o r  

shape ,  y i e l d s  

P (F3 (3,121 > 1.43) = .283. 

Now, w e  can e a s i l y  a c c e p t  the hypothesis of no i n t e r a c t i o n  and 

conclude t h a t  the mean p r o f i l e s  do n o t  d i f f e r  i n  shape from 

group t o  group. 

The form of the covariance-variance matr ix  i s  another  

cons idera t ion  r e l a t e d  to  the acceptance o r  r e j e c t i o n  of the null. 

hypothesis concerning p r o f i l e  shape. For d i s s o l u t i o n  

experiments,  where a cumula f i v e  event  i s  observed over time, we 

expect the observat ions t h a t  a r e  a d j a c e n t  t o  be more highly 

c o r r e l a t e d  than more d i s t a n t  measurements. With t h i s  i n  mind, 

i t  is  of interest  t o  analyze the observed F s t a t i s t i c  f o r  the 

In T d a t a  again.  This time, however, w e  w i l l  u s e  the 

conservat ive test sugges tad by Greenhouse and Geisser where 

3 

P (F3 (1,4) > 3.59) = .131 

and the n u l l  hypothesis is e a s i l y  accepted. 

The p a r t i c u l a r  example a t  hand p o i n t s  to  p o t e n t i a l  problems 

i n  the da ta  a n a l y s i s  scheme. However, a fundamental 

c h a r a c t e r i s t i c  remains and is  important to  keep i n  mind. This 

characteristic relates t o  an  i n t e r e s t  i n  the shapes of the 

p r o f i l e s  and a n  i n t e r e s t  i n  comparing the underlying 

(mathematical) models f o r  the d i s s o l u t i o n  p r o f i l e s .  The worked 

example has shown that the Ln T transform r a t h e r  than the f i r s t  

d i f f e r e n c e  da ta  transform is of p a r t i c u l a r  i n t e r e s t  when 
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comparing p ro f i l e s  which a r e  driven by the same model and only 

d i f f e r  by a time scal ing fac tor .  

As mentioned a t  the ou t se t ,  mathematical modeling is not  

the pr imary  i n t e r e s t  of the pharmaceutical s c i e n t i s t  who wishes 

to determine s ign i f i can t  Charac te r i s t ics  of l ikeness  or 

difference between d isso lu t ion  p ro f i l e s ,  However, proof of 

similar  shape via  the test fo r  paral le l ism does i n  f a c t  suggest 

that an unde terminded underlying model is operating over time. 

E q u a l l y  important is the suggestion that manufacturing 

c h a r a c t e r i s t i c s  from l o t - t o - l o t  or  brand-to-brand for  a t a b l e t  

o r  capsule lead to a s imi la r  d i sso lu t ion  process. This i s  a 

much more powerful i n t e rp re t a t ion  than the more commonly used 

approach where decisions regarding s i m i l a r i t y  are reached by 

comparing the t50X values .  

SUMMARY 

A par t i cu la r  ana lys i s  of variance approach has been applied 

to  d isso lu t ion  p ro f i l e s .  The leve l  and shape are 

cha rac t e r i s t i c s  of the pro f i l e s  which a r e  t e s t e d .  P ro f i l e  shape 

is suggested as being a pa r t i cu la r ly  important c h a r a c t e r i s t i c  

s ince i t  appreciates the process over time, and i m p l i e s  whether 

or not d i f f e r e n t  formulations a r e  dissolving according to  

similar d isso lu t ion  mechanisms. 

The ca lcu la t ion  procedure f o r  the ana lys i s  is s i m p l e  enough 

to be car r ied  out  using a hand held ca lcu la tor .  However, 

c e r t a i n  assumptions regarding the variance-covariance matrix 
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make the procedure somewhat tes t r i c  t l ve  . This re8 t r i c  t i oa  can 

be relaxed (though not  eliminated) by applying a conservative 

test. 
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APPENDIX 

The data from Table 4 a r e  analyzed' t o  i l l u s t r a t e  the 

computational procedure associated wl th  Table 1. 

- -- --- 
P'4 

Group Individual A t 1  At2  At3 At4 Total 
-- g=2 - 

1 .509 .313 .120 .lo8 1 e 0 5  
A 2 .456 .370 . lo2  .045 .973 

3 .444 .313 .110 .054 .921 

Tota 1 1.409 .996 .332 .207 2.944 NA=3 
---- - 

4 .272 .264 .200 .015 .751 
B 5 .293 .193 .188 .LOO .774 

6 .247 .210 .269 .044 .770 

Total .812 .667 .657 .159 2.295 NB=3 

-~ ~ ~~ 

Grand Total 2 . 2 2 1  1.663 .989 .366 5.239 N=6 

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.



992 MAUGER, C H I L K O ,  AND HOWARD 

Q 1  = 1/6 [2.2212 + 1.6632 + .989* + .36621 - [5.2392/(6)(4)1 
N N P  - .32479 

Q2 = 1/4 [2.9942/3 + 2.295*/31 - [5.239*/(6)(4)1 

P NA = A17550 NB 

43 = 1/4 j1.05 2 + .... + .7702] - 1/4 [(2.9442/3) + (2.2952/3)1 

P 
= .0021817 P NA *B 

'This computational procedure is c o n s i s t e n t  with Table 1 and is 

discussed by D. Morrison, "Mult ivar ia te  S t a t i s t i c a l  Methods", 

2nd. e d i t i o n ,  McCraw-Hi l l ,  N e w  York, 1976, p. 213. 
2 2 2 2 44 [1.409 + s o . .  + a207 1/3 + i.812 + .... + el59 ] / 3  - 

= .077880 

Q5 J 46 - Q 1  - 42 - Q3 - 44 - .016227 

2 46 = [.509 + .... + .0442] - [5.2392/(6)(4)1 

= .43863 

The test s ta t i s t ic  f o r  Level is 

with (g-1) = 1 and (N-g) = 4 degrees  of freedom. 

The test s ta t i s t ic  f o r  parallelism is 

with (p- l ) (g-1)  = (4-1)(2-1) = 3 and (p-L)(N-g) - (4-1)(6-4) = 

12  degrees of freedom. For a conserva t ive  test  with maximum 

reduct ion of degrees of freedom u6c (g-1) = (2-1) = 1 and (N-g) 

* 4. 
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