
CHAPTER III 

EXPERIMENTAL

Materials

1. M odel prote in

-  A lb u m in  f r o m  b o v in e  s e r u m  (L o t  N o . 0 1 7 K 0 7 2 6 ,  S ig m a - A ld r i c h ,  U S A )

2. Polymers

-  P e c t ic  p o ly s a c c h a r id e  w a s  i s o la te d  f ro m  d u r ia n  r in d s  D u r i o  z i b e r t h i n u s  a s
d e s c r ib e d  e a r l i e r  ( P o n g s a m a r t  e t  a l .,  1 9 9 8 ; I l iu m , 1 9 9 9 )

- H ig h  m e th o x y  p e c t in  (G E N U ® ) (L o t  N o .G R .8 1 6 2 6 , C P  K e lc o  G e r m a n y
G m b H , G e r m a n y )

- L o w  m e th o x y  p e c t in  (A m id  C M  0 2 0® ) ( H e r b s t r e i th  &  F o x  K G , N e w  Z e a la n d )

3. Additives

-  M a l to d e x t r in  D E  10 ( L o t .N o .  D U 3 0 1 0 6 7 ,  N u t r i t i o n  L td . ,  T h a i l a n d )
- M a n n i to l  ( L o t .N o .  H I 0 0 5 0 9 0 0 6 ,  F o r e b e s t  C h e m ic a l  C o . ,L td . ,  C h in a )
- L a c to s e  m o n o h y d r a te  ( M o r k e r e l  M e g g le  W a s s e r b e r g  G m b H , G e r m a n y )
- C o l lo id a l  S i l ic o n  d io x id e  (A e ro s i l® 2 0 0 )  (L o t .N o .  Z B 5 6 9 6 6 ,  W a c k e r  C h e m ie

G M B H , G e r m a n y )
- P r o p y le n e  g ly c o l  (L o t .  N o . 7 8 7 9 0 4 0 5 0 2 ,  S in g a p o r e )

4. B iom aterials

-  R P M I  2 6 5 0 ,  h u m a n  n a s a l  e p i th e l ia l  c a r c in o m a  c e l l  l in e  ( C C L - 3 0 ™ , A m e r ic a n
T y p e  C u l tu r e  C o l l e c t io n  (A T C C ) ,  V A , U S A )

5. Chemicals

-  M u c in  f ro m  p o r c in e  s to m a c h ,  ty p e  II (L o t .N o .  1 0 8 K 0 0 1 0 ,  S ig m a - A ld r ic h ,
U S A )
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-  P o ta s s iu m  d ih y d r o g e n  o r th o p h o s p h a te  (L o t. N o .  A F 4 0 1 4 2 8 ,  A ja x  F in e c h e m ,
A u s t r a l i a )

-  S o d iu m  h y d r o x id e  (L o t .  N O .B 1 3 1 1 9 8 2 1 4 , M e r c k  K G a A , G e r m a n y )
- C o p p e r  ( I I )  s u l f a te  s o lu t io n  ( L o t .N o . 0 4 8 K 5 3 0 2 ,  S ig m a - A ld r i c h ,  U S A )
- B ic in c h o n in i c  a c id  s o lu t io n  (L o t .N o .  1 1 8 K 5 3 0 0 , S ig m a - A ld r ic h ,  U S A )
- T r y p a n  b lu e  c e l l  c u l tu r e  te s te d  (L o t .N o .  2 5 4 9 6 T H , S ig m a - A ld r i c h ,  U S A )
- M in im u m  E s s e n t ia l  M e d iu m  ( M E M ) - a  m e d iu m  ( C a t  N o .3 2 5 6 1 0 3 7  G IB C O ®  ,

I n v i t r o g e n ,  U S A )
- F e ta l  b o v in e  s e r u m  (G IB C O ®  , In v i t ro g e n , U S A )
- A n t ib io t i c - A n t im y c o t i c  ( 1 0 0 X )  (G IB C O ®  , In v i t r o g e n ,  U S A )
- H a n k s ’ b a la n c e  s a l t  s o lu t io n  (H B S S )  (G IB C O ®  , I n v i t r o g e n ,  U S A )
- 0 .0 2 5 %  T r y p s in  in  E D T A  ( G I B C O ® , In v i t r o g e n ,  U S A )
-  P h o s p h a te  b u f f e r  s a l in e  s o lu t io n  (P B S )  p H  7 .4  ( G I B C O ® , I n v i t r o g e n ,  U S A )
- D im e th y l  s u l f o x id e  ( D M S O )  ( S ig m a - A ld r ic h ,  U S A )
- T h ia z o ly l  b lu e  t é t r a z o l iu m  b ro m id e  ( M T T )  ( S ig m a - A ld r i c h ,  U S A )
- F I T C - p h a l lo id in  ( f lu o r e s c e in  i s o th io c y a n a te  c o n ju g a te d  p h a l lo id )  ( S ig m a -

A ld r ic h ,  U S A )
- F lu o r e s c e in  i s o th io c y a n a te  c o n ju g a te  d e x tr a n  m o le c u la r  w e ig h t4 0 0 0  ( F D -4 )

( S ig m a - A ld r i c h ,  U S A )
- M O P S  S D S  R u n n in g  B u f f e r  (N u P A G E ® , In v i t r o g e n ,  U S A )
- T r i s - G ly c e r in e  S D S  s a m p le  b u f f e r  (N o v e x ®  In v i t r o g e n ,  C a ls b a d  C A , U S A )
- 1 2 %  B is - T r i s  p o ly a c r y l a m id e  g e l (N u P A G E ® N o v e x ®  1 2 % B is - T r is  G e l  1 .0

m m , 10 w e l l ,  I n v i t r o g e n ,  U S A )
-  S i m p ly B lu e ™  S a f e S ta in  ( I n v i t r o g e n ,  C a ls b a d  C A , U S A )

6. Equipments

- F o u r i e r  T r a n s f o r m  In f r a r e d  S p e c t r o s c o p y  ( F T - I R )  ( M o d e l  1 7 6 0 X , P e rk in  
E lm e r ,  U K )

- A n a ly t i c a l  B a la n c e  ( M o d e l  A 2 0 0  ร , S a r to r iu s ,  G e r m a n y )
- S p r a y - d r y e r  ( B ü c h i  m o d e l  B 2 9 0 , B ü c h i  L a b o r te c h n ik ,  F la m i l ,  S w i tz e r la n d  )
-  G e l  p e r m e a t io n  c h r o m a to g r a p h y  ( W a te r ®  M o d e l  6 0 0 E , M il f o r d ,  U S A )
- S o n ic a to r  b a th  (E lm a® , G e r m a n y )

H H C /'Y C fM ,*
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-  L a s e r  l ig h t - s c a t te r in g  a n a ly z e r  ( M a s te r s iz e r 2 0 0 0 ,  M a lv e r n  I n s t r u m e n t ,
M a lv e r n ,  U K )

- S c a n n in g  e l e c t r o n  m ic r o s c o p e  ( J e o l  m o d e l  J S M 5 4 1 0  L V , T o k y o ,  J a p a n )
-  T h e r m o g r a v im e t r i c  a n a ly z e r  ( T G A , M e t t l e r - T o le d o ,  U S A )
- T e x tu r e  a n a ly z e r  ( M o d e l  T A .X T  p lu s , S ta b le  m ic r o  s y s te m s ,  U K )
- S p e c t r o p h o to m e te r  ( M ic r o p la te  r e a d e r ,  V I C T O R 3, P e r k in - E lm e r ,  U S A )
- E le c t r o p h o r e s i s  ( X C e l l  S u r e L o c k ™  M in i- C e l l ,  I n v i t r o g e n ,  U S A )
- S p e c t r o p o la r im e t r y  ( m o d e l  J -7 1 5 , J a s c o ,  J a p a n )
- S p e c t r o p h o to m e te r  ( M ic r o p la te  r e a d e r  B io - R A D ®  M o d e l  3 5 5 0 , U S A )
-  H y m o c y t o m e t e r  (B o e c o ® , G e r m a n y )
-  M i l l i c e l l®  E R S  m e te r  ( M il l ip o r e ,  B e d f o r d ,  M A , U S A )
-  P ip e t te  A id  (D ru m m o n d ® , U S A )
- C e n t r i f u g e  ( M o d e l  2 K 1 5 , S ig m a  G e r m a n y )
- L a m in a r  a i r  f lo w  (M o d e l  H B B  2 4 4 8 , H o lte n ,  U S A )
- V o r te x  m ix e r  ( S c ie n t i f i c  In d u s t r ie s ,  U S A )
-  W a te r - J a c k e te d  In c u b a to r  ( M o d e l  3 1 6 4 , F o r m a  S c ie n t i f ic ,  U S A )
- M ic r o p ip e t te  (G ils o n ®  5 7 3 2 9 H , F r a n c e )
- M ic r o p ip e t te  (S o c o re x ®  A C U R A  8 2 5 , S w iz e r la n d )
- H o t  A i r  O v e n  ( H e r a e u s  M o d e l  5 0 9 0 E )

7. Labora to ry  supplies

-  C e n t r i f u g e  tu b e s  (C o rn in g ® , U K )
- M ic r o c e n t r i f u g e  tu b e  (C o rn in g ® , U K )
- 6  W e ll  P la te  T r a n s w e l l®  p e r m e a b le  s u p p o r t  0 .4  p m  p o ly e s t e r  m e m b r a n e

(C o s ta r®  U S A )
-  C e l lu lo s e  a c e ta t e  m e m b r a n e  0 .4 5 p m  (W h a tm a n ® , U K )
- T is s u e  c u l tu r e  f la s k  (C o rn in g ® , U K )
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Methods

1. M olecular characterization o f pectin powder

M o l e c u l a r  c h r o m a to g r a m s  o f  tw o  ty p e s  o f  c o m m e r c i a l ly  a v a i l a b le  p e c t in  a n d  
p e c t ic  p o ly s a c c h a r id e  w a s  c a r r ie d  o u t  u s in g  a  W a te r  6 0 0 E  g e l  p e r m e a t io n  
c h r o m a to g r a p h y  ( G P C ) .  T h e  0 .2 %  w /v  o f  s a m p le  s o lu t io n  w a s  p r e p a r e d  u s in g  0 .0 5  M  
s o d iu m  b ic a r b o n a te  b u f f e r  (p H  11 ) a s  d is s o lu t io n  m e d iu m  a n d  v o lu m e  o f  2 0  (il w a s  
in je c te d  in to  th e  G P C . T h e  p e c t in  w a s  s e p a r a te d  u s in g  th e  s a m e  a f o r e m e n t io n e d  
m e d iu m  a t  a  f lo w  r a te  o f  0 .6  m l /m in .  A p p r o x im a te  m o le c u la r  w e ig h t  o f  e a c h  p e c t in  
w a s  e s t im a te d  u s in g  a  s ta n d a r d  c u r v e  o b ta in e d  w ith  d i f f e r e n t  m o le c u la r  w e ig h t  
P u l lu la n s  ( M W  : 5 ,9 0 0  -  7 0 8 ,0 0 0 ) .

2. P reparation o f spray dried pectic polysaccharide m icroparticles

P e c t i c  p o ly s a c c h a r id e  [ f ro m  d u r ia n  r in d s  (D urio ziberth inus), i s o la te d  b y  h o t  
w a te r  e x t r a c t io n  f o l lo w e d  b y  e th a n o l  p r e c ip i ta t io n  ( H o k p u t s a  e t  a l . ,2 0 0 4 ) ] ,  w a s  
d is s o lv e d  in  u l t r a p u r i f i e d  w a te r  a t  v a r io u s  c o n c e n t r a t io n s  o f  0 .2  -  4 .0  % w /v  a n d  th e n  
s p r a y  d r ie d  in  a  b e n c h - to p  s p r a y  d r y e r  (B iic h i  m o d e l  B 2 9 0 ,  B iic h i  L a b o r te c h n ik ,  

F la m il ,  S w i t z e r l a n d )  a t  th e  in le t  te m p e r a tu r e ,  a s p i r a to r  r a te  a n d  f e e d  r a te  o f  1 2 0 ° c ,  

8 0 %  ( e q u iv a le n t  to  3 2  m 3/h r )  a n d  3 m l /m in ,  r e s p e c t iv e ly ,  t o  o b ta in  o p t im a l  p e c t ic  
p o ly s a c c h a r id e  c o n c e n t r a t io n .  T h e  l iq u id  fe e d  w a s  p u m p e d  p e r i s ta t i c a l ly  a n d  fed  
th r o u g h  a  t w o - f lu id  n o z z le  (0 .7  m m  in te rn a l  d ia m e te r )  w h e r e  it w a s  a to m iz e d  in to  f in e  
d r o p le ts .

T h e  s e le c te d  c o n c e n t r a t io n  o f  p e c t ic  p o ly s a c c h a r id e  w a s  th e n  s p r a y  d r ie d  w i th  
th e  f o r m u la t io n s  in c lu d in g  m a l to d e x t r in  (M T )  a s  f i l le r ,  c o l lo id a l  s i l i c o n  d io x id e  
[ A e r o s i l® ( A ) ]  a s  a  g l id a n t  a n d  p r o p y le n e  g ly c o l  (P G )  a s  s h a p e r .  T h e  s u i ta b le  s p ra y  
d r y in g  c o n d i t i o n  w a s  a c h ie v e d  b y  v a r y in g  th e  in le t  a i r  t e m p e r a tu r e  (9 0 ,  1 0 0 , 1 1 0 , 1 20  
° C ) , d r y in g  a i r  f lo w  r a te  (8 0  a n d  9 0  %  o f  m a x im u m  a s p i r a to r  r a te )  a n d  l iq u id  f e e d  ra te  
(3  a n d  5 m l /m in ) .
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Methods

1. M olecular characterization o f pectin powder

M o l e c u la r  c h r o m a to g r a m s  o f  tw o  ty p e s  o f  c o m m e r c ia l ly  a v a i l a b le  p e c t in  a n d  
p e c t ic  p o ly s a c c h a r id e  w a s  c a r r ie d  o u t  u s in g  a  W a te r  6 0 0 E  g e l  p e r m e a t io n  
c h r o m a to g r a p h y  (G P C ) .  T h e  0 .2 %  w /v  o f  s a m p le  s o lu t io n  w a s  p r e p a r e d  u s in g  0 .0 5  M  
s o d iu m  b ic a r b o n a te  b u f f e r  ( p H l l )  a s  d is s o lu t io n  m e d iu m  a n d  v o lu m e  o f  2 0  p i  w a s  
in je c te d  in to  t h e  G P C . T h e  p e c t in  w a s  s e p a r a te d  u s in g  th e  s a m e  a fo r e m e n t io n e d  
m e d iu m  a t  a  f lo w  r a te  o f  0 .6  m l /m in .  A p p r o x im a te  m o le c u la r  w e ig h t  o f  e a c h  p e c t in  
w a s  e s t im a te d  u s in g  a  s ta n d a r d  c u rv e  o b ta in e d  w i th  d i f f e r e n t  m o le c u la r  w e ig h t  
P u l lu la n s  ( M W  : 5 ,9 0 0  -  7 0 8 ,0 0 0 ) .

2. Preparation o f spray dried pectic polysaccharide m icroparticles

P e c t ic  p o ly s a c c h a r id e  [ f ro m  d u r ia n  r in d s  (D urio  z ib erth in u s ), i s o la te d  b y  h o t  
w a te r  e x t r a c t io n  f o l lo w e d  b y  e th a n o l  p r e c ip i ta t io n  ( H o k p u t s a  e t  a l . 2 0 0 4 ) ] ,  w a s  
d is s o lv e d  in  u l t r a p u r i f i e d  w a te r  a t  v a r io u s  c o n c e n t r a t io n s  o f  0 .2  - 4 .0  % w /v  a n d  th e n  
s p r a y  d r ie d  in  a  b e n c h - to p  s p r a y  d r y e r  (B iic h i  m o d e l  B 2 9 0 ,  B t ic h i  L a b o r te c h n ik ,  

F la m il ,  S w i tz e r la n d )  a t  th e  in le t  t e m p e r a tu r e ,  a s p i r a to r  r a te  a n d  f e e d  r a te  o f  1 2 0 ° c ,  
8 0 %  ( e q u iv a le n t  to  3 2  m 3/h r )  a n d  3 m l /m in ,  r e s p e c t iv e ly ,  t o  o b ta in  o p t im a l  p e c t ic  
p o ly s a c c h a r id e  c o n c e n t r a t io n .  T h e  l iq u id  f e e d  w a s  p u m p e d  p e r i s ta t i c a l ly  a n d  fe d  
th r o u g h  a  t w o - f lu id  n o z z le  (0 .7  m m  in te rn a l  d ia m e te r )  w h e r e  it w a s  a to m iz e d  in to  f in e  
d ro p le ts .

T h e  s e le c te d  c o n c e n t r a t io n  o f  p e c t ic  p o ly s a c c h a r id e  w a s  th e n  s p r a y  d r ie d  w ith  
th e  f o r m u la t io n s  in c lu d in g  m a l to d e x t r in  (M T )  a s  f i l le r ,  c o l lo id a l  s i l ic o n  d io x id e  
[ A e r o s i l® ( A ) ]  a s  a  g l id a n t  a n d  p r o p y le n e  g ly c o l  (P G )  a s  s h a p e r .  T h e  s u i ta b le  s p ra y  
d r y in g  c o n d i t i o n  w a s  a c h ie v e d  b y  v a r y in g  th e  in le t  a i r  t e m p e r a tu r e  (9 0 ,  1 0 0 , 1 1 0 , 120  
° C ) , d r y in g  a i r  f lo w  r a te  (8 0  a n d  9 0  %  o f  m a x im u m  a s p i r a to r  r a te )  a n d  l iq u id  f e e d  r a te  
(3  a n d  5 m l /m in ) .
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T h e  s e le c te d  s p r a y  d r y in g  c o n d i t io n  w a s  u s e d  to  f in d  th e  s u i ta b le  f o r m u la t io n  
b y  v a r y in g  th e  f i l l e r  [ l a c to s e  (L ) , m a n n i to l  (M )]  a n d  th e n  th e  s e le c te d  f i l l e r  w a s  s p ra y  
d r ie d  w i th  v a r io u s  a m o u n t  o f  A e r o s i l®  (A ) . T h e  f o r m u la t io n  w a s  s h o w n  in  T a b le  1.

E a c h  e x c ip ie n t  w a s  s e p a r a te ly  d is s o lv e d  in  u l t r a p u r i f i e d  w a te r  a n d  th e n  m ix e d  
w ith  p e c t ic  p o ly s a c c h a r id e  s o lu t io n  o f  o p tim a l  c o n c e n t r a t io n  b e f o r e  a d ju s t in g  to  f in a l  
v o lu m e .  T h e  s o lu t io n  o f  e a c h  b a tc h  w a s  s p ra y  d r ie d .  A f te r  o b ta in in g  th e  s u i ta b le  
c o n d i t io n  a n d  f o r m u la t io n ,  tw o  ty p e s  o f  c o m m e r c ia l  p e c t in  ( h ig h  m e th o x y la te  p e c t in ,  
H M - p e c t in  a n d  lo w  m e th o x y la te  p e c t in ,  L M - p e c t in )  w e r e  s im i la r ly  s p r a y  d r ie d  to  
c o m p a r e  w i th  p e c t ic  p o ly s a c c h a r id e .Table 1. F o r m u la t io n s  ( % w /v  in  w a te r )  u s e d  to  
s p r a y  d ry  a t  th e  o p t im a l  c o n d i t io n .

F o r m u la t io n M a n n i to l
(M )

L a c to s e
(L )

A e ro s i l
(A )

M a l to d e x t r in
(M T )

P r o p y le n e  
g ly c o l  (P G )

P + M T + A + P G * - - 0 .0 3 6 0 .3 2 0 .3

P + M T + A - - 0 .0 3 6 0 .3 2 -

P M 0 .2 - - - -

P L - 0 .2 - - -

P L A 0 .1 - 0 .2 0.1 - -

P L A 0 .1 2 - 0 .2 0 .1 2 - -

P L A 0 .1 5 - 0 .2 0 .1 5 - -

P L A 0 .2 - 0 .2 0 .2 0 - -
* T h is  f o r m u la t io n  f ro m  A A P S  P h a r m S c iT e c h  ( H a r ik a r n p a k d e e  e t  a l . 2 0 0 6 ) .  
P  : p e c t ic  p o ly s a c c h a r id e

3. P reparation o f pectic polysaccharide BSA-Ioaded m icroparticles

E a c h  e x c ip ie n t  in  th e  fo r m u la t io n ,  s e le c te d  b y  c o n s id e r in g  th e  c h a r a c te r iz e d  
p r o p e r t ie s  s u c h  a s  p a r t ic le  s iz e ,  f lo w a b i l i ty ,  a n d  m u c o a d h e s io n  o f  o b ta in e d  s p r a y  d r ie d  
p o w d e r s ,  a n d  B S A  w e r e  s e p a r a te ly  d is s o lv e d  in  u l t r a p u r i f i e d  w a te r  a n d  s p ra y  d r ie d  in  
a  b e n c h - to p  s p r a y  d r y e r  w i th  th e  s p ra y  d r y in g  c o n d i t io n T h e  q u a n t i ty  o f  B S A  : 
p o ly m e r  r a t io  b y  w e ig h t  w a s  s tu d ie d  a t  1:3 , 1 :5 a n d  1 :1 0 .
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4. Characterization o f pectic polysaccharide m icroparticles

4.1 Production yield

T h e  p e r c e n ta g e  o f  p r o d u c t io n  y ie ld  w a s  c a lc u la te d  f ro m  th e  w e ig h t  o f  d r ie d  
p o w d e r s  ( W j )  c o l le c te d  f ro m  th e  c o l le c to r  a n d  th e  s u m  o f  th e  in i t ia l  d ry  w e ig h t  o f  
s ta r t in g  m a te r ia l s  ( พ 2) a s  th e  fo l lo w in g  e q u a t io n .

P e r c e n ta g e  o f  p r o d u c t io n  y ie ld  =  1 0 0  (1 )

4.2 Partic le  size and size d istribution

P a r t i c le  s iz e  a n d  s iz e  d is t r ib u t io n  o f  a ll o b ta in e d  m ic r o p a r t i c l e s  w e r e  m e a s u r e d  
b y  la s e r  l ig h t - s c a t te r in g  m e th o d  ( M a s te r s iz e r 2 0 0 0 ,  M a lv e r n  I n s t r u m e n t ,  M a lv e r n ,  
U K ) . S m a ll  a m o u n t  o f  m ic r o p a r t i c le s  w a s  d is p e r s e d  in  te n  m i l l i l i t e r s  o f  9 5 % e th a n o l  
a n d  s o n ic a te d  in  s o n ic a to r  b a th  (E lm a® , G e r m a n y )  fo r  a b o u t  3 0  s e c o n d s ,  in  o r d e r  to  
d e a g g r e g a te  th e  m ic r o p a r t i c le s .  T h e  d is p e r s io n  w a s  lo a d e d  in to  a  s t i r r e d  s a m p le  c e l l , 
c o n ta in in g  9 5 %  e th a n o l  a s  a  m e a s u r in g  m e d iu m . T h e  p a r t ic le  s iz e  w a s  p r e s e n te d  in 
th e  v o lu m e  w e ig h te d  m o d e  a n d  th e  5 0 %  u n d e r s iz e  d ia m e te r  d  (v ,0 .5 ) w a s  r e f e r r e d  to  
a s  th e  p a r t ic le  d ia m e te r .  T h e  s iz e  d is t r ib u t io n  w a s  d e te r m in e d  b y  th e  s p a n  v a lu e .  
T r ip l i c a t e  m e a s u r e m e n t  w a s  c o n d u c te d .

4.3 Partic le  morphology

S p ra y  d r ie d  p o w d e r s  w e r e  m o u n te d  o n to  d o u b le - f a c e d  a d h e s iv e  ta p e ,  w h ic h  
w a s  a t t a c h e d  o n  a  s a m p le  s tu b . T h e  s a m p le s  w e re  s p u t te r e d  w i th  g o ld  a n d  v ie w e d  
u n d e r  a  s c a n n in g  e le c t r o n  m ic r o s c o p e  ( J e o l  m o d e l  J S M 5 4 1 0  L V , T o k y o ,  J a p a n )

4.4 Determ ination o f bu lk density and flow ab ility

T h e  a p p a r e n t  p o w d e r  b u lk  d e n s i ty  ( d e f in e d  a s  th e  r a t io  o f  th e  p o w d e r  w e ig h t  
o v e r  t h e  b u lk  v o lu m e )  o f  t h e  s p r a y - d r ie d  p r o d u c ts  w a s  d e t e r m in e d  in  th e  c y l in d r ic a l  
g la s s  tu b e  f i l l e d  w i th  a c c u r a te  w e ig h t  o f  p o w d e r s .  T h e  p e r c e n ta g e  c o m p r e s s ib i l i ty  c a n
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b e  u s e d  a s  in d i r e c t  m e th o d  o f  m e a s u r in g  p o w d e r  f lo w  f ro m  b u lk  d e n s i ty  b e c a u s e  it is 
d e p e n d e n t  o n  p a r t ic le  p a c k a g in g  a n d  c h a n g e s  a s  th e  p o w d e r  c o n s o l id a te s .  A  
c o n s o l id a te d  p o w d e r  is  l ik e ly  to  h a v e  a  g r e a te r  a r c h  s t r e n g th  th a n  a  le s s  c o n s o l id a te d  
o n e  a n d  m a y  th e r e f o r e  b e  m o re  r e s i s ta n t  to  p o w d e r  f lo w  ( S ta n i f o r th  2 0 0 2 ) .  I t  w a s  
d e te r m in e d  b y  m e a s u r in g  th e  u n s e t t le d  a p p a r e n t  v o lu m e ,  V o a n d  th e  f in a l  ta p p e d  
v o lu m e ,  V f, o f  th e  p o w d e r  a f te r  t a p p in g  th e  s p r a y - d r ie d  p o w d e r  u n t i l  n o  fu r th e r  
v o lu m e  c h a n g e  o c c u r . ( n = 3 )  T h e  c o m p r e s s ib i l i ty  in d e x  a re  c a lc u la t e d  a s  th e  f o l lo w in g  
e q u a t io n :

% C o m p r e s s ib i l i ty  In d e x  =  1 0 0  X [V°v~ Vf] (2 )

4.5 M oisture content

M o is tu r e  c o n te n t  o f  th e  s p r a y - d r ie d  p o w d e r  w a s  m e a s u r e d  u s in g  a  
th e r m o g r a v im e t r i c  a n a ly z e r  ( T G A , M e t t l e r - T o le d o ,  U S A )  l in k e d  to  a  d a ta  s ta t io n  
( S T A R e  s o f tw a r e ) .  S a m p le s  (~ 5  m g )  w e r e  lo a d e d  in  a lu m in iu m  o x id e  7 0  p i  p a n s  a n d  

h e a te d  a t  10  ๐c / m l  u n d e r  2 0  m l .m in  n i t r o g e n  g a s  p u r g e .  T h e  m o i s tu r e  c o n te n t  w a s  

b a s e d  o n  w e ig h t  lo s s  b e tw e e n  3 0  °c a n d  1 5 0  °c

4.6 Swelling index

T h e  s tu d y  o f  th e  s w e l l in g  o f  s p ra y  d r ie d  p o w d e r s  w i th  r e s p e c t  to  t im e  m o d if ie d  
f ro m  P h . E u r . M e th o d  2 .8 .4  w a s  p e r f o r m e d  b y  p la c in g  a  f ix e d  w e ig h t  o f  s p r a y - d r ie d  
p o w d e r  in  a  g r a d u a te d  c y l in d e r  b e fo re  a d d in g  e th a n o l  a n d  p u r i f ie d  w a te r ,  th e n  
r e c o r d e d  th e  v o lu m e  a t  t im e  z e ro  (V o). T h e  c y l in d e r  w a s  v ig o r o u s ly  s h a k e n  e v e r y  10 
m in u te s  f o r  1 h o u r  a n d  th e n  a l lo w e d  to  s ta n d  f o r  3 h o u r s .  A t  1.5 h o u r s  a f te r  b e g in n in g  
o f  th e  t e s t ,  l iq u id  r e ta in e d  in  th e  la y e r  o f  p o w d e r s  w a s  d is c a r d e d .  T h e  v o lu m e  
o c c u p ie d  b y  th e  p e c t ic  p o ly s a c c h a r id e  p o w d e r s  a t  4  h o u r s  w a s  r e c o r d e d  ( V t). T h e  
s w e l l in g  in d e x  (S I )  w a s  c a lc u la te d  a s  fo l lo w in g :

'V t-V o
- VoSwelling Index = (3)
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4.7 M oisture  adsorption

Spray-dried powders were precisely weighed for each formulation (m i) and 

added to glass weighing vials. A ll vials were then stored in the simulated climate 

cabinet which was working fluently at the room temperature and at relative humidity 

(RH) o f 75%. After 48 hours running o f the unit, the vials were taken out and weighed 

again (m2). The percentage weight gain o f each formulation after storing at 75% RH 

was then calculated from the following equation (ท=4).

% M oisture adsorption =  100% X
m2- m 1'
. Mi . (4)

4.8 Mucoadhesive property

The mucoadhesive properties o f microparticles were evaluated using a texture 

analyzer with a 5 kg load cell. A hydrophilic membrane (cellulose acetate membrane, 

0.45 pm pore size) was first soaked for 15 min in aqueous mucin solution (10% mucin 

from porcine stomach, Type II), and then horizontally attached to the upper end o f the 

Texture Profile Analysis (TPA) probe by using double-sided adhesive tape. 

Microparticles were placed on the lower probe, dropped pH 6.0 phosphate buffer 

solution and left for 1 minute. The analytical probe containing the membrane was 

moved down to attach the surface o f microparticles for 90 seconds to ensure intimate 

contact between the membrane and the sample. The probe was then moved up in a 

vertical direction at a constant speed o f 0.5 mm/s and the force required to detach the 

mucin membrane from the surface o f micropaticles was determined from the resultant 

force-time plot. A ll measurements were performed in triplicate.

4.9 In fared absorption study

The FT-IR spectra o f raw material BSA, three types o f pectin (pectic 

polysaccharide and two types o f commercial pectin) and three kinds o f spray dried 

microparticles, including BSA and pectin in the ratio o f 1:1, were examined by using 

the potassium bromide disc with an infared spectrophotometer (Fourier-Transform 

Infared Spectrophotometer model 1760X, Perkin Elmer, USA) in the range o f 4000 -
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450 cm '1

4.10 Protein content determination

Microparticles were dissolved in distilled water. BSA content was determined 

by using bicinchoninic acid assay (M icroBCA, Sigma-Aldrich, USA). The reaction 

was run at 37°c for 2 hours. Optical density o f the sample solution was read at 560 

nm on a spectrophotometer (Microplate reader, VICTOR3, Perkin-Elmer, USA) and 

then quantified from the calibration curve. Actual protein content was then calculated 

as following:

actual amount o f  protein * 100 . . .%protein content = ------------——------ :------  (5)
amount o f  m icropartic les

4.11 In vitro  protein release

The in vitro protein release test o f the microparticles was performed on 

modified Franz diffusion cell w ith cellulose acetate filter; pore size 0.45 pm. The 

receptor compartment contained 0.2% sodium lauryl sulfate in water and maintained 

37 ± l° c .  The filte r was equilibrated before carefully dispersing the microparticles o f 

10 mg onto the donor side. Samples were periodically withdrawn from the receptor 

compartment 0.5 ml, replaced with the same amount o f sodium lauryl sulfate solution 

and assayed by M icroBCA assay.

5. Protein properties

5.1 Protein in tegrity

The integrity o f BSA was analyzed by sodium dodecyl sulfate-polyacrylamide 

gel electrophoresis (SDS-PAGE). BSA was discovered from microparticles by 

dissolving in distilled water. One part o f the samples was mixed with one part o f 

reducing sample buffer (5% P-mercaptoethanol in Novex® Tris-Glycerine SDS 

sample buffer, Invitrogen, Calsbad CA, USA) and heated at 95°c for five minutes. 

The mixture equivalent to 10 fig o f BSA was loaded onto a pH 8.8 12% Bis-Tris
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polyacrylamide gel (NuPAGE®Novex® 12%Bis-Tris Gel 1.0 mm, 10 well, 

Invitrogen, USA) and subjected to electrophoresis (XCell SureLock™ Mini-Cell, 

Invitrogen, USA) in NuPAGE® MOPS SDS running buffer (Invitrogen, Calsbad CA, 

USA) at 150 V  for about two hours. The gel was stained with SimplyBlue™ 

SafeStain (Invitrogen, Calsbad CA, USA) for one hour and destained several times 

with distilled water until the protein bands were visualized.

5.2 Protein secondary structure

Circular dichroism was used to observe the secondary structure o f BSA from 

the preparations compared with raw material. E lip icity (0, mdeg) o f the solutions was 

recorded between 190-250 nm on a spectropolarimetry (model J-715, Jasco, Japan). 

Molar e llip tic ity ([9 ], deg cm2/decimal) was then calculated by the following 

equation:

[0]=ô M p /10 000 ท c  1 (6)

where Mp was the molecular weight o f BSA (66 430 Da), ท was the number o f amino 

acid residues o f BSA (583 residues), C' was the concentration o f BSA in sample 

solution (g/ml) and 1 was the path length o f cell (0.1 cm). CD spectra was obtained by 

plotting molar e lipticity against wavelength. The solution o f corresponding blank 

pectic polysaccharide microparticles o f each sample was prepared as afore mentioned 

and run as background.

6. In vitro  study in cell culture

6.1 Cell cultures

Nasal cell line (ATCC RPMI2650) isolated from a human nasal septum 

carcinoma were grown in horizontal plastic cultural flask. Cells were maintained in 

minimum essential medium (M EM ) alpha-medium (GIBCO Cat. No.32571063) 

supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin solution 

and incubated in humidified atmosphere o f 5%cc>2 at 37°c until 70-80% confluence.
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These cells were then trypsinized and seeded in 96-well plates for cytoxicity study 

and seeded in 6-well Transwell® plates for permeation study

6.2 C yto toxic ity  study

Nasal cells were cultured in 96-well plate at a density o f 3 X 105cells/ml for 

100 pl/well. In the next 2 days, 100-pl samples o f particle loading concentration o f 

1.0, 2.0, 3.0 mg/ml (6 wells per concentration-group plus one control group) were 

incubated in culture medium as described above for 48 hours. Control group consisted 

o f cells in media was processed identically and incubated simultaneously as treated 

groups. The 50-pl M TT solution (1 mg/ml in M EM) was added to each well after 

removing sample in media solution and had been incubated for 3 hours. The medium 

was replaced with 100 pi dimethyl sulfoxide (DMSO), agitated for 15 -  20 minutes 

and the absorbance was read at 595 nm on Bio-RAD® Model 3550 microplate reader. 

Cell viability was expressed as a percentage o f the control group.

6.3 Permeation study

Nasal cells were seeded on polyester filters, 0.4 pm pore size, o f 6-well 

Transwell® at a density o f 4 X 105 cells/ cm2. The apical and basolateral 

compartments received 1.5 and 2.6 ml o f culture medium, respectively. These were 

cultured until monolayer was reached and the medium was changed every second day. 

The monolayer integrity was assessed firstly by the inverted microscope, and 

confirmed again before permeation study by the measurement o f trans-epithelial 

electrical resistance (TEER).

Permeation o f FITC-labeled dextran (FD-4) model substance (M W  4,000) 

through nasal epithelial monolayer in comparison to blank filte r was to quantify the 

barrier function o f the cultivated human cell monolayer. The FD-4 in Hanks’ balance 

salt solution (HBSS) at the concentration o f 200 pg/ml was added to the apical 

compartment o f Transwell. The 2-ml samples were withdrawn from the basolateral 

chamber and replaced by fresh HBSS at time intervals. The amounts o f permeated 

FD-4 were determined by a fluorometry at the excitation o f 490 nm and emission o f
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515 nm (Microplate reader, VICTOR3, Perkin-Elmer, USA).

For drug permeation study, the confluent cell monolayers were rinsed and 

filled with HBSS at both compartments and allowed to equilibrate for 1 hour. 

Microparticles were scattered over the polyester filters. The 2-ml samples were 

withdrawn from the basolateral chamber and replaced by fresh HBSS at time 

intervals. The amounts o f permeated BSA were determined by M icroBCA assay. 

Results were expressed as cumulative transport as a function o f time.

6.4 T igh t junction  in tegrity  study

TEER measurement was performed during the drug permeation at 60 minute 

intervals until 5 hours and 24 and 48 hours after permeation experiment. For negative 

control, no microsphere was applied to the monolayers. A fter permeation study, the 

microspheres were carefully removed. The monolayers o f cell culture were fixed with 

3.7% formaldehyde in PBS, washed 3 times with PBS, permeabilized cell with 

0.5%tritonX-100 in PBS, washed 3 times with PBS, and stained with a 50pg/ml 

FITC-labeled phalloidin solution in PBS (Sigma-Aldrich, USA) after that observed 

under a fluorescence microscope (E200, Nikon, Japan)

6.5 V ia b ility  o f cell monolayer

Plasma membrane integrity was analyzed by performing trypan blue dye 

exclusion. Both the apical and basolateral sides o f the cell monolayers were washed 

several times w ith PBS after finishing permeation experiment. The cell monolayer 

was typsinized and diluted with the same amount o f 0.4% trypan blue solution (Sigma 

Aldrich, USA). Viable and non viable cells presented as absence and presence o f 

intracellular trypan blue were counted separately by a heamocytometer slide, 

calculated as percentage o f viable cells.
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