
R e f e r e n c e s

A s k e r ,  A . F . ,  and B e c k e r ,  C.H.  1 9 6 6 .  Some s p r a y - d r i e d  
f o r m u l a t i o n s  o f  s u l f a e t h y l t h i a d i a z o l e  f o r  p r o l o n g e d  
r e l e a s e  m e d i c a t i o n .  J ■ P h a r m ■ S c i ■ 5 5 ( 1 ) :  9 0 - 9 4 .

B o d m e i e r ,  R. and Chang ,  H. 1 9 8 8 .  P r e p a r a t i o n  o f
b i o d e g r a d a b l e  p o l y ( + ) l a c t i d e  m i c r o p a r t i c l e s  u s i n g  a 
s p r a y  d r y i n g  t e c h n i q u e .  J ■ Ph a r m ■ P h a r m a c o 1.  4 0:
7 5 4 - 7 5 7 .

B r o a d h e a d ,  J . ,  Rouan,  S . K . E . ,  and R ho de s ,  C . T .  1 9 9 2 .  The  
s p r a y  d r y i n g  o f  p h a r m a c e u t i c a l s .
Drug D e v , I n d ■ P h a r m■ 1 8 ( 1 1 & 1 2 ) :  1 1 6 9 - 1 2 0 6 .

B u c k t o n ,  G . ,  G a n d e r t o n ,  อ . ,  and S ha h ,  R. 1 9 8 8 .  In v i t r o  
d i s s o l u t i o n  o f  some c o m m e r c i a l l y  a v a i l a b l e
s u s t a i n e d - r e l e a s e  t h e o p h y l l i n e  p r e p a r a t i o n s .
I n t . J . P h a r m ■ 4 2:  3 5 - 3 9 .

Cham, T.M. 1 9 8 7 .  E f f e c t  o f  t h e  s p e c i f i c  s u r f a c e  a r e a  o f  
h e a v y  ma g n es iu m c a r b o n a t e  on i t s  t a b l e t i n g
p r o p e r t i e s .  Drug__ D e v . I n d . P h a r m . 1 3 ( 9 - 1 1 ) :  1 9 8 9 -
2 0 1 5 .
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Chang ,  R . K . 8 8 ,  H s i a o ,  C . H . ,  and R o b i n s o n ,  J . R .  1 9 8 7 .  A 
r e v i e w  o f  a q u e o u s  c o a t i n g  t e c h n i q u e s  and p r e l i m i n a r y  
d a t a  on r e l e a s e  f r o m a t h e o p h y l l i n e  p r o d u c t .  
P ha r m ■ T e c h n o l ■ 1 1 ( 3 ) :  5 6 - 6 8 .

C o r r i g a n ,  O . I . ,  and H o l l o h a n ,  E.M.  1 9 8 4 .  Amorphous  s p r a y -  
d r i e d  h y d r o f l u m e t h i a z i d e  p o l y v i n y l p y r r o l i d o n e  s y s t e m  
p h y s i c o c h e m i c a l  p r o p e r t i e s .  J ■ P h a r m ■ P h a r m a c o l ■

' 3 6 : 2 1 7 - 2 2 6 .

__________ . ,  H o l l o h a n ,  E . M . ,  and S a b r a ,  K. 1 9 8 4 .  Amorphous
f o r m s  o f  t h i a z i d e  d i u r e t i c s  p r e p a r e d  by  s p r a y  
d r y i n g .  I n t  1, 18:  1 9 5 - 2 0 0 .

C r o s b y ,  E . J . ,  and M a r s h a l l ,  W . R . J r .  1 9 5 8 .  A t o m i z a t i o n  and 
s p r a y  d r y i n g .  Chem■ E n g ■ P r o g ■ 5 7 ( 7 ) :  1 1 0 4 - 1 1 1 2 .

C u s i m a n o ,  A . G . ,  and B e c k e r ,  C.H.  1 9 6 8 .  S p r a y - c o n g e a l e d  
f o r m u l a t i o n s  o f  รน I f a e t h y l t h a i d i a z o l e ( S E T D  ) and 
w a x e s  f o r  p r o l o n g e d - r e l e a s e  m e d i c a t i o n .
J ■ P ha r m ■ Sc i ■ 5 7 ( 7 ) :  1 1 0 4 - 1 1 1 2 .

D e a s y ,  P . B .  1 9 8 4 .  S p r a y  d r y i n g ,  s p r a y  c o n g e a l i n g ,  s p r a y  
e mb e d d i n g  and s p r a y  p o l y c o n d e n s a t i o n .  In
M i c r o e n c a p s u l a t i o n  and r e l a t e d  dr.ixg p r o c e s s e s ,  
p p . 1 8 1 - 1 9 3 .  New York:  D e k k e r ,  I n c .



F a s s i h i , A . R . , P a r k e r . ,  M . S . ,  a n d  P o u r k a v o o s ,  N . 1 9 8 5 .

S o l i d  d i s p e r i o n  c o n t r o l l e d  r e l e a s e :  e f f e c t  o f  
p a r t i c l e  s i z e ,  c o m p r e s s i o n  f o r c e  and t e m p e r a t u r e .  
Drug D e v . I n d . P h a r m .  11:  5 2 3 - 5 3 5 .

G i d w a n i , R . , V e n k a t , K. , Audhya , T . ,  and G o l d s t e i n ,  G.
1 99 2  . S p r a y - d r i e d e n t e r i c s o l i d  d i s p e r s i o n  a s  a
n o v e l  o v a l  d e l i v e r y  s y s t e m  f o r  a p e n t a p e p t i d e  a n a l o g  
o f  t h y m o p e n t i n .  Drug D e v . I n d . P h a r m ■ 1 8 ( 4 ) :  3 8 5 - 3 9 4 .

Hamid,  I . ร . ,  and B e c k e r ,  C.H.  1 9 7 0 .  R e l e a s e  s t u d y  o f  
s u l f a e t h y l t h i a d i a z o l e  (SETD) f rom a t a b l e t  d o s a g e  
f orm p r e p a r e d  from s p r a y - c o n g e a l e d  f o r m u l a t i o n s  o f  
SETD and wax .  J ■ Ph a r m■ S c i ■ 5 9 ( 4 ) :  5 1 1 - 5 1 4 .

J o h n ,  P . M . ,  and B e c k e r ,  C.H.  1 9 6 8 .  S u r f a c t a n t  e f f e c t s  on 
s p r a y - c o n g e a l e d  f o r m u l a t i o n s  o f
s u l f a e t h y l t h i a d i a z o l e - w a x .  J . P h a r m ■ S c i . 5 7 ( 4 ) :
5 8 4 - 5 8 9 .

Jonkman,  J . H . G . ,  B e r g ,  W. C. ,  and De Zeeu w,  R.A.  1 9 8 3 .
D i s s o l u t i o n  m o d e l s  i n v o l v i n g  a pH c h a n g e :  t h e i r
c o r r e l a t i o n  w i t h  a b s o r p t i o n  o f  t h e o p h y l l i n e  from  
s u s t a i n e d - r e l e a s e  t a b l e t s .  In F . W . H . M . ,  Merkus  and
L . ,  H e n d e l e s  ( e d s . ) ,  S u s t a i n e d  r e l e a s e  t h e o p h y l l i n e . ; . .
A b i o p h a r m a c e u t i c a l  c h a l l e n g e  t o  a c l i n i c a l ___n e e d ,
p p . 7 9 - 1 0 3 .  Amsterdam:  E x c e r p t a  M e d i a .



1 3 1

Ka wa s h i ma ,  y . ,  L i n ,  s . Y . ,  and T a k e n a k a ,  H. 1 9 8 3 .
P o l y m o r p h i s m  and d r u g  r e l e a s e  b e h a v i o r  o f  s p r a y  
d r i e d  m i c r o c a p s u l e s  o f  s u l f a m e t h o x a z o l e  w i t h
p o l y s a c c h a r i d e  gum and c o l l o i d a l  s i l i c a .
Drug D e v . I n d ■ P ha r m ■ 9 ( 8 ) :  1 4 4 5 - 1 4 6 3 .

_________ . , and T a k e n a k a ,  H. 1 9 7 4 .  Reduced  a c i d - n e u t r a l i z i n g
v e l o c i t y  o f  s p r a y - d r i e d  a g g l o m e r a t e d  magnes i um  
c a r b o n a t e .  J . P h a r m ■ S c  i ■ 6 3 (  1 0 ) :  1 5 4 6 - 1 5 5 1 .

_________ M a t s u d a ,  K . ,  and T a k e n a k a ,  H. 1 9 7 2 .
P h y s i c o c h e m 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
a g g l o m e r a t e d  p a r t i c l e s  o f  s a l i c y . l i c  a c i d  and s o d i um  
s a l i c y l a t e .  J . P h a r m ■ P h a r m c o l ■ 2 4 : 5 0 5 - 5 1 2 .

K l i n g e r ,  G . H . ,  G h a l i ,  E . S . ,  P o r t e r ,  S . C . ,  and S c h w a r t z ,  J . B .
1 9 9 0 .  F o r m u l a t i o n  o f  c o n t r o l l e d  r e l e a s e  m a t r i c e s  by  
g r a n u l a t i o n  w i t h  a p o l y m e r  d i s p e r s i o n .  Drug
D e v ■ I n d . P ha r m . 1 6 ( 9 ) :  1 4 7 3 - 1 4 9 0 .

Kondo,  A. 1 9 7 9 .  M i c r o e n c a p s u l a t i o n  by s p r a y  d r y i n g  p r o c e s s .
In J . W . V . ,  V a l k e n b u r g  ( ed ) . , M i c r o c a P S u l e P r o c e s s i n g  
and T e c h n o l o g y , p p . 1 5 4 - 1 6 5 .  New York ะ D e k k e r .

K o r n b l u m ,  s s .  1 9 6 9 .  S u s t a i n e d - a c t i o n  t a b l e t s  p r e p a r e d  b y

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

J  . P h r a i a .  S c i . . .  5 8 ( 1 ) :  1 2 5 - 1 2 7 .



1 3 2

J ap a n - T h a i  l a n d ___Sy mpos ium____ on___Bjpwder____ t e c h n o l o g y -
a p p l i c a t i o n s  t o  e n v i r o nm e n t a l ____ p r o t e c t i o n  V___ _ a e a
m a t e r i a l s ,  and i n d u s t r i a l  pharma-py...  p p . I P - 2 : l - 3 8 .  
T h a i l a n d :  C h u l a l o n g k o r n  U n i v e r s i t y .

L a b r u d e ,  P . ,  R a s o l o m a n a n a ,  M. ,  V i g n e r o n ,  c . ,  T h i r i o n ,  c . ,  
and C h a i l l o t ,  B. 1 9 8 9 .  P r o t e c t i v e  e f f e c t  o f  
s u c r o s e  on s p r a y  d r y i n g  o f  o x y h e m o g l o b i n .  
J . P h a r m . S c i .  7 8 ( 3 )  2 2 3 - 2 2 9 .

L e e s a w a t ,  p .  1 9 9 1 .  C o n t r o l l e d  r e l e a s e  t h e o p h y l l i n e  m a t r i c e s
p r e p a r e d  f rom c o - s p r a y  d r i e d ___t h e o p h v l l i n e - p o l y m e r -
c h a n n e l i n g  a g e n t .  M a s t e r ' s  T h e s i s ,  C h u l a l o n g k o r n  
U n i v e r s i t y .

L i n ,  S . Y . ,  and Kao,  Y.H.  1 9 9 1 .  T a b l e t  f o r m u l a t i o n  s t u d y  o f  
s p r a y - d r i e d  s o d i u m  d i c l o f e n a c  e n t e r i c - c o a t e d  
m i c r o c a p s u l e s .  P h a r m . R e s . 8 ( 7 ) :  9 1 9 - 9 2 4 .

M a s t e r s ,  K. 1 9 7 9 .  S p r a y  d r y i n g  h an db o o k .  4 t h  e d . B a t h . :  
P i t m a n  P r e s s .

M c G i n i t y ,  J . W . ,  Cameron,  C . G . ,  and C u f f ,  G.w.  1 9 8 3 .
C o n t r o l l e d  r e l e a s e  t h e o p h y l l i n e  t a b l e t  f o r m u l a t i o n s  
c o n t a i n i n g  a c r y l i c  r e s i n s .  I .  D i s s o l u t i o n  p r o p e r t i e s  
o f  t a b l e t s .  Drug D e v ■ I n d . P h a r m■ 9 : 5 7 - 6 8 .

M c k e t t a ,  J .  1 9 8 3 .  E n c y c l o p e d i a  o f  C h e m i c a l  P r o c e s s i n g  and  
D e s i g n . p p . 1 4 - 1 5 .  New York:  M a r c e l  D e k k e r ,  I n c .

K u l v a n i c h ,  P . ,  a n d  L e e s a w a t ,  p .  1 9 9 1 .  C o - s p r a y  d r y i n g  o f

t h e o p h y l l i n e - p o l y m e r - c h a n n e l i n g  a g e n t .  T h e  S e c o n d



1 3 3

N i e l s o n ,  F.  1 9 8 2 .  S p r a y  d r y i n g  p h a r m a c e u t i c a l s .  Manu. Chem■ 
5 3 ( 7 ) :  3 8 - 4 1 .

R a f f ,  A . M . ,  R o b i n s o n ,  M . J . ,  and S v e d r e s ,  E . v .  1 9 6 1 .  S pr a y  
d r y i n g  o f  t a b l e t  g r a n u l a t i o n s  I .  J ■ Pha r m. S c i ■ 
5 0 ( 1 ) :  7 6 - 7 9 .

R i t g e r ,  P . L . ,  and P e p p a s ,  N .A.  1 9 8 7 .  A s i m p l e  e q u a t i o n  f o r  
d e s c r i p t i o n  o f  s o l u t e  r e l e a s e  I .  F i c k i a n  and n o n -  
F i c k i a n  r e l e a s e  f rom n o n - s w e 1 l a b  l e  d e v i c e s  i n  t h e  
f o r m o f  s l a b s ,  s p h e r e s ,  c y l i n d e r s  or  d i s c s .
J ■ C o n t r o l l e d  R e l e a s e  5 : 2 3 - 3 6 .

R o b i n s o n ,  M . J . ,  and S w i n t o s k y ,  J . v .  1 9 5 9 .
S u i f a e t h y l t h i a d i a z o l e  V. D e s i g n  and s t u d y  o f  an 
o r a l  s u s t a i n e d  r e l e a s e  d o s a g e  f o rm.
J ■ Am■ P ha r m . A s s ■ S c i . E d ■ 4 8 :  4 7 3 - 4 7 8 .

Rue,  P . J . ,  S e a g e r ,  H . ,  R y d e r ,  J . ,  and B u r t .  1980  
R e l a t i o n s h i p  b e t w e e n  g r a n u l e  s t r u c t u r e ,  p r o c e s s  o f  
m a n u f a c t u r e  and t h e  t a b l e t i n g  p r o p e r t i e s  o f  a 
g r a n u l a t e d  p r o d u c t .  P a r t  2 .  C o m p r e s s i o n  p r o p e r t i e s  
o f  g r a n u l e s .  I n t  ■ J ■ Pharm ■ Te ch no  1 . P r o d  ■ Maim... . 1 ( 3 ) :

N e w t o n ,  J . M .  1 9 6 6 .  S p r a y  d r y i n g  a n d  i t s  a p p l i c a t i o n  i n

p h a r m a c e u t i c a l s .  M a n u ■ C h e m ■ A e r s o l ■ N e w s  3 3 ( 4 ) :

3 3 - 3 6 S 5 5 .

2 - 6 .



1 3 4

S a ,  B . ,  B a n d a y y o p a d h y a y , A . K . ,  and G u p t a ,  B . K.  1 9 9 0 .
D e v e l o p m e n t  and i n  v i t r o  e v a l u a t i o n  o f  e t h y l  
c e l l u l o s e  m i c r o p e l l e t s  a s  a c o n t r o l l e d  r e l e a s e  
d o s a g e  f orm t h e o p h y l l i n e .  Drug D e v . I n d ■ P h a r m■ IB:  
1 1 5 3 - 1 1 6 9 .

S c o t t ,  M.W. ,  R o b i n s o n ,  M . J . ,  P a u l s ,  J . F . ,  and L e n t z ,  R . J .
1 9 6 4 .  S p r a y  c o n g e a l i n g :  p a r t i c l e  s i z e  r e l a t i o n s h i p s  
u s i n g  a c e n t r i f u g a l  w h e e l  a t o m i z e r .  J . P h a r m ■ S c i ■ 
5 3 ( 6 ) : 6 7 0 - 6 7 5 .

S e a g e r ,  H. 1 9 7 7 .  S p r a y - c o a t i n g  b u l k  d r u g s  a i d  d o s a g e  form  
p r o d u c t i o n .  M a n u f ■ Chem■ and A e r o s o l  N e w s ■ 4 8 ( 4 ) : 2 5 - 3 5 ■

_________ . ,  B u r t ,  I . ,  R yd r e ,  J . ,  Rue,  p . ,  Mu rra y ,  J . ,  B e a l ,
N . ,  and Wa r ra c k ,  J . K .  1 9 7 9 .  R e l a t i o n s h i p  b e t w e e n  
g r a n u l e  s t r u c t u r e ,  p r o c e s s  o f  m a n u f a c t u r e  and t h e  
t a b l e t i n g  p r o p e r t i e s  o f  a g r a n u l a t e d  p r o d u c t .  P a r t  
I .  G r a n u l e  s t r u c t u r e .  I n t ■ J ■ P h a r m . T e c h n o l . P r o d . Manu, 
1 ( 1 ) :  3 6 - 4 4 .

S h a ng r a w ,  R . F .  1 9 8 8 .  D e s i g n  and f o r m u l a t i o n  o f  s u s t a i n e d  
r e l e a s e  t h e o p h y l l i n e  d o s a g e  f o r m s .  Drug
D e v . I n d . P h a r m ■ 14:  3 1 9 - 3 3 5 .



1 3 5

S u g i m o r i ,  K . ,  Ka wa s h i ma ,  Y . ,  T a k e u c h i ,  H . ,  H i n o ,  T . ,  Ni wa ,  
T . ,  Ohno,  ร . ,  and M o r i ,  ร .  1 9 9 0 .  E f f e c t  o f  
g r a n u l a t i o n  met h od  and d r u g  d i s s o l v e d  i n  b i n d e r  
s o l u t i o n  on c o m p r e s s i b i l i t y  o f  g r a n u l e s .  
C h e m . P h a r m . B u l l .  3 8 ( 1 ) :  1 8 8 - 1 9 2 .

T a k e n a k a ,  H . ,  Ka wa s h i ma ,  Y . ,  and L i n ,  S . Y .  1 9 8 0 .
P r e p a r a t i o n  o f  e n t e r i c - c o a t e d  m i c r o c a p s u l e s  f o r  
t a b l e t i n g  by  s p r a y - d r y i n g  t e c h n i q u e  and i n  v i t r o  
s i m u l a t i o n  o f  d r u g  r e l e a s e  f rom t h e  t a b l e t  i n  GI 
t r a c t .  J ■ P h a r m ■ S c i ■ 6 9 ( 1 2 ) :  1 3 8 8 - 1 3 9 2 .

_________ . ,  Ka wa s h i ma ,  Y . ,  and L i n ,  S . Y .  1 9 8 1 .  P o l y m o r p h i s m
o f  s p r a y - d r i e d  m i c r o e n c a p s u l a t e d  s u l m e t h o x a z o l e  w i t h  
c e l l o l o s e  a c e t a t e  p h t h a l a t e  and c o l l o i d a l  s i l i c a ,  
m o n t m o r i l l o n i t e  or  t a l c .  J ■ P h a r m ■ S c i ■ 7 0 ( 1 1 ) :
1 2 5 6 - 1 2 6 0 .

T a k e u c h i ,  H . ,  Handa,  T . ,  and Ka wash i ma,  Y. 1 9 8 7 .  S p h e r i c a l  
s o l i d  d i s p e r s i o n  c o n t a i n i n g  a mo r p h o u s  t o l b u t a m i d e  
embedded i n  e n t e r i c  c o a t i n g  p o l y m e r s  or  c o l l o i d a l  
s i l i c a  p r e p a r e d  by  s p r a y  d r y i n g  t e c h n i q u e .  
C he m. Ph a r m . B u l l , 3 5 ( 9 ) :  3 8 0 0 .

_________ . ,  Handa,  T . ,  and Ka wash i ma,  Y. 1 9 8 9 .  C o n t r o l l e d
r e l e a s e  t h e o p h y l l i n e  t a b l e t  w i t h  a c r y l i c  p o l y m e r s  
p r e p a r e d  by  s p r a y  d r y i n g  t e c h n i q u e  i n  a q u e o u s
s y s t e m .  Drug D e v . I n d . P h a r m . l 5 ( 1 2 ) : 1 9 9 9 - 2 0 1 6 .



1 3 6

The U n i t e d  S t a t e s  P h a r m a c o p e i a l  C o n v e n t i o n .  1 9 8 0 .  The
U n i t e d  S t a t e s  P h a r m a c o p e i a . __CUSP) 2 n d .  r e v .  U . S . A .

T s u d a ,  Y . ,  I s c h i d a ,  M. ,  S u z u k i ,  E . ,  and S e k i g u c h i ,  K. 1 9 8 8 .
S p r a y  d r y i n g  o f  g r i s e o f u l v i n  s o l u t i o n  f o r m i n g  i t s  
s o l v a t e .  Chem■ P h a r m . B u l l .  3 6 ( 6 ) :  2 1 9 3 - 2 1 9 6 .

V o e l l y m y ,  c . ,  S p e i s e r ,  p . ,  and S o l i v a  M. J .  1 9 7 7 .
M i c r o e n c a p s u l a t i o n  o f  p h é n o b a r b i t a l  by s p r a y
p o l y c o n d e n s a t i o n .  J ■ P h a r m ■ S c i . 6 6 ( 5 ) :  6 3 1 - 6 3 4 .

Wan, L . S . C . ,  Heng,  P . W . S . ,  and C h i a ,  C . G. H.  1 9 9 0 .  I n f l u e n c e  
o f  o p e r a t i o n a l  and f o r m u l a t i o n  f a c t o r s  on s p r a y  
d r i e d  m i c r o c a p s u l e s .  JSPS-NUS S e m i n a r  on " R e c e n t
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T a b l e  25 A b s o r b a n c e  o f  T h e o p h y l l i n e  i n  0 . 1  N HC1 
D e t e r m i n e d  a t  2 6 8 . 5  nm.

C o n c e n t r a t i o n  ( j i g / m l ) A b s o r b a n c e
0 0 . 0 0 0
4 0 . 2 1 6
6 0 . 3 2 2
8 0 . 4 3 0

10 0 . 5 3 7
12 0 . 6 4 5
14 0 . 7 4 7

C o r r e l a t i o n  c o e f f i c i e n t  = 0 . 9 9 9 9 5 8  ; 
Y - oTo5 34 5 3X + 0 . 0 0 1 1 4 1

T a b l e  26 A b s o r b a n c e  o f  T h e o p h y l l i n e  i n  P h o s p h a t e  B u f f e r  
pH 6 . 8  D e t e r m i n e d  a t  2 7 0 . 3  nm.

C o n c e n t r a t i o n  ( p g / m l ) A b s o r b a n c e
0 0 . 0 0 0
4 0 . 2 2 6
6 0 . 3 3 5
8 0 . 4 4 9

10 0 . 5 6 1
12 0 . 6 7 0
14 0 . 7 8 3

C o r r e l a t i o n  c o e f f i c i e n t  = 0 . 9 9 9 9 7 3  ; 
Y = 0 . 0 5 5 8 52 X + 0 . 0 0 0 8 5 2
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Table 27 P a r t i c l e  S i ze  Di s t r i bu t i on  o f  Spray-Dried Powders 
Prepared from Various Spray Drying Condi t ions

P r o c e s s  V a r i a b l e  % We i g h t  R e t a i n e d  on S i e v e  S i z e
/ L e v e l

Pan 45  pm 75 pm 106  pm 125 pm 2 50  pm
I n l e t  T e m p e r a t u r e  ( * C )  

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

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

A t o m i z a t i o n  p r e s s u r e
2 b a r 5 8 . 9 1 1 9 . 6 2 6 . 9 3 6 4 . 9 8 3 . 5 6
3 bar 3 3 . 0 4 2 6 . 3 9 9 . 6 2 1 7 . 1 4 9 . 7 4 4 . 0 7
4 b a r 3 . 2 2 6 6 . 5 5 . 9 8 1 0 . 2 2 8 . 6 5 5 . 4 2
6 b a r 0 . 1 6 2 8 . 7 3 4 2 . 4 2 9 . 2 3 1 3 . 3 2 6 . 1 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 1 6 8 . 5 2 7 . 7 9 9 . 5 8 9 . 5 1 3 . 6 1
13 3 . 2 2 6 6 . 5 5 . 9 8 1 0 . 2 2 8 . 6 5 5 . 4 2
20 18 4 2 . 9 3  . /1 7 . 8 9 8 . 5 3 8 . 2 5 4 . 3 9
25 5 2 . 7 4 1 9 . 5 3 5 . 2 3 7 . 7 4 8 . 5 5 6 . 2 1
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Table 28 emulative ? Frequency Undersize and z Value of Spray-Dried Powder Produced 
at Different Inlet Tesperature

^^Temperature
Size
Range \  
(micron)

120‘c 130'c 150* c 170* c

CUtt% z CUM? z CUM? z CUM? z

0-45 15.97 -0.9958 3.22 -1.8500 0.12 -3.0400 63.23 0.3379
45-75 63.85 0.3545 69.72 0.5163 13.94 -1.0832 74.01 0.6436

75-106 70.82 0.5482 75.70 0.6968 25.79 -0.6490 79.23 0.8145
106-125 81.81 0.9081 . 85.92 1.0768 59.28 0.2347 86.07 1.0836
125-250 93.58 1.5208 94.57 1.6045 77.00 0.7337 95.39 1.6840
>=250 100.00 100.00 100.00 100,00

CUM? = Cumulative 7. Frequency L'ndersi:ze

Table 29 Cumulative ? Frequency Undersize and z Value of Spray-Dried Powder Produced_
at Different Feed Rate of Solution

^ v F e e d  Rate 18 24 27 30
Size ffll/fflin ffll/fflin ffll/fflin ffll/fflin
Range
(micron) CUM? z CUM? z CUM? z CUM? z

0-45 o.se -2.3750 3.22 -1.8500 53.81 0.0956 41.45 -0.2159
45-75 46.89 -0.0780 69.72 0.5163 74,57 0.6609 73.13 0.6167

75-106 75.17 0.6800 75.70 0.6968 82.67 0.9412 78.73 0.7972
106-125 84.80 1.0279 85.92 1.0768 89.95 1.2788 86.79 1.1167
125-250 94.59 1.6864 94.57 1.6045 96.41 1.8000 97.51 1.9617
>=250 100.00 100.00 100.00 100.00

CUM?. = Cumulative ? Frequency Undersi ze

Table 30 Cumulative ? Frequency Under 
at Various Atomization Press

size and z Value of Spray-Dried 
iure

Powder Produced

N\ f l t c
Size
Range
(micron)

iiization
Pressure l bar

4
bar

6
bar

CUM? z CUM? z CUM? 7L CUM? 7L

0-45 58.91 0.2251 33.04 -0.4389 7 ว ว  -■ j I L L 1,8500 0.16 -2.9400
45-75 78.53 0.7903 59.43 0.2387 69.72 0.5163 28.89 -0.5566

75-106 85.46 1.0565 69.05 0.4972 75.70 0.6968 71.31 0.5624
106-125 91.46 1.3694 86.19 1.0891 85.92 1.0768 30.54 0.8611
125-250 96.44 1.8038 95.93 1.7425 94.57 1.6045 93.86 1.5433
>=250 100.00 100.00 100.00 100.00

CUM% = Cumulative ? Frequency Undersize



1 4 1
Table 31 emulative z Frequency Undersize and z Value of Spray-Dried Powder Produced 

fros Various Concentration of Solution

^^C oncentration  
Size N\ o f  Solution 
Range %SSsN.

10% 132 20Z 25Z

(aicron} CUHZ z CUM% z CUHZ z CUHZ z

0-45 1.00 -2.3217 3.22 -1.8500 18 -0.9154 52.74 0.0687
45-75 69.52 0.5106 69.72 0.5163 60.93 0.2774 72.27 0.5909

75-106 77.31 0.7490 75.70 0.6968 78.82 0.8003 77.50 0.7553
106-125 86.89 1.1214 85.92 1.0768 87.35 1.1430 85.24 1.0470
125-250 96.40 1.7988 94.57 1,6045 95.6 1.7060 93.79 1.5375
>=250 100.00 100.00 100 100.00

CUM% = Cuiulative A Frequency Undersize

T a b l e  32 G e o m e t r i c  Mean D i a m e t e r  o f  S p a r y - D r i e d  P r o d u c t  
P r e p a r e d  f r o m 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

D50*
pm

I n l e t  T e m p e r a t u r e  ( ° C )
120 7 3 . 4 0
130 8 2 . 3 0
150 1 4 4 . 8 3
170 3 2 . 3 0

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

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

10 8 6 . 6 2
13 8 2 . 3 0
20 6 8 . 8 1
25 3 9 . 9 9

^ G e o m e t r i c  mean d i a m e t e r
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T a b l e  3 3  A m o u n t  o f  T h e o p h y l l i n e  R e l e a s e  f r o m

S p r a y - D r i e d  M a t r i c 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  A i r  T e m p e r a t u r e
T e m p e r a t u r e

r * c )
Time( h r ) %* SD**

0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 7 . 9 1 0 . 3 60 . 5 0 1 3 . 5 6 0 . 7 60 . 7 5 1 8 . 2 5 0 . 6 01 . 0 0 2 2 . 1 8 0 . 9 52 . 0 0 3 7 . 1 7 1 . 6 1120 3 . 0 0 4 5 . 5 3 1 . 5 54 . 0 0 5 4 . 0 3 1 . 1 25 . 0 0 6 0 . 2 9 0 . 9 06 . 0 0 6 3 . 5 6 1 . 7 37 . 0 0 6 8 . 5 8 2 .288 . 0 0 7 1 . 2 3 1 . 7 71 0 . 0 0 7 7 . 3 8 0 ! 681 2 . 0 0 8 3 . 8 4 0 . 8 8
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 7 . 8 8 0 . 5 10 . 5 0 1 3 . 2 2 0 . 6 40 . 7 5 1 7 . 9 1 0 . 8 21 . 0 0 2 1 . 5 5 0 . 6 52 . 0 0 3 6 . 0 5 1 . 2 9130 3 . 0 0 4 3 . 2 9 0 . 5 94 . 0 0 5 1 . 2 0 1 . 0 35 . 0 0 5 5 . 7 3 0 . 6 46 . 0 0 6 0 . 8 1 1 . 7 17 . 0 0 6 3 . 9 8 2 . 1 38 ! 00 7 0 . 8 4 0 . 8 81 0 . 0 0 7 8 . 7 6 0 . 6 21 2 . 0 0 8 7 . 4 3 0 . 8 2
0 . 0 0  ■ 0 . 0 0 0 . 0 00 . 2 5 6 . 4 2 0 . 3 10 . 5 0 1 1 . 2 9 0 . 3 50 . 7 5 1 5 . 2 9 0 . 8 61 . 0 0 1 9 . 1 7 0 . 8 72 . 0 0 3 1 . 2 5 2 . 4 1150 3 . 0 0 3 7 . 2 1 1 ! 284 . 0 0 4 2 . 3 1 1 . 0 85 . 0 0 4 7 . 4 5 1 . 7 36 . 0 0 5 1 . 7 5 1 . 8 47 . 0 0 5 5 . 8 9 2 . 0 38 . 0 0 6 0 . 7 0 3 . 4 61 0 . 0 0 6 3 . 9 6 2 . 1 91 2 . 0 0 6 8 . 5 9 1 . 3 0
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 7 . 3 5 0 . 9 00 . 5 0 1 1 . 8 7 1 . 0 20 . 7 5 1 5 . 6 1 0 . 8 61 . 0 0 1 8 . 8 0 0 . 9 62 . 0 0 2 8 . 8 9 1 . 1 2170 3 . 0 0 3 4 . 5 2 0 . 6 54 . 0 0 4 0 . 4 9 1 . 0 55 . 0 0 4 4 . 8 9 1 . 5 46 . 0 0 4 8 . 3 9 1 . 5 77 . 0 0 5 2 . 2 6 1 . 9 48 . 0 0 5 3 . 6 7 2 . 3 71 0 . 0 0 5 9 . 7 5 3 . 1 61 2 . 0 0 6 6 . 5 5 3 . 3 1

*  M e a n  o f  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



T a b l e  34 Amount o f  T h e o p h y l l i n e  R e l e a s e  from  
S p r a y - D r i e d  M a t r i c e s  P r e p a r e d  a t  D i f f e r e n t  
F e e d  R a t e

1 4 3

F e e d r a t e Time %* SD**( m l / m i n ) ( h r )
0 . 0 0 0 . 0 0 0 . 0 00^25 8 . 0 8 0 . 3 30 . 5 0 1 3 . 2 9 0 . 7 00 . 7 5 1 7 . 5 1 0 . 7 81 . 0 0 2 1 . 0 3 0 . 8 62 . 0 0 3 4 . 3 9 1 . 4 318 3 . 0 0 4 3 . 8 8 1 . 5 24 ! 00 5 1 . 6 0 2 . 0 55 . 0 0 5 9 . 6 9 2 . 1 96 . 0 0 6 2 . 5 7 1 . 4 97 . 0 0 6 9 . 1 3 2 . 4 08 . 0 0 6 9 . 4 1 0 . 7 31 0 . 0 0 7 7 . 8 1 2 . 1 01 2 . 0 0 8 2 . 4 4 1 . 9 9
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 7 . 8 8 0 . 5 10 . 5 0 1 3 . 2 2 0 . 6 40 . 7 5 1 7 . 9  i 0 . 8 21 . 0 0 2 1 . 5 5 0 . 6 52 . 0 0 3 6 . 0 5 1 . 2 924 3 . 0 0 4 3 . 2 9 0 . 5 94 . 0 0 5 1 . 2 0 1 . 0 35 . 0 0 5 5 . 7 3 0 . 6 46 . 0 0 6 0 . 8 1 1 . 7 17 . 0 0 6 3 . 9 8 2 . 1 38 . 0 0 7 0 . 8 4 0 . 8 81 0 . 0 0 7 8 . 7 6 0 . 6 21 2 . 0 0 8 7 . 4 3 0 . 8 2
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 7 . 5 2 0 . 5 20 . 5 0 1 2 . 4 9 0 . 8 90 . 7 5 1 7 . 2 7 0 . 7 71 . 0 0 2 1 . 4 8 1 . 0 52 . 0 0 3 6 . 5 6 0 . 9 327 3 . 0 0 4 7 . 4 2 1 . 1 1
4 : 0 0 5 4 . 8 6 1 . 5 85 . 0 0 6 0 . 8 6 0 . 5 06 . 0 0 6 6 . 8 0 0 . 5 27 . 0 0 7 1 . 3 4 0 . 7 78 . 0 0 7 4 . 8 8 0 . 4 71 0 . 0 0 8 1 . 5 2 1 . 2 41 2 . 0 0 8 6 . 0 5 1 . 4 9
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 8 . 2 4 0 . 4 90 . 5 0 1 3 . 5 2 0 . 7 10 . 7 5 1 8 . 6 4 0 . 9 61 . 0 0 2 3 . 7 2 1 . 0 22 . 0 0 3 8 . 8 4 1 . 3 430 3 . 0 0 4 8 . 1 2 1 . 4 04 . 0 0 5 4 . 9 5 1 . 5 45 . 0 0 6 0 . 2 6 2 . 1 16 . 0 0 6 4 . 5 2 2 . 2 67 . 0 0 6 7 . 5 6 2 . 3 68 . 0 0 7 1 . 7 5 2 . 3 61 0 . 0 0 7 7 . 7 9 2 . 1 51 2 . 0 0 8 4 . 5 4 1 . 8 2

*  M e a n  o f  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



T a b l e  35 A m o u n t  o f  T h e o p h y l l i n e  R e l e a s e  f r o m  
S p r a y - D r i e d  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  
A t o m i z a t i o n  P r e s s u r e

1 4 4

A t o m i z a t i o n Time %* SD**p r e s s u r e  ( b a r ) ( h r )
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 7 . 8 1 0 . 8 20 . 5 0 1 2 . 2 3 0 . 9 10 . 7 5 1 6 . 2 0 0 . 9 21 . 0 0 1 9 . 9 7 0 . 8 22 . 0 0 3 3 . 5 6 0 . 9 52 3 . 0 0 4 2 . 9 8 0 . 5 64 . 0 0 5 0 . 0 5 0 . 6 15 . 0 0 5 6 . 6 7 0 . 3 66 . 0 0 6 1 . 3 5 0 . 7 77 . 0 0 6 4 . 0 7 0 . 7 28 . 0 0 6 8 . 7 1 1 . 4 21 0 . 0 0 7 8 . 3 6 1 . 6 41 2 . 0 0 8 3 . 4 0 1 . 4 3
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 8 . 1 6 0 . 5 80 . 5 0 1 3 . 7 7 1 . 2 40 . 7 5 1 8 . 3 5 0 . 8 91 . 0 0 2 3 . 0 9 1 . 8 72 . 0 0 3 5 . 5 0 2 . 0 03 3 . 0 0 4 3 . 4 8 1 . 4 44 . 0 0 5 0 . 5 5 1 . 9 25 . 0 0 5 5 . 0 7 1 . 9 86 . 0 0 5 9 . 7 3 1 . 9 07 . 0 0 6 3 . 8 5 1 . 9 98 . 0 0 6 8 . 0 5 2 . 7 31 0 . 0 0 7 5 . 4 7 3 . 3 71 2 . 0 0 8 2 . 5 1 3 ; 70
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 7 . 8 8 0 . 5 10 . 5 0 1 3 . 2 2 0 . 6 40 . 7 5 1 7 . 9 1 0 . 8 21 . 0 0 2 1 . 5 5 0 . 6 52 . 0 0 3 6 . 0 5 1 . 2 94 3 . 0 0 4 3 . 2 9 0 . 5 94 . 0 0 5 1 . 2 0 1 . 0 35 . 0 0 5 5 . 7 3 0 . 6 46 . 0 0 6 0 . 8 1 1 . 7 17 . 0 0 6 3 . 9 8 2 . 1 38 . 0 0 7 0 . 8 4 0 . 8 81 0 . 0 0 7 8 . 7 6 0 . 6 21 2 . 0 0 8 7 . 4 3 0 . 8 2
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 7 . 8 6 0 . 2 90 . 5 0 1 3 . 5 6 0 . 2 70 . 7 5 1 7 . 8 5 0 . 2 61 . 0 0 2 1 . 7 3 0 . 3 42 . 0 0 3 4 . 9 9 0 . 7 86 3 . 0 0 4 5 . 5 8 1 . 1 24 . 0 0 5 1 . 7 6 0 . 8 85 . 0 0 6 0 . 9 8 2 . 1 46 . 0 0 6 4 . 4 3 0 . 4 77 . 0 0 6 8 . 5 3 1 . 4 28 . 0 0 7 2 . 8 4 1 . 6 01 0 . 0 0 7 9 . 8 2 1 . 5 41 2 . 0 0 8 4 . 8 5 1 . 7 8

*  M e a n  o f  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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T a b l e  3 6  A m o u n t  o f  T h e o p h y l l i n e  R e l e a s e  f r o m

S p r a y - D r i e d  M a t r i c e s  P r e p a r e d  a t  D i f f e r e n t  
C o n c e n t r a t i o n  o f  S o l u t i o n

C o n c e n t r a t i o n  Time  o f  s o l u t i o n  (%) ( h r ) X * SD**
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 7 . 7 8 0 . 4 90 . 5 0 1 3 . 5 1 0 . 9 40 . 7 5 1 7 . 7 3 0 . 4 81 . 0 0 2 1 . 5 6 0 . 4 32 . 0 0 3 4 . 6 1 0 . 4 010 3 . 0 0 4 4 . 1 3 0 . 3 34 . 0 0 5 2 . 0 2 0 . 8 45 . 0 0 5 7 . 6 3 0 . 9 36 . 0 0 6 2 . 5 8 1 . 2 37 . 0 0 6 6 . 8 4 0 . 5 98 . 0 0 6 9 . 9 5 1 . 0 51 0 . 0 0 7 7 . 6 6 1 . 6 41 2 . 0 0 8 2 . 8 0 1 . 2 4
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 7 . 8 8 0 . 5 10 . 5 0 1 3 . 2 2 0 . 6 40 . 7 5 1 7 . 9 1 0 . 8 21 . 0 0 2 1 . 5 5 0 . 6 52 . 0 0 3 6 . 0 5 1 . 2 913 3 . 0 0 4 3 . 2 9 0 . 5 94 . 0 0 5 1 . 2 0 1 . 0 35 . 0 0 5 5 . 7 3 0 . 6 46 . 0 0 6 0 . 8 1 1 . 7 17 . 0 0 6 3 . 9 8 2 . 1 38 . 0 0 7 0 . 8 4 0 . 8 81 0 . 0 0 7 8 . 7 6 0 . 6 21 2 . 0 0 8 7 . 4 3 0 . 8 2
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 6 . 8 1 0 . 3 50 . 5 0 1 2 . 0 8 0 . 6 00 . 7 5 1 6 . 8 5 0 . 8 41 . 0 0 2 0 . 2 2 0 . 9 72 . 0 0 3 2 . 8 5 0 . 5 320 3 . 0 0 4 2 . 5 7 0 . 7 04 . 0 0 5 2 . 9 9 0 . 4 85 . 0 0 5 5 . 3 9 0 . 7 0ë i o o 6 1 . 2 2 1 . 3 67 . 0 0 6 5 . 6 8 0 . 7 48 . 0 0 7 0 . 5 2 0 . 8 01 0 . 0 0 7 8 . 6 4 1 . 9 71 2 . 0 0 8 3 . 6 9 1 . 8 7
0 . 0 0 0 . 0 0 0 . 0 00 . 2 5 8 . 1 2 0 . 9 20 . 5 0 1 4 . 2 3 1 . 6 10 . 7 5 1 8 . 8 1 2 . 0 81 . 0 0 2 3 . 9 2 1 . 9 62 . 0 0 3 9 . 7 4 2 . 3 425 3 . 0 0 5 0 . 2 0 2 . 1 44 . 0 0 5 8 . 1 3 2 . 4 35 . 0 0 6 3 . 6 1 3 . 4 26 . 0 0 6 8 . 6 0 2 . 2 57 . 0 0 7 3 . 2 8 1 . 9 58 . 0 0 7 7 . 1 8 1 . 8 21 0 . 0 0 8 1 . 1 3 2 . 2 71 2 . 0 0 8 6 . 2 0 1 . 2 8

*  M e a n  o f  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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Table 37 Analysis of Variance of T507. at Different Inlet Air Tefflperature

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 42.841 3 14.28 41.403 0.000
Within groups 6.898 20 0.345

DUNCAN MULTIPLE RANGE TESTS
ORDERED MEANS DIFFER AT ALPHAS.05 ORDERED MEANS DIFFER AT ALPHAS.01

Sap order Difference Gap order Difference
2 0.708 2 0.967
3 0.743 3 1.007
4 0.765 4 1.034

Table 38 Analysis of Variance of T807. at Different Inlet Air Tesperature

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 174.649 3 58.216 65.171 0.000
Within groups 17.866 20 0.893

DUNCAN MULTIPLE RANGE TESTS
ORDERED MEANS DIFFER AT ALPHAS.05 ORDERED MEANS DIFFER AT ALPHA=0.01

Gap order Difference Gap order Difference
2 1.139 2 1.556
3 1.195 3 1.621
4 1.231 4 1.664

Table 39 Analysis of Variance of T507. at Differen t Feed Rate

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 1.039 3 0.346 3.776 0.027
Within groups 1.834 20 0.092

DUNCAN MULTIPLE RANGE TESTS 
ORDERED MEANS DIFFER AT ALPHAS.05 

Sap order Difference
2 0.365
3 0.383
4 0.394
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Table 40 Analysis of Variance of 180% at Different Feed Rate

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 4.402 3 1.467 4.964 0.010
Within groups 5.912 20 0.296

DUNCAN MULTIPLE RANSE TESTS
ORDERED MEANS DIFFER AT ALF‘HA=0.05 ORDERED MEANS DIFFER AT ALPHA=0.01

Sap order Difference Gap order Difference
2 0.655 2 0.895
3 0.607 3 0.932
4 0.708 4 0.957

Table 41 Analysis of Variance of T50% at Various Atosization Pressure-

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 0.234 3 0.078 1.578 0.226
Within groups 0.988 20 0.049

DUNCAN MULTIPLE RANSE TESTS 
ORDERED MEANS DIFFER AT ALPHAS.05

Sap order Difference
Lๆ 0.268
3 0.281
4 0.289

Table 42 Analysis of Variance of T80X at Various Atomization Pressure

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 
Within groups

3.488 3 1.163 
7.992 20 0.400

2.910 0.060

DUNCAN MULTIPLE 
ORDERED MEANS D

RANSE TESTS 
IFFER AT ALF‘HA=0.05

Sap order Difference
2 0.762
3 0.79?
4 0.823
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Table 43 Analysis of Variance of T50X at Different Concentration of Solution

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 2.526 3 0.842 29,099 0.000
Within groups 0.579 20 0.029

DUNCAN HULTIPLE RANGE TESTS
ORDERED MEANS DIFFER AT ALPHAS.05 ORDERED MEANS DIFFER AT ALPHAS.01

Gap order Difference Gap order Difference
2 0,205 2 0.280
3 0.215 3 0.292
4 0.222 4 0.300

Table 44 Analysis of Variance of T807. at Different Concentration of Solution

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 8.146 3 2.715 9.745 0.000
Within groups 5.572 20 0.279

DUNCAN MULTIPLE RANGE TESTS
ORDERED MEANS DIFFER AT ALPHA-0.05 ORDERED MEANS DIFFER AT ALPHAS.01

Gap order Difference Gap order Difference
2 0.636 2 0.896
7
ง 0.667 3 0.905
4 0.687 4 0.930
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T a b l e  45  E f f e c t  o f  Magnes i um s t e a r a t e  on Amount o f
T h e o p h y l l i n e  R e l e a s e  f rom S p r a y - D r i e d  M a t r i c e s

Formulation Time
(hr)

' X* SD**

0.00 0.00 0.00
0.25 7.81 0.54
0.50 12.98 0.62• 0 .75 17.18 0.97
1.00 21.15 1.42
2.00 36.42 1.51

0% Mg 3.00 46.21 1.32
4 .00 54.90 1.22
5.00 61.55 0.92
6.00 66.80 1.37■ 7.00 70.85 0.92
8.00 74.88 0.68

10.00 80.60 0.87
12.00 88.41 1.05

0.00 0.00 0.00
0.25 8.24 0.65
0.50 14.43 0.51
0.75 19.08 0.51
1.00 23.11 0.52
2.00 34.49 0.47

+0.75%Mg 3.00 43.59 0.69
4 .00 50.17 1.52
5.00 57.64 0.65
6.00 62.82 0.33
7.00 66.74 0.06
8.00 70.95 0.34

10.00 78.42 0.63
12.00 85.45 0.13
0.00 0.00 0.00
0.25 5.54 0.09
0.50 9.90 0.37
0 .75 12.62 0.20
1.00 15.24 0.15
2.00 24.63 0.70

+1.5%Mg 3.00 30.00 0.29
4 .00 36.32 0.59
5.00 38.67 0.34
6.00 42.65 0.32
7.00 44.62 0.34
8.00 47.07 0.16

10.00 52.64 0.31
12.00 57.31 0.60

*  Mean o f  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



T a b l e  46

1 5 0

Amount o f  T h e o p h y l l i n e  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  D i f f e r e n t  C o m p r e s s i o n a l  F o r c e  
w i t h  C a r v e r  L a b o r a t o r y  P r e s s

Compressional  
Force ( l b )

Time
(hr) %* SEW*

0.00 0.00 0 .00
0.25 7.81 0.54
0.50 12.98 0.62
0.75 17.18 0 .97
1.00 21.15 1.42
2.00 36.42 1.51

500 3.00 46.21 1.32
4 .00 54.90 1.22
5.00 61.55 0.92
6 .00 66.80 1.37
7.00 ' 70.85 0.92
8 .00 74.88 0 .68

10.00 80.60 0.87
12.00 88.41 1.05
0 .00 0.00 0 .00
0.25 8.46 0.11
0.50 14.41 0 .17
0.75 19.73 0.22
1.00 25.20 0 .42
2.00 41.47 0.74

1000 3.00 49.93 0 .68
4 .00 57.72 0.17
5.00 62.70 0 .60
6.00 67.39 0.26
7.00 71.79 0.42
8.00 74.51 0 .20

10.00 81.86 0 .50
12.00 87.63 0 .62

0.00 0.00 0 .00
0.25 8.01 0.85
0.50 13.37 0.70
0.75 17.43 0 .64
1.00 21.26 0.88
2.00 35.75 1.04

1500 3.00 45.23 2.37
4 .00 51.81 1.63
5.00 56.41 1.23
6 .00 62.01 1.11
7.00 65.08 1.41
ย . 00 69.59 1.93

10.00 76.15 1.60
12.00 80.73 1.54

*  Mean o f  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



T a b l e  4 7  Amount o f  T h e o p h y l l i n e  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  D i f f e r e n t  C o m p r e s s i o n a l  F o r c e  
w i t h  I n s t r u m e n t e d  S i n g l e  Ma c h i ne

Compressional  
Force ( l b )

Time
(hr)

%* SD**

0.00 0.00 0 .00
0.25 7.21 0 .49
0.50 12.33 0 .89
0.75 17.61 1.06
1.00 22.76 0 .97
2.00 37.70 0 .92

300 3.00 45.17 0 .91
4 . 0 0 52.18 0 .88
5.00 58.62 0 .96
6.00 62.76 0.74
7.00 66.25 0 .80
8.00 69.50 0.41

10.00 76.31 0 .40
12.00 81.17 0 .65

0.00 0.00 0 .00
0.25 7.66 0 .40
0.50 12.30 0 .59
0.75 16.43 0.61
1.00 20.47 0 .48
2.00 35.66 0 .67

500 3.00 45.62 1.18
4 .00 53.48 1.51
5.00 58.97 1.17
6.00 64.00 1.14
7 .00 67.98 1.21
8.00 71.49 1.03

10.00 76.78 1.28
12.00 82.10 1.07

0.00 0.00 0.00
0.25 7.89 0 .19
0.50 12.82 0.47
0.75 17.14 0 .39
1.00 20.93 0.54
2.00 36.93 0 .72

700 3.00 44.97 1.45
4 .00 53.55 2 .18
5.00 61.29 2.34
6.00 66.55 2 .20
7.00 69.73 2.97
8 .00 74.00 2.77

10.00 80.94 2 .98
12.00 86.52 2 .20

*  Mean o f  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



T a b l e  4 8  A m o u n t  o f  T h e o p h y l l i n e  R e l e a s e  f r o m
S ü 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 I

Formulation Time
(hr) %* SD**

0.00 0.00 0.00
0.25 7.61 0.17
0.50 12.83 0.23
0.75 17.10 0.31
1.00 21.14 .0.59
2.00 35.45 1.17

Batch I 3.00 43.88 0.86
4 .00 51.56 0.55
5.00 56.58 0.62
6.00 61.38 0.79
7.00 65.84 0.69
8.00 69.49 0.68

10.00 76.71 0.95
12.00 81.70 1.31

0.00 0.00 0.00
0.25 7.66 0.40
0 .50 12.30 0.59
0.75 16.43 0.61
1.00 20.47 0.48
2.00 35.66 0.67

Batch II 3 .00 45.62 1.18
4 .0 0 53.48 1.51
5.00 58.97 1.17
6.00 64.00 1.14
7.00 67.98 1.21
8.00 71.49 1.03

10.00 76.78 1.28
12.00 82.10 1.07

0.00 0.00 0.00
0 .25 7.62 0.21
0.50 12.39 0.37
0.75 16.90 0.38
1.00 21.31 1.04
2.00 37.01 1.83

Batch I I I 3.00 46.31 1.20
4 .00 54.33 1.85
5.00 60.25 1.80
6.00 65.07 1.73
7.00 69.35 1.53
8.00 72.66 1.70

10.00 78.93 1.38
12.00 83.42 0.44

*  Mean o f  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



1 5 3

T a b l e  49  Amount o f  T h e o p h y l l i n e  R e l e a s e  f rom
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 ,  
N u e l i n ^ ^  T/SR and T h e o d u r cr°

Formulation Time %* SD**
(hr)
0.00 0.00 0.00
0 .25 7.27 0.66
0 .50 12.80 0.97
0.75 17.47 1.20
1.00 22.58 1.46
2.00 38.41 1.20

Scale-up Batch 3.00 45.22 1.45
4 .0 0 53.14 1.61
5.00 60.49 1.10
6.00 65.08 1.38
7.00 68.92 1.37
ธ . 00 72.18 1.76

10.00 78.41 2.05
12.00 83.54 1.57

0.00 0.00 0.00
0.25 8.04 0.31
0.50 12.19 0.32
0.75 15.47 0.32
1.00 18.38 ■ 0.37

Nuel in ^
2 .00 25.85 0.45
3.00 35.19 1.08
4 .00 42.87 1.43
5.00 48.86 1.44
6.00 53.05 0.92
7.00 56.74 1.64' ร . 00 61.27 1.26

10.00 67.80 1.79
12.00 76.09 2.08

0.00 0.00 0.00
0 .25 5.59 0.29
0.50 8.11 0.47
0.75 10.14 0.53
1.00 12.01 0.41

Theodur (R)
2.00 17.54 0.72
3.00 26.03 1.30
4 . 0 0 39.62 2.57
5.00 50.39 2.00
6.00 56.69 2.70
7.00 65.43 3.86
8.00 71.09 4 .28

10.00 79.72 3.87
12.00 87.06 2.15

*  Mean o f  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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Table 50 Analysis of Variance of T50% at Different Magnesium stearate 
Percent of Spray-Dried Matrices

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 122.661 2 61.331 4490.166 0.000
Within groups 0.205 15 0.014

DUNCAN MULTIPLE RANGE TESTS 
ORDERED MEANS DIFFER AT ALPHA=0.05 ORDERED MEANS DIFFER AT ALPHA=0.01

Gap order Difference Gap order Difference- ท 0.144 2 0.199
3 0.151 3 0.208

Table 51 Analysis of Variance of T807. at Different Magnesium stearate 
Percent of Spray-Dried Matrices

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 560.675 ทl 280.338 4499.802 0.000
Within groups 0.934 15 0.062

DUNCAN MULTIPLE RANGE TESTS 
ORDERED MEANS DIFFER AT ALPHA-0,05 

Gap order Difference
2 0.307
3 0.322

ORDERED MEANS DIFFER AT ALPHAS.01 
Gap order Difference

2 0.426
3 0.443

Table 52 Analysis of Variance of T50% at Different Compressions! 
Pressure (5001b-15001b)

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 1.740 • 2 0.870 35.858 0.000
Within groups 0.364 15 0.024

DUNCAN MULTIPLE RANGE TESTS 
ORDERED MEANS DIFFER AT ALPHAS.05 

Gap order Difference
? fi 1 Ç?
?

ORDERED MEANS DIFFER AT ALPHAS.01 
Gap order Difference 

2 0.266
3 0.277
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Table 53 Analysis of Variance of T80% at Different Cospressional 
Pressure (5001b-15001b)

SOURCE SOM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 15.742 2 7.871 74.943 0.000
Within groups 1.575 15 0.105

DUNCAN MULTIPLE RANGE TESTS
ORDERED MEANS DIFFER AT ALPHAS.05 ORDERED MEANS DIFFER AT ALPHAS.01

Sap order Difference Gap order Difference
Lๆ 0.399 ทL 0.553
3 0.418 3 0.575

Table 54 Analysis of Variance of T50X at Different Cospressional 
Pressure (3001b-7001b)

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 
Within groups

0.066 2 
0.405 15

0.033
0.027

1.214 0.324

DUNCAN MULTIPLE RANGE TESTS 
ORDERED MEANS DIFFER AT ALPHAS.05 

Gap order Difference 
2 0.202 
3 0.212

ORDERED MEANS 
Gap order

Lๆ

DIFFER AT ALPHAS.01 
Difference 

0.280 
0.292

Table 55 Analysis of Variance of T807. at Different 
Pressure (3001b-7001b)

. Cospressional

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 
Within groups

10.086 2 
3.062 15

5,043 
0.204

24.703 0.000

DUNCAN MULTIPLE RANGE TESTS 
ORDERED MEANS DIFFER AT ALPHAS.05 

Gap order Difference
ORDERED MEANS DIFFER AT ALPHA=0.0i 

Gap order Difference
2 0.771
3 0.802
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Table 56 finalysis of Variance of T50% from Batch I-III

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 0.232 2 0.141 6.761 0.008
Within groups 0.313 15 0.021

DUNCAN MULTIPLE RANGE TESTS
ORDERED MEANS DIFFER AT ALPHAS.05 ORDERED MEANS DIFFER AT ALPHA=0.01

Gap order Difference Gap order Difference
2 0.178 ทL 0.246
3 0.136 3 0.257

Table 57 Analysis of Variance of T80X fro® Batch I-III

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 3.138 
Within groups 2.335

2
15

1,569
0.192

3.158 0.004

DUNCAN MULTIPLE RANGE TESTS 
ORDERED MEANS DIFFER AT ALPHAS.! 

Gap order Difference
2 0.540
3 0.566

35 ORDERED MEANS DIFFER AT ALPHAS.01 
Gap order Difference

2 0.743
3 0.779

Table 53 Analysis of Variance 
Batch

of 150% fro® Batch I-III and Scale-up

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 0.290 
Within groups 0.579 l

0.097
0.029

3.345 0.040

DUNCAN MULTIPLE RANGE TESTS 
ORDERED MEANS DIFFER AT ALPHA-0,05

order Differenc!
2 0.205

7 0.215
4 0.222

ORDERED MEANS DIFFER AT ALPHAS,01 
Gap order Difference 

2 0.280
3 0.292

0.3004
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Table 59 Analysis of Variance of ใ802 froa Batch I-111 and Scale-up 
Batch

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 4.246 3 1.415 5.439 0.007
Within groups 5.205 20 0.260

DUNCAN MULTIPLE RANGE TESTS 
ORDERED MEANS DIFFER AT ALPHAS.,05 ORDERED MEANS DIFFER AT ALPHA=0.01

Gap order Difference Gap order Difference
Lๆ 0.615 2 0.840
3 0.645 3 0.875
4 0.664 4 0.898

Table 60 Analysis of Variance of T502 fro® Spray-Dried Matrices
Nuelin and Theodur

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 9.973 2 ' 4.987 62.966 0.000
Within groups 1.188 15 0.079

DUNCAN MULTIPLE RANGE TESTS
ORDERED MEANS DIFFER AT ALPHAS.05 ORDERED MEANS DIFFER AT ALPHAS.01

Gap order Difference Sap order Difference
2 0.347 2 0.4807 0.363 3 0.500

Table 61 Analysis of Variance of T802 froa Spray-Dried Matrices 
Nuelin and Theodur

SOURCE SUM OF SQUARES DF MEAN SQUARE F PROBABILITY

Between groups 27.276 2 13.638 23.199 0.000
Within groups 8.813 15 0.588

DUNCAN MULTIPLE RANGE TESTS
ORDERED MEANS DIFFER AT ALPHA=0,05 ORDERED MEANS DIFFER AT ALPHA-0.01 

Gap order Difference Gap order Difference
2 0.944 2 1.308
3 0.989 3 1.362
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Table 62 P a r t i c l e  S i ze  D i s t r i but i on  o f  Spray-Dried Powder 
from Consecutive-Three Batch and Scale-up Batch.

Formulation % Weight Retained on Sieve  Size
Pan 45 urn 75 um 106 um 125 um 250 um

Batch I 68.56 16.34 3.80 3.99 4 .28 3.02
Batch II 56.51 20.45 4 .54 8.54 4 .9 8 4 .98
Batch II 66.14 15.01 5 .18 5.37 5.43 2.88

Scale-up Batch 56.21 19.05 7.90 6.36 6.97 3.50

Table 63 Cusulative X Frequency Undersize and 
from Batch I-III and Scale-up Batch

Value of Spray-Dried Powder

N' \ s Batch 
Size N. 
Range N. 
(micron)

1 11 III Scale
Bate

-up
h

CUMX z CUHX z cunx z CUKX z

0-45 68.56 0.4834 59.05 0.2287 66.14 0.4162 56.21 0.1563
45-75 84.90 1.0322 77.59 0.7583 81.15 0.8833 75,26 0.6828

75-106 88.70 1.2105 82.44 0.9323 86.33 1.0955 83.1c 0.9604
106-125 92.69 1.4531 89.74 1.2667 91.70 1.3853 89.52 1.2544
125-250 96.97 1.8767 94.71 1.6173 97.13 1.9000 96.49 1.8100
>=250 100.00 100.00 100.00 100.00

CUM% = Cumulative X Frequency Undersize



T a b l e  64

1 5 9

The In  V i t r o  R e l e a s e  S p e c i f i c a t i o n  o f  
T h e o p h y l l i n e  P r o d u c t  P r e p a r e d  f rom  
Ready  Made G r a n u l e  m a n u f a c t u r e d  by  
B o e h r i n g e r  I n g e l h e i m  KG

Time  
( h r . )

Amount o f  
Drug R e l e a s e

1 15-30%
3 40-60%
5 55-75%
7 65-85%
9 70-90%

11 75-95%

T a b l e  65 The V a l u e s  o f  R e l e a s e  E x p o n e n t  ( ท ) ,  K i n e t i c  
C o n s t a n t  ( k )  and C o r r e l a t i o n  C o e f f i c i e n t  ( r 2 ) 
f o l l o w i n g  L i n e a r  R e g r e s s i o n  o f  D i s s o l u t i o n  D a t a  
f o r  V a l u e s  o f  Mt/M*,

B a t c h ท
R e l e a s e
e x p o n e n t

k
K i n e t i c
c o n s t a n t

r 2
C o r r e l a t i o n  
c o e f f  i c i e n t

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

I I I 0 . 5 2 0 . 2 4 1 5 0 . 9 8 5 6
S c a l e - u p 0 . 5 2 0 . 2 4 2 7 0 . 9 8 7 6



1 6 0
A bso rbance

F i g u r e  63 C a l i b r a t i o n  C ur v e  o f  T h e o p h y l l i n e  i n  0 . 1  N 
HC1 a t  2 6 8 . 5  nm.

A bsorbance

F i g u r e  64 C a l i b r a t i o n  C u r ve  o f  T h e o p h y l l i n e  i n  
P h o s p h a s t e  B u f f e r  pH 6 . 8  a t  2 7 0 . 3  nm.
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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

Partic le  size (m icrons)

F i g u r e  65 The P l o t  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  
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  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

Cumulative % F underslze(Prob.scale,z)

log p artic le  size
The P l o t  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  
on P r o b a b i l i t y  S c a l e  V e r s u s  Log 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 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  A i r  T e m p e r a t u r e

F i g u r e  6 6
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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

F i g u r e  67 The P l o t  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  
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  a t  D i f f e r e n t  
F e e d  R a t e

Cumulative % F underslze(Prob.8acle,z)

log p artic le  size
The P l o t  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  
on P r o b a b i l i t y  S c a l e  V e r s u s  Log 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 s  P r e p a r e d  a t  D i f f e r e n t  
F e e d  Ra t e

F i g u r e  6 8
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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

P artic le  size (m icrons)

F i g u r e  69 The P l o t  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  
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  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

Cumulative % F underslze(Prob .scale,z)

F i g u r e  70 The P l o t  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  
on P r o b a b i l i t y  S c a l e  V e r s u s  Log 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 s  P r e p a r e d  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
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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

F i g u r e  71 The P l o t  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  
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 ro m V a r i o u s  
F e e d  C o n c e n t r a t i o n

Cumulative %  F  underslze(Prob. scale,z)

log p artic le  size
The P l o t  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  
on P r o b a b i l i t y  S c a l e  V e r s u s  Log 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 s  P r e p a r e d  f rom V a r i o u s  
F e e d  C o n c e n t r a t i o n

F i g u r e  7 2
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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

F i g u r e  73 The P l o t  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  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

Cumulative % F undersize(Prob .scale,z)

Log p artic le  size
F i g u r e  74 The P l o t  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  

on P r o b a b i l i t y  S c a l e  V e r s u s  Log 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 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
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T H E O P H Y L L I N E  S R  1 2 - T A B L E T S
B a t c h  t o  b a t c h - v a r i a t i o n

Theophylline SR 1 2 - ta b le ts , b a tc h  A -X T heophylline SR 12—ta b le ts , b a tc h  ธ X  

T heophylline SR 1 2 - ta b le ts , b a tch  c  SR 1 2 -g ra n u le s , u n p ro c e s s e d  G

F i g u r e  75 The B a t c h  t o  B a t c h  V a r i a t i o n  o f
D i s s o l u t i o n  P r o f i l e s  o f  T h e o p h y l l i n e  SR12 
T a b l e t s



1 6 7

B i o g r a p h y

M i s s  V i p a l u k  P a t o m c h a i v i w a t  was b o r n  on O c t o b e r  
2 3 ,  1 9 6 7 .  She  g o t  h e r  d e g r e e  i n  B a c h e l o r  o f  S c i e n c e  i n  
Pha rmacy  w i t h  h o n o r s  i n  1 99 0  f rom F a c u l t y  o f  P ha r ma c y ,
M a h i d o l  U n i v e r s i t y ,  Ba n g k o k ,  T h a i l a n d .


	References
	Appendix
	Biography

