
C h a p t e r  I I I

R e s u l t s

I . E f f e c t  o f  P r o c e s s i n g  V a r i a b l e s  o f  S p r a y  D r y i n g  T e c h n i q u e

The p o w d e r s  we r e  p r e p a r e d  u s i n g  s p r a y  d r y i n g  
a p p a r a t u s .  The p r o c e s s i n g  v a r i a b l e s  t h a t  we r e  v a r i e d  
i n c l u d i n g  i n l e t  a i r  t e m p e r a t u r e s ,  f e e d  r a t e s ,  a t o m i z i n g  a i r  
p r e s s u r e s  and c o n c e n t r a t i o n s  o f  s o l u t i o n .

1 .  P h y s i c a l  P r o p e r t i e s  p f  Sp r a y  D r i e d  P o wde r s
P r e p a r e d  by D i f f e r e n t  S p r a y  D r y i n g  C o n d i t i o n s

1 . 1  M o r p h o l o g y  p f  S p r a y  D r i e d  P o w d e r s

F i g u r e  1 sh o w e d  t h e  s c a n n i n g  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  t h e o p h y l l i n e  d r u g  p o w d e r  a t  d i f f e r e n t  
m a g n i f i c a t i o n s .  T h e o p h y l l i n e  c r y s t a l s  had v a r i o u s  s i z e s .  
Each l a r g e  c r y s t a l  c o n s i s t e d  o f  s m a l l  r o d s .

The s h a p e  and s u r f a c e  t o p o g r a p h y  o f  s p r a y  
d r i e d  p a r t i c l e s  p r e p a r e d  a t  d i f f e r e n t  i n l e t  t e m p e r a t u r e s  
w ere  shown i n  F i g u r e  2 - 5 .  The p r o d u c t s  o b t a i n e d  w er e  
m i c r o s p h e r e s .  The s u r f a c e  o f  m i c r o s p h e r e s  was  c o v e r e d  w i t h  
m i c r o c r y s t a l s  t h a t  made r o u g h  s u r f a c e  b u t  some o f  them had
r a t h e r  s m o o t h  s u r f a c e .
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The p owder  p r o d u c e d  a t  i n l e t  a i r  
t e m p e r a t u r e s  o f  1 2 0 °  and 1 3 0 °  c  ( F i g u r e  2 , 3 )  g a v e  l a r g e r  
m i c r o s p h e r e s  t h a n  t h o s e  p r o d u c e d  a t  1 5 0 °  and 1 7 0 °  c  ( F i g u r e  
4 , 5 ) .  . H i g h e r  number o f  a g g l o m e r a t e s  were  f o r m e d  when i n l e t  
a i r  t e m p e r a t u r e s  o f  1 5 0 °  and 1 7 0 °  c  w e r e  e m p l o y e d .  The  
a g g l o m e r a t e d  p a r t i c l e s  o f  c o - s p r a y  d r i e d  p o w d e r  p r e p a r e d  a t  
1 5 0 ° c  w e r e  more r e g u l a r  s h a p e  t h a n  t h o s e  p r o d u c e d  a t  171? c  
and c o v e r e d  w i t h  m i c r o c r y s t a l s ,  w h i l e  a g g l o m e r a t e s  o f  
p owder  p r o d u c e d  a t  1 7 0 ° c  w e r e  embedded w i t h  m i c r o c r y s t a l s .  
The p r o d u c t  p r e p a r e d  a t  1 7 0 ° c  f o r med  l o o s e r  a g g l o m e r a t e s  
t h a n  t h a t  p r e p a r e d  a t  1 5 0 ° c .

F i g u r e  1 P h o t o m i c r o g r a p h s  o f  O r i g i n a l  T h e o p h y l l i n e
P o w d e r s  (A X 1 0 0 ,  B X 1 , 0 0 0 )
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F i g u r e  2 P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s  
P r e p a r e d  a t  120 ๐ c  I n l e t  A i r  T e m p e r a t u r e  
( Key ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )

F i g u r e  3  P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s
P r e p a r e d  a t  1 3 0  ๐ c  I n l e t  A i r  T e m p e r a t u r e
( K e y  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )
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F i g u r e  4 P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s  
P r e p a r e d  a t  150  ๐ c  I n l e t  A i r  T e m p e r a t u r e  
( Key  : A X 1 , 0 0 0  , B X 3 , 5 0 0 )

F i g u r e  5  P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s
P r e p a r e d  a t  1 7 0  ° c  I n l e t  A i r  T e m p e r a t u r e
( K e y  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )



44

The p h o t o m i c r o g r a p h s  o f  s p r a y  d r i e d  p o w d e r s  
p r o d u c e d  a t  d i f f e r e n t  f e e d  r a t e s  w er e  shown i n  F i g u r e  6 - 9 .  
At f e e d  r a t e  o f  18 m l / m i n  , m o s t  m i c r o s p h e r e s  had r a t h e r  
s m o ot h  s u r f a c e  and t h e  s u r f a c e  o f  a f e w  p o w d e r  was  c o v e r e d  
w i t h  m i c r o c r y s t a l s  ( F i g u r e  6 ) .  At  f e e d  r a t e  o f  24 and 27  
m l / m i n  , t h e  s u r f a c e  o f  m i c r o s p h e r e s  was  c o v e r e d  w i t h  
m i c r o c r y s t a l s  ( F i g u r e  7 and ร ) .  Some o f  them had r a t h e r  
s m o ot h  s u r f a c e .  At t h e  f a s t e s t  r a t e ,  30 m l / m i n ,  
m i c r o s p h e r e s  w e r e  embedded w i t h  m i c r o c r y s t a l  t h u s  p r o d u c i n g  
more r o u g h  s u r f a c e .

The m i c r o s c o p i c  i m a g e s  o f  s p r a y  d r i e d  
p a r t i c l e s  p r e p a r e d  a t  v a r i o u s  a t o m i z a t i o n  p r e s s u r e s  w er e  
shown i n  F i g u r e  1 0 - 1 3 .  I t  was  f o u n d  t h a t  h i g h e r  a t o m i z i n g  
a i r  p r e s s u r e  p r o d u c e d  s m a l l e r  m i c r o s p h e r e s .  At  2 b a r ,  t h e  
s i z e  o f  some p a r t i c l e s  was  l e s s  t h a n  5 Jim ( F i g u r e  1 0 )  . The  
s u r f a c e  o f  m i c r o s p h e r e s  was  r a t h e r  s m o o t h  b e c a u s e  i t  was  
c o v e r e d  w i t h  a f e w  m i c r o c r y s t a l s .  The p o w d e r s  p r o d u c e d  a t  3 
b a r  s h o w e d  more m i c r o c r y s t a l s  c o v e r e d  on t h e  s u r f a c e  ( F i g u r e  
1 1 ) .  I t  a p p e a r e d  t h a t  a g g l o m e r a t e s  o f  s p r a y  d r i e d  p owder  
p r e p a r e d  a t  6 bar  w er e  c o mp o s ed  o f  s m a l l  m i c r o s p h e r e s .

The p h o t o m i c r o g r a p h s  o f  s p r a y  d r i e d  
p a r t i c l e s  p r e p a r e d  f rom d i f f e r e n t  c o n c e n t r a t i o n s  o f  s o l u t i o n  
w ere  shown i n  F i g u r e  1 4 - 1 7 .  More c o n c e n t r a t e d  s o l u t i o n s  
y i e l d e d  l a r g e r  m i c r o s p h e r e s  and l e s s  a g g l o m e r a t e d  p a r t i c l e s .  
Feed  s o l u t i o n  o f  10 % g a v e  t h e  s m a l l e s t  m i c r o s p h e r e s  and 
more a g g l o m e r a t i o n  f o r me d  i n  c o m p a r i s o n  w i t h  13%, 20%, 25 %
s o l u t i o n s .
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F i g u r e  6 P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s  
P r o d u c e d  a t  t h e  F e e d  Ra t e  o f  18 m l / m i n  
( K e y  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )

F i g u r e  7  P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s
P r o d u c e d  a t  t h e  F e e d  R a t e  o f  2 4  m l / m i n
( K e y  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )
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F i g u r e  9  P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s
P r o d u c e d  a t  t h e  F e e d  R a t e  o f  3 0  m l / m i n
( K e y  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )

F i g u r e  8 P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s  
P r o d u c e d  a t  t h e  F e e d  R a t e  o f  27  m l / m i n  
( K ey  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )
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F i g u r e  10 P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s
P r e p a r e d  u s i n g  A t o m i z a t i o n  P r e s s u r e  a t  2 Bar  
( K e y  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )

F i g u r e  1 1  P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s
P r e p a r e d  u s i n g  A t o m i z a t i o n  P r e s s u r e  a t  3  B a r
( K e y  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )
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F i g u r e  12 P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s
P r e p a r e d  u s i n g  A t o m i z a t i o n  P r e s s u r e  a t  4 Bar  
( K ey  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )

F i g u r e  1 3  P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s
P r e p a r e d  u s i n g  A t o m i z a t i o n  P r e s s u r e  a t  6  B a r
( K e y  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )
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F i g u r e  14 P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s  
P r e p a r e d  f rom 10 % s o l u t i o n  
( K e y  ะ A X' 1 , 0 0 0  , B X 3 , 5 0 0 )
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F i g u r e  1 5  P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s
P r e p a r e d  f r o m  1 3  % s o l u t i o n
( K e y  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )
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F i g u r e  16 P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s  
P r e p a r e d  f rom 20 % s o l u t i o n  
( K e y  ะ A X 1 , 0 0 0  , B X 3 , 5 0 0 )

F i g u r e  1 7  P h o t o m i c r o g r a p h s  o f  S p r a y  D r i e d  P a r t i c l e s
P r e p a r e d  f r o m  2 5  % s o l u t i o n
( K e y  ะ- A X 1 , 0 0 0  , B X 3 , 5 0 0 )
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1 . 2  Drug  C o n t e n t

The p e r c e n t  d r u g  c o n t e n t  o f  s p r a y  d r i e d  
p o w d e r s  p r e p a r e d  f r o m v a r i o u s  p r o c e s s i n g  v a r i a b l e s  w e r e  
shown i n  T a b l e  5 . The t h e o r e t i c a l  d r u g  c o n t e n t  i n  p r o d u c t  
was 69 . 71% . The s t a n d a r d  d e v i a t i o n  shown i m p l i e d  The
u n i f o r m i t y  o f  d r u g  d i s t r i b u t i o n  i n  s p r a y  d r i e d  p o w d e r .

The d a t a  r e v e a l e d  t h a t  s p r a y  d r y i n g  
c o n d i t i o n s  d i d  n o t  i n f l u e n c e  d r u g  d i s t r i b u t i o n .  I n l e t  a i r  
t e m p e r a t u r e  a t  170 ๐ c  g a v e  s l i g h t l y  low d r u g  c o n t e n t  o f  t h e  
powder  i n  t h e  chamber  ( 6 8 . 0 8 % ) .

1 . 3  Kois. tu.£.e C o n t e n t

The m o i s t u r e  c o n t e n t  o f  s p r a y  d r i e d  p o w d e r s  
we r e  a l s o  p r e s e n t e d  i n  T a b l e  5 . I n c r e a s e  o f  i n l e t  a i r
t e m p e r a t u r e  g a v e  p r o d u c t s  w i t h  l o w e r  m o i s t u r e  c o n t e n t .  In  
c a s e  o f  a t o m i z i n g  a i r  p r e s s u r e ,  u s i n g  h i g h e r  a i r  p r e s s u r e  
l i k e l y  p r o d u c e d  h i g h e r  m o i s t u r e  c o n t e n t  i n  p o w d e r .  
A p p a r e n t l y ,  f e e d  r a t e  and c o n c e n t r a t i o n  o f  s o l u t i o n  had an 
i n s i g n i f i c a n t  e f f e c t  on m o i s t u r e  c o n t e n t  o f  p o w d e r .
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T a b l e  5 The P e r c e n t  o f  Drug C o n t e n t  and M o i s t u r e  C o n t e n t
o f  S p r a y - D r i e d  P r o d u c t s  a t  V a r i o u s  S p r a y  C o n d i t i o n s

P r o c e s s  V a r i a b l e  
/ L e v e l

% Drug C o n t e n t *
% M o i s t u r e *  

C o n t e n tC o l l e c t o r Chamber
I n l e t  T e m p e r a t u r e  ( ° C )  

120  
130  
150  
170

6 9 . 6 6 ( 0 . 6 6 ) * *
6 9 . 7 8 ( 0 . 6 2 )
6 9 . 5 9 ( 1 . 6 0 )
6 9 . 6 7 ( 0 . 3 2 )

6 9 . 7 5 ( 0 . 2 1 )
6 9 . 6 2 ( 0 . 5 9 )
6 9 . 8 9 ( 1 . 4 0 )
6 8 . 0 8 ( 0 . 1 5 )

2 . 5 4 ( 0 . 0 4 )
2 . 2 7 ( 0 . 1 6 )
1 . 8 6 ( 0 . 0 7 )
1 . 8 2 ( 0 . 1 4 )

F e ed  r a t e  ( m l / m i n )  
18 
24
27
30

6 9 . 8 2 ( 0 . 2 9 )
6 9 . 7 8 ( 0 . 6 2 )
6 9 . 7 4 ( 0 . 1 3 )
6 9 . 6 3 ( 0 . 2 7 )

6 9 . 6 9 ( 0 . 4 6 )
6 9 . 6 2 ( 0 . 5 9 )
6 9 . 8 3 ( 0 . 9 0 )
6 9 . 7 4 ( 0 . 4 9 )

2 . 6 7 ( 0 . 0 6 )  
2 . 2 7 ( 0 . 1 6 )  
2 . 3 7 ( 0 . 1 2 )  
2 . 5 5 ( 0 . 7 2 )

A t o m i z a t i o n  p r e s s u r e
2 b a r
3 b a r
4 b a r  
6 bar

6 9 . 6 4 ( 0 . 2 0 )
6 9 . 8 3 ( 0 . 3 3 )
6 9 . 7 8 ( 0 . 6 2 )
6 9 . 6 8 ( 0 . 2 9 ) 6 9 . 9 8 ( 0 . 7 2 )

1 . 9 9 ( 0 . 1 1 )
1 . 7 7 ( 0 . 0 7 )
2 . 2 7 ( 0 . 0 6 )
3 . 2 1 ( 0 . 0 9 )

C o n c e n t r a t i o n  o f  
S o l u t i o n  (%)

10
13
20
25

6 9 . 7 0 ( 0 . 0 7 )
6 9 . 7 8 ( 0 . 6 2 )
6 9 . 8 7 ( 0 . 3 7 )
6 9 . 8 5 ( 0 . 5 6 )

6 9 . 6 4 ( 0 . 2 4 )  
6 9 . 6 2 ( 0 . 5 9 )  
6 9 . 6 3 ( 0 . 1 6 )  
6 9 . 6 9 ( 0 . 3 5 )

1 . 9 6 ( 0 . 3 5 )  
2 . 2 7 ( 0 . 0 6 )  
2 . 4 9 ( 0 . 1 9 )  
2 . 5 7 ( 0 . 1 3 )

* A v e r a g e  f rom t h r e e  d e t e r m i n a t i o n s
**  S t a n d a r d  d e v i a t i o n
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1 . 4  A n g l e  o f  R e p o s e .  B u l k  D e n s i t y ,  Tapped  
D . e n s i t y  a n d  C o m p r e s s i b i l i t y .

A n g l e  o f  r e p o s e ,  b u l k  d e n s i t y ,  t a p p e d  
d e n s i t y  and c o m p r e s s i b i l i t y  o f  p r o d u c t  p r e p a r e d  from  
d i f f e r e n t  c o n d i t i o n s  w er e  shown i n  T a b l e  6 .  A n g l e  o f  r e p o s e  
and c o m p r e s s i b i l i t y  i n d i c a t e d  t h e  f l o w a b i l i t y  o f  p o w d e r .  
The l o w e r  a n g l e  o f  r e p o s e  was  o b t a i n e d  f r o m p owder  w i t h  
b e t t e r  f l o w a b i l i t y .

T h e r e  was  a t r e n d  t o  d e c r e a s e  on a n g l e  o f  
r e p o s e  v a l u e  a s  i n l e t  a i r  t e m p e r a t u r e  i n c r e a s e d .  I t  was  
f o u n d  t h a t  f e e d  r a t e  s eem t o  s l i g h t l y  a f f e c t  a n g l e  o f  
r e p o s e  o f  p r o d u c t s .  At a t o m i z a t i o n  p r e s s u r e  o f  2 b a r  g a v e  
p r o d u c t  w i t h  l o w e s t  r e p o s e  o f  a n g l e  ( 3 4 . 1 7  ๐ ) .  When a i r  
p r e s s u r e  was  i n c r e a s e d  f ro m 3 b a r  t o  6 b a r ,  a n g l e s  o f  r e p o s e  
w e r e  n o t  much d i f f e r e n t .  Powder  p r o d u c e d  a t  h i g h e r  
c o n c e n t r a t i o n s  had l o w e r  a n g l e  o f  r e p o s e  . C o m p r e s s i b i l i t y  
o f  t h e  s p r a y  d r i e d  p o w d e r s  was  i n  t h e  r a n g e  o f  2 2 . 9 0  -  
4 9 . 3 4  % . The h i g h e s t  c o m p r e s s i b i l i t y  o f  t h e  p r o d u c t  was  
o b t a i n e d  f rom i n l e t  t e m p e r a t u r e  a t  1 7 0 ° c .  The l o w e s t  
c o m p r e s s i b i l i t y  was  o b t a i n e d  f r o m a t o m i z a t i o n  p r e s s u r e  o f  
2 bar  .

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

t e m p e r a t u r e s  o f  1 2 0 °  , 1 3 0 °  a n d  1 5 0  °  c  h a d  n o  s i g n i f i c a n t

d i f f e r e n c e  o n  b u l k  d e n s i t y  b u t  t h e  d e n s i t y  d e c r e a s e d  f o r
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T a b l e  6 A n g l e  o f  R e p o s e ,  B u l k  D e n s i t y ,  Tapped  D e n s i t y  and  
C o m p r e s s i b i l i t y  o f  P r o d u c t  P r e p a r e d  f rom D i f f e r e n t  
C o n d i t i o n s

P r o c e s s  V a r i a b l e  
/ L e v e l

A n g l e  o f  
R e p o s e  

( d e g r e e )
B u l k
D e n s i t y
( g / m l )

Tapped
D e n s i t y
( g / m l )

C o m p r e s s i 
b i l i t y  

( % )
I n l e t  T e m p e r a t u r e  ( ° C )

120 3 8 . 9 2 0 . 4 5 4 0 . 6 4 7 2 9 . 8 3
130 3 8 . 2 1 0 . 4 7 0 0 . 6 8 7 3 1 . 5 9
150 3 6 . 4 4 0 . 4 4 7 0 . 6 1 2 2 6 . 9 6
170 3 6 . 6 3 0. ’ 382 0 . 7 5 4 4 9 . 3 4

F e e d  r a t e  ( m l / m i n )
18 3 6 . 3 7 0 . 4 5 8 0 . 6 1 5 2 5 . 5 3
24 3 8 . 2 1 0 . 4 7 0 0 . 6 8 7 3 1 . 5 9
27 3 8 . 3 0 0 . 4 4 8 0 . 6 1 7 2 7 . 3 9
30 3 8 . 2 9 0 . 3 9 8 0 . 6 2 4 3 6 . 2 2

A t o m i z a t i o n  p r e s s u r e
2 b a r 3 4 . 1 7 0 . 5 2 2 0 . 6 7 7 2 2 . 9 0
3 b a r 3 8 . 9 5 0 . 4 1 4 0 . 6 7 5 3 8 . 6 7
4 bar 3 8 . 2 1 0 . 4 7 0 0 . 6 8 7 3 1 . 5 9
6 b a r 3 7 . 6 6 0 . 4 2 6 0 . 5 8 3 2 6 . 9 3

C o n c e n t r a t i o n  o f  
S o l u t i o n  (%)

10 4 0 . 5 7 0 . 4 6 0 0 . 6 9 0 3 3 . 2 3
13 3 8 . 2 1 0 . 4 7 0 0 . 6 8 7 3 1 . 5 9
20 3 8 . 3 3 0 . 4 7 7 0 . 6 9 7 3 1 . 5 8
25 3 6 . 5 1 0 . 4 3 1 0 . 6 3 7 3 2 . 3 4
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t h o s e  o f  1 7 0 °  c .  The h i g h e s t  t a p p e d  d e n s i t y  o f  powder  was  
o b t a i n e d  when i t  was  p r e p a r e d  a t  1 7 0 °  c  and i t  was
d e c r e a s e d  when l o w e r  a i r  t e m p e r a t u r e  was u s e d  . Feed  r a t e  
a t  24 m l / m i n  y i e l d e d  p r o d u c t  w i t h  h i g h e r  b u l k  and t a p p e d  
d e n s i t y .  At  o t h e r  f e e d  r a t e s ,  b u l k  and t a p p e d  d e n s i t y  
t e n d e d  t o  d e c r e a s e  . In c a s e  o f  a t o m i z a t i o n  p r e s s u r e ,  t h e  
h i g h e s t  b u l k  d e n s i t y  was  o b t a i n e d  from t h e  p r o d u c t  p r e p a r e d  
a t  a i r  p r e s s u r e  o f  2 b a r .  B u l k  d e n s i t y  was  l o w e r  f o r  t h e  
powder  p r o d u c e d  a t  a t o m i z i n g  p r e s s u r e s  o f  3 - 6  b a r .  Tapped  
d e n s i t y  was  i n d i s t i n c t l y  d i f f e r e n t  f o r  p r o d u c t s  o f  2 - 4  b a r  
and d e c r e a s e d  i n  t h o s e  o f  6 b a r .  Feed  s o l u t i o n  c o n c e n t r a t e d  
a t  10-20% g a v e  p r o d u c t s  w i t h  i n d i f f e r e n t  b u l k  and t a p p e d  
d e n s i t y .  But  i t  was  d e c r e a s e d  a t  c o n c e n t r a t i o n  o f  25 %.

1 . 5  P a r t i c l e  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 s  o f  t h e  
p o w d e r s  w e r e  shown i n  T a b l e  27 ( s e e  A p p e n d i x )  and d e p i c t e d  
i n  F i g u r e  1 8 - 2 1 .  V a l u e s  o f  c u m u l a t i v e  % f r e q u e n c y  u n d e r s i z e  
we r e  t r a n s f o r m e d  i n t o  z v a l u e  ( s t a n d a r d  s c o r e )  w h i c h  
p r e s e n t e d  i n  T a b l e  2 8 - 3 1  ( s e e  A p p e n d i x )  and i l l u s t r a t e d  
v e r s u s  p a r t i c l e  s i z e  i n  F i g u r e  6 5 , 6 7 , 6 9  and 71 ( i n
A p p e n d i x ) .  T h e s e  v a l u e s  w e r e  p l o t t e d  on p r o b a b i l i t y - l o g  
s c a l e  i n  o r d e r  t o  e s t i m a t e  D50 ( G e o m e t r i c  mean d i a m e t e r  a t  
z = 0 )  o f  s p r a y  d r i e d  p r o d u c t  ( s e e  F i g u r e  . 6 6 , 6 8 , 7 0  and 72 i n  
A p p e n d i x ) .  - Ü5Q o f  p r o d u c t s  a t  d i f f e r e n t  c o n d i t i o n s  w e r e  
shown i n  T a b l e  32 ( i n  A p p e n d i x ) .
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% Weight

Sieve size (micron)

□  1205 S B  130° n 150° เ ฒ 1 7 0 °

F i g u r e  18 E f f e c t  o f  I n l e t  A i r  T e m p e r a t u r e  on 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  S p r a y - D r i e d  P o w d er s  

%  Weight

Sieve size (micron)

I 118ml/mln S B  24ml/mln H I  27ml/mln t&sa 30ml/mln

F i g u r e  19 E f f e c t  o f  F e e d  R a t e  on 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  S p r a y - D r i e d  P o w d e r s
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% Weight

Sieve size (micron)

1 I 2 bar  (M )  3 bar 4 bar  6 bar

F i g u r e  20 E f f e c t  o f  A t o m i z a t i o n  P r e s s u r e  on 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  S p r a y - D r i e d  P o w d e r s  

% Weight

Sieve size (micron)

□  10% ฒรร 13% M l  20% m  26%

F i g u r e  21 E f f e c t  o f  C o n c e n t r a t i o n  o f  S o l u t i o n  on
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  S p r a y - D r i e d  
P o w d e r s
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T h e  p a r t i c l e  s i z e  o f  p o w d e r s  p r e p a r e d  a t  
i n l e t  t e m p e r a t u r e  b e t w e e n  1 2 0 - 1 5 0 °  c  a p p e a r e d  t o  b e
i n c r e a s e d  w h e n  t h e  i n l e t  t e m p e r a t u r e  i n c r e a s e d .  B u t
p a r t i c l e  s i z e  o f  s p r a y  d r i e d  p o w d e r  p r o d u c e d  a t  t h e  h i g h e s t  
i n l e t  t e m p e r a t u r e  ( 1 7 0 °  C )  w e r e  s m a l l e r  ( m o s t  o f  t h e  s i z e  
o f  p a r t i c l e  w e r e  l e s s  t h a n  4 5  p m )  ( F i g u r e  1 8 ) .

A t  t h e  f e e d  r a t e  o f  1 8 - 2 7  m l / m i n ,  t h e r e  w a s  
a  t r e n d  o f  d e c r e a s e  i n  p a r t i c l e  s i z e  o f  p o w d e r  a s  f e e d  r a t e  
i n c r e a s e d ,  b u t  a t  t h e  f e e d  r a t e  o f  3 0  m l / m i n  g a v e  l a r g e r  
p a r t i c l e s  ( p e r c e n t  o f  p a r t i c l e  s i z e  o f  4 5 - 7 5  pm a n d
1 2 5 - 2 5 0  p m )  w e r e  f o u n d  h i g h e r  t h a n  t h o s e  o f  27  m l / m i n  
( F i g u r e  1 9 ) .

When h i g h e r  a t o m i z i n g  p r e s s u r e s  w e r e  u s e d ,  
l a r g e r  p a r t i c l e  s i z e  w e r e  p r o d u c e d  ( F i g u r e  2 0 ) .  T h e  p o w d e r  
p r o d u c e d  f r o m  10 % a n d  13 % s o l u t i o n  g a v e  r a t h e r  s i m i l a r
p a r t i c l e  s i z e  d i s t r i b u t i o n  ( F i g u r e  2 1 ) .  T h e  p o w d e r  p r e p a r e d  
f r o m  2 0  % s o l u t i o n  p r o v i d e d  s m a l l e r  p a r t i c l e s  ( s i z e  o f  
p a r t i c l e s  w e r e  l e s s  t h a n  4 5  p m ) . T h e  p r o d u c t  p r e p a r e d  f r o m  
2 5  % s o l u t i o n  m o s t l y  g a v e  p a r t i c l e s  a t  s i z e  u n d e r  4 5  p m .

D 50  o f  p r o d u c t s  f r o m  d i f f e r e n t  i n l e t  a i r  
t e m p e r a t u r e s  w e r e  i l l u s t r a t e d  i n  F i g u r e  2 2 .  A t  1 7 C P c  i n l e t  
a i r  t e m p e r a t u r e  g a v e  p r o d u c t  w i t h  l o w e s t  D5o v a l u e  
( 3 2 . 3 0  p m ) .  T h e  p r o d u c t s  p r e p a r e d  a t  1 2 0 °  t o  1 5 0 ° c ,  
h i g h e r  i n l e t  a i r  t e m p e r a t u r e  p r o d u c e d  l a r g e r  D5 Q . 
T h e r e  w a s  a  t r e n d  t o  d e c r e a s e  t h e  D50  v a l u e  a s  t h e  f a s t e r



D60(mlcron)
59

F i g u r e  2 2  E f f e c t  o f  I n l e t  A i r  T e m p e r a t u r e  o n  G e o m e t r i c  
Me a n  D i a m e t e r  (D 5 0 ) o f  S p r a y - D r i e d  P o w d e r s

D60(mlcron)

F i g u r e  23 E f f e c t  o f  F e e d  R a t e  o n  G e o m e t r i c  Me a n  
D i a m e t e r  (D 5 0 ) o f  S p r a y - D r i e d  P o w d e r s
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D50(micron)

F i g u r e  2 4  E f f e c t  o f  A t o m i z a t i o n  P r e s s u r e  o n  G e o m e t r i c  
Me a n  D i a m e t e r  (D 5 0 ) o f  S p r a y - D r i e d  P o w d e r s

D50(mlcron)

C oncen tra tion  (%)

F i g u r e  2 5  E f f e c t  o f  C o n c e n t r a t i o n  o f  S o l u t i o n  on
G e o m e t r i c  Me a n  D i a m e t e r  (D 5 0 ) o f  S p r a y - D r i e d  
P o w d e r s
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f e e d  r a t e s  w e r e  u s e d  e x c e p t  
f r o m  3 9 . 4 7  t o  5 1 . 2 2  ( F i g u r e  
a t o m i z a t i o n  p r e s s u r e ,  h i g h e r  
d r i e d  p o w d e r  w i t h  h i g h e r  
c o n t r a r y ,  t h e  s o l u t i o n  w i t h  
l o w e r  D5 0  v a l u e  ( F i g u r e  2 5 ) .

a t  3 0  m l / m i n  Ds o  v a l u e  i n c r e a s e d  
2 3 ) .  I n  c a s e  o f  t h e  e f f e c t  o f  

a i r  p r e s s u r e s  y i e l d e d  s p r a y  
DSa v a l u e s  ( F i g u r e  2 4 ) .  I n  
h i g h e r  c o n c e n t r a t i o n  p r o d u c e d

1 . 6  P e r c e n t  R e c o v e r y

I n  s p r a y  d r y i n g p r o c e s s , t h e l i q u i d  w a s
a t o m i z e d i n t o  d r o p l e t s  a n d  t h e d r o p l e t s w e r e t r a n s f o r m e d
i n t o  d r i e d p a r t i c u l a t e s .  T h e  p r o d u c t s  w e r e c o l l e c t e d  f r o m
c o l l e c t o r  a n d  c h a m b e r .  T h e  p e r c e n t  r e c o v e r y  i n  c h a m b e r  a n d  
c o l l e c t o r  w a s  r e p r e s e n t e d  i n  T a b l e  7 .  T h e  t y p e  a n d  l e v e l  o f  
p r o c e s s  v a r i a b l e s  d i d  n o t  a f f e c t  t h e  t o t a l  p e r c e n t  r e c o v e r y  
o f  s p r a y  d r i e d  p r o d u c t s .

G e n e r a l l y  t h e  p e r c e n t  r e c o v e r y  o f  t h e  
p o w d e r  f o r m  c o l l e c t o r  w a s  h i g h e r  t h a n  i n  c h a m b e r .  When 
i n l e t  a i r  t e m p e r a t u r e  w a s  i n c r e a s e d ,  p r o d u c t  i n  c o l l e c t o r  
w a s  a l s o  i n c r e a s e d .  T h e  p e r c e n t  r e c o v e r y  o f  p o w d e r  o b t a i n e d  
n o t  o n l y  f r o m  t h e  c h a m b e r  b u t  a l s o  c o l l e c t o r  w a s  n o t  
d i f f e r e n t  a t  f e e d  r a t e  o f  1 8 ,  2 4 ,  2 7  m l / m i n .  B u t  t h e  
p e r c e n t  r e c o v e r y  o f  p o w d e r  i n  c o l l e c t o r  d e c r e a s e d  a t  f e e d  
r a t e  o f  3 0  m l / m i n .  When h i g h e r  a i r  p r e s s u r e  w a s  u s e d ,  
h i g h e r  p e r c e n t  o f  p o w d e r  i n  c o l l e c t o r  w a s  f o u n d .  P r o d u c t s  
o b t a i n e d  f r o m  c h a m b e r  a n d  c o l l e c t o r  w e r e  n o t  r e m a r k a b l y  
a f f e c t e d  b y  v a r i o u s  c o n c e n t r a t i o n  o f  s o l u t i o n .
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T a b l e  7 T h e  P e r c e n t  R e c o v e r y  o f  S p r a y - D r i e d  P r o d u c t s  
a t  V a r i o u s  S p r a y  C o n d i t i o n s

P r o c e s s  V a r i a b l e  P e r c e n t  R e c o v e r y
/ L e v e l  ------------------------------------------------------ --

C o l l e c t o r C h a m b e r T o t a l
I n l e t  t e m p e r a t u r e  ( ° C )

1 2 0 5 5 . 2 5 3 0 . 0 5 8 5 . 3 0
1 3 0 5 9 . 3 5 2 8 . 3 5 8 7 . 7 0
1 5 0 6 5 . 0 0 2 4 . 4 5 8 9 . 4 5
1 7 0 6 9 . 9 5 1 8 . 7 5 8 8 . 7 0

F e e d  r a t e  ( m l / m i n )
18 5 9 . 0 0 2 4 . 4 0 8 3 . 4 0
24 5 9 . 3 5 2 8 . 3 5 8 7 . 7 0
2 7 5 8 . 9 0 2 9 . 8 0 8 8 . 8 0
3 0 3 1 . 3 5 4 9 . 8 5 8 1 . 2 0

A t o m i z a t i o n  p r e s s u r e
2 b a r 3 7 . 3 0 4 7 . 2 5 8 4 . 5 5
3 b a r 5 5 . 6 0 3 1 . 0 0 8 6 . 6 0
4 b a r 5 9 . 3 5 2 8 . 3 5 8 7 . 7 0
6 b a r 7 0 . 2 5 1 8 . 8 0 8 9 . 0 5

C o n c e n t r a t i o n  o f  
s o l u t i o n  ( %)

10 5 7 . 3 5 2 5 . 9 0 8 3 . 2 5
13 5 9 . 3 5 2 8 . 3 5 8 7 . 7 0
2 0 5 6 . 6 5 3 2 . 3 0 8 8 . 9 5
2 5 5 1 . 3 0 3 4 . 3 5 8 5 . 6 5
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2 .  P h y s i c a l  P r o p e r t i e s  o f  M a t r i c e s  P r e p a r e d  f r o m  
S p r a y - D r i e d  P r o d u c t s

2 . 1  T h i c k n e s s .  H a r d n e s s  a n d  D i s i n t e g r a t i o n  T i m e
o f  M a t r i c e s

T h i c k n e s s ,  h a r d n e s s  a n d  d i s i n t e g r a t i o n  t i m e  
o f  m a t r i c e s  m a d e  f r o m  s p r a y  d r i e d  p r o d u c t s  w e r e  p r e s e n t e d  i n  
T a b l e  8 .  A v e r a g e  v a l u e  o f  t h i c k n e s s  w a s  m o s t l y  r a n g i n g  f r o m  
4 . 1 6 6 - 4 . 2 9 7  mm. T h e  u n i f o r m  t h i c k n e s s  o f  t h e  s p r a y - d r i e d  
m a t r i x  i n d i c a t e d  t h a t  t h e  c o m p r e s s i o n a l  f o r c e  w a s  u n i f o r m  
w i t h  t h e  s t a n d a r d  d e v i a t i o n  n o t  e x c e e d i n g  + 0 . 0 4 5  f o r  a l l  
t h e  m a t r i c e s .  T h e  p o w d e r  o b t a i n e d  a t  t h e  i n l e t  a i r  
t e m p e r a t u r e  o f  1 7 0 °  c  s h o w e d  t h e  l e a s t  t h i c k n e s s  o f  
m a t r i c e s .  T h e  h i g h e s t  t h i c k n e s s  o f  m a t r i c e s  a t  4 . 5 1 6  a n d  
4 . -528 mm w e r e  t a k e n  f r o m  p r o d u c t s  p r e p a r e d  f r o m  25% s o l u t i o n  
a n d  f e e d  r a t e  o f  3 0  m l / m i n  r e s p e c t i v e l y .

A v e r a g e  v a l u e s  o f  h a r d n e s s  w e r e  m o s t l y  
r a n g i n g  f r o m  1 0 . 9 7 - 1 4 . 0 7  k p . T h e  l e s s  h a r d n e s s  w a s  g i v e n  
f r o m  p r o d u c t  p r e p a r e d  a t  1 2 0 °  c  i n l e t  a i r  t e m p e r a t u r e  a n d  
a t o m i z i n g  p r e s s u r e  o f  3 b a r .  P r o d u c t  p r o d u c e d  a t  1 7 0  ๐ c 
i n l e t  a i r  t e m p e r a t u r e  s h o w e d  m a t r i c e s  w i t h  t h e  m o s t  
h a r d n e s s .

M o s t  o f  d i s i n t e g r a t i o n  t i m e s  w e r e  m o r e  t h a n  
1 2 0  m i n u t e s .  Some  o f  t h e m  w e r e  r a n g i n g  f r o m  1 0 5 - 1 1 2  
m i n u t e s .  T h e  p o w d e r  o b t a i n e d  f r o m  25% s o l u t i o n  g a v e  
m a t r i c e s  w i t h  ' t h e  l e a s t  d i s i n t e g r a t i o n  t i m e  ( 8 1  m i n ) .
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T a b l e  8 P h y s i c a l  P r o p e r t i e s  o f  t h e  M a t r i c e s  P r e p a r e d  f r o m
S p r a y - D r i e d  P o w d e r  P r o d u c e d  a t  D i f f e r e n t  C o n d i t i o n s

P r o c e s s  V a r i a b l e  
/ L e v e l

P h y s i c a l P r o p e r t i e s  o f  M a t r i c e s
T h i c k n e s s *

(mm)
H a r d n e s s *

( K p )
D i s i n t e g r a t i o n  
T i m e ( m i n ) * *

I n l e t  t e m p e r a t u r e  (° 
1 2 0  
1 3 0  
1 5 0  
1 7 0

) 4 . 2 4 3 ( 0 . 0 3 5 )  
4 . 2 8 2 ( 0 . 0 2 7 )  
4 . 1 6 6 ( 0 . 0 2 3 )  
3 . 8 7 1 ( 0 . 0 4 0 )

9 . 9 2 ( 2 . 2 1 ) * * *  > 1 2 0  
1 2 . 1 3 ( 0 . 8 1 )  > 1 2 0  
1 3 . 9 5 ( 2 . 9 6 )  > 1 2 0  
1 9 . 8 8 ( 0 . 2 0 )  > 1 2 0

F e e d  r a t e  ( m l / m i n )  
18 
2 4  
2 7  
3 0

4 . 2 5 3 ( 0 . 0 2 2 )
4 . 2 6 2 ( 0 . 0 2 7 )
4 . 2 6 2 ( 0 . 0 2 8 )
4 . 5 2 8 ( 0 . 0 4 3 )

1 0 . 9 7 ( 2 . 0 8 )
1 2 . 1 3 ( 0 . 8 1 )
1 2 . 1 3 ( 2 . 2 6 )
1 3 . 6 3 ( 0 . 5 3 )

1 1 2 . 3 ( 7 . 6 )
> 1 2 0
> 1 2 0

1 0 5 ( 6 . 2 )
A t o m i z a t i o n  p r e s s u r e

2 b a r
3 b a r
4  b a r  
6 b a r

4 . 2 5 5 ( 0 . 0 2 8 )
4 . 4 9 2 ( 0 . 0 3 4 )
4 . 2 6 2 ( 0 . 0 2 7 )
4 . 2 9 7 ( 0 . 0 2 3 )

1 4 . 0 7 ( 1 . 2 1 )
9 . 6 5 ( 1 . 1 3 )

1 2 . 1 3 ( 0 . 8 1 )
1 3 . 1 8 ( 2 . 0 8 )

> 1 2 0
1 1 2 . 8 ( 5 . 6 )

> 1 2 0
> 1 2 0

C o n c e n t r a t i o n  o f  
s o l u t i o n  ( %)

10
13
2 0
2 5

4 . 1 9 2 ( 0 . 0 2 2 )
4 . 2 6 2 ( 0 . 0 2 7 )
4 . 1 7 9 ( 0 . 0 3 5 )
4 . 5 1 6 ( 0 . 0 3 9 )

1 2 . 0 3 ( 1 . 1 1 )
1 2 . 1 3 ( 0 . 8 1 )
1 3 . 3 2 ( 1 . 1 0 )
1 1 . 4 8 ( 0 . 4 1 )

1 0 5 . 7 ( 8 . 6 )
> 1 2 0
> 1 2 0

8 1 ( 7 . 1 8 )

* A v e r a g e  f r o m  t e n  d e t e r m i n a t i o n s
* *  A v e r a g e  f r o m  s i x  d e t e r m i n a t i o n s
* * *  S t a n d a r d  d e v i a t i o n
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2 . 2  D i s s o l u t i o n  S t u d i e s

2 . 2 . 1  E f f e c t  o f  I n l e t  a i r  T e m p e r a t u r e

T h e  d i s s o l u t i o n  p r o f i l e s  o f  m a t r i c e s  
p r e p a r e d  f r o m  s p r a y - d r i e d  p r o d u c t s  a t  d i f f e r e n t  i n l e t  a i r  
t e m p e r a t u r e s  w e r e  i l l u s t r a t e d  i n  F i g u r e  2 6 .  I n l e t  a i r  
t e m p e r a t u r e  n o t a b l y  a f f e c t e d  d i s s o l u t i o n  o f  t h e o p h y l l i n e  
f r o m  m a t r i c e s .

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

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

v a r i o u s  c o n d i t i o n s  w e r e  s h o w n  i n  T a b l e  3 3 - 3 6  ( i n  A p p e n d i x ) .

H i g h e r  i n l e t  a i r  t e m p e r a t u r e  น 
p r e p a r a t i o n  p r o d u c e d  s l o w e r  d i s s o l u t i o n  r a t e  o f  d r u g  
t h e  s p r a y  d r i e d  m a t r i c e s .  T h e  f i r s t  h o u r  o f
d i s s o l u t i o n  p r o f i l e s  a p p e a r e d  s l i g h t l y  d i f f e r e n t .  T h e  
a m o u n t  o f  d r u g  r e l e a s e  f r o m  m a t r i c e s  p r e p a r e d  a t  i n i  
t e m p e r a t u r e s  o f  1 2 0 °  , 1 3 0 °  , 1 5 0  ๐ a n d  1 7 0  °  c
8 3 . 8 4 % ,  8 7 . 4 3 % ,  6 8 . 5 4 % ,  a n d  6 6 . 5 5 %  r e s p e c t i v e l y .

s e d  i n  
f r o m  
e a c h  

f i n a l  
e t  a i r  

w e r e

T h e  p l o t s  o
t i m e s  a t  50% a n d  80% d r u g  r e l e a s e d )  
t e m p e r a t u r e  w e r e  s h o w n  i n  F i g u r e  27 
s h o w e d  t h e  s a m e  r e s u l t  t h a t  h i g h e r  
i n c r e a s e d  n o t  o n l y  t i m e  o f  T 50% b u t  
r e m a r k a b l y  a f f e c t e d  Teoa; t h a n  T

f  T5 0 X a n d  
v e r s u s  t h e  

( s e e  T a b l e  
i n l e t  a i r  
a l s o  T aox 

5 0 X . D u n c a n

Teoa; ( t h e  
i n l e t  a i r  

9 )  . I t
t e m p e r a t u r e  

I t  m o r e  
m u l t i p l e



6 6

Tlme(hr)

F i g u r e  2 6  E f f e c t  o f  I n l e t  A i r  T e m p e r a t u r e  o n  D r u g  
R e l e a s e  P r o f i l e s  o f  S p r a y - D r i e d  M a t r i c e s

Time (hours)

T50% T80%

F i g u r e  2 7  E f f e c t  o f  I n l e t  A i r  T e m p e r a t u r e  o n  T 5 0 X a n d  
T BOX o f  S p r a y - D r i e d  M a t r i c e s
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T a b l e  9  S t a t i s t i c a l  A n a l y s i s  o f  t h e  E f f e c t  o f  I n l e t  A i r
T e m p e r a t u r e  o n  T 5DX a n d  T BOX o f  t h e  M a t r i c e s

I n l e t  T e m p e r a t u r e
( ° C )

T 5 0 X

( h r . )
S i g n i f  i c a n t  
D i f f e r e n c e *

120
1 3 0
1 5 0
1 7 0

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

I n l e t  T e m p e r a t u r e
( ^ )

T 8 Q X  
( h r  . )

S i g n i f i c a n t
D i f f e r e n c e *

1 2 0
1 3 0
1 5 0
1 7 0

1 0 . 8 6 7 ( 0 . 1 7 5 )  4
1 0 . 3 4 2 ( 0 . 2 1 8 )  
1 4 . 5 4 5 ( 0 . 9 5 7 )  4
1 6 . 9 0 0 ( 1 . 6 0 6 )

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

H ะ: h i g h l y  s i g n i f i c a n t  ( p < 0 . 0 1 ) .
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r a n g e  t e s t  w a s  p e r f o r m e d  t o  t e s t  t h e  d i f f e r e n c e s  b e t w e e n  
g r o u p s  o f  n o t  o n l y  T sox  b u t  a l s o  T 80% o f  m a t r i c e s  p r e p a r e d  
a t  v a r i o u s  i n l e t  t e m p e r a t u r e s .  T h e  s t a t i s t i c a l  c o m p u t e r  
p r o g r a m  u s e d  i n  t h i s  a n a l y s i s  w a s  SYSTAT.  T h e  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  w e r e  p r e s e n t  i n  T a b l e  9 ( s e e  
s t a t i s t i c a l  d a t a  i n  A p p e n d i x ,  T a b l e  3 7 - 3 8 . ) .  I t  w a s  f o u n d  
t h a t  n o t  o n l y  T 5 ๐% b u t  a l s o  T 80% o f  m a t r i c e s  p r e p a r e d  a t  
t e m p e r a t u r e s  o f  1 2 0  ๐ a n d  1 3 0  °  c  w e r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  On t h e  o t h e r  h a n d ,  n o t  o n l y  T 50% b u t  a l s o  T bo% 
o f  m a t r i c e s  p r o d u c e d  a t  t e m p e r a t u r e  o f  1 2 0 - 1 3 0 ° c  , 1 5 0  ° c  a n d  
1 7 0 ° c  w e r e  a l l  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r
( p < 0 . 0 1 ) .

2 . 2 . 2  E £ f  ร..c _ t . o f .  f . e  sd__KaJL£.

F i g u r e  2 8  i l l u s t r a t e d  t h e  a m o u n t  o f  
d r u g  r e l e a s e  a t  v a r i o u s  t i m e  i n t e r v a l s  o f  m a t r i c e s  p r o d u c e d  
f r o m  s p r a y  d r i e d  p o w d e r  a t  d i f f e r e n t  f e e d  r a t e .  T h e i r  
d i s s o l u t i o n  p r o f i l e s  a p p e a r e d  i n d i f f e r e n t .  A t  f i r s t  h o u r ,  
t h e y  s e e m e d  t o  b e  s i m i l a r .  F e e d  r a t e  s l i g h t l y  a f f e c t e d  t h e  
d i s s o l u t i o n  p r o f i l e s .  T sox  a n d  T 80% w e r e  p l o t t e d  v e r s u s  
f e e d  r a t e  i n  F i g u r e  2 9 .  V a l u e  o f  T 5 0 % s l i g h t l y  d e c r e a s e d  
w h e n  f e e d  r a t e  w a s  i n c r e a s e d  ( s e e  T a b l e  1 0 ) .  A n a l y s i s  o f  
v a r i a n c e  o f  T 50 % a n d  T 80% w e r e  s h o w n  i n  T a b l e  3 9 - 4 0  ( i n  
A p p e n d i x ) .  T h e  s i g n i f i c a n t  d i f f e r e n c e s  ( p < 0 . 0 5 )  o f  Tso%
w e r e  o b s e r v e d  i n  t h e  g r o u p s  o f  f e e d  r a t e  ะ 2 4  a n d  27  m l / m i n ;
18 a n d  3 0  m l / m i n ;  2 4  a n d  3 0  m l / m i n  ( T a b l e  1 0 ) . F r o m  f e e d



% D rug R e l e a s e
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F i g u r e  2 8  E f f e c t  o f  F e e d  R a t e  o n  D r u g  R e l e a s e  P r o f i l e s  
o f  S p r a y - D r i e d  M a t r i c e s

Time (hours)

T50% T80%

F i g u r e  29 E f f e c t  o f  F e e d  R a t e  on  T 5 0 % a n d  T BOX o f  
S p r a y - D r i e d  M a t r i c e s



7 0

T a b l e  1 0  S t a t i s t i c a l  A n a l y s i s  o f  t h e  E f f e c t  o f  F e e d  R a t e
o n  T 50X a n d  T b o x  o f  t h e  M a t r i c e s

F e e d  R a t e  T 50% S i g n i f i c a n t
( m l / m i n )  ( h r . )  D i f f e r e n c e *

18 3 . 7 9 2 ( 0 . 3 6 )  «— 1
24 3 . 8 5 0 ( 0 . 1 5 2 )

a2 7 3 4 3 3 ( 0 . 2 9 8 )
3 0 3 . 3 8 3 ( 0 . 3 5 4 ) «—

F e e d  R a t e  T BOX S i g n i f i c a n t
( m l / m i n )  ( h r . )  D i f f e r e n c e *

18
24
27
3 0

1 0 . 8 5 8 ( 0 . 7 3 7 )  
1 0 . 3 4 2 ( 0 . 2 1 8 )  

9 . 7 0 0 ( 0 . 3 2 6 )  
10 5 8 3 ( 0 . 6 9 7 )

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

H = h i g h l y  s i g n i f i c a n t  ( p < 0 . 0 1 ) .
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r a t e  18  t o  2 7  m l / m i n  , v a l u e  o f  T 8 0 % d e c r e a s e d  w h e n  f e e d  
r a t e  i n c r e a s e d .  H o w e v e r ,  i t  w a s  c o n v e r s e l y  i n c r e a s e d  a t  
f e e d  r a t e  3 0  m l / i n i n .  S t a t i s t i c a l  a n a l y s i s  o f  Teox s h o w e d  
t h a t  t h e y  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  t h e  g r o u p s  o f  
f e e d  r a t e :  a t  18  a n d  2 7  m l / m i n  ( p  < 0 . 0 1 ) ,  2 7  a n d  3 0  m l / m i n  
( p < 0 . 0 5 ) .

2 . 2 . 3  E f f e c t  o f  A t o m i z a t i o n  P r e s s u r e

T h e  d i s s o l u t i o n  p r o f i l e s  o f  m a t r i c e s  
p r o d u c e d  f r o m  s p r a y  d r i e d  p o w d e r  a t  v a r i o u s  a t o m i z i n g  a i r  
p r e s s u r e s  w e r e  s h o w n  i n  F i g u r e  3 0 ,  D i s s o l u t i o n  p r o f i l e s  
w e r e  s e e m e d  n o t  d i f f e r e n t .  T h e  p l o t s  o f  T s o x  a n d  T BOX 

v e r s u s  a t o m i z a t i o n  p r e s s u r e  w e r e  s h o w n  i n  F i g u r e  31  ( s e e  
T a b l e  1 1 ) .  T h e  p l o t  o f  Ts o x  s e e m e d  t o  b e  s t r a i g h t  l i n e .  
S t a t i s t i c a l  d a t a  i n d i c a t e d  t h a t  n o  s i g n i f i c a n t l y  d i f f e r e n c e  
( a t  p = 0 . 0 5 )  o f  T 5o% a n d  "feox w a s  f o u n d  a t  v a r i o u s  a t o m i z a t i o n  
p r e s s u r e s  ( T a b l e  1 1 ) .  A n a l y s i s  o f  v a r i a n c e  w e r e  s h o w n  i n  
T a b l e  4 1  a n d  4 2  ( i n  A p p e n d i x ) .

2 . 2 . 4  E f f e c t  o f  C o n c e n t r a t i o n  o f  S o l u t i o n

F i g u r e  3 2  s h o w e d  t h e  d i s s o l u t i o n  
p r o f i l e s  o f  m a t r i c e s  p r o d u c e d  f r o m  s p r a y  d r i e d  s o l u t i o n s  a t  
d i f f e r e n t  c o n c e n t r a t i o n s .  A t  f i r s t  h o u r s ,  a l l  d i s s o l u t i o n  
r a t e s  s e e m e d  t o  b e  s i m i l a r .  T h e  d i s s o l u t i o n  p r o f i l e s  o f  
m a t r i c e s  p r e p a r e d  f r o m  1 0 - 2 0 %  s o l u t i o n  w e r e  s i m i l a r .  
N e v e r t h e l e s s ,  m a t r i c e s  p r e p a r e d  f r o m  25% s o l u t i o n  p r o d u c e d
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F i g u r e  3 0  E f f e c t  o f  A t o m i z a t i o n  P r e s s u r e  on  D r u g
R e l e a s e  P r o f i l e s  o f  S p r a y - D r i e d  M a t r i c e s

Time (hours)

T50% T80%

F i g u r e  31 E f f e c t  o f  A t o m i z a t i o n  P r e s s u r e  
T B O X  o f  S p r a y - D r i e d  M a t r i c e s

o n  T 5 QX a n d



7 3

T a b l e  1 1  S t a t i s t i c a l  A n a l y s i s  o f  t h e  E f f e c t  o f
A t o m i z a t i o n  P r e s s u r e  o n  T 5 0 % a n d  T s o x  o f  t h e
M a t r i c e s

A t o m i z a t i o n  P r e s s u r e  T 50%
( b a r ) ( h r . )

S i g n i f  i c a n t  
D i f f e r e n c e

2 4 . 0 0 8 ( 0 . 1 0 2 )
3 4 . 0 0 8 ( 0 . 3 4 7 ) N o n e *
4 3 . 8 5 0 ( 0 . 1 5 2 )
6 3 . 7 8 3 ( 0 . 2 0 9 )

A t o m i z a t i o n  P r e s s u r e  T 8 0 % S i g n i f i c a n t
( b a r )  ( h r . )  D i f f e r e n c e

2 1 0 . 6 7 5 ( 0 . 6 3 9 )
3 1 1 . 2 9 2 ( 0 . 7 7 7 ) N o n e *
4 10 3 4 2 ( 0 . 2 1 8 )
6 1 0 . 3 7 5 ( 0 . 7 3 5 )

*  T h e  v a l u e  o f  t h o s e  g r o u p s  w e r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t .
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F i g u r e  3 2  E f f e c t  o f  C o n c e n t r a t i o n  o f  S o l u t i o n  o n  D r u g  
R e l e a s e  P r o f i l e s  o f  S p r a y - D r i e d  M a t r i c e s

Time (hours)

T60% T80%

F i g u r e  3 3  E f f e c t  o f  C o n c e n t r a t i o n  o f  S o l u t i o n  o n  T 
a n d  T sox  o f  S p r a y - D r i e d  M a t r i c e s

sox
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f a s t e r  d i s s o l u t i o n  r a t e .  T h e  p l o t s  o f  T s o x  a n d  Tso% v e r s u s  
c o n c e n t r a t i o n s  o f  s o l u t i o n  w e r e  s h o w n  i n  F i g u r e  3 3  ( s e e  
d a t a  i n  T a b l e  1 2 ) .  I t  s h o w e d  t h a t  t h e  25% s o l u t i o n  y i e l d e d  
m a t r i c e s  w i t h  s h o r t e r  T 5Q% a n d  Te o»  T h e  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  w e r e  s h o w n  i n  T a b l e  12 ( s e e  
s t a t i s t i c a l  d a t a  i n  A p p e n d i x ,  T a b l e  4 3 - 4 4 . ) .  I t  s h o w e d  t h a t  
n o t  o n l y  T so x  b u t  a l s o  Taox o f  m a t r i c e s  p r e p a r e d  f r o m  t h e  
25% s o l u t i o n  w a s  s i g n i f i c a n t l y  d i f f e r e n t  ( p = 0 . 0 1 )  f r o m  t h o s e  
o f  o t h e r  g r o u p s .

I I . E f f e c t  o f  T a b l e t t i n g  P r o c e s s  on  P r o p e r t i e s  o f  t h e . . . S p r a y

D r i ed ..Ma t r - is a s .

T h e  s u i t a b l e  s p r a y  d r y i n g  c o n d i t i o n s  w e r e  s e l e c t e d  
a n d  e m p l o y e d  t o  p r e p a r e  c o - s p r a y  d r i e d  p o w d e r  f o r  f u r t h e r  
s t u d y .  T h e  p r e v i o u s  d a t a  o f  e f f e c t s  o f  p r o c e s s i n g  v a r i a b l e s  
w e r e  u s e d .  T h e  s e l e c t e d  s p r a y  d r y i n g  c o n d i t i o n s  w e r e  
e m p l o y e d  a c c o r d i n g  t o  T a b l e  1 3 .  M a t r i c e s  p r e p a r e d  f r o m  
i n l e t  a i r  t e m p e r a t u r e  a t  1 3 0 °  c  g a v e  h i g h e r  d i s s o l u t i o n  r a t e  
t h a n  a t  1 5 0  ๐ a n d  1 7 0  ° c .  M a t r i c e s  p r e p a r e d  f r o m  i n l e t  
t e m p e r a t u r e  a t  1 2 0 °  c  r e l e a s e d  t h e o p h y l l i n e  a t  8 - 1 2  h o u r s  i n  
l o w e r  a m o u n t  t h a n  a t  1 3 0 °  c .  F o r  t h e s e  r e a s o n s ,  1 3 0  V 

i n l e t  a i r  t e m p e r a t u r e  w a s  u s e d .  A t o m i z i n g  a i r  p r e s s u r e  
i n s i g n i f i c a n t l y  a f f e c t e d  d i s s o l u t i o n  p r o f i l e .  T h e  a d v a n t a g e  
o f  a t o m i z a t i o n  p r e s s u r e  a t  2 b a r  w a s  t h a t  i t  p r o v i d e d  t h e  
b e s t  f l o w a b i l i t y  o f  p o w d e r s .  M a t r i c e s  p r e p a r e d  f r o m  1 0 - 2 0 %  
s o l u t i o n  p r o v i d e d  s i m i l a r  d i s s o l u t i o n  p r o f i l e .  I n
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T a b l e  12 S t a t i s t i c a l  A n a l y s i s  o f  t h e  E f f e c t  o f
C o n c e n t r a t i o n  o f  s o l u t i o n  o n  Tso% a n d  T B O X  

o f  t h e  M a t r i c e s

C o n c e n t r a t i o n  o f  S o l u t i o n  T 5 0 %
( %)  ( h r . )

S i g n i f i c a n t
D i f f e r e n c e *

10
13
20
2 5

3 . 7 3 3 ( 0 . 0 8 2 )  
3 . 8 5 ( 0 . 1 5 2 )  
3 . 7 4 2 ( 0 . 0 4 9 )  
3 0 3 3 ( 0 . 2 8 9 )

C o n c e n t r a t i o n  o f  S o l u t i o n  T 8๐%
(% ) ( h r . )

S i g n i f  i c a n t  
D i f f e r e n c e *

10
13
20
2 5

1 0 . 9 3 3 ( 0 . 5 9 3 )
1 0 . 3 4 2 ( 0 . 2 1 8 )
1 0 . 6 1 7 ( 0 . 6 4 3 )

9 . 3 7 5 ( 0 . 5 4 9 )

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

H = h i g h l y  s i g n i f i c a n t  ( p < 0 . 0 1 ) .
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p r o d u c t i o n ,  20% s o l u t i o n  t o o k  s h o r t e r  t i m e  o f  s p r a y  d r y i n g  
p r o c e s s .  I n  c a s e  o f  25% s o l u t i o n ,  t h e  m a t r i c e s  g a v e  f a s t e r -  
r e l e a s e  d r u g  i n  0 . 1 N . H C 1 .  F e e d  r a t e  o f  2 7  m l / m i n . w a s  u s e d  
b e c a u s e  t h e i r  m a t r i c e s  g a v e  s i m i l a r  d i s s o l u t i o n  r a t e  i n  
0 . 1 N . H C 1  a s  f e e d  r a t e  o f  18 a n d  2 4  m l / m i n  a n d  t h e  a d v a n t a g e  
o f  f e e d  r a t e  a t  2 7  m l / m i n  w a s  t h e  s h o r t e r  p r o c e s s i n g  t i m e .  
F e e d  r a t e  o f  3 0  m l / m i n  p r o v i d e d  h i g h e r  d i s s o l u t i o n  r a t e  i n  
0 . 1 N . H C 1  t h a n  f e e d  r a t e  o f  1 8 ,  2 4  a n d  2 7  m l / m i n .

T a b l e  13 S p r a y  D r y i n g  C o n d i t i o n  D u r i n g  s t u d y  o n  t h e  E f f e c t  
o f  T a b l e t t i n g  P r o c e s s i n g  on  P r o p e r t i e s  o f  t h e  
M a t r i c e s

I n l e t  A i r  T e m p e r a t u r e  ะ 1 3 0 °  c  
A t o m i z i n g  A i r  P r e s s u r e  ะ 2 b a r  
C o n c e n t r a t i o n  o f  S o l u t i o n  ะ 20% 
F e e d  R a t e  : 27  m l / m i n

T h e e f f e c t s o f t a b l e t t i n g  p r o c e s s i n g  on t h e

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

t h r e e  c a t e g o r i e s .

1 .  E f f e c t  o f  M a g n e s i u m  S t e a r a t e

T h e  s p r a y  d r i e d  p o w d e r s  w e r e  m i x e d  w i t h  0 . 7 5 %  o r

1 . 5 %  m a g n e s i u m  s t e a r a t e  r e s p e c t i v e l y .  T h e n  m a t r i c e s  w e r e
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p r o d u c e d .  T h e  a m o u n t  o f  d r u g  r e l e a s e  a t  a n y  t i m e  i n t e r v a l  
o f  t h o s e  m a t r i c e s  w e r e  s h o w n  i n  F i g u r e  3 4  ( s e e  d a t a  i n  
A p p e n d i x ,  T a b l e  4 5 ) .  T h e  p l o t s  o f  T sox a n d  T BOX v e r s u s  
m a g n e s i u m  s t e a r a t e  p e r c e n t  w e r e  i l l u s t r a t e d  i n  F i g u r e  35  
( s e e  d a t a  i n  T a b l e  1 4 ) .  T h e  d i s s o l u t i o n  r a t e  a t  1 - 2  h o u r s  
o f  s p r a y  d r i e d  m a t r i c e s  a n d  s p r a y  d r i e d  m a t r i c e s  w i t h  0 . 7 5  % 
m a g n e s i u m  s t e a r a t e  s e e m e d  t o  b e  s i m i l a r .  B u t  d i s s o l u t i o n  
r a t e  i n  p h o s p h a t e  b u f f e r  pH 6 . 8  o f  s p r a y  d r i e d  m a t r i c e s  w i t h  
0 . 7 5 %  m a g n e s i u m  s t e a r a t e  w a s  d e c r e a s e d .  T h e  p e r c e n t  o f  
t h e o p h y l l i n e  r e l e a s e  a t  12 h o u r s  w a s  d e c r e a s e d  f r o m  8 8 . 4 1 %  
t o  8 5 . 4 5 %  w h e n  0 . 7 5 %  m a g n e s i u m  s t e a r a t e  w a s  a d d e d .  When 
1 . 5 %  m a g n e s i u m  s t e a r a t e  w a s  m i x e d ,  d i s s o l u t i o n  r a t e  w a s  
n o t a b l y  d e c r e a s e d .  T h e  p e r c e n t  o f  t h e o p h y l l i n e  r e l e a s e  a t  
12  h o u r s  o f  t h o s e  m a t r i c e s  w a s  5 7 . 3 1 % .

T 5 0 % o f  s p r a y  d r i e d  m a t r i c e s ,  s p r a y  d r i e d  
m a t r i c e s  w i t h  0 . 7 5 %  a n d  1 . 5 %  m a g n e s i u m  s t e a r a t e  w e r e  3 . 4 8 0 ,  
4 . 0 1 3  a n d  9 . 2 6 5  h o u r s  r e s p e c t i v e l y .  T BOX o f  s p r a y  d r i e d  
m a t r i c e s ,  s p r a y  d r i e d  m a t r i c e s  w i t h  0 . 7 5 %  a n d  1 . 5 %  m a g n e s i u m  
s t e a r a t e  w e r e  9 . 8 6 7 ,  1 0 . 5 1 8  a n d  2 2 . 0 2 1  h o u r s  r e s p e c t i v e l y .  
S t a t i s t i c a l  a n a l y s i s  d a t a  ( T a b l e  50  a n d  5 1  i n  A p p e n d i x )  
r e p o r t e d  t h a t  n o t  o n l y  T s o x  b u t  a l s o  T s a x o f  t h e  s p r a y  
d r i e d  m a t r i c e s  w i t h  v a r i o u s  m a g n e s i u m  s t e a r a t e  p e r c e n t s  w a s  
s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 1 ) .  T h e  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  w e r e  s h o w n  i n  T a b l e  1 4 .  
H i g h e r  p e r c e n t a g e  o f  m a g n e s i u m  s t e a r a t e  p r o v i d e d  l o n g e r  T 
5 0 % a n d  T BOX o f  m a t r i c e s .
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F i g u r e  34  E f f e c t  o f  M a g n e s i u m  S t e a r a t e  on  D i s s o l u t i o n  
P r o f i l e s  o f  S p r a y - D r i e d  M a t r i c e s

Time (Hours)

T50% T80%

F i g u r e  3 5  E f f e c t  o f  M a g n e s i u m  s t e a r a t e  
o f  S p r a y - D r i e d  M a t r i c e s

o n  T sox a n d  T BOX
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T a b l e  14 S t a t i s t i c a l  A n a l y s i s  o f  t h e  E f f e c t  o f  M a g n e s i u m  
S t e a r a t e  C o n c e n t r a t i o n  o n  T 5 0 % a n d  Tao% o f  t h e  
M a t r i c e s

M a g n e s i u m  s t e a r a t e T 5 0 % S i g n i f i c a n t
( %) ( h r . ) D i f f e r e n c e *

0 3 . 4 8 0 ( 0 . 1 0 3 ) « - ๅ 14
H

0 . 7 5 4 . 0 1 3 ( 0 . 1 5 0 ) ท1 . 5 9 . 2 6 5 ( 0 . 0 8 8 ) <— <----*

M a g n e s i u m  s t e a r a t e T 8 0 % S i g n i f i c a n t
(%) ( h r . ) D i f f e r e n c e *

0 9 . 8 6 7 ( 0 . 2 6 6 ) ท Hท
H

0 . 7 5 1 0 . 5 1 8 ( 0 . 1 8 9 ) <— 1 - - f
1 . 5 2 2  0 2 1 ( 0 . 2 8 4 ) 4 — J

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

H -  h i g h l y  s i g n i f i c a n t  ( p < 0 . 0 1 ) .

ะ*



2 .  E f f e c t  o f  C o m p r e s s i o n s !  F o r c e  on  M a t r i c e s
P r e p a r e d  b y  C a r v e r  L a b o r a t o r y  P r e s s

T h e  s p r a y  d r i e d  p o w d e r s  w e r e  c o m p r e s s e d  i n t o  
m a t r i c e s  w i t h  t h e  f o l l o w i n g  c o m p r e s s i o n a l  p r e s s u r e s :  5 0 0
l b s ,  1 , 0 0 0  l b s  a n d  1 , 5 0 0  l b s  b y  C a r v e r  L a b o r a t o r y  P r e s s .  
T h e  a m o u n t  o f  d r u g  r e l e a s e  a t  a n y  t i m e  i n t e r v a l  o f  t h r e e -  
l e v e l  c o m p r e s s i o n a l  f o r c e  m a t r i c e s  w e r e  i l l u s t r a t e d  i n  
F i g u r e  3 6  ( s e e  A p p e n d i x ,  T a b l e  4 6 ) .  T h e  p l o t s  o f  T 5 0 * a n d  
T BOX v e r s u s  t h o s e  c o m p r e s s i o n a l  f o r c e  w e r e  s h o w e d  i n  F i g u r e
3 7 .  When c o m p r e s s i o n a l  p r e s s u r e  w a s  i n c r e a s e d  f r o m  5 0 0  l b s  
t o  1 , 0 0 0  l b s ,  d i s s o l u t i o n  r a t e  i n  t h e  f i r s t  6 h o u r s  w a s  
i n c r e a s e d .  B u t  a t  6 - 1 2  h o u r s ,  d i s s o l u t i o n  r a t e  w a s
c o r r e s p o n d i n g .  F o r  1 , 5 0 0  l b s  c o m p r e s s i o n a l  p r e s s u r e ,  
d i s s o l u t i o n  r a t e  w a s  r e d u c e d .

T sox o f  m a t r i c e s  a t  5 0 0  l b s ,  1 , 0 0 0  l b s  a n d  
1 , 5 0 0  l b s  w e r e  3 . 4 8 0 ,  3 . 0 3 8  a n d  3 . 7 9 7  h o u r s  r e s p e c t i v e l y  .
T BOX o f  m a t r i c e s  a t  5 0 0  l b s ,  1 , 0 0 0  l b s  a n d  1 , 5 0 0  l b s  w e r e  
9 . 8 6 7 ,  9 . 5 1 4  a n d  1 1 . 6 5 0  h o u r s  r e s p e c t i v e l y .  T h e  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  w e r e  p r e s e n t e d  i n  T a b l e  15 
( s e e  a n a l y s i s  o f  v a r i a n c e  i n  A p p e n d i x ,  T a b l e  5 2 - 5 3 ) .  I t  
s h o w e d  t h a t  T 5 0 * o f  m a t r i c e s  a t  v a r i o u s  c o m p r e s s i o n a l  
f o r c e s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 1 ) .  T BOX o f  
m a t r i c e s  a t  5 0 0  l b s  a n d  1 , 0 0 0  l b s  w e r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  e a c h  o t h e r .  T sox a n d  Taox a t  1 , 5 0 0  l b s  
w e r e  l o n g e s t .  On t h e  o t h e r  h a n d ,  T 5 0 * a n d  T BOX a t  1 , 0 0 0

8 1

l b s  w e r e  s h o r t e s t .
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F i g u r e  3 6  E f f e c t  o f  C o m p r e s s i o n a l  F o r c e  o n  D i s s o l u t i o n  
P r o f i l e s  o f  M a t r i c e s  P r e p a r e d  b y  C a r v e r  
L a b o r a t o r y  P r e s s

Time (Hours)

C om pressional force (lb)

* -  T50% T80%

F i g u r e  3 7  E f f e c t  o f  C o m p r e s s i o n a l  F o r c e  o n  T 5 0 * a n d  
T eox o f  M a t r i c e s  P r e p a r e d  b y  C a r v e r  
L a b o r a t o r y  P r e s s
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T a b l e  15 S t a t i s t i c a l  A n a l y s i s  o f  t h e  E f f e c t  o f
C o m p r e s s i o n a l  F o r c e  o n  Tsox a n d  Tao% o f  t h e  
M a t r i c e s  P r e p a r e d  b y  C a r v e r  L a b o r a t o r y  P r e s s

C o m p r e s s i o n a l  F o r c e T 50% S i g n i f  i c a n t
( l b ) ( h r . ) D i f f e r e n c e *

5 0 0 3 . 4 8 0 ( 0 . 1 0 3 ) ๆ , <__ H

1 0 0 0 3 . 0 3 8 ( 0 . 0 4 8 ) <— 1 , ____H<---- 1
1 5 0 0 3 . 7 9 7 ( 0 . 2 4 5 ) 4----1

C o m p r e s s i o n a l  F o r c e T 8๐% S i g n i f  i c a n t
( l b ) ( h r . ) D i f  f  e r e n c e *

5 0 0 9 . 8 6 7 ( 0 . 2 6 6 ) <— H
1 0 0 0 9 . 5 1 4 ( 0 . 0 7 7 ) ๆ "
1 5 0 0 1 1 . 6 5 0 ( 0 . 4 8 8 ) «— 1

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

H = h i g h l y  s i g n i f i c a n t  ( p c O . O l ) .
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3 .  E f f e c t  o f  C o m p r e s s i o n a l  F o r c e  o n  M a t r i c e s
Er . e p . a r e d  b y . I n s t r u m e n t e d  S i n g l e  P u n c h  M a c h i n e

T h e  s p r a y  d r i e d  p o w d e r s  w e r e  m i x e d  w i t h  0 . 7 5 %  
m a g n e s i u m  s t e a r a t e  a n d  t h e n  c o m p r e s s e d  i n t o  m a t r i c e s  w i t h  
i n s t r u m e n t e d  s i n g l e  p u n c h  m a c h i n e  a t  c o m p r e s s i o n a l  p r e s s u r e  
ะ 3 0 0  l b s ,  5 0 0  l b s  a n d  7 0 0  l b s .  T h e  a m o u n t  o f  d r u g  r e l e a s e  
a t  a n y  t i m e  i n t e r v a l  o f  t h o s e  m a t r i c e s  w e r e  p r e s e n t e d  i n  
F i g u r e  3 8  ( s e e  d a t a  i n  A p p e n d i x ,  T a b l e  4 7 ) .  D i s s o l u t i o n  
p r o f i l e s  i n  t h e  f i r s t  4 h o u r s  o f  t h r e e - l e v e l  c o m p r e s s i o n a l  
p r e s s u r e  m a t r i c e s  w e r e  n o t  d i f f e r e n t .  A f t e r  f o u r  h o u r s ,  
d i s s o l u t i o n  r a t e  w a s  o r d e r l y  i n c r e a s e d  w h e n  c o m p r e s s i o n a l  
p r e s s u r e  a t  3 0 0  l b s ,  5 0 0  l b s  a n d  7 0 0  l b s  w e r e  u s e d .

T h e  p l o t s  o f  T 5 QX a n d  T eo% v e r s u s  t h i s  
c o m p r e s s i o n a l  f o r c e  w e r e  s h o w n  i n  F i g u r e  3 9 .  T 5 0 X o f  
m a t r i c e s  a t  3 0 0  l b s ,  5 0 0  l b s  a n d  7 0 0  l b s  w e r e  3 . 7 4 7 ,  3 . 6 0 6
a n d  3 . 6 3 8  h o u r s  r e s p e c t i v e l y .  T sox  o f  m a t r i c e s  a t  3 0 0  l b s ,  
5 0 0  l b s  a n d  7 0 0  l b s  w e r e  1 1 . 6 2 4 ,  1 1 . 3 7 4  a n d  9 . 9 2 6  h o u r s  
r e s p e c t i v e l y .  T h e  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  
w e r e  s h o w n  i n  T a b l e  16 ( s e e  a n a l y s i s  o f  v a r i a n c e  i n  
A p p e n d i x ,  T a b l e  5 4 - 5 5 ) .  I t  w a s  r e v e a l e d  t h a t  c o m p r e s s i o n a l  
p r e s s u r e  d i d  n o t  s i g n i f i c a n t l y  a f f e c t e d  T 50% o f  m a t r i c e s  
a t  3 0 0 - 7 0 0  l b s .  T B O X  o f  m a t r i c e s  a t  3 0 0  l b s  a n d  5 0 0  l b s
w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  T 8 0 % o f  m a t r i c e s  a t  7 0 0
l b s  w a s  s h o r t e s t .
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F i g u r e  3 8  E f f e c t  o f  C o m p r e s s i o n a l  F o r c e  o n  D i s s o l u t i o n  
P r o f i l e s  o f  M a t r i c e s  P r e p a r e d  b y  I n s t r u m e n t e d  
S i n g l e  P u n c h  M a c h i n e

Time (Hours)

C om pressional force (lb)

* -  T50% T80%

F i g u r e  3 9  E f f e c t  o f  C o m p r e s s i o n a l  F o r c e  on  T 5๐% a n d  
T BOX o f  M a t r i c e s  P r e p a r e d  b y  I n s t r u m e n t e d  
S i n g l e  P u n c h  M a c h i n e
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T a b l e  16 S t a t i s t i c a l  A n a l y s i s  o f  t h e  E f f e c t  o f
C o m p r e s s i o n a l  F o r c e  o n  Tsox a n d  Teg» o f  t h e  
M a t r i c e s  P r e p a r e d  b y  I n s t r u m e n t e d  S i n g l e  P u n c h  
M a c h i n e

C o m p r e s s i o n a l  F o r c e T 50» S i g n i f  i c a n t
( l b ) ( h r . ) D i f f e r e n c e

3 0 0 3 . 7 4 7 ( 0 . 1 0 1 )
5 0 0 3 . 6 0 6 ( 0 . 1 5 1 ) N o n e *
7 0 0 3 . 6 3 8 ( 0 . 2 1 9 )

C o m p r e s s i o n a l  F o r c e T 8 0 » S i g n i f i c a n t
( l b ) ( h r . ) D i f f e r e n c e * *

3 0 0 1 1 . 6 2 4 ( 0 . 2 5 7 ) 4__ H

5 0 0 1 1 . 3 7 4 ( 0 . 3 4 9 )
ท H7 0 0 9 . 9 2 6 ( 0 . 6 5 2 ) «—

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

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

H -  h i g h l y  s i g n i f i c a n t  ( p < 0 . 0 1 ) .
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I I I . R e p . r . o d . u g i b i l i t y  p f  D r u g  R e l e a s e  P a t t e r n  o f  M a t r i c e s  
P r e p a r e d  b y  S p r a y  D r y i n g  T e c h n i q u e

1 .  B a t c h  t o  B a t c h  V a r i a t i o n  o f  S p r a y - D r i e d  M a t r i c e s

T h e  c o - s p r a y  d r i e d  p o w d e r s  w e r e  p r e p a r e d  i n  t h e  
s a m e  c o n d i t i o n .  T h e  p o w d e r  w e r e  m i x e d  w i t h  0 . 7 5 %  m a g n e s i u m  
s t e a r a t e  b e f o r e  c o m p r e s s i o n  o n  i n s t r u m e n t e d  s i n g l e  p u n c h  
t a b l e t t i n g  m a c h i n e  a t  a  f o r c e  o f  5 0 0  l b s .  C o n s e c u t i v e  t h r e e  
b a t c h e s  w e r e  p r o d u c e d .  T h e  a m o u n t  o f  d r u g  r e l e a s e  a t  a n y  
t i m e  i n t e r v a l  o f  c o n s e c u t i v e  t h r e e  b a t c h e s  o f  m a t r i c e s  w e r e  
p l o t t e d  i n  F i g u r e  4 0  ( s e e  d a t a  i n  A p p e n d i x ,  T a b l e  4 8 ) .  
B a t c h  I  m a t r i c e s  p r o v i d e d  s l i g h t l y  l o w e r  d i s s o l u t i o n  r a t e  
b e t w e e n  2 - 1 0  h o u r s  t h a n  B a t c h  I I  a n d  I I I  m a t r i c e s .  
D i s s o l u t i o n  r a t e  o f  B a t c h  I I  a n d  I I I  m a t r i c e s  w e r e  s i m i l a r .

T h e  p l o t s  o f  T 5 0 % a n d  T 8 0 % w e r e  s h o w n  i n  
F i g u r e  4 1 .  T 5 0 % o f  b a t c h  I ,  I I  a n d  I I I  w e r e  3 . 8 0 6 ,  3 . 6 0 6
a n d  3 . 5 0 5  h o u r s  r e s p e c t i v e l y .  T BOX o f  B a t c h  I ,  I I  a n d  I I I  
w e r e  1 1 . 3 5 0  1 1 . 3 7 4  a n d  1 0 . 4 7 6  h o u r s  r e s p e c t i v e l y .  T h e
s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  w e r e  s h o w n  i n  
T a b l e  17  ( s e e  a n a l y s i s  o f  v a r i a n c e  i n  A p p e n d i x ,  T a b l e  5 6 -  
5 7 ) .  I t  e x p r e s s e d  t h a t  T 50X o f  b a t c h  I I  a n d  I I I  w e r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t .  B u t  t h o s e  o f  b a t c h  I  w a s
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  o t h e r  g r o u p s .  T s ox  o f  b a t c h  I  
a n d  I I  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  b u t  t h o s e  o f  
b a t c h  I I I  w a s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  o t h e r  g r o u p s .
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F i g u r e  4 0  C o m p a r i s o n  D i s s o l u t i o n  P r o f i l e s  o f  
C o n s e c u t i v e - T h r e e  B a t c h

Time (hours)

]-* -T 8 0 %T50%

C o m p a r i s o n  T sox  a n d  T SOJÉ 
T h r e e  B a t c h

F i g u r e  4 1 o f  C o n s e c u t i v e



T a b l e  17 S t a t i s t i c a l  A n a l y s i s  o n  t h e  V a r i a t i o n  o f  T 50% 
a n d  T 8 0 % o f  C o n s e c u t i v e  T h r e e  B a t c h e s

B a t c h T 50% S i g n i f  i c a n t
( h r .  ) D i f f e r e n c e *

I 3 . 8 0 6 ( 0 . 0 7 1 ) ท ,4
H

I I 3 . 6 0 6 ( 0 . 1 5 1 ) 4— 1
I I I 3 . 5 0 5 ( 0 . 1 8 7 )

B a t c h T 80% S i g n i f i c a n t
( h r  . ) D i f f e r e n c e *

I 11 . 3 5 0 ( 0 . 4 5 9 ) <— H
I I 11 . 3 7 4 ( 0 . 3 4 9 ) w H

I I I 10 . 4 7 6 ( 0 . 4 9 4 ) <— <— 1

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

H = h i g h l y  s i g n i f i c a n t  ( p < 0 . 0 1 ) .
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S c a l e - u p  b a t c h  was  p r e p a r e d  t o  y i e l d  0 . 5  kg 
p r o d u c t .  The amount  o f  d r u g  r e l e a s e  a t  any  t i m e  i n t e r v a l  o f  
s c a l e - u p  b a t c h  m a t r i c e s  w er e  r e p o r t e d  i n  T a b l e  4 9  ( i n  
A p p e n d i x ) .  T h e i r  d i s s o l u t i o n  p r o f i l e s  w e r e  p l o t t e d  t o  
compare  w i t h  c o n s e c u t i v e - t h r e e  b a t c h e s  i n  F i g u r e  4 2 .  
D i s s o l u t i o n  r a t e  i n  0 . 1 N . HC 1  o f  s c a l e - u p  b a t c h  m a t r i c e s  was  
s i g h t l y  h i g h e r  t h a n  t h e  c o n s e c u t i v e  t h r e e  b a t c h e s .  But  t h e  
d i s s o l u t i o n  r a t e  i n  p h o s p h a t e  b u f f e r  pH 6 . 8  was  s i m i l a r  t o  
b a t c h  I I  and I I I .

The p l o t s  o f  T 50% and T 8๐% v e r s u s  t h r e e -  
c o n s e c u t i v e  b a t c h e s  and s c a l e - u p  b a t c h  w e r e  shown i n  F i g u r e  
4 3 .  T 50% and T 8๐% o f  s c a l e - u p  b a t c h  w e r e  3 . 6 8 2  and
1 0 . 5 7 1  h o u r s  r e s p e c t i v e l y .  The s i g n i f i c a n t  d i f f e r e n c e s  
b e t w e e n  s c a l e - u p  b a t c h  and o t h e r  b a t c h e s  w e r e  p r e s e n t e d  i n  
T a b l e  18 ( s e e  a n a l y s i s  o f  v a r i a n c e  i n  A p p e n d i x ,  T a b l e  5 8 -  
5 9 ) .  I t  r e p o r t e d  t h a t  T sax o f  s c a l e - u p  b a t c h  was  n o t
s i g n i f i c a n t l y  d i f f e r e n t  f rom t h o s e  o f  b a t c h  I - I I I .  T 80% o f  
s c a l e - u p  b a t c h  was  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h o s e  o f  
b a t c h  I I I  b u t  d i f f e r e n t  from t h o s e  o f  b a t c h  I and I I .

2 .  C o m m e r c i a l  P r o d u c t s

C o m m e r c i a l  p r o d u c t s  u s e d  we r e  N u e l i n  (R> 2 50  mg
and T h e o d u r <R> 3 00  mg. The amount  o f  d r u g  r e l e a s e  a t  any  
t i m e  i n t e r v a l  w e r e  p r e s e n t e d  i n  T a b l e  4 9  ( i n  A p p e n d i x ) .  
T h e i r  d i s s o l u t i o n  p r o f i l e s  w e r e  p l o t t e d  w i t h  s p r a y  d r i e d  
m a t r i c e s  i n  F i g u r e  4 4 .  D i s s o l u t i o n  r a t e  i n  0 . 1 N. HC1  o f
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F i g u r e  42  C o m p a r i s o n  D i s s o l u t i o n  P r o f i l e s  o f
C o n s e c u t i v e - T h r e e  B a t c h  and S c a l e - u p  B a t c h

Time (hours)

T50% T80%

F i g u r e  43  C o m p a r i s o n  T 50% and T 80% o f  C o n s e c u t i v e  
T h r e e  B a t c h  and S c a l e - u p  B a t c h
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T a b l e  1 8  S t a t i s t i c a l  A n a l y s i s  o n  t h e  V a r i a t i o n  o f  T s o x
a n d  T  B o x o f  C o n s e c u t i v e  T h r e e  B a t c h e s  a n d
S c a l e - u p  B a t c h

B a t c h T 50% 
( hr . )

S i g n i f i c a n t
D i f f e r e n c e *

I 3 . 8 0 6 ( 0 . 0 7 1 ) H
I I 3 . 6 0 6 ( 0 . 1 5 1 )

I I I 3 . 5 0 5 ( 0 . 1 8 7 )
S c a l e - u p 3 . 6 8 2 ( 0 . 2 3 1 )

B a t c h  T 80% S i g n i f i c a n t
( h r . )  D i f f e r e n c e *

I
I I

I I I
S c a l e - u p

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

* The a rr o w  s i g n  i n d i c a t e d  t h e  s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  t h e  v a r i a b l e s  t h a t  s p e c i f i e d .

H ะ: h i g h l y  s i g n i f i c a n t  ( p < 0 . 0 1 ) .
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s p r a y  d r i e d  m a t r i c e s ,  N u e l i n <R> and T h e o d u £ R> w e r e  o r d e r l y  
d e c r e a s e d .  P a t t e r n s  o f  D i s s o l u t i o n  p r o f i l e  o f  s p r a y  d r i e d  
m a t r i c e s  and N u e l i n CR> w er e  s i m i l a r .

T 50% and Teox o f  s p r a y - d r i e d  m a t r i c e s ,  7 h e o d u r <EO 
and N u e l i n ' CR:> w e r e  p l o t t e d  i n  F i g u r e  4 5 .  T 5QX o f  s p r a y -  
d r i e d  m a t r i c e s ,  T h e o d u r <R:> and N u e l i n <R> w e r e  3 . 6 8 2 ,  5 . 1 2 4  
and 5 . 3 6 9  h o u r s  r e s p e c t i v e l y .  Taox o f  s p r a y - d r i e d
m a t r i c e s ,  Theodur'CR> and N u e l i n <R:> w er e  1 0 . 5 7 1 ,  1 0 . 1 5 6  and
1 2 . 9 5 0  h o u r s  r e s p e c t i v e l y .  The s i g n i f i c a n t  d i f f e r e n c e s  
b e t w e e n  t h e  g r o u p s  w e r e  shown i n  T a b l e  19 ( s e e  a n a l y s i s  o f  
v a r i a n c e  i n  A p p e n d i x ,  T a b l e  60 and 6 1 ) .  I t  i n d i c a t e d  t h a t  
T50X o f  T h e o d u r <:R:> and N u e l i n CR:> w er e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  Tsox o f  T h e o d u r CR> was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f rom s p r a y - d r i e d  m a t r i c e s  b u t  d i f f e r e n t  f rom  
N u e l i n CR;> .

3 .  V a r i a t i o n  w i t h i n  B a t c h  o f  S p r a v - D r i e d  M a t r i c e s  
and C o m m e r c i a l  P r o d u c t s

The amount  
p e r c e n t  and d i f f e r e n t i a  
and c o m m e r c i a l  p r o d u c t s  
T a b l e  2 0 .  D i f f e r e n t i a l  
p r e p a r e d  f rom B a t c h  I 
0 . 4 8 % - 3 . 6 3 % .  In  c a s e  
w er e  b e t w e e n  1 . 2 5 - 4 . 9 7 %

1

o f  minimum-maximum d r u g  
p e r c e n t  f rom s p r a y  d r i e d  

a t  any  i n t e r v a l  t i m e  w er e  
d r u g  r e l e a s e  p e r c e n t  o f  s i x  
a t  any  i n t e r v a l  t i m e  were  
o f  B a t c h  I I  m a t r i c e s ,  t h o s  

D i f f e r e n t i a l  d r u g  r e l e a s e

r e l e a s e  
m a t r i c e s  
shown i n  
m a t r i c e s  

b e t w e e n  
e v a l u e s  

p e r c e n t
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F i g u r e  4 4  The Drug  R e l e a s e  P r o f i l e s  o f  T h e o d u r  ] 
N u e l i n  <£°  and S p r a y - D r i e d  M a t r i c e s

Time (hours)

T60% T80%

F i g u r e  4 5  C o m p a r i s o n  T 50% and T BOX o f  T h e o d u r  , 
N u e l i n  <R:> and S p r a y - D r i e d  M a t r i c e s



T a b l e  1 9 S a t i s t i c a l  A n a l y s i s  on Tsox and T 80% o f  S p r a y  
D r i e d  M a t r i c e s  and C o m m e r c i a l  P r o d u c t s

F o r m u l a t i o n T 50% S i g n i f  i c a n t
( hr . ) D i f f e r e n c e *

S p r a y - D r i e d  M a t r i c e 3 . 6 8 2 ( 0 . 2 3 1 ) ท 1ฯ
H

N u e l i n 5 . 3 6 9 ( 0 . 2 8 8 )
T h e o d u r <R> 5 . 1 2 4 ( 0 . 3 1 9 ) <—

F o r m u l a t i o n T 8๐% S i g n i f i c a n t
( h r  . ) D i f f e r e n c e *

S p r a y - D r i e d  M a t r i c e 1 0 . 5 7 1 ( 0 . 6 8 1 ) 4__ H
DN u e l i n  (R5 1 2 . 9 5 0 ( 0 . 5 9 2 )

d hT h e o d u r  CR> 1 0 . 1 5 6 ( 0 . 9 7 4 )

* The a rr o w  s i g n  i n d i c a t e d  t h e  s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  t h e  v a r i a b l e s  t h a t  s p e c i f i e d .

H = h i g h l y  s i g n i f i c a n t  ( p < 0 . 0 1 ) .
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Table 20 The Amount o f  Minimum-Mpcimum Drug Release  Percentand D i f f e r e n t i a l  Percent  from Spray-Dried Matrices and Commercial Products a t  any In t erva l  Time

'^' ' ' formulat ion
Time^'''^(hr โ ) \ ^

Theodur (R) Nuel in (R)
Min-Max* DP** Min-Max DP

0.25 5 . 0 4 - 5 . 9 9 0 .95l 7 . 6 7 - 8 . 5 3 o . s s 10.50 7 . 4 4 - 8 . 9 1 1.47 1 1 . 68 - 1 2 ”73 1.050.75 9 . 5 5 - l l 7 0 7 1.52 15.03-15 .98 0.951 11.43-12 .75 1.32 17.97-19 .06 1.092 16.53-18 .69 2.16 25 . 07- 26 . 40 1.333 24 . 52- 28 . 09 3.57 33 . 44- 36 . 87 3.434 35 . 79- 42 . 59 6.80 4 1 . 1 2 - 45 . 46 4 .345 4 7 . 7 9 - 54 . 43 6 .64 46 . 33 - 51 . 19 4 .866 52 . 21- 60 . 23 8 .02 51 . 74- 54 . 53 2.797 59 . 35- 69 . 56 10.21, 54 . 44- 59 . 50 5.068 65 . 45- 77 . 79 12.34” 59 . 24- 62 . 51 3.2710 75 . 72- 84 . 45 8.73 64 . 88- 69 . 77 4.89.12 84 . 25- 89 . 55 5 .30 72 . 17- 78 . 75 6.58”
' ' ^ f o r m u l a t i o n Batch I Batch IIT i m e ^ \ .(hr” ) Min-Max DP Min-Max DP

0.25 7 . 47 - 7 . 9 5 0 .4 8 l 7 . 0 2 -8 . 2 7 1.25 L0.50 12.55-13” 19 0.64 11.75-13729 1.540 .75 16.81-17 .60 0 .79 15.69-17 .36 1.671 20 . 46- 22 . 01 1.55 19.90-21 .26 1.362 34 . 27- 37 . 14 2.87 34 . 75- 36 . 64 1.893 42 . 74 - 45 . 02 2.28 4 3 . 4 4 - 47 . 05 3 . 61m4 50 . 80- 52 . 27 1.47 51 . 43- 56 . 40 4.97"5 55 . 94- 57 . 62 1.68 57 . 58- 60 . 86 3.286 60 . 35- 62 . 59 2.24 62 . 46- 66 . 10 3.647 65 . 11- 66 . 82 1.71 66 . 43- 70 . 08 3.658 68 . 82- 70 . 68 1.86 70 . 41- 73 . 54 3.1310 75.68- 78 .34 2.66, 75 . 36- 79 . 03 3.6712 79 . 80- 83 . 43 3 . 6 ? 80 . 60- 84 . 00 3.40
' ^ f o r m u l a t i o n Batch I l l Scale-up BatchT i m e ^ \( h r . )  ^ Min-Max DP Min-Max DP

0.25 7 . 3 8 - 8 . 0 2 0 .6 4 L 6 . 4 6 -8 . 3 4 1.88 L0 .50 11.90-13 .10 1.20 11.84-14720 2.360.75 16.32-17 .44 1.12 16.06-19 .11 3.051 20 . 23- 22 . 73 2.50 20 . 73- 24 . 61 3.882 34 . 44- 39 . 10 4 .6 6 36 . 30- 40 . 03 3.733 4 4 . 4 8 - 48 . 03 3 .55 4 3 . 3 0 - 46 . 99 3.694 53 . 11- 57 . 19 4 . 0 8 51 . 00- 56 . 09 5.095 57 . 96- 62 . 96 5.00 58 . 89- 62 . 40 3.516 63 . 25- 68 . 01 4 .76 63 . 20- 67 . 57 4 .387 67 . 65- 71 . 91 4.26, 67 . 32- 71 . 70 4 .398 70 . 43- 75 . 54 5 .11” 69 . 59- 74 . 51 4.92„10 77 . 14- 81 . 19 4 ! 05 7 5 ; 1 0 -8 1  ; 22 ê! 12”12 82 . 66- 83 . 98 1.32 81 . 48- 86 . 62 5.14
*  M inimum-M aximum drug r e l e a s e  percent  a t  any i n t e r v a l  time ** D i f f e r e n t i a l  percent  o f  minimum and maximum drug re l e a s epercent  IIL = Lowest value  ; H = Highest  value
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o f  s i x  m a t r i c e s  p r e p a r e d  f r o m B a t c h  I I I  and s c a l e - u p  b a t c h  
w e r e  b e t w e e n  0 . 6 4 - 5 . 1 1 %  and 1 . 8 8 - 6 . 1 2 %  , r e s p e c t i v e l y .  The  
c o m m e r c i a l  p r o d u c t s ,  T h e o d u r CÎO and N u e l i n <R>, p r o v i d e d  
d i f f e r e n t i a l  d r u g  r e l e a s e  p e r c e n t  b e t w e e n  0 . 9 5 - 1 2 . 3 4 %  and  
b e t w e e n  0 . 8 6 - 6 . 5 8 %  , r e s p e c t i v e l y .  T h e o d u r CR> p r o v i d e d  t h e  
h i g h e s t  d i f f e r e n t i a l  d r u g  r e l e a s e  p e r c e n t  ( 1 2 . 3 4 % ) .  
G e n e r a l l y ,  s p r a y  d r i e d  m a t r i c e s  g a v e  r a t h e r  l ow  amount  o f  
d i f f e r e n t i a l  d r u g  r e l e a s e .  The v a l u e s  o f  d i f f e r e n t i a l  d r u g  
r e l e a s e  p e r c e n t  o f  s c a l e - u p  b a t c h  and N u e l i n <R5 were  
s i m i l a r .

The d r u g  r e l e a s e  p a t t e r n s  o f  s i x  s p r a y  d r i e d  
m a t r i c e s  f rom e a c h  o f  b a t c h  I - I I I  and s c a l e - u p  b a t c h  we r e  
shown i n  F i g u r e  4 6 - 4 9 ,  . r e s p e c t i v e l y .  The c o m m e r c i a l
p r o d u c t s ,  T h e o d u r <FO and N u e l i r f * 0 , t h e i r  d i s s o l u t i o n  
p r o f i l e s  w e r e  i l l u s t r a t e d  i n  F i g u r e  50 and 5 1 ,  r e s p e c t i v e l y .  
Each d i s s o l u t i o n  p r o f i l e s  o f  s i x  m a t r i c e s  o f  b a t c h  I s e e me d  
t o  be  s i m i l a r  ( F i g u r e  4 5 ) .  No t  o n l y  t h o s e  o f  b a t c h  I I  b u t  
a l s o  b a t c h  I I I  w e r e  s l i g h t l y  d i f f e r e n t .  In c a s e  o f  s c a l e - u p  
b a t c h ,  e a c h  d i s s o l u t i o n  p r o f i l e s  showed g r e a t e r  d i f f e r e n c e  
i n  t h e  i n t e r v a l  o f  8 - 1 2  h o u r s .  The d r u g  r e l e a s e  p a t t e r n s  o f  
s i x  t a b l e t s  o f  T h e o d u r <R:> we r e  m o s t  d i f f e r e n t  e s p e c i a l l y  in  
p h o s p h a t e  b u f f e r  pH 6 . 8  ( F i g u r e  5 0 ) .  The s i x  d i s s o l u t i o n  
p r o f i l e s  o f  N u e l i n <R;> w er e  s l i g h t l y  d i f f e r e n t  ( F i g u r e  5 1 ) .
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F i g u r e  4 6  The Drug R e l e a s e  P r o f i l e s  f rom S i x  S p r a y  
D r i e d  M a t r i c e s  o f  B a t c h  I

% Drug R elease

F i g u r e  4 7  T h e  D r u g  R e l e a s e  P r o f i l e s  f r o m  S i x  S p r a y
D r i e d  M a t r i c e s  o f  B a t c h  I I
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F i g u r e  48  The Drug R e l e a s e  P r o f i l e s  f rom S i x  S p r a y  
D r i e d  M a t r i c e s  o f  B a t c h  I I I

% Drug R elease

F i g u r e  49 T h e  D r u g  R e l e a s e  P r o f i l e s  f r o m  S i x  S p r a y
D r i e d  M a t r i c e s  o f  S c a l e - u p  B a t c h



1 0 0
% Drug R e l e a s e

F i g u r e  50 The Drug R e l e a s e  P r o f i l e s  f rom S i x  T a b l e t s  
o f  T he o d u r  <F°

% Drug R elease

F i g u r e  5 1  T h e  D r u g  R e l e a s e  P r o f i l e s  f r o m  S i x  T a b l e t s
o f  N u e l i n



1 0 1

4 .  W e i g h t  V a r i a t i o n ,  T h i c k n e s s ,  H a r d n e s s .
D i s i n t e g r a t i o n  Time o f  M a t r i c e s  P r e p a r e d  from
S p r a y - D r i e d  P r o d u c t s  and o f  C o m m e r c i a l  P r o d u c t s

W e i g h t  v a r i a t i o n ,  t h i c k n e s s ,  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  o f  m a t r i c e s  p r e p a r e d  f r o m  s p r a y - d r i e d  
p r o d u c t s  a c c o r d i n g  t o  t h e  s t u d y  i n  I I ,  I I I  and c o m m e r c i a l  
p r o d u c t s  w e r e  shown i n  T a b l e  2 1 .  A v e r a g e  w e i g h t  and
s t a n d a r d  d e v i a t i o n  o f  c o n s e c u t i v e  t h r e e  b a t c h e s  and s c a l e - u p  
b a t c h  r a n g e d  f r o m 4 3 2 . 8 1 - 4 3 8 . 3 3  mg and 7 . 9 4 - 8 . 9 1
r e s p e c t i v e l y .  A v e r a g e  w e i g h t  and s t a n d a r d  d e v i a t i o n  o f  
T h e o d u r 1̂ 5 w e r e  6 2 6 . 1 9  and 1 3 . 0 9  r e s p e c t i v e l y .  A v e r a g e  
w e i g h t  and s t a n d a r d  d e v i a t i o n  o f  Nuel in*'*0  w e r e  4 9 3 . 0 4  and 
3 . 9 8  r e s p e c t i v e l y .  I n c r e a s e  p e r c e n t a g e  o f  ma gn es i u m
s t e a r a t e  p r o d u c e d  l e s s  t h i c k n e s s  and l e s s  h a r d n e s s  o f  
m a t r i c e s .  H i g h e r  c o m p r e s s i o n a l  p r e s s u r e  i n c r e a s e d  h a r d n e s s  
b u t  d e c r e a s e d  t h i c k n e s s .  The c o m p r e s s i o n a l  p r e s s u r e  h i g h e r  
t h a n  500  l b s  y i e l d e d  more t h a n  20 kp h a r d n e s s  o f  m a t r i c e s .  
H a r d n e s s  and t h i c k n e s s  o f  c o n s e c u t i v e  t h r e e  b a t c h e s  and  
S c a l e - u p  b a t c h  w e r e  r a n g i n g  f rom 1 8 . 4 8 - 1 9 . 5 3  kp and 4 . 4 7 4 -  
4 . 5 3 1  mm r e s p e c t i v e l y .  N u e l i n (R:> e x h i b i t e d  t h e  l e a s t  
h a r d n e s s  ( 3 . 8 0  kp ) . Theodur^*0  g a v e  m a t r i c e s  w i t h  1 2 . 0 2  kp 
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  o f  a l l  p r o d u c t  w e r e  more t h a n
120 m i n u t e s .
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T a b le  21 P h y s i c a l  P r o p e r t i e s  o f  t h e  M a t r i c e s  P r e p a r e d  f r o e  S p r a y - D r i e d  
P o w d e rs  and  C o e e e r c i a l  P r o d u c t s

F o r e u l a t i o n P h y s i c a l  P r o p e r t i e s  o f  M a t r i c e s
H e ig h t ! T h ic k n e s s » !

( น )
H a r d n e s s t t

(K p)
D i s i n t e g r a t i o n

T i a e ( » i n ) t t t
EFFECT OF MA6NESIUM STEARATE 
( a c c o r d in g  t o  t h e  s tu d y  in  1 1 (1 )1  

+ 0 Ï  Mg 4 2 7 .0 9 ( 1 . 1 2 ) » * »  4 .2 2 6 ( 0 ,0 3 3 ) 1 5 .3 8 ( 1 .9 0 ) >120
+ 0.75X  Mg 4 3 3 .7 5 ( 0 .6 5 ) 4 .0 5 9 ( 0 .0 2 1 ) 1 3 .3 7 ( 1 .1 2 ) >120
+ 1 .5 Z  Mg 4 3 6 .2 3 ( 0 .9 8 ) 4 .0 1 5 ( 0 .0 4 5 ) 1 0 .7 4 ( 0 .9 4 ) >120

EFFECT OF CO M PR ESSIO N  FORCE 
(b y  C a r v e r  L a b o r a to r y  P r e s s  
a c c o r d i n g  t o  t h e  s tu d y  in  1 1 ( 2 ) )  

500 l b s 4 2 7 .0 9 ( 1 .1 2 ) 4 .2 2 6 ( 0 .0 3 3 ) 1 5 .3 8 ( 1 .9 0 ) >120
1000 lb s 4 3 2 .5 7 ( 1 .7 3 ) 4 .0 3 8 ( 0 .0 4 7 ) >20 >120
1500 l b s 4 3 2 .2 1 ( 0 .6 4 ) 3 .9 2 1 ( 0 .0 2 7 ) >20 >120

EFFECT OF CO M PR ESSIO N  FORCE 
(b y  I n s t r u a e n t e d  S i n g l e  P unch  
M ach in e  a c c o r d i n g  t o  t h e  s tu d y  
in  1 1 ( 3 ) )

300  lb s 4 3 8 .6 8 ( 5 .7 4 ) 4 .9 4 5 ( 0 .2 9 1 ) 8 .8 1 2 ( 0 .9 9 ) >120
500 lb s 4 3 2 .8 1 ( 8 .4 4 ) 4 .4 7 4 ( 0 .0 3 8 ) 1 8 .8 3 ( 1 .4 0 ) >120
700 lb s 4 3 1 .0 9 ( 5 .6 4 ) 4 .3 6 3 ( 0 .0 3 6 ) >20 >120

CONSECUTIVE AND SCALE-UP BATCH 
( a c c o r d in g  to  t h e  s tu d y  I I I )  

B a tc h  I 4 3 8 .3 3 ( 7 .9 4 ) 4 .5 2 6 ( 0 .0 3 5 ) 1 8 .4 8 ( 2 .2 1 ) >120
B a tc h  I I 4 3 2 .8 1 ( 8 .4 4 ) 4 .4 7 4 ( 0 .0 3 8 ) 1 8 .8 3 ( 1 .4 0 ) >120
B a tc h  I I I 4 3 5 .6 2 ( 8 .3 7 ) 4 .4 8 6 ( 0 .0 5 7 ) 1 9 .8 6 ( 0 .3 6 ) >120

S c a le - u p  b a t c h 4 3 5 .2 0 ( 8 .9 1 ) 4 .5 3 1 ( 0 .0 6 6 ) 1 9 .5 3 ( 1 .1 9 ) >120
T h e o d u r 6 2 6 .1 9 ( 1 3 ,0 9 ) 7 .5 4 6 ( 0 .0 8 9 ) 1 2 .0 2 ( 1 .5 8 ) >120
N u e lin 4 9 3 .0 4 ( 3 .9 8 ) 5 .7 7 2 ( 0 .0 3 9 ) 3 .8 0 ( 0 .2 4 ) >120

I A v e ra g e  f r o »  tw e n ty  d e t e r a i n a t i o n s  
น  A v e ra g e  f r o »  t e n  d e t e r m i n a t i o n s  
t t t  A v e rag e  f r o »  s i x  d e t e r » i n a t i o n s  
t u t  S ta n d a r d  d e v i a t i o n
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5 .  P h y s i c a l  P r o p e r t i e s  o f  S p r a y - D r i e d  P o w d er s  o f
C o n s e c u t i v e - T h r e e  B a t c h e s  and S c a l e - u p  B a t c h

5 . 1  M o r p h o l o g y  o f  S p r a y - D r i e d  P o w d e r s

The p h o t o m i c r o g r a p h s  o f  s p r a y - d r i e d  p owder  
o f  b a t c h  I - I I I  and s c a l e - u p  b a t c h  a c c o r d i n g  t o  t h e  s t u d y  i n  
I I I  w e r e  shown i n  F i g u r e  5 2 - 5 5  r e s p e c t i v e l y .  A l l  s p r a y  
d r i e d  p o w d e r s  had a p p a r e n t l y  s i m i l a r  c h a r a c t e r i s t i c s .  The  
s i z e  o f  p a r t i c l e s  w e r e  g e n e r a l l y  l a r g e r  t h a n  10 urn.

5 . 2  A n g l e - . o f  R e p o s e .  B u l k  D e n s i t y . ' T a p p e d  
D e n s i t y . . . a n d  ■ C . Q m p r e s s i b i l i . t y
A n g l e  o f  r e p o s e ,  b u l k  d e n s i t y ,  t a p p e d  

d e n s i t y  and c o m p r e s s i b i l i t y  o f  c o n s e c u t i v e  t h r e e  b a t c h e s  and  
s c a l e - u p  b a t c h  w e r e  shown i n  T a b l e  2 2 .  A n g l e  o f  r e p o s e  o f  
b a t c h  I - I I I  and s c a l e - u p  b a t c h  was  i n  t h e  r a n g e  o f  3 1 . 9 9 -
3 4 . 1 4  ๐ . B u l k  and t a p p e d  d e n s i t y  w er e  r a n g i n g  f rom 0 . 4 5 9 -  
0 . 4 7 5  g / m l  and 0 . 6 5 5 - 0 . 6 6 8  g / m l  r e s p e c t i v e l y .  
% C o m p r e s s i b i l i t y  was  r a n g i n g  f r o m 2 8 . 8 9 - 2 9 . 9 2 % .  The h i g h e s t  
and l o w e s t  v a l u e s  o f  b u l k  and t a p p e d  d e n s i t y  we r e  o b t a i n e d  
from b a t c h  I I  and s c a l e - u p  b a t c h  r e s p e c t i v e l y .
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Figure 52 Photomicrograph of  Spray
Dried P a r t i c l e s  o f  Batch I

Figure 53 Photomicrograph o f  Spray
Dried P a r t i c l e s  o f  Batch II

Figure 54 Photomicrograph of  Spray 
Dried P a r t i c l e s  o f  
Batch I I I

Figure 55 Photomicrograph of  Spray 
Dried P a r t i c l e s  of  
Scale-up Batch
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T a b l e  22 A n g l e  o f  R e p o s e ,  B u l k  D e n s i t y ,  Tap pe d  D e s i t y  and
C o m p r e s s i b i l i t y  o f  P r o d u c t s  f rom C o n s e c u t i v e - T h r e e  
B a t c h e s  and S c a l e - u p  B a t c h

F o r m u l a t i o n A n g l e  o f  
R e p os e  
( d e g r e e )

B u l k  
D e n s i t y  

( g / m l )
Tapped
D e n s i t y

( g / m l )
C o m p r e s s i 

b i l i t y  
( % )

B a t c h I 3 1 . 9 9 0 . 4 6 2 0 . 6 5 7 2 9 . 6 8
B a t c h I I 3 3 . 9 7 0 . 4 7 5 0 . 6 6 8 2 8 . 8 9
B a t c h I I I 3 4 . 1 4 0 . 4 6 3 0 . 6 5 6 2 9 . 4 2

S c a l e - u p B a t c h 3 2 . 3 4 0 . 4 5 9 0 . 6 5 5 2 9 . 9 2

5 . 3  P a r t i c l e  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  t h e  
p o w d e r s  was  shown i n  T a b l e  62 ( s e e  A p p e n d i x ) .  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  was  d e p i c t e d  i n  F i g u r e  56 . V a l u e s  o f  
c u m u l a t i v e  % f r e q u e n c y  u n d e r s i z e  w er e  t r a n s f o r m e d  i n t o  
z v a l u e  ( s t a n d a r d  s c o r e )  w h i c h  p r e s e n t e d  i n  T a b l e  63 ( s e e  
A p p e n d i x )  and p l o t t e d  v e r s u s  p a r t i c l e  s i z e  i n  F i g u r e  7 3 - 7 4  
( i n  A p p e n d i x ) .  D5o o f  p r o d u c t s  was  shown i n  T a b l e  2 3 .

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 o n s e c u t i v e  
t h r e e  b a t c h e s  and s c a l e - u p  b a t c h  was n o t  much d i f f e r e n t  
( F i g u r e  5 6 ) .  The s i z e  o f  t h o s e  p a r t i c l e s  w e r e  m o s t l y  l e s s  
t h a n  45  pm. Dso o f  c o n s e c u t i v e  t h r e e  b a t c h e s  r a n g e d  f rom  
2 2 . 7 1 - 3 1 . 4 1  pm. The L a r g e s t  Dso ( 3 7 . 5 7  pm)  was  t a k e n  from  
s c a l e - u p  b a t c h .
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T a b l e  23 G e o m e t r i c  Mean D i a m e t e r  o f  S p r a y - D r i e d  P r o d u c t  
f r o m C o n s e c u t i v e - T h r e e  B a t c h e s  and S c a l e - u p  
B a t c h

F o r m u l a t i o n D50*
(jam)

B a t c h  I 2 2 . 7 1
B a t c h  I I 3 1 . 4 1
B a t c h  I I I 2 7 . 6 9

S c a l e - u p  B a t c h 3 7 . 5 7
^ G e o m e t r i c  mean d i a m e t e r

% W eight

Pan 45 Jim 75 Jim 106 Jim 125 Jim 250 Jim
Sieve size (micron)

□  Batch I [รฒ  Batch II Batch III EslSj S ca le -u p  Batch

F i g u r e  56 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  C o n s e c u t i v e  
T h r e e  B a t c h  and S c a l e - u p  B a t c h
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5 . 4  P e r c e n t  R e c o v e r y

The p e r c e n t  r e c o v e r y  o f  s p r a y - d r i e d  
p r o d u c t s  o f  t h e  t h r e e  c o n s e c u t i v e  b a t c h e s  and s c a l e - u p  b a t c h  
w ere  shown i n  T a b l e  2 4 .  The t o t a l  p e r c e n t  r e c o v e r y  o f  
b a t c h  I - I I I  was  a p p r o x i m a t e l y  84%. The t o t a l  p e r c e n t  
r e c o v e r y  was  i n c r e a s e d  i n  s c a l e - u p  b a t c h .  The p e r c e n t  
r e c o v e r y  o f  b a t c h  I - I I I  n o t  o n l y  i n  c o l l e c t o r  b u t  a l s o  i n  
chamber  was  s i m i l a r .  The p e r c e n t  r e c o v e r y  i n  c o l l e c t o r  o f  
s c a l e - u p  b a t c h  was  h i g h e r  t h a n  t h o s e  o f  b a t c h  I - I I I .

T a b l e  24 The P e r c e n t  R e c o v e r y  o f  S p r a y - D r i e d  P r o d u c t  
f r o m C o n s e c u t i v e - T h r e e  B a t c h e s  and S c a l e - u p  
B a t c h

F o r m u l a t i o n P e r c e n t  R e c o v e r y
C o l l e c t o r Chamber T o t a l

B a t c h  I 3 3 . 3 0 5 1 . 1 0 8 4 . 4 0
B a t c h  I I 3 3 . 4 5 4 9 . 4 5 8 2 . 9 0
B a t c h  I I I 3 5 . 3 0 4 9 . 0 0 8 4 . 3 0

S c a l e - u p  B a t c h 4 3 . 4 0 4 8 . 0 8 9 1 . 4 8
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6 .  M o r p h o l o g y . .  Q . f  S p r a y _ _ D r i e d  M a t r i c e s  a n d  . . H u e . l i n < R >
B e f o r e  and A f t e r  R e l e a s e

The p h o t o m i c r o g r a p h s  o f  s p r a y - d r i e d  m a t r i c e s  and  
N u e l i n ' CR:> ( b e f o r e  r e l e a s e  t e s t i n g )  i n  s u r f a c e  v i e w  and c r o s s  
s e c t i o n  w e r e  shown i n  F i g u r e  5 7 - 5 8 ( A , B ) .  S u r f a c e  v i e w  o f  
s p r a y  d r i e d  m a t r i c e s  i n  F i g u r e  5 7 ( A , B )  s h owed  t h a t  t h e  
m a t r i c e s  was  c o m p os ed  o f  c o m p r e s s e d  m i c r o s p h e r e s .  The  
m i c r o c r y s t a l s  o f  t h e o p h y l l i n e  c o u l d  be  f o u n d  on t h e m.  More  
i n t e r p a r t i c u l a r  s p a c e s  we r e  f o u n d  t h a n  t h o s e  o f  N u e l i n <F°  . 
S u r f a c e  v i e w  o f  N u e l i n <:R:> had r a t h e r  s m o o t h  s u r f a c e  ( F i g u r e  
5 8 ) .  C r o s s  s e c t i o n  o f  s p r a y  d r i e d  m a t r i c e s  c o u l d  be  c l e a r l y  
s e e n  t h e  w h o l e  c o m p r e s s e d  m i c r o s p h e r e  and t h e  more  
i n t e r p a r t i c u l a r  s p a c e ,  C r o s s  s e c t i o n  o f  N u e l i n <R> was  
r o u g h .

The p h o t o m i c r o g r a p h s  o f  N u e l i n  <R:> ( a f t e r  r e l e a s e  
t e s t i n g )  on s u r f a c e  v i e w  and c r o s s  s e c t i o n  w e r e  shown i n  
F i g u r e  5 9 - 6 0  ( A , B ) .  In  F i g u r e  59 A, t h e  l a r g e r  s p a c e s  we r e  
f o u n d  and t h e i r  s u r f a c e  was v e r y  r o u g h .  More s p a c e s  w e r e  
f o u n d  on t h e  c r o s s  s e c t i o n  o f  N u e l i n <f°  t h a n  b e f o r e  t h e  
r e l e a s e  t e s t i n g .  H o we v e r ,  t h e y  w e r e  l e s s  t h a n  t h o s e  o f  t h e  
s u r f a c e  v i e w  ( F i g u r e  59 A ) .  Low amount  o f  c r y s t a l s  w e r e
f o un d  a s  shown i n  F i g u r e  60 B.
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F i g u r e  57 P h o t o m i c r o g r a p h s  o f  S p r a y - D r i e d  M a t r i c e s  
b e f o r e  R e l e a s e  T e s t i n g  
Key A: S u r f a c e  Vi e w X 1 , 5 0 0  

B; C r o s s  S e c t i o n  X 1 , 5 0 0

F i g u r e  58 P h o t o m i c r o g r a p h s  o f  N u e l i n <R:> b e f o r e  R e l e a s e  
T e s t i n g
Key A: S u r f a c e  Vi ew X 3 50  

B: C r o s s  S e c t i o n  X 350
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F i g u r e  59 P h o t o m i c r o g r a p h s  o f  N u e l i n <RJ a f t e r  R e l e a s e  
T e s t i n g  ( S u r f a c e  V i e w )
Key ( A X 75 , B X 350  )

F i g u r e  60 P h o t o m i c r o g r a p h s  o f  N u e l i n (F°  a f t e r  R e l e a s e  
T e s t i n g  ( C r o s s  S e c t i o n )
Key ( A X 75 , B X 350  )
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The p h o t o m i c r o g r a p h s  o f  s p r a y  d r i e d  m a t r i c e s  
a f t e r  r e l e a s e  t e s t i n g  on s u r f a c e  v i e w  and c r o s s  s e c t i o n  w e r e  
shown i n  F i g u r e  6 1 - 6 2 ( A , B ) .  A l o t  o f  s p a c e s  c o u l d  b e  s e e n  
( F i g u r e  6 1 ) .  The m i c r o c r y s t a l s  o f  t h e o p h y l l i n e  w e r e  
embedded i n  t h e  s u r f a c e .  T h o s e  m i c r o c r y s t a l s  m i g h t  be  
c o n n e c t e d  w i t h  r e s i d u a l  p o l y m e r  i n  f o r m u l a t i o n .  F i g u r e  62  
d e p i c t e d  t h e  c r o s s  s e c t i o n  o f  s p r a y  d r i e d  m a t r i c e s ,  t h e
s p a c e  and t h e  m i c r o c r y s t a l s  a l s o  c o u l d  b e  f o u n d .
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F i g u r e  62 P h o t o m i c r o g r a p h s  o f  S p r a y - D r i e d  M a t r i c e s  
a f t e r  R e l e a s e  T e s t i n g  ( C r o s s  S e c t i o n )
Key ( A x  5 00  , B X 2 , 0 0 0  )

P h o t o m i c r o g r a p h s  o f  S p r a y - D r i e d  M a t r i c e s  
a f t e r  R e l e a s e  T e s t i n g  ( S u r f a c e  V i e w )
Key ( A x  500  , B X 2 , 0 0 0  )

F i g u r e  61
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