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c r o s s l in k in g  r a t io ,  m o d e l  d r u g s ,  a n d  e le c t r i c  f ie ld  s t r e n g th  o n  e le c t r i c a l ly  
c o n t r o l l e d  r e le a s e  f o r  a lg in a te -b a s e d  h y d r o g e l .  J o u rn a l  o f  M a te r i a ls  S c ie n c e . 
2 3 ,9 9 9 - 1 0 1 0 .

P e p p a s , N .A .  a n d  M e r r i l l ,  E . w .  ( 1 9 7 7 )  C r o s s l in k e d  p o ly (v in y l  a lc o h o l )  h y d r o g e ls  a s  
s w o l le n  e la s t ic  n e tw o r k s .  J o u r n a l  o f  A p p l ie d  P o ly m e r  S c ie n c e . 2 1 (7 ) ,  1 7 6 3 -  
1 7 7 0 .

P h in y o c h e e p ,  p .  a n d  D u a n g th o n g ,  ร . ( 2 0 0 0 )  U l t r a v io le t - c u ra b le  l i q u id  n a tu r a l  r u b b e r .  
J o u r n a l  o f  A p p l ie d  P o ly m e r  S c ie n c e .  7 8 (8 ) ,  1 4 7 8 -1 4 8 5 .

P h u m m a n , p . ,  N ia m la n g ,  ร . ,  a n d  S ir iv a t ,  A . (2 0 0 9 )  F a b r ic a t io n  o f  p o ly ( p  P h e n y le n e ) /  
z e o l i t e  c o m p o s i te s  a n d  th e i r  r e s p o n s e s  to w a r d s  a m m o n ia . S e n s o r s , 9 , 8 0 3 1 -  
8 0 4 6 .

P ic h a y a k o m , พ . ,  S u k s a e re e ,  J . ,  B o o n m e , p . ,  A m n u a ik i t ,  T ., T a w e e p r e d a ,  พ . ,  a n d  
R i t th id e j ,  G . c .  ( 2 0 1 2 )  D e p r o te in iz e d  n a tu r a l  r u b b e r  la te x /h y d r o x y lp r o p y l  
m e th y l  c e l lu lo s e  b l e n d in g  p o ly m e r s  fo r  n i c o t in e  M a tr ix  f i lm s .  I n d u s tr ia l  &  
E n g in e e r in g  C h e m is t r y  R e s e a r c h , 5 1 (2 5 ) , 8 4 4 2 -8 4 5 2 .
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P ic h a y a k o m , พ . ,  S u k s a e re e ,  J .,  B o o n m e , P ., A m n u a ik i t ,  T ., T a w e e p r e d a ,  พ . ,  a n d  
R i t th id e j ,  G . c .  ( 2 0 1 2 )  N ic o t in e  t r a n s d e r m a l  p a tc h e s  u s in g  p o ly m e r ic  n a tu ra l  
r u b b e r  a s  th e  m a tr ix  c o n t r o l l in g  s y s te m : E f f e c t  o f  p o ly m e r  a n d  p l a s t i c i z e r  
b le n d s . J o u r n a l  o f  M e m b r a n e  S c ie n c e , 4 1 1 - 4 1 2 ( 0 ) ,  8 1 -9 0 .

P o n g ja n y a k u l ,  T ., P r a k o n g p a n ,  ร . ,  a n d  P r ip r e m , A . ( 2 0 0 3 )  A c r y l ic  m a t r ix  ty p e  
n ic o t in e  t r a n s d e r m a l  p a tc h e s :  in  v i t r o  e v a lu a t io n s  a n d  b a tc h - to - b a tc h  
u n if o r m i ty .  D r u g  D e v e lo p m e n t  a n d  I n d u s t r ia l  P h a r m a c y , 2 9 (8 ) ,  8 4 3 - 8 5 3 .

P r a u s n i t z ,  M .R . a n d  L a n g e r ,  R . ( 2 0 0 8 )  T ra n s d e r m a l  d r u g  d e l iv e ry . N a tu r e  
B io te c h n o lo g y ,  2 6 (1 1 ) ,  1 2 6 1 -1 2 6 8 .

Q in , R . a n d  B o , z. ( 2 0 1 2 )  S y n th e s i s  a n d  c h a r a c te r iz a t io n  o f  2 ,7 - l in k e d  c a r b a z o le  
o l ig o m e rs .  M a c r o m o le c u la r  R a p id  C o m m u n ic a t io n s .  3 3 ( 1 ) ,  8 7 -9 1 .

R a j, V . ,  M a d h e s w a r i ,  D ., a n d  M u b a r a k  A l i ,  M . (2 0 1 0 )  C h e m ic a l  f o r m a t io n ,  
c h a r a c te r iz a t io n  a n d  p r o p e r t ie s  o f  p o ly c a rb a z o le .  J o u r n a l  o f  A p p l ie d  
P o ly m e r  S c ie n c e , 1 1 6 (1 ) , 1 4 7 -1 5 4 .

R e t t le r ,  E .F .J . ,  R u d o lp h ,  T ., H a n is c h ,  A ., H o e p p e n e r ,  ร . ,  R e ts c h ,  M ., S c h u b e r t ,  บ .ร . ,  
a n d  S c h a c h e r ,  F .H . ( 2 0 1 2 )  U V - in d u c e d  c r o s s l in k in g  o f  th e  p o ly b u ta d ie n e  
d o m a in s  in  l a m e l l a r  p o ly s ty r e n e - b lo c k - p o ly b u ta d ie n e  b lo c k  c o p o ly m e r  
f i lm s  -  a n  in - d e p th  s tu d y . P o ly m e r . 5 3 (2 5 ) ,  5 6 4 1 -5 6 4 8 .

R iy a ja n ,  S .-A .,  S a s i th o m s o n t i ,  Y ., a n d  P h in y o c h e e p ,  p .  ( 2 0 1 2 )  G r e e n  n a tu r a l  r u b b e r -  
g - m o d if ie d  s ta r c h  fo r  c o n t r o l l in g  u r e a  r e le a s e . C a r b o h y d ra te  P o ly m e r s . 
8 9 (1 ) ,  2 5 1 -2 5 8 .

S a k o ta ,  K ., O k u n o , K . ,  O k a y a , T .,  a n d  T s u c h iy a ,  ร . (1 9 7 6 )  O x id a t io n  b e h a v io r  o f  
i s o p r e n e /s ty r e n e  c o p o ly m e r  a n d  b u ta d ie n e / s ty r e n e  c o p o ly m e r .  J o u r n a l  o f  

■A p p l ie d  P o ly m e r  S c ie n c e , 2 0 (1 0 ) ,  2 8 1 1 - 2 8 1 9 .
S a w a h a ta ,  K ., H a ra , M . ,  Y a s u n a g a ,  H ., a n d  O s a d a ,  Y . (1 9 9 0 )  E le c t r ic a l ly  c o n t r o l le d  

d r u g  d e l iv e ry  s y s te m  u s in g  p o ly e le c t r o ly te  g e ls . J o u r n a l  o f  C o n tr o l le d  
R e le a s e . 1 4 (3 ) , 2 5 3 - 2 6 2 .

S h a r m a , M ., W a te rh o u s e ,  G .I .N .,  L o a d e r ,  S .W .C .,  G a rg , ร . ,  a n d  S v i r s k is ,  D . ( 2 0 1 3 )  
H ig h  s u r fa c e  a r e a  p o ly p y r ro le  s c a f f o ld s  f o r  tu n  a b le  d ru g  d e l iv e ry . 
In te rn a t io n a l  J o u r n a l  o f  P h a r m a c e u t i c s . 4 4 3 ( 1 - 2 ) .  1 6 3 -1 6 8 .
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S i t t iw o n g ,  J . ,  N ia m la n g ,  ร .,  P a ra d e e , N . ,  a n d  S ir iv a t ,  A . ( 2 0 1 2 )  E le c t r ic  f ie ld -  
c o n tr o l le d  b e n z o ic  a c id  a n d  s u lp h a n i la m id e  d e l iv e r y  f ro m  p o ly (v in y l  
a lc o h o l)  h y d r o g e l .  J o u rn a l  o f  th e  A m e r ic a n  A s s o c ia t io n  o f  P h a r m a c e u t ic a l  
S c ie n t i s t s , 1 3 (4 ) , 1 4 0 7 -1 4 1 5 .

S o û la s ,  D .N . a n d  P a p a d o k o s ta k i ,  K .G . ( 2 0 1 1 )  R e g u la t io n  o f  p r o x y p h y l l in e 's  r e le a s e  
f ro m  s i l ic o n e  r u b b e r  m a tr ic e s  b y  th e  u s e  o f  o s m o t ic a l ly  a c t iv e  e x c ip ie n ts  
a n d  a  m u l t i - l a y e r  s y s te m . I n te r n a t io n a l  J o u rn a l  o f  P h a r m a c e u t i c s . 4 0 8 ( 1 - 2 ) ,  
1 2 0 -1 2 9 .

S o û la s ,  D .N .,  P a p a d o k o s ta k i ,  K .G .,  a n d  S a n o p o u lo u ,  M . ( 2 0 1 3 )  S i l ic o n e  r u b b e r  f i lm s  
m o d if ie d  b y  e th y le n o x y  m o ie t ie s :C h a r a c te r iz a t io n  a n d  d r u g  d e l iv e ry  
p r o p e r t ie s .  J o u r n a l  o f  A p p l ie d  P o ly m e r  S c ie n c e , 1 2 9 (2 ) , 8 7 4 -8 8 3 .

S o û la s ,  D .N ., S a n o p o u lo u ,  M ., a n d  P a p a d o k o s ta k i ,  K .G . ( 2 0 1 2 )  P r o x y p h y l l in e  
r e le a s e  k in e t ic s  f ro m  s y m m e tr ic a l  th r e e - la y e r  s i l ic o n e  r u b b e r  m a tr ic e s :  
e f f e c t  o f  d i f f e r e n t  e x c ip ie n ts  in  th e  o u te r  r a te - c o n t r o l l i n g  la y e rs . 
I n te r n a t io n a l  J o u rn a l  o f  P h a r m a c e u t i c s , 4 2 7 ( 2 ) ,  1 9 2 -2 0 0 .

S r i a m o m s a k ,  P ., T h i r a w o n g , N . ,  a n d  K o r k e r d ,  K . (2 0 0 7 )  S w e l l in g ,  e r o s io n  a n d  
r e le a s e  b e h a v io r  o f  a lg in a te - b a s e d  m a t r ix  ta b le ts .  E u r o p e a n  J o u r n a l  o f  
P h a r m a c e u t ic s  a n d  B io p h a r m a c e u t ic s , 6 6 (3 ) ,  4 3 5 - 4 5 0 .

S u k s a e r e e ,  J .,  B o o n m e , p . ,  T a w e e p re d a ,  พ . ,  R i t th id e j ,  G .C .,  a n d  P ic h a y a k o m , พ .  
(2 0 1 2 )  C h a ra c te r iz a t io n ,  in  v i t r o  r e le a s e  a n d  p e r m e a t io n  s tu d ie s  o f  n ic o t in e  
t r a n s d e rm a l  p a tc h e s  p r e p a r e d  f ro m  d e p r o te in iz e d  n a tu r a l  r u b b e r  la te x  
b le n d s . C h e m ic a l  E n g in e e r in g  R e s e a r c h  a n d  D e s ig n , 9 0 (7 ) ,  9 0 6 - 9 1 4 .

S y e d  A b th a g i r ,  P .,  D h a n a la k s h m i ,  K ., a n d  S a r a s w a th i ,  R . ( 1 9 9 8 )  T h e r m a l  รณ d ie s  o n  
p o ly in d o le  a n d  p o ly c a rb a z o le .  S y n th e t ic  M e ta ls .  9 3 (1 ) ,  1 -7 .

T a m u r a ,  K .,  S h io ts u k i ,  M ., K o b a y a s h i ,  N . ,  M a s u d a ,  T ., a n d  S a n d a , F . (2 0 0 9 )  
S y n th e s is  a n d  p r o p e r t ie s  o f  c o n ju g a te d  p o ly m e r s  c o n ta in in g  3 ,9 -  a n d  2 ,9 -  
l in k e d  c a r b a z o le  u n its  in  th e  m a in  c h a in .  J o u rn a l  o f  P o ly m e r  S c ie n c e  P a r t  A : 
P o ly m e r  C h e m is t r y , 4 7 (1 4 ) ,  3 5 0 6 -3 5 1 7 .

T a o u d i ,  H ., B e m e d e ,  J .C . ,  B o n n e t ,  A ., M o r s l i ,  M ., a n d  G o d o y ,  A . (1 9 9 7 )  
C o m p a r i s o n  o f  p o ly c a r b a z o le  o b ta in e d  b y  o x id a t io n  o f  c a r b a z o le  e i th e r  in  
s o lu t io n  o r  in  th in  f i lm  fo rm . T h in  S o l id  F i lm s , 3 0 4 ( 1 - 2 ) ,  4 8 -5 5 .
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T a o u d i ,  H .,  B e m e d e ,  J .C . ,  D e l V a l le ,  M .A .,  B o n n e t ,  A -, M o l in ié ,  P ., M o rs l i ,  M ,  
D ia z ,  F ., T r e g o u e t ,  Y ., a n d  B a re a u . A . ( 2 0 0 0 )  P o ly c a r b a z o le  o b ta in e d  b y  
e le c t r o c h e m ic a l  p o ly m e r iz a t io n  o f  m o n o m e r s  e i th e r  in  s o lu t io n  o r  in  th in  
f i lm  fo rm . J o u r n a l  o f  A p p l ie d  P o ly m e r  S c ie n c e , 7 5 (1 3 ) ,  1 5 6 1 -1 5 6 8 .

U h r ic h ,  K .E .,  C a n n iz z a r o ,  S .M ., L a n g e r , R .S . ,  a n d  S h a k e s h e f f ,  K .M . (1 9 9 9 )  
P o ly m e r ic  s y s te m s  f o r  c o n tr o l le d  d r u g  r e le a s e .  C h e m ic a l  R e v ie w s , 9 9 (1 1 ) ,  
3 1 8 1 -3 1 9 8 .

V e r g h e s e ,  M .M ., B a s u ,  T ., a n d  M a lh o tra ,  B .D . (1 9 9 5 )  I n f lu e n c e  o f  p H  o n  th e  
e le c t ro a c t iv i ty  o f  p o ly c a rb a z o le .  M a te r ia ls  S c ie n c e  a n d  E n g in e e r in g :  c. 3(3- 

_ 4 ) , 2 1 5 -2 1 8 .
V e r g h e s e ,  M .M ., R a m , M .K .,  V a r d h a n ,  H .,  M a lh o t r a ,  B .D ., a n d  A s h r a f ,  S .M . ( 1 9 9 7 )  

E le c t r o c h r o m ic  p r o p e r t ie s  o f  p o ly c a r b a z o le  f i lm s . P o ly m e r ,  3 8 (7 ) ,  1 6 2 5 -  
1 6 2 9 .

W e a v e r ,  J .C . ,  V a u g h a n ,  T .E .,  a n d  C h iz m a d z h e v ,  Y . ( 1 9 9 9 )  T h e o r y  o f  e le c t r i c a l  
c r e a t io n  o f  a q u e o u s  p a th w a y s  a c r o s s  s k in  t r a n s p o r t  b a r r ie r s .  A d v a n c e d  D r u g  
D e l iv e ry  R e v ie w s , 3 5 (1 ) , 2 1 -3 9 .



A P P E N D I C E S

A p p e n d i x  A  F u n c t i o n a l  G r o u p s  o f  P C z  I n v e s t i g a t i o n

O x id a t io n  p o ly m e r iz a t io n  o f  C z  m o n o m e r  w i th  ( N H 4 )2 S 2 0 g in  a q u e o u s  H C 1 
( G u p ta  a n d  P r a k a s h ,  2 0 1 0 )  p r o v id e d  o l iv e - g r e e n  P C z . T h e  s y n th e s iz e d  P C z  w a s  
n e u t r a l iz e d  b y  N a O H  f o l lo w e d  w i th  th e  d o p in g  o f  IN  in to  th e _ d e d o p e d  P C z . A l l  o f  
p r o d u c t s  w e r e  in v e s t ig a te d  f o r  th e  f u n c t io n a l  g ro u p s  u s in g  th e  F T I R  s p e c t r o m e te r  
( T h e rm o  N ic o le t ,  N e x u s  6 7 0 )  in  th e  t r a n s m is s io n  m o d e  w i th  o p tic a l  g r a d e  K B r  a s  th e  
b a c k g r o u n d  m a te r ia l  a n d  6 4  s c a n s  a t  a  r e s o lu t io n  o f  4  c m '1.

W a v e n u m b e r  ( c m 1)

F i g u r e  A l  F T - I R  s p e c t r a  o f  C z  m o n o m e r  a n d  P C z .
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T h e  F T - I R  s p e c t ru m  o f  P C z  s h o w s  th e  N - H  s t r e tc h in g  o f  h e t e r o a r o m a t ic s  
p e a k  a t  3 4 1 5  c m ' 1 w h ic h  i s  b r o a d e n  th a n  o n e  o f  C z  m o n o m e r ,  th e  c = c  s t r e tc h in g  o f  
th e  a r o m a tic  c o m p o u n d  a t  1 6 0 0 -1 6 2 5  c m '1, th e  C - N - C  s t r e tc h in g  p e a k  a t  1451 c m '1, 
th e  C -H  o u t  o f  p la n  b e n d in g  a t  1 3 2 6  c m '1, a n d  th e  1 ,2 ,4 - t r is u b s t i tu t io n  p e a k s  a t  8 0 6  
c m '1, 8 5 5  c m '1, a n d  8 8 4  c m '1.

T a b l e  A 1  T h e  c h a r a c te r i s t ic  p e a k s  o f  P C z

W a v e n u m b e r  ( c m 1) A s s i g n m e n t R e f e r e n c e

7 2 5  a n d  7 4 5 1 ,2 - d i s u b s t i tu e d  r in g s T a o u d i  et al., 1 9 9 7

8 1 0  a n d  1 0 9 0 C o m p le x  s a l t  f o rm a t io n T a o u d i  et al., 1 9 9 8

7 5 0 - C H 2  r o c k in g  v ib r a t io n

R a j et a l, 2 0 1 0
1 3 2 8

C - H  o u t o f  p l a n e  b e n d in g  v ib r a t io n  
o f  a r o m a tic  r in g

1 4 0 4  a n d  1 4 5 2
R in g  s t r e tc h in g  v ib r a t io n  o f  
C a r b a z o le  m o ie ty

1 4 5 1 -1 4 5 3
C - N - C  s t r e tc h in g  b a n d  fo r  C z  
a r o m a tic s

N a d d a k a  et al., 2 0 1 1
2 8 6 0 -2 8 6 6  a n d  
2 9 2 9 -2 9 3 4

C Sp3 -H  v ib r a t io n

3 4 2 0 N - H  s t r e tc h in g T a o u d i  et al., 1 9 9 7
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W a v e n u m b e r  ( c m 1)

F i g u r e  A 2  F T - I R  s p e c t r a  o f  P C z ,  d e d o p e d  P C z , I N -d o p e d  P C z , a n d  IN .

T h e  F T - I R  s p e c t r a  s h o w n  in  F ig u re  A 2  p r e s e n t  a  r e d u c t io n  o f  N - H  
s t r e tc h in g  p e a k  in te n s i ty  o f  d e d o p e d  P C z ,  a n  a p p e a ra n c e  o f  n e w  p e a k s  a t  1 0 7 5 -1 1 9 0  
c m ' 1 a n d  1 7 0 0 -1 7 2 5  c m ' 1 r e f e r  to  th e  C - 0  s t r e tc h in g ,  th e  c = 0  s t r e tc h in g ,  
r e s p e c t iv e ly .



T a b l e  A 2  A s s ig n m e n t  b a n d s  o f  in d o m e th a c in  ( D u p e y r o n  et al., 2 0 1 3 )

W a v e n u m b e r  ( c m 1) A s s i g n m e n t

8 3 9 , 8 3 2 , 8 0 3 , 7 5 2 , 7 0 2  ( s - m ) A r o m a t ic  r in g

9 2 6 , 9 0 5  (ร) y C H

1 0 8 6 ,1 0 6 7 y O - H

1 1 8 9 , 1 1 4 8 , 1 0 2 8 , 1 0 1 2  (ร) A r o m a t ic  r in g

1 ,2 3 3 , 1 ,2 2 2  ( s - m ) V C -C O -O

1 ,3 0 6 , 1 ,291  (ร) V C - 0

1 ,3 7 2 , 1 ,3 5 8  ( m - w ) v C - N

1 ,4 2 8 , 1 ,4 1 1 , 1 ,3 9 6  ( m - w ) v C - H

1 ,7 1 2 , 1 ,6 9 0  (ร) V c = 0

2 ,9 6 7 , 2 ,9 2 8  ( พ ) V Csp3-H

3 ,3 7 0  (พ ) v O - H
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A p p e n d i x  B  T h e r m a l  P r o p e r t i e s  o f  P C z  a n d  C r o s s l i n k e d  D C N R  F i lm s

T h e  th e rm a l  b e h a v io r  o f  P C z  a n d  c r o s s l in k e d  D C N R  f i lm s  w a s  d e te r m in e d  
b y  th e  th e r m o g r a v im e t r ic  a n a ly z e r  ( T h e rm o , T G A  Q  5 0 ). T h e  s a m p le  w a s  w e ig h e d  
in  a  r a n g e  4 -5  m g  a n d  p la c e d  it  in  a  p la t in u m  p a n ,  a n d  th e n  w e ig h e d  s a m p le  w a s  
h e a te d  f ro m  5 0  to  9 0 0  ๐c  u n d e r  n i t r o g e n  f lo w  w i th  th e  h e a t in g  r a te  10  ° c / m i n .

F ig u r e  B 1  T G A  th e r m o g r a m s  o f  C z  m o n o m e r ,  P C z ,  a n d  d e d o p e d  P C z .

T h e  T G A  th e r m o g r a m  o f  P C z  s h o w s  th e  f i r s t  t r a n s i t io n  a t  2 8 8 .3 9  ๐c  f ro m  a  
d e g r a d a t io n  o f  a  d o p a n t  f o l lo w e d  w i th  th e  s e c o n d  t r a n s i t io n  te m p e r a tu r e  r e s u l t e d  in  a  
s e p a r a t io n  o f  P C z  b a c k b o n e  a t  6 1 9 .5 2  °c (R a j et a l, 2 0 1 0 ) .  T h e  d e d o p e d  P C z  
th e r m o g r a m  p r e s e n ts  th e  t r a n s i t io n  te m p e ra tu re  a t  5 7 6 .0 2  ๐c  a n d  7 4 1 .4 1  °c d u e  to  a  
d e c o m p o s i t io n  o f  a  d o p a n t  a n d  a  p o ly m e r  b a c k b o n e ,  r e s p e c t iv e ly  ( A b th a g i r  et al.,
2 0 0 4 ) .
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F i g u r e  B 2  T G A  th e r m o g r a m s  o f  I N , P C z , a n d  I N - d o p e d  P C z .

T h e  th e rm a l  b e h a v io r  o f  I N -d o p e d  P C z  s h o w s  th re e  w e ig h t  lo s s  s te p s .  F ir s t ,  
IN  c le a v e s  a t  2 5 6 .7 6  ° c  w h ic h  is  s h i f t e d  f ro m  3 0 2 .0 5  ° c .  S e c o n d ,  a  r e s id u a l  d o p a n t  
d e f o r m s  a t  5 8 5 .6 0  ° c  f o l lo w e d  b y  a  d e g r a d a t io n  o f  a  b a c k b o n e  a t  7 5 3 .7 9  ๐c .
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T a b l e  B 1  T h e  d e g r a d a t io n  te m p e r a tu r e  a n d  w e ig h t  lo s s  (% )  in  T G A  th e r m o g r a m s  o f  
C z  m o n o m e r ,  P C z , d e d o p e d  P C z , IN , a n d  I N - d o p e d  P C z

S a m p le T d  ( ° C ) A v g S D W e i g h t  lo s s  ( % ) A v g S D

C z
m o n o m e r

2 4 3 .4 3
2 5 8 .9 1 2 5 1 .1 7 10 .9 5 9 8 .2 7

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

P C z
2 9 1 .6 6
2 8 5 .1 2 2 8 8 .3 9 -4 .6 2 1 6 .7 7

1 5 .7 0 1 6 .2 4 0 .7 6
6 2 3 .5 3
6 1 5 .5 2 6 1 9 .5 2 5 .6 6 4 .01

3 .1 5 3 .5 8 0 .61

D e d o p e d .
P C z

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

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

2 .6 7 3 .1 8 0 .7 3
IN 3 0 2 .0 5 - - 9 3 .5 3 - -

I N - d o p e d
P C z

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

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

3 3 .8 9 4 .7 9

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

5 8 5 .6 0 1 1 .6 0
2 .1 3
1 .40
2 .6 9

2 .0 7 0 .6 4

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

7 5 3 .7 9 5 .0 8
2 .6 3
2 . 0 2
2.-81

2 .4 9 0 .41
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F i g u r e  B 3  T G A  th e r m o g r a m s  o f  p u re  D C N R  f i lm  a n d  o f  c r o s s l in k e d  D C N R  a t 
v a r io u s  c u r in g  t im e s .

T a b l e  B 2  T h e  d e g r a d a t io n  te m p e r a tu r e  a n d  w e ig h t  lo s s  (% )  o f  p u re  D C N R  f i lm  a n d  
o f  c r o s s l in k e d  D C N R  w ith  v a r io u s  c u r in g  t im e s

S a m p le T d ( ° C ) W e i g h t  lo s s  ( % )

P u re  D D N R 3 8 5 .3 6 9 4 .8 9
0  m in 3 8 0 .0 3 9 4 .1 2
3 m in 3 8 4 .4 4 9 4 .4 8
5 m in 3 8 6 .7 3 9 7 3 8
1 0  m in 3 8 2 .3 2 9 5 .8 2
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F i g u r e  B 4  T G A  th e r m o g r a m s  o f  p u re  D C N R  f i lm  a n d  o f  c r o s s l in k e d  D C N R  w ith  
v a r io u s  c r o s s l in k  r a tio s .

T a b l e  B 3  T h e  d e g r a d a t io n  te m p e r a tu r e  a n d  w e ig h t  lo s s  (% )  o f  p u re  D C N R  f ilm  a n d  
o f  c r o s s l in k e d  D C N R  w i th  v a r io u s  c ro s s l in k  r a t io s

S a m p le T u ( ° C ) W e i g h t  lo s s  ( % )
P u re  D D N R 3 8 5 .3 6 9 4 .8 5
C r o s s l in k  ra t io  =  0 .0 0 0 8 3 8 5 .4 6 9 5 .4 2
C r o s s l in k  ra t io  =  0 .0 0 1 6 3 8 5 .8 0 9 5 .4 2
C r o s s l in k  ra t io  =  0 .0 0 3 2 3 8 3 .2 3 9 6 .0 4
C r o s s l in k  ra t io  =  0 .0 0 4 8 3 8 2 .3 4 9 5 .0 6

T h e re  a r e  n o  s ig n i f ic a n t  d i f f e re n c e s  in  T G A  s p e c t r a  o f  c r o s s l in k e d  D C N R  
f i lm s  w i th  e i th e r  v a r io u s  c u r in g  t im e s  o r  v a r io u s  c r o s s l in k  r a t io s .



A p p e n d i x  c  D e t e r m i n a t i o n  o f  D e g r e e  o f  S w e l l in g  ( % )  o f  L A , M A , a n d  H A  
F i lm s

T h e  c r o s s l in k e d  N R  f i lm s  w e re  im m e d ia te ly  s tu d ie d  th e  s w e l l  in  b o th  
to lu e n e  a n d  w a te r  a f te r  th e  c r o s s l in k in g  p r o c e s s  a n d  c a lc u la te d  f o l lo w in g  E q . ( C l )
a n d  (C 2 ) .

d e g re e  o f  s w e l l in g  ( % )  =  — ๅ—— -  X 1 0 0 .....................................................( C l )M d

w e ig h t  lo s s  ( % )  =  X 1 0 0 ........................................................(C 2 )

w h e r e  M s =  th e  w e ig h t  a f te r  s u b m e rs io n  in  th e  b u f f e r  s o lu t io n
M d =  th e  d r ie d  w e ig h t  a f te r  s u b m e r s io n  fo r  7 2  h
M j =  th e  in i t i a l  w e ig h t  o f  th e  s a m p le

T h e  d e g r e e  o f  s w e l l in g  o f  a ll c r o s s l in k e d  N R  f i lm s  in  to lu e n e  d e c r e a s e d  
w i th  in c re a s in g  c u r in g  t im e  a n d  th e  e q u i l ib r iu m  is  o b s e rv e d  a t  5 m in . u v  i r r a d ia t io n  
in t r o d u c e s  p h o to in i t i a to r  r a d ic a l s  w h ic h  r e a c t  w i th  c r o s s l in k in g  a g e n ts  r e s u l t in g  in  
th e  c r o s s l in k in g  p r o c e s s  in  N R  la te x , so  th e  c u r in g  t im e  a f f e c ts  th e  c r o s s l in k  d e n s i ty  
w h ic h  is  r e la te d  to  th e  d e g r e e  o f  s w e l l in g . O n  th e  o th e r  h a n d , th e  f i lm  in  w a te r  
s l ig h t ly  d e c r e a s e s  w i th  in c r e a s in g  c u r in g  t im e  b e c a u s e  N R  f i lm s  a re  im m is c ib le  in  
w a t e r  a n d  th e r e  is  n o  s ig n i f ic a n t  d i f f e re n c e  f r o m  3 m in  to  10  m in .
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F i g u r e  C l  D e g r e e  o f  s w e l l in g  ( % )  o f  d i f f e r e n t  c r o s s l in k e d  N R  f i lm s  in c lu d in g  L A  
f i lm , M A  f i lm , a n d  H A  f ilm  in  to lu e n e  w ith  v a r io u s  c u r in g  t im e s .

F i g u r e  C 2  D e g r e e  o f  s w e l l in g  (% )  o f  d i f f e r e n t  c r o s s l in k e d  N R  f i lm s  in c lu d in g  L A  
f i lm , M A  f i lm , a n d  H A  f i lm  in  w a te r  w i th  v a r io u s  c u r in g  t im e s .
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9 0 0  

8 0 0  

7 0 0  
6 0 0  

M  5 0 0

I 4 0 0
^  3 0 0  

2 0 0  

1 0 0  

0

- 1 0 0

-2  0  2  4  6  8  10 1 2
C u r i n g  t im e  ( m in )

F i g u r e  C 3  D e g r e e  o f  s w e l l in g  ( % )  o f  c r o s s l in k e d  M A  f i lm  in  to lu e n e  a n d  in  a c e ta te  
b u f f e r  p H  5 .5  w i th  v a r io u s  c u r in g  t im e s .

• - -A ••- in  a c e ta te  b u f f e r  p H  5 .5  
o — in  to lu e n e

•๐........... ••๐

A —  A ........ .........A-



Table C l The value of degree of swelling (%) of LA, MA, and HA in toluene with
various curing times

C u r i n g  t im e T y p e  o f M , M D e g r e e  o f A v g S D( m in ) la te x 1t I s s w e l l in g  ( % )
L A 0 .0 3 1 2 - -

0 .0 3 8 7 - -

1 M A 0 .0 3 4 4 - -
0 .0 5 4 4 - -

H A 0 .0 5 8 1 - -
- 0 .0 4 5 0 - -

L A 0 .0 4 3 3 0 .5 1 4 2 1 0 8 8 1 0 9 8 1 4 .80.0522 0 .6 3 0 8 -1 1 0 8
M A 0 .0 2 9 9 0 .2 4 4 8 7 1 9 8 9 3 2 4 73 0 4 )6 0 1 0  7 0 2 0 1 0 6 8
H A 0 .0 2 6 2 0 .3 1 3 3 1 0 9 6 1 0 9 6 _

0 .0 4 2 3 -

L A 0 .0 2 4 4 0 .1 4 9 1 511 5 2 7 2 2 .7o 'o 3 0 8 ( น 981 5 4 3
M A 0 .0 3 2 7 0 .2 1 2 7 5 5 0 5 8 4 4 7 .55 0 0 5 8 4 0 .4 1 9 1 6 1 8
H A 0 .0 3 8 0 0 .2 7 0 2 611 681 9 9 .20 .0 5 1 6 0 .4 3 9 3 751
L A 0 .0 4 4 2 0 .2 7 8 3 5 3 0 5 1 4 2 2 . 00 .0 2 0 4 0 . 1 2 2 1 4 9 9

1 0 M A 0 .0 6 2 3 0 .4 2 0 4 5 7 5 5 8 9 2 0 .50 .0 3 1 6 0 .2 2 2 4 6 0 4
H A 0 .0 3 3 5 0 .2 4 2 8 6 2 5 7 3 4 155o 'o 5 3 1 0  5 0 1 1 8 4 4



Table C2 The value of degree of swelling (%) of LA. MA, and HA in water with
various curing times

C u r i n g  t i m e  
( m in )

T y p e  o f  
la te x M d M s D e g r e e  o f  

s w e l l in g  ( % ) A v g S D
0 .0 3 3 5 0 .0 4 8 8 4 5 .7L A 0 0 3 5 4 0 .0 5 6 5 5 9 .6 5 2 .6 9 .8
0 .0 3 6 1 0 .0 4 7 7 32 .1

1 M A 0 3 )5 1 4 0 3 9 6 5 8 7 J 5 9 .9 3 9 .3
0 .0 6 2 7 0 .0 7 9 8 2 7 .3H A 0 .0 4 8 2 0 .0 6 6 3 3 7 .6 3 2 .4 7 .3
0 .0 3 7 3 0 .0 4 9 4 3 2 .4L A 0 .0 5 1 4 0 .0 6 7 5 3 1 .3 3 1 .9 0 . 8  _
0 .0 3 3 5 0 .0 4 8 0 4 3 .33 M A 0  0 7 1 8 0 3 8 9 2 -  2 4 .2 3 3 .8 13 .5
0 .0 2 5 3 0 .0 3 7 6 4 8 .6H A 0 .0 4 5 7 0 3 6 3 2 3 8 .3 4 3 .5 7 .3
0 .0 4 2 3 0 .0 5 0 7 1 9 .9L A 0 .0 4 0 0 0 .0 4 8 2 20.5 2 0 . 2 0 .4
0 .0 4 2 9 0 .0 5 7 6 3 4 .35 M A o 'o 6 7 5 0 0 8 8 5 31 1 3 2 .7 2 . 2

0 .0 6 8 1 0 .0 8 0 5 18 .2 .
H A 0 .0 5 4 6 0 .0 7 8 9 4 4 .5 3 1 .4 1 8 .6

0 .0 5 4 2 0 .0 6 2 2 1 4 .8L A 0 0 2 5 0 0  0 3 4 9 39.6 2 7 .2 1 7 .6
0 .0 4 0 1 0 .0 5 6 0 3 9 .7

1 0 M A 0 .0 4 4 2 0 3 6 3 5 4 3 .7 4 1 .7 2 . 8

0 .0 3 2 5 0 .0 4 4 5 3 6 .9H A 0 .0 3 6 2 0 .0 4 2 1 1 6 3 2 6 .6 1 4 .6
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Table C3 The value of degree of swelling (%) MA in toluene and in acetate buffer
pH 5.5 with various curing times

S o l v e n t C u r i n g  t i m e  ( m i n ) M d M s D e g r e e  o f  s w e l l in g  ( % )
0 .0 9 7 8 0 .1 0 5 7 8 . 1
0 .1 1 8 4 0 .1 2 8 5 8 .5
0 .1 0 2 6 0 .1 1 4 0 1 1 . 1

- บ 0 .1 1 2 8 0 .1 2 2 9 8 .9
A v g 9 .2
ร อ 1.3

0 .0 9 7 7 0 .1 0 5 8 8 .3
0 .1 0 6 9 0 .1 1 5 9 8 .4
0 .0 9 1 1 0 .0 9 9 6 9 .33 0 .1 0 6 9 0 .1 1 5 5 8 . 0

A c e ta te  
b u f f e r  p H  
5 .5

A v g 8 .5
ร D 0 . 6

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

A v g 9 .2
ร D 0 . 8

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

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

A v g 8 .3
ร อ 0 . 8

0 .1 1 4 0 - -

0
0  1 2 1 1 - -

-  A v g -
ร อ -

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

A v g 7 5 5
T o lu e n e ร D 8 .0 5

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

A v g 5 2 4
ร D 7 .8 7

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

0 .1 0 8 8 0 .6 5 0 8 4 9 8
A v g 4 9 6
S D 3 .4 8
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A p p e n d i x  D  P r o p e r t i e s  o f  N a t u r a l  R u b b e r  L a t e x

L a b  N a m e  ะ 
D a te  T e s te d  : 
D a te  P r o d u c t io n  : 
T y p e  o f  L a te x  ะ

T H A I  E A S T E R N  R U B B E R  C O .,  L T D .
J u ly  1 1 ,2 0 1 3  
J u ly  3 -4 , 2 0 1 3
H ig h  a m m o n ia - D o u b le  c e n t r i f u g e  (H A - D D )

T a b l e  D 1  T h e  c h a r a c te r i s t ic  o f  n a tu r a l  r u b b e r  la te x

C h a r a c t e r i s t i c M e t h o d  o f  
t e s t T e s t  r e s u l t

T o ta l  s o l id  c o n te n t ,  ( พ t  % ) IS O  12 4 6 0 .6 9
D ry  r u b b e r  c o n te n t ,  ( พ t  % ) IS O  12 6 6 0 .1 0
N o n - r u b b e r  c o n te n t ,  ( w t  % ) - 0 .5 9
A m m o n ia  c o n te n t  (o n  to ta l  w e ig h t) ,  (w t  % ) I S O  125 '  0 .6 7
A m m o n ia  c o n te n t  (o n  w a t e r  p h a s e ) ,  (w t  % ) - 1 .7 0
V o la t i le  f a t ty  a c id  n u m b e r  ( V F A  n u m b e r ) I S O  5 0 6 0 .0 1 7 3

M e c h a n ic a l  s ta b i l i ty  t im e  @  5 5 %  T S , s e c o n d s IS O  35 ( 1 1 /0 7 /2 0 1 3 )
M a g n e s iu m  c o n te n t  o n  s o l id s ,  (p p m ) In  H o u s e 1 9 .9 0
K O H  n u m b e r IS O  127 0 . 2 0

p H  o f  la te x I S O  9 7 6 1 0 .2 9
S p e c i f ic  g r a v i ty ,  (w t % ) IS O  6 0 5 7 0 .9 4
C o a g u lu m  c o n te n t ,  (w t % ) I S O  7 0 6 0 .0 0 5
V is c o s i ty  ( S p in d ic  N o . l ,  6 0  r p m )  @  6 0 %  T S , e P s IS O  16 5 2 - 9 1 0
C o lo r  o f  l a te x In  H o u s e W h ite
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A p p e n d i x  E  D e t e r m i n a t i o n  o f  D e g r e e  o f  S w e l l in g  ( % )  a n d  W e i g h t  L o s s  ( % )  o f  
D C N R  F i lm s

800

600

c°
1  400
I(Z)
■ t

2 0 0

0

0.0000 .0008 .0016 .0024 .0032 .0040 .0048 .0056
C r o s s l i n k  r a t i o

F i g u r e  E l  D e g re e  o f  s w e l l in g  (% )  o f  c r o s s l in k e d  D C N R  f i lm s  in  to lu e n e  a n d  in  
P B S  b u f f e r  p H  7 .4  w i th  v a r io u s  c r o s s l in k  r a t io s  u s in g  5 m in  o f  c u r in g  t im e  a n d  0 .4 5  
% v /v  p h o to in i t i a to r .

T h e  r a t io  o f  p h o to in i t i a to r  a n d  c r o s s l in k in g  a g e n t  in  e a c h  f i lm  w a s  2 :1 ,  1 :1 , 
1 :2 , a n d  1 :3 . T h e  d e g re e  o f  s w e l l in g  s l ig h t ly  in c r e a s e s  in  to lu e n e  f ro m  th e  f i lm  w ith
0 .0 0 1 6  c r o s s l in k  r a t io  to  th e  o n e  -w ith  0 .0 0 3 2  c r o s s l in k  r a t io  a n d  th e n  e q u i l ib r iu m . 
T h e  c o n c e n t r a t io n  o f  p h o to in i t i a to r  is  r e la te d  to  th e  a m o u n t  o f  c r o s s l in k  r a d ic a l s  in  
th e  s y s te m  th a t  r e s u l t s  in  a  c r o s s l in k  d e n s i ty ,  s o  i t  e x h ib i t s  a  lo w e r  d e g re e  o f  s w e l l in g  
in  a  h ig h e r  p h o to in i t i a to r  to  c r o s s l in k in g  a g e n t  r a t io .

•••O ' intoluene 
-A -  in PBS buffer pH 7.4

A ...............A ....................................A ....................................A

- 1--------------- --------------- 1--------------- T-------1---------------1--------------1---------------r
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70

6 0  -

<w 5 ( H

! . .

! . .
2 0

1 0  -

- 2

A-
A

•O--- % Weight lo ss  
•A--- % Swelling

Q ...............
T"

2  4  6  8
C u r i n g  t im e  ( m in )

1 0

5 8 0  

5 6 0  

- 5 4 0
6 £

h 5 2 0  ร ็

1- 5 0 0  ^

- 4 8 0

- 4 6 0

4 4 0
1 2

F i g u r e  E 2  D e g re e  o f  s w e l l in g  (% )  a n d  w e ig h t  lo s s  (% )  o f  c r o s s l in k e d  D C N R  f i lm s  
in  to lu e n e  w ith  v a r io u s  c u r in g  t im e  u s in g  0 .0 0 4 8  c r o s s l in k  r a t io  ( C r o s s l in k in g  a g e n t:  
p h o to in i t i a to r  =  2 : 1  m o le  ra tio ) .

In  e q u i l ib r iu m  s w e l l in g  in v e s t ig a t io n ,  th e  u n c u re d  N R  f i lm  d i s s o lv e s  in  a  
s o lv e n t ,  w h e re a s  th e  o th e r s  e n d u r e  in  th is  c o n d i t io n . T h e y  e x h ib i t  a  d i r e c t ly  
p r o p o r t io n  o f  th e  c u r in g  t im e  a n d  th e  s w e l l in g  c a p a c i ty  w h ic h  c a n  b e  r a n g e d  f ro m  
3 m in ,  5 m in , a n d  10 m in  o f  c u r in g  t im e . D e g re e  o f  w e ig h t  lo s s  d r a m a t ic a l ly  
d e c r e a s e s  w ith  in c r e a s in g  c u r in g  t im e  u n ti l  e q u i l ib r iu m  is  o b s e r v e d  a t  5 m in .  C u r in g  
t im e  i s  r e la te d  to  th e  c r o s s l in k  d e n s i ty  o f  th e  p o ly m e r  w h ic h  in d ic a te s  th a t  th e  
c r o s s l in k in g  a g e n t  c o m p le te ly  r e a c ts  w i th  r u b b e r  m o le c u le s  w i th in  5 m in  o f  c u r in g  
t im e .
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F i g u r e  E 3  D e g r e e  o f  s w e l l in g  (% )  a n d  w e ig h t  lo s s  (% )  o f  c r o s s l in k e d  D C N R  f i lm s  
in  to lu e n e  a n d  in  P B S  b u f f e r  p H  7 .4  w i th  v a r io u s  c r o s s l in k in g  a g e n ts  u s in g  5 m in  o f  
c u r in g  t im e  ( C r o s s l in k in g  a g e n t :  p h o to in i t i a to r  =  2 : 1 m o le  r a tio ) .

B o th  d e g r e e  o f  w e ig h t  lo s s  a n d  d e g r e e  o f  s w e l l in g  d e c r e a s e s  w i th  in c r e a s in g  
a m o u n t  o f  c r o s s l in k in g  a g e n ts .  T h e  r u b b e r  c h a in  g e n e r a l ly  c r e a te s  h ig h e r  c h a in  
n e tw o r k s  w i th  h ig h e r  c r o s s l in k  r a t io  w h ic h  c a n  r e d u c e  th e  s o lv e n t  u p ta k e  r e s u l t in g  in  
a  d e c r e a s e  o f  f i lm ’s s w e l l in g .  W h ile  th e  N R  f ilm s  w i th  lo w  c r o s s l in k  r a t io  h a s  m o r e  
f r e e  r u b b e r  c h a in s  w h ic h  c a n  e a s i ly  d i s s o lv e  in  a  s o lv e n t  a n d  a f fe c t  to  th e  w e ig h t  lo s s  
o f  f ilm .



Table El The value of degree of swelling (%) of crosslinked DCNR films in toluene
with various crosslink ratios using 5 min of curing time and 0.45 %v/v photoinitiator

Crosslink ratio
(mol TMPTMp/mol isoprene) M(1 Ms Degree of swelling (%)

0 . 1 1 0 2 0.6454 486
0.1003 0.5657 464
0.0911 0.5020 451
0.0888 0.4924 455

_ 0.0819 0.4527 453
0.0008 0.0894 0.4828 - 440

0.1063 0.6125 476
0.0762 0.4180 " 449
0.1166 0.6812 484- Avg 452

SD 16.5
0.1066 0.5608 426
0.0805 0.4223 425
0.0754 0.3960 425
0.0995 0.5477 450
0.0931 0.4971 434
0.0782 0.4225 4400.0016 0.1047 0.5666 441
0.0855 0.4665 446
0 0721 0.3814 429

Avg 437
SI3 9.6

0.0923 0.5698 517
0.1057 0.5102 383
0.1064 0.6606 521
0.1047 0.6114 484
0.0868 0.6422 640

0.0032 0.0981 0.5732 484
0.1004 0.6085 506
0.1039 0.6336 510
0.0945 0.5636 496

Avg 505
SD 65.7
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Table El The value of degree of swelling (%) of crosslinked DCNR films in toluene 
with various crosslink ratios using 5 min of curing time and 0.45 %v/v photoinitiator 
(continued)

Crosslink ratio
(mol TMPTMp/mol isoprene) Md Ms Degree of swelling (%)

0.0977 0.6082 523
0.0924 0.5778 525
0.0786 0.4907 524
070741 0.4830 552
0.1128 0.6922 514

0.0048 0.0945 0.5674 500
0.0749 0.4523 504
0.1005 0.5872 __ 484
0.0968 0.5630 482

Avg 512
- SD 22.1

Table E2 The value of degree of swelling (%) of crosslinked DCNR films in PBS 
buffer pH 7.4 with various crosslink ratios using 5 min of curing time and 0.45 %v/v 
photoinitiator

Crosslink ratio
(mol TMPTMp/mol isoprene) Md Ms Degree of swelling (%)

0.0835 0.0903 8.1- ~~ 0.0947 0.0990 4.5
0.0856 0.0923 7.8
0.1077 0.1081 0.4
0.0982 0.1050 6.9

0.0008 0.0853 0.0913 7.0
0.1031 0.1094 6.1
0.1076 0.1143 6.2
0.1087 0.1157 6.4

Avg 6.0
SD 2.3



Table E2 The value of degree of swelling (%) of crosslinked DCNR films in PBS
buffer pH 7.4 with various crosslink ratios using 5 min o f curing time and 0.45 %v/v
photoinitiator (continued)

Crosslink ratio
(mol TMPTMp/moI isoprene) M Ms Degree of swelling (%)

- 0 . 1 0 2 2 0.1092 6.9
0.0987 0.1065 7.9
0.1095 0.1158 5.8
0.0737 0.0788 6.9
0.0917 0.0984 7.3

0.0016 0.0885 0.0943 6 . 6
0.0791 0.0850 7.5
0.0823 0.0876 6.4
0.1059 0.1131 6 . 8

Avg 6.9
SD' 0 . 6

0.1166 0.1242 6.5
0.0800 0.0871 8.9
0.1166 0.1240 6.4
0.0948 0.1018 7.4
0.0921 0.0988 7.3

0.0032 0.1109 0.1177 6 . 1
0.0879 0.0947 7.7
0.0786 0.0849 8 . 0
0.0796 0.0865 8.7

Avg 7.4
SD 1.0

0.0734 0.0792 7.9
0.0776 0.0838 8 . 0
0.0894 0.0963 7.7
0.0929 0.0991 6.7
0.1142 0.1216 6.5

0.0048 0.1025 0 . 1 1 0 0 7.3
0.0723 0.0775 7.2
0.0854 0.0912 6 . 8
0.1029 0.1094 6.3

Avg 7.2
SD 0 . 6
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Table E3 The value of degree of swelling (%) and weight loss (%) of crosslinked 
DCNR films in toluene with various curing time using 0.0048 crosslink ratio 
(Crosslinking agent: photoinitiator = 3:1 %v/v rubber)

Curing time 
(min) Mi Ms Md Degree of swelling

(%)
Weight loss 

( % )0.0709 - 0.0553 - 2 2 . 0
0.0754 - Ô.0306 - 59.4

0 0.0759 - 0.0491 - 35.3
Avg - 38.9
SD - 19.0

0.0937 0.5698 0.0902 508 3.7
0.1149 0.7386 0.1087 543 5.4

3 0.1147 0.7172 0.1088 525 5.1
Avg 525 4.8
SD 17.4 0.9

0.0882 0.5500 0.0844 524 _ 4.3
0.0888 0.5883 0.0855 563 3.7

5 0 . 1 0 0 1 0.6263 0.0969 526 3.2
Avg 537 3.7
SD 21.9 0 . 6

0.0905 0.5244 0.087 479 3.9
0.0831 0.4692 0.0801 465 3.6

1 0 0.0849 0.4755 0.0815 460 4.0
Avg 468 3.8
SD 1 0 . 1 0 . 2
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Table E4 The value of degree of swelling (%) and weight loss (%) of crosslinked 
DCNR films in toluene and in PBS buffer pH 7.4 with various crosslink ratios using 
5 min of curing time

Crosslink Mi M,| Degree of swelling Weight loss
ratio (%) (%)0.1137 2.1076 0.0653 1754 42.6- 0.1014 - - - -

0.0952 1.5780 0.0599 1558 37.1
0.0008 0.1158 2.0512 0.0767 1671 33.8

0.0694 0.9843 0.0553 1318 20.3
0.0958 1.4887 0.0693 1454 27.7

Avg 1551 32.3
SD 173 8 . 6

0 . 1 0 2 0 0.9725 0.0884 853 13.3
0.1028 1.0028 0.0885 875 13.9
0.0995 0.9510 0.0870 856 1 2 . 6

0.0016 0.0693 0 . 6 6 6 8 0.0596 862 14.0
0.0651 0.6125 0.0553 841 15.1
0.0730 0.6963 0.0620 854 15.1

Avg 857 14.0
SD 11.4 1.0

0.0617 0.4174 0.0572 576 7.3
0.0878 0.6650 0.0819 657 6.7
0.1066 0.9600 0.0957 801 1 0 . 2

0.0032 0.0887 0.6520 0.0835 635 5.9
0.0811 0.6102 0.0796 652 1.9
0.0890 0.6805 0.0828 665 7.0

Avg 664 6.5
SD 73.9 2.7

0.0794 0.4957 0.0764 524 3.8
0.0867 0.5293 0.0834 510 3.8
0.0892 0.4989 0.0864 459 3.1

0.0048 0.0951 0.5780 0.0923 508 2.9
0.1014 0.6185 0.0977 510 3.7
0.1077 0.6400 0.1037 494 3.7

Avg 501 3.5
SD 23 0.4
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IN was determined the maximum wavelength (nm) using UV-visible 
spectrometer (TECAN, Infinite M200). The drug (0.0045 mg) was dissolved in 
MeOH followed with an addition of water until a volume was 100.00 mL. The IN 
solution is observed the characteristic peaks at 266 nm and 324 nm.

Appendix F UV-visible Spectrum of Indomethacin (IN)

Figure FI The UV-visible spectrum of IN.
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A standard stock solution of IN at 450 ppm was prepared by precisely 
weighing of 45 mg of drug, dissolving in methanol, and then adjusting the volume to 
100 mL with PBS buffer pH 7.4. This standard stock solution was pipetted and 
diluted with the buffer to produce 50 - 400 ppm of IN. The calibration curve plotted 
the absorbance at 324 nm versus the concentration of IN (ppm),.

Appendix G Calibration Curve of Indomethacin (IN)

ppcC3
ร-.๐
c h-Ç

<

1.4 -| y = 0.0024ÔX
1.2 - R2  = 0.9828 ร

1.0 -
C)

.8 -
. .ร '

. 6  - ร-''
.■ ■ Cl.4 - ร ุ ' - ' '

a-'
.2 -

0 .0  <
./อ:'

1--------------- 1--------------- 1--------------- 1---------------
0 100 200 300 400 500

Concentration of IN (ppm)

Figure G1 The calibration curve of IN dissolved in MeOH/H20  at 324 nm.



Table G1 The absorbance of IN with various concentrations at 324 nm

Concentration of IN (ppm) Absorbance Avg SD

0
0.0000
0.0000
0.0000

0.0000 0.0000

50
0.1191
0 . 1 2 2 0
0.1167

0.1193 0.0026

1 0 0
0.2677
0.2499
0.2547

0.2574 ' 0.0092

150
0.4040 
0.3702 
0.4011

0.3918 0.0187

2 0 0
0.4556
0.4697
0.4821

0.4691 0.0133

250
0.6601
0.6115
0.6286

0.6334 0.0247

300
0.7524
0.7143
0.7236

0.7301 0.0199

350
0.8428
0.7582
0.8008

0.8006 0.0423

400
0.9383
1.0412
0.7607

0.9134 0.1419

450
1.2475
1.2070
1.1925

1.2157 0.0285
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Appendix H Photographs of PCz and Crosslinked DCNR Film

PCz was polymerized via interfacial chemical polymerization of Cz 
monomer and APS dissolved in DCM and 0.5 M HC1, respectively. Dried 
synthesized PCz obtained from standing the solution for 12 h was a dark green 
powder. A yield of this product was extremely smaller than a taupe brown one which 
was produced by stirring the solution for 7 h. In fact, a reaction took place at an 
interface of organic phase and water phase that could be introduced a higher interface 
by stirring. PCz was continuously stirred in 0.1 M NH4OH to dedope the polymer. 
Finally, a light brown powder was obtained.

Figure HI Chemical polymerization of Cz: (a) recently mixing of oxidizing agent 
and Cz monomers; (b) after stand for 12 h; (c) after stirred for 7 h; (d) dried PCz after 
stand for 12h; (e) dried PCz after stirred for 7 h; (f) dedoped PCz.



100

The crosslinked DCNR films were investigated an appropriate curing time 
from the swelling test according to ASTM D6814-02.

Figure H2 Swelling test of crosslinked NR films with various curing times: (a) 0 
min; (๖) 3 min; (c) 5min; and (d) 10 min in toluene.
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DCNR films were fabricated by บV irradiation using TMPTMP and 
MMMP as crosslinking agent and photoinitiator, respectively. Different solvents 
including GLY, Si, and PEG were applied in the system to solve the fracture of the 
film after insertion of drugs. Finally, IN dissolved in PEG was chosen resulting in 
dissolution property and it is compatible with DCNR latex.

Figure H3 Crosslinked DCNR films with 0.0032 crosslink ratio using curing time 
at: (a) 0 min; (b) 3 min; (c) 5min; (d) 10 min; 5min containing of (e) loaded IN; (f) of 
loaded ibuprofen in GLY; (g) loaded ibuprofen in Si; (h) loaded IN in PEG; and (i) 
loaded ibuprofen in PEG.
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Figure II SEM micrographs of: (a) IN; (b) dedoped PCz at 10k; (c) dedoped PCz at 
20k; (d) PCz at 10k; (e) PCz at 20k; (f) PCz at 35k; (g) IN-doped PCz at 10k; (h) IN- 
doped PCz at 20k; and (i) IN-doped PCz at 35k.

Appendix I Scanning Electron Microscope (SEM) Images and Pore Size
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Figure 12 SEM micrographs of: (a) pure DDNR film at 10k; (b) crosslinked DCNR 
film with 0.0032 crosslink ratio at 10k; (c) cross-section of crosslinked DCNR film 
with 0.0032 crosslink ratio at 10k; (d) IN; (e) IN-loaded DCNR film with 0.0032 
crosslink ratio at 10k; (f) cross-section of IN-loaded DCNR film with 0.0032 
crosslink ratio at 10k; (g) crosslinked DCNR film with 0.0032 crosslink ratio after 
the release study in PBS buffer pH 7.4 at lk; (h) the crack of IN-loaded DCNR film 
with 0.0032 crosslink ratio before the release study in PBS buffer pH 7.4 at lk; and 
(i) the crack of IN-loaded DCNR film with 0.0032 crosslink ratio after the release 
study in PBS buffer pH 7.4 at lk.
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Figure 13 SEM micrographs of crosslinked DCNR film with 0.0032 crosslink ratio: (a) before the permeation study; (b) after 
the permeation study without electric field; (c) after the permeation study under electric field; and (d) after the release รณdy 
without electric field in PBS buffer pH 7.4 at 200 and lk of magnification.
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The surface of crosslinked DCNR film after the permeation study without 
an electric field shows an irregular size and dispersion of holes, whereas the surface 
of the film after the permeation study with an electric field provides the similar size 
of holes and the abundant holes dispersed throughout the film. Considering the 
surface of the film after the release study without an electric field, the hole 
thoroughly disperses over the film and has a larger size than the hole on the surface 
of the film after the permeation study applied an electric field.

Table II Pore size on a surface of IN-loaded DCNR films and IN-doped 
PCz/DCNR films after the permeation study

Matrix Crosslink ratio
(mole TMPTMp/mole isoprene)

Electric field
(V) Pore size (pm)

NR 0.0032 0 19.64 ± 15.95
NR 0.0032 3 1.29 ±0.37
NR 0.0064 3 14.69 ± 12.80
PCz/NR 0.0032 0 20.78 ± 7.25
PCz/NR 0.0032 1 3.60 ± 1.69
PCz/NR 0.0032 3 2.91 ± 1.34
PCz/NR 0.0032 5 90.71 ±30.00
PCz/NR 0.0032 7 102.49 ±66.68



Figure 14 SEM micrographs of PCz/DCNR blend film with 0.0032 crosslink ratio after the permeation study at electric field strength 
of: (a) 0 V; (b) 1 V; (c) 3 V; (d) 5 V; and (e) 7 V, in PBS buffer pH 7.4, at 500 of magnification.
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Appendix J Determination of Electrical Conductivity of IN-doped PCz at 
Various Doping Levels

IN dissolved in MeOH was reacted with dedoped PCz A 0.002 mole of 
dedoped PCz was doped again with various moles of IN. IN-doped PCz was 
determined the electrical conductivity using two-point probe meter.

Mole ratio (IN: PCz)
Figure J1 Electrical conductivity of IN-doped PCz at various mole ratios (IN: PCz).

IN: PCz at 0.5: 1 mole ratio provided the highest electrical conductivity and 
was used for preparation of IN-doped PCz/DCNR films.



1 0 8

Table J1 Electrical conductivity of IN-doped PCz at various mole ratios (IN: PCz)

Mole ratio G (S/cm) Avg (S/cm) SD
0.1

1.81E-07
2.19E-07 3.54E-082.51E-07

2.25E-07
0.5

5.54E-07
5.87E-07 2.90E-085.99E-07

6.09E-07
2

4.90E-07
4.76E-07 1.33E-084.73E-07

4.64E-07
4

2.96E-07
3.23E-07 2.62E-083.49E-07

3.23E-07
5

2.71E-07
2.92E-07 2.29E-082.89E-07

3.17E-07
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Appendix K Release of IN from IN-doped PCz/DCNR Investigation

IN was reacted with dedoped PCz in aqueous hydrogen peroxide (H2O2) 
acted as oxidizing agent. IN-doped PCz was blended with the DCNR to prepare IN- 
doped PCz/DCNR film. UV-visible spectrometer (TECAN, Infinite M200) was used 
to investigate the amount of IN released from this film in the release study using 
modified Franz diffusion cell.

Figure K1 UV-visible spectra of IN and IN released under E = 0 V and E = 3 V.
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Appendix L Determination of the Crosslink Density of Crosslinked DCNR 
Films

The crosslink density of films was calculated following a procedure of 
ATSM6814-02. The films (1 cm2) were weighed in air and MeOH before and after 
leaving them to get the equilibrium swelling state in toluene for 5 days. A crosslink 
density was calculated using Eq. (LI) (Flory-Rehner equation)

-[In (l-Vr)+Vr+XlVr2] -
Ve = [Vi(Vr^-Vr)/2] ......................................(L1)

where: ' v e = the number of chains in a real network per unit volume,
V] = the molar volume of tolune (106.29 mL/mol),
v r = the crosslinked DCNR volume fraction in swollen state,
X  = the Flory interaction parameter of cis-l,4-polyisoprene in 

toluene (0.391).

v rcan be calculated following Eq. (L2);

Weightof dry rubber / Density o f dry rubber
/  Weight of dry rubber^ /Weight Qf toluene absorbed by sam ple\........... (L2)
\Density of dry rubbery + V Density of toluene )

in which the density of the dry rubber can be computed by using the Eq. (L3) 

Density at 23 ± 2 °c (g/mL) = 0.7913 X  - ^ - .................... (L3)

where: A = the weight of dried film measured in air (g),
B = the weight of dried film measured in MeOEl (g)

the density of MeOH at 23 ± 2 ๐c  (g/mL).0.7913 =
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Figure LI The crosslink density of the crosslinked DCNR film with various 
crosslink ratios.



Table LI The crosslink density of the crosslinked DCNR film with various 
crosslink ratios after immersion in toluene for 5 days

Sample Wi (g) พร (g) Wd (g) Crosslink
air MeOH air MeOH air MeOH density

NR 0.22 1 0.0396 0.0380 0.4845 0.4203 0.0272 0.0253 1.10E-07
NR 0.22 2 0.0377 0.0362 0.4570 0.3956 0.0248 0.0239 1.02E-07
NR 0.22 3 0.0373 0.0357 0.3909 0.4592 0.0258 0.0223 1.64E-07

Avg 1.25E-07
SD 3.40E-08

NR 0.88 1 0.0570 0.0551 0.3344 0.3087 0.0442 0.0427 4.02E-07
NR 0.88 2 0.0523 0.0504 0.3044 0.2812 0.0409 0.0367 4.80E-07
NR 0.88 3 0.0474 0.0459 0.2636 0.2460 0.0371 0.0341 4.18E-07

Avg 4.33E-07
SD 4.12E-08

NR 1.32 1 0.0461 0.0442 0.2334 0.2125 0.0356 0.0340 7.79E-07
NR 1.32 2 0.0501 0.0483 0.2535 0.2316 0.0401 0.0377 6.56E-07
NR 1.32 3 0.0545 0.0524 0.2758 0.2489 0.0427 0.0410 7.12E-07

- Avg 7.16E-07
SD 6.15E-08

NR 1.56 1 0.0406 0.0388 0.2317 0.2063 0.0355 0.0337 8.48E-07
NR 1.56 2 0.0451 0.0434 0.1962 0.1784 0.0328 0.0307 8.39E-07
NR 1.56 3 0.0510 0.0487 0.2664 0.2430 0.0388 0.0380 8.29E-07

Avg 8.39E-07
SD 9.85E-09

NR 1.76 1 0.0374 0.0360 0.1747 0.1581 0.0294 0.0283 8.10E-07
NR 1.76 2 0.0584 0.0561 0.3048 0.2759 0.0446 0.0437 6.63E-07
NR 1.76 3 0.0536 0.0512 0.2812 0.2538 0.0413 0.0394 8.29E-07

Avg_____________________________ 7.67E-07
~SD 9.08E-08
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Appendix M Determination of Actual Drug Content

The actual amounts of drug in the IN-loaded DCNR film and IN-doped 
PCz/DCNR film, a piece of film with area of 3.14 cm2, were measured by immersing 
the samples in 100 mL of hexane. The amounts of drugs in 0.3 mL of solution were 
quantified by using the UV-visible spectrophotometer at a wavelength of 324 nm. 
The initial drug concentration in the film, Co, was calculated from an actual amount 
of IN in the film (g) divided by a volume of the film (cm3).

Table Ml The raw data of the determination of actual amount of IN in the IN- 
loaded DCNR films at various crosslink ratios (m o lx M P T M p /m o ljso p ren e) and IN-doped 
PCz/DCNR films

Sample
Actual amount of IN in the 

film area 3.14 cm2 Volume
(ฑแ-2!!*, cm )

Co
(mg/cm3)ppm____ mg

DCNR 0.0008 1 5.31 0.53

0.672

0.79
DCNR 0.0008 2 13.34 1.33 1.98
DCNR 0.0008 3 11.77 1.18 1.76
DCNR 0.0008 4 1 . 1 2 0 . 1 1 0.16
Avg 7.88 0.79 1.17
SD 5.69 0.57 0.85
DCNR 0.0032 1 5.06 0.51 0.76
DCNR 0.0032 2 8 . 2 1 0.82 1 . 2 2
DCNR 0.0032 3 8 . 0 0 0.80 1.19
DCNR 0.0032 4 7.50 0.75 1 . 1 2
Avg 7.19 0.72 ' 1.07
SD 1.45 0.15 0.21
DCNR 0.0064 1 11.36 1.14 1.70
DCNR 0.0064 2 1.51 0.15 0 . 2 2
DCNR 0.0064 3 12.94 1.29 1.92
DCNR 0.0064 4 8.14 0.81 1 . 2 0

_Avg______________ 8.49 0.85 1.26
SD 5.06 0.11 0.75
IN-doped PCz/DCNR 1 7.16 0.71 1.06
IN-doped PCz/DCNR 2 6.83 0 . 6 8 1 . 0 1
IN-doped PCz/DCNR 3 7.29 0.72 1.07
Avg 7.06 0.71 1.05
SD 0.20 0.02 0.03
*h = the thickness of the film (0.214 cm)
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Appendix N Determination of Amounts and Diffusion Coefficient of IN 
Permeated from Crosslinked DCNR Film at Various Crosslink Ratios in an 
Absence of Electric Field
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Figure NI Amount of IN permeated from crosslinked DCNR film with various 
crosslink ratios (m o ljM P T M p /m o ljso p ren e )  versus time t under an absence of electric 
field, pH 7.4, 37 ° c .

The total amounts of IN permeated from 3.14 cm2 of film with 0.0008,
0.0032, and 0.0064 crosslink ratios are 0.170 (24 %), 0.123 (17 %), and 0.085' (12 %) 
mg, respectively. The amount of permeant is inverslyly proportional to crosslink 
ratio as the drug mobility is reduced with an increase of crosslinking agent.



115

Table NI The absorbance intensity and amount of IN permeated from crosslinked
DCNR at 0.0008 crosslink ratio without electric field

Time Absorbance Amount of drug permeated (mg)
(h) 1 2 3 1 2 3 Avg SD

0.083 0.0082 0.0050 0.0081 0.0003 0 .0 0 0 2 0 .0 0 0 2 0 .0 0 0 2 0.00010.167 0 .0 1 2 0 ' 0.0102 0.0085 0.0006 0.0005 0.0005 0.0005 0.00010.250 0.0046 0.0071 0.0033 0.0008 0.0007 0.0006 0.0007 0.00010.333 0.0029 0.0024 0.0030 0.0008 0.0008 0.0007 0.0008 - 0.00010.417 0.0028 0.0030 0.0026 0.0009 0.0008 0.0008 0.0009 0.00011.5 0.0108 0.0134 0.0160 0.0013 0.0013 0.0013 0.0013 0.0000
2 .0 0.0065 0 .0 1 0 2 0.0073 0.0015 0.0016 0.0015 0.0015 0.00013.0 0.0130 0.0167 0.0149 0.0019 0 .0 0 2 1 0.0019 0 .0 0 2 0 0.00013.5 0.0260 0.0193 0 .0 2 1 2 0.0027 0.0027 0.0026 0.0026 0.00004.0 0.0277 0.0205 0.0223 0.0035 0.0033 0.0033 0.0034 0.0001
8 .0 0.0366 '0.0699 0.0321 0.0046 0.0054 0.0042 0.0048 0.00069.0 0.0563 0.0537 0.0527 0.0063 0.0071 0.0059 0.0064 0.0006
10 .0 0.0657 0.0623 0.0640 0.0083 0.0090 0.0078 0.0084 0.0006
11 .0 0.0697 0.0747 0.0693 0.0105 0 .0 1 1 2 0.0099 0.0105 0.0007
12.0 0.1123 0.0970 0.0947 0.0139 0.0142 0.0128 0.0136 0.000714.0 0.1510 0.0957 0.1240 0.0185 0.0171 0.0166 0.0174 0 .0 0 1 016.0 0.1737 0.1363 0.1053 0.0238 0.0213 0.0198 0.0216 0 .0 0 2 0
2 0 .0 0.2083 0.1730 0.1767 0.0301 0.0265 0.0252 0.0273 0.0026
2 2 .0 0.2237 0.2467 0.2187 0.0369 0.0341 0.0319 0.0343 0.002624.0 0 2553 0.2487 0.2337 0.0447 0.0416 0.0390 0.0418 0.002926.0 0.2687 0.2903 0.2503 0.0529 0.0505 0.0466 0.0500 0.003228.0 0.2620 0.2940 0.3287 0.0609 0.0595 0.0566 0.0590 0 .0 0 2 230.0 0.2737 0.3400 0.3727 0.0693 0.0698 0.0680 0.0690 0.000932.0 0.3727 0.3327 0.3327 0.0806 0.0800 0.0781 0.0796 0.001334.0 0.3340 0.3627 0.3727 0.0908 0.0910 0.0895 0.0904 0.000836.0 0.4033 0.3860 0.3657 0.1031 0.1028 0.1006 0 .1 0 2 2 0.001340.0 0.4810 0.4700 0.4307 0.1178 0.1171 0.1138 0.1162 0 .0 0 2 144.0 0.5370 0.5280 0.4947 0.1341 0.1332 0.1289 0.1321 0.002848.0 0.5880 0.5423 0.5033 0.1521 0.1497 0.1442 0.1487 0.004056.0 0.5527 0.5120 0.5323 0.1689 0.1654 0.1604 0.1649 0.004372.0 0.5387 0.5213 0.5507 0.1831 0.1798 0.1708 0.1779 0.0064
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Table N2 The absorbance intensity and amount o f IN permeated from crosslinked
DCNR at 0.0032 crosslink ratio without electric field

Time Absorbance Amount of drug permeated (mg)
(h) 1 2 3 1 . 2 3 Avg SD

0.083 0.0000 0.0000 0.0000 0.0003 0.0001 0.0004 0.0003 0.00010.167 0.0094 0.0032 0.0127 0.0005 0.0003 0.0007 0.0005 0 .0 0 0 20.250 0.0063 0.0069 0.0087 0.0008 0.0004 0.0009 0.0007 0 .0 0 0 20.333 0.0092 0.0040 0.0078 0.0009 0.0005 0 .0 0 1 0 0.0008 0 .0 0 0 20.417 0.0033 0.0039 0.0033 0.0011 0.0008 0.0013 0.0011 0 .0 0 0 20.5 0.0091 0.0088 0.0094 0.0024 0.0019 0.0025 0.0023 0.00031.0 0.0085 0.0053 0.0065 0.0028 0.0024 0.0029 0.0027 0 .0 0 0 21.5 0.0065 0.0048 0.0054 0.0042 0.0045 0.0038 0.0042 0.00043.5 0.0276 0.0266 0.0278 0.0054 0.0066 0.0054 0.0058 0.00074.0 0.0125 0.0169 0.0127 0.0078 0.OO89 0.0079 0.0082 0.0006
8 .0 0.0457 0.0687 0.0308 0.0099 0.0113 0.0104 0.0105 0.00079.0 0.0387 0.0680 0.0523 0.0137 0.0134 0 .0 1 2 2 0.0131 0.0008
1 0 .0 0.0803 0.0747 0.0811 0.0160 0.0175 0 .0 1 2 2 0.0152 0.0027
1 1 .0 0.0690 0.0787 0.0815 0.0198 0.0209 0.0154 0.0187 0.0029
1 2 .0 0.1230 0.0707 0.0597 0.0250 0.0257 0.0199 0.0235 0.003214.0 0.0743 0.1330 0.0943 0.0292 0.0317 0.0245 0.0285 0.003616.0 0.1267 0.1123 0.1050 0.0335 0.0373 0.0298 0.0335 0.0037
2 0 .0 . 0.1697 0.1560 0.1467 0.0394 0.0439 0.0358 0.0397 0.0040
2 2 .0 0.1377 0.1967 0.1520 0.0451 0.0499 0.0422 0.0457 0.003924.0 0.1407 0.1850 0.1750 0.0510 0.0565 0.0485 0.0520 0.004126.0 0.1943 0.2150 0.1967 0.0578 0.0641 0.0541 0.0587 0.005128.0 0.1863 0.1987 0.2103 0.0651 0.0710 0.0609 0.0656 0.005130.0 0.1940 0.2143 0.2047 0.0737 0.0783 0.0692 0.0737 0.004632.0 0.2247 0.2517 0.1857 0.0833 0.0870 0.0783 0.0829 0.004434.0 0.2363, 0.2253 0.2208 0.0920 0.0971 0.0881 0.0924 0.004536.0 0.2833 0.2403 0.2720 0.1036 0.1076 0.0990 0.1034 0.004340.0 0.3157 0.2840 0.2993. 0.1160 0.1187 0.1103 0.1150 0.004344.0 0.2853 0.3310 0.3220 0.1272 0.1292 0.1216 0.1260 0.003948.0 0.3793 0.3443 0.3570 0.0024 0.0019 0.0025 0.0023 0.000356.0 0.4067 0.3660 0.3720 0.0028 0.0024 0.0029 0.0027 0 .0 0 0 272.0 0.3667 0.3433 0.3693 0.0042 0.0045 0.0038 0.0042' 0.0004



Table N3 The absorbance intensity and amount of IN permeated from crosslinked
DCNR at 0.0064 crosslink ratio without electric field

Time Absorbance Amount of drug permeated (mg)
(h) 1 2 3 1 2 3 Avg SD

0.083 0.0106 0.0113 0.0092 0.0003 0.0003 0.0003 0.0003 0.00000.167 0.0114 0.0111 0.0105 0.0007 0.0007 0.0006 0.0007 0.00000.250 0.0031 0.0054 0.0044 0.0008 0.0008 0.0007 0.0008 0.00010.333 0.0053 0.0083 0.0047 0.0009 0.0011 0.0009 0 .0010- 0.00010.417 0.0033 0.0042 0.0038 0 .0 0 1 0 0 .0 0 1 2 0 .0 0 1 0 0.0011 0.00011.0 0.0044 0.0043 0.0044 0 .0 0 1 2 0.0014 0.0011 0 .0 0 1 2 0.00011.5 0.0041 0.0042 0.0038 0.0013 0.0015- 0 .0 0 1 2 0.0013 0.00012.5 0.0045 0.0044 0.0044 0.0014 0.0016 0.0014 0.0015 0.00013.5 0 .0 1 2 1 0.0094 0.0136 0.0018 0.0019 0.0018 0.0018 0.00014.0 0.0145 0.0153 0.0171 0 .0 0 2 2 0.0024 0.0023 0.0023 0.0001

oo © 0.0231 0.0244 0 .0 2 2 2 0.0029 0.0031 0.0030 0.0030 o.o'ooi9.0 0.0154 0.0147 0 .0 2 1 2 0.0034 0.0036 0.0036 0.0035 0.0001
10 .0 0.0397 0.0430 0.0450 0.0046 0.0049 0.0050 0.0048 0 .0 0 0 2
1 1 .0 0.0397 0.0410 0.0393 0.0058 0.0061 0.0062 0.0061 0 .0 0 0 2
12 .0 0.0553 0.0462 0.0717 0.0075 0.0075 0.0084 0.0078 0.000514.0 0.0427 0.0723 0.0617 0.0088 0.0097 0.0103 0.0096 0.000716.0 0.0677 0.0413 0.0993 0.0109 0 .0 1 1 0 0.0133 0.0117 0.0014
2 0 .0 0.1030 0.0987 0.0850 0.0140 0.0140 0.0159 0.0146 0.0011
2 2 .0 0.0730 0.0970 0 .1 2 0 0 - 0.0162 0.0170 0.0195 0.0176 0.001724.0 0.0873 0.0997 0.1170 0.0189 0 .0 2 0 0 0.0231 0.0207 0 .0 0 2 226.0 0.0807 0.1303 0.1223 0.0214 0.0240 0.0268 0.0241 0.002728.0 0.1293 0.1093 0.1597 0.0253 0.0273 0.0317 0.0281 0.003330.0 0.1497 0.1207 0.1877 0.0299 0.0310 0.0374 0.0328 0.004132.0 0.1697 0.1520 0.1930 0.0350 0.0356 0.0433 0.0380 0.004634.0 0.1730 0 .2 0 2 0 0.1637 0.0403 0.0418 0.0483 0.0435 0.004336.0 0.2067 0.1843 0.1867 0.0466 - 0.0474 0.0540 0.0493 0.004140.0 0.2503 0.2627 0.2193 0.0543 0.0554 0.0607 0.0568 0.003444.0 0.2643 0.2540 0.2150 0.0623 0.0632 0.0672 0.0642 0.002648.0 0.2763 0.3097 0.2503 0.0707 0.0726 0.0749 0.0727 0 .0 0 2 156.0 0.2893 0.2947 0.2787 0.0796 0.0816 0.0834 0.0815 0.001972.0 0.2707 0.3060 0.2967 0.0878 0.0909 0.0924 0.0904 0.0023



Release Kinetics of Model Drug from IN-loaded Crosslinked DCNR Films

The appearance of two steps of IN permeation from all crosslinked DCNR 
films in figure N1 was investigated for a transport behavior using the Korsmeyer- 
Peppas equation:

Mt
Moo = ktn- (N l)

where M t and Moo =

k
t
ท =

the amount of drug released from DCNR film at time t
and the total amount of drug release, respectively (mg), 
the kinetic constant (h"n), 
time (h),
the diffusion scaling exponent.

Then, the log value of Mt/Moo was plotted against log time to calculate the
release exponent, ท according to Eq. (N2)

log( T-,-- ) = log k + ท log t (N2)Moo

The diffusional exponent, ท, from each batch shows two diffusion stages 
(ท1 and ท2). For the first stage, ท1 is equal to 0.519, 0.569, and 0.322 in 0.0008,
0.0032, and 0.0064 crosslink ratios, respectively. For the second stage, ทว is equal to 
1.772, 1.705, and 1.755 in 0.0008, 0.0032, and 0.0064 crosslink ratio, respectively. 
The result indicates that the drug transport behavior in the first stage of all systems is 
considered as Fickian which occurs from a diffusion of IN through the matrix. In the 
second stage, the transport behavior is considered as Super Case II transport. This 
transport mechanism results from a relaxation of polymer and an erosion mechanism 
(Sriamornsak e t  a l . ,  2007).
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The release mechanisms are force-fitted to the Higuchi equation (ท = 0.5) 
and then the diffusion coefficient of IN from a crosslinked DCNR film was 
calculated by Eq. (N3), Eq. (N4), and Eq. (N5):

-
ะ - ^ ..................................................................., M '

Q - - ^ - 2 C „ ( - ) m ..........: ................................ (M l

M, -  kH Mœ tI/2 -  2Co ( ̂ 172- ) A tl /2......................... (N5)

where Mt/Moo = the fractional drug release
kH a kinetic constant (with the unit of f n)
t the release time
Q = the amount of material flowing through a unit cross section of 

barrier (g/cm2) in unit time, t (ร)
Co = the initial drug concentration in the film (g/cm3)
D the diffusion coefficient of a drug (cm2/s)

The diffusion coefficient was calculated from the slope of the plot of the 
amounts of IN permeated from IN-loaded DCNR at time t versus square root of time.
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Figure N2 Amounts of IN permeated from IN-loaded DCNR film versus time172 
with various crosslink ratios (m o lT M P T M p/m o ljso p ren e) under absence of electric field, 
pH 7.4, 37 ๐c.
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Figure N3 A m o u n ts  o f  IN p e r m e a te d  fro m  I N - lo a d e d  DCNR f i lm  v e r s u s  t i m e l/2 
w ith  v a r io u s  c r o s s l in k  r a t io s  (molTMPTMp/moljsoprene) in  th e  f i r s t  r e g io n  u n d e r  a b s e n c e  
o f  e le c t r i c  f ie ld .
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Figure N4 Diffusion coefficients (Di) of IN from IN-loaded DCNR films versus 
crosslink ratio (m o lT M P T M p/m o ljso p ren e) under absence of electric field, pH 7.4,
37 ๐c.
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Figure N 5  D if fu s io n  c o e f f ic ie n ts  ( D 2) o f  IN  f ro m  I N - lo a d e d  D C N R  f i lm s  v e r s u s  
c ro s s l in k  r a t io  (molTMPTMp/moljsoprene) u n d e r  a b s e n c e  o f  e le c t r ic  f ie ld , p H  7 .4 ,
3 7  ° c .

Table N 4  T h e  d i f f u s io n  c o e f f ic ie n ts  ( D |)  o f  IN  p e r m e a te d  f ro m  v a r io u s  c r o s s l in k e d  
D C N R  f i lm s ,  p H  7 .4  a t 3 7  ° c ,  E  =  0  V

Crosslink ratio
(molTMPTM p/moljsoprene) Slope

Diffusion
coefficient

(cm2/h)
Diffusion
coefficient

(cm2/s)
Average
(cm2/s) SD

0.0008
0.0023 3.01 E-06 8.36E-10

8.36E-10 0.00E+000.0023 3.01E-06 8.36E-10
0.0023 3.01 E-06 8.36E-10

0.0032
0.0025 4.28E-06 1.19E-09

1.37E-09 3.99E-100.0031 6.58E-06 1.83E-09
0.0024 3.94E-06 1.09E-09

0.0064
0 . 0 0 2 0 1.97E-06 5.47E-10

5.85E-06 6.57E-110 .0 0 2 0 1.97E-06 5.47E-10
0 .0 0 2 2 2.38E-06 6.61E-10
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Table N 5  T h e  d i f f u s io n  c o e f f ic ie n ts  ( D 2) o f  IN  p e r m e a te d  f ro m  v a r io u s  c r o s s l in k e d  
D C N R  f i lm s , p H  7 .4  a t 3 7  °c, E  =  0  V

Crosslink ratio(molTMpTMp/mol isoprene)
Slope

Diffusion
coefficient

(cm2/h)
Diffusion
coefficient

(cm2/s)
Average 
(cm2/ร) SD

0.0008
0.0535 1.63E-03 4.52E-07

4.39E-07 1.73E-080.0531 1-60E-03 4.44E-07
0.0515 1.51E-03 4.19E-07

0.0032 -
0.0318 6.92E-04 1.92E-07

2.1 lE-07_ 2.95E-080.0321 7.06E-04 1.96E-07
0.0359 8.83E-04 2.45E-07

0.0064
0.0258 3.27E-04 9.08E-08-

9.61E-08 5.91 E-090.0264 3.42E-04 9.50E-08
0.0274 3.69E-04 1.03E-07
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Appendix o  Determination of Amounts and Diffusion Coefficient of IN 
Permeated from IN-loaded DCNR Films at Crosslink Ratio = 0.0032 and at 
various Electric Field Strengths under Cathode

j f
’๐CJft
CJ

รร-.<uท.

c3o
E<

.30

.25

. 2 0  -

.15 -

. 1 0  -

.05 -

□ >oIIพ

• E = 0.1 V
A E = 1 V
o E= 3 V
V tn II <

o E = 7 V
o E = 9 V

. ะ ......2 1 .% . .$4 ......1 9 . .% .. .?.1 .....1.7.%..1

0 .0 0

Time (h)

Figure OI A m o u n t  o f  IN  p e r m e a te d  f ro m  c r o s s l in k e d  D C N R  f i lm  w ith  v a r io u s  
e le c t r ic  f ie ld  s t r e n g th s  a t 0 .0 0 3 2  c r o s s l in k  ra tio , p H  7 .4 , 3 7  ๐c .

T h e  to ta l  a m o u n ts  o f  IN  p e r m e a te d  f ro m  3 .1 4  c m 2 o f  D C N R  f i lm s  w ith
0 .0 0 3 2  c r o s s l in k  r a t io  a t  E  =  0 , 0 .1 , 1, 3 , 5 , 7 , a n d  9  V  a re  0 .1 1 8  (1 7  % ), 0 .1 3 6  (1 9  
% ), 0 .1 5 0  (21 % ) , 0 .1 8 6  (2 6  % ), 0 .2 3 2  (3 3  % ), 0 .2 5 4  (3 6  % ), a n d  0 .2 6 4  (3 7  % )  m g , 
r e s p e c t iv e ly .  T h e  a m o u n t  o f  IN  is  d i r e c t ly  p r o p o r t io n a l  to  e le c t r i c  f ie ld  s t r e n g th .  T h e  
e le c t r o r e p u ls iv e  f o r c e  g e n e ra te d  b y  r e p u ls io n  b e tw e e n  a  n e g a t iv e  c h a r g e  o f  a n io n ic  
d r u g  a n d  p o s i t i v e  c h a r g e  o f  c a th o d e  is  th e  d r iv in g  f o rc e  f o r  th e  d r u g  t r a n s p o r ta t io n .  
T h u s ,  th e  e n h a n c e m e n t  o f  e le c t r ic  f ie ld  s t r e n g th  in f lu e n c e s  in  in c r e a s in g  th e  d r iv in g  
fo rc e  w h ic h  p r o m o te s  a  d i f f u s io n  o f  IN  f ro m  th e  D C N R  f ilm .
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Table Ol The absorbance intensity and amount of IN permeated from crosslinked
DCNR at 0.0032 crosslink ratio under an absence of electric field (E = 0 V)

Time Absorbance Amount of drug permeated (mg)
(h) 1 2 3 1 2 3 Avg SD

0.083 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00000.167 0.0094 0.0032 0.0127 0.0003 0.0001 0.0004 0.0003 0.00010.250 0.0063 0.0069 0.0087 0.0005 0.0003 0.0007 0.0005 0 .0 0 0 20.333 0.0092 0.0040 0.0078 0.0008 0.0004 0.0009 0.0007 0 .0 0 0 20.417 0.0033 0.0039 0.0033 0.0009 0.0005 0 .0 0 1 0 0.0008 0 .0 0 0 20.5 0.0091 0.0088 0.0094 0.0011 0.0008 0.0013 0.0011 0 .0 0 0 21.0 0.0085 0.0053 0.0065 0.0014 0 .0 0 1 0 0.0015 0.0013 0.00031.5 0.0065 0.0048 0.0054 0.0016 0.0011 0.0016 0.0015 0.00033.5 0.0276 0.0266 0.0278 0.0024 0.0019 0.0025 0.0023 0.00034.0 0.0125 0.0169 0.0127 0.0028 0.0024 0.0029 0.0027 0 .0 0 0 2
8 .0 0.0457 0.0687 0.0308 0.0042 0.0045 0.0038 0.0042 0.00049.0 0.0387 0.0680 0.0523 0.0054 0.0066 0.0054 0.0058 0.0007
1 0 .0 0.0803 0.0747 0.0811 0.0078 0.0089 0.0079 0.0082 0.0006
1 1 .0 0.0690 0.0787 0.0815 0.0099 0.0113 0.0104 0.0105 0.0007
1 2 .0 0.1230 0.0707 0.0597 0.0137 0.0134 0 .0 1 2 2 0.0131 0.000814.0 0.0743 0.1330 0.0943 0.0160 0.0175 0 .0 1 2 2 0.0152 0.002716.0 0.1267 0.1123 0.1050 0.0198 0.0209 0.0154 0.0187 0.0029
2 0 .0 0.1697 0.1560 0.1467 0.0250 0.0257 0.0199 0.0235 0.0032
2 2 .0 0.1377 0.1967 0.1520 0.0292 0.0317 0.0245 0.0285 0.003624.0 0.1407 0.1850 0.1750 0.0335 0.0373 0.0298 0.0335 0.003726.0 0.1943 0.2150 0.1967 0.0394 0.0439 0.0358 0.0397 0.004028.0 0.1863 0.1987 0.2103 0.0451 0.0499 0.0422 0.0457 0.003930.0 0.1940 0.2143 0.2047 0.0510 0.0565 0.0485 0.0520 0.004132.0 0.2247 0.2517 0.1857 0.0578 0.0641 0.0541 0.0587 0.005134.0 0.2363 0.2253 0.2208 0.0651 0.0710 0.0609 0.0656 0.005136.0 0.2833 0.2403 0.2720 0.0737 0.0783 0.0692 0.0737 0.004640.0 0.3157 0.2840 0.2993 0.0833 0.0870 0.0783 0.0829 0.004444.0 0.2853 0.3310 0.3220 0.0920 0.09-71 0.0881 0.0924 0.004548.0 0.3793 0.3443 0.3570 0.1036 0.1076 0.0990 0.1034 0.004356.0 0.4067 0.3660 0.3720 0.1160- 0.1487 0.1103 0.1150 0.004372.0 0.3667 0.3433 0.3693 0.1272 0.1292 0.1216 0.1260 0.0039
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Table 02 The absorbance intensity and amount o f IN permeated from crosslinked
DCNR at 0.0032 crosslink ratio under an electric field (E = 0.1 V)

Time Absorbance Amount of drug permeated (mg)
(h) 1 2 3 1 2 3 Avg SD

0.083 0.0263 0.0473 0.0640 0.0008 0.0014 0 .0 0 2 0 0.0014 0.00060.167 0 .0 2 2 0 0 .0 0 2 1 0.0137 0.0015 0.0015 0.0024 0.0018 0.00050.250 0.0086 0 .0 0 1 2 0.0125 0.0017 0.00J5 0.0028 0 .0 0 2 0 0.00070.333 0.0216 0.0036 0 .0 1 1 0 0.0024 0.0017 0.0031 0.0024 0.00070.417 0.0068 0.0105 0.0040 0.0026 0 .0 0 2 0 0.0032 0.0026 0.00060.5 0.0068 0.0011 0.0035 0.0028 0 .0 0 2 0 0.0033 0.0027 0.0007
1 .0 0.0357 0 .0 2 1 1 0.0383 0.0029 0.0027 0.0034 0.0030 0.0004
1.5 0.0119 0.0143 0.0082 0.0033 0.0031 0.0037 0.0034 0.0003
2 .0 0.0008 0.0302 0 .0 1 2 1 0.0033 0.0040 0.0041 0.0038 0.00042.5 0.0001 0.0259 0.0036 0.0033 0.0048 0.0042 0.0041 0.00073.0 0.0194 0.0613 0.0256 0.0039 0.0057 0.0049 0.0048 0.00093.5 0 .0 1 2 0 0.0463 0 .0 0 1 0 0.0043 0.0071 0.0050 0.0054 0.00154.0 0.0062 0.0477 0.0135 0.0045 0.0082 0.0054 0.0060 0 .0 0 2 0
8 .0 0.0196 0.0563 0.0069 0.0051 0.0094 0.0056 0.0067 0.00249.0 0.0363 0.0800 0.0840 0.0072 0.0115 0.0076 0.0088 0.0024 '
1 0 .0 0.0893 0.0473 0.0563 0.0093 0.0136 0.0094 0.0108 0.0025
1 1 .0 0.0767 0.1180 0.0887 0.0116 0.0172 0 .0 1 2 1 0.0136 0.0031
1 2 .0 0.2113 0.1547 0.0977 0.0181 0.0219 0.0150 0.0183 0.003414.0 0.0513 0.1663 0.1340 0.0196 0.0270 0.0191 0.0219 0.004416.0 0.1783 0.1730 0.0683 0.0251 0.0323 0 .0 2 1 2 0.0262 0.0056
2 0 .0 0.0853 0.1697 0.1390 0.0277 0.0374 0.0255 0.0302 0.0064
2 2 .0 0.1157 0.1717 0.2380 0.0312 0.0427 0.0327 0.0355 0.006224.0 0.0600 0.2250 0.1863 0.0361 0.0465 0.0384 0.0403 0.005526.0 0.1137 0.2250 0.2077 0.0395 0.0533 0.0447 0.0459 0.007028.0 0.2487 0.2483 0.1290 0.0471 0.0609 0.0487 0.0522 0.007630.0 0.1977 0.2417 0.1733 0.0532 0.0683 0.0539 0.0585 0.008532.0 0.2817 0.2393 0.2540 0.0617 0.0756 0.0617 0.0663 0.008034.0 0.2947 0.3040 0.2273 0.0707 0.0848 0.0686 0.0747 0.0088-36.0 0.3233 0.2710 0.2397 0.0806 0.0931 0.0759 0.0832 0.008940.0 0.3067 0.3150 0 3910 0.0899 0.1027 0.0878 0.0935 0.008044.0 0.3123 0.3437 0.3103 0.0995 0.1132 0.0973 0.1033 0.008648.0 0.3093 0.4130 0.3083 0.1089 0.1258 0.1067 0.1138 0.010456.0 0.4520 0.4477 0.4177 0.1227 0.1394 0.1194 0.1272 0.010772.0 0.4547 0.5043 0.4280 0.1365 0.1548 0.1325 0.1413 0.0119
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Table 0 3  The absorbance intensity and amount of IN permeated from crosslinked
DCNR at 0.0032 crosslink ratio under an electric field (E = 1 V)

Time Absorbance Amount of drug permeated (mg)
(h) 1 2 3 1 2 3 Avg SD

0.083 0.0252 0.0037 0.0137 0.0008 0.0001 0.0004 0.0004 0.00030.167 0.0091 0.0070 0.0071 0 .0 0 1 0 0.0003 0.0006 0.0007 0.00040.250 0.0076 0.0048 0.0017 0.0013 0.0005 0.0007 0.0008 0.0004
0.333 0.0052 0-0054 0.0150 0.0014 0.0006 0.0011 0.0011 0.0004
0.417 0.0148 0.0085 0.0034 0.0019 0.0009 0 .0 0 1 2 0.0013 0.00050.5 0.0167 0 .0 1 0 2 0.0313 0.0024 0 .0 0 1 2 0 .0 0 2 2 0.0019 0.00061.0_ 0.0095 0.0068 0.0054 0.0027 0.0014 0.0024 0 .0 0 2 2 0.00071.5 0 .0 1 0 0 0.0099 0.0159 0.0030 0.0017 0.0029 0.0025 0.0007
2 .0 0.0069 0.0149 0.0156 0.0032 0 .0 0 2 2 0.0033 0.0029 0.00062.5 0.0162 0 .0 1 0 0 0 .0 2 2 1 0.0037 0.0025 0.0040 0.0034 0.00083.0 0.0293 0.0207' 00333 0.0046 0.0031 0.0050 0.0042 0 .0 0 1 03.5 0.0230 0.0270 0.0327 0.0053 0.0039 0.0060 0.0051 0.00114.0 0.0280 0.0267 0.0703 0.0061 0.0047 0.0082 0.0063 0.0017
8 .0 0.0410 0.0233 0.0257 0.0074 0.0055 0.0089 0.0073 0.00179.0 0.0310 0.0607 0.0527 0.0083 0.0073 0.0105 0.0087 0.0017
1 0 .0 0.0567 0.0453 0.0343 0 .0 1 0 1 0.0087 0.0116 0 .0 1 0 1 0.0015
1 1 .0 0.0707 0.0513 0.0847 0 .0 1 2 2 0.0103 0.0142 0 .0 1 2 2 0 .0 0 2 0
1 2 .0 0.0930 0.0857 0.0847 0.0150 0.0129 0.0168 0.0149 0 .0 0 2 014.0 0.0950 0.0947 0.0893 0.0179 0.0157 0.0195 0.0177 0.001916.0 0.1107 0.1320 0.1373 0.0213 0.0198 0.0237 0.0216 0 .0 0 2 0
2 0 .0 0.1437 0.1500 0.1713 0.0257 0.0243 0.0289 0.0263 0.0023
2 2 .0 0.1393 0 .2 0 1 0 0.1833 . 0.0299 0.0305 0.0345 0.0316 0.002524.0 0.2147 0.1657 0.1993 0.0365 0.0355 0.0406 0.0375 0.002726.0 0.1720 02070 0.1713 0.0417 0.0418 0.0458 0.0431 0.002328.0 0.2267 0.2170 0.2470 0.0486 0.0485 0.0533 0.0501 0.002730.0 0.2977 0.2127 0.2350 0.0577 0.0549 0.0605 0.0577 0.002832.0 0.2853 0.2833 0.2533 0.0664 0.0636 0.0682 0.0661 0.002334.0 0.2697 0.2833 0.2963 0.0746 0.0722 0.0772 0.0747 0.002536.0 0.3470 0.3350 0.3867 0.0852 0.0824 0.0890 0.0856 0.003340.0 0.4187 0.3737 0.4167 0.0980 0.0938 0.1017 0.0978 0.004044.0 0.4013 0.4403 0.4817 0 .1 1 0 2 0.1072 0.1164 0.1113 0.004748.0 0.5260 0.4443 0.5260 0.1263 0.1208 0.1324 0.1265 0.005856.0 0.5233 0.5330 0.4677 0.1422 0.1370 0.1467 0.1420 0.004872.0 0.5107 0.4943 0.5833 0 1578 0.1521 0.1645 0.1581 0.0062
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Table 0 4  The absorbance intensity and amount oflN  permeated from crosslink ed
DCNR at 0.0032 crosslink ratio under an electric field (E = 3 V)

Time Absorbance Amount of drug permeated (mg)
(h) 1 2 3 1 2 3 Avg SD

0.083 0.0123 0.0147 0.0216 0.0004 0.0004 0.0007 0.0005 0.00010.167 0.0005 0.0033 0.0000 0.0009 0.0008 0.0009 0.0009 0.00010.333 0.0108 0.0226 0.0073 0 .0 0 1 2 0.0015 0.0011 0.0013 0 .0 0 0 20.417 0.0084 0.0137 0.0057 ' 0.0015 04)019 0.0013 0.0015 0.00030.5 0.0071 0.0128 0.0115 0.0017 0.0023 0.0017 0.0019 0.00031.5 0.0107 0.0054 0.0071 0 .0 0 2 0 0.0024 0.0019 0 .0 0 2 1 0.0003
2 .0 0.0278 0.0240 0.0333 0.0029 0.0032 0.0029 0.0030 0 .0 0 0 22.5 0.0253 0.0231 0.0258 0.0036 0.0039 0.0037 0.0037 0.00013.0 0.0298 0.0238 0.0286 0.0045 0.0046 0.0045 0.0046 0.00003.5 0.0433 0.0219 0.0310 0.0059 0.0053 0.0055 0.0055 0.00034.0 0.0289 0.0287 0.0248 0.0067 0.0061 ~ 0.0062 0.0064 0.0003
6 .0 0.0319 0.0353 0.0347 0.0077 0.0072 0.0073 0.0074 0.0003
8 .0 0.0627 0.0630 0.0267 0.0096 0.0091 0.0081 0.0090 0.00089.0 0.0279 0.0770 0.0243 0.0105 0.0115 0.0089 0.0103 0.0013
1 0 .0 0.0300 0.0457 0.0427 0.0114 0.0129 0 .0 1 0 2 0.0115 0.0014
1 1 .0 0 .0 2 0 2 0.0837 0.0640 0 .0 1 2 0 0.0154 0 .0 1 2 1 0.0132 0.0019
1 2 .0 0.0710 0.1243 0.0477 0.0142 0.0192 0.0136 0.0157 0.003114.0 0.0827 0 .1 2 1 0 0.0893 0.0167 0.0229 0.0163 0.0186 0.003716.0 0.1313 0.1790 0.1493 0.0207 0.0284 0.0208 0.0233 0.0044
2 0 .0 0.1540 0.1373 0.2060 0.0254 0.0326 0.0271 0.0284 0.0037
2 2 .0 0.2107 0.2263 0.1823 0.0318 0.0395 0.0327 0.0346 0.004224.0 0.2353 0.2217 0.2647 0.0390 0.0462 0.0408 0.0420 0.003826.0 0.2580 0.2710 0.2503 0.0468 0.0545 0.0484 0.0499 0.004028.0 0.3077 0.3430 0.2810 0.0562 0.0649 0.0569 0.0594 0.004830.0 0.2883 0.3183 0.3580 0.0650 0.0746 0.0679 0.0692 0.004932.0 0.3603 0.3280 0.3680 0.0760 0.0846 0.0791 0.0799 0.004434.0 0.3203 0.3430 0.3970 0.0858 0.0951 0.0912 0.0907 0.004736.0 0.4070 0.4240 0.3777 0.0982 0.1080 0.1027 0.1030 0.004940.0 0.4800 0.5060 0.4790 0.1128 0.1234 0.1173 0.1179 0.005344.0 0.5167 0.5637 0.5323 0.1286 0.1406 0.1335 0.1342 0.006148.0 0.5733 0.6017 0.6000 0.1460 0.1590 0.1518 0.1523 0.006556.0 0.5810 0.6487 0.6440 0.1638 0.1788 0.1715 0.1713 0.007572.0 0.5750 0.5970 0.6523 0.1813 0.1970 0.1913 0.1899 0.0079



Table 05  The absorbance intensity and amount of IN permeated from crosslinked
DCNR at 0.0032 crosslink ratio under an electric field (E = 5 V)

Time Absorbance Amount of drug permeated (mg)
(h) 1 2 3 1 2 3 Avg SD

0.167 0.0224 0.0224 0.0181 0.0007 0.0007 0.0006 0.0006 0.00010.333 0.0417 0.0417 0.0483 0 .0 0 2 0 0 .0 0 2 0 0 .0 0 2 0 0 .0 0 2 0 0.0000
0.5 0.0613 0.0613 0.0530 0.0038 0.0038 0.0036 0.0038 0.00011.0 0.0443 0.0443 0.0333 0.0052 0.0052 0.0047 0.0050 0.00031.5 0.0710 0.0710 0.0363 0.0073 0.0073 0.0058 0.0068 0.0009
2 .0 0.0443 0.0443 0.0570 0.0087 0.0087 0.0075 0.0083 0.00072.5 0.0333 0.0333 0.0897 0.0097 0.0097 0 .0 1 0 2 0.0099 0.00033.0 0.0467 0.0347 0.0670 0.0111 0.0108 0.0123 0.0114 0.00083.5 0.0727 0.0393 0.0650 0.0133 0 0 1 2 0 0.0143 0.0132 0 .0 0 1 24.0 0.0763 0.0763 0.0803 0.0157 0.0143 0.0167 0.0156 0 .0 0 1 2
6 .0 0.1037 0.1037 0.0827 0.0188 0.0175 0.0192 0.0185 0.0009
8 .0 0.1167 0.1137 0 .1 2 0 0 0.0224 0.0209 0.0229 0 .0 2 2 1 0 .0 0 1 0
1 0 .0 0.1547 0.1420 0.1597 0.0271 0.0252 0.0278 0.0267 0.0013
1 2 .0 0.1623 0 .2 2 2 0 0.1703 0.0321 0.0320 0.0330 0.0323 0.000514.0 0.1967 0.2300 0.1693 0.0381 0.0390 0.0381 0.0384 0.000516.0 0.2710 0.2377 0.2043 0.0463 0.0463 0.0443 0.0456 0.001118.0 0.2267 0.2600 0 .2 2 1 0 0.0532 0.0542 0.0511 0.0528 0.0016
2 0 .0 0.2850 0.2517 0.3050 0.0619 0.0619 0.0604 0.0614 0.0009
2 2 .0 0.3527 0.3527 0.2977 0.0727 „ 0.0726 0.0695 0.0716 0.001824.0 0.3913 0.3913 0.3373 0.0846 0.0846 0.0797 0.0830 0.002826.0 0.3947 0.4193 0.3460 0.0966 0.0973 0.0903 0.0948 0.003928.0 0.4353 0.4587 0.4863 0.1099 0.1113 0.1051 0.1088 0.003332.0 0.4993 0.4993 0.5047 0.1251 0.1265 0.1205 0.1241 0.003234.0 0.5010 0.5343 0.5057 0.1404 0.1428 0.1359 0.1397 0.003536.0 0.5233 0.5667 0.5747 0.1564 0.1601 0.1534 0.1566 0.003340.0 0.5670 0.6337 0.6433 0.1736 0.1794 0.1731 0.1754 0.003548.0 0.6683 0.6683 0.7143 0.1940 0.1998 0.1948 0.1962 0.003156.0 0.6913 0.6783 0.7117 0.2151 0.2205 0.2165 0.2174 0.002872.0 0.7187 0.6980 0.6673 0.2370 0.2418 0.2369 0.2385 0.0028



Table 0 6  The absorbance intensity and amount o f IN permeated from crosslinked
DCNR at 0.0032 crosslink ratio under an electric field (E = 7 V)

Time Absorbance Amount of drug permeated (mg)
(h) 1 2 3 1 2 3 Avg SD

0.167 0.0957 0.1940 0.1777 0.0029 0.0059 0.0054 0.0047 0.00160.333 0.0503 0.0517 0.0417 0.0045 0.0075 0.0067 0.0062 0.00160.5 0.0487 0.0238 0.0282 0.0059 0.0082 0.0075 0.0072 0 .0 0 1 2
1.0 0.0142 0.0245 0.0000 0.0064 0.0090 0.0080 0.0078 0.00131.5 0.0460 0.0193 0.0151 0.0078 0.0095 0.0085 0.0086 0.0009
2 .0 0.0637 0.0333 0.0235 0.0097 0.0106 0.0092 0.0098 0.00072.5 0.0877 0.0261 0.0580 0.0124 0.0114 0 .0 1 1 0 0.0116 0.00073.0 0.0700 0.0473 0.0443 0.0145 0.0128 0.0123 0.0132 0.00113.5 0.0460 0.0797 0.0433 0.0159 0.0152 0.0137 0.0149 0.00124.0 0.1093 0.0770 0.0643 0.0193 0.0176 0.0156 0.0175 0.0018
6 .0 0.1057 0.0377 0.0833 0.0225 0.0187 0.0182 0.0198 0.0023
8 .0 0.0953 0.1257 0.1017 0.0254 0.0226 0.0213 0.0231 0 .0 0 2 1
1 0 .0 0.1333 0.1147 0.1077 0.0294 0.0261 0.0245 0.0267 0.0025
12 .0 0.1390 0.1750 0.1260 0.0337 0.0314 0.0284 0.0312 0.002714.0 - 0.2297 0.2153 0.1800 0.0407 0.0380 0.0339 00375 0.003416.0 0.2023 0.2680 0.1973 0.0469 0.0461 0.0399 0.0443 0.003818.0 0.2567 0.2280 0.2947 0.0547 0.0531 0.0489 0.0522 0.0030
2 0 .0 0.3107 0.2997 0.2760. 0.0642 0.0622 0.0573 0.0612 0.0035
2 2 .0 0.2830 0.3347 0.2520 0.0728 0.0724 0.0650 0.070 L 0.004424.0 0.3463 0.3937 0.3227 0.0833 0.0844 0.0748 0.0809 0.005326.0 0.3697 0.3420 0.2820 0.0946 0.0948 0.0834 0.0910 0.006528.0 0.3037 0.4110 0.4183 0.1039 0.1074 0.0962 0.1025 0.005730.0 0.3677 0.3743 0.4170 0.1151 0.1188 0.1089 0.1142 0.005032.0 0.4660 0.4630 0.5023 0.1293 0.1329 0.1242 0.1288 0.004434.0 0.4993 0.4537 0.5143 0.1445 0.1467 0.1399 0.1437 0.003536.0 0.5167 0.5607 0.5003 0.1603 0.1638 0.1551 0.1597 0.004440.0 0.6980 0.6683 0.5917 0.1815 0.1842 0.1732 0.1796 0.005844.0 - 0.6667 0.6870 0.6557 0.2019 0.2052 0.1932 0 .2 0 0 1 0.006248.0 0.6693 0.7053 0.6743 0.2223 0.2267 0.2137 0.2209 0.006656.0 - 0.7083 0.7417 0.7613 0.2439 0.2493 0.2369 0.2434 0.006272.0 0.7513 0.6883 0.7277 0.2668 0.2703 0.2591 0.2654 0.0057
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Table 0 7  The absorbance intensity and amount of IN permeated from crosslinked
DCNR at 0.0032 crosslink ratio under an electric field (E = 9 V)

Time Absorbance Amount of drug permeated (mg)
(h) 1 2 3 1 2 3 Avg SD

0.167 0.1350 0.1603 0.1673 0.0041 0.0049 0.0051 0.0047 0.00050.333 0.0350 0.0607 0.0337 0.0052 0.0067 0.0061 0.0060 0.00080.5 0.0268 0 .0 1 2 0 0.0291 0.0060 0.0071 0.0070 0.0067 0.0006no 0.0329 0.0092 0.0152 0.0070 0.0074 0.0075 0.0073 0.00031.5 0.0607 0.0690 0.0597 0.0089 0.0095 0.0093 0.0092 0.0003
2 .0 0.0450 0.0347 0.0527 0 .0 1 0 2 0.0105 0.0109 0.0106 0.00032.5 0.0380 0.0793 0.0380 0.0114 0.0130 0 .0 1 2 1 0 .0 1 2 1 0.00083.0 0.0627 0.0857 0.0747 0.0133 0.0156 0.0143 0.0144 0.00113.5 0.0577 0.0737 0.0873 0.0151 0.0178 0.0170 0.0166 0.00144.0 0.0857 0.0917 0.0563 0.0177 0.0206 0.0187 0.0190 0.0015
6 .0 0.0533 0.0880 0.0707 0.0193 0.0233 0.0209 0 .0 2 1 2 0 .0 0 2 0
8 .0 0.0847 0.0893 0.0777 0.0219 0.0260 0.0232 0.0237 0 .0 0 2 1
1 0 .0 0.0733 0.0967 0.1043 0.0241 0.0290 0.0264 0.0265 0.0024
1 2 .0 0.1443 0.1620 0.0967 0.0285 0.0339 0.0294 0.0306 0.002914.0 0.1547 0.1477 0.1163 0.0332 0.0384 0.0329 0.0348 0.003116.0 0.2003 0.2237 0.2480 0.0393 0.0452 0.0405 0.0417 0.003118.0 0.2407 0.2913 0.2680 0.0467 0.0541 0.0486 0.0498 0.0039
2 0 .0 0.3200 0.3350 0.2780 0.0564 0.0643 0.0571 0.0593 0.0044
2 2 .0 0.3267 0.3047 0.3247 0.0664 0.0736 0.0670 0.0690 0.004024 0 0.3683 0.4103 0.3673 0.0776 0.0861 0.0782 0.0807 0.004826.0 0.3907 0.4247 0.3427 0.0895 0.0991 0.0887 0.0924 0.005828.0 0.4533 0.3963 0.4340 0.1033 0 .1 1 1 2 0.1019 0.1055 0.005030.0 0.4713 0.4780 0.4517 0.1177 0.1257 0.1157 0.1197 0.005332.0 0.5020 0.5180 0.4763 0.1330 0.1415 0.1302 0.1349 0.005934.0 0.5683 0.5530 0.5613 0.1503 0.1584 0.1473 0.1520 0.005736.0 0.5753 0.5970 0.5600 0.1679 0.1766 0.1644 0.1696 0.006340.0 0.6180 0.5890 0.6403 0.1867 0.1945 0.1839 0.1884 0.005544.0 0.6057 0.6367 0.6600 0.2052 0.2140 0.2040 0.2077 0.005448.0 0.6657 0.6700 0.6450 0.2255 0.2344 0.2237 0.2279 0.005756.0 0.7173 0.7410- 0/6817 0.2474 0.2570 0.2445 0.2496 0.006572.0 0.7470 0.6483 0.7177 0.2701 0.2767 0.2663 0.2711 0.0053
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Release Kinetics of Model Drug from IN-loaded Crosslinked DCNR Films
T h e  a p p e a r a n c e  o f  tw o  s te p s  o f  IN  p e r m e a t io n  f ro m  a ll c r o s s l in k e d  D C N R  

f i lm s  in  f ig u r e  0 1 , w a s  in v e s t ig a t e d  f o r  a  t r a n s p o r t  b e h a v io r  u s in g  th e  K o rs m e y e r -
P e p p a s  e q u a t io n :

-■  พ  - ............................................................................. ( 0 1 >

w h e re  M t  a n d  M o o  = th e  a m o u n t  o f  d r u g  r e l e a s e d  f ro m  D C N R  f i lm  a t t im e  t 

a n d  th e  to ta l  a m o u n t  o f  d r u g  r e le a s e , r e s p e c t iv e ly  (m g ) ,
k th e  k in e t ic  c o n s ta n t  (h~n) ,
t t im e  (h ) ,
ท = th e  d i f f u s io n  s c a l in g  e x p o n e n t .

T h e n ,  th e  lo g  v a lu e  o f  M f/M o o  w a s  p lo t te d  a g a in s t  lo g . t im e  to  c a lc u la te  th e  

r e le a s e  e x p o n e n t ,  ท a c c o r d in g  to  E q . ( 0 2 )

lo g (  ) =  lo g  k  +  ท lo g  t ......................................................... ( 0 2 )

T h e  f i r s t  d i f f u s io n a l  e x p o n e n ts ,  ท |, f ro m  e a c h  b a tc h  a r e  e q u a l  to  0 .5 6 9 ,
0 .3 5 4 , 0 .6 0 8 ,  0 .6 2 6 , 0 .7 4 8 ,  0 .4 2 3 , a n d  0 .4 6 3  a t  E  =  0 , 0 .1 , 1, 3 , 5 , 7 , a n d  9  V , 
r e s p e c t iv e ly .  T h e  r e s u l t  in d ic a te s  th a t  th e  d r u g  t r a n s p o r t  b e h a y io r  in  th is  r e g io n  c a n  
b e  c o n s id e r e d  a s  th e  F ic k ia n  d i f f u s io n .  F o r  th e  s e c o n d  d i f f u s io n a l  e x p o n e n t ,  ท2 , th e  
v a lu e s  a r e  1 .7 0 5 , 1 .4 7 6 , 1 .2 1 6 , 1 .6 4 4 , 1 .4 0 7 , 1 .4 3 8 , a n d  Ï .6 1 5  a t E  =  0 , 0 .1 , 1, 3 , 5 , 7 , 
a n d  9 V , r e s p e c t iv e ly .  T h i s  t r a n s p o r t  m e c h a n is m  is  c o n s id e re d  a s  S u p e r  C a s e  II 
t r a n s p o r t  w h ic h  r e s u l t s  f ro m  a  r e la x a t io n  o f  p o ly m e r  a n d  a n  e r o s io n  m e c h a n is m  
( S r ia m o m s a k  et al., 2 0 0 7 ) .

T h e  r e le a s e  m e c h a n is m  is  f o r c e - f i t t e d  to  H ig u c h i  e q u a tio n  (ท =  0 .5 )  a n d  th e n  
th e  d i f f u s io n  c o e f f ic ie n t  o f  IN  f ro m  a  c r o s s l in k e d  D C N R  f ilm  c a n  b e  c a lc u la te d  b y  
E q . ( 0 3 ) ,  E q . ( 0 4 ) ,  a n d  E q . ( 0 5 ) :

M t
Moo

=  k t 1/2 ( 0 3 )
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Q  = ^ =  2 C o ( ^ ) l/2.................................................................... ( 0 4 )

M | =  k H Moo t l /2  =  2 C 0 ( ^ 172-) A  t 1/2 .................................... ( 0 5 )M | =  k H Moo t l /2  =  2 C 0 ( ^ 172-) A  t 1/2 .................................... ( 0 5 )

M ./M oo = th e  f r a c t io n a l  d r u g  r e le a s e

kH a k in e t ic  c o n s ta n t  ( w i th  th e  u n i t  o f  f  ”)-
t th e  r e le a s e  t im e

Q th e  a m o u n t  o f  m a te r ia l  f lo w in g  th r o u g h  a  u n i t  c r o s s  s e c t io n  o f  
b a r r i e r  ( g /c m 2) in  u n i t  t im e , t  (ร)

Co th e  in i t i a l  d r u g  c o n c e n t r a t io n  in  th e  f i lm  ( g /c m 3)
D th e  d i f f u s io n  c o e f f ic ie n t  o f  a  d r u g  ( c m 2 /s )
T h e  d i f f u s io n  c o e f f ic ie n t  w a s  c a lc u la te d  f ro m  th e  s lo p e  o f  th e  p lo t  o f  th e  

a m o u n ts  o f  IN  p e r m e a te d  f ro m  I N - lo a d e d  D C N R  a t  t im e  t  v e r s u s  s q u a r e  r o o t  o f  t im e .

ผ)jf
'ซ
-*-*ad>
Eน<L>Q-

c5๐
ร<

0 . 0 0
1 0

T . 1/2 ,.1/2. T im e  (h  )

F i g u r e  0 2  A m o u n t s  o f  IN  p e r m e a te d  f ro m  IN - lo a d e d  D C N R  f ilm  v e r s u s  t i m e 112 
w ith  v a r io u s  e le c t r i c  f ie ld  s t r e n g th s  a t  0 .0 0 3 2  c r o s s l in k  r a t io ,  p H  7 .4 , 3 7  ๐c .
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8e-8

6 e-8

4e-8 -

2 e-8 -

E l e c t r i c  f i e ld  S t r e n g t h  (V )

F ig u r e  0 3  D if f u s io n  c o e f f ic ie n ts  (ทเ ) o f  IN  p e r m e a te d  f ro m  I N - lo a d e d  D C N R  f i lm  
v e r s u s  t i m e 172 w i th  v a r io u s  e le c t r i c  f ie ld  s t r e n g th s  a t  0 .0 0 3 2  c r o s s l in k  r a t io ,  p H  7 .4 , 
3 7  ° c .
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1.6 e -6

1 .4 e-6

1.2 e -6

1.0 e -6

8 .0 e -7

6 .0 e -7  -

4 .0 e -7  -

2 .0 e -7  ?

0 .0

••๐ --  IN -load ed D C N R

■ £

- 5

4  6  8

Electric field Strength (V)
1 0

F ig u r e  0 4  D i f f u s io n  c o e f f ic ie n ts  (ท2 ) o f  IN  p e r m e a te d  f ro m  IN - lo a d e d  D C N R  f i lm  
v e r s u s  t i m e 1/2 w i th  v a r io u s  e le c tr ic  f ie ld  s t r e n g th s  a t  0 .0 0 3 2  c r o s s l in k  r a t io ,  p H  7 .4 ,
3 7  ° c .
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Table 08  T h e  d i f f u s io n  c o e f f ic ie n ts  ( D |)  o f  IN  p e r m e a te d  f ro m  th e  I N - Io a d e d  
D C N R  f i lm s  w i th  v a r io u s  e le c t r ic  f ie ld  s t r e n g th s  a t  0 .0 0 3 2  c r o s s l in k  ra t io , p H  7 .4  
a t 3 7  ๐c

Electric
field

strength
______ CY1_____

Slope
Diffusion
coefficient

(cm2/h)
Diffusion
coefficient

(cm2/s)
Average 
(cm2/ร) SD

0 .0 0 1 9 2 .4 7 E - 0 6 6 .8 6 E - 1 0
0 0 .0 0 1 6 1 .7 5 E -0 6 4 .8 6 E - 1 0 5 .7 4 E - 1 0 1 .0 2 E -1 0

0 .0 0 1 7 1 .9 8 E -0 6 5 .5 0 E - 1 0 -
0 .0 0 2 3 3 .6 2 E - 0 6 1 .0 1 E -0 9

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

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

0 .0 0 5 8 2 .3 0 E - 0 5 6 .3 9 E - 0 9
3 0 .0 0 5 6 2 .1 5 E - 0 5 5 .8 7 E - 0 9 5 .7 0 E - 0 9 8 .5 1 E - 1 0

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

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

7 0 .0 1 9 3 2 .5 5 E - 0 4 7 .0 8 E - 0 8 5 .5 5 E - 0 8 1.4 9 E -0 8
0 .0 1 6 9 1 .9 6 E -0 4 5 .4 4 E -0 8
0 .0 1 3 8 1 .3 0 E -0 4 3 .6 1  E -0 8

9 0 .0 1 6 9 1-9 6 E -0 4 5 . 4 4 E - 0 8 ' 4 .2 4 E - 0 8 1 .0 4 E -0 8
0 .0 1 3 9 1 .3 2 E -0 4 3 .6 7 E - 0 8
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Table 09  T h e  d i f f u s io n  c o e f f ic ie n ts  (ท2) o f  IN  p e r m e a te d  f ro m  th e  I N - lo a d e d  
D C N R  f i lm s  w i th  v a r io u s  e le c t r ic  f ie ld  s t r e n g th s  a t 0 .0 0 3 2  c r o s s l in k  r a t io ,  p H  7 .4  
a t  3 7  ° c

Electric
field

strength
(V)

Slope
Diffusion
coefficient

(cm2/h)
Diffusion
coefficient

(cm2/s)
Average
(cm2/s) SD

0
0 .0 3 5 7 8 .7 3 E -0 4 2 .4 3 E - 0 7

2 .4 6 E - 0 7 1 .7 5 E -0 80 .0 3 7 3 9 .5 3 E -0 4 2 .6 5 E - 0 7
0 .0 3 4 8 8 .2 9 E -0 4 2 .3 0 E - 0 7

0 . 1
0 .0 3 5 6 8 .6 8 E -0 4 2 .4 1 E - 0 7

2 .3 2 E - 0 7 3 .1 S E -0 80 .0 3 6 8 9 .2 7 E -0 4 2 .5 6 E - 0 7
0 .0 3 2 1 7 .0 6 E -0 4 1 .9 6 E -0 7

1
0 .0 5 4 0 2 .0 0 E -0 3 5t5 6 E -0 7

5 .4 6 E - 0 7 3 .7 0 E - 0 80 .0 5 1 5 1 .8 2 E -0 3 5 .0 6 E -0 7
0 .0 5 5 1 2 .0 8 E -0 3 5 .7 8 E -0 7

3
0 .0 5 5 7 2 .1 2 E -0 3 5 .8 9 E -0 7

6 .3 2 E - 0 7 3 .7 7 E - 0 80 .0 5 8 7 2 .3 6 E -0 3 6 .5 6 E -0 7
0 .0 5 8 6 2 .3 5 E -0 3 6 .5 3 E -0 7

5
0 .0 7 1 9 3 .5 4 E -0 3 9 .8 3 E -0 7

1 .0 0 E -0 6 '4 .4 3 E - 0 80 .0 7 4 5 3 .8 0 E -0 3 1.0 6 E -0 6
0 .0 7 1 6 3 .5 1 E -0 3 9 .7 5 E -0 7

7
0 .0 7 8 4 4 .2 1 E -0 3 1 .1 7 E -0 6

1 .1 9 E -0 6 4 .3 4 E - 0 80 .0 8 0 8 4 .4 7 E -0 3 1-2 4 E -0 6
0 .0 7 8 2 4 .1 9 E -0 3 1 .1 6 E -0 6

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

1.4 2 E -0 6 3 .8 3 E - 0 80 .0 8 7 4 5 .2 3 E -0 3 1 .4 5 E -0 6
0 .0 8 5 2 4 .9 7 E -0 3 1 .3 8 E -0 6
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Appendix p Determination of Amounts and Diffusion Coefficient of IN 
Permeated from IN-loaded DCNR Film at Crosslinking Ratio = 0.0032 at 
various Electrode Polarities

j f•aaJ -*-» 3
รนุ
Q«

๐
c3๐
ร<ุ

0 .0 0

Time (h)

Figure PI A m o u n t  o f  IN  p e r m e a te d  f r o m  c r o s s l in k e d  D C N R  f d m  a t  0 .0 0 3 2  
c ro s s l in k  r a t io  v e r s u s  t im e  t u n d e r  th e  c a th o d e ,  th e  a n o d e ,  a n d  th e  a b s e n c e  o f  e le c t r i c  
f ie ld , p H  7 .4 ,  3 7  ๐c .

T h e  to ta l  a m o u n t s 'o f  IN  p e r m e a te d  f ro m  th e  D C N R  f i lm  c o n n e c te d  to  th e  
c a th o d e  a t  0  a n d  3 V  a n d  th e  a n o d e  a t  3 V  o f  e le c t r ic  f ie ld  s t r e n g th  a r e  0 .1 1 8  (1 7  % ) ,
0 .1 8 6  (2 6  % ) ,  a n d  0 .0 4 9  (7  % )  m g , r e s p e c t iv e ly .  T h e  a m o u n t  o f  IN  p e r m e a te d  u n d e r  
th e  n e g a t iv e ly  c h a r g e d  e le c t ro d e  ( c a th o d e  in  th e  d o n o r  p a r t )  is  h ig h e r  th a n  th e  o th e r s  
u n d e r  th e  c a th o d e  w i th o u t  th e  e le c t r i c  f ie ld  a n d  u n d e r  th e  a n o d e , r e s p e c t iv e ly .  T h e  
e le c t r o r e p u ls io n  b e tw e e n  th e  n e g a t iv e  c h a r g e  o f  d r u g  a n d  th e  n e g a t iv e  c h a r g e  o f  
c a th o d e  p r o m o te s  a  f a s t e r  d ru g  r e le a s e  th ro u g h  th e  m e m b r a n e .  W i th o u t  th e  e le c t r i c  
f ie ld , d r u g  c o n c e n t r a t io n  g r a d ie n t  d r iv e s  th e  d r u g  p e r m e a t io n .  U n d e r  th e  a n o d e ,  th e  
e le c t r o a t t r a c t iv e  f o rc e  b e tw e e n  th e  n e g a t i v e  c h a r g e  o f  d r u g  a n d  th e  p o s i t iv e  c h a r g e  o f
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a n o d e  d e l a y s  th e  p e r m e a t io n  o f  IN  th r o u g h  th e  f i lm s  in to  a P B S  b u f f e r  w h ic h  r e s u l t s  
in  th e  lo w e s t  a m o u n t  o f  IN  p e r m e a te d  ( J u n ta n o n  et al., 2 0 0 8 ) .

Release Kinetics of Model Drug from IN-loaded Crosslinked DCNR Films

T h e  a p p e a r a n c e  o f  tw o  s te p s  o f  IN  p e r m e a t io n  f ro m  a ll  c r o s s l in k e d  D C N R  
f i lm s  in  f ig u r e  P I ,  w a s  in v e s t ig a te d  f o r  a  t r a n s p o r t  b e h a v io r  u s in g  K o r s m e y e r -  
P e p p a s  e q u a t io n :

w h e re  a n d  M o o  -

k
t
ท =

ïS=k,n.....................<p,)
th e  a m o u n t  o f  d ru g  r e l e a s e d  f ro m  D C N R  f ilm  a t  t im e  t

a n d  th e  to ta l  a m o u n t o f  d r u g  r e le a s e ,  r e s p e c t iv e ly  ( m g ) , 
th e  k in e t i c  c o n s ta n t  (h"n) , 
t im e  ( h ) ,
th e  d i f f u s io n  s c a l in g  e x p o n e n t .

T h e n ,  th e  lo g  v a l u e  o f  M t /M o o  w a s  p lo t te d  a g a in s t  lo g  t im e  to  c a lc u la t e  th e

r e le a s e  e x p o n e n t ,  ท a c c o r d in g  to  E q . ( P 2 )

l ° g (  7 7 ^" ) =  lo g  k  +  n  lo g  t
IVloo

(P 2 )

T h e  r e le a s e  m e c h a n is m  is  f o rc e - f i t t e d  to  th e  H lg u c h f  e q u a t io n  (ท =  0 .5 )  a n d  
th e n  th e  d i f f u s io n  c o e f f ic ie n t  o f  IN  f r o m  a  c r o s s l in k e d  D C N R  f i lm  c a n  b e  c a lc u la t e d  
b y  E q . ( P 3 ) ,  E q . (P 4 ) , a n d  E q . (P 5 ) :

M t
=  k t 1/2 ( P 3 )

M t D t 1,, 
Q  A  2 C < 0 ( P 4 )
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M l =  k „ M œ t 1/2 =  2 C 0 ( ^ ) A t l / 2 ...................................( P 5 )

w h e re  M t/Moo = th e  f ra c t io n a l  d r u g  r e le a s e

k H a k in e t ic  c o n s ta n t  ( w i th  th e  u n i t  o f  f n)
t th e  r e le a s e  t im e

Q th e  a m o u n t  o f  m a te r ia l  f lo w in g  th r o u g h  a  u n i t  c r o s s  s e c t io n  o f

- b a r r ie r  (g /c m 2) in  u n i t  t im e , t  (ร)

Co th e  in i t ia l  d ru g  c o n c e n t r a t io n  in  th e  f i lm  ( g /c m 3)
D th e  d i f f u s io n  c o e f f ic ie n t  o f  a  d r u g  ( c m 2 /s )

.  T h e  d i f f u s io n  c o e f f ic ie n t  w a s  c a lc u la te d  f ro m  th e  s lo p e  o f  th e  p lo t  o f  th e  
a m o u n ts  o f  IN  p e r m e a te d  f ro m  IN - lo a d e d  D C N R  a t t im e  t v e r s u s  s q u a r e  ro o t  o f  t im e .

E l e c t r i c  f i e l d  S t r e n g t h  (V )

F i g u r e  P 2  T h e  d i f f u s io n  c o e f f ic ie n ts  ( D 2)  o f  IN  p e r m e a te d  f ro m  I N - lo a d e d  D C N R  
f i lm  v e r s u s  t i m e l /2  w i th  0 .0 0 3 2  c r o s s l in k  r a t io  u n d e r  th e  c a th o d e ,  th e  a n o d e , a n d  th e  
a b s e n c e  o f  e le c t r i c  f ie ld , p H  7 .4 , 3 7  ° c .
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Electric field Strength (V)

Figure P3 T h e  d i f f u s io n  c o e f f ic ie n ts  (ท2) o f  IN  p e r m e a te d  f ro m  I N - lo a d e d  D C N R  
f i lm  v e rsu s  t i m e 1,2 w i th  0 .0 0 3 2  c ro s s l in k  r a t io  u n d e r  th e  c a th o d e ,  th e  a n o d e ,  a n d  th e  
a b s e n c e  o f  e le c t r i c  f ie ld , p H  7 .4 , 3 7  ๐c .

Table PI T h e  d i f f u s io n  c o e f f ic ie n ts  (ท เ) o f  IN  p e r m e a te d  f r o m  c r o s s l in k e d  D C N R  
f i lm s  u n d e r  th e  c a th o d e ,  th e  a n o d e ,  a n d  th e  a b s e n c e  o f  e le c t r i c  f ie ld , p H  7 .4  a t 3 7  ๐c

Electric
field

strength (V)
Slope

Diffusion
coefficient

(cni2/h)
Diffusion
coefficient

(cm2/ร)
Average
(cnt/s) SD

0
0 .0 0 1 9 2 .4 7 E -0 6 6 .8 6 E -1 0

5 .7 4 E - 1 0 1 .0 2 E -1 00 .0 0 1 6 1 .7 5 E -0 6 4 .8 6 E - 1 0
0 .0 0 1 7 1 .9 8 E -0 6 5 .5 E -1 0

3 ( c a th o d e )
0 .0 0 5 8 2 .3 0 E -0 5 6 .3 9 E -0 9

5 .7 0 E -0 9 8 .5 2 E - 1 00 .0 0 5 6 2 .1 5 E -0 5 5 .9 7 E -0 9
0 .0 0 5 0 1 .7 1 E -0 5 4 .7 5 E - 0 9

3 (a n o d e )
0 .0 0 4 7 1 .5 1 E -0 5 4 .1 9 E -0 9

4 * 6 4 E -0 9 6 .0 9 E - 1 00 .0 0 4 8 1 .5 8 E -0 5 4 .3 9 E - 0 9
0 .0 0 5 3 1 .9 2 E -0 5 5 .3 3 E -0 9
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Table P2 T h e  d i f f u s io n  c o e f f ic ie n ts  (ท2 ) o f  IN  p e r m e a te d  f ro m  c r o s s l in k e d  D C N R  
f i lm s  u n d e r  th e  c a th o d e , th e  a n o d e , u n d e r  th e  a b s e n c e  o f  e le c t r i c  f ie ld ,  p H  7 .4  a t  3 7
°c

Electric
field

strength (V)
Slope

Diffusion
coefficient

(cm2/h)
Diffusion
coefficient

(cm2/s)
Average
(cm2/s) SD

0
0 .0 3 5 7 8 .7 3 E - 0 4 2 .4 3 E - 0 7

2 .4 6 E - 0 7 1 .7 4 E -0 80 .0 3 7 3 9 .5 3 E - 0 4 2 .6 5 E - 0 7
0 .0 3 4 8 8 .2 9 E - 0 4 2 .3 0 E - 0 7

3 ( c a th o d e )
0 .0 5 5 7 2 .1 2 E - 0 3 -  5 .8 9 E -0 7

6 .3 2 E - 0 7 3 .7 7 E - 0 80 .0 5 8 7 2  3 6 E -0 3 6 .5 6 E - 0 7
0 .0 5 8 6 2 .3 5 E - 0 3 6 .5 3 E - 0 7

3 4 a n o d e )
0 .0 1 2 7 1 .1 0 E -0 4 3 .0 6 E -0 8

2 .8 9 E - 0 8 1 .8 2 E -0 90 .0 1 1 9 9 .7 0 E - 0 5 2 .6 9 E - 0 8
0 .0 1 2 4 1 .0 5 E -0 4 2 .9 2 E -8
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Appendix Q Determination of Amounts and Diffusion Coefficient of IN 
Released from IN-loaded PCz/DCNR Blend Film at Crosslinking Ratio = 0.0032 
with Various Electric Field Strengths under Cathode

Figure Q1 A m o u n t  o f  IN  p e r m e a te d  f ro m  P C z /D C N R  b l e n d  f ilm  a t 0 .0 0 3 2  
c r o s s l in k  r a t io  v e r s u s  t im e  t a t  v a r io u s  e le c t r i c  f ie ld  s t r e n g th s ,  p H  7 .4 , 3 7  ๐c .

Release Kinetics of Model Drug from IN-doped PCz/DCNR Films
T h e  a p p e a r a n c e  o f  tw o  s te p s  o f  IN  p e rm e a t io n  f ro m  a ll c r o s s l in k e d  D C N R  

f i lm s  in  f ig u re  Q l ,  w a s  in v e s t ig a te d  fo r  a  t r a n s p o r t  b e h a v io r  u s in g  th e  K o r s m e y e r -  
P e p p a s  e q u a t io n :

M t
น ิ^, =  k t" ( Q l )
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w h e re  M t  a n d  M o o  -

k
t
ท =

th e  a m o u n t  o f  d ru g  r e le a s e d  f ro m  D C N R  f ilm  a t t im e  t

a n d  th e  to ta l  a m o u n t o f  d r u g  r e le a s e , r e s p e c t iv e ly  (m g ) , 
th e  k in e t i c  c o n s ta n t  (h"n), 
t im e  ( h ) ,
th e  d i f f u s io n  s c a l in g  e x p o n e n t .

T h e n ,  th e  lo g  v a lu e  o f  M t /M o o  w a s  p lo t te d  a g a in s t  lo g  t im e  to  c a lc u la t e  th e  

re le a s e  e x p o n e n t ,  ท a c c o r d in g  to  E q . ( Q 2 )

l° g (  )  =  lo g  k  +  n  lo g  t ......................................................... (Q 2 )
M oo

T h e  r e le a s e  m e c h a n is m  is  f o rc e - f i t t e d  to  th e  H ig u c h i  e q u a t io n  (ท =  0 .5 )  a n d  
th e n  th e  d i f f u s io n  c o e f f ic ie n t  o f  IN  f r o m  a  c r o s s l in k e d  D C N R  f i lm  c a n  b e  c a lc u la t e d  
b y  E q . ( Q 3 ) ,  E q . ( Q 4 ) , a n d  E q . (Q 5 ) :

M t น ' ' ..................................................................
M o o (Q 3 )

M t D t . , 9

Q  A  2  c  » o .................................................. (Q 4 )

-
M , -  k „  Moo t , /2  -  2C (| ( —[-T ) A  t l / 2 ........................ .......... (Q 5 )

w h e re  M t/M oo = th e  f ra c t io n a l  d r u g  r e le a s e

k H a k in e t ic  c o n s ta n t  (w i th  th e  u n i t  o f  t ‘n)
t th e  r e le a s e  t im e

Q th e  a m o u n t o f  m a te r ia l  f lo w in g  th ro u g h  a  u n i t  c ro s s  s e c t i o n  o f
b a r r ie r  ( g /c m 2) in  u n i t  t im e , t  (ร)

C o th e  in it ia l  d r u g  c o n c e n t r a t io n  in  th e  f i lm  ( g /c m 3)
D th e  d if fu s io n  c o e f f ic ie n t  o f  a  d r u g  (c m 2/s )
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T h e  d i f f u s io n  c o e f f ic ie n t  w a s  c a lc u la te d  f ro m  th e  s lo p e  o f  th e  p lo t  o f  th e  
a m o u n ts  o f  IN  p e r m e a te d  f ro m  I N - lo a d e d  D C N R  a t  t im e  t v e r s u s  s q u a re  r o o t  o f  t im e .

F ig u r e  Q 2  A m o u n t s  o f  IN  p e r m e a te d  f ro m  I N - d o p e d  P C z /D C N R  f ilm  v e r s u s  
t i m e 172 w i th  0 .0 0 3 2  c r o s s l in k  r a t io  a t  v a r io u s  e le c t r i c  f ie ld  s t r e n g th s ,  p H  7 .4 , 3 7  ° c .
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F ig u r e  Q 3  D if f u s io n  c o e f f ic ie n ts  ( D |)  o f  IN  p e r m e a te d  f ro m  IN -d o p e d  P C z /D C N R  
b le n d  f i lm  v e rs u s  t i m e l /2  a t v a r io u s  e le c t r i c  f ie ld  s t r e n g th s  u s in g  0 .0 0 3 2  c r o s s l in k  
r a t io ,  p H  7 .4 , 3 7  ๐c .
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F i g u r e  Q 4  D if f u s io n  c o e f f ic ie n ts  ( D 2 ) o f  IN  p e r m e a te d  f ro m  I N - d o p e d  P C z /D C N R  
b le n d  f ilm  v e r s u s  t i m e l/2  w i th  v a r io u s  e le c t r i c  f ie ld  s t r e n g th s  a t  0 .0 0 3 2  c r o s s l in k  
r a t io ,  p H  7 .4 , 3 7  ๐c .



149

Table Q1 T h e  d i f fu s io n  c o e f f ic ie n ts  ( D i )  o f  IN  p e r m e a te d  f ro m  P C z /D C N R  b le n d  
f i lm s  u n d e r  th e  c a th o d e , th e  a n o d e , a n d  th e  a b s e n c e  o f  e le c t r ic  f ie ld ,  p H  7 .4  a t 3 7  ๐c

Electric 
field (V) Slope

Diffusion
coefficient

(cm2/h).
Diffusion
coefficient

(cm2/s)
Average
(cm2/s) SD

0 . 0 0 1 0 7 .0 4 E -0 7 1 .9 6 E -1 0
0 0 .0 0 2 3 3 .7 3 E -0 6 1.0 4 E -0 9 5 .3 8 E - 1 0 4 .4 1 E - 1 0

0 .0 0 1 4 1 .3 8 E -0 6 3 .8 3 E - 1 0
0 .0 0 1 5 1 .5 8 E -0 6 4 .3 9 E - 1 0

1 0 . 0 0 2 0 2 .8 2 E -0 6 7 .8 3 E - 1 0 6 .4 3 E - 1 0 1.81 E - 10
'0 . 0 0 1 9 2 .5 4 E -0 6 7 .0 6 E - 1 0

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

0 .0 0 9 2 5 .9 6 E - 0 5 ' 1 .6 6 E -0 8
0 .0 1 0 6 7.91 E -0 5 2 .2 0 E - 0 8

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

7 0 .0 1 9 3 2 .6 2 E -0 4 7 .2 8 E - 0 8 3 .8 1 E - 0 8 3 .01  E -0 8
0 .0 1 0 7 8 .0 6 E -0 5 2 .2 4 E -0 8
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Table Q2 T h e  d i f f u s io n  c o e f f ic ie n ts  (D 2) o f  IN  p e r m e a te d  f ro m  P C z /D C N R  b le n d  
f i lm s  u n d e r  th e  c a th o d e , th e  a n o d e ,  an d  th e  a b s e n c e  o f  e le c t r i c  f ie ld , p H  7 .4  a t 3 7  ๐c

Electric 
field (V) Slope

Diffusion
coefficient

(cm2/h)
Diffusion
coefficient

(cm2/s)
Average
(cm2/s) SD

0
0 .0 6 1 0 2 .6 2 E -0 3 7 .2 8 E -0 7

8.01 E -0 7 6 .9 7 E -0 80 .0 6 4 3 2 .9 1 E -0 3 8 .0 8 E -0 7
0 .0 6 6 6 3 .1 2 E -0 3 8 .6 7 E -0 7

1
0 .1 0 8 5 8 .2 9 E -0 3 2 .3 0 E - 0 6

2 .1 4 E - 0 6 1 .6 0 E -0 70 .1 0 0 7 7 .1 4 E -0 3 1 .9 8 E -0 6
0 .1 0 4 3 7 .6 6 E -0 3 2 .1 3 Ë - 0 6

3
0 .1 1 9 4 1 .0 0 E -0 2 2 .7 8 E - 0 6

3 .0 0 E -0 6 2 .2 2 E -0 70 .1 2 4 0 1 .0 8 E -0 2 3 .0 0 E - 0 6
0 .1 2 8 2 1 .1 6 E -0 2 3 .2 2 E - 0 6

5
0 .1 8 6 3 2 .4 4 E -0 2 6 .7 8 E - 0 6

7 .1 1 E -0 6 3 .4 8 E -0 70 .1 9 0 2 2 .5 5 E -0 2 7 .0 8 E - 0 6
0 .1 9 5 6 2 .6 9 E -0 2 7 .4 7 E -0 6

7
0 .1 8 7 6 2 .4 8 E -0 2 6 .8 9 E - 0 6

7 .1 2 E -0 6 2 .2 3 E -0 70 .1 9 0 9 2 .5 7 E -0 2 7 .1 4 E -0 6
0 .1 9 3 5 2 .6 4 E -0 2 7 .3 3 E - 0 6
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Appendix R Determination of Amounts and Diffusion Coefficient of IN 
Released from IN-loaded DCNR Film at Crosslinking Ratio = 0.0048 without 
Electric Field

Figure R1 A m o u n t  o f  IN  r e le a s e d  f ro m  D C N R  f i lm  a t 0 .0 0 4 8  c ro s s l in k  r a t io  v e rs u s  
t im e  t w i th o u t  e le c t r i c  f ie ld , p H  7 .4 ,  3 7  °c.

Release Kinetics of Model Drug from IN-loaded DCNR Films
T h e  a p p e a r a n c e  o f  o n e  s te p  o f  IN  r e le a s e  f ro m  a ll c r o s s l in k e d  D C N R  f ilm s  

in  f ig u r e  R l ,  w a s  in v e s t ig a te d  f o r  a  t r a n s p o r t  b e h a v io r  u s in g  th e  K o rs m e y e r - P e p p a s  
e q u a t io n :

M t
Moo

=  k tn ( R l )



Lo
g 

M
t/M

a
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k
t
ท =

where Mt and Moo =
a n d  th e  to ta l  a m o u n t  o f  d r u g  r e le a s e ,  r e s p e c t iv e ly  (m g ) , 
th e  k in e t i c  c o n s ta n t  (h"n), 
t im e  (h ) ,
th e  d i f f u s io n  s c a l in g  e x p o n e n t .

the amount of drug released from DCNR film at time t

T h e n ,  th e  lo g  v a lu e  o f  M f /M o o  w a ร p lo t te d  a g a in s t  lo g  t im e  to  c a lc u la t e  th e  

r e le a s e  e x p o n e n t ,  ท a c c o r d in g  to  E q . ( R 2 )

lo g (  —p -  ) =  lo g  k +  n  lo g  tM oo (R 2 )

F ig u r e  R 2  L o g  (M ,/M oo) v e r s u s  lo g  t im e .
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T h e  r e le a s e  m e c h a n is m  w a s  f o rc e - f i t t e d  to  th e  H ig u c h i  e q u a t io n  (ท =  0 .5 )  
a n d  th e n  th e  d i f f u s io n  c o e f f ic ie n t  o f  IN  f ro m  a  c r o s s l in k e d  D C N R  f i lm  w a s  
c a lc u la te d  b y  E q . (R 3 ) , E q . (R 4 ) , a n d  E q . (R 5 ) :

M t
M c»

=  k t 1/2 ( R 3 )

Q  =
M t D t 1,,
A 2CoO ( R 4 )

M , =  k „  Moo xm - 2 C o  ( ^ 7 ) A  t 1 /2 .................................( R 5 )

w h e re  M t/Moo =

k H
t

Q

Co
D

th e  f ra c t io n a l  d r u g  r e le a s e  
a k in e t ic  c o n s ta n t  ( w i th  th e  u n i t  o f  f n) 
th e  r e le a s e  t im e
th e  a m o u n t  o f  m a te r ia l  f lo w in g  th r o u g h  a  u n i t  c r o s s  s e c t io n  o f
b a r r i e r  ( g /c m 2) in  u n i t  t im e , t (ร)
th e  in i t ia l  d ru g  c o n c e n t r a t io n  in  th e  f i lm  ( g /c m 3)
th e  d i f f u s io n  c o e f f ic ie n t  o f  a d r u g  ( c m 2 /s )

T h e  d i f f u s io n  c o e f f ic ie n t  w a s  c a lc u la te d  f r o m  th e  s lo p e  o f  th e  p lo t  o f  th e  
a m o u n ts  o f  IN  r e le a s e d  f r o m  IN - lo a d e d  D C N R  a t t im e  t v e r s u s  s q u a r e  r o o t  o f  t im e .
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F i g u r e  R 3  A m o u n t s  o f  IN  r e le a s e d  f ro m  IN - lo a d e d  D C N R  f i lm  v e r s u s  t i m e 1/2 w i th
0 .0 0 4 8  c r o s s l in k  r a t io  w i th o u t  e le c t r ic  f ie ld ,  p H  7 .4 , 3 7  °c.

T h e  to ta l  a m o u n t  o f  IN  r e le a s e d  f ro m  th e  D C N R  f ilm  is  0 .1 0 6 7  m g . T h e  
d i f f u s io n a l  e x p o n e n t  a n d  k in e t ic  f a c to r  a r e  1 .3 6 7  a n d  0 .0 1 1 0  f n, r e s p e c t iv e ly .  T h e  
r e s u l t  p r o v id e s  o n ly  o n e - s ta g e  t r a n s p o r t  o f  d ru g  a n d  in d ic a te s  th e  d r u g  t r a n s p o r t  
m e c h a n is m  a s  th e  S u p e r  C a s e  II t r a n s p o r t .  T h e  d i f f u s io n  c o e f f ic ie n t  o f  IN  r e le a s e d  
f ro m  D C N R  f i lm  a t 0 .0 0 4 8  c r o s s l in k  r a t io  is  4 .0 0  ±  0 .7 5  X  1 0 ’9 c m 2 /s .
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Appendix ร The Permeation and Release Times

A  t i m e  r e g i o n  in  t h e  p e r m e a t i o n  b e h a v i o r  o f  IN  t h r o u g h  a  r u b b e r  m a t r i x  a n d  

a  p i g  s k in  c a n  b e  d i v i d e d  i n t o  t h r e e  r e g i m e s .  In  t h e  f i r s t  r e g i m e ,  t h e  a m o u n t  o f  I N  

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

t i m e .  T h e  p e r m e a t i o n  t i m e  o c c u r r e d  f r o m  t h e  n a t u r e s  o f  t h e  D C N R  m a t r i x  ( m o s t l y )  

a n d  t h e  p i g  s k i n  w h i c h  a f f e c t  to  d e l a y  t h e  IN  r e l e a s e  a n d  p e r m e a t i o n .  In  t h e  t h e  

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

t h e  P B S  b u f f e r  p r o v i d i n g  a n  i n c r e a s i n g  a m o u n t  o f  IN  r e l e a s e  a n d  p e r m e a t i o n  a s  a  

f u n c t i o n  o f  t i m e ,  t h e  s o  c a l l e d  t h e  r e l e a s e d u r a t i o n l .  F o r  t h e  t h i r d  r e g i m e ,  t h e  I N  

p e r m e a t e d  t h r o u g h  t h e  D C N R  m a t r i x  w i t h  e r o s i o n  a n d  t h r o u g h  t h e  p i g s k i n ,  t h e  s o  

c a l l e d  t h e  r e l e a s e  d u r a t i o n  2 .

Table S I  P e r m e a t i o n  a n d  r e l e a s e  t im e s  o f  I N  p e r m e a t e d  f r o m  I N - l o a d e d  D C N R  

f i l m s  a n d  P C z / D C N R  b l e n d  f i l m s

Matrix C L Permeatio 
ท time (h)

Release 
duration 1

M
Release 

duration 2
- (h)

Release and 
permeation 

time (h)
N R 0 0 .0 0 0 8 6 .3 1 2 0 .5 2 3 5 .8 8 5 6 .4 0
N R 0 0 .0 0 3 2 6 .8 9 1 3 .1 8 4 3 .6 7 5 6 .8 5
N R 0 0 .0 0 6 4 7 .5 6 1 2 .1 6 4 3 . 5 0 5 5 .6 5
N R O T 0 .0 0 3 2 9 .0 8 1 1 .8 0 4 5 . 2 0 5 7 .0 0
N R 1 0 .0 0 3 2 9 .3 6 1 3 .6 8 4 2 .8 7 5 6 .5 5
N R 3 0 .0 0 3 2 7 .4 6 1 4 .6 3 4 2 .6 7 5 7 .3 0
N R 5 0 .0 0 3 2 2 .9 9 1 8 .5 4 4 0 . 2 9 5 8 .8 3
N R 7 0 .0 0 3 2 0 .5 0 1 8 .4 2 3 7 .5 3 . 5 5 .9 5
N R 9 0 .0 0 3 2 0 .2 3 1 8 .8 7 3 8 .1 3 5 7 .0 0

P C z / N R 0 0 .0 0 3 2 1 1 .2 9 1 6 .5 9 3 8 .1 7 5 4 .7 6
P C z / N R 1 0 .0 0 3 2 6 .2 5 1 7 .6 6 3 8 .8 9 5 6 .5 5
P C z / N R 3 0 .0 0 3 2 2 .2 8 2 0 . 0 0 3 6 .2 5 5 6 .2 5
P C z / N R 5 0 .0 0 3 2 0 .4 2 2 1 . 8 6 3 3 .2 0 5 5 .0 6
P C z / N R 7 0 .0 0 3 2 0 .3 6 2 1 . 6 4 3 3 .5 7 5 5 .2 0
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Appendix T Effect of Amount of UN-loaded into the DCNR Film

Figure T1 A m o u n t  o f  IN  p e r m e a t e d  f r o m  I N - l o a d e d  D C N R  f i lm  a t  v a r i o u s  a m o u n t  

o f  d r u g  l o a d i n g  u n d e r  a n  a p p l i e d  e l e c t r i c  f i e l d  s t r e n g t h  o f  5  V .

A m o u n t s  o f  I N  p e r m e a t e d  f r o m  t h e  D C N R  f i l m  w a s  s i g n i f i c a n t l y  i n f l u e n c e d  

b y  t h e  d r u g - l o a d e d  q u a n t i t y  a s  s h o w n  i n  F i g u r e  T l .  T h e  a m o u n t  o f  IN  p e r m e a t e d  

t h r o u g h  t h e  f i lm  a n d  t h e  p i g  s k i n  a f t e r  4 8  h o u r  i n c r e a s e s  f r o m  0 .2 0 6  ( 2 9  %  ) m g  to

0 .3 0 1  ( 2 7  % )  m g  a n d  0 .4 2 5  ( 2 7  % )  m g  w h e n  t h e  a m o u n t s  o f  d r u g  l o a d e d  v a r i e s  

f r o m  0 .7 1  m g  t o  1 .1 0  m g  a n d  1 .5 6  m g ,  r e s p e c t i v e l y .
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Appendix u  Pore Area to Film Area Ratio

T h e  p o r e  a r e a  t o  f i lm  a r e a  r a t i o s  o f  t h e  I N - l o a d e d  D C N R  f i lm  w i t h  0  a n d  

3  V  o f  e l e c t r i c  f i e l d  s t r e n g t h  g e n e r a l l y  i n c r e a s e  w i t h  t i m e  u n t i l  r e a c h i n g  c o n s t a n t  

v a l u e s ,  a s  s h o w n  in  F i g u r e  U 1 . T h e  f i l m  w i t h  a n  a p p l i e d  e l e c t r i c  f i e l d  a t  a  g i v e n  t i m e  

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

M o r e o v e r  t h e  D C N R  f i l m  w i t h o u t  t h e  d r u g  l o a d e d  s l i g h t l y  g e n e r a t e s  p o r e s  

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

a s  s h o w n  i n  F i g u r e  U 2 .  T h u s  i t  a p p e a r s  t h a t  t h e  p r e s e n c e  o f  t h e  d r u g  c a u s e d  t h e  

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

o n  t h e  m a t r i x  s u r f a c e  w i t h o u t  t h e  d r u g  l o a d e d  o c c u r r e d  a s  a  D C N R  s u r f a c e  

d e g r a d a t i o n  b u t  a t  a  s m a l l e r  d e g re e ไ

—  D "  IN -loaded DCNR, E = 0 V
— o — LN-loaded DCNR, E  =  3 V

Figure U1 Pore area to film area ratio versus time of IN-loaded DCNR film under 0
and 3 V of the electric field strength.
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Figure U2 P o r e  a r e a  t o  f i lm  a r e a  r a t i o  v e r s u s  t i m e  o f  D C N R  f i l m  u n d e r  0  a n d  3  V  o f  - 
t h e  e l e c t r i c  f i e l d  s t r e n g t h .
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14 h 20  h 24 h

28 h 4 0  h

Figure U3 S E M  i m a g e s  o f  D C N R  f i l m  a f t e r  t h e  p e r m e a t i o n  s t u d y  w i t h o u t  a n  

e l e c t r i c  f i e l d  a t  1 0 0  m a g n i f i c a t i o n .



1 6 0

36 h 4 0  h 44  h

Figure U 4  S E M  i m a g e s  o f  I N - l o a d e d  D C N R  f i l m  a f t e r  t h e  p e r m e a t i o n  s t u d y  * 

w i t h o u t  a n  e l e c t r i c  f i e l d  a t  5 0  m a g n i f i c a t i o n .
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24 h 4 0  h 44 h

Figure U 5  S E M  i m a g e s  o f  D C N R  f i lm  a f t e r  t h e  p e r m e a t i o n  s tu d y  w i t h  a n  e l e c t r i c  

f i e l d  ( E  =  3  V )  a t  1 0 0  m a g n i f i c a t i o n .



1 6 2

12 h 16 h

Figure U 6  S E M  i m a g e s  o f  I N - l o a d  D C N R  f i l m  a f t e r  t h e  p e r m e a t i o n  s t u d y  w i t h  a n

e l e c t r i c  f i e l d  ( E  =  3  V ) .
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