
C h a p t e r  I I I
R e s u l t s

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 i i t  p o w d e r s
a )  P a r t i c l e  s i z e  a nd  s h a p e

The  p h o t  omi c r o g r a p h  i c  d a t a  o f  d i f f e r e n t
d i ร i n t e r r a n t ร i n  d i f f e r e n t  m a g n i f i c a t i o n  w e r e  s hown  i n  
F i g u r e  1 8 - 2 5 .  The  s h a p e  o f  i n d i v i d u a l  p a r t i c l e  c o u l d  be  
c l e a r l y  o b s e r v e d .  I t  was  a p p a r e n t  t h a t  t h e  p a r t i c l e s  o f  
c h i t i n  ( ช ) ,  c h i t i n  ( บ ) ,  c h i t o s a n  ( ช ) ,  a nd  c h i t o s a n  (บ) 
p o s s e s s e d  a n  i r r e g u l a r  s h a p e .  And t h e y  s e e me d  t o  be 
f l a k e - l i k e .  The  s h a p e  o f  c o r n  s t a r c h  w as  p o l y g o n a l  
w h e r e a s  t h e  s h a p e  o f  s o d i u m  s t a r c h  g l y c o l a t e  was  o v a l  o r  
s p h e r i c a l .  The  p h o t o m i c r o g r a p h s  o f  s o d i u m  s t a r c h
g l y c o l a t e  w e r e  d i f f e r e n t f r o m  c o r n  s t a r c h  t h a t  c o r n s t a r c h  
h a d  a s m o o t h  s u r f a c e  w h e r e a s  s o d i u m  s t a r c h  g l y c o l a t e  h ad  
n o t .  And t h e  s h a p e s  o f  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 n d  
o r o s c a r m e 1 1 o s e  s o d i u m  w e r e  f i b r o u s - 1 i k e . The
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  a t  v a r i o u s  m a g n i f i c a t i o n .  I t  
was  e v i d e n t  t h a t  t h e s e  d i ร i n t e g r a n t s  w e r e  much  d i f f e r e n t  
i n  p a r t i c l e  s i z e .  From t h e  d a t a  i t  c o u l d  be  n o t i c e d  t h a t  
c h i t i n  (ช)  p o w d e r s  c o n t a i n e d  t h e  l a r g e s t  p a r t i c l e  s i z e  
among  a l l  d i ร i n t e g r a n t s . The  s i z e  d e c r e a s e d  i n  t h e  
f o l l o w i n g  o r d e r  Î c h i t o s a n  ( ช ) ,  c h i t o s a n  ( บ ) ,  c h i t i n  ( บ ) ,  
c r o s c a r m e 11 o s e  s o d i u m ,  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 nd  
s o d i u m  s t a r c h  g l y c o l a t e ,  r e s p e c t i v e l y .  And c o r n  s t a r c h  
p o w d e r s  c o n t a i n e d  t h e  s m a l l e s t  p a r t i c l e  s i z e .
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F i g u r e  18 E l e c t r o n  p h o t o m i c r o g r a p h s  o f  c o r n  s t a r c h
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%
F i g ' u r e  19 E l e c t r o n  p h o t o m i c r o g r a p h s  o f  s o d i u m  s t a r c h

g 1 y c o  l a t e
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F i g u r e  20 E l e c t r o n  p h o t o m i c r o g r a p h s  o f  m i c r o c r y s t a 11 i r e
c e  l l u i  o s e
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F i g u r e  21 E l e c t r o n  p h o t o m i c r o g r a p h s  o f c r o s c a r m e l 1 o s e  s o d i u m



74

F i g - u r e  22  E l e c t r o n  p h o t o m i c r o g r a p h s  o f  c h i t i n  <J )
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F i g - u r e  23 E l e c t r o n  p h o t  om i c r o g r  a p h s  o f  c h i t i n  (บ)
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F i g u r e  24 E l e c t r o n  p h o t o m i c r o g r a p h s  o f  c h i t o s a n  ( J )



g ' u r e  25 E l e c t r o n  p h o t o m i c r o g r a p h s  o f  c h i t o s a n  (บ)
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b)  P a r t i c l e  s i z e  a nd  s i z e  d i s t r i b u t i o n
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  v a r i o u s  

d i ร i n t  e g r  a n t  p o w d e r s  u s e d  i n  t h i s  s t u d y  w e r e  a n a l y z e d  by 
s i e v e  a n a l y s i s  m e t h o d .  The  s i e v e  a n a l y s i s  d a t a  w e r e  
shown- i n  T a b l e  6 a nd  t h e  h i s t o g r a m s  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  w e r e  g i v e n  i n  F i g u r e s  2 6 - 3 3 .  The  r e s u l t s  
i n d i c a t e d  t h a t  c h i t i n  a nd  i t s  d e r i v a t i v e  h ad  l a r g e r  
p a r t i c l e  s i z e  t h a n  s t a r c h  a nd  i t s  d e r i v a t i v e  a nd  
c e l l u l o s e  a n d  i t s  d e r i v a t i v e .  I t  was  f o u n d  t h a t  among  
t h e s e  d i s i n t e g r a n t s , m o r e  t h a n  70% o f  c o r n  s t a r c h ,  
s o d i u m  s t a r c h  g l y c o l a t e ,  mi c r o c r y s t a  1 1 i n e  c e l l u l o s e  a nd  
c r o s c a r m e 11 o s e  s o d i u m ,  t h e  p a r t i c l e  s i z e  was  l e s s  t h a n  
90 m i c r o n .  By t h i s  m e t h o d ,  i t  s e e m e d  t o  b e  t h a t  t h e s e  
f o u r  d i ร i n t e g r a n t s  h a d  t h e  s ame  p a r t i c l e  s i z e .  Bu t  f r o m  
t h e  e l e c t r o n  p h o t o m i c r o g r a p h i c  d a t a  s h o w e d  t h a t  t h e  
p a r t i c l e  s i z e  o f  c o r n  s t a r c h  was  much s m a l l e r  t h a n  t h e  
o t h e r s .  S i n c e  c o r n  s t a r c h  p a r t i c l e s  h a d  e 1 e c t r o s t a t i c  
c h a r g e s  a nd  t h e y  w e r e  a g g r e g a t e d  w h i l e  s h a k i n g  on  t h e  
m e c h a n i c a l  s i e v e  s h a k e r ,  t h e  p a r t i c l e  s i z e  o f  c o r n  s t a r c h  
d e t e r m i n e d  by s i e v e  a n a l y s i s  m e t h o d  was  l a r g e r  t h a n  by 
t h e  p h o t o m i c r o g r a p h i c  m e t h o d .  I n  t h e  c a s e  o f  c h i t i n  a nd  
c h i t o s a n , i t  w as  f o u n d  t h a t  m o s t  p a r t i c l e  s i z e s  o f  c h i t i n ( J ) ,  
c h i t o s a n  ( ช ) ,  a n d  c h i t o s a n  (บ) w e r e  l a r g e r  t h a n  250  
m i c r o n  a n d  t h e  s i z e  o f  c h i t i n  (บ) was  a b o u t  1 8 0 - 2 5 0  
m i c r o n .  And c h i t i n  (ช)  c o n t a i n e d  l a r g e r  p a r t i c l e s  t h a n  
t h e  o t h e r s .  T h e s e  r e s u l t s  w e r e  s i m i l a r  t o  t h e  r e s u l t s  
f r o m  t h e  e l e c t r o n  p h o t o m i c r o g r a p h .
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Table 6 P a r t i c l e  s i z e  d i s t r i b u t i o n  of pure d i s i n t e g r a n t s  powder

% Retained on s i z e  (micron)

250 180 150 106 90 45 < 45

Corn s t a r c h 0.00 0.62 7.62 10.54 2.92 77.26 1.04
Sodium s t a r c h  g l y c o l a t e 0.00 0.44 0.77 4.28 4.17 77.72 12.62
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 0.00 0.86 2.78 9.84 9.87 38.29 38.39
Croscarmel lose  sodium 0.53 3.89 1.16 4.11 9.89 63.47 16.95
C h i t i n  (J) 56.91 23.76 7.34 6.91 1.95 3.13 0.00
C h i t i n  (บ) 16.46 25.95 16.88 19.02 8.12 13.50 0.00
Chi t osan  (J) 41.60 34,45 11.14 8.40 1.05 3.36 0.00
Chi tosan (บ) 32.90 26.66 16.16 13.28 5.35 5.65 0.00
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F i g u r e  26 H i s t o g r a m  f o r  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  
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F i g u r e  27 H i s t o g r a m  f o r  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
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s o d i u m  s t a r c h  g l y c o l a t e
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F i f u r e  23 H i s t o g r a m  f o r  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  
ไท i c r  o c r y  s t  a 1 1 i n e  c e l l u l o s e
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F i g u r e  29 H i s t o g r a m  f o r  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  
c r o s c a r m e 11 o s e  s o d i u m

size (micron)
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F i g u r e  30 H i s t o g r a m  f o r  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  
c h i  t i n  (ช)
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F i g u r e  31 H i s t o g r a m  f o r  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
c h  i t  i ท (บ)
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F i g u r e  32 H i s t o g r a m  f o r  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  
c h i t o s a n  <J)

% retained

size (micron)

F i g u r e  33 H i s t o g r a m  f o r  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

% retained
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size (micron)
90-45 <45

c h  i t o s a n  < บ)
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1ฑ t h e  c a s 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 ,  i t  
c o u l d  b e  s e e n  t h a t  p o w d e r s  o f  c o r n  s t a r c h ,  s o d i u m  s t a r c h  
g l y c o l a t e ,  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 n d  c r o s c a r m e 11 o s e  
s o d i u m  h ad  a n a r r o w  r a n g e  o f  s i z e  d i s t r i b u t i o n  w h i l e  b o t h  
p o w d e r s  o f  c h i t i n  a nd  c h i t o s a n  h ad  a w i d e  r a n g e  o f  s i z e  
d i s t r  i b u t  i o n .

c )  M o i s t u r e  c o n t e n t
The  r e s u l t s  o f  m o i s t u r e  c o n t e n t  o f  v a r i o u s  

d i ร i n t e g r a n t  w e r e  p r e s e n t e d  a s  p e r c e n t  l o s s  o n  d r y i n g '  a nd  
sh own  i n  T a b l e  7 .  The  m o i s t u r e  c o n t e n t  i n  d i f f e r e n t  
d i s i n t e g r a n t  p o w d e r s  d e c r e a s e d  i n  t h e  f o l l o w i n g  o r d e r ;  
s o d i u m  s t a r c h  g l y c o l a t e  > c o r n  s t a r c h  > c h i t i n ( J )  > 
c h i t o s a n  (บ)  > 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  > c h i t i n  (บ) >
c r o s c a r m e 11 o s e  s o d i u m  > c h i t o s a n ( J ) .

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

s t u d y  was  d e t e r m i n e d  by s e d i m e n t a t i o n  v o l u m e  m e t h o d .  
The  s w e l l i n g  c a p a c i t y  was  d o n e  i n  d e i o n i z e d  w a t e r  (DI w a t e r )  
a n d  d i l u t e d  h y d r o c h l o r i c  a c i d  (1 % v / v ) .  Th e  r e s u l t s  w e r e  
g i v e n  i n  T a b l e  8 .  A l l  s a m p l e s  w e r e  s w o l l e n  i n  d e i o n i z e d  
w a t e r ,  b u t  t h e  v o l u m e  o f  t h e  s w o l l e n  s a m p l e s  v a r i e d  
d r a m a t i c a l l y .  The  s a m p l e s  s e t t l e d  t o  o p a q u e  s e d i m e n t  
l a y e r ,  a nd  t h i s  l a y e r  c o u l d  be  c l e a r l y  s e e n  t o  s e p a r a t e  
t o  t h e  s w e l l i n g  m e d i u m,  s hown  i n  F i g u r e  3 4 .  S w e l l i n g  
c a p a c i t y  o f  p u r e  d i s i n t e g r a n t  p o w d e r s  i n  d e i o n i z e d  w a t e r
c o u l d  b e  r a n k e d  a s  f o l l o w s o d i u m  s t a r c h  g l y c o l a t e  >
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T a b l e  7 M o i s t u r e  c o n t e n t  o f  p u r e  d i ร i n t  e g ' r a n t  p o w d e r

D i ร i n t e g r a n t s % Mo i s t u r e *  
c o n t e n t

% c v

C o r n  s t a r c h 1 1 . 0 3 2 . 2 6
S o d i u m  s t a r c h  g l y c o l a t e 1 2 . 1 3 2 . 6 3
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 . 2 3 2 . 8 6
C r o s c a r m e  11 o s e  s o d i u m 3 . 2 3 1 . 5 4
C h i t  i ท (ช) 8 . 9 6 1 . 6 7
C h i t i n  (บ) 4 . 3 6 1 . 4 4
C h i t o s a n  (ช) 2 .  33 2 . 1 4
C h i t o s a n  (บ) 5 . 7 0 1 . 9 8

# a v e r a g e  o f  t h r e e  d e t e r m i n a t i o n s
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c r o s c a r m e  1 1 o s e  s o d i u m  > c h i t o s a n <  J  ) > c h i t o s a n ( U )  > c h i t i n ( J )  
= c h i t i n  (บ) > 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  > c o r n  s t a r c h .  The
s t a t i s t i c a l  a n a l y s i s  o f  s w e l l i n g "  c a p a c i t y  among  c h i t i n  ( ช ) ,  
c h i t i n  ( บ ) ,  c h i t o s a n  ( บ ) ,  a nd  c h i t o s a n  (ช)  s h o w e d  t h a t  t h e r e  
was  n o  s i g n i f i c a n t  d i f f e r e n c e  among  t h e  t h r e e  f o r m e r  
d i s i n t e g r a n t s , b u t  i t  was  s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  
l a t t e r  o ne  ( p = 0 . 0 5 ) .  In  d i l u t e d  h y d r o c h l o r i c  a c i d ,  i t  
c o u l d  be  s e e n  t h a t  t h e  s w e l l i n g  c a p a c i t y  o f  s o d i u m  
s t a r c h  g l y c o l a t e  and  c r o s c a r m e 11 o s e  s o d i u m  was  d e c r e a s e d  
i n  a c i d i c  m e d i u m ,  w h i l e  c o r n  s t a r c h ,  mi c r o c r y s t a  1 1 i n e  
c e l l u l o s e  a n d  c h i t i n  (บ)  r e m a i n e d  u n c h a n g e .  In  c o n t r a s t ,  
c h i t i n ( d ) ,  c h i t o s a n ( d )  a nd  c h i t o s a n ( U )  a c t u a l l y  i n c r e a s e d  
i n  s w e l l i n g  c a p a c i t y ,  a nd  a d r a m a t i c  c h a n g e  o c c u r r e d .  
T h e s e  t h r e e  d i 5 i n t e g r a n t s  c h a n g e d  f r o m  a n  o p a q u e  s e d i m e n t  
i n  g r a d u a t e d  c y l i n d e r  t o  a v o l u m i n o u s  t r a n s l u c e n t  m a s s ,  
a s  s h own  i n  F i g u r e  3 5 ,  a n d  t h i s  t r a n s l u c e n t  m a s s  was  
h i g h l y  g e l a t i n o u s .  The  s w e l l i n g  c a p a c i t y  o f  c h i t o s a n  (ช)  
a nd  c h i t o s a n  (บ)  w e r e  i n c r e a s e d  w i t h  t h e  i n c r e a s i n g  
v o l u m e  o f  d i l u t e d  h y d r o c h l o r i c  a c i d .

S w e l l i n g  o f  a l l  s a m p l e s ,  b o t h  i n  d e i o n i z e d  w a t e r  
a nd  d i l u t e d  h y d r o c h l o r i c  a c i d ,  o c c u r r e d  a l m o s t  
i n s t a n t a n e o u s l y ,  a nd  d i d  n o t  c h a n g e  a p p r e c i a b l y  d u r i n g  
t h e  f i r s t  24 h o u r s .  The  s t a t i s t i c a l  a n a l y s i s  o f  
s w e l l i n g  c a p a c i t y  o f  e a c h  d i s i n t e g r a n t  b e t w e e n  i n  
d e i o n i z e d  w a t e r  and  i n  d i l u t e d  h y d r o c h l o r i c  a c i d  was  
d e t e r m i n e d .  I t  was  a p p a r e n t  t h a t  t h e r e  w as  n o  s i g n i f i c a n t
d i f f e r e n c e  f o r  c o r n  s t a r c h m i c r o c r y s t a 1 1 i n e  c e l l u l o s e
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T a b l e  8 S w e l l i n g - c a p a c i t y  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

D i ร i n t e g r a n t s D1 w a t e r *  
( t  i m e )

0 . 1  N HC1 * 
( t  i m e )

C o r n  s t a r c h 1 . 0 3 1 . 0 7
S o d i u m  s t a r c h  g l y c o l a t e 9 . 0 0 2 . 5 6
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 1 . 2 4 1 . 1 2
C r o s c a r m e 11 o s e  s o d i u m 5 . 0 5 4 . 7 5
C h i t i n  ( J ) 1 . 86 3 . 3 5
C h i t i n  (บ) 1 . 8 3 1 . 8 5
C h i t o s a n  ( J ) 2 . 0 8 4 . 5 7
C h i t o s a n  (บ) 1 .9 1 5 . 0 0

& a v e r a g e  o f  t h r e e  d e t e r m i n a t i o n s
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F i g u r e  34 S w e l l i n g "  c a p a c i t y  o f  v a r i o u s  d i s i n t e g r a n t s  i n  d e i o n i z e c  
w a t e r
A . C o r n  s t a r c h B. ร o d i UÏÏ1 s t a r c h  g l y c o l a t e
c . M i c r o c r y S t  a 1 1 i n e  c e l l u l o s e D . C r o s c a r m e l l o s e  s o d i u m
E. C h i t i n  ( J  ) F . C h i t i n (บ)
G . C h i t o s a n  ( J ) H. C h i t o s a n  (บ)
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F i g u r e  3 5 S w e l l i n g '  c a p a c i t y  o f  v a r i o u s  
h y d r o c h l o r i c  a c i d  
A. C o r n  s t a r c h
c .  M i c r o c r y s t a 1 1 i n e  c e l l u l o s e  
E . Ch i t  i ท ( J )
G . Ch i t o s a n  ( J )

d i ร i n t e g r a n t ร i n  d i l u t e d

B. S od i u m s t a r c h  g l y c o l a t e  
D. C r o s c a r m e  11 o s e  s o d i u m  
F . Ch i t  i ท (บ)
H. C h i t o s a n  (บ)
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a n d  c h i - b i n  ( บ ) ,  w h e r e a s  t h e r e  was  s i g n i f i c a n t l y  d i f f e r e n c e  
f o r  s o d i u m  s t a r c h  g l y c o l a t e ,  c r o s c a r m e 11 o s e  s o d i u m ,  
c h i t i n  ( ช ) ,  c h i t o s a n  ( ช ) ,  a n d  c h i t o s a n  (บ)  ( p = 0 , 0 5 ) .

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  
a )  W a t e r  u p t a k e

The  r e s u l t s  o f  t h e  w a t e r  u p t a k e  a n d  t h e  r a t e  
o f  w a t e r  u p t a k e  o f  v a r i o u s  p u r e  d i s i n t e g r a n t  t a b l e t s  a t  
c o m p r e s s i o n a 1 f o r c e  o f  1 , 5 0 0  p o u n d s  w e r e  s h ow n  i n  T a b l e  
9 a n d  10.  And t h e  r a t e  a n d  a m o u n t  o f  w a t e r  u p t a k e  p l o t  
w e r e  g i v e n  i n  F i g u r e  3 6 - 3 7 .  The  c o m p a r i s o n  o f  t h e  r a t e  
a n d  a m o u n t  o f  w a t e r  u p t a k e  o f  d i ร i n t e g r a n t ร i n  t h i s  s t u d y  
s h ow e d  t h a t  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  d e c r e a s e d  
i n  t h e  f o l l o w i n g  o r d e r  : s o d i u m  s t a r c h  g l y c o l a t e ,  c h i t i n ( J ) ,  
c h i t o s a n  ( ช ) ,  c h i t o s a n  ( บ ) ,  c h i t i n  ( บ ) ,  c r o s c a r m e 11 o s e  
s o d i u m ,  m i c r o c r y s t a  1 1 i n e  c e l l u l o s e ,  a n d  c o r n  s t a r c h ,  
r e s p e c t i v e l y .  I t  c o u l d  be  s e e n  t h a t  among  t h e s e
d i ร i n t e g r a n t ร , s o d i u m  s t a r c h  g l y c o l a t e  e x h i b i t e d  t h e  
h i g h e s t  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 h i l e  c o r n  
s t a r c h  e x h i b i t e d  t h e  l o w e s t .  The  r a t e  o f  w a t e r  u p t a k e  
o f  d i s i n t e g r a n t s  t h e n  d e c r e a s e d  a g a i n s t  t i m e .

b) M o i s t u r e  s o r p t i o n
The p e r c e n t a g e o f  mo i s t u r e s o r p t i o n  o f

d i f f e r e n t p u r e d i ร i n t e g r a n t t a b l e t s  a t c o m p r e s s  i o n a 1
f o r c e  o f 1 , 500 p o u n d s  a f t e r e x p o s u r e  t o 75% r e  1 a t  i v e
h u m i d i t y  a t  r oom t e m p e r a t u r e  w e r e  s h o w n  i n  T a b l e  11.  The
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Table 9 l a t e r  uptake o f  500 IBS' o f pure d is in te g r a n t  t a b le t  com pressed a t 1500 pounds

water uptake* (ml)
Time -------------------------------------------------------------
( sec) Corn Sodium starch Microcrystal 1ine 

starch glycolate cellulose
Croscarmellose

sodium
Cbitin

(J)
Chitin

(ง)
Chito 
san(J)

Chito
san(U)

0 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00
10 0.10 0.29 0.12 0.08 0.12 0.10 0.09 0.12
20 0.18 0.52 0.23 0.12 0.25 0.20 0.17 0.20
30 0.23 0.72 0.30 0.15 0.38 0.26 0.27 0.28
40 0.27 0.92 0.35 0. is 0.51 0.31 0.40 0.36
50 0.31 1.08 0.37 0.20 0.64 0.36 0.44 0.43
60 0.33 1.25 0.38 0.22 0.76 0.41 0,52 0.49
75 0.34 1.48 0.39 0.24 0.94 0,47 0.64 0.57
90 0.35 1.70 0.40 0.26 1,10 0.52 0.76 0,67

105 0.36 1.92 0.40 0.28 1.24 0.56 0,88 0.75
120 0.37 2.12 0,41 0.29 1.37 0.60 0.98 0.83
150 0.38 2.50 0.41 0,32 1.51 0.69 1.10 0.97
180 0.38 2.86 0.42 0.35 1.61 0.77 1.25 1.09
210 0.38 3.19 0.42 0.37 1.70 0.82 1.42 1,18
240 0.39 3.53 0.43 0.39 1,73 0.87 1.54 1.27
270 0.39 3.84 0.43 0,41 1,76 0.93 1.62 1.33
300 0.40 4.14 0,43 0.43 1.78 0.96 - 1.66 1,37
600 0.42 * 0.45 0.56 1.81 1.06 1.69 1.46
900 0.44 * 0.47 0.70 1.84 1.10 1.71 1.50

1200 0.47 * 0.48 0,82 1.86 1.14 1.72 1.53
1800 0.51 ร 0.51 1.07 1,90 1.20 1.74 1.56

tt average of five determinations
* th e  r e s u l t s  cannot be determ ined
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Table 10 Rate o f water uptake o f 500 mg o f pure d is in te g r a n t  t a b le t  com pressed a t 1500 pounds.

rate of water uptake* (jul/sec) 
Time ------------------------------------------------------------------
( sec) Corn Sodium starch Microcrystal 1ine 

starch glycolate cellulose
Croscarmellose

sodium
Chitin

(J)
Chitin

(น)
Chito 
san(J)

Chito
san(U)

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 10.00 29.00 12.00 8.00 12.00 10.00 8.00 12.00
20 9.00 26.00 11.50 6.00 12.50 10.00 8.50 10.00
30 7.67 24.00 10.00 5.00 12.67 8.67 9.00 9.33
40 6.75 23.00 8.75 4.50 12.75 7.75 10.00 9.00
50 6.20 21.60 7.40 4.00 12.80 7.20 8.80 8.60
60 5.50 20.83 6.33 3.67 12.67 6.83 8.67 8.17
75 4.53 19.73 5.20 3.20 12.53 6.27 8.53 7.60
90 3.89 18.89 4.44 2.89 12.22 5.78 8.44 7.44

105 3.43 18.29 3.81 2.67 11.81 5.33 8.38 7.14
120 3.08 17.67 3.42 2.42 11.42 5.00 8.17 6.92
150 2.53 16.67 2.73 2.13 10.07 4.60 7.33 6.47
180 2.11 15.89 2.33 1.94 8.94 4.28 6.94 6.06
210 1.81 15.19 2.00 1.76 8.10 3.91 6.76 5.62
240 1.63 14.71 1.79 1.63 7.21 3.63 6.42 5.29
270 1.44 14.22 1.59 1.52 6.52 3.44 6.00 4.93
300 1.33 13.80 1.43 1.43 5.93 3.20 5.53 4.57
600 0.70 * 0.75 0.93 3.02 1.77 2.82 2.43
900 0.49 * 0.52 0.78 2.04 1.22 1.90 1.67

1200 0.39 * 0.40 0.68 1.55 0.95 1.43 1.28
1800 0.28 * 0.34 0.59 1.06 0.67 0.97 0.87

* th e  r e s u l t s  cannot be determ ined
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w a te r  u p ta k e (m l )

A -4- B c  -0 - D

<0— F -A- <J ห

F i J u r e  3 ธ W a t e r  p e n e t r a t i o n  p r o f i l e  o f  500  mg- o f  p u r e  d ï s  i n t e j r a n t
t a b l e t  c o m p r e s s e d  a t 1500 p o u n d s
A ะ c o r n  s t a r c h B ะ s O d i um s t a r c h g l y c o l a t e
c ะ m i c r o c r y s t a l  1 i n e c e  11 น1 o s e  D : c r o s c a r m e l l o s e s o d  i um
E ะ ch  i 1 5 ท C J ) F ะ c h  i t  i ท (บ)
G î c h  i t o s a n  ( ช ) H J c h i t o s a n  (บ)
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x E -A- F -A— (j -3 - H

Fi  j u r e  37 R a t e  o f  w a t e r  p e n e t r a t i o n  p r o f i l e  o f  5 0 0  mg' o f  p u r e  
d i s i n t e g r a n t  t a b l e t  c o m p r e s s e d  a t  1 5 0 0  p o u n d s
A ะ c o r n  s t a r c h  B ะ s o d i u m  s t a r c h  g l y c o l a t e
c  : 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  D ะ c r o s c a r m e 11 o s e  s o d i u m
E : c h i t  i n  ( ช )  F : c h i t  i n  ( บ)
G 5 c h i t o s a n  ( ช ) H ะ c h i t o s a n  ( บ)
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p l o t  a g a i n s t  t i m e  was  shown i n  F i g u r e  3 8 .  The  d a t a  
i n d i c a t e d  t h a t  a f t e r  48 h o u r s ,  s o d i u m  s t a r c h  g l y c o l a t e  
e x h i b i t e d  t h e  h i g h e s t  m o i s t u r e  s o r p t i o n ,  f o l l o w e d  by 
c r o s c a r m e 11 o s e  s o d i u m ,  c h i t i n ( J ) ,  c h i t o s a n ( J ) ,  c h i t o s a n ( U ) ,  
c h i t i n ( U ) ,  c o r n  s t a r c h ,  a nd  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 ,  
r e s p e c t i v e l y .

E v a l u a t i o n  o f  t a b l e t s
P a r a c e t a m o l  t a b l e t s  p r e p a r e d  by w e t  g r a n u l a t i o n  

m e t h o d  u s i n g  d i f f e r e n t  d i ร i n t e g r a n t s  s u c h  a s  c o r n  s t a r c h ,  
s o d i u m  s t a r c h  g l y c o l a t e ,  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 ,  
c r o s c a r m e 11 o s e  s o d i u m ,  c h i t i n  ( ช ) ,  c h i t i n  ( บ ) ,  c h i t o s a n  (ช)  
a nd  c h i t o s a n  ( บ ) ,  a nd  c o m p r e s s e d  a t  c o m p r e s s i o n a 1 f o r c e s  
o f  6 00  a nd  9 00  p o u n d s  w e r e  d e t e r m i n e d  f o r  t h e i r  p h y s i c a l  
p r o p e r t i e s  b e f o r e  a n d  a f t e r  e x p o s u r e  t o  a c c e l e r a t e d  
c o n d i t i o n .  T h e s e  p r o p e r t i e s  s u c h  w e i g h t  v a r i a t i o n ,  
f r i a b i l i t y ,  h a r d n e s s ,  d i s i n t e g r a t i o n  t i m e ,  d i s s o l u t i o n ,  
a n d  p e r c e n t  l a b e l e d  a mo u n t  w e r e  e v a l u a t e d  a n d  t h e  d a t a  
w e r e  s u m m a r i z e d  i n  T a b l e  1 2 - 3 4 .

A .  T a b l e t  e v a l u a t i o n  b e f o r e  e x p o s u r e  t o  a c c e l e r a t e d  c o n d i t i o n
1) W e i g h t  v a r i a t i o n  o f  t a b l e t

The  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 n d  
c o e f f i c i e n t  o f  v a r i a t i o n  (%CV) o f  t a b l e t s  f r o m  e a c h  
f o r m u l a t i o n  w e r e  g i v e n  i n  T a b l e  1 2 - 3 3 .  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  e a c h  b a t c h  was  d e p i c t e d  i n  F i g u r e  3 9 .  I t  
c o u l d  be  s e e n  t h a t  w e i g h t  v a r i a t i o n  o f  a l l  b a t c h e s  o f  
t a b l e t s  c o m p l i e d  w i t h  t h e  r e q u i r e m e n t s  o f  t h e  บร s t a n d a r d
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Table 11 Mois ture  s o r p t i o n of  pure d i 5i n t e g r a n t t a b l e t s compressed at
1,500 pounds a f t e r  exposure t o 75% r e l a t i v e humidi ty a t
room t empera t u r e a t  va r i o u s  t ime i n t e r v a l s

% Moisture  s o r p t i o n  a t t ime i n t e r v a l s i h o u r s )
Dis i n t e g r a n t s

0 2 4 8 24 48

Corn s t a r c h 0.00 1.56 2.66 4.62 6.99 8.00
Sodium s t a r c h g l y c o l a t e 0.00 1.73 2.39 5.07 9.91 12.60
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 0.00 1.00 1.20 2.13 3.78 4.36
Cr05carme1 lose sodium 0.00 1.51 3.40 4.97 7.05 10.55
C h i t i n  < J) 0.00 1.49 1.86 3.51 7.01 9.18
C h i t i n  <บ) 0.00 1.27 1.44 3.42 5.21 6.35
Chi tosBn (J) 0.00 2.00 2.92 4.42 8.14 9.78
Chi t osan  <U) 0.00 1.60 2.15 3.45 6.58 8.01
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% m o is t u r e  s o r p t io n

A  — h -  B - X -  c  - B -  D

- X -  £  - ^ -  F - A -  ü  - S -  H

F i g u r e  38 M o i s t u r e  s o r p t i o n  p r o f i l e  o f  500 mg 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  c o m p r e s s e d  a t  1500 p o u n d s  a f t e r  e x p o s u r e  t o  75% 
r e l a t i v e  h u m i d i t y  a t  room t e m p e r a t u r e  a t  v a r i o u s  t i m e  
i n t e r v a 1 ร
A ะ c o r n  s t a r c h  B ะ s o d i u m  s t a r c h  g l y c o l a t e
c : 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  D : c r o s c a r m e 11 o s e  s o d i u m
E î c h i t i n  ( J )  F ะ c h i t i n  (บ)
G t c h i t o s a n ( J )  H : c h i t o s a n  (บ)
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T able 12 P h y s ic a l  p r o p e r t ie s  o f  p aracetam ol t a b l e t s  c o n t a in in g  5% corn  s ta r c h

com p ressed  a t  600 and 900 pounds, b e fo r e  and a f t e r  ex p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 551.81 + 8.01 553.63 + 8.03 553.83 + 8.28 558.82 + 8.26
X c v 1.45 1.45 1.48 1.47
range 526.14-581.52 525.94-581.31 528.02-583.60 528.03-583.61

friab i1ity
X 0.62 0.48 0.48 0.31

hardness (kp)
X + SD 7.38 + 0.08 9.23 + 0.11 10.23 + 0.10 13.32 + 0.13
X CV 1.08 1.19 0.97 0.97

disintegration time (secs)
X + SD 159.50 + 3.81 245.00 + 2.78 340.83 + 8.30 447.00 + 12.5'
X CV 2.38 1.95 2.43 2.80

X drug dissolved (mg)
5 mins (X CV) 166.81 (1.83) 142.66 (1.82) 89.89 (2.10) 63.88 (2.11)

10 mins (X CV) 245.85 (1.52) 239.20 (1.72) 165.28 (1.82) 119.06 (1.85)
15 mins (X CV) 397.77 (1.64) 348.90 (1.50) 250.11 (1.90) 164.72 (1.51)
20 mins (X CV) 424.14 (1.37) 417.12 (1.59) 297.34 (1.62) 243.57 (1.56)
25 mins (X CV) 449.18 (0.98) 450.30 (1.28) 356.54 (1.29) 299.79 (1.22)
30 mins (X CV) 472.98 (1.06) 472.18 (1.16) 394.13 (1.09) 351.84 (1.14)



Table 13 Physical properties of paracetamol tablets containing 5% sodium starch 
glycolate compressed at 600 and 900 pounds, before and after exposure to 
accelerated condition

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 
X c v  
range

friab ility
%

hardness (kp) 
X + SD 
X c v

552.21 + 6.41 556.16 + 6.36
1.16 1.14

524.60-579.82 528.35-583.96

0.58

8.28 + 0.09 
1.23

0.45

9.98 + 0.11
1.10

disintegration time (secs)
X + SD 34.50 + 0.46
X  CV 1.33

36.83 + 0.38
1.03

X  drug dissolved (mg)
5 mins (X CV) 

10 mins <% CV) 
15 mins (X CV) 
20 mins (X CV) 
25 mins (X CV)

305.54 (1.27)
406.44 (1.32) 
451.27 (1.16)
461.50 (1.07)
469.69 (0.97) 
482.63 (1.04)

300.34 (1.58) 
393.97 (1.33)
439.66 (1.27) 
464.76 (1.15) 
469.63 (1.15)
481.50 (0.93)

557.58 + 6.82
1.22

259.70-585.46

0.42

10.92 + 0.10 
0.91

56.17 + 0.86 
1.53

297.74 (1.21) 
392.99 (1.19) 
443.41 (1.15) 
461.95 (0.96)
471.50 (1.05) 
481.62 (0.94)

560.61 + 6.48
1.15

532.58-583.64

0.29

13.17 + 0.13 
0.98

60.83 + 0.92
1.51

288.87 (1.33) 
390.73 (1.28)
441.43 (1.09)
461.61 (1.18) 
468.90 (1.03)

30 mins (X CV) 479.35 (1.12)
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T a b le  14 P h y s ic a l  p r o p e r t ie s  o f  p a ra ceta m ol t a b l e t s  c o n t a in in g  5% m ic r o c r y s t a l l in e

c e l l u l o s e  com p ressed  a t  600 and 900 pounds, b e fo r e  and a f t e r  e x p o su re  t o
a c c e le r a t e d  c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 546.40 + 5.23 554.03 + 5.46 548.29 + 5.39 555.95 + 5.49
X cv 0.95 0.98 0.98 0.98
range 519.08-573.72 526.33-581.73 520.87-581.73 528.15-583.74

friab i1ity
X 0.62 0.50 0.36 0.23

hardness (fcp)
X + SD 7.83 + 0.08 9.48 + 0.10 11.65 + 0.13 13.68 + 0.13
X CV 1.02 1.05 1.11 0.95

disintegration time (secs)
X + SD 680.17 + 11.42 > 30 mins 1264.67 + 16.14 > 30 mins
X CV 1.67 1.27

X drug dissolved (mg)
5 mins (X CV) 18.58 (2.20) 14.87 (2.28) 14.88 (2.39) 12.25 (2.69)

10 mins (X CV) 37.56 (2.05) 29.33 (2.18) 31.44 (2.18) 25.84 (2.61)
15 mins (X CV) 65.03 (1.61) 52.34 (2.02) 59.04 (1.72) 45.08 (2.39)
20 mins (X CV) 91.60 (1.47) 84.54 (1.84) 86.25 (1.62) 74.44 (2.20)
25 mins (X CV) 126.36 (1.34) 117.84 (1.66) 119.48 (1.39) 106.48 (2.12)
30 mins (X CV) 150.50 (1.40) 144.55 (1.71) 144.48 (1.24) 136.55 (2.02)
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T a b le  15 P h y s ic a l  p r o p e r t ie s  o f  p ara ceta m ol t a b l e t s  c o n t a in in g  10% m ic r o c r y s t a l l in e

c e l l u l o s e  com p ressed  a t  600 and 900 pounds, b e fo r e  and a f t e r  ex p o su r e  t o
a c c e le r a t e d  c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 576.19 + 5.23 575.10 + 4.43 576.81 + 5.26 576.13 + 4.43
% c v 0.91 0.77 0.91 0.76
range 547.38-605.00 546.35-603.85 547.97-605.05 547.32-604.93

friab i1ity
% 0.58 0.47 0.32 0.20

hardness (kp)
X + SD 8.05 + 0.09 9.84 + 0.09 11.81 + 0.12 13.91 + 0.15
% CV 1.11 0.91 1.01 1.07

disintegration time (secs)
X + SD 423.33 + 8.16 1746.66 + 24.63 784.33 + 14.39 > 30 mins
% CV 1.92 1.41 1.83

% drug dissolved (mg)
5 mins (% CV) 26.84 (1.45) 20.36 (1.33) 22.92 (1.17) 18.83 (1.32)

10 mins (% CV) 42.89 (1.30) 34.39 (1.28) 34.84 (1.26) 29.58 (1.81)
15 mins (% CV) 74.25 (1.41) 57.71 (1.18) 63.19 (1.12) 52.73 (1.03)
20 mins (% CV) 116.99 (1.12) 94.70 (1.09) 109.92 (1.20) 85.87 (1.08)
25 mins (% CV) 147.10 (1.03) 123.27 (1.12) 133.75 (1.08) 111.85 (1.13)
30 mins (% CV) 169.13 (0.98) 150.80 (1.09) 152.96 (1.14) 134.31 (1.11)
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T able 17 P h y s ic a l  p r o p e r t ie s  o f  p a ra ceta m o l t a b l e t s  c o n t a in in g  5% c r o s c a r m e llo s e
sodium  com p ressed  a t  600 and 900 p ou n d s, b e fo r e  and a f t e r  ex p o su r e  t o
a c c e le r a t e d  c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 ibs.

weight variation (mg)
552.49 + 6.65 552.53 + 6.29

1.20 1.13
524.86-580.11 524.90-580.15

0.65 0.48

X + SD
% c v
range

fr iab ility  
X

hardness (kp)
X + SD 7.53 + 0.09 9.48 + 0.10
X CV 1.19 1.06

disintegration time (secs)
X + SD 79 .17+ 1 .34  114.33+1.53
X CV 1.69 1.33

X drug dissolved (mg)
5 mins (X CV) 

10 mins (X CV) 
15 mins (X CV) 
20 mins (X CV) 
25 mins (X CV) 
30 mins (X CV)

294.46 (1.82)
383.03 (1.80)
440.51 (1.59) 
452.79 (1.47)
467.65 (1.08)
475.28 (0.95)

287.56 (1.90)
378.65 (1.75)
426.50 (1.49)
451.02 (1.56)
462.67 (1.28) 
478.12 (1.09)

553.36 + 6.78
1.22

527.59-583.12

0.39

10.39 + 0.11
1.05

132.50 + 2.19
1.65

173.78 (1.92)
281.99 (1.75) 
358.86 (1.76)
434.33 (1.39) 
454.85 (1.30)
475.67 (1.16)

556.28 + 6.42
1.15

528.46-584.09

0.25

13.35 + 0.15
1.12

175.50 + 2.83
1.61

167.26 (1.94) 
282.18 (1.72) 
346.76 (1.73) 
432.11 (1.57)
447.26 (1.48) 
475.10 (1.06)
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T ab le  18 P h y s ic a l  p r o p e r t ie s  o f  p ara ceta m ol t a b l e t s  c o n t a in in g  1.5X c h i t i n  (J )
com p ressed  a t  600 and 900 p ou n d s, b e fo r e  and a f t e r  ex p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 549.58 + 5.95 556.63 + 5.27 551.31 + 5.97 558.93 + 5.44
X c v 1.08 0.94 1.08 0.97
range 522.10-576.06 528.79-584.46 523.74-578.87 530.98-586.87

fr iab ility
X 0.56 0.40 0.43 0.24

hardness (kp)
X + SD 7.93 + 0.09 9.65 + 0.10 11.29 + 0.16 13.70 + 0.14
% CV 1.13 1.03 1.07 1.02

disintegration time (secs)
X + SD 445.00 + 8.41 506.17 + 9.14 860.67 + 12.71 1325.00 + 20.76
% CV 1.88 1.80 1.47 1.56

% drug dissolved (mg)
5 mins (X CV) 37.43 (1.83) 34.93 (1.63) 33.66 (1.94) 29.85 (1.86)

10 mins (X CV) 74.55 (1.70) 68.78 (1.57) 68.30 (1.71) 61.70 (1.75)
15 mins (X CV) 128.06 (1.77) 108.81 (1.20) 105.08 (1.80) 102.02 (1.48)
20 mins (X CV) 167.78 (1.75) 161.88 (1.17) 153.89 (1.21) 144.99 (1.36)
25 mins (X CV) 219.73 (1.40) 202.54 (1.20) 193.51 (1.34) 181.33 (1.32)

247.50 (1.12) 238.28 (1.15) 239.64 (1.07)30 mins (X cm 218.14 (1.17)
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T ab le  19 P h y s ic a l  p r o p e r t ie s  o f  p ara ceta m ol t a b l e t s  c o n t a in in g  3X c h i t i n  (J )
com p ressed  a t  600 and 900 p ou n d s, b e fo r e  and a f t e r  ex p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation <mg)
X + SD 547.75 + 5.87 555.
X cv 1.07
range 520.36-575.13 528.

fr iab ility
X 0.58

hardness (kp)
X + SD 7.90 + 0.08 9.
X CV 1.01

disintegration time (secs)
X + SD 121.17 + 2.66 241.
X CV 2.19

X drug dissolved (mg)
5 mins (X CV) 74.,68 ( 1.,21) 64,

10 mins (X CV) 123.,87 (1,.33) 118
15 mins (X CV) 177,,13 (1,.18) 167
20 mins (X CV) 282,.70 (1,.05) 279
25 mins (X CV) 313..03 ( 1,.02) 302
30 mins (X CV) 356,.09 (1,.12) 346

88 + 5.74 548.64 + 5.92 557.29 + 5.59
1.03 1.08 1.00

08-583.67 521.20-576.07 529.42-585.15

0.46 0.44 0.26

48 + 0.10 11.16 + 0.11 13.55 + 0.12
1. 05 0.98 0.88

00 T 4.70 319.00 + 5.95 575.00 + 12.07
1. 95 1.86 2.:to

22 (1.62) 61.24 (1.43) 55.31 (1.65)
70 (1.65) 119.33 (1.31) 106.03 (1.33)
72 (1.32) 162.80 (1.23) 156.06 (1.26)
92 (1.09) 260.88 (1.34) 233.37 (1.23)
83 (1.18) 298.46 (1.17) 278.96 (1.17)
26 (1.13) 337.40 (1.07) 319.48 (1.01)
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T ab le  20 P h y s ic a l  p r o p e r t ie s  o f  p a ra ceta m ol t a b l e t s  c o n t a in in g  5% c h i t i n  (J )

com p ressed  a t  600 and 900 p ou n d s, b e fo r e  and a f t e r  ex p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 551.11 + 5.85 560.50 + 6.13 552.93 + 5.83 563.24 + 6.08
% c v 1.06 1.09 1.05 1.08
range 523.55-578.66 532.47-588.52 525.28-580.57 535.07-591.40

friab ility
% 0.59 0.48 0.46 0.26

hardness (kp)
X + SD 7.80 + 0.07 9.39 + 0.10 11.18 + 0.12 13.48 + 0.14
% c v 0.89 1.06 1.07 1.03

disintegration time (secs)
X + SD 97.17 + 1.11 119.67 + 1.92 152.83 + 2.49 203.33 + 2.38
% CV 1.14 1.60 1.63 1.17

% drug dissolved (mg)
5 mins (% CV) 155.36 (1.83) 132.88 (1.90) 139.22 (1.82) 115.79 (1.90)

10 mins (% CV) 226.81 (1.64) 212.86 (1.85) 226.89 (1.41) 189.80 (1.95)
15 mins (% CV) 368.53 (1.46) 329.61 (1.92) 301.23 (1.59) 294.04 (1.79)
20 mins (% CV) 405.26 (1.25) 398.88 (1.87) 359.30 (1.41) 380.51 (1.71)
25 mins <% CV) 449.52 (1.27) 425.73 (1.78) 414.97 (1.20) 419.81 (1.60)
30 mins (% C V ) 477.28 (1.24) 472.04 (1.65) 459.04 (1.38) 453.61 (1.68)
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T ab le  21 P h y s ic a l  p r o p e r t ie s  o f  p ara ceta m ol t a b l e t s  c o n t a in in g  7% c h i t i n  (J )

com p ressed  a t  600 and 900 pou n d s, b e fo r e  and a f t e r  ex p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 561.07 + 6.03 565.01 + 5.95 562.57 + 6.19 566.80 + 6.12
X cv 1.07 1.05 1.10 1.08
range 533.01-589.12 536.76-593.26 534.44-590.69 538.46-595.14

friabi1ity
X 0.61 0.50 0.49 0.29

hardness (kp)
X + SD 7.73 + 0.09 9.28 + 0.10 11.17 + 0.13 13.46 + 0.12
X CV 1.16 1.07 1.16 0.89

disintegration time (secs)
X + SD 46.50 + 0.73 60.54 + 0.77 70.83 + 0.98 134.33 + 1.65
% CV 1.57 1.27 1.38 1.22

X drug dissolved (mg)
5 mins (X CV) 212.77 (1.46) 192.87 (1.86) 194.13 (1.68) 160.91 (2.23)

10 mins (X CV) 336.46 (1.08) 302.54 (1.71) 261.37 (1.47) 242.40 (1.91)
15 mins (X CV) 414.61 (1.34) 398.98 (1.80) 338.02 (1.27) 321.32 (1.51)
20 mins (X CV) 448.36 (1.12) 425.95 (1.44) 415.43 (1.32) 389.69 (1.47)
25 mins (X CV) 463.00 (1.08) 450.60 (1.33) 442.73 (1.17) 440.05 (1.39)
30 mins (X CV) 481.11 (1.04) 478.16 (1.28) 478.37 (1.19) 475.12 (1.12)
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T ab le  22 P h y s ic a l  p r o p e r t ie s  o f  p ara ceta m ol t a b l e t s  c o n t a in in g  1.5% c h i t i n  (บ)

com p ressed  a t  600 and 900 pou n d s, b e fo r e  and a f t e r  e x p o su re  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)

519.40-574.07 518.18-572.73 520.82-575.64 519.52-574.21

X + SD 546.74 + 6.24 545.46 + 5.26 548.23 + 6.28 546.87 + 5.43
% cv 1.14 0.96 1.15 0.99
range

friabi1ity
X 0.58 0.41

hardness (kp)
X + SD 7.90+0.09 9.58+0.10
X c v  1.13 1.04

disintegration time (secs)
X + SD 577.67+9.82 669.67+12.70 934.17+19.561359.17+23.64

1.70 1.89 2.09 1.74

0.39

11.04 + 0.13 
1.17

0.26

13.62 + 0.15 
1.10

X CV

X drug dissolved (mg)
5 mins (% CV) 

10 mins (5b CV) 
15 mins (X CV) 
20 mins (% CV) 
25 mins ( X CV)

18.15 (1.72)
43.51 (1.81) 
79.26 (1.59)

121.44 (1.60)
149.51 (1.35)

15.98 (1.92) 
40.64 (1.80) 
74.76 (1.81)

111.25 (1.59)
145.84 (1.36)
163.80 (1.30)

13.97 (1.84) 
36.82 (1.85) 
56.37 (1.55) 
84.24 (1.42) 

118.69 (1.50)

13.81 (1.82) 
31.23 (1.59) 
52.97 (1.49) 
87.41 (1.46) 

116.70 (1.28)
30 mins (X c v ) 172.85 (1.26) 145.55 (1.35) 135.86 (1.19)
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T ab le  23 P h y s ic a l  p r o p e r t ie s  o f  p ara ceta m ol t a b l e t s  c o n t a in in g  3% c h i t i n  (บ)

com p ressed  a t  600 and 900 p ou n d s, b e fo r e  and a f t e r  e x p o su re  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 543.04 + 6.02 542.19 + 5.55 543.96 + 6.14 543.37 + 5.64
% cv 1.11 1.02 1.13 1.04
range 515.89-570.19 515.08-569.30 516.76-571.16 516.20-570.54

friability
% 0.60 0.48 0.40 0.26

hardness (kp)
X + SD 7.87 + 0.08 9.49 + 0.10 11.37 + 0.11 13.58 + 0.14
X CV 1.01 1.05 0.96 1.04

disintegration time (secs)
X + SD 165.83 + 2.81 386.33 + 4.22 507.83 + 6.54 872.50 + 10.27
X CV 1.69 1.09 1.28 1.17

X drug dissolved (mg)
5 mins (X CV) 48.56 (1.72) 37.67 (1.83) 32.40 (1.91) 29.98 (1.72)

10 mins (X CV) 92.93 (1.73) 85.87 (1.82) 80.43 (1.82) 79.53 (1.76)
15 mins (X CV) 153.36 (1.60) 143.82 (1.90) 124.76 (1.52) 128.01 (1.71)
20 mins (X CV) 214.93 (1.39) 208.59 (1.58) 188.99 (1.45) 190.72 (1.59)
25 mins (X CV) 289.46 (1.24) 271.95 (1.24) 259.27 (1.32) 253.45 (1.37)
30 mins (X CV) 329.80 (1.11) 314.82 (1.19) 317.59 (1.21) 308.15 (1.55)
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T ab le  24 P h y s ic a l  p r o p e r t ie s  o f  p aracetam ol t a b l e t s  c o n t a in in g  5% c h i t i n  (บ)

com p ressed  a t  600 and 900 p ou n d s, b e fo r e  and a f t e r  ex p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 
X cv 
range

friabi1ity 
%

hardness (kp) 
X + SD 
X cv

552.17 + 5.85 552.89 + 5.29 553.44 + 5.98 554.82 + 5.38
1.06 0.95 1.08 0.97

524.56-579.77 525.24-580.53 525.76-581.11 527.08-582.56

0.64

7.80 + 0.07 
0.89

0.47

9.39 + 0.10 
1.06

0.43

11.33 + 0.10
0.88

0.27

13.42 + 0.13 
0.96

disintegration time (secs)
X + SD 115.50+1.63 176.50+2.93 175.00+2.07 319.17+3.96
% CV 1.41 1.66 1.18 1.24

X drug dissolved (mg)
5 mins (X CV) 

10 mins (X CV) 
15 mins (X CV) 
20 mins (X CV) 
25 mins (X CV)

142.92 (1.76) 
222.53 (1.58) 
331.58 (1.46) 
413.35 (1.37) 
441.22 (1.38) 
475.79 (1.22)

125.55 (1.82)
202.55 (1.56)
316.81 (1.58) 
391.68 (1.34)
427.25 (1.16) 
465.91 (1.19)

118.32 (1.73)
201.06 (1.52)
309.51 (1.57)
357.52 (1.34) 
415.57 (1.21)
458.25 (1.15)

113.36 (1.91) 
172.96 (1.89) 
289.08 (1.52)
342.81 (1.52) 
400.30 (1.49) 

-448.85 (1.33)30 mins (X CV)
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T a b le  25 P h y s ic a l  p r o p e r t ie s  o f  p aracetam ol t a b l e t s  c o n t a in in g  7% c h i t i n  (บ)

com p ressed  a t  600 and 900 pounds, b e fo r e  and a f t e r  ex p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 560.25 + 6.21 560.09 + 6.21 560.91 + 6.33 561.26 + 6.28
X cv 1.11 1.10 1.13 1.11
range 532.23-588.26 532.08-588.09 532.86-588.95 533.19-589.32

friability
X 0.62 0.39 0.45 0.28

hardness (kp)
X + SD 7.78 + 0.08 9.41 + 0.10 11.20 + 0.12 13.42 + 0.15
X c 7 1.02 1.06 1.07 1.11

disintegration time (secs)
X + SD 41.17 + 0.82 67.67 + 1.25 72.33 + 1.33 136.67 + 2.08
% CV 1.99 1.84 1.83 1.52

X drug dissolved (mg)
5 mins (X CV) 188.49 (1.62) 151.75 (1.72) 151.80 (1.65) 128.61 (1.93)

10 mins (X CV) 293.23 (1.60) 274.46 (1.64) 266.24 (1.70) 227.06 (1.63)
15 mins (X CV) 375.58 (1.48) 350.48 (1.58) 354.34 (1.61) 333.82 (1.59)
20 mins (X CV) 428.89 (1.30) 425.16 (1.28) 429.08 (1.44) 395.11 (1.40)
25 mins (X CV) 460.02 (1.00) 460.60 (1.09) 461.56 (1.30) 451.29 (1.40)
30 mins (X CV) 479.43 (0.98) 480.10 (1.00) 477.89 (1.33) 475.44 (1.11)
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T ab le  26 P h y s ic a l  p r o p e r t ie s  o f  p aracetam ol t a b l e t s  c o n t a in in g  1.5% c h it o s a n  (J )

com p ressed  a t  600 and 900 pounds, b e fo r e  and a f t e r  ex p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 536.72 + 5.02 537.13 + 4.48 537.87 + 4.99 537.46 + 4.46
% CV 0.93 0.78 0.92 0.83
range 509.88-563.55 510.27-563.98 510.97-564.76 510.58-564.33

friability
% 0.59 0.41 0.39 0.25

hardness (kp)
X + SD 7.83 + 0.08 9.51 + 0.10 11.17 + 0.11 13.40 + 0.15
% CV 1.02 1.05 0.98 1.11

disintegration time (secs)
X + SD 298.33 + 3.83 498.33 + 5.58 506.67 + 7.14 1065.33 + 12.02
% CV 1.28 1.11 1.41 1.12

% drug dissolved (mg)
5 mins (% CV) 40.70 (1.65) 35.64 (1.82) 38.03 (1.05) 31.84 (1.72)

10 mins (% CV) 72.69 (1.67) 63.59 (1.70) 59.21 (1.26) 51.86 (1.81)
15 mins (% CV) 118.56 (1.46) 116.85 (1.59) 110.43 (1.05) 96.25 (1.20)
20 mins (% CV) 152.28 (1.27) 143.53 (1.38) 140.31 (1.13)’' 118.50 (1.26)
25 mins (% CV) 179.89 (1.31) 165.27 (1.41) 167.74 (1.11) 158.57 (1.07)

226.68 (1.17) 206.69 (1.32) 213.99 (1.03) 200.65 (1.11)30 mins (% CV)



113

T ab le  27 P h y s ic a l  p r o p e r t ie s  o f  p a ra ceta m o l t a b l e t s  c o n t a in in g  3% c h it o s a n  (J )

com p ressed  a t  600 and 900 p ou n d s, b e fo r e  and a f t e r  e x p o su re  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 547.97 + 3.51 546.02 + 3.33 549.20 + 3.32 546.26 + 3.17
% cv 0.64 0.61 0.60 0.58
range 520.57-575.36 518.72-573.32 521.74-576.66 518.94-573.57

friabi1ity
% 0.61 0.44 0.40 0.24

hardness (kp)
X + SD 7.77 + 0.07 9.38 + 0.10 11.02 + 0.11 13.43 + 0.15
% CV 0.90 1.06 0.99 1.11

disintegration time (secs)
X + SD 140.00 + 2.47 198.00 + 3.16 290.00 + 4.36 405.83 + 6.70
% CV 1.76 1.59 1.50 1.65

% drug dissolved (mg)
5 mins (% CV) 70.27 (1.61) 65.75 (1.83) 55.30 (1.93) 51.74 (1.56)

10 mins (,% CV) 132.70 (1.57) 115.12 (1.43) 117.11 (1.82) 103.63 (1.54)
15 mins (% CV) 134.73 (1.63) 167.50 (1.20) 169.50 (1.51) 153.99 (1.58)
20 mins <% CV) 248.25 (1.71) 242.48 (1.24) 242.76 (1.62) 222.85 (1.35)
25 mins (% CV) 306.64 (1.35) 300.61 (1.31) 299.87 (1.29) 291.09 (1.12)
30 mins (% CV) 368.94 (1.16) 358.36 (1.11) 347.90 (1.12) 334.31 (1.03)
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T a b le  28 P h y s ic a l  p r o p e r t ie s  o f  p aracetam ol t a b l e t s  c o n t a in in g  5X c h it o s a n  (J )
com p ressed  a t  600 and 900 p ou n d s, b e fo r e  and a f t e r  e x p o su re  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 545.21 + 3.32 544.37 + 3.39 546.81 + 3.33 544.81 + 3.51
X cv 0.61 0.62 0.61 0.64
range 517.95-572.47 517.15-571.59 519.47-574.15 517.51-572.05

friability
X 0.61 0.47 0.41 0.24

hardness (kp)
X + SD 7.71 + 0.08 9.26 + 0.09 11.02 + 0.11 13.28 + 0.12
% cv 1.03 0.97 0.99 0.90

disintegration time (secs)
X + SD 76.33 + 1.07 81.00 + 1.03 104.33 + 1.54 123.00 + 1.66
% cv 1.40 1.27 1.47 1.35

% drug dissolved (mg)
5 mins (X CV) 166.45 (1.96) 154.12 (1.97) 141.12 (1.83) 135.80 (1.71)

10 mins (X CV) 254.88 (1.85) 234.54 (1.64) 231.26 (1.60) 219.16 (1.64)
15 mins (X CV) 369.59 (1.36) 344.94 (1.57) 343.25 (1.33) 334.97 (1.63)
20 mins (X CV) 408.65 (1.53) 403.10 (1.44) 396.83 (1.47) 387.26 (4.47)
25 mins (X CV) 446.12 (1.37) 434.92 (1.30) 433.56 (1.21) 424.96 (1.20)
30 mins (X CV) 474.56 (1.10) 473.98 (1.23) 471.96 (1.15) 468.09 (1.29)
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Table 29 Physical properties of paracetamol tablets containing 7% chitosan (J) 
compressed at 600 and 900 pounds, before and after exposure to accelerated

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 555.69 + 2.55 556.30 + 3.71 556.90 + 2.55 559.24 + 3.73
X c v 0.46 0.67 0.46 0.66
range 527.90-583.47 528.48-584.11 529.05-584.74 531.27-587.20

friability
X 0.62 0.49 0.44 0.29

hardness (kp)
X + SD 7.68 + 0.08 9.30 + 0.09 10.89 + 0.11 13.14 + 0.14
X c v 1.04 0.96 1.01 1.06

disintegration time (secs)
X + SD 36.17.+ 0.59 39.50 + 0.61 53.33 + 0.72 79.17 + 1.24
X CV 1.63 1.54 1.35 1.56

X drug dissolved (mg)
5 mins (X c v ) 236.90 (1.50) 214.67 (1.72) 219.14 (1.89) 200.44 (1.93)

10 mins (X CV) 382.12 (1.39) 375.11 (1.43) 345.26 (1.39) 350.57 (1.60)
15 mins (X CV) 441.42 (1.26) 426.72 (1.24) 431.92 (1.23) 417.10 (1.36)
20 mins (X CV) 467.82 (1.09) 459.95 (1.13) 446.78 (1.25) 447.00 (1.28)
25 mins (X CV) 473.53 (1.33) 474.42 (1.23) 470.58 (1.34) 467.86 (1.47)
30 mins (X CV) 480.68 (1.23) 481.03 (1.02) 480.79 (1.20) 478.46 (1.18)



1 1 6

T able 30 P h y s ic a l  p r o p e r t ie s  o f  p aracetam ol t a b l e t s  c o n t a in in g  1.5X  c h it o s a n  (บ)
com p ressed  a t  600 and 900 p ou n d s, b e fo r e  and a f t e r  e x p o su re  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 535.45 + 6.19 545.59 + 5.56 535.69 + 6.17 545.95 + 5.57
ร cv 1.15 1.02 1.15 1.02
range 508.67-562.22 518.31-572.87 508.90-562.47 518.65-573.24

friability
% 0.56 0.42 0.40 0.23

hardness (kp)
X + SD 7.86 + 0.08 8.45 + 0.10 11.09 + 0.11 13.43 + 0.15
% CV 1.01 1.05 0.99 1.11

disintegration time (secs)
X + SD 507.50 + 10.04 644.83 + 12.82 997.50 + 20.89 1342.85 + 25.65
% CV 1.97 1.98 2.09 1.91

X drug dissolved (mg)
5 mins (% CV) 26.82 (1.82) 21.74 (1.96) 24.78 (1.77) 18.46 (1.95)

10 mins (X CV) 68.94 (1.62) 62.81 (1.85) 62.56 (1.69) 56.57 (1.82)
15 mins (% CV) 107.43 (1.32) 103.63 (1.51) 92.79 (1.48) 85. 16 ( 1.65)
20 mins (% CV) 144.56 (1.46) 132.80 (1.67) 127.06 (1.51) 122.76 (1.68)
25 mins (ร CV) 181.56 (1.36) 172.54 (1.44) 171.86 (1.35) 163.11 (1.59)
30 mins (% CV) 242.34 (1.12) 226.00 (1.16) 226.67 (1.17) 203.41 (1.45)
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T able 31 P h y s ic a l  p r o p e r t ie s  o f  p aracetam ol t a b l e t s  c o n t a in in g  3% c h it o s a n  (บ)
com p ressed  a t  600 and 900 pounds, b e fo r e  and a f t e r  ex p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 538.21 + 6.04 540.58 + 5.61 540.10 + 6.04 541.69 + 5.50
X cv 1.12 1.03 1.11 1.01
range 511.30-565.12 513.55-567.61 513.09-567.10 514.60-568.77

friability
X 0.61 0.44 0.42 0.26

hardness (kp)
X + SD 7.67 + 0.07 9.34 + 0.10 10.93 + 0.10 13.39 + 0.15
X CV 0.91 1.07 0.91 1.12

disintegration time (secs) _

X + SD 162.00 + 3.12 314.83 + 6.09 375.83 + 6.82 925.33 + 17.90
X CV 1.92 1.93 1.81 1.93

X drug dissolved (mg)
5 mins ( X CV) 60.02 (1.71) 55.00 (1.96) 51.11 (2.25) 34.87 (1.86)

10 mins (X CV) 118.46 (1.79) 92.68 (1.64) 94.64 (1.93) 71.12 (1.88)
15 mins (% CV) 176.65 (1.63) 149.63 (1.37) 148.89 (1.63) 118.00 (1.45)
20 mins (X CV) 238.70 (1.52) 200.06 (1.44) 202.45 (1.56) 165.30 (1.40)
25 mins (ร CV) 292.92 (1.42) 266.49 (1.16) 262.81 (1.64) 233.91 (1.33)
30 mins (X CV) 347.00 (1.44) 324.84 (1.05) 322.25 (1.56) 310.20 (1.02)
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T ab le  32 P h y s ic a l  p r o p e r t ie s  o f  p aracetam ol t a b l e t s  c o n t a in in g  5% c h it o s a n  (บ)

com p ressed  a t  600 and 900 pounds, b e fo r e  and a f t e r  e x p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 553.68 + 6.04
X cv
range

friability
X

hardness (kp) 
X + SD 
% CV

1.09
525.99-581.36

0.63

7.65 + 0.08
1.04

disintegration time (secs)
X + SD 86.33 + 1.62
X CV 1.87

X drug dissolved (mg)
5 mins (X CV) 185.81 (1.68)

10 mins (% CV) 
15 mins (X CV) 
20 mins (X CV) 
25 mins (X CV) 
30 mins (X CV)

234.70 (1.46) 
325.72 (1.27) 
407.18 (1.19) 
443.64 (1.07) 
475.24 (1.16)

550.40 + 6.26 
1.14

522.88-577.92

0.45

9.34 + 0.11
1.17

133.00 + 2.47 
1.85

172.60 (1.97)
231.17 (1.90)
321.02 (1.67) 
406.84 (1.50) 
447.48 (1.43)
476.78 (1.24)

555.02+6.13 550.77+6.24
1.10 1.13

527.27-582.77 523.23-578.31

0.45 0.25

10.97 + 0.12 13.31 + 0.15
1.09 1.12

200.83 + 3.67 313.83 + 5.84
1.82

112.53 (1.88)
188.77 (1.53)
290.78 (1.38)
368.01 (1.28) 
421.94 (1.25) 
460.52 (1.07)

1.86

107.39 (1.82) 
160.84 (1.71)
243.82 (1.76) 
348.86 (1.50) 
409.96 (1.30) 
459.52 (1.27)
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T able 33 P h y s ic a l  p r o p e r t ie s  o f  p aracetam ol t a b l e t s  c o n t a in in g  7% c h it o s a n  (บ)

com p ressed  a t  600 and 900 pou n d s, b e fo r e  and a f t e r  e x p o su r e  t o  a c c e le r a t e d
c o n d it io n

Before exposure After exposure

600 lbs. 900 lbs. 600 lbs. 900 lbs.

weight variation (mg)
X + SD 566.26 + 7.11 566.73 + 6.58
X c v

range 5
1.26

537.94-594.57
1.16

538.39-595.06
friabi1ity 

X 0.62 0.41
hardness (kp) 

X + SD
% c v

6.86 + 0.10
1.45

9.05 + 0.10
1.10

disintegration time (secs)
X + SD 53.63 + 1.26
X CV 2.35

X drug dissolved (mg)

72.17 + 1.56
2.16

5 mins (X CV)  

10 mins (X CV)  

15 mins <X CV)  

20 mins (X CV)  

25 mins ( X CV)  

30 mins ( X CV)

227.15 (1.49) 
365.41 (1.12)
401.82 (1.26) 
461.71 (1.25)
471.78 (1.12) 
480.55 (1.05)

212.67 (1.51) 
338.36 (1.31) 
403.53 (1.29) 
461.47 (1.22) 
475.10 (1.19) 
483.30 (1.12)

567.62 + 7.10 
1.25

539.24-596.00

0.40

11.29 + 0.13 
1.15

77.33 + 1.52 
1.96

189.34 (1.81) 
313.29 (1.57) 
393.31 (1.39) 
449.25 (1.22) 
470.18 (1.16) 
479.67 (1.05)

568.93 + 6.78 
1.19

540.48-597.37

0.23

14.17 + 0.17 
1.19

134.50 + 1.99 
1.48

160.03 (1.82) 
294.64 (1.66) 
394.62 (1.33) 
451.47 (1.41)
466.16 (1.28) 
478.76 (1.03)
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co n cen tra tio n ^ )
F i g u r e  39 P e r c e n t  s t a n d a r d  w e i g h t  v a r i a t i o n  o f  p a r a c e t a m o l  t a b l e t s  
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t h a t ,  f o r  u n c o a t e d  t a b l e t s  o f  m o r e  t h a n  3 2 4  mg' t h e  
s t a n d a r d  r e q u i r e d  t h a t  n o t  m o r e  t h a n  t w o  t a b l e t s  o u t  o f  
2 0  w o u l d  d i f f e r  f r o m  t h e  a v e r a g e  w e i g h t  by  m o r e  t h a n  
+ 5%, and n o n e  o f  t h e  20  w o u l d  d i f f e r  b y  m o r e  t h a n  + 10% 
f r o m  t h e  a v e r a g e  w e i g h t ( 8 7 ) ,  r e g a r d  1e s s o f t h e t y p e  and
c o n c e n t r a t i o n  o f  t h e  d i ร i n t e g r a n t . F o r  a n y  f o r m u l a t i o n ,  
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  o f  t a b l e t  w a s  l e s s  t h a n  2  
p e r c e n t

2 )  T a b l e t  h a r d n e s s
Th e  h a r d n e s s  o f  a r a n d o m s a m p l e  o f  t e n  t a b l e t s  w a s  

d e t e r m i n e d  f o r  e a c h  f o r m u l a t i o n  c o n t a i n i n g  a c e r t a i n  
c o n c e n t r a t i o n  o f  d i s i n t e g r a n t . The  m e a n  v a l u e ,  s t a n d a r d  
d e v i a t i o n  and 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  p r e s e n t e d  i n  
T a b l e  1 2 - 3 3 .  The  me a n  v a l u e  o f  t a b l e t  h a r d n e s s  w a s
d e p i c t e d  i n  F i g u r e  4 0 .  T a b l e t  h a r d n e s s  w a s  n o t
d e p e n d e n t  o n  d i ร i n t e g r a t i o n  t y p e .  F o r  t h e  c o n c e n t r a t i o n  
o f  d i s i n t e g r a n t , i t  f o u n d  t h a t  t h e  c o n c e n t r a t i o n  o f  s o me  
d i ร i n t e g r a n t ร a f f e c t e d  t h e  t a b l e t  h a r d n e s s  w h e r e a s  s o me  
d i s i n t e g r a n t s  d i d  n o t .  M o r e o v e r ,  a s  t h e  a m o u n t  o f
d i s i n t e g r a n t  i n c r e a s e d ,  t h e  r e s u l t s  v a r i e d .  S u c h
t a b l e t s  c o n t a i n i n g  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  s h o w e d  a 
s l i g h t l y  i n c r e a s e  i n  t a b l e t  h a r d n e s s  by t h e  i n c r e a s e  o f  
t h e  d i s i n t e g r a n t  c o n c e n t r a t i o n .  In c r o s c a r m e 11 o s e
s o d i u m  t a b l e t s  s h o w e d  e s s e n t i a l l y  n o  c h a n g e  i n  t a b l e t  
h a r d n e s s  a s  t h e  c o n c e n t r a t i o n  o f  d i s i n t e g r a n t  i n c r e a s e d .  
And i n  c h i t i n  and c h i t o s a n  t a b l e t s ,  t h e  h a r d n e s s  w a s  
s l i g h t l y  d e c r e a s e d  w i t h  i n c r e a s i n g  d i s i n t e g r a n t
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F i g u r e  40  H a r d n e s s  o f  p a r a c e t a m o l  t a b l e t s  c o n t a i n i n g '  d i f f e r e n t
d i ร i n t e g r a n t ร c o m p r e s s e d  a t  f o r c e s  o f  6 0 0  ( a )  a n d  9 0 0  ( b )  
p o u n d s  b e f o r e  e x p o s u r e  t o  a c c e l e r a t e d  c o n d i t i o n
A : c o r n  s t a r c h B Î s o d  i um s t a r c h g l y c o 1 a t e
c : mi c r o c r y s t a 1 1 i n e c e l l u l o s e  D ะ c r o s c a r m e l l o s e ร O d i um
E ะ c h  i t  i ท ( J ) F ร c h  i t  i ท (บ)
G c h i t o s a n  ( J ) H c h i t o s a n  (บ)



123

c o n c e n t r a t i o n .  N e v e r t h e l e s s ,  t h e r e  w e r e  v e r y  s l i g h t
d i f f e r e n c e s  i n  t h e  v a r i a b i l i t y  o f  t a b l e t  h a r d n e s s  b e t w e e n  
f  orn i u l  a t  i o n s  . And f o r  a l l  f o r m u l a t i o n s ,  t h e  i n c r e a s e  o f
t a b l e t  h a r d n e s s  w a s  f o u n d  w i t h  t h e  i n c r e a s i n g  o f  
c o m p r e s s i o n a 1 f o r c e .

3 )  T a b l e t  f r i a b i l i t y
The  e f f e c t  o f  d i s i n t e g r a n t  t y p e  a n d  c o n c e n t r a t i o n  

o n  t h e  f r i a b i l i t y  c f  t a b l e t s  w e r e  s h o w n  i n  T a b l e  1 2 - 3 3  and  
F i g u r e  4 1 .  T h e  r e s u l t s  s h o w e d  t h a t  t h e  f r i a b i l i t y  o f
t a b l e t s  w a s  l e s s  t h a n  o n e  p e r c e n t  f o r  a l l  f o r m u l a t i o n s .  
T h e s e  v a l u e s  w e r e  w e l l  w i t h i n  t h e  a c c e p t a b l e  l i m i t  ( l e s s  
t h a n  0 . 8 % ) < 8 8 ) .  I t  w a s  n o t i c e d  t h a t ,  f o r  a l l  f o r m u l a t i o n s ,  
t h e  f r i a b i l i t y  d e c r e a s e d  a s  c o m p r e s s i o n a 1 f o r c e  i n c r e a s e d .  4

4 )  D i s i n t e g r a t i o n  t i m e  o f  t a b l e t
The  r e s u l t s  o f  d i s i n t e g r a t i o n  t i m e  o f  t a b l e t s  made  

w i t h  d i f f e r e n t  d i s i n t e g r a n t  t y p e s  and c o n c e n t r a t i o n s  a t  
v a r i o u s  c o m p r e s s i o n a 1 f o r c e s  w e r e  i l l u s t r a t e d  i n  T a b l e  
1 2 - 3 3  an d  F i g u r e  4 2 .  The  t a b l e t s  c o n t a i n i n g  5% s o d i u m  
s t a r c h  g l y c o l a t e  and 2% c r o s c a r m e 1 l o s e  s o d i u m  g a v e  much  
f a s t e r  d i s i n t e g r a t i o n  t i m e s  t h a n  o t h e r  f o r m u l a t i o n s .
T h e s e  t a b l e t s  d i s i n t e g r a t e d  w i t h i n  o n e  m i n u t e .  The  
d i s i n t e g r a t i o n  t i m e  i n c r e a s e d  v e r y  s l i g h t l y  a s  
c o m p r e s s i o n a 1 f o r c e  i n c r e a s e d .  I t  w a s  s u g g e s t e d  t h a t  an  
i n c r e a s e  i n  c o m p r e s s i o n a 1 f o r c e  w a s  n o t  a f f e c t e d  t o  t h e  
d i 5 i n t e g r a t i o n  t i m e  o f  t h e s e  t a b l e t s .  H o w e v e r ,  a t  t h e  5%
l e v e l  o f  c r o s c a r m e 11 o s e  s o d i u m ,  t h e  d i ร i n t e g r a t i o n  t i m e
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c o n d  i t  i on
A ะ c o r n  s t a r c h  B : s o d i u m  s t a r c h  g l y c o l a t e
c  ะ 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  D : c r o s c a r m e 11 o s e  s o d i u m  
E t c h i t i n ( J )  F i c h i t i n ( U )
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w a s  l o n g e r  t h a n  t h o s e  c o n t a i n i n g  2% l e v e l .  T h e s e  
t a b l e t s  d i s i n t e g r a t e d  a f t e r  o n e  m i n u t e .  And t h e  
d i s i n t e g r a t i o n  t i m e  o f  t h i s  f o r m u l a t i o n  w a s  m o r e  a f f e c t e d  
by t h e  i n c r e m e n t  i n  c o m p r e s s i o n a 1 f o r c e  t h a n  t h e  
f o r m u l a t i o n  c o n t a i n i n g  a b o u t  2% l e v e l .  The  d i ร i n t e g r a t i o n  
t i m e  o f  t a b l e t s  c o n t a i n i n g  5% mi c r o c r y s t a  1 1 i n e  c e l l u l o s e  
w a s  t h e  s l o w e s t .  The  d i s i n t e g r a t i o n  t i m e  o f  t h e s e  
t a b l e t s  c o m p r e s s e d  a t  t h e  f o r c e  o f  6 0 0  p o u n d s  w a s  l o n g e r  
t h a n  o t h e r  f o r m u l a t i o n s .  When i n c r e a s i n g  t h e  c o m p r e s s i o n a 1 
f o r c e  t o  9 0 0  p o u n d s ,  t h e s e  t a b l e t s  d i d  n o t  d i s i n t e g r a t e  
w i t h i n  30  m i n u t e s .  In a d d i t i o n ,  t h e  d i ร i n t e g r a t i o n  t i m e  
d e c r e a s e d  w i t h  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  
d i s i n t e g r a n t . T a b l e t s  c o n t a i n i n g  10% m i c r o c r y s t a 1 1 i n e  
c e l l u l o s e  w a s  r a p i d l y  d i s i n t e g r a t e d  t h a n  t h o s e  c o n t a i n i n g  
5% l e v e l  a t  t h e  s a me  c o m p r e s s i o n a 1 f o r c e .  The  a b i l i t y  o f  
t a b l e t  d i s i n t e g r a t i o n  o f  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  
t a b l e t s  had  b e e n  f o u n d  t o  b e  w o r s e  t h a n  t h o s e  t a b l e t s  
made  w i t h  5% c o r n  s t a r c h .  T a b l e t s  c o n t a i n i n g  5% c o r n  
s t a r c h  c o u l d  d i s i n t e g r a t e  i n  a b o u t  3 m i n u t e s  w i t h  t h e  
c o m p r e s s i o n a 1 f o r c e  o f  6 0 0  p o u n d s  a n d  a b o u t  4 m i n u t e s  
w h e n  c o m p r e s s e d  a t  f o r c e  o f  9 0 0  p o u n d s .  F o r  c o r n  s t a r c h ,  
a s  w e l l  a s  o t h e r  d i s i n t e g r a n t s , t h e  d i s i n t e g r a t i o n  t i m e  
w a s  i n c r e a s e d  a s  i n c r e a s i n g  t h e  c o m p r e s s i o n a 1 f o r c e .  The  
d i s i n t e g r a t i o n  t i m e  o f  c o r n  s t a r c h  t a b l e t s  w a s  l o n g e r  
t h a n  t h o s e  o f  c h i t i n  ( ง ) ,  c h i t i n  ( บ ) ,  c h i t o s a n  ( ง )  and  
c h i t o s a n  ( บ)  a t  t h e  s a me  c o n c e n t r a t i o n  a n d  c o m p r e s s i o n s !  
f o r c e .  At  c o n c e n t r a t i o n  l e v e l  o f  1 . 5%,  t h e  d i s i n t e g r a t i o n
t i m e s  o f  b o t h  t a b l e t s  o f  c h i t i n  and c h i t o s a n  t a b l e t s  f r o m
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b o t h  s o u r c e s  w e r e  l o n g e r  t h a n  5% c o r n  s t a r c h  t a b l e t s  a t  
t h e  t w o  c o m p r e s s i o n a 1 f o r c e s .  When t h e  c o n c e n t r a t i o n  wa s  
i n c r e a s e d  t o  3%, t h e  d i ร i n t e g r a t i o n  t i m e  o f  c h i t i n  ( J )  
a n d  c h i t o s a n  ( J )  t a b l e t s  w a s  b e t t e r  t h a n  t h a t  o f  5% c o r n  
s t a r c h  t a b l e t s  a t  t h e  s a me  c o m p r e s s i o n a 1 f o r c e  b u t  t h e  
d i s i n t e g r a t i o n  t i m e  o f  c h i t i n  ( บ)  and c h i t o s a n  ( บ)  
t a b l e t s  w a s  w o r s e  t h a n  t h a t  o f  c o r n  s t a r c h  t a b l e t s .  I t  w a s  
a p p a r e n t  t h a t  t a b l e t s  c o n t a i n i n g  c h i t i n  ( J ) ,  c h i t i n  ( บ ) ,  
c h i t o s a n  ( บ )  a n d  c h i t o s a n  ( บ)  a t  t h e  c o n c e n t r a t i o n  a b o u t  
5% and 7% s h o w e d  a b e t t e r  d i s i n t e g r a t i o n  t i m e  t h a n  5% 
c o r n  s t a r c h  t a b l e t s  a t  t h e  same c o m p r e s s i o n a 1 f o r c e .  
C o m p a r i s o n  b e t w e e n  t h e s e  f o u r  d i ร i n t e g r a n t s  w a s  n o t i c e d  
t h a t  t a b l e t s  c o n t a i n i n g  c h i t o s a n  ( บ)  e x h i b i t e d  f a s t e r  
d i s i n t e g r a t i o n  t i m e  f o l l o w e d  by c h i t i n  ( บ ) ,  c h i t o s a n  ( บ)  
and c h i t i n  ( บ ) ,  r e s p e c t i v e l y .  At  l ow c o n c e n t r a t i o n  ( 1 . 5 %) ,  
t h e s e  f o u r  d i ร i n t e g r a n t ร w e r e  s l o w l y  d i s i n t e g r a t e d .  When  
t h e  c o n c e n t r a t i o n  i n c r e a s e d  a b o u t  3%, t h e  d i ร i n t e g r a t i o n  
t i m e  w a s  d r a m a t i c a l l y  d e c r e a s e d .  At  c o n c e n t r a t i o n  l e v e l  
a b o u t  7%, t a b l e t s  c o n t a i n i n g  t h e s e  d i ร i n t e g r a n t ร e x h i b i t e d  
a b o u t  o n e  m i n u t e  i n  d i s i n t e g r a t i o n  t i m e .  From t h e  r e s u l t s ,  
i t  w a s  s u g g e s t e d  t h a t  t h e  d i ร i n t e g r a t i o n  t i m e  i n c r e a s e d  
a s  c o m p r e s s i o n a 1 f o r c e  i n c r e a s e d  and d i s i n t e g r a n t  
c o n c e n t r a t i o n  d e c r e a s e d .  5

5)  D i s s o l u t i o n  o f  t a b l e t
The  d i s s o l u t i o n  d a t a  f o r  p a r a c e t a m o l  t a b l e t s

c o m p r e s s e d  a t  t w o  f o r c e  l e v e l s  a t  t h e  t i m e  i n t e r v a l s  o f
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f i v e  m i n u t e s  w e r e  s h o w n  i n  T a b l e  1 2 - 3 3 .  The  
d i s s o l u t i o n  p r o f i l e s  o f  t a b l e t s  c o n t a i n i n g  d i f f e r e n t  
d i ร i n t e g r a n t 3 and c o n c e n t r a t i o n s  w e r e  i l l u s t r a t e d  i n  
F i g u r e  4 3 - 4 5 .  I t  w a s  n o t e d  t h a t  t a b l e t s  c o n t a i n i n g  c o r n  
s t a r c h ,  s o d i u m  s t a r c h  g l y c o l a t e  and c r o s c a r m e 11 o s e  
s o d i u m  a t  e v e r y  c o n c e n t r a t i o n s  and c o m p r e s s i o n a 1 f o r c e s  
u s e d  i n  t h i s  s t u d y  c o m p l i e d  w i t h  t h e  r e q u i r m e n t s  o f  t h e  US 
s t a n d a r d ,  t h a t  wa s  n o t  l e s s  t h a n  80% (Q)  o f  t h e  l a b e l e d  
a m o u n t  o f  d r u g  w a s  d i s s o l v e d  i n  30 m i n u t e s  ( 8 9 ) .  In  
c o n t r a s t ,  b o t h  f o r m u l a t i o n s  o f  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  
t a b l e t s  c o m p r e s s e d  a t  b o t h  f o r c e s  o f  6 0 0  and 9 0 0  p o u n d s  
w e r e  n o t  p a s s e d  t h e  l i m i t  o f  t h e  US s t a n d a r d .  F o r  t a b l e t s  
made  w i t h  c h i t i n  o r  c h i t o s a n ,  i t  wa s  n o t i c e d  t h a t  t a b l e t s  
u s i n g  1.5% an d  3% o f  t h e s e  t w o  d i ร i n t e g r a n t s  f r o m  b o t h  
s o u r c e s  w e r e  a l s o  n o t  p a s s e d  t h e  l i m i t  o f  t h e  US s t a n d a r d ,  
b u t  t a b l e t s  c o n t a i n i n g  t h e s e  d i ร i n t e g r a n t ร a t  h i g h e r  
l e v e l s  o f  5% and 7% c o m p l i e d  w i t h  t h e  r e q u i r e m e n t s  o f  t h e  
US s t a n d a r d .  C o m p a r i s o n  o f  p e r c e n t  d r u g  d i s s o l v e d  o f  
t a b l e t s  c o n t a i n i n g  c h i t i n  and c h i t o s a n  f r o m  b o t h  s o u r c e s  
a t  t h e  s a me  c o n c e n t r a t i o n  and c o m p r e s s i o n a 1 f o r c e ,  i t  
c o u l d  b e  f o u n d  t h a t  p e r c e n t  d r u g  d i s s o l v e d  d e c r e a s e d  i n  
t h e  f o l l o w i n g  o r d e r  î c h i t o s a n ( J )  > c h i t o s a n ( U )  > c h i t i n ( J )  
> c h i t i n  ( บ ) .  T h e r e  w a s  n o  d i f f e r e n c e  i n  p e r c e n t  d r u g  
d i s s o l v e d  i n  t a b l e t s  c o n t a i n i n g  5% a n d  7% c h i t i n  and  
c h i t o s a n  f r o m  b o t h  s o u r c e s  c o m p r e s s e d  a t  f o r c e s  o f  6 0 0  
and 9 0 0  p o u n d s  a t  30  m i n u t e .  Bu t  t h i s  d i f f e r e n c e  c o u l d  
s e e n  i n  t h e  f i r s t  i n i t i a l  t i m e .  C o m p a r i s o n  o f  t h e  
p e r c e n t  d r u g  d i s s o l v e d  p r o f i l e  s u g g e s t e d  t h a t  t h e
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% drug dissolved

F i g u r e  43 P e r c e n t ,  drug" d i s s o l v e d  o f  p a r a c e t a m o l  t a b l e t s  c o n t a i n i n g  
5% c o r n  s t a r c h  ( A ) ,  5% s o d i u m  s t a r c h  g l y c o l a t e  ( B ) ,  5%
and 10% ๓ i c r o c r y s t a 1 1 i n e  c e l l u l o s e  ( C - D )  and 2% a n d  5% 
c r o s c a r m e 11 o s e  s o d i u m  cE —F ) c o m p r e s s e d  a t  f o r c e s  o f  
6 0 0  ( a )  and 9 0 0  ( b )  p o u n d s  b e f o r e  e x p o s u r e  t o  a c c e l e r a t e d
c o n d  โ t  i o n
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44 P e r c e n t  drug" d i s s o l v e d  o f  p a r a c e t a m o l  t a b l e t s  c o n t a i n i n g - 
1 . 5 %,  3%, 5% and 7% c h i t i n  CJ) CA-D) and 1 . 5 %,  3%, 5% and
7% c h i t i n  ( บ)  ( E - H )  c o m p r e s s e d  a t  f o r c e s  o f  5 0 0  ( a )  and
9 0 0  ( b )  p o u n d  b e f o r e  e x p o s u r e  t o  a c c e l e r a t e d  c o n d i t i o n
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F i g u r e  45 P e r c e n t ,  d r u g  d i s s o l v e d  o f  p a r a c e t a m o l  t a b l e t s  c o n t a i n i n g
1 . 5 %,  3%, 5% and 7% c h i t o s a n  ( J )  ( A - D )  and 1 . 5%,  3% 5% and
7% c h i t o s a n  ( บ)  ( E - H )  c o m p r e s s e d  a t  f o r c e s  o f  6 0 0  ( a )  and
9 0 0  ( b )  p o u n d s  b e f o r e  e x p o s u r e  t o  a c c e l e r a t e d  c o n d i t i o n
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p e r c e n t  d r u g  d i s s o l v e d  f r o m  f o r m u l a t i o n s  c o n t a i n i n g  7% 
c h i t o s a n  o f  b o t h  s o u r c e s  w a s  s i m i l a r  t o  t h o s e  o f  5% 
s o d i u m  s t a r c h  g l y c o l a t e  and 2% and 5% c r o s c a r m e 11 o s e  
s o d i u m  e x c e p t  a t  t h e  i n i t i a l l y  5 m i n u t e s  t h a t  t h e  d r u g  
w a s  l e s s  d i s s o l v e d  and s l i g h t l y  m o r e  t h a n  t h o s e  o f  7% 

c h i t i n  f o l l o w e d  by  5% c h i t o s a n  and c h i t i n ,  r e s p e c t i v e l y .  
P e r c e n t  d r u g  d i s s o l v e d  d e c r e a s e d  w i t h  i n c r e a s i n g  t h e  
c o m p r e s s i o n a 1 f o r c e  and d e c r e a s e d  t h e  c o n c e n t r a t i o n .  In  
f o r m u l a t i o n s  o f  s o d i u m  s t a r c h  g l y c o l a t e  and  
c r o s c a r m e 11 o s e  s o d i u m ,  t h e  d i f f e r e n c e  i n  d i s s o l u t i o n  
a mong  d i f f e r e n t  c o n c e n t r a t i o n  o f  d i s i n t e g r a n t  and  
d i f f e r e n t  c o m p r e s s i o n a 1 f o r c e  c o u l d  n o t  b e  o b s e r v e d .

6 )  P e r c e n t  l a b e l e d  a m o u n t  o f  t a b l e t
The  d a t a  o f  p e r c e n t  l a b e l e d  a m o u n t  o f  t a b l e t s  

c o n t a i n i n g  d i f f e r e n t  d i s i n t e g r a n t  w e r e  s h o w n  i n  T a b l e  3 4 .
The  h i g h - p r e s s u r e  l i q u i d  c h r o m a t o g r a m  w a s  s h o w n  i n  F i g u r e  
4 6 .  F o r  a l l  t h e  p r e p a r e d  b a t c h e s  o f  t a b l e t s  w e r e  w e l l  
w i t h i n  t h e  r e q u i r e m e n t s  o f  t h e  US s t a n d a r d ,  t h e  a c e t a m i n o ­
p h e n  t a b l e t s  c o n t a i n e d  n o t  l e s s  t h a n  9 0 . 0  p e r c e n t  and n o t  
m o r e  t h a n  1 1 0 . 0  p e r c e n t  o f  t h e  l a b e l e d  a m o u n t  o f  c Hg N0^
( 8 9 )  .

B .  T a b l e t  e v a l u a t i o n  a f t e r  e x p o s u r e  t o  a c c e l e r a t e d  c o n d i t i o n
1) W e i g h t  v a r i a t i o n  o f  t a b l e t

A f t e r  s t o r a g e  i n  75% r e l a t i v e  h u m i d i t y  a t  4 5  c ,  
t h e  c h a n g e s  i n  t a b l e t  w e i g h t  v a r i a t i o n  c o m p a r e d  t o  t h e  
i n i t i a l  v a l u e s  w e r e  p r e s e n t e d  i n  T a b l e  1 2 - 3 3 ,  a n d  t h e
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T a b l e  34 P e r c e n t  l a b e l e d  a m o u n t  o f  d r u g  i n  t a b l e t  c o n t a i n i n g '
d i f f e r e n t  d i ร i n t e g r a n t s , b e f o r e  a nd  a f t e r  e x p o s u r e
t o  a c c e r e l a t e d  c o n d i t i o n  (75% RH 4 5° C)

F o r m u 1 a t  i o n e
P e r c e n t  l a b e l e d a m o u n t  (mg)

B e f o r e  e x p o s u r e A f t e r  e x p o s u r e

5% C o r n  s t a r c h 4 8 6 . 1 2 4 9 1 . 0 0
5% S o d i u m  s t a r c h  g l y c o l a t e 4 9 5 . 0 1 4 9 3 . 18
5% M i c r o c r y s t a l  1 i n e c e l l u l o s e 4 9 0 . 43 4 8 9 . 5 0

10% M i c r o c r y s t a l  1 i n e c e l l u l o s e 4 9 4 . 0 1 5 0 1 . 1 4
2% C r o s c a r m e 11 o s e  s o d i u m 5 0 4 . 0 6 5 0 4 . 40
5% C r o s c a r m e 11 o s e  s o d i u m 4 8 4  . 1 8 4 9 1 . 3 7

1 . 5% C h i t i n  ( J ) 4 9 1 . 5 2 4 8 3 . 7 1
3% C h i t i n  ( J ) 4 9 8 . 67 4 9 3 . 49
5% C h i t i n  ( J ) 4 9 1 . 0 0 4 8 6 .  14
7% C h i t i n  ( J ) 4 9 1 . 3 2 4 9 0 . 3 3

1.5% C h i t i n  ( บ) 5 0 3 . 23 4 9 6 . 2 9
3% C h i t i n  ( บ) 4 9 7 . 9 5 5 0 3 . 93
5% C h i t i n  ( บ) 4 9 0 . 2 6 4 9 0 . 4 5
7% C h i t i n  ( บ) 4 9 5 . 3 9 5 0 0 . 9 7

1 . 5% C h i t o s a n  ( J ) 4 9 8 . 24 4 9 6 . 0 3
3% Ch i t o s a n  ( J ) 4 9 6 . 52 4 9 9 . 5 7
5% C h i t o s a n  ( ช ) 4 8 0 . 39 4 8 4 . 4 4
7% Ch i t o s a n  ( J ) 4 9 4 . 46 4 8 6 . 2 3

1 . 5% Ch i t o  s a n  ( บ) 4 7 8 . 49 4 8 1 . 6 1
3% C h i t o s a n  ( บ) 4 9 3 . 69 4 9 2 . 5 8
5% Ch i t  o ร an ( บ) 4 9 8 . 12 4 9 8 . 64
7% C h i t o s a n  ( บ) 4 9 1 . 4 7 4 8 4 . 8 4
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F i g u r e  46  L i q u i d  c h r o m a t o g r a m  o f  p a r a c e t a m o l  ( a )  a n d  i n t e r n a l  
s t a n d a r d  ( b )  u s e d  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 n d  0 . 1 %  p h o s p h o r i c  a c i d  a s  m o b i l e  p h a s e
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c o e f f i c i e n t  o f  v a r i a t i o n  w a s  s h o w n  i n  F i g u r e  4 7 .  W e i g h t  o f  
t a b l e t s  i n c r e a s e d  a f t e r  e x p o s u r e  t o  h i g h  h u m i d i t y  and  
t e m p e r a t u r e ,  b u t  a l l  t h e  p r e p a r e d  b a t c h e s  o f  t a b l e t s  
w e r e  w e l l  w i t h i n  t h e  l i m i t  o f  t h e  US s t a n d a r d .  In  
a d d i t i o n ,  a l l  s t a n d a r d  w e i g h t  v a r i a t i o n  and 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  s l i g h t l y  a l t e r e d .

2 )  T a b l e t  h a r d n e s s
The  r e s u l t s  o f  t a b l e t  h a r d n e s s  a f t e r  a g i n g  s t u d y  

w e r e  g i v e n  i n  T a b l e  1 2 - 3 3  and F i g u r e  4 8 .  T a b l e t s  w e r e  
e x p o s e d  t o  h i g h  h u m i d i t y  and t e m p e r a t u r e  a f t e r  f i v e  d a y s ,  
t h e  i n c r e a s e  i n  h a r d n e s s  v a l u e  w a s  s u r p r i s i n g l y
o b s e r v e d  i n  a l l  f o r m u l a t i o n s .  The  i n c r e a s i n g  i n  t a b l e t  
h a r d n e s s  o f  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  f o r m u l a t i o n  w a s  
p a r t i c u l a r l y  h i g h e r  t h a n  o t h e r  f o r m u l a t i o n s .

3 )  T a b l e t  f r i a b i l i t y
The  e f f e c t s  o f  a g i n g  on  t a b l e t  f r i a b i l i t y  s h o w n  

i n  T a b l e  1 2 - 3 3  and F i g u r e  4 9 .  I t  w a s  n o t i c e d  t h a t  t h e  
r e s u l t s  o f  t a b l e t  f r i a b i l i t y  c o n f i r m e d  t h o s e  o f  h a r d n e s s .  
The f r i a b i l i t y  o f  t a b l e t s  c o r r e s p o n d i n g l y  d e c r e a s e d  4
a f t e r e x p o s u r e  t o h i gh h u m i d i t y  and t e m p e r a t u r e o v e r
f  i v e d a y s .  From d a t  a , t h e  t a b l e t f r  i ab i 1 i t y  wa ร l e s s
t h a n 0 . 5  p e r c e n t  f o r  a l l f o r m u l a t  i o n s . T h e s e  v a l u e s w e r e
w e l l  w i t h i n  t h e  a c c e p t a b l e  l i m i t t e d  ( l e s s  t h a n  0 . 8 %) .

4 )  D i ร i n t e g r a t i o n  t i m e  o f  t a b l e t

T h e  r e s u l t s  o f  d i s i n t e g r a t i o n  t i m e  o f  t a b l e t s
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F i J u r e  47 P e r c e n t  s t a n d a r d  w e i g h t  v a r i a t i o n  o f  p a r a c e t a m o l  t a b l e t s  
c o n t a i n i n g '  d i f f e r e n t  d i ร i n t  e g r a n t  ร c o m p r e s s e d  a t  f o r c e s  
o f  6 0 0  ( a )  and 9 0 0  ( b )  p o u n d s  a f t e r  e x p o s u r e  t o  
a c c e l e r a t e d  c o n d i t i o n
A ะ c o r n  s t a r c h B : s O d i um s t a r c h g l y c o 1 a t e
c ะ m i c r o c r y s t a  1 1 i n e c e l l u l o s e  D : c r o s c a r m e l l o s e s o d i u m
E ะ c h  i t  i ท ( ช ) F ะ c h  i t  i ท ( บ)
G : c h i t  O s  an  ( ช ) H ะ c h  i t o s a n  ( m
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Figure 48 Hardness of paracetamol ta b le ts  con ta in in g  d if fe r e n t
d i ร in te g r a n tร compressed at fo rces  of 600 (a) and 900 (b) 
pounds a fte r  exposure to accelera ted  co n d ition
A : corn starch B Ï s o d i น ไท starch g ly c o la te
c : m icrocrysta l 1ine c e llu lo s e  D ะ croscarm ello se sod i um
E ะ ch i t  i ท (ช) F ะ ch i t  i ฑ (บ)
G : ch ito sa n  (ช) H : ch itosan  (บ)
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Figure 49 Percent f r i a b i l i t y  of paracetamol ta b le t s  containing'
d if fe r e n t  d i s in tegran ts compressed at fo rces  of 500 (a) 
and 900 (b) pounds a fte r  exposure, to  a cce lera ted  
cond i t  i on
A t corn starch  B : sodium starch  g ly co l at
c ะ mi cro cry sta  11ine c e llu lo s e  D ะ croscarm e11 ose sodium
E 5 c h it  in (J) F : c h it  in (บ)
G ะ c h  i t o s a n  ( J  ) H ะ ch  i t o s a n  (บ)



af te r  exposure to  75% r e l a t i v e  humidity at 45°c over 
f i v e  days were shown in Table 12-33 and Figure 50. The 
data suggested that  t a b l e t  d i s in t eg r a t io n  t imes mostly  
increased a f t e r  s torage under accelerated condi t ion .  In 
formulations  prepared with sodium starch g l y c o l a t e  and 
croscarme11 ose sodium, aging s l i g h t l y  a f fe c t ed  the 
d i รin te gr at io n  t ime.  On the other hand, exposure to  
high humidity and temperature was highly a f fec ted
d i s i n t e g r a t i o n  time in mi cr o cr y s ta l l in e  c e l l u l o s e
t a b l e t s .  In the case of c h i t i n  and chi tosan t a b l e t s ,  the 
d i s i n t e g r a t i o n  time was a f fe c t ed  by aging.  When t a b l e t s  
exposed high humidity and temperature,  the
d i s i n t e g r a t i o n  time was increased.  The r e s u l t s  showed 
that  aging had a greater e f f e c t  in the d i s i n t e g r a t i o n  
time in t a b l e t s  containing these  d i s in teg ra nts  in low 
concentrat ions  (1.5% and 3%) than those containing  high 
concentrat ions  (5% and 7%). 5

5) D i s s o l u t i o n  of  t a b l e t
The d i s s o l u t i o n  data of a l l  formulations a f te r  

storage in 75% r e l a t i v e  humidity at 45°c were shown in 
Table 12-33,  and the d i s s o l u t i o n  p r o f i l e s  that  p lo tted  
between percent drug d i s so lved  (%) vs time (mins) were 
depicted in Figure 51-53.  The drug d i s s o l u t i o n  of t a b l e t s  
containg 5% sodium starch g l y c o l a t e  had a l i t t l e  change 
in the f i r s t  f i v e  minutes,  a f t e r  t h i s  time percent drug 
dis so lved  had a s imi lar  value as before exposure to
ac c e 1erated cond i t  i on. However 1 the comparison of
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acce lera ted  condit ion  could not be c l e a r l y
d i f f e r e n t i a t e d  in t h i s  formulation.  For other
formulations the d i s s o l u t i o n  of drug decreased a f te r  
s torage in acce lera ted  condit ion .  For formulations  that  
composed of 2% and 5% croscarme11 ose sodium, the drug 
d i s s o l u t i o n  s l i g h t l y  decreased a f te r  exposure to  high 
humidity and temperature.  On the other hand, a
tremendous decrease in drug d i s s o l u t i o n  was not i ced  in 
t a b l e t s  containing  corn starch a f te r  exposure to  75%
r e l a t i v e  humidity at 45°c.  In the case of c h i t i n  and
ch i tosan  t a b l e t s  from two sources ,  they were a f f e c t e d  by 
aging.  As wel l  as the d i s in t e g r a t io n  time,  aging larger  
a f fe c t ed  on drug d i s s o l u t io n  of t a b l e t s  conta ining
ch i tosan  (บ) than c h i t i n  (J) ,  c h i t i n  (บ) and ch i tosan  (J) 
r e s p e c t i v e l y .  This e f f e c t  was occurred in t a b l e t s
containing  low concentrat ion more than high concentrat ion  
of d i ร i n t eg r a n t . From the r e s u l t s ,  i t  could be seen that  
t a b l e t s  containing  5% and 10% microcrys ta11ine c e l l u l o s e ,  
5% corn s tarch,  1.5% and 3% c h i t i n  and ch i tosan  from both 
sources were not passed the s p e c i f i c a t i o n s  of  the บร 
standard,  while the formulations of  5% sodium starch  
g l y c o l a t e ,  2% and 5% croscarme11 ose sodium, 5% and 7% 
c h i t i n  and ch i tosan  from both sources were wel l  wi thin  
the requirements of  the US standard.

ธ) Percent labeled amount

p e r c e n t  d r u g  d i s s o l v e d  b e f o r e  and a f t e r  e x p o s u r e  t o

Percent labeled amount of  t a b l e t s  a f t e r  exposure
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Figure 51 Percent drug di sso lved  of  paracetamol t a b l e t s  containing  
5% corn starch (A), 5% sodium starch g l y c o l a t e  (B),  5%
and 10% m ic ro cr y s t a l l in e  c e l l u l o s e  (C-D) and 2% and 5% 
croscarme11 ose sodium CE-F) compressed at forces  of  
600 (a) and 900 (b) pounds a f te r  exposure to acce lerated
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Figure 52 Percent drug d i sso lved  of paracetamol t a b l e t s  contain ing  
1.5%, 3%, 5% and 7% ch i t  in (ช.') (A-D) and 1.5%, 3%, 5% and 
7% c h i t i n  (บ) (E—H) compressed at  forces  of  500 (a) and 
900 (b) pounds a f te r  exposure to  acce lera ted  condi t ion
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Figure 53 Percent drug d i s so lv ed  of paracetamol t a b l e t s  containin  
1,5%» 3%, 5% and 7% chi tosan (J) (A-D) and 1.5%, 3%, 5%
7% chi tosan  CU) (E-H) compressed at forces  of 500 (a)

ao
and

and
900 (b) pounds a f te r  exposure to acce lerated condit ion
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to high humidity and temperature were shown in Table 34.  
It was not c l e a r l y  seen that  percent labeled amount of  
drug in t a b l e t s  changed a f ter  exposure to  acce lera ted
cond i t  i on
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