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c\BSTHACT 

The c o n t e n t  u n i f o r m i t y  o f  t a b l e t s  c o n t a i n i n g  h i g h  potency, 

l o w  dosage drugs can o n l y  be s u c c e s s f u l l y  ma in ta ined  by 

a p p l i c a t i o n  o f  CMP a t  a l l  s tages o f  t h e  t o t a l  manu fac tu r ing  

process i n c l u d i n g  bo th  f o r m u l a t i o n  and q u a l i t y  c o n t r o l .  T h i s  

r e q u i r e s  bo th  unders tand ing  o f  t h e  pharmaceu t i ca l  technology 

i n v o l v e d  and a p p r o p r i a t e  des ign ing  o f  c o n t e n t  u n i f o r m i t y  t e s t ,  

The U5P X X I  (1985)  has made t h e  c o n t e n t  u n i f o r m i t y  t e s t  

more s t r i n g e n t  by a p p l y i n g  b o t h  t e s t s  by a t t r i b u t e s  and v a r i a b l e s .  

I n  t h i s  s tudy t h e  t e s t  has been cha l l enged  by u s i n g  27 batches 

o f  e t h i n y l o e s t r a d i o l  10 wg t a b l e t s  hav ing  d i f f e r e n t  degrees o f  

homogeneity i n  powder mixes and t a b l e t s .  

The r e s u l t s  i n d i c a t e  t h a t  t h e  t e s t  has a weak p o t e n t i a l  in 

de te rm in ing  t h e  c o n t e n t  u n i f o r m i t y  o f  batches p repared  f rom 

cohesive drug powders and c h a r a c t e r i s e d  by skewed d i s t r i b u t i o n  
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690 SALLAM 

of  d r u g  c o n t e n t  i n  t a b l e t s  . I t  i s  t h e  same drawback o f  t h e  

USP X X  (1980) c o n t e n t  u n i f o r m i t y  t e s t .  T h i s  d e f e c t  is  d u e  t o  t h e  

smal l  s a m p l e  s i z e  o f  10 u n i t  d o s e s  i n  t h e  f i r s t  s t e p  w h i c h  i s  

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

h i g h  d r u g  c o n t e n t  i n  a b a t c h  o f  t a b l e t s  h a v i n g  skewed d i s t r i b u t i o n .  

S t a t i s t i c a l  a n a l y s i s  o f  t h e  r e s u l t s  u s i n g  c o e f f i c i o n t  o f  s k e w n e s s  

a n d  n o n p a r a m e t r i c  L i l l i a f o r s  t e s t  h a s  shown t h a t  some b a t c h e s  

which  h a v e  p a s s e d  t h e  USP X X I  (1985) conten t  u n i f o r m i t y  t e s t  are 

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

i n c o r p o r a t i n g  w i t h i n  t h e  o f f i c i a l  s p e c i f i c a t i o n s  a t e s t  w h i c h  

i n c l u d e s  a n  e x a m i n a t i o n  o f  t h e  t y p e  o f  d i s t r i b u t i o n  a n d  h e n c e ,  

i n c r e a s i n g  s a m p l e  s i z e  i s  r e q u i r e d .  

I NTRODUCTIUN 

For u n i t  d o s e s  p a r t i c u l a r l y  t h o s e  d o s a g e  ?orins c o n t a i n i n g  

p o t e n t  d r u g s  where  t h e  d o s e  i s  e x t r e m e l y  smal l  , i t  i s  n o t  

s u f f i c i e n t  t o  comply w i t h  t h e  d r u g  c o n t e n t  r e q u i r e m e n t s  b a s e d  on 

20 t a b l e t s  . The c o n t e n t  u n i f o r m i t y  t e s t i n g  o f  s u c h  d o s a g e  forms 

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

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

s h o u l d  be a r e f l e c t i o n  o f  t h e  l a b e l l e d  s t r e n g t h .  It is a l s o  t o  

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

r l y  where m i x i n g  p r o b l e m s  a r e  e x p e c t e d  ( 1 , 2 )  . 
H e c o g n i s i n g  t h e s e  z e q u i r m e n t s  t h e  USP XVII (1965) a n d  USNF 

(1965), i n c l u d e d  f o r  t h e  f i r s t  time a c o n t e n t  u n i f o r m i t y  t e s t  f o r  

t a b l e t s  c o n t a i n i n g  5 mg or l ess  o f  drug c o n t e n t  p e r  t a b l e t .  
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CONTENT UNIFORMITY TESTING 691 

I n  t h e  consecu t i ve  v e r s i o n s  (USiJ 1970, 1975 and 1980) a c o n t e n t  

u n i f o r m i t y  t e s t  f o r  t a b l e t s  c o n t a i n i n g  50 mg o r  l e s s  o f  drug pe r  

t a b l e t  i s  i nc luded .  The i n s p e c t i o n  p l a n  o f  a l l  these was aspen- 

dent on two s tage t e s t  by a t t r i b u t e s .  The r e l a t i v e  weakness o f  

i n s p e c t i o n  p l a n  by a t t r i b u t e s  have been e x t e n s i v e l y  d iscussed 

( J  - 18) .  The main drawbacks which have been o u t l i n e d  a r e  the  

s m a l l  sample s i z e  i n  t h e  f i r s t  s t e p  o f  t h e  t e s t  and the  l a c k  o f  

de te rm in ing  t h e  v a r i a t i o n  among t h e  u n i t s  and absence o f  examin- 

a t i o n  o f  t h e  t ype  o f  d i s t r i b u t i o n  o f  dosage u n i t s  i n  batches. 

Consequently, t h e  i n s p e c t i o n  p l a n  by v a r i a b l e s  has been suggested. 

Furthermore, i t  has been p o i n t e d  o u t  t h a t  u n l e s s  t h e  c o n t e n t  

u n i f o r m i t y  t e s t  examines t h e  t ype  o f  d i s t r i b u t i o n  o f  drug c o n t e n t  

i n  t h e  t a b l e t s ,  pha rmaceu t i ca l l y  unacceptable batches may pass 

t h e  t e s t  (1 ,2  and 78). 

o f  a r u y  c o n t e n t  i n  u n i t  doses r e q u i r e s  i n c r e a s i n g  t h e  sample 

s i z e  up t o  50 u n l t s .  

t x a m i n a t i o n  o f  t h e  t ype  o f  d i s t r i b u t i o n  

The new e d i t i o n  o f  t he  U5P , 1.8. U W  x x i  (1985) i n c l u d e s  

a c o n t e n t  u n i f o r m i t y  t e s t  based on an i n s p e c t i o n  p l a n  by t w o  

s tage t e s t  u s i n g  b o t h  sampl ing oy a t t r i b u t e s  and v a r i a b l e s  (19). 

However, t h e  sample s i z e  o f  t h e  f i r s t  s tep  i s  k e p t  smal l ,  10 u n i t  

doses. A l though i t  becomes more s t r i n g e n t  by a p p l y i n g  b o t h  t e s t s  

by a t t r i b u t e s  and va r iab les ,  i t  s t i l l  doesnot safeguard a g a i n s t  

u n i t  

o u t 1  

mean 

doses c o n t a i n i n g  h i g h  drug c o n t e n t  f o r  t h e  same reasons 

ned b e f o r e .  

H r e c e n t  r e p o r t  ( 2 1 )  has proposed a c o n t r o l  c h a r t  f o r  t h e  

c o n s t r u c t e d  f rom d u p l i c a t e  20 t a b l e t  drug c o n t e n t  assays 
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692 SALLAM 

and 10 u n i t  doses assays. The r e p o r t  suggests t h i s  t e s t  a long  

w i t h  t h e  USP X X I  (1985) c o n t e n t  u n i f o r m i t y  t o  be used f o r  v a l i d a -  

t i o n  and c o n t r o l  o f  s o l i d  dosaye form manu fac tu r ing  process. 

The c u r r e n t  s tudy w i l l  assess t h e  USP X X I  (1985) c o n t e n t  

u n i f o r m i t y  t e s t  i n  o r d e r  t o  eva lua te  i t s  v a l i d i t y  f o r  c o n t r o l l i n g  

s o l i d  dosage form c o n t a i n i n g  p o t e n t  drugs. The t ype  o f  

d i s t r i b u t i o n  o f  drug c o n t e n t  i n  u n i t  doses i s  examined by u s i n g  

c o e f f i c i e n t  o f  skewness and nonparametr ic L i l l i e f o r s  t e s t .  

RLTHUDS 

The p resen t  s tudy has used da ta  o f  d i f f e r e n t  batches o f  

e t h i n y l o e s t r a d i o l  (EE) 10 JJQ t a b l e t s .  

prepared u s i n g  d i f f e r e n t  p a r t i c l e  s i z e s  o f  EE r a n y i n g  f rom very 

f i n e  cohesive powder t o  a f r e e  f l o w i n g  coarse powder (22 ) .  

The weight o f  each t a b l e t  was around 55 mg, s i m i l a r  t o  commercial  

EL 10 u g  t a b l e t s .  F i f t y  t a b l e t s  f rom each b a t c h  were withdrawn 

randomly and assayed i n d i v i d u a l l y  (23 ) .  

sample o f  50 t a b l e t s  have been s u b j e c t e d  t o  USP XX (1980) and 

USP X X I  (1985)  C.U.tests and t o  o t h e r  s t a t i s t i c a l  t es ts .  

C o e f f i c i e n t  o f  Skewness 

Twenty seven batches were 

The r e s u l t s  f rom each 

The degree o f  skewness i s  assessed by c a l c u l a t i n g  t h e  

s t a t i s t i c  &., , t h e  c o e f f i c i e n t  o f  skewness: 
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CONTENT UNIFORMITY TESTING 693 

n i s  number d e g r e e s  o f  f r e e d o m  a n d  r = 2 f o r  m a n d  r = 3 
2 

For a s y m m e t r i c a l  d i s t r i b u t i o n  , i f  a l l  o f  t h e  o b s e r -  3 ’  
fo r  m 

v a t i o n s  a re  c o n s i d e r e d  ,A, = 0 ; f o r  a p o s i t i v e l y  skewed 

d i s t r i b u t i o n  > 0 . However, t h e  v a l u e  o f  6, c a l c u l a t e d  

f o r  a s a m p l e  o b s e r v a t i o n s  f r o m  symmetrical d i s t r i b u t i o n  w i l l  n o t  

b e  e x a c t l y  zero. The l i m i t i n g  v a l u e s  f o r  a normal d i s t r i b u t i o n  

f o r  d i f f e r e n t  s a m p l e  s i z e s  a r e  g i v e n  i n  t h e  f o l l o w i n g  T a b l e  ( 2 4 ) :  

Sample  S i z e  C o e f f i c i e n t  o f  S k e w n e s s  

P = 0.0s P = 0.01 

30 

50 

100 

0.661 0.962 

0 .533  0.787 

0.389 0.567 

F i s h e r  ( 2 5 )  s u g g e s t e d  t h a t  t h i s  t e s t  t o  be  a n  e x c e l l e n t  t e s t  f o r  

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

N o n p a r a m e t r i c  L i l l i e f o r s  t e s t  f o r  normality: 

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

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

L i l l i e f o r s  t e n t  (26 ) .  I t  c o m p a r e s  t h e  e m p i r i c a l  d i s t r i b u t i o n  

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

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

1. = ( X i  - W / S .  
1 - 

i s  t h e  s t a n d a r d i z e d  s a m p l e  o b s e r v a t i o n  of Xi , X 
‘i where  

i s  t h e  s a m p l e  mean a n d  5 i s  t h e  s t a n d a r d  d e v i a t i o n  o f  s a m p l e  

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

s t a n d a r d i z e d  s a m p l e  v a l u e s  i s  p l o t t e d  i n  L i l l i e f o r s  g r a p h  p a p e r .  
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694 SALLAM 

The n u l l  h y p o t h e s e s  t e s t e d  a r e  : 

: t h e  random s a m p l e  h a s  a n a r m a l  d i s t r i b u t i o n  w i t h  
HO 

u n s p e c i f i e d  mean a n d  v a r i a n c e .  

versus, 

H,, : t h e  d i s t r i b u t i o n  f u n c t i o n  o f  t h e  c o n t e n t s  o f  EE i n  

t h e  t a b l e t s  ( X . )  i s  non - normal .  
1 

The t e s t  r e q u i r e s  r e j e c t i o n  o f  t h e  n u l l  h y p o t h e s i s  a t  P = 0.05 

i f  t h e  t e s t  s t a t i s t i c  T ( t h e  l a r g e s t  v e r t i c a l  d i s t a n c e  b e t w e e n  

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

2 

d i s t r i b u t i o n )  e x c e e d s  t h e  0.95 q u a n t i l e  . V a l u e s  o f  t h e  0.95 

q u a n t i l e  a c c o r d i n g  t o  t h e  s a m p l e  s i z e  a r e  g i v e n  i n  t h e  f o l l o w i n g  

T a b l e  ( 2 7 ) :  

Sample S i z e  0 . 9 5  Q u a n t i l e  

30 0.162 

50 0.125 

100 0.089 

I n  a d d i t i o n ,  i f  t h e  c u m u l a t i v e  re la t ive  f r e q u e n c y  c u r v e  o f  

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

s a m p l e  s i z e ,  t h e n  i t  s h o u l d  b e  c o n s i d e r e d  non-normal  ( 2 7 ) .  

C o m b i n a t i o n  o f  c o n t e n t  u n i f o r m i t y  a n d  drug c o n t e n t  a s s a y s ( z w ) :  

t l o l t o n  ( 2 1 )  h a s  s u g g e s t e d  c o n t r o l  c h a r t s  f o r  t h e  mean p o t e n c y  

f rom d u p l i c a t e  d r u g  c o n t e n t  assays ( 2 0  t a b l e t s  e a c h )  a n d  10 c o n t e n t  

u n i f o r m i t y  assays  . I n  case o f  n e g l i g i b l e  assay v a r i a t i o n  t h e n :  
- 

= ( 2 2 c o m p e s i t e  + 2 cu ) / 3 . 
x w  

where  : 

- W e i g h t e d  a v e r a g e  - 
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CONTENT UNIFORMITY TESTING 695 

- 
X c o m p o s i t e  Average o f  d u p l i c a t e  d r u g  c o n t e n t  assays 

(20  t a b l e t s  each ) .  

x cu = Average o f  c o n t e n t  o f  10 u n i t  doses. 

I n  case o f  c o e f f i c i e n t  o f  v a r i a t i o n  (CU) of d r u g  c o n t e n t  e q u a l s  

t o  5% t h e  c o n t r o l  - c h a r t  limits of  2 = 100 2 2.74 , w h i l e  

i n  case o f  ( C V )  = 7% t h e  c o n t r o l  - c h a r t  l i m i t s  o f  

100 _+ 3.83. The v a l u e  100 is  t h e  t a r g e t  mean which is  e q u a l  t o  

t h e  l a b e l  claim , i t  g i v e s  more d i s c r i m i n a t i n g  power t o  t h e  

p r o p o s a l  . 

- 

W - 
Xu = 

DISCUSSIONS 

H e s u l t s  a r e  summarized i n  T a b l e s  1 and  2. The a d v a n t a g e  o f  

USP X X I  (1985)  C.U. Test o v e r  t h e  p r e v i o u s  o n e  is  o b v i o u s  by 

hav ing  b a t c h  number 19  as an  example. i3atch number 1 3  p a s s e s  t h e  

USP X X  (1980)  C . U . T e s t  because  t h e  f i r s t  10 t a b l e t s  a r e  w i t h i n  

t h e  limits o f  * 15% o f  t h e  s p e c i f i e d  po tency  l imits i n  t h e  

monograph, i.e. 102.56 m u l t i p l i e d  by - + 1 5  $ . However, i t  d o e s  

n o t  p a s s  t h e  U5P X X I  (1985)  C . U . T e s t  because  o f  t h e  f o l l o w i n g :  

1 - Tho f i r s t  10 t a b l e t s  have  C U  e q u a l  t o  9,7h and one t a b l e t  

l i e s  o u t s i d e  t h e  - + 15/0 l imits  , where t h e  p o t e n c y  l i m i t s  

t h i s  b a t c h  i s  100 p o f  t h e  l a b e l  c l a i m .  

f o r  

2 - The second  s t e p  p roduces  C U  e q u a l  t o  12.6% and o n e  t a b l e t  

h a s  d rug  c o n t e n t  e q u a l  t o  15.1 J J ~ .  

Although t h e  USP X X I  (1985)  C . U . T e s t  becomes more s t r i n g e n t ,  

i t  d o e s n o t  add much more d i s c r i m i n a t i n g  power t o  t h e  t e s t  because  

t h e  sample  s i z e  o f  t h e  f i r s t  s t e p  i s  s t i l l  10  u n i t  d o s e s  . Both 
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r 

lvUiYluLd i lF b H T C H t S  

PASS. 

N U i l t i t K  OF uUTLHtS  

F A I L .  

SALLAM 

USP xx (1980) USP X X I  (1985) 

20  19 

8 9 

aUMMAi3Y LIF KLSULTS HFTLH APPLICATION OF USP A X  (1980) ANb 

ULP X X I  (1985) C l l N T t N T  UNIFLIHMITY T t S T S  UN 27 dATCHL:, UF 

LTHII\IYLLJ~~THAL)IUL 1U JlL TAdLtTb. 

t e s t s  have r e j e c t e d  those batches c h a r a c t e r i s e d  by g r o s s  inhornoge- 

n e i t y  o f  drug con ten t  i n  u n i t  doses such ds batches nimber 1,2,3, 

4 and 10. t ia tch number 11 has been r e j e c t e d  because t h e  mean 

drug con ten t  i s  much below t h e  s p e c i f i e d  l i m i t s .  h s  shown i n  

Table ( 1 )  , b o t h  t e s t s  a r e  n o t  s i g n i f i c a n t l y  d r f f e r e n t  w i t h i n  

t h e  range o f  batches used f o r  t h i e  study, Batches number 5,ti, 

9 ( a )  and 9(b), 12,14 and I 5  a r e  p h a r m a c e u t i c a l l y  unacceptable 

batches as shown by examinat ion o f  t h e  range, mean and c o e f f i c i e n t  

o f  v a r i a t i o n  (CW) o f  SO t a b l e t s  (Tab le  2 ) .  k l l  these batches have 
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11 
2 
3 
4 
5 
6 
3 
8 

9 ( a )  
9 (b )  

9 ( a r b )  

10 
11 
12 
13 
14 
1s 

69 7 

ThtlLL ( 2 )  

SUMMAr(Y OF HtsULTs I1F 15 IJH~~V~HCLUTIC~LLY UNLCtPTAnLt i j ~  K t i L h  O F  
LTHINTL~ESTHULUUL 10 JIG TAULET5 (50 TAULET5 EACH). 
r 

I jnTCH DHUC CLINT~NT ) L G / T A U L ~ T  USP xx USP X X I  
NU MU ti K HANGL MLnN CV GI 1960 1985 

4.6 - 48.5 
9.2 - 16.1 
0.1 - 29.0 
4.3 - 18.6 
9.2 - 12.9 
9.5 - 13.9 
9.4 - 12.2 
8.1 - 11.2 
9.1 - 16.8 
9.0 - 11.3 
9.0 - 16.8 
8.9 - 53.5 
6.9 - 9.6 
8.5 - 13.4 
8.7 - 1b.1 
8.5 - 29.0 
8.9 - 25.3 

11.9 
10.2 
11.2 
11.9 
10.9 
11.5 
11.0 
9.7 

10.2 
9.8 

10.0 

10.8 
E1.0 
10.0 
9.8 
10.3 
10.2 

57.8 
10.3 
63.2 
25.4 
7.6 
8.2 
5.0 
7.1 

11.5 
5.0 

9.2 

57.2 
6.9 
6.3 
12.0 
29.4 
23.1 

3.224 
3.751 
0.600 
0.257 
0.343 
0.471 
0.017 
0.088 

3.761 
1.134 

1.427 

6.737 
0.419 
1.217 
2.708 
4.892 
5.500 

F A  I L 
FAIL 
FnIL 
FAIL 
PAS5 
FAIL 
FAIL 
PAS5 

P A S 5  
P A S 5  

PUSS 

FAIL 
Fh IL  
PHs5 
PA55 
PAS5 
Pn5S 

Fhli 
FAIL 
FAIL 
FAIL 
PASS 
FHIL 
F n l L  
PAS5 

? M 5 3  
PASS 

P,<SS 

FnIL 
FHIL 
Pn55 
FALL 
PALS 
PASS 

BATCH NUMBtH 9(a)  E I N D  9 ( b )  ARE SkMPLLS UITHDKALIN FtiiliV THE SAME 
BATCH, LACH UF SO TABLtTS. 

CV , Ctit-FFICIENT OF V A R I A T I O N .  
FOH L I f l l T 5  L1F 6, 

rbl , CUEFFICIENT OF SKEWNtSS. 
SEL T f X T .  

passed b o t h  tes ts ,  i.e. t h e  USP XX (1980) and USP X X I  (1985) C.U. 

Tests. The reasons c o u l d  be summarized as f o l l o w s  : 

1 - The t a b l e t s  which a re  hav ing  drug c o n t e n t  o u t s i d e  t h e  

s p e c i f i e d  l i m i t s  are n o t  among t h e  f i r s t  10 u n i t s  r e q u i r e d  by t h e  

t e s t .  

2 - The c o e f f i c i e n t  o f  v a r i a t i o n  o f  the f i r s t  10 t a b l e t s  i s  

lower t h a n  t h e  s p e c i f i e d  one, 6%. 
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698 SALLAM 

Another argument which can be used t o  c r i t i s i z e  t h e  C.U.Tests 

i s  i l l u s t r a t e d  by t h e  f o l l o w i n g  example. Assuming t h e  normal  

d i s t r i b u t i o n  o f  drug c o n t e n t  i n  t a b l e t s ,  t h e  p r o b a b i l i t y  o f  hav ing  

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

Test  l i m i t s  i s  zero (28). 

o f  ba tch  number 5 and t h e  L i l l i e f o r s  graph (fig. I ) ,  t h e  

d i s t r i b u t i o n  o f  t h i s  b a t c h  i s  cons ide red  a reasonable approxima- 

t i o n  o f  a normal d i s t r i b u t i o n .  The ba tch  sample o f  50 t a b l e t s  

i n c l u d e  one t a b l e t  o u t s i d e  t h e  l i m i t s  o f  2 25% and 

o u t s i d e  t h e  l i m i t s  o f  t h e  s p e c i f i e d  potency mean (102.5y6) 

acco rd ing  t o  t h e  USP X X I  (1985) C.U.Test. These 6 t a b l e t s  a r e  

number 28, 32, 36, 43, 46 and 48 i n  t h e  50 t a b l e t s  sample. The 

f i r s t  10 t a b l e t s  o f  ba tch  number 5 have drug c o n t e n t  w i th in  t h e  

s p e c i f i e d  requirements,  consequent ly t h e  ba tch  has been accepted 

by t h e  LISP X X I  (1985) C.U.Test. 

+ 25% o f  USP X X I  (1985) C.U. - 
Checking t h e  c o e f f i c i e n t  o f  skewness 

5 t a b l e t s  

App ly ing  t h e  p r o p o s a l  of  B o l t o n  (21), by c a l c u l a t i n g  t h e  

- 
weighted average 

X CU and t h e  r e s t  40 t a b l e t s  t o  c a l c u l a t e  

Xw w i l l  be e q u a l  t o  10.80)rg. Thus, ba tch  number 5 w i l l  be n o t  

accepted because t h e  mean i t s e l f  is f a r  from t h e  t a r g e t  va lue  

recommended by t h e  proposal ,  IOOY’, o f  t h e  l a b e l  c l a i m  i n s p i t e  o f  

t h e  CU o f  t h e  f i r s t  10 t a b l e t s  be ing  equa l  t o  5.4p. 

Xw : t a k i n g  t h e  f i r s t  I 0  t a b l e t s  t o  c a l c u l a t e  

.. ?i composite, t h e n  t h e  - 

Hatches number 9(a), 9(b), 12, 14 and 1 5  have been p repared  

f rom cohesive EL powder (mean p a r t i c l e  s i z e  7.9 IJm). 

t o  random m i x i n g  theo ry  (29), t h i s  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  

drug powder, if w e l l  dispersed, w i l l  produce t a b l e t s  w i t h  

Accord ing 
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700 SALLAM 

p h a r m a c e u t i c a l l y  a c c e p t a b l e  c o n t e n t  u n i f o r m i t y  (30) .  

b e c a u s e  o f  t h e  c o h e s i v e  n a t u r e  o f  t h e  d r u g  powder ,  d r u g  agglome- 

ra tes  h a v e  n o t  b e e n  well d i s p e r s e d .  C o n s e q u e n t l y ,  p o s i t i v e l y  

skewed d i s t r i b u t i o n s  h a v e  b e e n  p r o d u c e d .  P o s i t i v e l y  s k e w e d  

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

t a b l e t s  w i l l  be c o n t a i n i n g  u n i t  d o s e s  w i t h  h i g h  d r u g  c o n t e n t  (1). 

However , 

I n t e r p r e t a t i o n  o f  d a t a  ( T a b l a  2 )  i n d i c a t e s  t h a t ,  t h e r e  i s  a 

h i g h  p r o b a b i l i t y  o f  w i t h d r a w i n g  s a m p l e s  s h o w i n g  low CU v a l u e s  

p a r t i c u l a r l y  when t h e  s a m p l e  s i z e  i s  small ,  e.g. less t h a n  50 

u n i t s .  T h i s  i s  t r u e ,  b e c a u s e  t h e  number o f  d r u g  a g g l o m e r a t e s  i s  

v e r y  smal l  r e l a t i v e  t o  t h e  number o f  t a b l e t s .  n c c o r d i n g l y  , 
e v a l u a t i o n  o f  c o n t e n t  u n i f o r m i t y  o f  t a b l e t s  c o n t a i n i n g  p o t e n t  

d r u g s  i s  v e r y  d i f f i c u l t  a n d  s h o u l d  be a c c o m p a n i e d  by e x a m i n a t i o n  

o f  t h e  t y p e  o f  d i s t r i b u t i o n .  The d e f e c t  i n  t h e  o f f i c i a l  C.U.Tests 

i s  n o t  o n l y  due  t o  t h e  smal l  s a m p l e  s i z e  i n  t h e  f i r s t  s t e p .  The 

a r g u m e n t  c o u l d  be  e x p l a i n e d  by a s s u m i n g  t h e  L . U . T e s t  i s  a p p l i e d  

a c c o r d i n g  t o  t h e  f o l l o w i n g  c o n d i t i o n s  : 

1 - Une s t a g e  i n s p e c t i o n  p l a n .  

2 - J a m p l e  s i z e  o f  30 u n i t s .  

3 - C o e f f i c i e n t  o f  v a r i a t i o n  o f  6p. 

4 - U t h e r  limits f o l l o w  U5P X X I  (1985)  C.U.Test. 

The r e s u l t s  h a v e  been  f o u n d  t o  be  a s  f o l l o w s  : 

1 - t l a t c h  number 9 ( a )  f a i l s ,  i t  shows C U  e q u a l  t o  13,3;/c. 

2 - The s e c o n d  s a m p l e  o f  b a t c h  number 9, 1.e. 9 ( b )  p a s s e s , i t  

shows CV e q u a l  t o  4.7% a n d  f u l f i l l s  t h e  

m e n t s .  

o t h e r  r e q u i r e -  
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CONTENT UNIFORMITY TESTING 701 

- d a t c h  number 1 2  P a s s e s ,  i t  shows C U  e q u a l  t o  5 . 9 ~  a n d  

f u l f i l l s  t h e  o t h e r  r e q u i r e m e n t s .  

4 - b a t c h  number 1 4  f a i l s ,  i t  shows Ci, e q u a l  t o  15.4%. 

5 - d a t c h  number 15 p a s s e s ,  i t  shows C'J e q u a l  t o  5.6% a n d  

f u l f i l l s  t h e  o t h e r  r e q u i r e m e n t s .  

Thus, i n c r e a s i n g  t h e  s a m p l e  s i z e  i n c r e a s e s  t h e  e f f i c i e n c y  o f  t h e  

t e s t  a s  a l r e a d y  p o i n t e d  o u t  i n  many r e p o r t s  ( 1 7 ,  1 8 ) .  However, 

t h r e e  p h a r m a c e u t i c a l l y  u n a c c e p t a b l e  b a t c h e s  h a v e  b e e n  a c c e p t e d ,  

The a r g u m e n t  i s  n o t  r e l a t e d  t o  t h e  s a m p l e  s i z e  o n l y ,  i t  i s  a l s o  

c o n c e r n e d  w i t h  t h e  t y p e  o f  d i s t r i b u t i o n  as  p o i n t e d  o u t  b e f o r e .  

L i l l i e f o r s  t e s t  f o r  n o r m a l i t y  a n d  s k e w n e s s  t e s t  h a v e  b e e n  

u s e d  t o  e x a m i n e  t h e  t y p e  o f  d i s t r i b u t i o n  o f  b a t c h  number 9 . 
I n  o r d e r  t o  i m p a r t  more c e r t a i n  t y  o n  t h e  r e s u l t s  t h e  s a m p l e  s i z e  

i s  i n c r e a s e d  t o  100 u n i t s .  Hll s a m p l e s  e x h i b i t  p o s i t i v e l y  skewed 

d i s t r i b u t i o n s  ( t a b l e  2 )  which h a v e  b e e n  s u p p o r t e d  by L i l l i e f o r s  

t e s t  ( F i g  2, 3 , a n d  4) .  L i l l i e f o r s  g r a p h s  i n d i c a t e  e v i d e n c e s  o f  

d e v i a t i n g  f r o m  n o r m a l i t y ,  t h i s  i s  o b v i o u s  For 91.) i n  F i g  2 , 
T 2  = 0.18tl a n d  t h e  c u m u l a t i v e  r e l a t i v e  f r e q u e n c y  c u r v e  c r o s s e s  

bounds  f o r  n o r m a l  samples. Sample  9 ( a  + b ) b e h a v e s  s i m i l a r l y  

a s  shown i n  F i g  4 , T 2  = 0.25  a n d  c u m u l a t i v e  f r e q u e n c y  c u r v e  

crosses b o u n d s  f o r  n o r m a l  s a m p l e s .  However, L i l l i e f o r s  g r a p h  

f o r  9 ( b )  i n  F i g  3 

n o r m a l i t y ,  

i s  w i t h i n  t h e  bounds  o f  n o r m a l  s a m p l e .  T a k i n g  i n t o  a c c o u n t  t h e  

v a l u e  o f  t h e  c o e f f i c i e n t  o f  s k e w n e s s  f o r  9 ( b ) ,  

( 

s i g n i f i c a n t l y  skewed a n d  c o n s i d e r e d  d e v i a t i n g  f r o m  n o r m a l i t y .  

d o e s n o t  show t h e  same e x t e n t  o f  d e v i a t i o n  f rom 

T 2  = 0.150 a n d  t h e  c u m u l a t i v e  r e l a t i v e  f r e q u e n c y  c u r v e  

30 t a b l e t s  

= 1.333) a n d  50 t a b l e t s  ( fi,, = 1.134)  t h e  d i s t r i b u t i o n  i S  
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Batches number 12 and 13 have been p repared  under s i m i l a r  

c o n d i t i o n s  t o  ba tch  number 9 except  t h e  t i m e  o f  wet m i x i n g  d u r i n g  

g r a n u l a t i o n  s tage has been i n c r e a s e d  from 5 minutes (as) t o  

minutes and 30 minutes f o r  t312 and d13 r e s p e c t i v e l y .  

shown i n  Table 2 i n d i c a t e  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  

between t h e  CV values o f  t h e  t h r e e  batches. Fur thermore , a l l  

these batches e x h i b i t  p o s i t i v e l y  skewed d i s t r i b u t i o n s  . 
Consequently, t h e  t h r e e  batches 9, 12 and 13 have s i m i l a r  p r o p e r t -  

i e s  w i t h  r e s p e c t  t o  t h e  d i s t r i b u t i o n  o f  drug c o n t e n t  w i t h i n  t h e  

batch. Then, i f  B I Z  i s  examined i n  more d e t a i l s  u s i n g  bo th  

L i l l i e f o r s  t e s t  and skewness tas t ,  t h e  f o l l o w i n g  r e s u l t s  have 

been o b t a i n e d  : 

15 

R e s u l t s  as 

1 - When t h e  sample s i z e  is 50 t a b l e t s  : The L i l l i e f o r s  t e s t  

as shown i n  F i g  5 , i n d i c a t e s  t h a t  t h e  ev idence i s  n o t  s u f f i c i e n t  

t o  conclude t h a t  t h e  d i s t r i b u t i o n  i s  non-normal because T2=0.075 

and t h e  cumu la t i ve  r e l a t i v e  frequency cu rve  doesnt c r o s s  t h e  

bounds of  50 u n i t s .  F u r t h e r  examinat ion by skewness t e s t  , t h e  

va lue o f  &, i s  1.217 which i n d i c a t e s  p o s i t i v e l y  skewed d i s t r i b u t -  

ion, i.e. d e v i a t e d  f rom n o r m a l i t y .  T h i s  i s  due t o  t h e  presence 

o f  one t a b l e t  c o n t a i n i n g  13.4 P g  withdrawn w i t h  t h e  l a s t  10 

t a b l e t s  . I t  should n o t  be cons ide red  as an o u t l i e r ,  because i t  

i s  i n t e r p r e t e d  as an i n d i c a t i o n  o f  t h e  presence o f  drug agglomer- 

a t e s  i n  powder mixes c o n t a i n i n g  cohesive drug powders as p o i n t e d  

o u t  i n  e a r l i e r  r e p o r t s  ( I , ” ) .  

2 - When t h e  t a b l e t  c o n t a i n i n g  13.4 pY (maximum drug c o n t e n t )  

is removed : 

t a b l e t s .  

The sample s i z e  becomes 49 t a b l e t s  i n s t e a d  o f  50 

The mean d rug  c o n t e n t  i s  9.97 )gr C U  i s  equa l  t o  6.8% 
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a n d  dl i s  e q u a l  t o  0.053 which i n d i c a t e  t h a t  t h e  d i s t r i b u t i o n  

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

8.5 - 17.4  )IS, c o n s e q u e n t l y  t h e  b a t c h  p a s s e s  C.U. rest .  

ns i n d i c a t e d  a b o v e  b a t c h a s  number 9, 1 2  a n d  13 h a v e  similar 

p r o p e r t i e s ,  now c o n s i d e r i n g  B13 s a m p l e  a s  a n o t h e r  s a m p l e  o f  BIZ, 

t h e n  t h e  e x a m i n a t i o n  o f  t h e  d i s t r i b u t i o n  o f  813 shows s i g n i f i c a n t  

d e v i a t i o n  f r o m  n o r m a l i t y  ( F i g  6 a n d  T a b l e  2 ) .  

C o l l e c t i n g  t h e s e  d a t a  t o g e t h e r  f o r  I39 ( a )  139 ( b ) ,  B 9 ( a + b ) ,  

d 1 2  a n d  t1’73, i t  is c o n f i r m e d  t h a t  t h e  p r o b l e m  o f  d e t e r m i n i n g  t h e  

c o n t e n t  u n i f o r m i t y  o f  such t a b l e t s  is t h a t  t h e r e  is  a p o s s i b i l i t y  

o f  w i t h d r a w i n g  samples o f  t a b l e t s  t e n d  t o  o n l y  show a d i s t r i b u t i o n  

a p p r o a c h i n g  n o r m a l i t y  w i t h  low v a l u e s  f o r  c o e f f i c i e n t  o f  v a r i a t i o n  

o f  d r u g  c o n t e n t .  buch t y p e  o f  b a t c h e s  w i l l  be  h a v i n g  c h a n c e s  o f  

p a s s i n g  e a s i l y  U5P X X I  (1985) C . U . T e s t .  The t y p e  o f  d i s t r i b u t i o n  

s h o u l d  be  c a r e f u l l y  e x a m i n e d  a n d  a s s e s s e d ,  o t h e r w i s e  m i s l e a d i n g  

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

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

H p p l y i n y  t h i s  a p p r o a c h  o f  d a t a  a n a l y s i s  o n  b a t c h  number 15, 

a b a t c h  which  h a s  b e e n  p r e p a r e d  u s i n g  t h e  same c o h e s i v e  d r u g  powder  

a n d  e x p e r i m e n t a l  c o n d i t i o n s  employed  f o r  p r e p a r a t i o n  o f  ij9 e x c e p t  

t h e  m i x e r  i s  d i f f e r e n t .  The f i r s t  30 t a b l e t s  o f  t h e  s a m p l e  g i v e s  

mean c o n t e n t  e q u a l  t o  9.9 p y  p e r  t a b l e t ,  C U  e q u a l  t o  5.6% a n d  6, 
e q u a l  t o  1.254. L i l l i e f o r s  t e s t  i n d i c a t e s  d e v i a t i o n  f r o m  n o r m a l i t y  

a s  shown i n  F i g  7 ( T 2  = 0.2, t h e  c u m u l a t i v e  f r e q u e n c y  c u r v e  crosses 

t h e  bounds  f o r  normal s a m p l e  o f  30 u n i t s ) .  I n c r e a s i n g  s a m p l e  s i z e  

t o  SO u n i t s ,  t h e  mean d r u g  c o n t e n t  is 10.2 y y ,  i . e .  w i t h i n  t h e  
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STANDARDIZED SAMPLE OBSERVATION 

L ILL I tF l lHS  CHAPH PLLIT F U H  bhTCH NUIYdLH 15. 

( s a m r ~ t  S I L  , 30  UNIT^). 

limits, t h e  C U  i n c r e a s e s  s i g n i f i c a n t l y  23.16 a n d  t h e  i n d i c a t e s  

s i g n i f i c a n t  p o s i t i v e l y  skewed d i s t r i b u t i o n  (Table 2 ) .  T h i s  i s  

due t o  t h e  p r e s e n c e  o f  u n i t  d o s e s  w i t h  h i g h  d r u g  c o n t e n t  15.1 and  

2 5 . 3 ) ~ g  p e r  t a b l e t .  However, t h i s  b a t c h  h a s  p a s s e d  U5P X X I  (1985)  

C. U. Test 

H e f e r r i n g  t o  B o l t o n ' s  p r o p o s a l  (211, i f  t h e  f i r s t  10 t a b l e t s  

a re  c o n s i d e r e d  t o  c a l c u l a t e  CU a n d  t h e  res t  o f  50 t a b l e t s  are  

c o n s i d e r e d  t o  c a l c u l a t e  X compos i t e ,  t h e  Zu o f  b a t c h e s  number 

9 ( a ) ,  9 ( b ) ,  12 ,  14 and  15 w i l l  be f a l l e n  w i t h i n  t h e  s p e c i f i e d  

limits o f  t h e  p r o p o s a l .  Al though t h e s e  b a t c h e s  are 
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CONTENT UNIFORMITY TESTING 

pharmaceu t i ca l ly  unaccep tab le ,  a l l  have been accep ted  by t h e  

proposal .  Th i s  is because t h e  CU and ST composi te  a r e  c l o s e  t o  

t h e  t a r g e t  mean ( l a b e l  c l a i m )  and t h e  CV o f  t h e  f i r s t  10 t a b l e t s  

i s  low, mostly c l o s e  t o  5% . 

I n  conc lus ion ,  any t e s t  f o r  c o n t e n t  u n i f o r m i t y  depends on 

small sample s i z e  and n e g l e c t  examinat ion of  t h e  t y p e  of  

d i s t r i b u t i o n  w i l l  n o t  be e f f i c i e n t  a s  a t o o l  t o  v a l i d a t e  t h e  

manufactur ing p r o c e s s  of  s o l i d  dosage forms c o n t a i n i n g  p o t e n t  

drugs.  The same argument is t r u e  f o r  any o f f i c i a l  tests 

which are used t o  c o n t r o l  c o n t e n t  u n i f o r m i t y  o f  t h e s e  drugs.  

HEFEHENCES 

1 - N . A . U r r  and L.Sallam, J.Pharm. Pharmacol., 30, 741 (1978).  

2 -  E.Sallam and N.A.Urr, Orug Devel. Ind. Pharm., 12 (11-13), 

201S( 1986). 

3 -  V.Pietra and I .Se tn ika r ,  J.Pharm. Sci. ,  59. 530 (1970).  

4 - R.J.Wesse1, H.Pl.Appellian and J .d lod inge r ,  J.Pharm. 5ci. , 59, 

254( 1970). 

5 - J.P.Comer, H.L.Breunig, D.L.droadlick and C.u.Sampson, 

J.Pharm. Sci., 59, 210( 1970). 

6 -  A.0.Pederson and V.Torud, Pharm. Hcta H e l v . ,  46, 114(1971).  

7 -  C.U.Sampson, H.L.Breunig, J.P.Comer and D.E.Broadlick, 
J.Pharm. Sci., 59. 1653( 1970). 

8 - A.O.Pederson, Y.Torud and T,Waaler, Pharm. Acta Helv. ,  46, 

21( 1971). 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



708 SALLAM 

9 - F.Lagenbaucher, Pharm. Acta Helv. ,  47. 142(1972) .  

10  - H.Norberg, Pharm. Hcta Helv., 47. 710(1972).  

11- I . S e t n i k a r ,  Pharm. Acta H e l v . ,  49. 302(1974).  

12 - S.Pocock and  C.T.Rhodes, Canadian  3.Pharm. Sc i . ,  a 
61 (1974) .  

1 3  - Li.Flann, J.Pharm. Sci. ,  63, 183(1974).  

14  - J.f.Tornblom, Acta Pharm. Tech., 22 Suppl.2, 115(1976).  

15 - P.Wir l ich ,  Hcta Pharm. Tech., 22 Suppl.2, 99(1976) .  

16 - H.Sucker, Hcta Pharm. Tech., 23, 153(1977).  

17 - C.E.Ksndal1, C.Low and D.Hailey, J.Pharm. Pharnacol . ,  33, 

197( 198 1 ) . 
18  - N.il.Urr, P r o g r e s s  i n  t h e  Q u a l i t y  C o n t r o l  o f  Medic ines ,  Oeasy 

and  Timony (tds), Elseuier Biomedica l  P r e s s  (1981 ). 

19 - The U n i t e d  S t a t e s  Pharmacopoeia X X I ,  Mack P u b l i s h i n g  Lo., 

(1985).  

20 - E.Sallam , N.A.Urr and M.Takieddin, P r o c e e d i n g s  o f  t h e  

4 t h  In t e rna t iona l  Confe rence  on P h a r m a c e u t i c a l  Technology, 

P a r i s ,  Vol. I ,  60(1986).  

21 - S.Bolton, 3.Pharm. Sc i . ,  74(5), 572(1985).  

22 - E.Sallam, Ph.0. Tnesis, C.N.A.A., UK,  (1981) .  

23  - E.Sallam, N,k.iJrr  and  I .Sen io r ,  P r o c e e d i n g s  o f  t h e  4 t h  

I n t e r n a t . C o n f e r e n c e  on P h a r m a c e u t i c a l  Technology, Paris,  

24 - &.S.Pearson and  Hartley, B iomet r ik  T a b l e s  f o r  S t a t i s t i c i a n s ,  

Uol.1, T a b l e  34 d and  Text  T a b l e s  34 A-C, Cambridge: 

U n i v e r s i t y  P r e s s  (1958) .  

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CONTENT UNIFORMITY TESTING 709 

25 - H.A ,F iShRr ,  S t a t i s t i c a l  Methods f o r  t lesearch Workers, 

Lonyman: London, (1963). 

26 - F.5. L a i ,  H.H. Wang and L.T. Fan, Powder Tech., ’& 

13 (1974). 

27 - H.L.Iman and W.J.Conover, A Modern Hpproach t o  S t a t i s t i c s ,  

John Wi ley : tNew York (1983) p 152. 

28 - S.dol ton , Pharmaceut ica l  S t a t i s t i c s ,  M a r c e l  Dekker : New YOrk 

( 1 9 8 4 )  p 68. 

29 - 0. T r a i n  , Pharm.J., 131, 129 (1960). 

30 - M.C.H.Johnson, Pharm. i i c t a  Helv., 47, 546(1972). 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.




