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ABSTRACT 

The d i s s o l u t i o n  rate of i n d i v i d u a l  t a b l e t s  w i t h i n  a l o t  

is considered t o  be of a random nature .  The connect ion between 

classical statist ics and the  s t o c h a s t i c  approach, t oge the r  w i th  

their dependence, is presented.  By formula t ing  t h e  hypothes is  

s p e c i f i c  t o  t h e  b a s i c  ques t ion  of interest ,  a methodology f o r  

determining t h e  requi red  number of s o l i d  dosage form f o r  t h e  

d i s s o l u t i o n  r a t e  assessment of a l o t  is suggested.  

INTRODUCTION 

])if rcrcwes i n  d i s s o l u t i o n  rate have usually been found 

among s o l i d  dosage forms from d i f f e r e n t  manufacturers ,  among 

d i f f e r e n t  l o t s  from t h e  same manufacturer and sometimes even 

w i t h i n  the  same l o t .  The determina t ion  of t h e  d i s s o l u t i o n  r a t e  

of a l o t  of a t a b l e t ,  f o r  example, i s  usua l ly  c a r r i e d  o u t  on a 
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1012 BOROUJERD I 

c e r t a i n  number of t a b l e t s  and the r e s u l t s  are used t o  assess t h e  

o v e r a l l  d i s s o l u t i o n  rate of the  l o t  as a whole. The r e l i a b i l i t y  

of such an assessment depends on the number of t a b l e t s  involved 

i n  t h e  test ,  Hence, a s p e c i a l  formula, one t h a t  i s  d i r ec t ed  a t  

the determinat ion of the number of the  dosage form involved in  

t h e  ana lys i s ,  becomes of i n t e r e s t ,  

i n  most a r b i t r a r y  p ro toco l s ,  t h e  usua l  s ta t is t ical  methods of 

a n a l y s i s  are c o r r e c t ,  but  a s u i t a b l e  c r i t e r i o n  is needed to 

determine the requLred number of a s o l i d  dosage form f o r  t h e  

ana lys i s .  Tkc> ob jec t  of the present  papar is  t o  formulate  a 

procedure t h a t  may serve as a b a s i s  f o r  deLermining the  reli- 

a b i l i t y  of t e s t i n g  t h e  d i s s o l u t i o n  rate of a l o t  of a s o l i d  

dosage form by measurement on a l i m i t e d  s e l e c t i o n  from t h a t  

lot:. 

It should be  mentioned that 

THEORETICAL 

T h e  d i s s o l u t i o n  rate is a func t ion  of a c e r t a i n  number of 

parameters which may vary in t h e  process  of prepar ing  a t a b l e t  

(l)o 

f a c t o r s  exe r t ing  an  in f luence  on t h e  i n  v ivo  o r  i n  v i t r o  d is -  

s o l u t i o n  rate of a t a b l e t ,  b u t  i t  can be assumed t h a t  t h e  va r i a -  

t i o n  of t he  parameters is of a random na tu re  and the d i s t r i b u t i o n  

of t h e  d i s s o l u t i o n  rate estimates of i nd iv idua l  t a b l e t s  w i th in  a 

l o t  is in accordance wi th  t h e  normal d i s t r i b u t i o n  l a w  (Z), More- 

over, it can be assumed t h a t  t h e r e  are no sys temat ic  e r r o r s  i n  t h e  

measurements, Then t h e  d i f f e rence  between t h e  r e s u l t  of an  

i n  v i t r o  measurement of dissol .ut ion rate, V, and t h e  i n  v ivo  

Although i t  is impossible  t o  take  i n t o  account a l l  t h e  

-- 
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DISSOLUTION TESTING 1013 

value ,  U, will equal  t h e  random e r r o r  of E=V-U, Based on t h e  

theory of a normal l a w  of d i s t r i b u t i o n  of random e r r o r ,  t h e  

p r o b a b i l i t y  d e n s i t y  of the random e r r o r ,  fl(E) , may be w r i t t e n  

in  t h e  fol lowing form (3): 

2 
E wherc a is the  var iance  of the random error, The p r o b a b i l i t y  

d e n s i t y  of the i n  v ivo  d i s s o l u t i o n  rate of t h e  t a b l e t s ,  f 2 ( U ) ,  

by v i r t u e  of the above assumption of a normal d i s t r i b u t i o n  wi th in  

a lot, can be w r i t t e n  i n  the  fo l lowing  form: 
q 

where is the mean of rates of d i s s o l u t i o n  of t he  l o t ,  i t  is a 

real cons tan t  and can b e  considered as mathematical expectancy. 

The va r i ance  of Qu of the i n  vivo d i s s o l u t i o n  rates is a p o s i t i v e  

cons tan t ,  The equat ion  g ives  t h e  familiar bell-shaped curve so  

o f t e n  a s soc ia t ed  wi th  s ta t is t ics ,  

at  u = p, and i f  u is  smal l ,  most of the area under the dens i ty  

i s  concentrated near  po Since U ( i n  vivo d i s s o l u t i o n  rate) and 

E ( the random e r r o r )  are mutually independent random q u a n t i t i e s ,  

t h e  express ion  

2 

The dens i ty ,  f , ( U ) ,  is l a r g e s t  

is v a l i d  for their combined p r o b a b i l i t y  dens i ty ,  

d e n s i t y  of the q u a n t i t y  V, the & d i s s o l u t i o n  rate, can be  

determined from t h e  fol lowing e q u a l i t y  

The p r o b a b i l i t y  
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1014 BOROU JERD I 

By subs t i tu t ing  equations 1 and 2 in 3 one can obta in  the following 

r e l a t i o n s N p  

exp C-C + -@?$I dx ( 4 )  
2a\, *% V E  

If we define the variance of the  i n  vivo r a t e s  i n  the  following 

manner 

and designate 

2 2 pa + va, 

““V 

- E 
2 

2 2  
ou aE 

and 0’ = - 

then equation 4 w i l l  have the foll.owing form 

On taking U out of the i n t e g r a l ,  and evaluating the i n t e g r a l  of 

-- in v i t r o  probabi l i ty  densi ty  function we obtain 

Thus the  d isso lu t ion  r a t e  is a random quant i ty  charac- 

t e r i z e d  by 

expectancy 

2 u s  V 

a normal d i s t r i b u t i o n  function with a mathematical 

1-1 and with a variance at, wherein 

2 2  
‘U 4- 
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DISSOLUTION TESTING 1015 

EXPERIMENTAL 

Suppose that from a l o t  of a t a b l e t  a s e l e c t i o n  i s  made, 

m times of an assigned number n,  to which by means of a s t i r r e d -  

v e s s e l  type appara tus ,  f o r  example, are assigned d i s s o l u t i o n  

rate of Vi; (i = 1 , 2 p o o . a o ,  n; J = 1,2,.0Q,,o, m). The d i s t r i -  

bu t ion  func t ion  of t he  i n d i v i d u a l  t a b l e t  w i t h i n  the  l o t  can be 

represented  on the  scale of oV, ioeo, t he  r a t i o  

0 

can be adopted as a random va lue  of the measured i n  v i t r o  

d i s s o l u t i o n  rate, Then the p r o b a b i l i t y  dens i ty  of t h e  measure 

d i s s o l u t i o n  rate V w i l l  be  descr ibed  by a func t ion  of  the form 

of Eq, 6 w i t h  - 0 and (5 = 1. The mean of d i s s o l u t i o n  rates 
iJ 

V 
of n 

from 

t a b l e t  i n  each of t h e  m measurements, 

the  equat ion  

can be c a l c u l a t e d  
J' 

The mean of d i s s o l u t i o n  rate of all measurements (ioeo nm) and 

r e l a t e d  s tandard  dev ia t ion ,  SD, can be  determined from the 

fol lowing r e l a t ionsh ips :  

= l rn  v = - - c  v' m .  
J=1 5 

and 

J=1 
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1016 BOROUJERDI 

Note t h a t  7 and SD can be obtained on t h e  scale of CI s o  t h a t  V’ 
J 

(11.) 
V J 

(12) 
Sn and SD = - 
V cs 

where i n  = The mean of t h e  i n  v i t r o  d i s s o l u t i o n  rates f o r  the 

measurement of n t a b l e t s  

Sn = The empi r i ca l  s tandard dev ia t ion  f o r  t h e  measurement 

of n t a b l e t s ,  

Since in measurements on a l imi t ed  s e l e c t i o n  of t a b l e t s  any 

va lue  may occur  as an estimate of the  mean 1-1, i t  is necessary v’ 
t o  i n d i c a t e  t h e  range,  C, of t h e  d e v i a t i o n  of 

t he  p r o b a b i l i t y  P that the normal. d i s t r i b u t i o n  of t h e  random 

quan t i ty  w i l l  take on a va lue  i n  the  range from 11 + C is derived 

by means of t h e  fol lowing p r o b a b i l i t y  i n t e g r a l  : 

n 

from uo Moreover, n 

n 

S u b s t i t u t i n g  the following symbols i n  Eq, 13,  - 

‘ c  d = -  and C = 
OV V 
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DISSOLUTION TESTING 1017 

we reduce i t  t o  the  t abu la t ed  p r o b a b i l i t y  i n t e g r a l  (4,5) 

P a $  ( d ) = / $ I , d e - -  ML 2 d t  

where d is the range of the  dev ia t ions  on the  bV scale, 

func t ion  d (P), t he  inve r se  of t he  p r o b a b i l i t y  i n t e g r a l  14 ,  can 

a l s o  be t abu la t ed  and enables  the  va lue  of C o r  C' t o  be found 

w i t h  an assigned p r o b a b i l i t y  P: 

The 

C = d(P) aV, C' = d(P) SD 

DISCUSSION 

For a g iven  s o l i d  dosage form, a graph of empir ica l  

s tandard  dev ia t ion  p l o t t e d  against. n has  the  curve c h a r a c t e r i s t i c  

of an inve r se  propor t ion ,  t h a t  can he generated i n  t h e  course of 

an experiment. By us ing  the  dependence of s tandard  d e v i a t i o n  on 

n and Eq, 15, i t  is p o s s i b l e  wi th  a p robab i l i t y  P t o  determine C' 

as a func t ion  of the number of t a b l e t s  s e l e c t e d  f o r  a d i s s o l u t i o n  

test, The r e l a t i o n s h i p  between C ' ,  n :ind P ( iuc , , ,  the  dependence 

o f  t h e  confidence interval C'  on the  number n of t e s t e d  t a b l e t s ,  

€or d i f f e r e n t  p r o b a b i l i t y  values) can a l s o  be tabula ted  o r  pre- 

sented as a family of curveso 

a given confidence range C',  i t  is poss ib l e  t o  determine the 

minimum number of t a b l e t s  necessary f o r  t he  d i s s o l u t i o n  t e s t i n g .  

L e t  u s  c a r r y  o u t  a hypo the t i ca l  eva lua t ion ,  

Therefore ,  f o r  a des i r ed  P and 

Suppose t h a t  from t h e  r e l a t i o n s h i p  between n, C' and P ,  that 

can be s imulated as a family of curves ,  t he  va lues  of C' €or  n = 6 

and n = 15 f o r  son= given value oi P are determined. Then with 
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1018 BOROUJERDI 

u 

dev ia t ion  ve r sus  n and Eq, 12, t he  confidence i n t e r v a l  C = C'CT,,, 

can be determined. L e t  us assume that w i t h  a P = 0.95 of 6 t a b l e t s  

C = O028,  and w i t h  n = 1 5  and t h e  same P va lue  C = 0,21, 

means that w i t h  a r e l i a b i l i t y  va lue  of 95%, t h e  va lue  of the mean 

of t he  d i s s o l u t i o n  rate of the l o t ,  p, may d i f f e r  from the measured 

va lue  by not  more than 28% i f  6 t a b l e t s  are t e s t e d ,  o r  by not more 

than 21% i f  f i f t e e n  t a b l e t s  are t e s t e d ,  Obviously f o r  a des i r ed  

confidence i n t e r v a l  of C = 0.1 a t  P = 0,95 one has  t o  select a 

d i f f e r e n t  n va lue  t h a t  is g r e a t e r  than 15, 

being known from the  generated curve of t he  empi r i ca l  s tandard  V 

This 
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