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S T U D I E S  RELATING T O  THE C O N T E N T  UNIFORMITY 

OF SUPPOSITORIES. P A R T  ONE: U S E  OF LACTOSE 

A S  A DRUG CARRIER T O  HINDER SEDIMENTATION 
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o f  Pharmacy,  U n i v e r s i t y  o f  J o r d a n ,  J o r d a n .  

A B S T R A C T  

L i t t l e  a t t e n t i o n  h a s  been  g i v e n  t o  t h e  c o n t e n t  

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

P r o b l e m s  l i k e  s e d i m e n t a t i o n  a n d / o r  i n c o m p l e t e  d i s p e r s i o n  

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

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

m i n u t e  amoun ts .  A d d i t i o n  o f  l a c t o s e ,  a s  a n  i n e r t  
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2654 SALLAM ET AL. 

carrier to a drug, at an optimal drug-carrier ratio 
has shown to improve content uniformity of 
suppositories. Time of mixing is another parameter 
which has also been optimized. In addition to the 
coefficient of variation a sedimentation Index 'SI' 
has been proposed as in-process control parameter to 
evaluate the content uniformity of suppositories. 
Value of unity for 'SI' indicates absence of 
sedimentation; a problem which is mainly encountered 
with mixing of solids in liquids o r  melted suppository 
bases. 

INTRODUCTION 

Little attention was given to the content 
uniformity of drug in suppositories. Few studies 
dealt with the aspects of attaining good homogeneity 
in suppositories ( 1 - 7 ) .  In studies concerning 
homogeneity in semi-solid preparations, problems 
like sedimentation and/or incomplete dispersion of 
drug agglomerates were suggested by several authors to 
produce poor content uniformity of durgs in 
suppositories (8-10). Such problems become more 
serious when the drug is formulated in minute amounts, 
e.g. potent drugs. The random mixing theory shows 
that at high level o f  dilution of drug in a dosage 
form, i.e.l% o r  less, to attain acceptable content 
uniformity, the drug must be very fine. Fine particles 
will be slowly sedimented, therefore; better homog- 
eneity of drug in suppositories is produced. However, 
very fine particles are characterized by cohesiveness, 
a property which promotes presence of agglomerates (10). 

The latter behave like large particles, sediment 
rapidly, and produce unit doses with high drug content, 
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THE CONTENT UNIFORMITY OF SUPPOSITORIES. I 2655 

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

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  ( 1 1 ) .  

I t  i s  w e l l  documen ted  t h a t  i f  t h e  r a t i o  o f  d u r g  

t o  b a s e  i s  h i g h ,  f o r  e x a m p l e  1 t o  4;  c o n t r o l l i n g  c o n t e n t  

u n i f o r m i t y  becomes manageab le  ( 1 2 ) .  C o n s e q u e n t l y , ,  i t  

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

s u p p o s i t o r y  i s  l o w ,  t h e  p r o p o r t i o n  o f  s o l i d  c o n t e n t  

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

p a r t i c l e s  o n  an  i n e r t  s o l i d  c a r r i e r .  Thus ,  t h e  new t o t a l  

s o l i d  c o n t e n t  ( d r u g  a n d  c a r r i e r )  i s  e x p e c t e d  t o  p r o d u c e  

good c o n t e n t  u n i f o r m i t y  when m i x e d  w i t h  t h e  m e l t e d  

s u p p o s i t o r y  b a s e .  I t  i s  a r e q u i r e d  c o n d i t i o n  t h a t ,  

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

The p r e s e n t  s t u d y  h a s  been  u n d e r t a k e n  t o  i n v e s t i g a t e  

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

m i x i n g  c o n d i t i o n s ,  i n  o r d e r  t o  i m p r o v e  c o n t e n t  

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

M A T E R  I AL S 

P a r a c e t a m o l  powder ,  p h a r m a c e u t i c a l  g r a d e ,  s u p p l i e d  

by A.P.M.Co., S u l t  J o r d a n .  F i n e  l a c t o s e  m o n o h y d r a t e  

powder ,  B . P .  1980  g r a d e ,  o b t a i n e d  f r o m  M e r c k ,  West 

Germany. S u p p o s i t o r y  b a s e  W i t e p s o l  H I 5  was p u r c h a s e d  

f r o m  D y n a m i t  N o b e l ,  West Germany.  M e t h a n o l  a n a l y t i c a l  

g r a d e  ( M e r c k ,  West Germany)  was u s e d  for e x t r a c t i o n  o f  

p a r a c e t a m o l  f r o m  s u p p o s i t o r i e s .  

M E T H O D S  

P a r a c e t a m o l  was u s e d  as  a m o d e l  d r u g  a t  a 

c o n c e n t r a t i o n  o f  10  mg p e r  a p p r o x i m a t e l y  2 . 0  g 

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

i s  t h e r a p e u t i c a l l y  u s e d  a t  h i g h e r  l e v e l s  t h a n  10mg/2g,  

t h e  u s e d  c o n c e n t r a t i o n  was s e l e c t e d  t o  r e p r e s e n t  t h e  
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2656 SALLAM ET AL. 

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

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

To a r r i v e  a t  t h e  o p t i m a l  r a t i o  o f  d r u g  t o  c a r r i e r  

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

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

d r u g - c a r r i e r  r a t i o :  1 : 0 ,  1:1, 1 : 2 ,  1 :5 ,  l : l O ,  1 :20 ,  

1 :30 ,  1 : 4 0 ,  1 : 5 0  and  1 :60 .  Powder  m i x t u r e s  w e r e  

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

g e o m e t r i c a l  d i l u t i o n  p r o c e d u r e .  The powder  m i x t u r e  

was t h e n  m i x e d  w e l l  w i t h  t h e  m e l t e d  b a s e  a t  t w o  

d i f f e r e n t  t e m p e r a t u r e s  40' and  5Ooc,  t h e n  p o u r e d  i n t o  

p l a s t i c  c y l i n d e r s  ( 1 4 . 2 ~ ~ )  and  l e f t  s t a n d i n g  v e r t i c a l l y  

a t  room t e m p e r a t u r e  t o  c o n g e a l .  Samples  a m m r o x i m a t e l y  

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

were  a n a l y s e d  f o r  p a r a c e t a r n o l  c o n t e n t .  The a n a l y s i s  

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

f r o m  t h e  b a s e  w i t h  7 0 %  v / v  aqueous  m e t h a n o l  a t  4Ooc 

u s i n g  s h a k i n g  w a t e r b a t h .  A f t e r  a d j u s t i n g  t o  t h e  

r e q u i r e d  v o l u m e  and  c a r r y i n g  o u t  t h e  p r o p e r  d i l u t i o n ,  

t h e  a b s o r b a n c e  was m e a s u r e d  a t  249 nm ( K o n t r o n  

S p e c t r o p h o t o m e t e r ,  K o n t r o n ,  Sweden) .  L a c t o s e  powder  

d i d  n o t  i n t e r f e r  w i t h  t h e  a b s o r b a n c e  measuremen ts .  

The e x t r a c t a b i l i t y  was d e t e r m i n e d  a n d  v a l i d a t e d  u s i n g  

known amoun ts  o f  p a r a c e t a m o l  i n  known q u a n t i t i e s  o f  

m e l t e d  s u p p o s i t o r y  b a s e  a n d  f o u n d  t o  b e  96 .6% w / w  w i t h  

c o e f f i c i e n t  o f  v a r a t i o n  0 .45% ( n  = 6 ) .  

P r e p a r a t i o n  o f  P a r a c e t a m o l  S u p p o s i t o r i e s :  

I n  e a c h  run, t h e  t o t a l  w e i g h t  o f  t h e  f i n a l  

s u p p o s i t o r y  m i x ,  was 500 g i n c l u d i n g  d r u g ,  c a r r i e r  a n d  

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

P r e m i x i n g  o f  p a r a c e t a m o l  w i t h  t h e  r e q u i r e d  amount  o f  

l a c t o s e  powder  ( p a s s e d  t h r o u g h  250 p m  mesh)  was 

a t t a i n e d  b y  u s i n g  s t a i n l e s s  s t e e l  c u b e  m i x e r  ( E r w e k a ,  

West Germany) .  M i x i n g  was p r o c e e d e d  u n t i l  t h e  c o n t e n t  

u n i f o r m i t y  o f  20  s a m p l e s  was w i t h i n  an  a c c e p t a b l e  
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THE CONTENT UNIFORMITY OF SUPPOSITORIES. I 2657 

range ,  w i t h  a c o e f f i c i e n t  o f  v a r i a t i o n  o f  1 . 7 7 % .  The 

r e q u i r e d  amount  o f  t h e  p r e m i x  was added  t o  a known 

q u a n t i t y  o f  t h e  b a s e  h e a t e d  a t  5 0  c i n  a s u p p o s i t o r y  

m a c h i n e  ( E r w e k a  S u p p o s i t o r y - D o s i n g  U n i t  Type S G  3W, 

E rweka  C o . ,  West Germany)  t h e n  m i x i n g  c o n t i n u e d  t o  

t h e  r e q u i r e d  t i m e  ( w i t h o u t  l e v i g a t i o n  p r o c e s s ) .  When 

l e v i g a t i o n  was r e q u i r e d ,  50  g o f  m e l t e d  b a s e  was u s e d  

t o  l e v i g a t e  t h e  r e q u i r e d  amount  o f  p a r a c e t a m o l  p r e m i x  

and t h e  l e v i g a t i n g  c o n t a i n e r  was t h e n  r i n s e d  w i t h  

a n o t h e r  5 0  g o f  m e l t e d  b a s e  w h i c h  was added  t o  t h e  r e s t  

o f  t h e  b a s e  i n  t h e  m i x i n g  v e s s e l .  M i x i n g  was t h e n  

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

t i m e .  The s p e e d  o f  r o t a t i o n  was k e p t  c o n s t a n t  t h r o u g h  

o u t  t h e  s t u d y  a t  2 5  rpm.  S u p p o s i t o r i e s  w e r e  f i l l e d  

i n t o  r o w s  o f  s u p p o s i t o r y  c a v i t i e s .  A n a l y s i s  was t h e n  

p e r f o r m e d  on  20 s u p p o s i t o r i e s  t a k e n  f r o m  t h e  f i r s t  t h e  

m i d d l e  a n d  t h e  l a s t  r o w s  o f  t h e  f i l l e d  b a t c h .  Each  

s u p p o s i t o r y  was i n d i v i d u a l l y  a n a l y s e d .  

P a r t i c l e  S i z e  A n a l y s i s :  

0 

M i c r o s c o p e  c o u n t i o n g  was u s e d  w i t h  a B r i t i s h  

S t a n d a r d  G r a t i c u l e  f i t t e d  i n  t h e  e y e p i e c e .  A 

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

was d i s p e r s e d  w e l l  i n  l i q u i d  p a r a f f i n .  A s m a l l  b u t ,  

r e p r e s e n t a t i v e  p o r t i o n  was t r a n s f e r r e d  t o  a g l a s s  

m i c r o s c o p e  s l i d e  a n d  e x a m i n e d  i n  o r d e r  t o  c o u n t  n o t  

l e s s  t h a n  1 0 0 0  p a r t i c l e s  r a n d o m l y  c h o s e n  f r o m  

d i f f e r e n t  f i e l d s .  D r u g / l a C t o s e  p a r t i c l e s  f r o m  5 

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

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

b a s e  w i t h  c h l o r o f o r m ,  w a s h i n g  w e l l  w i t h  t h e  same 

s o l v e n t  a n d  t h e n  d r i e d  a n d  m i x e d  w e l l .  R e p r e s e n t a t i v e  

s a m p l e  was t h e n  t a k e n  f o r  m i c r o s c o p e  c o u n t i n g  a s  

d e s c r i b e d  above .  
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RESULTS AND D I S C U S S I O N  

SALLAM ET AL. 

A s e d i m e n t a t i o n  i n d e x  'SI' i s  p r o p o s e d  t o  e v a l u a t e  

t h e  e f f e c t  o f  l a c t o s e  as  a d r u g  c a r r i e r ,  w h i c h  i s  

s u p p o s e d  t o  h i n d e r  or m i n i m i z e  d r u g  s e d i m e n t a t i o n  i n  

s u p p o s i t o r i e s .  

XI 

x 2  
' S I '  = - 

XI d r u g  c o n t e n t  p e r  g o f  s a m p l e  0 b t a i n e . d  

f r o m  t h e  b o t t o m  o f  t h e  c y l i n d e r ,  or mean 

d r u g  c o n t e n t  p e r  g o f  5 or more  c o n s e c u t i v e  

s u p p o s i t o r i e s  s a m p l e d  f r o m  t h e  f i r s t  r o w s .  

X2 = d r u g  c o n t e n t  p e r  g o f  s a m p l e  o b t a i n e d  

f r o m  t h e  t o p  o f  t h e  c y l i n d e r ,  or mean d r g  

c o n t e n t  p e r  g o f  5 or more  c o n s e c u t i v e  

s u p p o s i t o r i e s  s a m p l e d  f r o m  t h e  l a s t  r o w s .  

A v a l u e  o f  " o n e "  f o r  ' 5 1 '  i n d i c a t e s  a b s e n c e  o f  

s e d i m e n t a t i o n .  

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

powder  or l a c t o s e  powder  i n d i c a t e s  l o g - n o r m a l  

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

a v e r a g e  d i a m e t e r ,  d a v e  = 17 .5  yrn ( d g  1 0  y m ,  6 g  = 
2 . 8 5 7 ) ;  mean v o l u m e  d i a m e t e r ,  dv, 52 .0  prn ( H a t c h  a n d  

C h o a t e  E q u a t i o n ,  R e f e r e n c e  1 3 )  and  t r u e  d e n s i t y  o f  

1 . 2 9  g / c c .  L a c t o s e  p o w d e r  h a s  an  a v e r a g e  d i a m e t e r ,  

d a v e  8 prn ( d g  = 7 p m ,  
d i a m e t e r ,  d v n  = 10.5 ym and  t r u e  d e n s i t y  o f  1 .54  g /  c c .  

P a r t i c l e  s i z e  a n a l y s i s  d a t a  i n d i c a t e s  t h a t  l a c t o s e  

powder  h a s  more  c l o s e  s i z e  d i s t r i b u t i o n  ( 6 g  o f  l a c t o s e  

powder  

f r a c t i o n  t h a n  p a r a c e t a m o l  p o w d e r .  F o r  c o m p a r a t i v e  

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

t h e  I N '  and ' S w l  p a r a m e t e r s  h a v e  been  c a l c u l a t e d  ( 1 4 )  

C7g = 1 . 6 6 7 ) ;  mean v o l u m e  

< 6 g  o f  p a r a c e t a m o l  p o w d e r )  and  more  f i n e  
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THE CONTENT UNIFORMITY OF SUPPOSITORIES. I 2659 

for each powder I N ' ;  the particle number per unit weight 
for lactose powder is approximately 100 times o f  I N '  

for paracetamol powder. In the mean time, ' S , '  the 
surface area per unit weight for lactose powder is 
approximately 9 . 7  times of ISw' for paracetamol powder. 

Preliminary experiments to assess effects of 
carrier in hindering sedimentation were conducted using 
cylinders of size 14.2  cc. This work indicated that, 
under the experimental conditions, the sedimentation 
behaviour after mixing at 4 0 '  and 50Dc then congealing 
at room temperature is similar at both temperatures 
(Table 1 and Fig. 1 ) .  With increasing carrier ratios 
'SI' value starts to increase until it reaches a 
maximum at a paracetamol-lactose ratio o f  l : l O ,  then 
drops to a more o r  less a minimum value at ratios of 
1 : 4 0 ,  1:50 and 1:60. At the ratio o f  1:60 ' S I '  is 
very close to the theoretical o r  ideal value; i.e. 

unity . 
Sedimentation r.ate of particles in liquid is a 

function o f  many parameters; the particle diameter, 
the density difference between particles and liquid 
and the vistosity o f  the liquid. In the absence of 
lactose carrier, the ' S I '  is relatively high which 
indicates rapid sedimentation o f  paracetarnol particles. 
Sedimentation rate increases by adding lactose, but 
the ratios 1 : 1 ,  1:2 and 1:5 donot differ significantly. 
Lactose being a fine powder is expected to be cohesive 
and adhere strongly to paracetamol particles. Up to 
a drug-carrier ratio of 1 : 5  (3.07; w/w solid content) it 
seems that, the adhered units o f  paracetamol-lactose 
are small in size and number. Consequently, small 
changes in the particle diameter and density difference 
occur with only little apparent changes in '51' 
values. Lactose particles in the adhered units will 
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1 : 2 0  

1 : 3 0  

1 : 4 0  

1 : 5 0  

1 : 6 0  

SALLAM ET AL. 

1 0 . 5  6 . 7  6 . 7  

1 5 . 5  1 . 6 9  1 . 9 2  

2 0 . 5  1 . 2 6  1 . 2 9  

2 5 . 5  1 . 0 3  1 . I 6  

3 0 . 5  1 . 0 3  1 . 0 7  

TABLE 1 

S e d i m e n t a t i o n  I n d e x  'SI' o f  M e l t e d  Base C o n t a i n i n g  
D i f f e r e n t  R a t i o s  o f  P a r a c e t a m o l  and L a c t o s e  P o u r e d  
I n t o  C y l i n d e r s  a t  D i f f e r e n t  T e m p e r a t u r e s .  

N.B.  The c o n c e n t r a t i o n  o f  p a r a c e t a m o l  p e r  g s u p p o s i t o r y  
b a s e  i s  k e p t  c o n s t a n t  f o r  a l l  p r e p a r a t i o n s  ( 0 . 5 X  w / w ) .  
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I1 

I0 

9 

8 0 

0 

0 

I0 20 3 0  40 50 60 

LACTOSE R A T I O  TO U N I T  PARACETAMOL 

FIGURE 1 
R e l a t i o n s h i p  b e t w e e n  S e d i m e n t a t i o n  I n d e x  ' S I '  o f  
P a r a c e t a m o l  i n  S u p p o s i t o r y  Base and  R a t i o  o f  L a c t o s e  
a s  a D r u g  C a r r i e r .  

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

l : l O ,  t h e  number o f  l a c t o s e  p a r t i c l e s  become 

a p p r o x i m a t e l y  1000 t i m e s  o f  p a r a c e t a m o l  p a r t i c l e s .  

F u r t h e r m o r e ,  t h e  s u r f a c e  a r e a  o f  l a c t o s e  p a r t i c l e s  

m u l t i p l i e s  10 t i m e s .  A t  t h i s  r a t i o  i t  seems t h a t ,  

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

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

l a r g e r  d i a m e t e r  and  t h e  d e n s i t y  d i f f e r e n c e  i n c r e a s e s  

s i g n i f i c a n t l y .  C o n s e q u e n t l y ,  'SI' a t t a i n s  i t s  
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2662 SALLAM ET AL. 

maximum value. Above this ratio, 'SI' starts to 
decrease as a consequence of two possible effects, 
the first is mechanical hindrance to motion of adhered 
units and the second is the increase in viscosity of 
the medium due to high solid content. The voids which 
allow free motion for sedimentation become less 
available. These factors become more prominent by 
increasing the proportion of the lactose, until ' 5 1 '  

approaches its ideal value of unity, at the drug- 
carrier ratio of 1 :60 .  At this ratio; the distribution 
of adhered units along the cylinder is homogeneous, 
i.e. the top portion has solid content including drug 
similar to the bottom portion. This conclusion is 
arrived at from the fact that 'SI' value of system 
is one. Thus, lactose powder is distributed to fill 
the whole volume of the cylinder ( 1 4 . 2  cc) although 
the true volume of total solids determined experimentally 
compromises 2 2 %  of cylinder volume. Calculation based 
on d v n  , N , weight and density o f  solids, and 

suppository volume give a value of 3 1 . 0 %  v/v occupied 
by lactose and paracetamol. Flowability o f  the melted 
suppository mixture is significantly reduced at 1:60  

ratio, a factor which should be optimized to have a 
successful system. 
Content Uniformity of Suppositories: 

Results (Table 2 )  of paracetamol suppositories 
prepared without lactose, 01 - 0 3  indicate poor content 
uniformity. The problem could not be attributed to the 
presence of drug agglomerates, because levigation has 
been used to guarantee maximum breakdown of drug 
agglomerates and complete dispersion of individual 
drug particles. It is very likely that sedimentation 
plays a major role in causing the problem, even when 
the mixing time has been shortened to 5 minutes. During 
filling,the apparatus allowsmixing to continue at the 
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2664 SALLAM ET AL. 

same t i m e .  However ,  t h e  r e s u l t s  c l e a r l y  p o i n t  o u t  t h a t  

l o n g  t i m e  m i x i n g ,  e .g,  u p  t o  one  h o u r  does n o t  p r e v e n t  

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

t h e  m i x e r  i s  o p e r a t i n g  a s  a p a d d l e  m i x e r  w i t h o u t  any  

t a n g e n t i a l  or t u r b u l e n t  m i x i n g .  F i g u r e  2 shows 

d i a g r a m a t i c a l l y  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  

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

number d u r i n g  f i l l i n g .  A l l  b a t c h e s  8 1 ,  8 2  and  83  show 

h i g h  d r u g  c o n t e n t  i n  t h e  f i r s t  20  s u p p o s i t o r i e s .  T h i s  

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

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

l a s t  s u p p o s i t o r i e s .  A c c o r d i n g l y ,  ' S I '  v a l u e s  a r e  v e r y  

h i g h  as  shown i n  T a b l e  2. 

R e s u l t s  shown i n  T a b l e  3 i n d i c a t e  s i g n i f i c a n t  

i m p r o v e m e n t  o f  c o n t e n t  u n i f o r m i t y  o f  p a r a c e t a m o l  i n  

s u p p o s i t o r i e s  w h e r e  t h e  d r u g - l a c t o s e  r a t i o  i s  1 :60 .  

S e d i m e n t a t i o n  r a t e  h a s  b e e n  r e d u c e d  t o  a g r e a t  e x t e n t ,  

' S I '  v a l u e s  h a v e  b e e n  d e c r e a s e d  f r o m  a l e v e l  o f  

5 .90  - 7 . 7 5  t o  a l e v e l  a p p r o a c h i n g  u n i t y  0 . 7 6  - 1 . 1 2 .  

L e v i g a t i o n  p r o c e s s  a p p e a r s  t o  b e  b e n e f e t i a l  i n  b a t c h e s  

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

d e c r e a s e d  s i g n i f i c a n t l y ,  21 .5% f o r  8 4  p r e p a r e d  w i t h o u t  

p r i o r  l e v i g a t i o n  compared  t o  15 .3% f o r  8 5  p r e p a r e d  w i t h  

l e v i g a t i o n  ( T a b l e  3 ) .  I t  i s  o b v i o u s  t h a t ,  l e v i g a t i o n  

h a s  h e l p e d  i n  b r e a k i n g  down a g g l o m e r a t e s  a n d  

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

i n d i c a t e d  b y  s m a l l e r  a s s a y  r a n g e  8 .4  - 12 .8  mg p e r  

s u p p o s i t o r y .  T ime o f  m i x i n g  i n  c a s e  o f  8 1 - 8 3 ;  i . e .  

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

make any  s i g n i f i c a n t  c o n t r i b u t i o n  t o  i m p r o v e m e n t  o f  

c o n t e n t  u n i f o r m i t y  ( T a b l e  2 ) .  On c o n t r a r y ,  i t  becomes 

an  i m p o r t a n t  p a r a m e t e r  when t h e  c a r r i e r  l a c t o s e  i s  i n  

t h e  f o r m u l a t i o n  ( T a b l e  3 ) .  By d e c r e a s i n g  t i m e  o f  

m i x i n g  c o n t e n t  u n i f o r m i t y  i m p r o v e d ;  88  ( 5  m i n u t e s  m i x i n g )  
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Diagramatic Presentation o f  Drug Content Per 
Suppository in mg according to t h e  Sequence o f  Filling 
f o r  81, 82 and 83. 
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SUPPOSITORY NUMBER 

F I G U R E  3 

D i a g r a r n a t i c  P r e s e n t a t i o n  o f  D r u g  C o n t e n t  P e r  
S u p p o s i t o r y  i n  mg a c c o r d i n g  t o  t h e  S e q u e n c e  o f  F i l l i n g  
f o r  B 4 ,  8 5  a n d  8 6 .  

a s  c a n  b e  j u d g e d  b y  a c o e f f i c i e n t  o f  v a r i a t i o n  6 .276 ,  

w h i l e  8 5  ( 6 0  m i n u t e s  m i x i n g )  p r o d u c e d  c o e f f i c i e n t  o f  

v a r i a t i o n  1 5 . 3 % .  ' 5 1 '  v a l u e s  c o u l d  e x p l a i n  t h e  

m e c h a n i s m .  F o r  5 m i n u t e s  m i x i n g  t i m e ,  ' 5 1 '  v a l u e  

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

d i s t r i b u t i o n  o f  d r u g  t h r o u g h  t h e  w h o l e  m i x t u r e  a s  
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FIGURE. 4 
D i a g r a m a t i c  P r e s e n t a t i o n  o f  D r u g  C o n t e n t  P e r  
S u p p o s i t o r y  i n  mg a c c o r d i n g  t o  t h e  Sequence o f  F i l l i n g  
f o r  87  and  B8. 

shown i n  F i g .  4. By i n c r e a s i n g  t i m e  o f  m i x i n g ,  

c o e f f i c i e n t  o f  v a r i a t i o n  a n d  r a n g e  o f  d r u g  c o n t e n t  i n  

s u p p o s i t o r i e s  i n c r e a s e .  F i g u r e  3 shows t h a t  t h e  l a s t  

s u p p o s i t o r i e s  o f  85 ( 6 0  m i n u t e s  m i x i n g )  h a v e  h i g h  

mean d r u g  c o n t e n t  w h i c h  i s  r e f l e c t e d  o n  ' S I '  v a l u e ,  

i . e .  l e s s  t h a n  u n i t y  ( 0 . 8 4 ) .  I t  seems t h a t ,  t h i s  

phenomenon is r e l a t e d  t o  t h e  t y p e  o f  p a r t i c l e  s i z e  

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

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  t h e  s o l i d  c o n t e n t s  i n  

5 c o n s e q u e t i v e  s u p p o s i t o r i e s  t a k e n  f r o m  t h e  f i r s t  
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F I G U R E  5 
P l o t s  o f  C u m u l a t i v e  P e r c e n t a g e  F r e q u e n c y  U n d e r s i z e  
V e r s u s  P a r t i c l e  D i a m e t e r  on  a L o g - P r o b a b i l i t y  S c a l e  
f o r :  0 L a c t o s e  Powder ,  0 S o l i d  C o n t e n t  o f  
S u p p o s i t o r i e s  Sampled f r o m  t h e  F i r s t  Rows o f  8 8 ,  and  

S o l i d  C o n t e n t  o f  S u p p o s i t o r i e s  Sampled f r o m  t h e  
L a s t  Rows o f  8 8 .  

r o w s  and  o t h e r s  t a k e n  f r o m  t h e  l a s t  r o w s  o f  85 a n d  

88  were  d e t e r m i n e d  a n d  compared  t o  t h e  o r i g i n a l  

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  l a c t o s e  powder .  F i g u r e  

5 shows t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  for s o l i d s  

o f  88  ( 5  m i n u t e s  m i x i n g )  and  l a c t o s e  p o w d e r .  The 

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

l a c t o s e  p o w d e r ,  and s o l i d s  o b t a i n e d  f r o m  t h e  f i r s t  a n d  
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FIGURE 6 
Plots of Cumulative Percentage Frequency Undersize 
Versus Particle Diameter on a Log-Probability Scale 
f o r :  0 Lactose Powder, 0 Solid Content of 
Suppositories Sampled from the First Rows of 0 5 ,  and 
'0 Solid Content of Suppositories Sampled from the 

Last Rows of 85. 

the last s e t  of suppositories are close to each other. 
Therefore; it could be concluded that, 5 minutes 
mixing time has not caused major changes in the 
particle size distribution of the solid portion of the 
suppository. Consequently, the homogeneity is judged 
good and is reflected in 'SI' value which becomes close 
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to unity. For 8 5  (60 minutes mixing) the particle 
size distribution of the solid portion of suppositories 
obtained from the first row (Supp. No. 6-10) exhibited 
significant deviation from the original distribution 
o f  lactose powder (Fig.6). This distribution is 
characterized by having more coarse fraction. 
Furthermore, the mean drug content o f  suppositories 
in this region is 8.6 mg / suppository which i s  lower 
than the target value of 10 mg / suppository. The 
voids available in suppository mixture with 30.5% w/w 
solids is around 78% which during 1 hour mixing, will 
allow sedimentation of adhered units of coarse lactose 
particles. Coarse lactose particles have smaller 
surface area and less number o f  interactive sites and 
hence, lower paracetamol content. Suppositories 
obtained from the last rows (Supp. No. 192-196) 
produced particle size distribution of solid portion 
close to that o f  lactose powder (Fig. 6). However, 
in this region of the suppository batch (Supp. No. 
179-199), the drug content per suppository is high 
(12-12.8 rng). The drug content decreases on decreasing 
mixing time until it approaches the target value as 
shown in Figures 3 and 4. Since paracetamol powder 
has lower density than lactose and has a wider size 
distribution, then it is proposed that coarse drug 
particles tend to separate on longer time of mixing 
and concentrate in this region. However, further 
investigations are required to elucidate the mechanism 
more clearly. 

CONCLUSION 

In formulation of suppositorie6 when the drug 
content i s  low, an inert carrier like lactose could 
be added as an agent to hinder sedimentation. A 
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s e d i m e n t a t i o n  i n d e x ,  ' 5 1 '  i s  p r o p o s e d  a s  a n  i n - p r o c e s s  

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

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

V a l u e  o f  u n i t y  f o r  ' 5 1 '  i n d i c a t e s  a b s e n c e  o f  

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

w i t h  m i x i n g  o f  s o l i d s  i n  l i q u i d s  o r  m e l t e d  s u p p o s i t o r y  

b a s e s .  The s t u d i e d  m i x i n g  c o n d i t i o n s  s u c h  a s ,  

p e r c e n t a g e  o f  c a r r i e r  and  t i m e  o f  m i x i n g  a r e  f o u n d  

t o  s i g n i f i c a n t l y  a f f e c t  t h e  v a l u e  o f  *Sit. A d r u g  

t o  c a r r i e r  r a t i o  o f  1 : 6 0  a n d  5 m i n u t e s  m i x i n g  p r o d u c e  

good c o n t e n t  u n i f o r m i t y  a n d  'SI' v a l u e  c l o s e  t o  u n i t y .  

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

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

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

c o n t a i n i n g  s u p p o s i t o r i e s .  
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