
C h a p t e r  I I 
E x p e r  i m e n t s l

1 .  M a t e r ï a 1 ร
The  f o l l o w i n g '  s u b s t a n c e s  w e r e  o b t a i n e d  f r o m  c o m m e r c i a l

s o u r c e s
-  P a r a c e t a m o l  ( ร r i c h a n d - U n i t e d  d i s p e n s a r y ,  B a n g k o k ,

Tha  i 1 a n d )
L a c t o s e  ( T h e  L a c t o s e  Company o f  New Z e a l a n d ,
H a w e r a ,  New Z e a l a n d )
C o r n  s t a r c h  ( P h a r m a c e u t i c a l  S c i e n c e s ,  B a n g k o k ,  T h a i l a n d )  
S o d i u m  s t a r c h  g l y c o l a t e  ( Exp 1o t a b cR3 , E d w a r d  M e n d e l l ,
New Y o r k , U S A . )
M i c r o c r y s t a l l i n e  c e l l u l o s e  ( A v i c e l tR3 PH 1 01 ,
A.sahi C h e m i c a l  I n d u s t r y ,  J a p a n )
C r o s s - l i n k e d  s o d i u m  c a r b o x y m e t h y 1 c e l l u l o s e  
( A c - D i - S o l cR3 , FMC, P h i l a d e l p h i a ,  USA)
C h i t i n ( J )  ( T o k y o  K a s e i ,  TCI ,  J a p a n )

-  C h i t i n ( U )  ( U n i c o r d ,  B a n g k o k ,  T h a i l a n d )
-  C h i t o s a n ( J )  ( T o k y o  K a s e i ,  T C I ,  J a p a n )

C h i t o s a n ( U )  ( U n i c o r d ,  B a n g k o k ,  T h a i l a n d )
M a g n e s i u m  s t e a r a t e  ( P h a r m a c e u t i c a l  S c i e n c e s ,
B a n g k o k ,  T h a i l a n d )
P o t a s s i u m  p h o s p h a t e ,  m o n o b a s i c  ( E . M e r c k ,  D a r m s t a d t ,  
G e r m a ny )
S o d i u m  h y d r o x i d e  ( R i e d e l - d e  Haen  AG. ,  G e r m a n y )
M e t h a n o l ,  a n a l y t i c a l  g r a d e  (BDH L a b o r a t o r y  S u p p l i e s ,
E ng l  a n d )
H y d r o c h l o r i c  a c i d  ( E .  M e r c k ,  D a r m s t a d t ,  G e r m a n y )
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2 .  Equipment,
S i n g l e  p u n c h  t a b  l e t t i n g  m a c h i n e  ( Y i u h a n g  
E n g i n e e r i n g ,  B a n g k o k ,  T h a i l a n d )
S t r a i n  m e t e r  (TML I n s t r u m e n t s ,  T o k y o  S o k k i  K e n k y u j u ,  
J a p a n )
A m p l i f i e r  (TML I n s t r u m e n t s ,  T o ky o  S o k k i  K e n k y u j u ,  
J a p a n )
R e c o r d e r  ( S . c .  S i a m E n g i n e e r i n g ,  B a n g k o k ,  T h a i l a n d )  
A n a l y t i c a l  b a l a n c e  ( S a r t o r i u s ,  G e r m a n y )
M o i s t u r e  d e t e r m i n a t i o n  b a l a n c e  ( O h a u s ,  USA)
H a r d n e s s  t e s t e r  ( s c h  1e u n i g e r , G e r m a n y )
F r i a b i l a t o r  ( E r w e k a ,  W e s t e r n  G e r m a n y )

- ,  D i ร i n t e g r a t i o n  t e s t e r  . ( H a n s o n - R e s e a r c h , USA)
D i s s o l u t i o n  t e s t e r  m o d e l  SR2 ( H a n s o n - R e s e a r c h , USA) 
Uni caui  SP 3 800 U l t r a v i o l e t  S p e c t r o p h o t o m e t e r  ( P y e  
U n i c a m ,  C a m b r i d g e ,  E n g l a n d )
C a r v e r  p r e s s  mo d e l  c ( P e r k i n  E l m e r ,  USA)
S c a n n i n g  e l e c t r o n  m i c r o s c o p e  ( J e o l , J S M - T  2 20 A,  J a p a n )  
M e c h a n i c a l  s i e v e  s h a k e r  ( J o s e f  D é c k e l m a n n ,  
A s c h a f f e n b u r g ,  W e s t e r n  G e r m a ny )
HPLC pump CM 4 00 0  ( M i l t o n  Roy ,  F l o r i d a ,  USA)
HPLC d e t e c t o r  SM 4 0 0 0  ( M i l t o n  Roy ,  F l o r i d a ,  USA) 
C o m p u t i n g  i n t e g r a t o r  Cl 4 1 0 0  ( M i l t o n  Roy ,  F l o r i d a ,  
USA)
Z o r b a x  0DS c o l u m n  ( P h e n o m e n e x ,  USA)

3 .  M e t h o d s
Some f u n d a m e n t a l  p r o p e r t i e s  w e r e  u s e d  t o  d e t e r m i n e
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3 . 1  E v a l u a t i o n  o f  p h y s i c a l  p r o p e r t i e s  o f  p u r e  
d i ร i n t e g ' r a n t  p o w d e r s

3 . 1 . 1  P a r t i c l e  s i z e  a nd  s h a p e
P a r t i c l e  s i z e  a nd  s h a p e  o f  t h e  d i f f e r e n t  

d i ร i n t e g r a n t  ธ w e r e  d e t e r m i n e d  by s c a n n i n g '  e l e c t r o n  
m i c r o s c o p e  (SEM) a t  t h e  r e q u i r e d  m a g n i f i c a t i o n s  a n d  SEM 
p h o t o m i c r o g r a p h s  w e r e  t a k e n .

3 . 1 . 2  S i z e  d i s t r i b u t i o n
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  e a c h  

d i s i n t e g r a n t  was  e x a m i n e d  by s i e v e  a n a l y s i s ,  u s i n g  a n e s t  
o f  s i e v e  a nd  a n  e l e c t r o m a g n e t i c  s i e v i n g  m a c h i n e .  US 
s t a n d a r d  s i e v e  No.  4 0 , 6 0 , 8 0 , 1 0 0 , 1 4 0 , 1 7 0 ,  a nd  3 2 5  w e r e  
u s e d .  F o r  p a r t i c l e  s i z e  a n a l y s i s ,  a 10 g r a m s  s a m p l e  was  
p l a c e d  i n  t h e  t o p  s i e v e  a n d  s c r e e n e d  f o r  35 m i n u t e s  on  a 
m e c h a n i c a l  s i e v e  s h a k e r .  W e i g h t  s i z e  was  t h e  p r o d u c t  o f  
t h e  a r i t h m a t i c  mean  s i z e  o f  t h e  o p e n i n g s  a nd  t h e  
p e r c e n t a g e  r e t a i n e d  on  t h e  s m a l l e r  s i e v e .

3 . 1 . 3  M o i s t u r e  d e t e r m i n a t i o n
Te n  g r a m s  o f  s a m p l e  w e r e  a c c u r a t e l y  

w e i g h e d  a nd  e v e n l y  d i s t r i b u t e d  on  a p a n  o f  O h a u s  
m o i s t u r e  d e t e r m i n a t i o n  b a l a n c e .  The  t e m p e r a t u r e  was  
m a i n t a i n e d  b e t w e e n  105°-110°c ( d i a l  s e t t i n g  N o . 4) u n t i l  
t h e  w e i g h t  o f  s a m p l e  was  c o n s t a n t .  The  p e r c e n t a g e  o f  
w e i g h t  o r  m o i s t u r e  l o s s  on d r y i n g  was  r e a d  d i r e c t l y

t h e  d i s i n t e g r a t i n g '  a c t i o n  o f  t h e  d i ร i n t e g r a n t  ร . The  m e t h o d s
b e l o w  w e r e  e m p l o y e d  t o  a s s e s s  t h e  p h y s i c a l  p r o p e r t i e s  o f
t h e  m a t e r i a l s .
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f r o m  t h e  b a l a n c e .  The r e s u l t s  w e r e  t h e  m e a n  o f  t h r e e  
d e t e r m i n a t i o n s .

3 . 1 . 4  S w e l l i n g  o f  p a r t i c l e s
F o r  e a c h  s a m p l e ,  f i v e  g r a m s  w e r e  w e i g h e d  i n  

a 1 0 0 -  ml g r a d u a t e d  c y l i n d e r .  The  i n i t i a l  v o l u m e  ( b u l k  
v o l u m e )  w as  n o t e d  b e f o r e  s h a k i n g  w i t h  80 m i l l i l i t r e s  o f  
d e i o n i z e d  w a t e r  and  d i l u t e d  h y d r o c h l o r i c  a c i d  ( 1 : 1 0 0 )  
u n t i l  a l l  p a r t i c l e s  w e r e  w e l l  d i s p e r s e d .  S u b s e q u e n t l y ,  
t h e  d i s p e r s i o n  พร5 a d j u s t e d  t o  v o l u m e  a n d  was  a l l o w e d  t o  
s t a n d  o v e r n i g h t .  The s e d i m e n t a t i o n  v o l u m e  w as  r e a d  a nd  
c o m p a r e d .  The  s w e l l i n g  c a p a c i t y  w as  t h e  r a t i o  o f  
t h e  s e d i m e n t a t i o n  v o l u m e  t o  t h e  b u l k  v o l u m e .  The  r e s u l t s  
w e r e  t h e  m e a n  o f  t h r e e  d é t e r m i n â t i o n s .

3 . 2  E v a l u a t i o n  o f  p h y s i c a l  p r o p e r t i e s  o f  p u r e  
d i s i n t e g r a n t  t a b l e t s

3 . 2 . 1  W a t e r  u p t a k e
The  r a t e  a nd  a m o u n t  o f  w a t e r  u p t a k e  w e r e  

d e t e r m i n e d  on  a p u r e  d i s i n t e g r a n t  t a b l e t  o f  11 mm 
d i a m e t e r ,  500 mg w e i g h t  a nd  c o m p r e s s e d  on  f l a t - f a c e  
p u n c h e s  a t  1500 p o u n d s  ( C a r v e r  h y d r a u l i c  p r e s s ) .

The  d e t e r m i n a t i o n  was  c a r r i e d  o u t  u s i n g  t h e  
a p p a r a t u s  s hown  i n  F i g u r e  12,  I t  c o n s i s t e d  o f  a s i n t e r e d  
g l a s s  f i l t e r  c o n n e c t e d  w i t h  a t u b i n g  t o  a h o r i z o n t a l l y  
p o s i t i o n e d  g r a d u a t e d  c a p i l l a r y  t u b e .  Th e  e n t i r e
a s s e m b l y  was  i m m e r s e d  i n  a w a t e r  b a t h  t h e r m o s t a t i c a l l y  
c o n t r o l l e d  a t  37+ l °c .  To p r e v e n t  w a t e r  f r o m  e n t e r i n g  t h e
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t a b l e t  r e s t i n g  oil f i l t e r  paper

F i g u r e  12 A p p a r a t u s  f o r  m e a s u r i n g  p e n e t r a t i o n  o f  l i q u i d  
i n t o  t a b l e t s
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c a p i l l a r y  t u b e ,  t h e  o p e n  e nd  o f  t h e  c a p i l l a r y  was  
a t t a c h e d  t o  t h e  t u b i n g '  w h i c h  was  l e d  o u t  o f  t h e  w a t e r - b a t h .  
The  b a s e  o f  t h e  s i n t e r e d  g l a s s  f i l t e r  was  l i n e d  w i t h  a 
p i e c e  o f  f i l t e r  p a p e r  o f  e x a c t  s i z e .  To p r e v e n t  l o s s  o f  
w a t e r  d u e  t o  e v a p o r a t i o n ,  t h e  g l a s s  f i l t e r  was  c o v e r e d  
d u r i n g '  t h e  e n t i r e  c o u r s e  o f  m e a s u r e m e n t .  The  c h a n g e  i n  
t h e  l e n g t h  o f  l i q u i d  c o l u m n  i n  t h e  c a p i l l a r y  t u b e  w i t h  
t i m e  was  m e a s u r e d .  F i v e  r e p l i c a t e s  o f  e a c h  p u r e
d i s i n t e g r a n t  t a b l e t  w e r e  t a k e n .

3 . 2 . 2  M o i s t u r e  s o r p t i o n
The  m o i s t u r e  s o r p t i o n  o f  t a b l e t s  c o m p r e s s e d  

o n  500 mg o f  p u r e  s a m p l e  a t  1500 p o u n d s  w i t h  11-mm f l a t  
f a c e  p u n c h  ( C a r v e r  h y d r a u l i c  p r e s s )  w e r e  d e t e r m i n e d .  
A b o u t  50 t a b l e t s  o f  e a c h  s a m p l e  w e r e  a c c u r a t e l y  w e i g h e d  
a nd  p l a c e d  i n  a 60 mm t a r e d  g l a s s  d i s h .  The  s a m p l e  was  
p l a c e d  i n  a d e s s i c a t o r  c o n t a i n i n g  s a t u r a t e d  s o d i u m  
c h l o r i d e  i n  i t s  r e s e r v o i r  (75% r e l a t i v e  h u m i d i t y ) .  
The  d e s s i c a t o r  w as  s t o r e d  a t  r o o m t e m p e r a t u r e ( 2 6 + 1 ° c ) .  At  
v a r i o u s  t i m e  i n t e r v a l s  ( 2 , 4 , 8 , 2 4  a n d  48 h o u r s ) ,  t h e  
w e i g h t  g a i n e d  by t h e  e x p o s e d  s a m p l e s  w e r e  r e c o r d e d  a nd  
t h e  a m o u n t  o f  m o i s t u r e  s o r p t i o n  was  c a l c u l a t e d  f r o m  t h e  
w e i g h t  d i f f e r e n c e .

3 . 3  The  i n s t r u m e n t a t i o n  o f  a t a b l e t  m a c h i n e
The f r a m e  o f ร i n g 1e p u n c h m a c h i n e  was  b o u n d e d

w i t h s t r a i n g a u g e , wh i c h u s e d f o r  d y n a m i c  f o r c e
m e a s u r e m e n t s .  Two s t r a i n  g a u g e s ,  o n e  c a n  a c t i v e  g a u g e
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a n d  t h e  o t h e r  a t e m p e r a t u r e  c o m p e n s a t i n g '  g a u g e ,  f o r  
m e a s u r i n g  t h e  a p p l i e d  f o r c e  f r o m  u p p e r  p u n c h  w e r e  
m o u n t e d  t o  t h e  m o d i f i e d  u p p e r  p u n c h  h o l d e r  a s  s h own  i n  
F i g u r e  13.  The  a c t i v e  g a u g e  a nd  c o m p e n s a t i n g  r e s i s t a n c e  
g a u g e  w e r e  f o r m e d  t w o  a r m s  o f  a W h e a t s t o n e  B r i d g e  w h i c h  
c o n n e c t e d ,  t o  o n e  c h a n n e l  o f  a s t r a i n  i n d i c a t o r  a m p l i f i e r  
a s  s h ow n  i n  F i g u r e  14.  When s t r e s s  was  a p p l i e d ,  t h e  
r e s u l t i n g  s t r a i n  i n  t h e  u p p e r  p u n c h  w as  s h o w n  by s t r a i n  
g a u g e s  c o n s e q u e n t l y  c a u s i n g  a c h a n g e  o f  r e s i s t a n c e  o f  
t h e  g a u g e s  a n d  a n  u n b a l a n c e d  i n  t h e  b r i d g e .  ' The  
u n b a l a n c e d  p o t e n t i a l  w h i c h  was  d i r e c t l y  p r o p o r t i o n a l  t o  
t h e  f o r c e  a p p l i e d  on  u p p e r  p u n c h  was  t h e n  a m p l i f i e d  by 
s t r a i n  i n d i c a t o r  a m p l i f i e r  a nd  w as  r e c o r d e d  o n  a n  
o s c i l l o s c o p e .  The  r e s p o n s e s  w e r e  r e a d  d i r e c t l y  a s  u n i t  
o f  s i g n a l  d e f l e c t i o n  by r e c o r d e r .

The  s t r a i n  g a u g e s  m o u n t e d  o n  t h e  u p p e r  p u n c h  
h o l d e r  w e r e  c a l i b r a t e d  u n d e r  s t a t i c  c o n d i t i o n  by u s i n g  
h y d r a u l i c  p r e s s  o v e r  a r a n g e  o f  f o r c e  b e t w e e n  300  up  t o
3 , 0 0 0  p o u n d s .  A r e l a t i o n s h i p  b e t w e e n  s t r a i n  ( m i c r o s t r a i n )  
a n d  a p p l i e d  f o r c e s ( p o u n d s ) w a s  shown  i n  T a b l e  3 a nd  F i g u r e  15.

3 . 4  P r e p a r a t i o n  o f  p a r a c e t a m o l  t a b l e t
The  c o m p o s i t i o n s  o f  p a r a c e t a m o l  t a b l e t

f o r m u l a t i o n s  w e r e  p r e s e n t e d  i n  T a b l e  4 .  A l l  m a t e r i a l s
w e r e  f i r s t  p a s s e d  t h r o u g h  a No.  40 m e s h  s c r e e n  e x c e p t
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F i J u r e  13 S c h e m a t i c  d r a w i n g '  o f  t h e  i n s t r u m e n t a l  t a b l e t  
mach  i n e
1.  e c c e n t r i c  s h e a v e
2 .  s t r a i n  g u a g e
3 .  u p p e r  p l u n g e r
4 .  u p p e r  p u n c h
5.  d i e
6 .  l o w e r  p u n c h



F i g u r e  14 F u n c t i o n  b l o c k  d i a g r a m  o f  p r e s s  a nd  a s s o c i a t e d  m e a s u r i n g  s y s t e m

1. u p p e r p 1u n g e r ธ
2 . s t r a i n g u a g e 6
3 . u p p e r p u n c h 7

d y n a m i c  s t r a i n  i n d i c a t o r  
o s e  i 11o s c o p e  
r e c o r d e r

4 ,  W h e a t s t o n e  b r 5 d g e
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T a b l e  3 The  c a l i b r a t i o n  d a t a b e t w e e n  s t r a i n  a nd
a p p l i e d  f o r c e s  o b t a i n e d f r o m  t h e  u p p e r  p u n c h

F o r c e S t r a i n
( p o u n d ) ( mi c r o c t r a i ท )

300 2 6 . 5 8
600 4 6 . 8 2
900 6 8 . 2 5
1200 8 7 . 2 9
1 500 1 0 9 . 5 2
1800 1 2 8 . 5 7
2 10 0 1 5 0 . 3 9
2 40 0 1 6 9 . 8 3
2 70 0 1 9 2 . 4 5
3000 2 1 1 . 9 0
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s t r a i n  ( m i c r o s t r a i n )

a p p lie d  fo rce  (p o u n d  )

F i g u r e  15 The  c a l i b r a t i o n  c u r v e  b e t w e e n  s t r a i n  a nd  a p p l i e d  
f o r c e s  o b t a i n e d  f r o m  t h e  u p p e r  p u n c h

Y = 0.066X + 0 .003
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T a b l e  4 The  c o m p o s i t i o n  o f  p a r a c e t a m o l  t a b l e t  f o r m u l a t i o n

Î n g r e d i  e n t Amount  ( m g / t a b l e t )

P a r a c e t a m o 1 500
L a c t o s e 5
PVP K30 1 5
D i ร i n t e g r a n t *
M a g n e s i u m  s t e a r a t e 5

*  C o r n  s t a r c h 5 % o f  d r u g
S o d i u m  s t a r c h  g l y c o l a t e 5 % !»

M i c r o c r y s t a l l i n e  c e l l u l o s e 5 , 1 0  % 1»

C r o s c a r m e 11 o s e  s o d i u m 2 , 5 % !»

C h i t i n  ( J ) 1 . 5 , 3 , 5 , 7  % I»

C h i t i n  (บ) 1 . 5 , 3 , 5 , 7  % !»

C h i t o s a n  ( J ) 1 . 5 , 3 , 5 , 7  % M

C h i t o s a n  (บ) 1 . 5 , 3 , 5 , 7  % M
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m a g n e s i u m  s t e a r a t e  w h i c h  was  p a s s e d  t h r o u g h  a N o . 80 m e s h  
s c r e e n .  A l l  d i ร i n t e g r a n t ร w e r e  d r i e d  a t  50°c f o r  an  
h o u r  i n  a h o t  a i r  o v e n  b e f o r e  g r a n u l a t i o n .  A b a t c h  s i z e  o f  
a b o u t  550 g r a m o f  e a c h  f o r m u l a t i o n  was  p r e p a r e d .  The  
r e q u i r e d  a m o u n t s  o f  d r u g ,  t a b l e t  d i l u e n t ,  d i s i n t e g r a n t  
a nd  l u b r i c a n t  w e r e  a c c u r a t e l y  w e i g h e d .  D r u g  ( p a r a c e t a m o l ) ,  
d i l u e n t  ( l a c t o s e ) ,  a nd  i n t r a g r a n u l a r  d i s i n t e g r a n t  (50% 
o f  t o t a l  a m o u n t  o f  d i s i n t e g r a n t  i n  f o r m u l a t i o n )  w e r e
t r a n s f e r e d  t o  a Kenwood m i x e r ,  a nd  m i x e d  f o r  5 m i n u t e s .  
The  r e q u i r e  a m o u n t  o f  t a b l e t  b i n d e r  (PVP K30)  was  
a c c u r a t e l y  w e i g h e d  a nd  d i s s o l v e d  i n  a s u i t a b l e  q u a n t i t y  
o f  d i s t i l l e d  w a t e r .  G r a n u l a t i n g  f l u i d  was  a d d e d  w h i l e  
m i x i n g ,  a nd  m i x i n g  p r o c e d u r e  was  c o n t i n u e d  f o r  5 m i n u t e s  
t o  p r o d u c e  a m a s s  o f  p r o p e r  c o n s i s t e n c y .  The  w e t  m a s s  was  
p a s s e d  t h r o u g h  a N o . 12 me s h  s c r e e n  by u s i n g  a n  o s c i l l a t i n g  
g r a n u l a t o r ,  a nd  t h e n  d r i e d  i n  t h e  h o t  a i r  o v e n  a t  6 0 ° c  
f o r  3 h o u r s  t o  a m o i s t u r e  l e v e l  o f  a b o u t  1% พ / พ .  The  
d r i e d  g r a n u l e s  w e r e  s i z e d  t h r o u g h  a N o . 15 m e s h  s c r e e n .  The  
g r a n u l e s  w e r e  m i x e d  w i t h  e x t r a g r a n u l a r  d i s i n t e g r a n t  a nd  
m a g n e s i u m  s t e a r a t e ,  a s  l u b r i c a n t ,  i n  a l a b o r a t o r y  s c a l e  
c u b e  m i x e r  a t  a r o t a t i o n  s p e e d  o f  50 r . p . m . ,  m i x i n g  
p r o c e d u r e  was  c o n t i n u e d  f o r  5 m i n u t e s .  The  t a b l e t s  w e r e  
c o m p r e s s e d  on  t h e  S t o k e ’ s s i n g l e  p u n c h  t a b l e t t i n g  m a c h i n e ,  
u s i n g  1 / 2  i n c h  f l a t  f a c e d  p u n c h ,  w i t h  c o m p r e s s i o n  f o r c e s  
o f  600  and  900  p o u n d s .  The  t r a c i n g s  o f  t h e  c o m p r e s s i o n a 1 
f o r c e s  w e r e  sh own  i n  F i g u r e  15.  T h e s e  t a b l e t s  w e r e  u s e d  
t o  i n v e s t i g a t e  t h e  p h y s i c a l  p r o p e r t i e s  a s  a f u n c t i o n  o f
c o m p r e s s i o n  f o r c e s  b e f o r e  a nd  a f t e r  e x p o s u r e  t o  h u m i d i t y .
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< a )

( b >

F i J u r e  16 T r s c i n j  o f  c o m p r e s ร i o n a 1 f o r c e  f o r  a l l  t a b l e t  
f  o r m u 1 a t  i a n s
a )  600 p o u n d s b)  900  p o u n d s
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3 , 5  E v a l u a t i o n  o f  p h y s i c a l  p r o p e r t i e s  o f  p a r a c e t a m o l  
t a b l e t
3 , 5 . 1  B e f o r e  e x p o s u r e  t o  h u m i d i t y  c y c l i n g "

3 . 5 . 1 .  1 W e i g h t  v a r i a t i o n
W e i g h t  o f  20 t a b l e t s  w as  i n d i v i 

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

3 . 5 . 1 . 2  H a r d n e s s
H a r d n e s s  o f  t h e  t a b l e t s  was  

d e t e r m i n e d  by u s i n g  a S c h l e u n i g e r - 2 E  h a r d n e s s  t e s t e r ,  
e x p r e s s e d  i n  k i l o p o u n d  u n i t .  The  r e s u l t s  w e r e  t h e  
me a n  o f  10 d e t e r m i n a t i o n s .

3 . 5 . 1 . 3  F r i a b i l i  t y
A R oc h e  f r i a b i l a t o r  was  e m p l o y e d  

t o  d e t e r m i n e  t h e  t a b l e t  f r i a b i l i t y .  Th e  a p p a r a t u s  was  
r o t a t e d  a t  25 r . p . m . .  T w e n t y  p r e v i o u s l y  w e i g h e d  t a b l e t s  
w e r e  p l a c e d  i n  t h e  a p p a r a t u s ,  a nd  t h e  a p p a r a t u s  was  t h e n  
r o t a t e d  f o r  4 m i n u t e s  t o  s u b j e c t  t h e  t a b l e t s  t o  100 
d r o p s .  The  t a b l e t s  w e r e  t h e n  w e i g h e d  a nd  t h e  w e i g h t
l o s s  w as  c a l c u l a t e d  i n  t e r m s  o f  p e r c e n t  f r i a b i l i t y .

3 . 5 . 1 . 4  D i ร i n t e g r a t i o n  t i m e
The d i s i n t e g r a t i o n  t i m e  was  

d e t e r m i n e d  u s i n g  t h e  USP XXII a p p a r a t u s .  One t a b l e t  was  
p l a c e d  i n  e a c h  o f  t h e  s i x  t u b e s  o f  t h e  b a s k e t ,  a d i s k  was  
a d d e d  t o  e a c h  t u b e ,  a nd  t h e  a p p a r a t u s  was  o p e r a t e d ,  
u s i n g  d e i o n i z e d  w a t e r  m a i n t a i n e d  a t  3 7 + 2 °  c a s  t h e  
i m m e r s i o n  f l u i d .  The v a l u e  was  m e a s u r e d  i n  s e c o n d s .  The
r e s u l t s  w e r e  t h e  mean  o f  s i x  d e t e r m i n a t i o n s .
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3 . 5 .  1 . 5  P e r c e n t  drug" d i s s o l v e d
The a p p a r a t u s  u t i l i z e d  was  

d e s c r i b e d  i n  USP XXII u t i l i z i n g  a 1000 -  ๓1 v e s s e l s  
a s  t h e  i m m e r s i o n  f l u i d  c o n t a i n e r .  A v o l u m e  o f  9 0 0  ml 
o f  pH 5 . 8  p h o s p h a t e  b u f f e r  s o l u t i o n  was  u s e d  a s  t h e  
d i s s o l u t i o n  m e d i u m .  The  d i s s o l u t i o n  m e d i u m was 
e q u i l i b r a t e d  t o  3 7 + l ° C .  P a d d l e s  w e r e  u s e d  f o r  a g i t a t i o n  
a n d  a s t i r r i n g  s p e e d  o f  50 r . p . m .  was  m a i n t a i n e d .

One t a b l e t  w as  p l a c e d  i n  e a c h  
v e s s e l ,  a nd  t h e  a p p a r a t u s  was  i m m e d i a t e l y  o p e r a t e d  a t  t h e  
r a t e  s p e c i f i e d .  D i s s o l u t i o n  o f  t h e  d r u g  f r o m  t h e  t a b l e t  
was  c o n d u c t e d  t h r o u g h  a t h i r t y  m i n u t e  i n t e r v a l .  The  
a n a l y s i s  f o l l o w i n g  d i s s o l u t i o n  i n v o l v e d  t h e  w i t h d r a w a l  
o f  5 m i l l i l i t r e  a l i q u o t s  a t  f i v e  m i n u t e  i n t e r v a l s .  
T h e n  5 ml o f  t h e  d i s s o l u t i o n  m e d i u m w h i c h  h a d  b e e n  
e q u i l i b r a t e d  a t  37 c was  a d d e d  t o  t h e  v e s s e l  t o  r e p l a c e  
t h e  w i t h d r a w a l  v o l u m e .  The  a l i q u o t  w as  d i l u t e d  w i t h  t h e  
d i s s o l u t i o n  m e d i u m t o  a s u i t a b l e  v o l u m e .  The  a b s o r p t i o n  
o f  t h e  d i l u t e d  s o l u t i o n  was  m e a s u r e d  on  a s p e c t r o 
p h o t o m e t e r  o v e r  t h e  U l t r a - V i o l e t  s p e c t r u m  a t  t h e  maximum 
a b s o r b a n c e ,  243  nm , u s i n g  pH 5 . 8  p h o s p h a t e  b u f f e r  
s o l u t i o n  a s  a b l a n k .  The  p e r c e n t  d r u g  d i s s o l v e d  a t  
a p a r t i c u l a r  t i m e  i n t e r v a l  was  c a l c u l a t e d  f r o m  a 
s t a n d a r d  c u r v e  o f  p a r a c e t a m o l  i n  pH 5 . 8  p h o s p h a t e  b u f f e r  
s o l u t i o n  a t  2 43  nm 1 shown i n  T a b l e  5 a n d  F i g u r e  17.
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T a b l e  5 s t a n d a r d  o f  p a r a c e t a m o l  i n  pH 5 . 8  p h o s p h a t e  
b u f f e r  s o l u t i o n  a t  243 nm

C o n c e n t r â t  i on 
(ÿugVml)

A3-4-3

2 . 0 0 0 . 1 3 5
3 . 0 0 0 . 2 0 0
4 . 0 0 0 . 2 6 9
5 . 0 0 0 . 3 3 6
ธ . 00 0 . 4 0 1
8 . 0 0 0 . 5 3 5

1 0 . 0 0 0 . 6 6 9
1 2 . 0 0 0 . 7 9 3
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absorbance at 243 nm

c o n c e n tr a t io n  ( yU g/m l)

F i g u r e  17 s t a n d a r d  c u r v e  f o r  p a r a c e t a m o l  i n  pH 5 . 8  p h o s p h a t e  
b u f f e r  a t  243  nm

T = 0 . 066X + 0 , 0 0 3
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3 . 5 . 1 . 6  P e r c e n t  l a b e l e d  a m o u n t
I n  t h i s  s t u d y ,  t h e  a n a l y s i s  o f  

p e r c e n t  l a b e l e d  a m o un t  o f  p a r a c e t a m o l  i n  t a b l e t  was  
d e t e r m i n e d  by HPLC m e t h o d .

I n t e r n a l  s t a n d a r d  s o l u t i o n  ะ An 
a c c u r a t e l y  w e i g h e d  q u a n t i t y  o f  d i c l o f e n a c  s o d i u m  was  
d i s s o l v e d  i n  t h e  s o l v e n t  m i x t u r e  (40% m e t h a n o l ,  60% w a t e r  
a nd  0 . 1 % p h o s p h o r i c  a c i d )  and  d i l u t e d  q u a n t i t a t i v e l y  t o  
ma k e  c o n c e n t r a t i o n  a b o u t  4 mg/ml  .

S t a n d a r d  p r e p a r a t i o n  ร A 100 mg 
o f  p a r a c e t a m o l  was  a c c u r a t e l y  w e i g h e d  i n t o  a 5 0 - m l  
v o l u m e t r i c  f l a s k  and  d i s s o l v e d  w i t h  t h e  s o l v e n t  
m i x t u r e  t h e n  d i l u t e d  q u a n t i t a t i v e l y  t o  v o l u m e  a n d  m i x e d .  
The  s o l u t i o n  o f  0 , 2 5 ,  0 . 5 0 ,  0 . 7 5 ,  a n d  1 . 0 0  ml was  
t r a n s f e r e d  t o  a s e p a r a t e d  2 5 - m l  v o l u m e t r i c  f l a s k ,  t h e n  
a d j u s t e d  t o  v o l u m e  w i t h  t h e  s o l v e n t  m i x t u r e ,  a nd  
t h o u r o u g h l y  m i x e d .

S a m p l e  p r e p a r a t i o n :  N o t  l e s s  t h a n  
20 t a b l e t s  o f  p a r a c e t a m o l  w e r e  w e i g h e d  a n d  f i n e l y  
p o w d e r e d ,  t h e n  a v e r a g e  w e i g h t  p e r  t a b l e t  was  c a l c u l a t e d .  
A p o r t i o n  o f  t h e  p o w d e r  was  a c c u r a t e l y  w e i g h e d ,  e q u i v a l e n t  
t o  a b o u t  500 mg o f  p a r a c e t a m o l  a nd  t r a n s f e r e d  w i t h  t h e  
a i d  o f  t h e  s o l v e n t  m i x t u r e  t o  a 5 0 - m l  v o l u m e t r i c  f l a s k .  
The  m i x t u r e  was  s w i r l e d  m e c h a n i c a l  mean  f o r  30 m i n u t e s ,  
d i l u t e d  w i t h  t h e  s o l v e n t  m i x t u r e ,  m i x e d  a nd  t h e n  f i l t e r e d  
t h e  s o l u t i o n .  The  f i l t r a t e  o f  0 . 2 5  ml was  t r a n s f e r e d  
t o  a 2 5 - m l  v o l u m e t r i c  f l a s k ,  t h e n  a d j u s t e d  t o  v o l u m e  
w i t h  t h e  s o l v e n t  m i x t u r e ,  and  t h o u r o u g h l y  m i x e d .
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C h r o m a t o g r a p h i c  c o n d i t i o n  ะ The  
m o b i l e  p h a s e  c o n s i s t e d  o f  40% m e t h a n o l ,  60% d i s t i l l e d  
w a t e r  a nd  0 . 1 % p h o s p h o r i c  a c i d  was  a l s o  f i l t e r e d  t h r o u g h  
a 0 . 4 5  jum m e m b r a n e  f i l t e r .  A f l o w  r a t e  o f  1 . 2  ไท]/ไทi n  
a nd  t h e  a b s o r b a n c e  a t  254  ทไท w e r e  e s t a b l i s h e d .

P r o c e d u r e  ร A 0 . 5  ml o f  e a c h  
s t a n d a r d  p r e p a r a t i o n  a nd  0 . 2  ml o f  s a m p l e  p r e p a r a t i o n  was  
p i p e t t e d  t o  a s e p a r a t e d  1 0- ml  v o l u m e t r i c  f l a s k .  A 1 . 0  ml  o f  
i n t e r n a l  s t a n d a r d  s o l u t i o n  was  a d d e d  t o  e v e r y  v o l u m e t r i c  
f l a s k s ,  t h e n  a d j u s t e d  t o  v o l u m e  w i t h  t h e  s o l v e n t  m i x t u r e ,  
a nd  t h e  s o l u t i o n  was  m i x e d .  T r i p l i c a t e ,  20 yul i n j e c t i o n s  
w e r e  made  f r o m  e a c h  s a m p l e  s o l u t i o n  a nd  t h e  r e s u l t s  
w e r e  c a l c u l a t e d  by r e f e r e n c e  t o  a s t a n d a r d  p r e p a r a t i o n .  
The  r e s p o n s e  o f  t h e  s t a n d a r d  p r e p a r a t i o n  was  d e t e r m i n e d  
by m a k i n g  d u p l i c a t e .

3 . 5 . 2  E x p o s u r e  t o  h u m i d i t y  c y c l i n g
A b o u t  100 t a b l e t s  c o n t a i n i n g  e a c h  d i s -  

i n t e g r a n t  w e r e  p l a c e d  i n  a g l a s s  d i s h  a nd  e x p o s e d  t o  4 5 ° c  
a nd  75% r e l a t i v e  h u m i d i t y .  At  t i m e  i n t e r v a l s ,  5 d a y s ,  
t h e  t a b l e t s  w e r e  r e m o v e d  f o r  d e t e r m i n a t i o n  o f  t h e i r
p h y s i c a l  p r o p e r t i e s  a s i n  3 . 5 . 1 .
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