
C H A P T E R  m

R E S U L T S  A N D  D I S C U S S I O N  

Phase s o lu b ility  analysis

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

c o n c e n t r a t i o n s  o f  a q u e o u s  s o l u t i o n  o f  P - c y c l o d e x t r i n  w e r e  p r e s e n t e d  in  

T a b l e  14 a n d  F ig .  3 . T h e y  w e r e  o b s e r v e d  t h a t  c o n c e n t r a t i o n s  o f  

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

o f  P - c y c l o d e x t r i n .  P h a s e  s o l u b i l i t y  d i a g r a m s  o f  b o t h  i n d o m e t h a c i n  a n d  

p i r o x i c a m  w e r e  c l a s s i f i e d  a s  t y p e  A .  A n  a p p a r e n t  s o l u b i l i t y  c o n s t a n t  ( K ç ) ,  

a s s u m i n g  t h e  f o r m a t i o n  o f  1:1 c o m p l e x  i n  s o l u t i o n  o f  i n d o m e t h a c i n  a n d  

p i r o x i c a m  a r e  2 6 4  M _1 a n d  184 N T 1 r e s p e c t i v e l y .  T h e  m o d e r a t e  s o l u b i l i t y  

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

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

i n  t h e  p r e s e n t  o f  P - c y c l o d e x t r i n  w e r e  s h o w n  i n  T a b l e  15. T h e  s o l u b i l i t i e s  

o f  i n d o m e t h a c i n  a n d  p i r o x i c a m  i n  a p p r o x i m a t e l y  14 X 10"3 M  P -  

c y c l o d e x t r i n  s o l u t i o n  i n c r e a s e d  a b o u t  5 .8  a n d  3 .9  t i m e s ,  r e s p e c t i v e l y ,  

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

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

m a i n l y  d u e  t o  t h e  f o r m a t i o n  o f  i n c l u s i o n  c o m p l e x  ( H a m a d a ,  e t  a l .  1 9 7 5 ). 

T h e  s o l u b i l i t i e s  o f  i n d o m e t h a c i n  a n d  p i r o x i c a m  i n  w a t e r  ( S o )  i s  2 .4 5 3  X 1 0 '5 

M  ( «  0 .8  m g  % )  a n d  2 .3 3 9  X 10"5 M  (พ  0 .7  m g % ) ,  r e s p e c t i v e l y .
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P - c y c l o d e x t r i n  c o n e .  ( 1 0 '3M )

F i g  3 P h a s e  s o l u b i l i t y  c u r v e s  o f  i n d o m e t h a c i n - P - c y c l o d e x t r i n

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

a q u e o u s  s o l u t i o n  a t  3 5 + 1  ๐c
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T a b l e  14 S o l u b i l i t y  d e t e r m i n a t i o n s  o f  i n d o m e t h a c i n  a n d  p i r o x i c a m  i n  

v a r i o u s  c o n c e n t r a t i o n s  o f  a q u e o u s  s o l u t i o n  P - c y c l o d e x t r i n  

( a t  35  ± 1  ๐c ,  c o n t r o l l e d  t e m p e r a t u r e  w a t e r  b a t h )

c o n e ,  o f  P - c d  

( x 1 0 '3 M )

c o n e ,  o f  i n d o m e t h a c i n  

( x i o - 5 M )

c o n e ,  o f  p i r o x i c a m  

( x i o - 5 M )

0 2 .4 5 3  (=  0 .8  m g % ) 2 .3 3 9  ( =  0 .7  m g % )

1 .4 1 8 3 .9 7 5 3 .2 1 7

2 .8 3 7 5 .1 6 9 4 .1 2 2

4 .2 5 6 6 .4 4 5 5 .7 3 8

7 .0 9 2 8 .7 8 6 6 .1 2 8

8 .5 1 1 9 .5 6 1 7 .0 3 4

9 .9 3 0 1 0 .3 6 5 7 .5 0 7

1 1 .3 4 8 1 1 .3 8 5 8 .1 3 4

1 2 .7 6 6 1 2 .5 7 7 8 .8 0 3

1 4 .1 8 5 * 1 4 .2 0 0 9 .1 9 3

* s o l u b i l i t y  l i m i t  o f  P - c y c l o d e x t r i n

T a b l e  15 A p p a r e n t  s o l u b i l i t y  c o n s t a n t  (  K c )  a n d  t y p e  o f  p h a s e  

s o l u b i l i t y  c u r v e  i n  a q u e o u s  s o l u t i o n  o f  P - c y c l o d e x t r i n  a t  

3 5 ± 1  ๐ c

d r u g K c ( M - i ) t y p e I n c r e a s e  o f  s o l u b i l i t y * ร ท  ( M )

i n d o m e t h a c i n 2 6 4 A 5 .8  t im e 2 . 4 5 3 x l 0 ’ 5

p i r o x i c a m 180 A 3 .9  t im e 2 . 3 3 9 x l 0 - 5

*  I n c r e a s e  o f s o l u b i l i t y w a s c a l c u l a t e d  w h e n  u s i n g  m a x i m u m

c o n c e n t r a t i o n  o f  P - c y c l o d e x t r i n  a b o u t  1 4 .1 8 5  X 1 O '3 M  ( 1 .8  %  พ / พ )
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C h a rac te riza tion  o f  W e t Kneaded M ix tu re s

1. 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

S h a p e ,  s i z e  a n d  s u r f a c e  o f  t h e  w e t  k n e a d e d  m i x t u r e s  w e r e  

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

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

i n v e s t i g a t e d  a n d  c o m p a r e d .  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  s h o w e d  t h a t  p -  

c y c l o d e x t r i n  w a s  i n  i r r e g u l a r  c r y s t a l s  ( F i g  4 B ) .  I n d o m e t h a c i n  g r o u n d  d r u g s  

a r e  i r r e g u l a r  p l a t e  a n d  p r i s m  w i t h  d i f f e r e n t  s i z e  ( F i g  4 A ) .  I n  t h e  w e t  

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

i n d o m e t h a c i n  a d h e r e d  o n  t h e  s u r f a c e  o f  P - c y c l o d e x t r i n  ( F i g  4 C , D ) .  I n  t h e  

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

t h a n  t h o s e  i n  t h e  w e t  k n e a d e d  m i x t u r e s  ( F i g  4 E ) .  S m a l l  a n d  f l a k e  l i k e  

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

i n d o m e t h a c i n - p c y c l o d e x t r i n  i n c l u s i o n  c o m p l e x  ( F i g  4 G , H ) .  I n  p i r o x i c a m -  

p - c y c l o d e x t r i n  s y s t e m s ,  p i r o x i c a m  f r o m  H o n g  K o n g ,  h a d  c r y s t a l s  s i z e  

l a r g e r  t h a n  t h o s e  f r o m  I t a l y  ( F i g  5 B ) . P i r o x i c a m  m a n u f a c t u r e d  i n  I t a l y ,  h a d  

u n i f o r m l y  s m a l l  c r y s t a l s  a n d  m i c r o n i z e d  s i z e .  ( F i g  5 A )  P i r o x i c a m  in  t h e  

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

s u r f a c e  o f  p - c y c l o d e x t r i n  ( F i g  5 C , D ) .  T h e  p h o t o m i c r o g r a p h s  o f  t h e  

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

p i r o x i c a m  o n  t h e  s u r f a c e  o f  p - c y c l o d e x t r i n  ( F i g  5 E , F ) .  I n  f r e e z e - d r i e d  

p i r o x i c a m - P - c y c l o d e x t r i n  i n c l u s i o n  c o m p l e x ,  s m a l l  p l a t e - l i k e  p a r t i c l e s  

w e r e  o b s e r v e d  ( F i g  5 G , H ) t

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

t h e  a g g l o m e r a t i o n  a n d  a g g r e g a t i o n  o f  i n d o m e t h a c i n  a n d  p i r o x i c a m  p o w d e r .
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F i g  4  P h o t o m i c r o g r a p h  o f  I n d o m e t h a c i n - P - C y c l o d e x t r i n  S y s t e m s  
A  i n d o m e t h a c i n
B  ( 3 - c y c l o d e x t r i n
c  w e t  k n e a d e d  m i x t u r e  1:1 m o l a r  r a t i o
อ  w e t  k n e a d e d  m i x t u r e  1 :2  m o l a r  r a t i o
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F i g  4  ( c o n t . )  P h o t o m i c r o g r a p h  o f  ๒ d o m e t h a c i n - p - C y c l o d e x t r i n  S y s t e m s  
E  p h y s i c a l  m i x t u r e  1:1 m o l a r  r a t i o
F  w e t  k n e a d e d  m i x t u r e  1 :2 m o l a r  r a t i o  k n e a d e d  i n  w a t e r  b a t h  

60 °c
G  f r e e z e - d r i e d  i n c l u s i o n  c o m p l e x  1:1 m o l a r  r a t i o  
H  f r e e z e - d r i e d  i n c l u s i o n  c o m p l e x  1 :2  m o l a r  r a t i o
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F i g  5 P h o t o m i c r o g r a p h  o f  P i r o x i c a m - P - C y c l o d e x t r i n  S y s t e m s  
( p i r o x i c a m  f r o m  I t a l y )
A  p i r o x i c a m  f r o m  I t a l y
B  p i r o x i c a m  f r o m  H o n g  K o n g
c  w e t  k n e a d e d  m i x t u r e  1:1 m o l a r  r a t i o
D  w e t  k n e a d e d  m i x t u r e  1 :2  m o l a r  r a t i o
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F i g  5 ( c o n t . )  P h o t o m i c r o g r a p h  o f  P i r o x i c a m - ( 3 - C y c l o d e x t r i n  S y s t e m s  
( p i r o x i c a m  f r o m  I t a l y )

E  p h y s i c a l  m i x t u r e  1:1 m o l a r  r a t i o
F  p h y s i c a l  m i x t u r e  1 :2  m o l a r  r a t i o

f r e e z e - d r i e d  i n c l u s i o n  c o m p l e x  1:1 m o l a r  r a t i o  
f r e e z e - d r i e d  i n c l u s i o n  c o m p l e x  1 :2  m o l a r  r a t i o
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2 I n f r a r e d  S p e c t r o p h o t o m e t e r .

I n f r a r e d  s p e c t r a  o f  i n d o m e t h a c i n - p - c y c l o d e x t r i n  s y s t e m s  w e r e  

s h o w n  i n  F i g  6 . I n d o m e t h a c i n  s h o w e d  t w o  d i s t i n c t  a b s o r p t i o n s  a t  1 6 9 0  a n d  

1 7 1 0  c m -1 w h i c h  w e r e  a s s i g n e d  t o  s t r e t c h i n g  v i b r a t i o n  o f  c a r b o n y l  g r o u p s  

C O O  a n d  N C O , r e s p e c t i v e l y .  T h e s e  b a n d s  c o u l d  b e  o b s e r v e d  in  t h e  w e t  

k n e a d e d  m i x t u r e s  a s  w e l l  a s  i n  t h e  p h y s i c a l  m i x t u r e s .  T h e  i n f r a r e d  s p e c t r a  

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

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

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

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

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

i n d o m e t h a c i n  w e r e  u n a f f e c t e d  i n  t h e  w e t  k n e a d i n g  p r o c e s s .  I n  t h e  f r e e z e  

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

a t  1 6 9 0  c m '1 w a s  d i s a p p e a r e d  d u e  t o  e i t h e r  t h e  f o r m a t i o n  o f  i n c l u s i o n  

c o m p l e x  o r  t h e  e f f e c t  o f  t h e  m o r e  i n t e n s i t y  s p e c t r a  o f  P - c y c l o d e x t r i n .  T h e  

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

w i t h  p - c y c l o d e x t r i n .  I n f r a r e d  s p e c t r a  o f  p i r o x i c a m - p - c y c l o d e x t r i n  s y s t e m  

w e r e  s h o w n  i n  F i g  7 . S p e c t r a  o f  p i r o x i c a m  f r o m  t w o  s o u r c e s ,  I t a l y  a n d  

H o n g  K o n g  w e r e  d i f f e r e n t .  P i r o x i c a m  f r o m  I t a l y  s h o w e d  a b s o r p t i o n  

s p e c t r a  o f  N H - ,  O H * s t r e t c h i n g  a t  3 3 9 0  c m -1 w h i l e  p i r o x i c a m  f r o m  H o n g  

K o n g  s h o w e d  a b s o r p t i o n s  a t  3 3 9 0 , 3 3 3 5  c m -1 w h i c h  i n d i c a t e d  t h e  e x i s t i n g  

o f  t w o  p o l y m o r p h i c  f o r m s  ( F i g  8 ) . T h e  s p e c t r a  o f  t h e  w e t  k n e a d e d  

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

s h o w e d  n o  c h e m i c a l  m o d i f i c a t i o n .  T h e  p r i n c i p a l  p e a k  o f  p i r o x i c a m  a t  

15 7 3  c m -1 w a s  d i s a p p e a r e d  in  t h e  f r e e z e - d r i e d  p i r o x i c a m - P - c y c l o d e x t r i n  

i n c l u s i o n  c o m p l e x .
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F i g  6  I n f r a r e d  s p e c t r a  o f  I n d o m e t h a c i n - P - C y c l o d e x t r i n  S y s t e m s  
A  p - c y c l o d e x t r i n
B  i n d o m e t h a c i n
c  i n d - P - c d  w e t  k n e a d e d  m i x t u r e
D  i n d - P - c d  p h y s i c a l  m i x t u r e  1:1 m o l a r  r a t i o
E  i n d - P - c d  i n c l u s i o n  c o m p l e x  1:1 m o l a r  r a t i o
F  i n d - P - c d  i n c l u s i o n  c o m p l e x  1 :2  m o l a r  r a t i o



58

F i g  7 I n f r a r e d  s p e c t r a  o f  P i r o x i c a m - P - C y c l o d e x t r i n  S y s t e m s  
( p i r o x i c a m  f r o m  I t a l y )
A  p - c y c l o d e x t r i n
B  p i r o x i c a m
c  p i r - P - c d  w e t  k n e a d e d  m i x t u r e
D  p i r - P - c d  p h y s i c a l  m i x t u r e  1:1 m o l a r  r a t i o
E  p i r - P - c d  i n c l u s i o n  c o m p l e x  1:1 m o l a r  r a t i o
F  p i r - P - c d  i n c l u s i o n  c o m p l e x  1 :2  m o l a r  r a t i o
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F i g  8 I n f r a r e d  s p e c t r a  o f  P i r o x i c a m

A  p i r o x i c a m  ( f r o m  I t a l y )

B  p i r o x i c a m  ( f r o m  H o n g  K o n g ) )
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T h e  i n f r a r e d  s p e c t r a  o f  b o t h  i n d o m e t h a c i n - P - c y c l o d e x t r i n  

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

s i g n i f i c a n t  c h e m i c a l  m o d i f i c a t i o n  o f  d r u g s  a n d  P - c y c l o d e x t r i n  o c c u r e d  

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

3 D i f f e r e n t i a l  S c a n n i n g  C a l o r i m e t r y

T h e r m o g r a m s  o f  i n d o m e t h a c i n - P - c y c l o d e x t r i n  s y s t e m s  w e r e  

s h o w n  i n  F i g  9 . E n d o t h e r m i c  p e a k  o f  P - c y c l o d e x t r i n  a t  a b o u t  1 0 0 °C  w a s  

d u e  t o  t h e  e v a p o r a t i o n  o f  w a t e r  i n  P - c y c l o d e x t r i n  m o l e c u l e .  I n d o m e t h a c i n  

d i s p l a y e d  o n e  e n d o t h e r m i c  p e a k  a t  160°C w h i c h  i n d i c a t e d  p o l y m o r p h i c  

f o r m  1. I n  t h e  p h y s i c a l  m i x t u r e s  a n d  t h e  w e t  k n e a d e d  m i x t u r e s ,  

t h e r m o g r a m s  s h o w e d  t w o  c h a r a c t e r i s t i c  e n d o t h e r m i c  p e a k s  a t  10 0  °c a n d  

160 °c c o r r e s p o n d i n g  t o  P - c y c l o d e x t r i n  a n d  i n d o m e t h a c i n  r e s p e c t i v e l y .  A 

s m a l l  e n d o t h e r m i c  p e a k  o c c u r r e d  a t  213 °c i n  t h e  w e t  k n e a d e d  m i x t u r e s  

i n d i c a t e d  s o m e  i n t e r a c t i o n s  b e t w e e n  i n d o m e t h a c i n  a n d  P - c y c l o d e x t r i n .  

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

c o m p l e x .  T h e  m e l t i n g  p e a k  o f  i n d o m e t h a c i n  i n  t h e  f r e e z e - d r i e d  i n c l u s i o n  

c o m p l e x  1:1 m o l a r  r a t i o  w a s  s h i f t e d  t o  h i g h e r  t e m p e r a t u r e  a t  a b o u t  208°c 

a n d  w a s  t o t a l l y  d i s a p p e a r e d  i n  t h e  i n c l u s i o n  c o m p l e x  1 :2  m o l a r  r a t i o .  

T h e r m o g r a m s  o f  p i r o x i c a m - P - c y c l o d e x t r i n  s y s t e m s  w e r e  s h o w n  i n  F i g  10 

a n d  11. T h e r m o g r a m  o f  p i r o x i c a m  f r o m  I t a l y ,  s h o w e d  o n e  e n d o t h e r m i c  

p e a k  a t  202 °c. T h e r m o g r a m  o f  p i r o x i c a m  f r o m  H o n g  K o n g  s h o w e d  t w o  

e n d o t h e r m i c  p e a k s ,  t h e  m a j o r  p e a k  a t  202°c a n d  a  s m a l l  e n d o t h e r m i c  p e a k  

a t  195 °c w h i c h  i n d i c a t e d  t h e  e x i s t  o f  t w o  p o l y m o r p h i c  f o r m s .  

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

s h o w e d  e n d o t h e r m i c  p e a k s  a t  1 0 0 ° c ,  202°c a n d  a  s m a l l  p e a k  a t  206°c.
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F i g  9  D S C  c u r v e s  o f  I n d o m e t h a c i n - P  C y c l o d e x t r i n  S y s t e m s  
A  i n d o m e t h a c i n  
B  p - c y c l o d e x t r i n
c  i n d - p - c d  w e t  k n e a d e d  m i x t u r e  1:1 m o l a r  r a t i o  
D  i n d - P - c d  w e t  k n e a d e d  m i x t u r e  1:1 m o l a r  r a t i o  

( a t  60 °c w a t e r  b a t h )
E  i n d - P - c d  w e t  k n e a d e d  m i x t u r e  1 :2  m o l a r  r a t i o  
F  i n d - P - c d  p h y s i c a l  m i x t u r e  1:1 m o l a r  r a t i o  
G  i n d - p - c d  i n c l u s i o n  c o m p l e x  1:1 m o l a r  r a t i o  
H  i n d - p - c d  i n c l u s i o n  c o m p l e x  1 :2  m o l a r  r a t i o
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F i g  10  D S C  c u r v e s  o f  P i r o x i c a m - P - C y c l o d e x t r i n  S y s t e m s  
( p i r o x i c a m  f r o m  I t a l y )

A  p i r o x i c a m
B  p - c y c l o d e x t r i n
c  p i r - P - c d  w e t  k n e a d e d  m i x t u r e  1:1 m o l a r  r a t i o
D  p i r - P - c d  w e t  k n e a d e d  m i x t u r e  1 :2  m o l a r  r a t i o
E  p i r - P - c d  w e t  k n e a d e d  m i x t u r e  1:1 m o l a r  r a t i o

( a t  6 0  ๐c  w a t e r  b a t h )
F  p i r - P - c d  p h y s i c a l  m i x t u r e  m o l a r  r a t i o  1:1
G  p i r - P - c d  i n c l u s i o n  c o m p l e x  m o l a r  r a t i o  1:1
H  p i r - P - c d  i n c l u s i o n  c o m p l e x  m o l a r  r a t i o  1 :2
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F i g  11 D S C  c u r v e s  o f  P i r o x i c a m

A  p i r o x i c a m  ( f r o m  I t a l y )

B  p i r o x i c a m  ( f r o m  H o n g  K o n g )
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T h e  e v i d e n c e s  w e r e  t h e  s a m e  a s  i n d o m e t h a c i n - P - c y c l o d e x t r i n  

s y s t e m s .  T h e  m e l t i n g  p e a k  o f  p i r o x i c a m  i n  t h e  f r e e z e - d r i e d  i n c l u s i o n  

c o m p l e x  1:1 m o l a r  r a t i o  w a s  s h i f t e d  t o  h i g h e r  t e m p e r a t u r e  a t  2 2 l°c  a n d  

e n d o t h e r m i c  p e a k  o f  p i r o x i c a m  d i s a p p e a r e d  i n  t h e  i n c l u s i o n  c o m p l e x  1:2 

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

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

b e t w e e n  p i r o x i c a m  a n d  p - c y c l o d e x t r i n .  T h i s  t y p e  o f  i n t e r a c t i o n  m i g h t  l e a d  

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

i n d o m e t h a c i n - P - c y c l o d e x t r i n  a n d  p i r o x i c a m - P - c y c l o d e x t r i n  c o u l d  b e  

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

k n e a d e d  p r o c e s s .  M o s t  m o l e c u l e s  o f  i n d o m e t h a c i n  a n d  p i r o x i c a m  s t i l l  

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

4 .  X - r a y  D i f f r a c t o m e t e r

X - r a y  d i f f r a c t i o n  p a t t e r n s  o f  b o t h  i n d o m e t h a c i n - P - c y c l o d e x t r i n  

s y s t e m s  a n d  p i r o x i c a m - P - c y c l o d e x t r i n  s y s t e m s  w e r e  o b s e r v e d .  ( F i g  12 a n d  

1 3 )  D i f f r a c t o g r a m s  o f  t h e  w e t  k n e a d e d  m i x t u r e s  o f  b o t h  i n d o m e t h a c i n  a n d  

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

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

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

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

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

t h e  c r y s t a l l i n e  s t a t e .



65

F i g  12 X - R a y  D i f f r a c t o g r a m s  o f  I n d o m e t h a c i n - P - C y c l o d e x t r i n  S y s t e m s  
A  i n d o m e t h a c i n
B  i n d o m e t h a c i n - P - c y c l o d e x t r i n  p h y s i c a l  m i x t u r e  1:1 m o l a r  r a t i o  
c  i n d o m e t h a c i n - P - c y c l o d e x t r i n  p h y s i c a l  m i x t u r e  1:1 m o l a r  r a t i o  
D  P - c y c l o d e x t r i n
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Fig 13 X -R ay Diffractograms o f P iroxicam -P-Cyclodextrin Systems 
A  piroxicam
B piroxicam -P-cyclodextrin wet kneaded m ixture 1:1 m olar ratio 
c  piroxicam -P-cyclodextrin physical m ixture 1:1 m olar ratio
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5. W ettab ility

W ettab ility  is able to improve the dissolution behavior o f drugs. 

The method used in this experiment is an upward m igration o f  water 

through the sample packed in a small glass column. The degree o f 

wettability  is as fo llow s :

wet kneaded mixture > physical m ixture > ground drug 

(indomethacin, piroxicam).

Tablets and Capsules Evaluations

The evaluations on the properties and contents o f  indomethacin 

capsules and piroxicam tablets were shown in Table 16 and 17

Table 16 Physical Evaluations o f Indomethacin Capsules

Rx weight variation (mg) 

mean ± SD

content 

% la

Disintegration

(minute)

1-1 240.6 ±4.38 109.65 3.5

1-2 254.9 ±5.35 109.42 4.1

1-3 265.9 ±4.75 104.46 4.3

1-4 234.2 ±2.38 112.62 5.0

1-5 214.5 ±3.90 113.41 4.1

1-6 224.2 ±2.68 104.03 3.7

1-7 257.2 ± 2.15 108.00 2.5

1-8 274.1 ± 8.77 97.51 4.3

1-9 229.6 ±3.48 107.09 3.3

1-10 237.5 ±2.92 107.56 3.0

1-11 268.3 ±3.53 107.65 4.5
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Table 16 (cont) Physical Evaluations o f Indomethacin Capsules

Rx weight variation (mg) 

mean ± SD

content 

% la

Disintegration

(minute)

1-12 263.3 ±3.63 104.05 3.7

1-13 220.913.00 108.17 3.3

1-14 277.41 3.92 100.81 2.8

1-15 305.41 5.69 107.52 3.1

1-16 280.81 6.87 106.13 3.3

1-17 278.81 6.15 102.48 4.0

1-18 283.91 5.77 101.89 3.9

1-19 285.21 6.91 103.69 3.7

1-20 262.915.01 92.53 4.5

1-21 282.1 ±5.16 103.64 4.5

1-22 294.214.62 104.58 3.3

1-23 269.3 1 5.75 105.18 2.9

1-24 279.1 1 3.55 95.98 4.4

1-25 262.614.06 95.66 5.1

1-26 265.71 7.67 94.86 5.0

1-27 (powder) 284.714.47 102.51 4.3

1-27 (solution) 291.515.01 101.03 4.7

1-28 303.61 6.01 97.04 5.3

1-29 299.3 1 7.16 97.92 4.4

1-30 309.416.83 97.73 4.7
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Table 17 Physical Evaluations o f  Piroxicam Tablets (piroxicam  from 

Ita ly)

Rx weight variation (mg) 

mean ± SD

content 

% la

Hardness

(Kp)

Friability 

(% loss)

Disintegration

(minute)

P-1 298.0 ±6.86 97.31 3.82 0.62 4.0

P-2 296.3 ± 4.93 92.89 4.51 0.44 4.0

P-3 322.3 ± 1.19 103.64 3.23 0.58 4.0

P-4 298.1 ±3.54 96.55 4.73 1.03 4.0

P-5 319.6 ± 6.10 104.02 4.05 0.66 4.2

P-6 307.7 ±6.11 95.59 3.30 0.82 3.3

P-7 313.0± 6.30 98.41 3.71 0.94 2.4

P-8 337.3 ±6.53 114.26 5.10 0.67 3.5

P-9 305.2 ± 7.10 105.95 4.92 1.10 5.2

P-10 323.4 ±4.51 108.59 2.73 1.62 5.1

P-11 324.0 ±2.13 112.36 2.72 1.13 4.2

P-12 312.0 ± 6.61 108.89 3.73 0.72 4.3

P-13 288.3 ±6.33 99.61 4.87 0.53 4.0

P-14 318.7 ± 6.32 110.94 5.11 1.12 5.1

P-15 304.9 ±3.32 110.67 3.75 0.85 4.3

P-16 304.5 ±8.15 105.95 3.64 0.73 6.0

P-17 303.3 ±7.75 104.70 5.20 0.95 5.3

P-18 309.1 ±2.28 105.46 4.15 0.82 7.5

P-19 307.3 ± 8.01 105.04 3.73 1.10 4.0

P-20 306.5 ±7.21 110.90 3.51 0.71 3.5

P-21 299.3 ±4.83 105.26 3.72 0.88 5.3

P-22 303.0 ± 7.03 104.62 6.21 0.95 5.2
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Tab le  17(cont.) Physica l E valua tions o f  P irox icam  Tablets

(piroxicam from  Ita ly)

Rx weight variation(mg) content Hardness Friability Disintegration

mean ± SD % la (Kp) (% loss) (minute)

P-23 308.7 ± 1.12 102.28 4.65 1.21 5.4

P-24 300.5 ±4.92 102.60 6.03 0.58 3.2

P-25 290.0 ±6.79 108.94 3.20 0.87 4.1

P-26 296.5 ±4.69 110.67 3.40 0.93 4.2

P-27 303.5 ±3.71 101.50 4.40 1.02 4.5

P-28 301.1 ±5.79 102.5 3.53 0.85 5.0

The physical evaluations o f piroxicam  tablets which were

prepared from  piroxicam from  Hong Kong

Rx weight variation (mg) content Hardness Friability Disintegration

mean ± SD %.la (Kp) (% loss) (minute)

p-1 300.3 ±5.12 98.95 4.47 0.75 5.1

P-13 298.9 ±2.55 96.17 3.25 0.95 4.3

P-25 291.7 ±6.21 98.75 3.60 0.58 4.5

P-27 297.9 ± 1.33 98.75 2.90 1.12 3.9

P-28 308.1 ±5.13 96.50 3.71 0.87 3.9

D isso lu tion o f Indom ethacin  Capsules

Dissolution profiles o f indomethacin capsules were preparing 

from  wet kneaded mixtures were shown in Fig 14-21. D issolution data o f 

these capsules could be found in appendices 1-2. D issolution profile  o f 

commercial indomethacin capsules (Lndocid) was studied as innovator.
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The times required fo r 85  %  o f  indomethacin to be dissolved were shown ๒  

Table 18.

Table 18 Time fo r 8 5 %  labeled amount o f indomethacin

dissolved

Rx T 85% dissolved 

(minutes)

I 1- I3 10- 17.5

I4- I6 9 - 18.8

I7- I9 9.5- 15

I 10- I 13 9.5 - 23.2*

I 14- I 16 9.5 - 18.6

I 17- I 19 9.1 - 13.2

I20- I22 12.0- 17.7

I23 >20*

I 24“I 26 13.9-20

I27 - 1ร0 >20

indocid 12.7

*USP X X II  requires fo r dissolution o f indomethacin must not 

less than 80 % (Q) dissolved in 20 minutes.

D issolution o f all formulas prepared from  wet kneaded mixtures 

met the USP X X II  requirement except formulas I - 10 and 1-23. The wet 

kneading process could affect the crysta llin ity o f indomethacin and P- 

cyclodextrin. M oreover p-cyclodextrin powder bed could easily disperse 

and wet by dissolution medium. Indometahcin molecules were dispersed 

in the networks o f P-cyclodextrin molecules. The enhancement in 

dissolution could be attributed to the reduction in  particle size and the
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increase in wettability. In the formulas 1-10 and 1-23, the wet kneading 

procedure had been done at higher temperature and small volume o f water 

were used as solvent. They took about 20 minutes and 15 minutes fo r 1-10 

and 1-23 respectively fo r the wet kneading process. The mixtures changed 

from slurry suspension to harden paste in a short time which m ight due to 

the vo la tility  o f water. Indomethacin m ight cause aggregation and was not 

completely dispersed on P-cyclodextrin surface. These effects caused 

lower dissolution.

The ranks o f dissolution o f indomethacin capsules were as

fo llow s :

wet kneaded mixtures > sodium lauryl sulfate >  physical 

mixtures > ground indomethacin capsules.

The dissolution o f all formulations o f indomethacin capsules, not 

preparing from  the wet kneaded mixtures, fa iled the USP X X II 

requirement (Fig 22-23). The indomethacin capsules using sodium lauryl 

sulfate solution had higher dissolution than those using sodium lauryl 

sulfate in the powder form. (Fig 22) The results im plied that sodium lauryl 

sulfate in solution form  was more powerful dispersing agent than the 

powder form. Ground indomethacin capsules exhibited slowest 

dissolution due to the aggregation o f fine particles o f ground indomethacin. 

In addition lactose used in the ground indomethacin capsules m ight 

decrease the dissolution o f indomethacin. Lactose needs so much liqu id  to 

be dissolved thus there is not enough liqu id  le ft to dissolve drug particles. 

The capsules prepared from physical mixtures gave rise to better 

dissolution than the use o f ground drug w ith  lactose due to less 

aggregation o f indomethacin powder.
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From comparative plot o f  dissolution profile  in Fig 23, it was 

shown that both physical mixtures in 1:1 and 1:2 molar ratio o f 

indomethacin : P-cyclodextrin had better dissolution profiles than that o f 

ground indomethacin capsules.

It is evident that the dissolution o f indomethacin capsules 

prepared from the wet kneaded mixtures o f indomethacin-p-cyclodextrin 

was significantly better than that o f the ground indomethacin powder as 

shown in the dissolution profiles in Fig 24-25. Indomethacin capsules 

prepared from  the wet kneaded mixtures dissolved more than 85 % labeled 

amount w ith in  20 minutes while only 14 % o f indomethacin ground drug 

and 50-60 % indomethacin capsules prepared from the physical mixtures 

were dissolved w ith in  the same period o f  time. The capsules prepared 

from  the wet kneaded mixtures, Rx 1-1, Rx 1-14 had approximately 7 and 6 

times respectively higher dissolution than the ground indomethacin 

powder. The ground indomethacin capsules (Rx 1-30) had approximately 3 

times higher dissolution than ground indomethacin. The additions o f  both 

p-cyclodextrin and lactose improved dissolution behavior but P- 

cyclodextrin was more effective because molecules o f  indomethacin could 

be released simultaneously from the mixtures

E ffe c t o f A g ing  on D issolution o f Indom ethacin  Capsules

The formulations o f interesting indomethacin capsules, 1-1,1-4,1- 

7, 1-13, 1-14, 1-22 1-23, 1-27, 1-29 and 1-30, were studied fo r aging effect. 

The dissolution profiles were shown in Fig 26-30. A fte r aging, at both 

room temperature and 45 °c / 75 % relative hum idity, the dissolution o f 

indomethacin capsules decreased due to the effect o f  gelatin shell. On 

storage in loosely closed bottles at both room temperature and 45 °c / 75 % 

relative hum idity, gelatin shell absorbed moisture from both environment
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and powder bed. When gelatin shell was in contact w ith  the dissolution 

medium, it  distorted and did not appear to break down readily. The gelatin 

capsules remained as a pasty mass and occluded powder bed which caused 

slow release o f  indomethacin. The dissolutions o f  storage indomethacin 

capsules were low er than the in itia l values.

Test fo r  S ta b ility  o f Indom ethacin  Capsules

A fte r aging fo r 3 months at room temperature and at 45 °c / 75 % 

relative humidity. The stability o f  indomethacin capsules was tested using 

high performance liqu id  chromatography. The chromatograms were 

shown in Fig 31. The retention times o f  both standard indomethacin and 

indomethacin in the wet kneaded mixture were the same at 3.1 minutes, 

and that o f  p iroxicam  internal standard was 1.8 minutes. The retention 

times o f  the degradation products o f indomethacin were 1.2 and 1.7 

minutes. The (3-cyclodextrin did not interfere w ith  u v  absorption o f 

indomethacin at 240 nm. A fte r aging at both room temperature and at 45 ° 

c /  75% relative hum idity, the chromatograms showed no traces o f 

degradation products.

D isso lu tion  o f P irox icam  Tablets

Dissolution profiles o f piroxicam tablets were shown in Fig 32-

40. D issolution profile  o f commercial piroxicam tablets (Feldene) was 

studied comparatively. Times required fo r 80 % o f piroxicam  dissolved 

from  various formulations were shown in Table 19. The dissolution data 

these tablets could be found in appendices 3 and 4
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Fig 14 D issolution profiles o f indomethacin capsules prepared 
in  the cond ition  o f  ind : P-cd 1:1 m olar ratio, 50 % พ /พ  
w a te r w ith  d if fe re n t knead ing  tim es 30, 60 and 90 
minutes.

TIME.(MJM)

Fig 15 D issolution profiles o f  indomethacin capsules prepared 
in  the condition o f ind : P-cd 1:1 m olar ratio, 100%w/w 
w a te r w ith  d if fe re n t kne ad in g  tim es  30, 60 and 90 
minutes
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Fig 16 D issolution profiles o f indomethacin capsules prepared 
in  the c o n d itio n  o f  ind  : p -cd  1:1 m o la r ra tio , 150 % 
พ /พ  water w ith  d iffe ren t kneading times 30, 60 and 90 
minutes

Fig 17 D issolution profiles o f indomethacin capsules prepared 
in  the con d itio n  o f  ind  : p-cd  1:1 m o la r ra tio , 50, 100 
and 150 % พ /พ  w a te r, kneaded at w a te r bath 60 °c  
w ith  different kneading times
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F ig  18 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules prepared 
in  the  c o n d itio n  o f  ind  : (3-cd 1:2 m o la r ra tio , 50 % พ /พ  
w a te r  w i t h  d i f f e r e n t  k n e a d in g  t im e s  30, 60 an d  90 
m inu tes

F ig  19 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules prepared 
in  the c o n d itio n  o f  ind  : (3-cd 1:2 m o la r ra tio , 100% w /w  
w a te r ,  w i t h  d i f fe r e n t  k n e a d in g  t im e s  30, 60 and  90 
m inu tes
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F ig  20 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules prepared 
in  th e  c o n d it io n  o f  in d  : p -cd  1:2 m o la r  ra t io ,  100 % 
พ / พ  w a te r  w i th  d if fe re n t  k n e a d in g  t im e s  30, 60 and 
90 m inutes.

F ig  21 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules prepared 
in  the c o n d itio n  o f  ind  : p -cd  1:2 m o la r ra tio , 50, 100.
150 % พ / พ  w a te r , kn e a d e d  a t w a te r  b a th  60 ๐c  w i th  
d iffe re n t knead ing  tim es
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°  —  อ Rx I--27 (SL5 powder) 
•  —  •  Rx 1—27(SLS solution)
û.....û Indocid

39TIME (MIN)
F ig  22 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules prepared 

f r o m  th e  g ro u n d  in d o m e th a c in  m ix  w i t h  1 % พ / พ  
sod ium  la u ry l su lfa te

TIME (MIN)
F ig  23 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules prepared 

f ro m  the p h y s ic a l m ix tu re s  o f  in d  : P -cd  1:1, 1:2 m o la r  
ra tio  and m ix  w ith  lactose
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TIME (MIN)
F ig  24 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules.

C o m p a ra t iv e  p lo t  b e tw e e n  w e t kn e a d e d  m ix tu re  1:1 
m o la r  ra t io , p h y s ic a l m ix tu re  1:1 m o la r  ra tio , m ix  w ith  
la c to s e  and u s in g  1 % พ / พ  s o d iu m  la u ry l s u lfa te  ( in  
s o lu tio n  fo rm )

F ig  25 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules.
C o m p a ra t iv e  p lo t  b e tw e e n  w e t  k n e a d e d  m ix tu re  1:2 
m o la r  ra t io ,  p h y s ic a l m ix tu re  1:2 m o la r  ra tio , m ix  w ith  
la c to s e  and u s in g  1 % พ / พ  s o d iu m  la u r y l  s u lfa te  ( in  
s o lu tio n  fo rm )



k
U

G
 D

IS
SO

LV
ED

 
: 

! 
5c 

OP
 L/

C-
 Q

IS
 S

O
LV

ED

ร

c -----๐
▲----1

°  Rx I - I  •  —  • Rx 1-1 ageing 45*c 75 % RH. A  —  A  Rx 1-1 ageing at RT.
A Rx I - 4  น - - น  Rx 1-4 age ng 45*c 75 %  RH. ■ ■ Rx 1-4 ageing at RT.

F ig  26 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules,ag ing  fo r 
3 m o n th s  ( in d  : P -cd  1:1 m o la r  ra t io ,  50, 100 % พ /พ  
w a te r w e t knead ing  30 m in u te s .)

TIME (M IN )
Rx 1-7 • —  • Rx 1-7 ageing 45 c 75 % RH A —  A Rx 1-7 ageing at RT,
RX 1-13 น— น (Rx 1-13 ageing 45 c 75 % RH Rx I - 1 3 ageing at RT

F ig  27 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules,ag ing fo r  
3 m o n th s  ( in d  : p -cd 1: 1 m o la r  ra t io  150 % พ /พ  w a te r 
w e t  k n e a d in g  30 m in u te s . ,  k n e a d in g  a t a m b ie n t 
tem pera ture  and w a te r bath 60 c  ๐
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ICO
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0 5 10 15 20 25 30 35 40 •

TIME (M IN )
Rx 1-14 • —  • Rx 1-14 ageng 45 c 75 % RH, û —  A Rx I— 1 4 ageing at RT.
Rx 1-22 □—  □ Rx 1-22 ageing 45 c 75 % RH, ■—  ■ Rx 1-22 ageing at RT.

F ig  28 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules,ag ing fo r  
3 m o n th s  ( in d  : P -cd  1:2 m o la r  ra t io  50 % พ / พ  w a te r  
w e t  k n e a d in g  30 m in u te s ,  150 % พ / พ  w a te r ,  w e t  
knead ing  90 m inu tes

F ig  29 D is s o lu tio n  p ro file s  o f  ind om etha c in  capsules,ag ing fo r  
3 m o n th s  ( in d  : P -cd  1:2 m o la r  ra t io ,  50 % พ / พ  w a te r  
kn e a d in g  a t w a te r  b a th  60 c ° , 15 m in u tes  and us ing  1% 
พ /พ  sod ium  la u ry l su lfa te  in  p o w d e r fo rm
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F ig  30 D is s o lu t io n  p ro f ile s  o f  in d o m e th a c in  capsu les, ag ing  
fo r  3 m o n th s  ( in d  : (3-cd p h y s ic a l m ix tu re  1:2 m o la r  
ra tio  and m ix  w ith  lactose
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HPLC chromatograms o f indomethacin 
A s ta n d a rd  in d o m e th a c in  w ith  p iro x ic a m

internal standard
B indomethacin and its degradation products
c  indom ethacin-fî-cyclodcxtrin wet kneaded

mixture



85

T a b le  19 T im e s  fo r  80 % labeled am ount o f  p iro x ic a m  d isso lved

R x T  80% d isso lved  
(m inu te s)

P i  -P 3 9 .6 -12 .5
P4 - P6 8.3 -9 .8
P 7 -  P9 9 .8 - 11.8

P 1 0 -P 1 2 9.8 - 11.4
P l3  - P14 10.0
P l5  - P l7 9 .8 - 12.8
P i 8 - P20 12.8
P21 - P24 10.0- 17.0
P25 - P26 13.6 - 19.0

P27 22.4
P28 >45

fe ldene 30.4
* U S P  X X I I  requ ires fo r  d isso lu tio n  o f  p iro x ic a m  m ust n o t less 

than 75 % (Q) d isso lved  in  45 m inutes.

A l l  fo rm u la s  prepared fro m  p iro x ic a m , fro m  Ita ly , had 
d isso lu tio n  m e t the U S P  X X I I  req u irem en t except the fo rm u la , R x  P-28, 
w h ic h  prepared fro m  the g round p iro x ic a m  us ing  starch and lactose as 
add itives. T h e  d isso lu tion s  o f  o the r fo rm u la s  w e re  enhanced b y e ith e r the 
e ffe c t o f  sod ium  la u ry l su lfa te  o r (3 -cyclodextrin . A lth o u g h  the p iro x ic a m , 
fro m  I ta ly  had m uch e ffe c tive  surface area, the d isso lu tio n  o f  R x  P-28 w as 
s t i ll  lo w e r  than  the req u irem ent. T h e  use o f  p -c yc lo d e x tr in  in  both 
p hys ica l m ix tu re s  and w e t kneaded m ix tu re s  s ig n if ic a n tly  enhanced 
d isso lu tion .
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T h e  ranks o f  d isso lu tio n  o f  p iro x ic a m  tab le ts w e re  as fo llo w s  :

w e t kneaded m ix tu re s  > phys ica l m ix tu re s  = S od ium  la u ry l 
su lfa te  > g round p iro x ic a m  tab lets.

C o m p a ra tive  stud ied o f  d isso lu tio n  p ro file s  o f  p iro x ic a m  tab lets 
us ing  ra w  m a te ria l fro m  d iffe re n t sources w ere  show n in  F ig  41, 44-45. Th e  
d isso lu tio n  p ro file s  o f  p iro x ic a m  tab le ts, us ing  p iro x ic a m  fro m  H on g  K ong , 
w e re  lo w e r  than those o f  the fo rm u la tio n s  us ing  p iro x ic a m  fro m  Ita ly . 
A lth o u g h  P -c yc lo d e x tr in  and sod ium  la u ry l su lfa te  cou ld  enhance the 
d isso lu tio n , the d isso lu tio n  o f  p iro x ic a m  tab le ts us ing  p iro x ic a m  fro m  
H on g  K o n g  w as s t i ll  lo w e r than the บ ร ?  requ irem ent. C om p ara tive  
am ounts o f  p iro x ic a m  d isso lved  w ith in  45 m inu tes w e re  sh ow n in  Ta b le  20.

T a b le  20 C om p ara tive  รณ dy o f  d isso lu tio n  o f  p iro x ic a m  tab lets 
prepared fro m  tw o  sources o f  ra w  m ate ria l.

R x %  p iro x ic a m  d isso lved
at T =  45 m inu tes

source
H ong  K on g Ita ly

P-1 72.3 94.7
P-13 73.4 86.7
P-25 72.4 97.3
P-27 68.8 90.3
P-28 67.1 79.0

F ig  42 and 43 show ed  tha t the d isso lu tio n  p ro file s  o f  p iro x ic a m  
tab le ts prepared fro m  physica l m ix tu re s  o f  p iro x ic a m  : P -c yc lo d e x tr in  1: 1 
and 1:2 m o la r ra tio  w e re  s im ila r to  those o f  the tab le ts  adding 1 % พ /พ
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sod ium  la u ry l su lfa te . T h e  rem arkab le  enhancem ent in  the d isso lu tio n  rate 
o f  w e t kneaded m ix tu re s  w ith  P -c yc lo d e x tr in  w as considered to  be caused 
m a in ly  b y such e ffec ts  on  the w e tta b ility  o f  the kneaded m ix tu re s  and the 
ac tive  surface area. Th e  w e t knead ing  process m ig h t p ro m o te  d isso lu tio n  
o f  p iro x ic a m  b y p ro v id in g  m eans fo r  the surface o f  f in e  drug p artic les  to  
c lose ly  contact w ith  P -c yc lo d e x trin . I t  is o f  in te re s t th a t w e t knead ing  
process is ava ilab le  in  practice by \ ir tu e  o f  the s im p le  and e ff ic ie n t 
p rep ara tion  fo r  s im p le  p roduc tions. T h e  procedure w as expected to  
becom e a va luab le  to o l fo r  s o lu b iliz in g  va rious  p ra c tic a lly  in so lu b le  drugs.

E ffe c t  o f  A g in g  on D is s o lu tio n  o f  P iro x ic a m  T a b le ts

A g in g  at b o th  ro o m  tem pera ture  and accelerated c o n d itio n  
(45°c/ 75% re la tiv e  h u m id ity ) have l i t t le  e ffec t on d is s o lu tio n  o f  p iro x ic a m  
tab lets. T h e  d isso lu tio n  p ro file s  o f  fo rm u la s  tested s t i ll  m e t the U S P  X X I I  
requ irem ent. A g in g  at 45°c/ 75% re la tiv e  h u m id ity  had lo w e r  d isso lu tio n  
than  aging at ro o m  tem perature . O n  storage, m o is tu re  w as one o f  the 
fa c to r in flu enc ed  the changes o f  d isso lu tio n  b ehavio r. M o is tu re  and heat 
can re ta rd  the d isso lu tio n  o f  the tab lets. (F ig  46-49)

T e s t f o r  S ta b i l i ty  o f  P iro x ic a m  T a b le ts

T h e  chrom atogram s fro m  h ig h  p e rfo rm an ce  liq u id  
chrom atog raphy w e re  sh ow n in  F ig  50. T h e  chrom atog ram s show ed  no 
evidence o f  degradation products. T h e  re te n tio n  tim es o f  p iro x ic a m , the 
standard and the p iro x ic a m  m  the w e t kneaded m ix tu re , w e re  the same at 
2.85 m inu tes, w h ile  tha t o f  indom ethac in  in te rn a l standard w as
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F ig 32 D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam  
from  Ita ly ) prepared in  the cond ition  o f p ir: P-cd 1:1 
m olar ra tio , 50 % พ /พ  water, w ith  d iffe ren t kneading 
times 30, 60 and 90 minutes.

F ig 33 D isso lu tion  p ro files o f  p irox icam  tablets (p iroxicam  
from  Ita ly ) prepared in the cond ition o f p ir : P-cd 1:1 
molar ratio, 100 % พ /พ  water, w ith  d iffe ren t kneading 
times 30, 60 and 90 minutes.
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Fig 34 D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam  
from  Ita ly ) prepared in  the cond ition  o f p ir: P-cd 1:1 
molar ratio, 150 % พ /พ  water, w ith  d iffe ren t lmeading 
times 30, 60 and 90 minutes.

F ig 35 D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam  
from  Ita ly ) prepared in  the cond ition  o f p ir: p-cd 1:1 
m o la r ra tio , 50, 100, 150 % พ /พ  w a te r, kneaded at 
water bath 60 ๐c  w ith  different kneading times
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F ig 36 D isso lu tion  p ro file s  o f p irox icam  tablets (p iroxicam  
from  Ita ly ) prepared in the condition o f p ir : p-cd 1:2 
m olar ra tio , 50 % พ /พ  w a te r,w ith  d iffe ren t kneading 
times 30 and 60 minutes

F ig 37 D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam  
from  Ita ly ) prepared in the cond ition o f p ir : P-cd 1:2 
m olar ratio, 100 % พ /พ  wate r,w ith  d iffe ren t kneading 
times 30, 60 and 90 minutes.
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F ig  38 D isso lu tion  p ro file s  o f p irox icam  tablets (p iroxicam  
from  Ita ly ) prepared in  the cond ition o f p ir : p-cd 1:2 
m olar ratio, 150 % พ /พ  water w ith  d iffe ren t kneading 
times 30, 60 and 90 minutes.

F ig  39 D isso lu tion  p ro file s  o f p irox icam  tablets (p iroxicam  
from  Ita ly ) prepared in  the cond ition  o f p ir: p-cd 1:2 
m olar ra tio , 50, 100 and 150 % พ /พ  water, kneaded at 
water bath 60°c w ith  different kneading times
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F ig  4 0  D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam  
from  Ita ly) prepared from the physical mixtures o f 
p irox icam  : p-cd 1:1,1:2 m olar ra tio , 1% พ /พ  sodium  
lauryl sulfate and m ix w ith starch+lactose

TIME (MIN)

Fig 41 Dissolution profiles o f piroxicam tablets (piroxicam
from  Ita ly  and Hong Kong) using starch+lactose as
diluents and piroxicam powder
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Fig 42 Dissolution profiles o f piroxicam tablets.
Comparative p lo t between wet kneaded m ix tu re  1:1 
molar ratio, physical m ixture 1:1 molar ratio, m ix w ith  
s ta rch+ lac tose  and using 1 % พ /พ  sod ium  la u ry l 
sulfate

Fig 43 Dissolution profiles o f piroxicam tablets.
Comparative p lo t between we t kneaded m ix tu re  1:2 
molar ratio, physical m ixture 1:2 molar ratio, m ix w ith  
s ta rch+ lac tose  and using 1 % พ /พ  sod ium  la u ry l 
sulfate
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Fig 44 D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam  
from  Ita ly  and Hong Kong) prepared in the condition  
o f p ir  : P-cd 1:1 m o la r ra tio , 50 % พ /พ  w a te r w ith  
kneading time 30 minutes

TIME (MIN)
Fig 45 D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam  

from  Ita ly  and Hong Kong) prepared in  the condition  
o f physical m ixture 1:2 molar ratio and using 1 % พ/พ  
sodium lauryl sulfate
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F ig 4 6  D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam
from  Ita ly , aging fo r 3 months (p ir  : p-cd 1:1 molar 
ratio, 50 and 100 % พ /พ  water w ith  kneading times 30 
minutes.)

A - - - A  Rx P - 1 3  U - - - Q Rx P - 1 3  a g e i n g  4 5  c ‘ 7 5  *RH.  ■  Rx p - 13  a g e i n g  a t  RT.
F ig 4 7  D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam  

from  Ita ly , aging fo r 3 months, p ir :P -cd  1:1 m o la r 
ra tio , 150 % พ /พ water, p ir:P -cd 1:2 molar ratio, 50 %
พ/พ water w ith kneading times 30 minutes)
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Fig 48 D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam  
from  Ita ly , aging fo r 3 months, p ir : p~cd 1:1 m o la r 
ra tio , 150 % พ /พ water, p ir.p -cd  1:2 ratio molar, 50 %

C l  —  o Rx P - 2 7  •  —  •  R,x P--27 ageing 45* c 75 %  RH A —  û Rx F — 27 ageing at RT 
A —  A Rx P—20 ■ —  ■ Rx P - 2 8  ageing 45*c 75 % RH ■ —  pi Rx P—28 ageing a t RT

F ig 49 D isso lu tion  p ro files o f p irox icam  tablets (p iroxicam
from Italy, aging fo r 3 months, piroxicam m ix w ith
1 % พ /พ sodium lauryl sulfate and piroxicam m ix w ith
starch+lactose
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4.79 minutes. The (3-cyclodextrin did not interfere w ith  u v  absorption o f 
indomethacin at 254 nm. A fte r aging at both room temperature and 
45 ๐c / 75% relative humidity, the chromatogram showed no traces o f 
degradation products. Under the wet kneading process used in this 
experimental condition, no appreciable degradation o f indomethacin and 
piroxicam were observed.

piroxican

Fig 50 HPLC chromatograms o f piroxicam
A  p irox icam  w ith  indom ethacin in te rna l standard 
B piroxicam (3-cyclodextrin wet kneaded mixture
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