
CHAPTER III

RESULTS

1. Solubility of Nifedipine

The s o l u b i l i t i e s  o f  NFP i n  v a r i o u s  s o l v e n t s  
i n c l u d i n g  w a t e r  was shown i n  T a b l e  10.  I t  was f o u n d  t h a t  
t h e  s o l u b i l i t i e s  o f  NFP i n  v a r i o u s  s o l v e n t s  w e re  g r e a t e r  
t h a n  i n  w a t e r  and  p h o s p h a t e  b u f f e r  pH 7 . 4  s o l u t i o n  ( P BS ) .  
The r e s u l t s  i n d i c a t e d  t h a t  NFP was p r a c t i c a l l y  i n s o l u b l e  
i n  w a t e r ,  PBS and t h e  m i x t u r e  o f  20% v / v  PEG 400 i n  
p h o s p h a t e  b u f f e r  pH 7 . 4  s o l u t i o n ,  t h e  e l u t i o n  medium f o r  
s k i n  p e r m e a t i o n  s t u d y  o f  t h i s  r e s e a c h .  I t s  s o l u b i l i t i e s  
i n  t h e s e  t h r e e  s o l v e n t s  w e re  a b o u t  7 . 7 9  X 10~^ ,  
7 . 2 5  X 10“ 5 and 8 . 6 1  X 10- ^ g / 1 0 0  ml ,  r e s p e c t i v e l y .
However ,  NFP showed a s u b s t a n t i a l l y  more  s o l u b l e  i n  t h e  
e l u t i o n  medium t h a n  i n  p u r e  PBS. I n  a r e p o r t  by C h i e n  
( 1 9 8 2 ) ,  t h e  a d d i t i o n  o f  a c o - s o l v e n t  i n t o  t h e  e l u t i o n  
medium i n c r e a s e d  t h e  s o l u b i l i t y  o f  d r u g ,  t h u s  t h e  a d d i t i o n  
o f  PEG 400 i n t o  PBS a s  t h e  e l u t i o n  medium,  m i g h t  p r o v i d e  
and m a i n t a i n  a s i n k  c o n d i t i o n  r e q u i r e d  f o r  i n - v i t r o  s k i n  
p e r m e a t i o n  s t u d y  f o r  NFP t r a n s d e r m a l  d e l i v e r y  s y s t e m .



T a b l e  ไ0 The  S o l u b i l i t i e s  o f  N i f e d i p i n e  -ill W a f e r  a n d  o t h e r  S o l v e n t s  a t  3 7 ° c

S o l v e n t c o n e . o f  NFP S o i u b i l i t y

( m c g / m  1 ) g / 1 . 0 0 ni 1

1 R e v e r s e  o s m o s i s  t r e a t e d  w a t e r 0 . 7 7 8 5  + 0 . 0 1 9 6 7 . 7 9  X 1 0 ~ 5 P r a c  t i  c  a 1 i ทs o l น b 1 e 
( 1 : 1 , 2 8 3 , 6 9 7 )

2 P h o s p h a t e  b u f f e r  pl'l 7 . 1  S o l u t i o n 0 . 7 2 1 8  + 0 . 0  ใ 7 โ) 7 , 2 5  X 1 O " 5 P r a  O t i  c  a 1 i n s o l u b l e  
( 1 : 1 , 3 7 9 , 3 1 0 )

3 M i x t u r e  o f  PBS + PUG 10 0  20% v / v 8 . 6 1 1 1  + 0 . 8 3 9 1 8 . 6 1  X 1 0 " 4 P r a c t i c a l  i n s o l u b l e  
( 1 : 1 1 6 , 1 4 4 )

4 0 l y c e r o l 0 . 7 9 2 8  + 0 . 0 8 1 6 7 . 9  X 1 0 ' 5 P r a c t i c a l  i n s o l u b l e  
( 1 : 1 , 2 6 1 , 0 3 4 )

5 M i x t u r e  o f  g l y c e r o l  + w a t e r  
( 1 : 1 )

2 . 8 7 6 1  + 0 . 1 0 6 9 2 . 8 8  X 1 0 ~ 4 P r a c t i c a l  i n s o l u b l e  
(1 ะ 3 4 7 12 2 2  )

0 P r o p y l e n e  g l y c o l  (PC!) 5 3 . 1 6 9 6 +  6 . 2 6 2 1 5 . 3 5  X 1 O ' 3 P r a c t i c a l  i n s o l u b l e  
( 1 : 1 8 , 6 9 1 )

ท1 M i x t u r e  o f  p n  + w a t e r  ( 1 : 1 ) 1 3 . 0 7 0 9 3  + 3 . 2 2 5 6 1 . 3 1  X 1 0 ' 3 P r a c t i c a l  i n s o l u b l e  
( 1 : 2 3 , 2 0 1 )

8 A b ร o 1 น t  e a  1 c  O h 0 1 (Ah ร .Al. c  ) 6 9 . 7 8 1 1  + 2 . 3 7 6  2 9 . 6 8  X 1 0 " 3 Vc  r  y  ร 1 i g h  1.1 y s  0 .1 ub  1 e 
( 1 : 1 0 13 3 0 )

9 M i  X  t  น r  e  O f  Ab ร . A1 c  + wa 1: <; r  
( 1 ะ 1 )

9 1 . 2 7 6  3 + 2 . 0 1 0 5 9 . 1  3 X 1 0 "  3 V e  r  y  s i  i g h  t: 1 y  s o l  U  b  1 e 
( I l  1 0 6 0 4  )

^ a v e r a g e  c o n c e n t r a t i o n  o f  h'FP f r o m  T r i p l i c a t e  r u n  (N = 3)
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2. Physical characteristics of Nifedipine Transdermal 
delivery system

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

2 . 1  Pluronic F-127 gel matrix

From t h e  p h y s i c a l  c h a r a c t e r i s t i c s  showed i n  T a b l e  
11,  12 and  13,  t h e  c o n s i s t e n c y  o f  g e l  i n c r e a s e d  w i t h
i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  P F - 1 2 7 .  S m a l l  a i r  b u b b l e s  
a p p e a r e d  d u r i n g  p r e p a r i n g  p j r o c r e s s  and  w e re  p r o m i n e n t  a t  
h i g h e r  c o n c e n t r a t i o n  o f  g e l l i n g  a g e n t s .  However ,  t h e s e  
a i r  b u b b l e s  d i s a p p e a r e d  when s t o r e d  t h e  m i x t u r e  i n  
r e f i g e r a t o r .  The h i g h e s t  c o n c e n t r a t i o n ,  50% พ/พ,  o f  
P F -1 2 7  was v e r y  d i f f i c u l t  t o  p r e p a r e .  I t  t o o k  much more 
t i m e s  t o  be  c o m p l e t l y  d i s p e r s e d  b u t  i t  p r o v i d e d  h i g h e r  
c o n s i s t e n c y  t h a n  t h e  l o w e r  c o n c e n t r a t i o n s ,  30% พ/พ and 
40% พ.พ.  The r e s i d u e  o f  g e l  m a t r i x  when a p p l i e d  on t h e  
s u r f a c e  o f  s k i n  was o b s e r v e d .  I t  was f o u n d  t h a t  t h e  
r e s i d u e  i n c r e a s e d  when d e c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  
P F - 1 2 7 .  I n c o r p o r a t i o n  o f  PG, g l y c e r o l ,  o r  PEG 400 c o u l d  
r e d u c e  t h i s  p r o b l e m  and i mp r o v e  t h e  c o n s i s t e n c y  o f  
p r e p a r t a t i o n .

A f t e r  s t o r e d  i n  r e f i g e r a t o r ,  p r e p a r a t i o n  o f  30% 
พ/พ and  40% พ/พ p o l y m e r  c o m p l e t e l y  d i s p e r s e d  w i t h i n  24 
h o u r s ,  w h i l e  t h a t  o f  50% พ/พ p o l y m e r  t o o k  more  t i m e s ,



T a b l e  11 P h y s i c a l  C h a r a c t e r i s t i c s  O b t a i n e d  f r o m  30% พ / พ  P l n r o n t c  F - 1 2 7  g e l  m a t r i c e s .

^  P r e p .  No 
P h y s  i c a l \ .  
C h a r a c t e r  i ร t ioï? 'v.

1 OZ 3 4 5 0 7 8 9 1 0 12 13 14

D i f f i c u l t y  in  
p r e p a r i n g ^

- - - - - - - - - - - - -

c  1 ล r  i t  y ̂ + t- + + + + + + + + +

A i r  b u b b l e  ■ - - - - - - - - - - - - -

R e s i d u e ^  on 
A p p l i c a t 1 on

+ 4 + 4 + 3 + 3 + 3 + 4 + 4 + 4 + 4 + 4 + 4 + 4 '+4

Con s  i ร t e n c y ^ + 2 + 2 + 2 + 2 . 5 + 2 + 2 . 5 + 2- + 2 + 2 + 2 + 2 + 2 +  2  . 0

1.  The  n u m b e r  o f  t h e  s y m b o l s  o f  ( + )  a n d  ( - )  s h o w e d  a d e g r e e  o f  i n t e n s i t y  a n d  
a p p e a r a ท c e , r  e s p e o t i v e l y .

2 .  C l a r i t y  ะ ( + ) = t r a n s p a r e n t ,  ( - )  ะ: t r a n s l u c e n t .

3.  C o n s i s t e n c y  ะ OI ) ร O r V e d b y h a ท d - P r e  ร ร e d พ i t h SCO r  i n g  a s  f 0 1 1 o พ
a  ) + 5 = s o l i d  f i :ฯno d m a t r i x a  ท d 1 e a v e d n o  i m p r e s s i o n  w h e n  p r e s s e d
b ) -f 4 -  ร O 1 i d  f  i r m o d ma t r  i X a  n d ] c a v e d i. Ill P r  e  ร ร i o  ท พ h e  ท p r e s s e d .
e  ) + 3 ะ h a  r  d g  e  1
e ) + 2 -  s o i t  g  Ci l «

d ) + 1 ะ: c r e a m  111k e d  .

no

00
00



T a b l e  12 P h y s i c a l  C h a r HO I' o r  i ร 1 i OS O b t a i n e d  f r o m  \ 0 %  พ / พ  P l u  r o n  Le F - 1 27 g 0 1 ma  t r i c e s .

ใ .  T h e  n u m b e r  o f  t h e  s y m b o l s  o f  ( + )  a n d  ( - )  s h o w e d  a  d e g r e e  o f  i n t e n s i t y  a n d  n o  
a p p e a r a n c e , r e s p e c t i  v e l y .

2 .  C l a r i t y  ะ ( + )  = t r a n s p a r e n t ,  ( - )  -  t r a n s l u c e n t .

3 .  C o n s i s t e n c y  : o b s e r v e d  b y  h a n d - p r e s s e d  w i t h  s c o r i n g '  a s  f o l l o w
a  ) + 5 -  ร o  1 i d f  i r i n e d m a t r i X a  ท d  ! e  a  V e  d ท๐ i i n p r e s s - i . o ท w h e n  p r e s s e d
b ) + 4 -  s o l  i d  f i 1 Ti led ท) a  t  r  i  X a n d  l e a v e d i m p r e s s i o n  w h e n  p r e s s e d .
o ) + 3 = h a r d  g e l .
e  ) + 2 -  s o f t ,  g e l 1
d ) + 1 -  c r e a m  11 k  e  d  .

00
C D



T a l l i n  13 P h y s  lf:al.  O h a r a n  ( . e r i s t i c s  O b t a i n e d  f r o m  โ)0% พ/พ P l u r o n i c  P - 1 2 7  Mel  m a t r i c e s .

1 . T h e  n u m b e r  o f  t h e  s y m b o l s  o f  ( + ) a n d  ( - )  s h o w e d  a  d e g r e e  o f  i n t e n s i t y  a n d  no  
a  P P o a  l ' a  ท O e  I r  f ; ร])e  e  t  i v e l y .

2 .  C l a r i t y  : ( + )  n t r a n s p a r e n t ,  ( - )  ะ t r a n s l u c e n t .

3 .  C o n s i s t e n c y  ะ o b s e r v e d  b y  h a n d - p r e s s e d  w i t h  s c o r i n g  a s  f o l l o w
a  ) + 5 ะ s o l i d  r  i. r m e d ma 1. r  i. X a rid 1 e  a  V e d no  j III p r e s  s i Lon wh e n p r e s s e
b) + 4 ะ s o l i  d  (' i f ined mal . r  i X a ml 1 c a v e d i m p r e s s i o n w h e n  p n : J s s e d  .
c  ) + 3 = h a r d  g e l .

e ) + 2 ะ s o f t  g e l .

d ) + 1 = c r e a m  1 1 l i ed . * นวo
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a b o u t  36 h o u r s .  However ,  a l l  p r e p a r a t i o n s  e x h i b i t e d  
c l e a r ,  y e l l o w i s h  g e l  w i t h o u t  p r e c i p i t a t i o n  o f  NFP a f t e r  
i n c u b a t e d  f o r  24 h o u r s  a t  room t e m p e r a t u r e .

2 . 2  A e r o s i l  A-200  g e l  m a t r i x

The p h y s i c a l  c h a r a c t e r i s t i c s  o f  NFP t r a n s d e r m a l  
p r e p a r a t i o n  c o n t a i n i n g  Ae-200  w e re  shown i n  T a b l e s  14 and 
15.  No a i r  b u b b l e s  was o b t a i n e d  i n  t h e s e  g e l s .  The 
p r e p a r a t i o n  o f  30% พ/พ p o l y m e r  showed b e t t e r  c o n s i s t e n c y  
and b e t t e r  p h y s i c a l  a p p e a r a n c e ,  h o w e v e r ,  i t  was more 
d i f f i c u l t  t o  p r e p a r e  t h a n  t h e  o t h e r ,  20% พ/พ o f  A e - 2 0 0 .  
T h i s  p r o b l e m  m i g h t  be  r e d u c e d  by  i n c o r p o r a t i n g  PEG 40 0 .  
PEG 400 might '  a l s o  i mp r o v e  t h e  c l a r i t y  o f  g e l  m a t r i c e s .  
The c o n s i s t e n c y  o f  g e l  m a t r i c e s  w h i c h  d ue d  t o  t h e  
p r o p e r t i e s  o f  PG and  g l y c e r o l  was o b s e r v e d .  I t  was f o u n d  
t h a t  s u i t a b l e  c o n c e n t r a t i o n s  o f  b o t h  o r g a n i c  m o d i f i e r s  
r a n g e d  f ro m  > 25% พ/พ t o  < 45% พ/พ.  C o n c e n t r a t i o n  l o w e r  
t h a n  25% พ/พ p r o v i d e d  r i g i d  g e l  w h i c h  m i g h t  c r a c k  when 
s t o r e d  a t  room t e m p e r a t u r e .  I n  a d d i t i o n ,  c o n c e n t r a t i o n  
h i g h e r  t h a n  45% พ/พ p r o v i d e d  l i q u i d  g e l  w h i c k  t o o k  
much more  t i m e ,  o v e r  72 h o u r s  t o  t r a n s f o r m  t o  h a r d  g e l .  
T h u s ,  t h e  p r e c i p i t a t i o n  o f  NFP i n  g e l  m a t r i x  m i g h t  o c c u r .  
S u i t a b l e  c o n c e n t r a t i o n s  o f  PEG 400 w e r e  n o t  more  t h a n  
35%w/w, s i n c e  h i g h e r  c o n c e n t r a t i o n  m i g h t  a l s o  p r o v i d e  s o f t
g e l .



T a b l e  14 P h y s  i on ] C h a r a c t e r !  s t i e s  O b t a i n e d  f rom 20% พ/พ A e r o s i l  A - 2 0 0  g e l  m a t r i c e s .

1.  T h e  n u m b e r  o f  t h e  s y m b o l s  o f  { + ) a n d  ( - )  s h o w e d  a  d e c r e e  o f  i n t e n s i t y  a r i d  no  
a p p e a r a n c e ,  r e s p e c t i v e J y .

2 .  C l a r i t y  ะ ( + )  ะ t r a n s p a r e n t ,  { - )  ะ t r a n s l u c e n t .

3 .  C o n s i s t e n c y  ะ o b s e r v e d  b y  h a n d - p r e s s e d  w i t h  s c o r i n g  a s  f o l l o w
a )  +โ. = s o l i d  f i r m e d  m a t r i x  a n d  l e a v e d  n o  i m p r e s s i o n  wh e n  p r e s s e d .
b)  +4 - s o l i d  f i n n e d  m a t r i x  a n d  l e a v e d  i m p r e s s i o n  w h e n  p r e s s e d ,  
e )  +3 ะ: h a r d  g e l  .
e )  +2 = s o  f t  g e l .
เ] ) +1 ะ: c r e a m  ] j 1<ed .

นว ro



T a b l e  15 P h y s  i C O  1 Cha r a c  he r  1 ร 1. 1 c s O b t a i n e d  f r o m  30% พ/พ Acr o s i l  A - 200 g e l  m a t r i c e s .

1.  T h e  n u m b e r  o f  t h e  s y m b o l s  o f  ( + )  a n d  ( “ ) s h o w e d  a  d e g r e e  o f  i n t e n s i t y  a n d  n o  
a P P e a  r  a  ท c e , r e s p e c น. Ve 1 y .

2 .  C l a r i t y  ะ ( + ) = t r a n s p a r e n t ,  ( - )  = t r a n s l u c e n t .

3 .  C o n s i s t e n c y  ะ o b s e r v e d  b y  h a n d - p r e s s e d  wi  ti l  s c o r i n g  a s  f o l l o w
a  ) + 5 ะะ s o l i  d f  i r II!ed m a t r i x a n d 1. e a  v e d n o  i m p i ' e s s i o n  wh e n  p r e s s e d
b ) + '1 ะ s o l i d  f i ril led m a t r i x a n d l e a v e d i m p r e s s i  on w h e n  p r e s s e d .
c ) + 3 ะ h a r d  g e l 1
e ) + 2 ะ s o f t  g e 1 .
d ) + 1 ะ c r e a m  1 i t e d  .

นว GO



94

2 . 3  Pluronic F-127-Aerosil A-200 Gel Matrix

The o b j e c t i v e  i n  u s i n g  c o mb i n ed  g e l l i n g  a g e n t s  
was t o  i mp r o v e  t h e  p h y s i c a l  a p p e a r a n c e  o f  g e l  m a t r i c e s .  
Ae -200  c o u l d  be  u s e d  a s  t h i c k e n i n g  a g e n t  f o r  i m p r o v i n g  t h e  
c o n s i s t e n c y  and  r e d u c i n g  t h e  t r a n s f o r m a t i o n  t i m e  o f  P F -1 2 7  
g e l .  The r e s u l t  was shown i n  T a b l e  16.  The s u i t a b l e  
c o n c e n t r a t i o n  o f  Ae-200  was be l ow  10% พ/พ w i t h  P F -1 2 7
50% พ/พ.

2 . 4  The Selected Formulations of NFP Transdermal
Deliver Preparations for Permeation study

From t h e  r e s u l t s  o f  p h y s i c a l  c h a r a c t e r i s t i e s  
s t u d y  o f  NFP t r a n s d e r m a l  d e l i v e r y  p r e p a r a t i o n s ,  t h e  
d e s i r e d  NFP p r e p a r a t i o n s  f o r  e v a l u a t i o n  w e r e  shown i n  
T a b l e s  17,  18,  19 and 20.

F o r  P F - 1 2 7  g e l  m a t r i c e s  ( T a b l e  1 7 ) ,  t h e  d e s i r e d  
p r e p a r a t i o n  composed  o f  50% พ/พ o f  P F - 1 2 7 ,  3-6% o f  A e - 2 0 0 ,  
5-10% พ/พ o f  g l y c e r o l  o r  PG a n d / o r  10-15% พ/พ o f  PEG 4 00 .  
F o r  Ae-200  g e l  m a t r i c e s  ( T a b l e  1 8 ) ,  t h e y  c o n s i s t e d  o f  30% 
พ/พ Ae-200  a s  d r u g  c a r r i e r .  The o t h e r  a d d i t i v e s  we re  
g l y c e r o l  o r  PG a t  t h e  r a n g e  o f  27-35% พ/พ,  15-25% พ/พ o f  
PEG 400 a n d / o r  1% พ/พ o f  HPMC.



Table 16 P h y s i c a l  C l m r a c  t e r i  St. i o s  o t a i n e d  f r o m  C o m b i n e d  P b i p o n i c  F - 1 2 7  3 0 - 5 0 %  พ/พ a n d  A e r o s i l  A - 2 0 0  2 - 1 0 %  พ/ พ Ge l  M a t r i c e s .

P u l r o n  i c  F - 1 2 7 30% ( พ/ พ ‘10% { พ / พ ) 50% ( พ / พ )

A e r o . s . i l  A - 2 0 0  (% พ/พ') 2 5 1 0 5 10 5 1 0 2 5 น)  5 1 0 ' 5 น) 2 โ) 1 0  5 10 5 . 1 0

" "  ■"■—- ^ ^  P r e p .  N o .  
P h y ร โ e  —
C h a r a e  t e r  i  ร t. ies~~~~

7 0 8 0 81 8 2 8 3 81 8 ะ') 8 0 87 8 8  8 9 9 0 91 9 2 9 3 91 0 5  0 0  9 7 9 8  9 9

D i f f i c u l t y  i l l
p r e p a r i n g ^

+ + + + + + + + + + + + f + + + + + + + + + + + + + + + + + +

C l a r i t y 2 + - - + + + + - - + + + + + - - -  + + + +

A i r  b u b b l e - - - - - - - + - - - - - + + + -

R e s i d u e ^ + + + + + + + - - - - - - - - - -

C o n s  1 ร t e n o y ' + 2 . 5 + 3 + 3 + 3 + 3 + 3 + 3 + 3 + 3 + 3 . 5  + 4 + 4 + 1 + 4 + 3 . ว + 4 + 4 . 5  + 4 . 5  + 4 . 5 + 4 . 5  + 4 . 5

1 T h e  n u m b e r  o f  t :he  s y m b o l s  o f  ( + ) a n d  ( - )  s h e l v e d  a  d e g r e e  o f  i n t e n s i t y  a n d  n o  
a p p e a r a n c e  1 r e s  p e e  t, i v e l  y .

2 .  C l a r i t y  ; ( + ) -  t r a n s p a r e n t ,  ( - )  ะ t r a n s l u c e n t .

C o n s i ร e n o y  : o b s e r v e c b y  h a n d - p r e s s e d  พ' i t .h s c o r i n g  n s  Pol . ow
ท) +5 -  s o l i d f i r u l ed mat  r i  X a n d  l e a v e d n o  i m p r e s s i o n  w h e n p r e s s e d
1) ) + 4 -  s o l  i d  f  i r m e d m a t r i x  a n d  l e a v e d i Hi p r  0 a  ร i Ü ท K h 11 p /' «?SS(üd .
C)  +3 -  h a r d  g e l
e )  +2 -  s o f t  g e l .

rf) +1 ะ c r e a m  1 i l i e d .
+๐
cn



T a b l e  า7T a b l e  17 T h e  D e s i r t  
F - 127 GeJ

ïd Prey);? 
a a  Drug

r a t i o n s  o f  
C'a r  r  i e r  .

Ni. f e d i P i ท e -TDDs U s i n g  P i น r  o ท i r

Tng r e d  i en  l.s
pe  rot? 111 O f i n  g r e d  i e n  !. ร i  ท e a c h p r é p a r a i i on  (% พ/พ )

P01 PO 2 PO 3 PO 4 PO 5 PO G PO 7 P0B PO 9 P10

N . i f e d j  p i n e 1 1 1 1 1 1 1 1 1 1

P l u r o n i  c  F - 127 50 5 0 50 5 0 50 50 50 50 50 50

G l y c e r i n e - - 10 7 . 5 7 . 5 7 . 5 - - - -

P r o p y  1 eneg.1 y e o l - - - - - - 10 7 . 5 7 . 5 7 . 5

PEG 4 00 - - - - 10 1 5 - - 1 0 15

A e r o  s i 1 O•J 6 6 6 G . 6 6 6 6 6

LO
CT)



T a b l e  ใ8 The D e s i r e d  P r e p a r a t i o n s  o f  N i f e d i p i n e - T D D s  U s i n g  A e r o s i l  
A-200 (ไe l  a s  Drug C a r r i e r .

I n g i ' ed : i  en  cร
P e r c e n t  o f i n g r e d i e n t s  i n e a c h P r  e P a  r  a. t  i. ๐ ท ( % พ/พ)

AO 1 AO 2 AO 3 A0 4 A0 5 A0 6 A0 7 A0 B AO 9 A1 0 A11 A12

Ni f e d  i.p i. lie 1 I า 1 1 1 1 1 ไ 1 1 1

A e r o s i  ] A - 2 0 0 3 0 30 3 0 3 0 30 30 3 0 30 30 30 30 30

G l y c e r i n e 27 3 5 27 27 27 27 - - - - - -

P r o p y l e n e g l y c o 1 - - - - - - 27 3 5 27 27 27 27

PEG 400 - - 15 25 .1 5 25 - - 15 25 1 5 25

HPMO - - - - 1 1 - - - - 1 1



T a b l e  19 P h y s i c a l  C h a r a c t e r i s t i c s  O b t a i n e d  f rom D e s i r e d  N i f e d . i p i n e - T D D s

P r e p a r a t i o n s  U s i n g  PI u r o i u c  F-1.27 Gel. a s  Drug C a r r i e r .

1.  The n um be r  o f  t h e  s y m b o l s  o f  (+) a n d  ( - )  showed  a d e g r e e  o f  i n t e n s i t y  and  no 
a p p e a r a n c e , r e s p e c t i v e l y .

2.  C l a r i t y  ะ ( + ) ะ t r a n s p a r e n t ,  ( - )  ะะ t r a n s l u c e n t .

3.  C o n s i s t e n c y  : o b s e r v e d  b y  h a n d - p r e s s e d  w i t h  s c o r i n g  a s  f o l l o w
a)  +5 = s o l i d  f i r m e d  m a t r i x  a n d  l e a v e d  no i m p r e s s i o n  when p r e s s e d .
b) +4 ะ: s o l i d  f i r m e d  m a t r i x  and  l e a v e d  i m p r e s s i o n  when p r e s s e d .
c )  +3 - h a r d  g e l . 
e l  +2 = s o  f  I. ge ]. .

to
CO



T a b l e  20 P h y s i c a l  C h a r a o  I e r  J s  l.'i OS O b t a i  n e d  f r o m  Des  i r o d  N i f o d i  p i n o ~ T D I ) s  

p r e p a r a t i o n s  แร i  Iไ3  Ae r o ร i. ] A-  2 00  ( j e 1 a ร Dr  นg' C a r  r  i. e r  .

1. T h e  n u m b e r  o f Idle s y m b o l s ๐ i‘ ( + ) and.  ( -  ) s h o w e d  a  d e g r e e  o f  i n L e ท ร i  !.. y
a p p e a r a n c e ,  r e ร p e c  f. i VC 1. y  .

2 . 0 ] a r i  r.y : ( + ) ะ t r a n s p a r e n t . , ( - ) - b r a n s 1 l i ce  ท 1 .

3 . C o n s i  s t f i i i c y  : o b s e r v e d  b y h a n d -  pi ' c  ร ร e d  พ i Lh s c o r i n g  I A S  f o l l o w
ท) +f) -  so l .  ill fi.  ri l led m a t r  i. X a n d 1 e a v e d n o  i m p r e s s i o n  w h e n  p r e s s e d  .
b ) + '1 ะะ s o l i d โ i ri l led mal r  i V a ท d 1 e a v e d i m p r e s s i o n  w h e n  p r e s s e d .
1: ) +3 -  h a r d g e l  .
( : ) + 2 - s o l i . g e l  .
d )  +1 ะ: c r e a m ไ. i b e d .

11 o

นว นว
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A l l  t w e n t y  two s e l e c t e d  p r e p a r a t i o n s  p r o v i d e d  
good p h y s i c a l  a p p e a r a n c e ,  good  c o n s i s t e n c y  and  t o o k  a 
s h o r t  t i m e  f o r  g e l  t r a n s f o r m a t i o n .

3 .  Permeation study

3 . 1  Determination of Optimal stirring Rate

The r e s u l t s  f o r  t h e  d e t e r m i n a t i o n  o f  o p t i m a l  
s t i r r i n g  r a t e  f o r  e a c h  d i f f u s i o n  c e l l  was r u n  by t h e  
me t hod  o f  Gummer and e t . a l . ,  ( 1 9 8 7 )  w e r e  shown i n  T a b l e  
21 .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  s u i t a b l e  s t i r r i n g  
r a t e ,  f o r  e a c h  a s s e m b l y ,  wh i c h  c o m p l e t e l y  d i s p e r s e d  o f  
mauve c o l o r a t i o n  f rom p e r m a n g a n a t e  c r y s t a l  w i t h i n  30 
s e c o n d s  was 90 rpm.  by e x t e r n a l  d r i v i n g  u n i t .  T h i s
s t i r r i n g  r a t e  p r o v i d e d  good h y d r o d y n a m i c s  o f  e l u t i o n  
medium t o  r e d u c e  t h e  e f f e c t  o f  a q u e o u s  b o u n d a r y  l a y e r .  I t  
was t h e  s t i r r i n g  r a t e  u s e d  f o r  t h e  i n - v i t r o  s k i n
p e r m e a t i o n  o f  NFP-TDDs p r e p a r a t i o n  f o r  t h i s  r e s e a r c h  
s t u d y .

3 . 2  Determination of Temperature Control

To d e t e r m i n e  t h e  o p t i m a l  t e m p e r a t u r e  f o r  t h e  i n -  

v i t r o  s k i n  p e r m e a t i o n  s t u d y ,  t h e  t e m p e r a t u r e  o f  e l u t i o n  
medium,  " i n n e r  t e m p e r a t u r e ,  I T " ,  and  t h e  t e m p e r a t u r e  o f  
w a t e r  i n  t h e  w a t e r  j a c k e t , "  o u t e r  t e m p e r a t u r e ,  OT" , t h a t  
c o r r e l a t e d  t o  t h e  s c a l e  o f  t e m p e r a t u r e  a d j u s t a b l e  knob



T a b l e  21 T h e  A v e r a g e  T i m e  t o  D i s p e r s e  o f  M a u v e  C o l o r a t i o n  f r o m  T h e  P e r m a n g a n a t e  C r y s t a l

O b t a i n e d f rom Each i n -  v i  t r o P e r m e a t i o n .  A p p a r a t u s  .

D i f f u s i o n  c e l l A B c

ร t i  V r i  ทg r a t e  ( r p m . ) 6 0 7 0 8 0  9 0 1 0 0 6 0 7 0 8 0 9 0 1 0 0 6 0 7 0 8 0 9 0 1 0 0

Times  ( s e c o n d )* 8 5 6 3 4 7 2 9 2 2 1 0  3 7 4 3 7 2 6 2 3 91 6 1 4 4 27 2 3

E a c h  d a t a  r e p r e s s e n t s  t h e  m e a n  o f  t r i p l i c a t e  d e t e r m i n a t i o n

101
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w e re  d e t e c t e d .  The r e s u l t s  f ro m  t h r e e  d i f f u s i o n  c e l l s  
w e re  shown i n  T a b l e  22 .  I t  was f o u n d  t h a t  t h e  s c a l e  o f  
a d j u s t a b l e  knob o f  e a c h  e x t e r n a l  t h e r m o s t a t i c  p l a t e ,  A, B, 
c t h a t  c o u l d  p r o v i d e  and m a i n t a i n  a c o n s t a n t  t e m p e r a t u r e  
o f  d i f f u s i o n  c e l l  a t  37 + l ° c  f o r  a t  l e a s t  24 h o u r s  o f  
e x p e r i m e n t  w e r e  1 . 3 ,  1 . 5  and 1 . 3 ,  i n d i v i d u a l l y .  The mean 
d i f f e r e n t  t e m p e r a t u r e  b e t w e e n  " I I 1" and  "OT” i n  e a c h
d i f f u s i o n  c e l l ,  A, B, c was 0 . 9 ,  0 . 8  and 0 . 9 ,
r e s p e c t i v e l y .  T h e s e  s c a l e s ,  1 . 3 ,  1 . 5  and  1 . 3 ,  o f
i n d i v i d u a l  e x t e r n a l  t h e r m o s t a t i c  p l a t e  w e r e  m a i n t a i n e d  
t h r o u g h o u t  i s  r e s e a r c h  s t u d y .

4. Quantitative Analysis of Nifedipine-TDDs Preparation

4.1 Determination of Maximum Absorption Wavelength of
NFP

By uv s c a n n i n g  f o r  maximum a b s o r p t i o n  w a v e l e n g t h  
o f  NFP and I S ,  t h e  r e s u l t  i n  F i g u r e  11,  i n d i c a t e d  t h a t  
b o t h  NFP and I S  had two maxima a b s o r p t i o n s .  T h e i r  maxima 
U V - a b s o r p t i o n s  we re  d e t e c t e d  a t  t h e  w a v e l e n g t h  o f  3 5 8 , 2 3 7  
and  3 4 1 , 2 4 2 . 5  nm, r e s p e c t i v e l y .  The a b s o r b a n c e s  o f  NFP 
and  I S  a t  maximum w a v e l e n g t h ,  237 and 341 nm, w e re  1 . 3 8  
and  1 . 1 4 ,  r e s p e c t i v e l y .  However ,  t h e  w a v e l e n g t h  a t  238 nm 
was p r e f e r r e d  f o r  NFP d e t e c t i o n  i n  h i g h  p e r f o r m a n c e  l i q u i d  
c h r o m a t o g r a p h i c a l  me thod  t o  d e t e r m i n e  t h e  q u a n t i t i e s  o f  
NFP by s e v e r a l  i n v e s t i g a t o r s  and  by  USP. T h u s ,  i n  t h i s  
r e s e a r c h  s t u d y ,  t h e  q u a n t i t a t i v e  a n a l y s i s  o f  NFP f rom NFP-



Tai'le 22 The ไertperฟ้ture of Elut ion Medium and Wat"1, in Hater Jacket Ghhi 1)5:1 from Each Dif fusion Cell hy Coîitro 1 ] iM‘j  with Individual  External  Thermostatic Plate at 

Various Degree of Adjustable Knob.

Dif fusion cel l at
t3 t0

Scale 1.0 1.3 1.5 1.0 1.3 1.5 1.0 1.3 ■ 1.5

TiiPs(h) I f  or Pif I f 01 Dif I f 0T Dif IT 0T Dif I f 01 Dif I I 0T Dif IT OT Dif IT OT Dif IT OT Dif

0.5 34.3 35.6 1.3 36.7 37.7 1.0 35.8 40.2 1.4 32.1 33.0 1.1 35.1 35.9 0.8 36.3 37.1 0.8 33.2 34.2 1.2 36). 4 37.3 0.9 37.5 33.6 0.9

3.0 34.7 35.9 1.2 37.1 37.8 0.7 39.2 40.3 1.1 32.7 33.5 !, 2 35.7 36.6 0.9 37.1 37.8 0.7 34.0 35.2 1.2 36.9 38.1 1.2 38.3 39.4 1.1

6.0 35.2 36.0 0.8 37.3 38.1 o.f) 40.1 40. B 0.7 33.1 34.2 1.1 35.9 36.7 0.8 :>'. 3 7 7  Q 0.6 35.4 36.1 0.7 37.2 38.0 0.8 38.7 Tf> T.) V . / 1.0

9.0 35.0 36.2 1.2 37.2 38.0 0.8 <30 4 4 ! . l 0.7 33.3 34.4 1.1 36.1 36.9 o . e 37.5 38.8 0.6 35.5 36.3 0.8 37.3 38.1 0.8 39.0 39.9 0.9

12.0 35.? 36.2 1.0 .37.4 38.2 0.8 40 7 4 \ 3 0.6 33.5 34.5 ! 0 36.2 16. ร 0.6 37.4 7  Q 9 0.8 35.9 36. ? 1.0 37.4 3 ฐ ^ 0.9 39.2 40.0 O . B

16.0' 35.1 36.3 1.2 37. โ) 38.5 1.0 40.5 41.3 •0.8 33.6 34.4 i .โ 36 3 36.9 0.6 37.4 38.6 0.8 36.0 36.9 0.9 37.4 38.3 0.9 39.2 40.1 0.9

20.0 35.? 36.2 1.0 37.4 38.5 ! .1 40.6 41.5 0.9 33.6 34.6 ! .ก ไ 6.4 37.0 0.6 77.5 3 ft 6 น 36.2 37.0 0.0 3 7 . 5 38.5 ! .0 39.3 ■10.0 0.7

24.0 35.0 7  ' 9 1 . 2 37.5 38.6 1 . 1 1 0.7 41.6 0.9 33.6 34.6 i .0 7  '  1 37.2 0. ' 38.5 1.0 36.1 37.0 0 . 9 3 7  5 38.6 0.9 39.3 40.2 0.9

me a n  d i f . t e m p . 1 . 1 0.9 0.9 ! 1 0 ft 0. รุ 0.9 0.9 0.9

Each data represent the mean of dupl icate determination and the hydrodynamic* of e lu t i c i1: medium in each di f fus ion cel l  was maintained at 90 rpa. of s t i r r i n g

rates.
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Wavelength, (nm)
F i g u r e  11 U V - S ca n n i n g  C u r v e  o f  N i f e d i p i n e  (NFP) and 4 - D i m e t h y l  

a m i n o b e n z a l d é h y d e  ( I S )  i n  M e t h a n o l  by UV- 
S p e c t r o p h o t o m e t e r . NFP ะะ 3 9 . 6 8  u g / m l ;  I S  -  4 . 0 3
u g / m l .  Maximum A b s o r b a n c e  o f  NFP a t  3 4 1 , 2 3 7  nm; I S  
a t  358 and 2 4 2 . 5  nm.
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4.2 Chromatographic Conditions

I s o c r a t i c  r e v e r s e d - p h a s e  HPLC and  d e s i g n e d  
c h r o m a t o g r a p h i c  c o n d i t i o n s ,  e . g . ,  m i x t u r e  o f  0 . 0 1  M 
a c e t a t e  b u f f e r  pH 6 . 1  and m e t h a n o l  i n  t h e  r a t i o  o f  35 ะ 
6 5 ,  a s  m o b i l e  p h a s e  and t h e  w a v e l e n g t h  o f  238 nm o f  UV- 
d e t e c t o r ,  c o u l d  p r o v i d e  good  r e s o l u t i o n  b e t w e e n  NFP and 
I S .  The r u n  t i m e  p e r  s a m p l e  was w i t h i n  12 m i n u t e s .  T h e i r  
c h r o m a t o g r a m  o f  HPLC was shown i n  F i g u r e  12 p r e s e n t e d  t h e  
good r e s o l u t i o n  b e t w e e n  NFP and  I S  and t h e  i n t e r v a l  o f  
r e t e n t i o n  t i m e  was a b o u t  1 . 2 4  -  1 . 2 9  m i n u t e s .

4.3 Calibration Curve

The c a l i b r a t i o n  c u r v e  o f  NFP was c o n s t r u c t e d  by 
p l o t t i n g  t h e  r a t i o  o f  p e a k  a r e a  (PAR) o f  NFP and  IS 
a g a i n s t  t h e  NFP c o n c e n t r a t i o n .  A t y p i c a l  c a l i b r a t i o n  
p l o t  ( F i g u r e  1 3 ) ,  showed a l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  
r a t i o  o f  AUC and NFP c o n c e n t r a t i o n  w i t h  t h e  c o r r e l a t i o n  
c o e f f i c i e n t  by a l e a s t  s q u a r e  f i t t e d  was 0 . 9 9 8 2 .  F o r  t h e  
c a l c u l a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  NFP i n  i n - v i t r o  s k i n -  
p e r m e a t i o n  s t u d y ,  t h e  c a l i b r a t i o n  p l o t s  i n  t h e  r a n g e  0 . 0 2  
-  0 . 2 4  u g / m l  NFP was r e p e a t e d  e v e r y  c o u r s e  o f  t h e  a n a l y s i s  
and  e a c h  x - c o e f f i c i e n t  o f  a l e a s t  s q u a r e  f i t t e d  was u s e d  
t o  c a l c u l a t e  t h e  amount  o f  NFP i n  e a c h  e l u t i o n  s a m p l e .

TDDs by  HPLC w e r e  p e r f o r m e d  a t  t h e  w a v e l e n g t h  o f  238  nm o f
U V - d e t e c t o r .
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F i g u r e  12 H i gh  P e r f o r m a n c e  L i q u i d  C hr o m a t o g r a m  o f  N i f e d i p i n e  
(NFP) and 4 - D i m e t h y l a m i n o b e n z a l d e h y d e  ( I S )  a t  238 nm 
E a c h  Sample  C o n t a i n e d  F i x e d  C o n c e n t r a t i o n  o f  IS  a s  
0 . 1 2  u g / m l  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  NFP; [A]
0 . 0 4  u g / m l ;  [B] 0 . 0 6  u g / m l  and [C] 0 . 0 8  u g / m l .
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NIFEDIPINE CALIBRATION CURVE
Average PAR. NFP/IS V3  NFP concentration

average PAR

S t a n d a r d  ( I S )  P e a k  A r ea  R a t i o  (PAR) a s  A f u n c t i o n  o f  
NFP C o n c e n t r a t i o n  Range o f  0 . 0 2  -  0 . 2 4  u g / m l  
D e t e r m i n e d  by HPLC a t  238 nm uv d e t e c t o r .
(Y = 0 .7 5 9 8 1 X  + 0 . 0 0 0 7 6 8  R - s q u a r e  ะะ 0 . 9 9 8 2  ท = 2 ) .
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5 In vitro Evaluation of Nifedipine TDDs Preparations

From i n - v i t r o  s k i n  p e r m e a t i o n  e x p e r i m e n t  wh i c h  
u s e d  m i n i a t u r e  p i g ' s  s k i n  a s  b a r r i e r ,  t h e  s k i n  p e r m e a t i o n  
p r o f i l e  d a t a  and o f  NFP f ro m  s a t u r a t e d  s o l u t i o n  and f rom 
t w e n t y - t w o  d e s i r e d  p r e p a r a t i o n s  we re  i l l u s t r a t e d  i n  
A p p e n d i c e s  I-XXV, F i g u r e s  14 -  47 and T a b l e s  23 -  25 .  A l l  
d a t a  w e re  p r e s e n t e d  a s  a v e r a g e  c u m u l a t i v e  p e r m e a t i o n  o f  
NFP t h r o u g h  a u n i t  s u r f a c e  a r e a  o f  p i g ' s  s k i n  [ Q s ] . The 
r e l a t i o n s h i p  b e t w e e n  Qs v s  t i m e  ( t )  o r  v s  s q u a r e  r o o t  o f  
t i m e  ( s q r t  t )  and b e t w e e n  l o g a r i t h m  o f  r e m a i n e d  d r u g s  
(RQs)  p e r  a r e a  v s  t  o f  e a c h  f o r m u l a  w e re  e x h i b i t e d  f o r  t h e  
o b s e r v a t i o n  o f  p e r m e a t i o n  p a t t e r n ,  p e r m e a t i o n  m e c h a n i s m ,  
r a t e  o f  s k i n  p e r m e a t i o n  and c o r r e l a t i o n  c o e f f i c i e n t  t o  
i n d i c a t e  t h e  e f f e c t  o f  g e l l i n g  a g e n t s  and  o t h e r  a d d i t i v e s .  
The r e s u l t  o f  t h e s e  r e l a t i o n s h i p s  w e r e  shown i n  T a b l e s  
26 ,  27 .

5.1 Saturated Nifedipine Solution

The p e r m e a t i o n  d a t a  and p r o f i l e  o f  s a t u r a t e d  NFP 
s o l u t i o n  was p r e s e n t e d  i n  A p p e n d i x  I ,  T a b l e  23 ,  and 
F i g u r e s  14 -1 6  t h e  r e s u l t s  i n d i c a t e d  t h a t  t h e  maximum Qs 
was 0 . 1 8 3 7  mcg/cm^.  The r e l a t i o n s h i p  b e t w e e n  Qs v s  t  
i n d i c a t e d  t h a t  p e r m e a t i o n  p a t t e r n  o f  NFP f r o m  s a t u r a t e d  
s o l u t i o n  was n o n - l i n e a r ,  t h e  d r u g  r a p i d i l y  p e r m e a t e d  f o r  
t h e  f i r s t  two h o u r s  and f o l l o w e d  by  a s l o w  p e r m e a t i o n  t i l l  
24 h o u r s  w i t h  a c o n s t a n t  r a t e .  From t h e  r e l a t i o n s h i p s



109

TABLE 23 The A v e r a g e  C u m u l a t i v e  Amount  o f  N i f e d i p i n e  
p e r  S u r f a c e  A r e a  o f  P i g ' s  S k i n  ( mcg/cm 2)  
P e r m e a t e d  f ro m  N i f e d i p i n e  S a t u r a t e d  S o l u t i o n  
by i n - v i t r o  S k i n  P e r m e a t i o n  E x p e r i m e n t s . ( ท=3)

Time
PERMEATION AMOUNT[mcg/cm~ 2 ]

( h r ) CELL A CELL B CELL c AVERAGE SD

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

1 0 . 1 8 3 3 0 . 0 7 9 3 0 . 0 6 1 3 0 . 1 0 7 9 0 . 0 6 5 99 0 . 2 0 5 1 0 . 1 0 8 7 0 . 0 4 6 8 0 .1 2 0 2 0 . 0 7 6 7
3 0 . 1 3 8 3 0 . 1 6 9 9 0 . 1 3 1 2 0 . 1 4 6 5 0 . 0 6 5 0
4 0 . 1 5 3 0 0 . 1 6 2 8 0 . 0 6 5 8 0 . 1 2 7 2 0 . 0 6 6 7
5 0 . 1 4 8 1 0 . 1 4 4 5 0 . 0 7 2 0 0 . 1 2 1 5 0 . 0 6 0 7
6 0 . 1 8 1 7 0 . 1 6 0 5 0 . 1 4 7 7 0 . 1 6 3 3 0 . 0 7 1 7
8 0 .1 1 0 0 0 . 1 3 1 4 0 . 0 8 3 7 0 . 1 0 8 4 0 . 0 4 9 8

10 0 . 1 0 8 1 0 . 2 0 7 6 0 . 0 9 5 2 0 . 1 3 6 9 0 . 0 7 3 5
12 0 . 1 3 1 5 0 . 2 1 4 6 0 .1 1 0 1 0 . 1 5 2 1 0 . 0 7 6 5
15 0 . 1 3 1 6 0 . 1 9 0 1 0 . 1 0 4 8 0 . 1 4 2 2 0 . 0 6 8 8
18 0 . 1 5 9 0 0 . 2 9 5 3 0 . 1 1 4 0 0 . 1 8 9 4 0 . 1 0 5 7
21 0 . 1 4 7 1 0 . 2 8 3 4 0 . 1 1 9 3 0 . 1 8 3 3 0 . 1 0 0 7
24 0 . 1 4 6 4 0 . 3 1 7 3 0 . 1 2 4 7 0 . 1 9 6 1 0 . 1 1 3 0

SD = STANDARD DEVIATION



1 1 0

PERMEATION AMOUNT OF NIFEDIPINE
C U M U L A T IV E  A M O U N T /A R E A  v s  TIM E  

N F P  S O L U T IO N  F O R  IN -V IT R O  P E R M E A T IO N

Avg cumulative amount/area[mcg/cm2i

F i g u r e  14 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [mcg /cm2 ] 
f r o m  S a t u r a t e d  S o l u t i o n .
[Y = 0 . 0 0 6 0 X  + 0 . 0 8 3 4 ,  R - s q u a r e 0 . 9 3 4 4  ท = 3 ] .
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PERMEATION AMOUNT OF NIFEDIPINE 
LOG REMAINED NFP vs TIME 

NFP SOLUTION FOR IN-VITRO PERMEATION

0 5 10 15 20 25
Timelhoursl

F i g u r e  15 F i r s t - O r d e r  P l o t  o f  N i f e d i p i n e  P e r m e a t i o n  [mcg/cm^]  
f ro m  S a t u r a t e d  S o l u t i o n .
[Y = 0 . 0356X -  1 . 0 6 3 ,  R - s q u a r e  = 0 . 8 0 3 4  ทะ:  3]  .



1 1 2

PERMEATION AMOUNT OF NIFEDIPINE
C U M U L A T IV E  A M O U N T /A R E À  v s  S q r t  T tM E  

N F P  S O L U T IO N  F O R  IN -V IT R O  P E R M E A T IO N

Avg cumultive amount/Area[mcg/cm2i

F i g u r e  16 H i q u c h i ' s  P l o t  o f  N i f e d i p i n e  P e r m e a t i o n  [ mc g/c m2 ] 
f r o m  S a t u r a t e d  S o l u t i o n .
[Y = 0 . 0 3 56 X + 0 . 0 4 1 1 ,  R - s q u a r e  = 0 . 9 7 8 9  ท = 3 ] .
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b e t w e e n  Qs v s  t ,  l o g a r i t h m  o f  RQs v s  t  and Qs v s  S q r t  t
( T a b l e  26 and F i g u r e  14 1 6 ) , t h e v a l u e o f  e a c h
c o r r e l a t i o n c o e f f i c i e n t  was o b s e r v e d f rom a l i n e a r
r e l a t i o n s h i p w h i c h  e s t a b l i s h e d f ro m t h e d a t a g e n e r a t e d .
The r e s u l t s  we re  0 . 9 3 4 4 ,  0 . 9 3 4 4  and 0 . 9 7 8 9 ,  r e s p e c t i v e l y ,  
i n d i c a t e d  t h a t  t h e  s k i n  p e r m e a t i o n  p a t t e r n  o f  NFP f ro m  t h e  
s a t u r a t e d  s o l u t i o n  by i n - v i t r o  s k i n  p e r m e a t i o n  s t u d y  
seemed  t o  be  t h e  H i g u c h i ' s  mode l  k i n e t i c s  w i t h  0 . 0 3 5 6  
m c g / c m ^ - h ^ / ^ o f  s l o p e  and 0 . 0 4 1 1  mcg/cm^ o f  Y - i n t e r c e p t .

5 . 2  NFP-Pluronic F-127 TDDs Preparations

The p e r m e a t i o n - T i m e  d a t a  and p e r m e a t i o n - T i m e  
p r o f i l e  o f  NFP f rom t e n  p r e p a r a t i o n s  o f  NFP-TDDs u s i n g  
P F -1 2 7  g e l  a s  d r u g  c a r r i e r s  were  i l l u s t r a t e d  i n  A p p e n d i c e s  
I I  -  XI I  T a b l e  24 ,  and F i g u r e  17 -  32 .  A l l  p r e p a r a t i o n s ,  
e x a c t l y ,  s u s t a i n e d  p e r m e a t i o n  o f  NFP o v e r  24 h o u r s .  The 
maximum p e r m e a t i o n  amount  was o b s e r v e d  f rom p r e p a r a t i o n  
P03 t o  be  1 9 4 . 1 3  mcg/cm^,  w h i l e  t h e  minimum was 2 . 0 6 3 5  
mcg/em^ f rom P10.  t h e y  c o u l d  be  r a n k e d  i n  t h e  f o l l o w i n g  
o r d e r ;  P03 > P02 > P01 > P09 > P05 > P04 > P06 > P07 > P08 
> P10 .  From t h e  s k i n  p e r m e a t i o n  r a t e  o f  NFP f rom e a c h  
p r e p a r a t i o n ,  w h i c h  o b s e r v e d  f ro m  t h e  s l o p e  o f  Qs v s  t i m e  
p l o t  ( F i g u r e s  17 -  19,  2 4 - 2 5  and  T a b l e  2 6 ) ,  i t  was f o u n d  
t h a t  P03 e x h i b i t e d  mus t  s u p e r i o r  s k i n  p e r m e a t i o n  r a t e  t h a n  
t h e  o t h e r s ,  and t h e  maximum p e r m e a t i o n  r a t e  was 8 . 1 5 9 8  
m c g / c m ^ - h .
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TABLE 24 The Average  C u m u l a t i v e  Amount o f  N i f e d i p i n e  p e r  S u r f a c e  Area  
o f  P i g ' s  S k in  (mcg/cm "2)  P e r m e a t e d  f rom N i f e d i p i n e - T D D s  U s ing  
P l u r o n l c  F -127 Gel  a s  Drug C a r r i e r  by  i n - v i t r o  S k in  P e r m e a t i o n  
E x p e r i m e n t s  (ท = 3)

T ime
Averag e  C u m u l a t i v e  NFP A m o u n t / S u r f a c e  Ar ea [mcg /cm "2 ]

[ h r ] P01 P02 P03 P04 P05 P06 P07 P08 P09 P10

0 0 0 0 0 0 0 0 0 0 0
0 . 5 0 . 3 5 0 9 0 . 2 4 5 2 2 .5 2 3 3 1. 356 9 0 . 8 3 4 0 0 . 4 0 9 3 0 . 8 0 0 9 0 . 6 8 9 2 0 . 9 3 4 6 0 . 4 1 1 0

1 0 . 5 2 1 2 0 . 3 5 3 4 3 .4 1 7 1 1. 536 6 1. 076 9 0 . 4 8 0 8 1 .2 2 0 9 0 . 8 4 7 1 1. 9874 0 . 5 5 6 6
2 1 .2 5 2 2 0 . 3 7 8 0 4 . 0 4 4 0 1.6942 1 .3 0 6 1 0 . 5 3 3 9 1 . 4 6 7 8 1. 104 6 3 . 6 2 6 7 0 . 6 1 3 8
3 1. 485 8 0 . 6 9 2 5 5 .4 9 7 6 1. 855 1 1. 6084 0 . 5 9 4 4 1 .6 7 8 1 1 .1 7 4 5 3 . 7 8 2 0 0 . 7 1 0 8
4 1 .9 1 8 4 1 .8 4 8 3 8 . 4 1 5 6 2 .2 1 7 2 2 . 5 7 2 3 0 . 6 1 6 7 1 .7 8 6 8 1. 448 4 4 . 4 7 9 7 0 . 8 1 2 2
5 2 . 9 8 0 5 2 . 3 5 0 9 12 .1 2 6 2 .7 7 6 6 3 . 5 3 8 8 0 . 6 7 8 8 2 . 0 8 4 6 1 .5 2 7 6 5 . 3 6 5 1 0 . 8 9 7 2
6 3 . 8 5 8 2 3 . 0 3 0 5 18 .579 3 . 0 1 7 8 4 . 1 6 5 6 0 . 6 9 9 2 2 . 3 8 8 2 1 .6 9 3 7 6 . 6 1 9 6 0 . 9 2 9 6
8 7 . 0 2 9 0 6 . 1 3 4 3 3 7 .3 1 1 3 .3 7 3 7 5 . 5 3 1 6 0 . 7 5 9 4 2 . 7 1 1 0 1 .8 1 2 4 7 . 1 7 4 7 0 . 9 8 1 4

10 10 .9 3 6 1 0 .2 1 0 5 9 .6 5 3 3 . 9 2 6 4 6 . 6 0 6 6 0 . 8 1 6 9 2 . 9 3 2 4 2 . 0 1 6 1 8 . 2 8 2 5 1 .0 6 6 7
12 16 .6 4 3 11 .6 0 4 7 1 .2 5 7 4 . 2 3 2 4 7 . 5 5 3 3 0 . 8 7 9 9 3 . 2 5 8 5 2 . 3 3 0 5 9 . 3 0 5 4 1. 265 5
15 2 4 . 9 7 4 1 9 .8 7 2 9 4 .2 9 2 4 . 3 2 6 4 8 . 5 0 4 9 1. 001 4 3 . 7 1 7 3 2 . 5 9 0 4 11 .3 0 7 1. 340 2
18 3 0 . 8 1 5 3 2 . 7 9 4 12 2.98 5 .4 6 2 3 9 . 1 1 8 5 1 .1 6 7 4 4 . 4 2 2 8 2 . 6 9 6 7 15 .2 1 7 1.4407
21 3 5 . 1 3 3 3 8 .3 7 1 15 7 .9 5 6. 623 7 9 . 8 8 9 3 4 . 2 7 5 4 4 . 6 1 8 6 3 . 3 7 3 5 1 5 .9 4 0 1 .5 6 9 8
24 4 3 . 3 6 7 4 6 . 1 2 4 19 4.13 9 . 6 9 8 8 11 .8 1 0 8 . 0 7 2 7 5 . 4 9 8 5 3 . 6 8 5 1 17 .8 3 0 2 . 0 6 3 5
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NIFEDIPINE IN VITRO SKIN-PERMEATION
PLURONIC F127 GEL : P01 vs P02

P erm ea tion  A m o u n ts /s u r fa c e  a rea  V ' S  T im e 

C u m u la tive  P e rm ea tion  A m ounts (ทาc g /c m 2 )

F i g u r e  17 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [mcg /cm2 ] 
f ro m  P01 and P02 C o n t a i n e d  A e r o s i l  A-200 3% พ/พ and 
6 % พ/พ R e s p e c t i v e l y .
[P01 ะ Y = 1 .8894X -  4 . 5 2 9 5 ,  R - s q u a r e  = 0 . 9 7 1 7 ;

P02 ะ Y ะะ 1 . 9 8 4 2 X  -  5 . 9 2 4 7 ,  R - s q u a r e  = 0 . 9 4 3 3 ] ,
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PLURONIC F127 ะ P03 vs P04 
P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  v s  T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c g / c m 2 )

F i g u r e  18 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [mcg /cm2 ] 
f rom P03 and P04 C o n t a i n e d  G l y c e r o l  10% พ/พ and 7.5% 
พ/พ,  R e s p e c t i v e l y .
[P03  ะ Y ะะ 8 .1 5 98 X -  1 8 . 8 9 3 8  R - s q u a r e  ะ: 0 . 9 7 3 5 ;

P04 ะ Y = 0 .2 8 96 X + 1 . 0 4 2 3  R - s q u a r e  = 0 . 9 2 5 0 ] .
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PLURONIC F127 ะ P05 vs P06 
P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  v s  T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c g / c m 2 )

F i g u r e  19 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [mcg /cm^]  
f ro m  P05 and  P06 C o n t a i n e d  PEG 400 10% พ/พ and 15% 
พ/พ,  R e s p e c t i v e l y .
[P05 ะ Y -  0 . 4 6 92 X + 0 . 9 5 3 2 ,  R - s q u a r e  ะ: 0 . 9 6 9 4 ;

P06 ะ Y = 0 .2 1 36 X -  0 . 4 7 5 8 ,  R - s q u a r e  = 0 . 5 9 5 4 ] .
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NIFEDIPINE IN VITRO SKIN-PERMEATION
PLURONIC F127 : P01 ys PQ2 vs P03 vs P04

Perm eattion A m ounte/eurfaoe area ve T im e

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c g / c m 2 )

F i g u r e  20 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [ mc g/c m^]  
Compared  P01 ,  P02 v s  P03 ,  P 0 4 .
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PLURONIC F127 : P01 V8 P02 vs P05 vs P06 
P e r m e a t t lo n  A m o u n t s / s u r f a c e  a r e a  V8 T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c s / c m 2 )

F i g u r e  21 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [ m c g / c m ^ ]
Compared P 0 1 ,  P02 v s  P 0 5 ,  P 0 6 .



1 2 0

PLURONIC F127;P01/PQ2vsP03/P04vsP05/P06
P e r m e a t t io n  A m o u n t e / s u r f a o e  a r e a  V8 T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c g / c m 2 )

0 5 10 15 20 25
T IM E  ( h o u r s )

F i g u r e  22 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [ m c g / c m ^ ]
Compared P 0 1 ,  P02 v s  P 0 3 ,  P04 v s  P 0 5 ,  P 0 6 .



1 2 1

PLURONIC F127:P02/P04vsP06/P06 
P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  V8 T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c g / c m 2 )

F i g u r e  23 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [ m c g / c m ^ ]
Compared P02 v s  P04 v s  P 0 5 ,  P 0 6 .



1 2 2

PLURONIC F127 ะ P07 va p08 
P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  V8 T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c f l / c m 2 )

F i g u r e  24 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [mcg /cm2 ] 
f ro m  P07 and P08 C o n t a i n e d  P r o p y l e n e  g l y c o l  10% พ/พ 
and  7.5% พ/พ,  R e s p e c t i v e l y .
[P07 ะ Y ะ: 0 . 1 8 11 X + 1 . 0 8 0 6 ,  R - s q u a r e  = 0 . 9 8 7 2 ;
P08 ะ Y ะ 0 . 1175X + 0 . 8 4 0 9 ,  R - s q u a r e  = 0 . 9 8 2 5 ] ,
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PLURONIC F127 ะ P09 vs P10 
P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  V8 T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c g / c m 2 )

F i g u r e  25 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [mcg /cm2 ] 
f r o m  P09 and P10 C o n t a i n e d  PEG 400 10% พ/พ and 15% 
พ/พ,  R e s p e c t i v e l y .
[P09 ะ Y ะ: 0 . 6893X + 1 . 6 1 3 3 ,  R - s q u a r e  = 0 . 9 8 7 0 ;
P10 ะ Y = 0 .0 5 74 X + 0 . 5 1 5 9 ,  R - s q u a r e  = 0 . 9 5 9 6 ] .
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n ife d ip in e  IN VITRO SKIN-PERMEATION
PLURONIC F127 : P01 vs P02 vs P07 vs P08 

P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  v s  T im e

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c g / c m 2 )

F i g u r e  26 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [ mc g/c m^]
Compared  P01 ,  P02 v s  P07 ,  P06 .
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PLURONIC F127 ะ P01 vs P02 vs P09 vs P10 
P e r m e a t t io n  A m o u n t a / s u r f a c e  a r e a  V8 T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

0 5 10 15 20 25
T IM E  ( h o u r s )

Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [ m c g / c m 2 ]
Compared P 0 1 ,  P02 v s  P 0 9 ,  P10

F i g u r e  27
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PLURONIC F127 :P01/P02vsP07/P08v8P09/P10 
P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  v s  T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c g / c m 2 )

F i g u r e  28 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [ m c g / c m ^ ]
Compared P 0 1 ,  P02 v s  P 0 7 ,  P08 v s  P 0 9 ,  P 1 0 .



PLURONIC F127:P02/P08V8P09/P10 
P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  v s  T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c g / c m 2 )

F i g u r e  29 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [
Compared P02 v s  P 0 8 ,  v s  P 0 9 ,  P 1 0 .
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PLURONIC F127 :P01/P02vsP03/P04vsP07/P08 
P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  v s  T im e

NIFEDIPINE IN VITRO SKIN-PERMEATION

0 5 10 15 20 25
T IM E  ( h o u r s )

F i g u r e  30 Dr ug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [mcg/cm ] 
Compared  P01 ,  P02 v s  P 03 ,  P04 v s  P 0 7 ,  P08 .
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NIFEDIPINE INVITRO SKIN-PERMEATION
PLURONIC F127:P01/P02vaP05/P06vsP09/P10 

P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  V8 T im e

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c a / c m 2 )

F i g u r e  31 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [ m c g / c m ^ ]
Compared P 0 1 ,  P02 v s  P 0 5 ,  P06 v s  P 0 9 ,  P 1 0 .
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NIFEDIPINE INVITRO SKIN-PERMEATION
PLURONIC F127:P01/P02/P03/P05/P07/P09 

P e r m e a t t io n  A m o u n t s / s u r f a c e  a r e a  v s  T im e

250

200 -

C u m u la t iv e  P e r m e a t io n  a m o u n t s  ( m c g / c m 2 )

150

100

10 15
T IM E  ( h o u r s )

Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [ mc g/c m^]  
Compared  P01 ,  P02 v s  P 03 ,  v s  P05 ,  v s  P07 v s  P 0 9 .

F i g u r e  32
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To e v a l u a t e d  s k i n  p e r m e a t i o n  p a t t e r n  o f  NFP f ro m  
P F- 127  g e l  m a t r i c e s ,  t h e  l i n e a r  r e l a t i o n s h i p  f rom t h e  
c o r r e l a t i o n  o f  % Qs v s  t i m e ,  l o g a r i t h m  o f  r e m a i n s  % Qs v s  
t i m e  and % Qs v s  s q u a r e  r o o t  t i m e  were  o b s e r v e d  and t h e  
k i n e t i c  p a t t e r n s  o f  e a c h  p r e p a r a t i o n s  w e re  a n a l y s e d .  The 
r e s u l t s  ( T a b l e  2 7 ) ,  i n d i c a t e d  t h a t  t h e  s k i n  p e r m e a t i o n  
p a t t e r n  o f  P01 ,  P02 and  P03 t e n d e d  t o  be  z e r o  o r d e r  
k i n e t i c  P 05 ,  P08 was o f  H i g u c h i ' s  mode l  and a l l  o t h e r s  
m i g h t  be  z e r o  o r d e r  k i n e t i c  o r  f i r s t  o r d e r  k i n e t i c .

The e f f e c t s  o f  o r g a n i c  m o d i f i e r s  on s k i n  
p e r m e a t i o n  o f  NFP were  i n v e s t i g a t e d  by c o m p a r i n g  t h e  
l i n e a r  r e l a t i o n s h i p  o f  d r u g  p e r m e a t i o n - t i m e  p r o f i l e s  w h i c h  
o b t a i n e d  f ro m  t h e  p r e p a r a t i o n  P03 ,  P04 ,  c o n t a i n e d  10% พ/พ 
and 7.5% พ/พ o f  g l y c e r o l ,  r e s p e c t i v e l y  and  f ro m  P07 ,  P08 
w h i c h  c o n t a i n e d  10% พ/พ and  7.5% พ/พ o f  PG. The r e s u l t s  
we re  i l l u s t r a t e d  i n  F i g u r e s  20 ,  22 ,  26 ,  28 ,  30 .  The 
o b t a i n e d  p e r m e a t i o n  p r o f i l e s  f rom P03 and P04 ( F i g u r e  1 8 ) ,  
showed q u i t e  d i f f e r e n t  p a t t e r n .  The p e r m e a t i o n  r a t e  w h i c h  
o b t a i n e d  f ro m  P03 ,  8 . 1 5 9 8  mcg/cm2/ h ,  was h i g h e r  t h a n  f ro m  
P04 and i n c r e a s e d  a b o u t  4 t i m e s  i n  p e r m e a t i o n  r a t e  when 
c o m p a r e d  t o  P01 and  P02 wh i c h  had no o r g a n i c  m o d i f i e r  
F i g u r e  20 .  However ,  t h e  a d d i t i o n  o f  7.5% พ/พ g l y c e r o l ,  
P 04 ,  d e c r e a s e d  t h e  p e r m e a t i o n  r a t e  o f  NFP a p p r o x i m a t e l y  10 
f o l d s .  Two p e r m e a t i o n  p a t t e r n s  we re  s i m i l a r l y  d e p i c t e d  
f ro m  P07 and  P 08 ,  i n  F i g u r e  24 ,  t h e s e  r e s u l t s  i n d i c a t e d  
t h a t  h i g h e r  c o n c e n t r a t i o n  o f  PG e x h i b i t e d  h i g h e r  
p e r m e a t i o n  r a t e  o f  NFP, a b o u t  0 . 1 8 1 1  mcg/cm2/ h  and  0 . 1 1 7 5
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m c g / c m ^ / h ,  r e s p e c t i v e l y .  H o w e v e r 3 t h e  c o m p a r i s o n  i n  s k i n  
p e r m e a t i o n  p r o f i l e  f rom t h e s e  p r e p a r a t i o n s  ( F i g u r e  30 )  
i n d i c a t e d  t h a t  g l y c o r o l  c o u l d  i n c r e a s e  t h e  p e r m e a t i o n  r a t e  
o f  NFP when u s e d  more t h a n  7.5% พ/พ w h i l e  t h e  a d d i t i o n  o f  
PG m i g h t  d e c r e a s e  t h e  N F P - p e r m e a t i o n  f rom P F - 1 2 7  m a t r i c e s  
t h a t  a 1 0 - f o l d  d e c r e a s e  i n  p e r m e a t i o n  r a t e  was o b t a i n e d  
f ro m  P07 ,  P08 when c omp ar ed  t o  P01 and P02 .

The e f f e c t s  o f  PEG 4 00 ,  w h i c h  c o mb i n ed  w i t h  
o r g a n i c  m o d i f i e r s ,  g l y c e r o l  and PG, on t h e  s k i n  p e r m e a t i o n  
p r o f i l e  o f  NFP we re  o b s e r v e d .  F i g u r e  19 showed t h e  
o b t a i n e d  p r o f i l e s  f rom two d i f f e r e n t  c o n c e n t r a t i o n  o f  
a d de d  c o - s o l v e n t  10% พ/พ PEG 400 f o r  P05 and 15% พ/พ PEG 
400 f o r  P06 ,  c ombine d  w i t h  a f i x e d  c o n c e n t r a t i o n  o f  
g l y c e r o l  a s  7.5% พ/พ.  The r e s u l t s  i n d i c a t e d  q u i t e  
d i f f e r e n t  p e r m e a t i o n  p r o f i l e ,  t h e  p r o f i l e  f ro m  P05 was 
c l o s e d  t o  H i g u c h i ' s  mode l  w h i l e  two d i f f e r e n t  s l o p e s  we re  
o b s e r v e d  f ro m  P06 t h a t  t h e  q u i t e  low p e r m e a t i o n  r a t e  o f  
NFP was d e t e c t e d  f o r  t h e  f i r s t  e i g h t e e n  h o u r  and  t h e n  t h e  
r a t e  was q u i t e  h i g h e r  o v e r  24 h o u r s .  The r e s u l t  o f  
i n c r e a s i n g  a 1 f o l d  i n  p e r m e a t i o n  r a t e  o f  NFP was o b s e r v e d  
f ro m  P05 when c omp a re d  t o  P04 ( F i g u r e  2 3 ) ,  w h i c h  c o n t a i n e d  
o n l y  g l y c e r o l  7.5% พ/พ b u t  t h e  d e c r e a s i n g  i n  p e r m e a t i o n  
r a t e  o f  NFP was o b t a i n e d  f rom P06 ,  a h i g h e r  c o n c e n t a t i o n  
o f  PEG 400 c o n t a i n i n g  ( F i g u r e  3 0 ) .
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T h e s e  phenomenon was a l s o  o b s e r v e d  f ro m  P09 and 
P10 t h a t  PEG 400 was a d de d  t o  t h e  p r e p a r a t i o n  o f  f i x e d  
c o n c e n t r a t i o n  o f  PG, 7.5% พ/พ,  a s  10% พ/พ and  15% พ/พ,  
r e s p e c t i v e l y  ( F i g u r e s  25 ,  2 9 ) , t h e  NFP s k i n  p e r m e a t i o n  r a t e  
was 6 - f o l d  i n c r e a s e d  and 0 . 5  f o l d  d e c r e a e d  f ro m  P09 and 
P10 ,  r e s p e c t i v e l y ,  when c omp a re d  t o  P08 .  Wi t h  c o m p a r i s o n  
t o  P01 and P02 ( F i g u r e  2 7 ) ,  t h e  r e s u l t s  i n d i c a t e d  t h a t  
t h e  a d d i n g  o f  c o - s o l v e n t ,  PEG 4 0 0 ,  t o  P F- 127 - PG g e l  
m a t r i c e s  c o u l d  n o t  i n c r e a s e  t h e  p e r m e a t i o n  r a t e  o f  NFP b u t  
a l l  o f  t h e s e  p r e p a r a t i o n  c o u l d  p r o l o n g  t h e  p e n e t r a t i o n  o f  
NFP f rom d e v i c e s  o v e r  24 h o u r s .

The e f f e c t s  o f  o r g a n i c  m o d i f i e r  and c o - s o l v e n t  on 
s k i n  p e r m e a t i o n  p r o f i l e  o f  NFP f ro m  P F- 127  g e l  m a t r i c e s  by 
i n - v i t r o  p e r m e a t i o n  e x p e r i m e n t s  ( F i g u r e s  22 ,  2 8 ) , c o u l d  be 
c o n c l u d e d  t h a t  t h e  p e r m e a t i o n  r a t e  o f  NFP was i n c r e a s e d  
when t h e  p r e p a r a t i o n s  w e re  a d de d  w i t h  o n l y  g l y c e r o l  w i t h  
t h e  c o n c e n t r a t i o n  o f  10% พ/พ,  b u t  t h e  l o w e r  c o n c e n t r a t i o n  
o f  g l y c e r o l ,  a s  7.5% พ/พ,  m i g h t  d e c r e a s e  t h e  r a t e .  The 
s k i n  p e r m e a t i o n  r a t e  o f  NFP m i g h t  be  d e c r e a s e d  when t h e  
p r e p a r a t i o n s  w e r e  a dde d  w i t h  PG a t  b o t h  d e s i g n e d  
c o n c e n t r a t i o n s .  The a d d i t i o n  o f  PEG 400 c o u l d  n o t
i n c r e a s e  t h e  p e r m e a t i o n  r a t e  o f  NFP, h owe ve r  t h e  r e s u l t s  
f o r  t h i s  i n v e s t i g a t i o n  was shown t h a t  t h e  low
c o n c e n t r a t i o n  o f  PEG 400 comb ine d  w i t h  b o t h  o r g a n i c  
m o d i f i e r s  c o u l d  e x h i b i t  f a s t e r  N F P - p e r m e a t i o n  r a t e  f ro m  
P F- 127  m a t r i x  d e v i c e s  when c omp ar ed  t o  t h e i r  p r e p a r a t i o n s  
c o n t a i n e d  h i g h  c o n c e n t r a t i o n .
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5.3 NFP-Aerosil A-200 TDDs Preparations

The c u m u l a t i v e  p e r m e a t i o n - t i m e  d a t a  and  p r o f i l e s  
o f  NFP f ro m  t w e l v e  p r e p a r a t i o n  o f  NFP-TDDs u s i n g  Ae-200  
g e l  m a t r i c e s  a s  d r u g  c a r r i e r  we re  p r e s e n t e d  i n  A p p e n d i c e s  
X I I I  -  XXV ( T a b l e  25 and  F i g u r e s  3 3 - 4 7 ) .  The s k i n  
p e r m e a t i o n  p a t t e r n  and t h e  r a t e  o f  s k i n  p e r m e a t i o n  r a t e  o f  
NFP f ro m  t h e s e  TDDs c o u l d  be f i t t e d  t o  a l i n e a r  o f  Qs v s  
t i m e  r e l a t i o n s h i p ,  e x c e p t  t h e  p r e p a r a t i o n s  A03 and P10 in  
w h i c h  t h e i r  p e r m e a t i o n  p r o f i l e s  we re  more  c l o s e l y  t o  
H i g u c h i ' s  mode l  k i n e t i c s ,  Qs v s  T h e s e  r e s u l t s  
i n d i c a t e d  t h a t  A e r o s i l  g e l  m a t r i c e s  c o u l d  g i v e  a  s u s t a i n -  
r e l e a s e  c h a r a c t e r i s t i c  w i t h  a c o n s t a n t  N F P - p e r m e a t i o n  r a t e  
o v e r s  24 h o u r s  e x c e p t  t h e  s p e c i f i e d  p r e p a r a t i o n s ,  A03 and 
A10.  The maximum p e r m e a t i o n  was c l e a r l y  d e p i c t e d  f ro m  A10 
w i t h  a  1 5 6 . 1 1  mcg/cm^ o f  p e r m e a t i o n  amount  and a 3 2 . 8 5 4  
mcg/cm^/h- ' - / 2 o f  p e r m e a t i o n  r a t e  w h i l e  t h e  minimum 
p e r m e a t i o n  was o b s e r v e d  f ro m  A08 o f  w h i c h  t h e  p e r m e a t i o n  
amount  and p e r m e a t i o n  r a t e  w e re  5 . 1 9 6 2  mg/cm^ and  0 . 2 2 6 5  
m c g / c m ^ / h ,  r e s p e c t i v e l y .

D i f f e r e n t  p a t t e r n  o f  s k i n  p e r m e a t i o n  p r o f i l e  o f  
NFP f ro m A10 and  A03 was n o t i c e d  t h a t  e a c h  p e r m e a t i o n  
p a t t e r n  had two d i f f e r e n t  s l o p e s ,  d u r i n g  t h e  f i r s t  s i x  
h o u r  and  t h e  r e s t  o f  t i m e  i n t e r v a l  w h i c h  b o t h  t e n d e d .  
T h e s e  s l o p e s  we re  1 3 . 3 2 6  m c g / c m " / h  and 3 . 7 9 4 1  mcg/cm“ / h  
f r o m  P10 w h i l e  t h o s e  f ro m  P03 w e r e  6 . 0 9 3 7  m c g / c m ^ / h  and 
3 . 4 7 7 9  m c g / c m ^ / h ,  r e s p e c t i v e l y .  Wi t h  r e s p e c t  t o  Qs v s  t
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r e l a t i o n s h i p ,  t h e s e  p r e p a r a t i o n s  c o u l d  be  r a n k e d  a c c o r d i n g  
t o  t h e  p e r m e a t i o n  r a t e  o f  NFP a s  t h e  f o l l o w i n g  o r d e r ;  A10 
> A09 > A03 > A12 > A07 > A01 > A06 > A04 > A l l  > A02 > 
A05 > A 0 8 .

The e f f e c t  o f  o r g a n i c  m o d i f i e r s  on t h e  r a t e  o f  
s k i n  p e r m e a t i o n  o f  NFP we re  i n v e s t i g a t e d  f ro m  t h e  
p e r m e a t i o n  p r o f i l e s  w h i c h  o b t a i n e d  f rom A01,  A02 f o r  
g l y c e r o l  and A07,  A08 f o r  PG a s  d e p i c t e d  i n  F i g u r e s  33 ,  39 
and 4 5 .  The p a t t e r n s  o f  t h e s e  p r o f i l e s  w e re  s i m i l a r  and  
t h e  r e s u l t s  i n d i c a t e d  t h a t  s k i n  p e r m e a t i o n  r a t e  was 
c o n s t a n t  and  f a s t e r  p e r m e a t i o n  r a t e  was a c h i e v e d  f rom 
l o w e r  c o n c e n t r a t i o n  o f  o r g a n i c  m o d i f i e r s ,  A01 and  A 0 7 . 
The i n c r e a s i n g  i n  t h e  c o n c e n t r a t i o n  o f  g l y c e r o l  f rom 
27% พ/พ (A01)  t o  35% พ/พ (A02)  a 5 - f o l d  d e c r e a s e  i n  s k i n  
p e r m e a t i o n  r a t e  was o b t a i n e d ,  t o  a p e r m e a t i o n  r a t e  o f  
2 . 3 2 3 9  m cg / cm 'Vh .  S i m i l a r l y  t o  A07 v s  A08,  a 1 2 - f o l d  
d e c r e a s e  i n  s k i n  p e r m e a t i o n  r a t e  o c c u r r e d  when i n c r e a s i n g  
PG c o n c e n t r a t i o n  f rom 27% พ/พ t o  35% พ/พ,  w i t h  t h e  
p e r m e a t i o n  r a t e  o f  NFP f rom P07 was 2 . 4 2 5 0  m c g / c m ^ / h .  At 
h i g h  c o n c e n t r a t i o n  o f  o r g a n i c  m o d i f i e r s ,  A02 v s  A08,  t h e  
p e r m e a t i o n  r a t e  a f f e c t e d  f ro m  g l y c e r o l  was f a s t e r  t h a n  
t h a t  f ro m  PG w h i l e  a t  low c o n c e n t r a t i o n ,  A01 v s  A07,  t h e  
o b t a i n e d  p e r m e a t i o n  p r o f i l e  and  r a t e  w e r e  q u i t e  c l o s e
s i m i l a r  ( F i g u r e  4 5 ) .
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TABLE 25 The A v e r a g e  C u m u l a t i v e  Amount o f  N i f e d i p i n e  p e r  
S u r f a c e  A r e a  o f  P i g ' s  S k i n  ( mcg /c r n"^ )  P e r m e a t e d  
f ro m  N i f e d i p i n e - T D D s  U s i n g  A e r o s i l  A-200 G e l  a s  
Drug C a r r i e r  by i n - v i t r o  S k i n  P e r m e a t i o n  E x p e r i m e n t s  
(ท -  3 )

Time
A v e r a g e  Cum Amount o f  N F P / a r e a [ m c g / c m 2 ]

[ h r ] A01 A02 A03 A04 A05 A06

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

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

10 2 2 . 2 3 0 5 . 5 3 6 8 5 1 . 2 2 6 1 6 . 4 6 3 2.519.-3 2 2 . 3 6 2
12 2 7 . 0 5 3 5 . 9 7 1 4 6 1 . 7 3 6 2 3 . 8 6 1 3 . 9 4 7 7 2 5 . 6 9 9
15 3 3 . 5 4 3 8 . 2 7 3 6 7 6 . 8 6 1 2 5 . 7 4 4 4 . 1 9 9 9 3 2 . 2 1 9
18 3 8 . 3 4 9 9 . 7 1 2 9 8 8 . 2 4 0 2 7 . 1 3 3 5 . 1 3 9 2 3 5 . 5 3 3
21 4 5 . 5 8 4 1 0 . 1 5 3 9 5 . 5 7 7 3 7 . 1 4 0 6 . 7 2 3 9 4 1 . 3 4 7
24 5 2 . 4 3 0 1 1 . 0 9 5 9 6 . 1 3 6 3 9 . 8 3 1 7 . 8 8 7 1 4 7 . 0 9 2

A07 A08 A09 A10 A l l A12

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

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

10 2 0 . 2 7 8 2 . 2 3 4 0 4 1 . 9 0 6 9 6 . 8 8 1 6 . 3 2 2 7 2 6 . 7 0 1
12 2 7 . 1 9 2 3 . 0 3 5 5 5 3 . 8 6 4 1 1 4 . 4 4 9 . 0 5 8 0 3 2 . 0 8 0
15 3 5 . 0 7 0 3 . 1 5 7 7 6 5 . 7 9 2 1 3 1 . 9 3 1 1 . 1 9 2 4 0 . 5 5 3
18 4 3 . 0 9 6 5 . 1 7 8 2 7 9 . 0 7 9 1 3 0 . 4 4 1 5 . 4 7 5 4 8 . 3 6 1
21 5 0 . 7 8 8 4 . 6 0 8 5 8 4 . 4 9 9 1 4 0 . 4 9 1 8 . 9 5 9 7 0 . 8 5 8
24 5 5 . 5 4 6 5 . 1 9 6 2 1 0 1 . 6 7 1 5 6 . 1 1 2 3 . 9 1 9 7 2 . 0 0 7

SD ะ STANDARD DEVIATION.
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TABLE 26 The C o r r e l a t i o n  C o e f f i c i e n t  o f  N i f e d i p i n e  S a t u r a t e d  S o l u t i o n  
and N i f e d i p i n e - T D D s  P r e p a r a t i o n s

[A] ะ Avg Cum P e r m e a t i o n  Amount o f  NFP p e r  S u f a c e  Area  [Qs]
vs  Time

[B] ะ Log Remained Amount o f  NFP p e r  S u r f a c e  A rea  [RQs] v s
Time

[C] ะ Avg Cum P e r m e a t i o n  Amount o f  NFP p e r  S u f a c e  Area  [Qs]
vs  S q u a re  r o o t  o f  Time

S a t u r a t e d  NFP S o l u t i o n
[A] ะ Qs v s  Time [B] ะ l o g  RQs v s  Time [C] : Qs vs  s q r t  Time

X-COEF Y-INT R~2 X-COEF Y-INT R"2 . X-COEF Y-INT R~2

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

N F P - P l u r o n i c  F -1 27  TDDs
[A] ะ Qs vs  Time [B] ะ lo g  RQs v s  Time [C] ะ Qs v s  s q r t  Time

P r e p
No. X-COEF Y-INT R~2 X-COEF Y-INT R-2 X-COEF Y-INT R"2

P01 1 . 8 8 9 4  - 4 . 5 2 9  0 . 9 7 1 7 - 0 . 0 0 2  2 . 1 5 9 7  0 . 9 7 1 2 10 .3 1 1  - 1 5 . 4 7  0 . 8 7 2 0
P02 1 .9 8 4 2  - 5 . 9 2 4  0 . 9 4 3 3 - 0 . 0 0 2  2 . 1 8 4 8  0 . 9 4 2 3 10 .6 6 9  - 1 6 . 9 8  0 . 8 2 1 9
P03 8 . 1 5 9 8  - 1 8 . 8 9  0 . 9 7 6 1 - 0 . 0 0 9  2 . 0 8 5 3  0 . 9 7 2 8 4 4 . 5 0 2  - 6 6 . 0 8  0 . 8 7 8 4
P04 0 . 2 8 9 6  1 . 0 4 2 3  0 . 9 5 9 4 - 0 . 0 0 5  2 . 1 2 9 7  0 . 9 5 9 4 1 . 5 9 7 9  - 0 . 6 8 3  0 . 9 4 4 9
P05 0 . 4 6 9 2  0 . 9 5 3 2  0 . 9 6 9 4 - 0 . 0 0 3  2 . 1 3 4 0  0 . 9 6 8 1 2 . 7 1 4 1  - 2 . 1 8 7  0 . 9 7 8 0
P06 0 . 2 1 3 5  - 0 . 4 7 5  0 . 5 9 5 7 - 0 . 0 0 6  2 . 1 9 7 7  0 . 5 9 6 4 1 .0 7 7 7  - 1 . 4 7 1  0 . 4 5 8 8
P07 0 . 1 8 1 1  1 . 0 8 0 6  0 . 9 8 7 4 - 0 . 0 0 7  2 . 1 3 9 8  0 . 9 8 7 4 1 . 0 3 7 1  - 0 . 1 0 2  0 . 9 7 5 1
P08 0 . 1 1 7 5  0 . 8 4 0 9  0 . 9 8 3 1 - 0 . 0 0 9  2 . 1 5 2 9  0 . 9 8 3 1 0 . 6 7 2 7  0 . 0 7 3 5  0 . 9 6 6 9
P09 0 . 6 8 9 3  1 . 6 1 3 3  0 . 9 3 7 0 - 0 . 0 0 1  2 . 1 0 8 8  0 . 9 8 7 1 3 . 9 2 0 1  - 2 . 8 1 6  0 . 9 6 1 8
P10 0 . 0 5 7 4  0 . 5 1 5 9  0 . 9 5 9 6 - 0 . 0 1 2  2 . 1 7 7 2  0 . 9 5 9 4 0 . 3 2 8 0  0 . 1 4 2 9  0 . 9 4 4 9

N F P - A e r o s i l  A-200 TDDs
[A] ■ Qs vs  Time [B] ะ l o g  RQs v s  Time [C] ะ Qs v s  s q r t  Time

P r e p
No. X-COEF Y-INT R"2 X-COEF Y-INT R~2 X-COEF Y-INT R~2

A01 2 . 3 2 3 9  - 2 . 9 5 2  0 . 9 8 8 7 - 0 . 0 0 3  2 . 1 1 9 7  0 . 9 8 8 4 1 2 .9 9 0  - 1 7 . 2 6  0 . 9 3 2 1
A02 0 . 4 3 4 4  1 . 1 5 3 5  0 . 9 8 6 6 - 0 . 0 0 3  2 . 1 2 2 6  0 . 9 8 8 4 2 . 4 4 9 0  - 1 . 5 7 8  0 . 9 4 4 4
A03 4 . 0 8 4 2  9 . 8 2 3 7  0 . 9 7 4 2 - 0 . 0 0 6  2 . 0 3 0 2  0 . 9 8 8 4 2 3 . 6 7 6  - 1 7 . 6 6  0 . 9 8 6 6
A04 1 . 7 1 5 1  - 0 . 8 2 8  0 . 9 7 8 7 - 0 . 0 0 2  2 . 1 0 4 5  0 . 9 7 8 0 9 . 5 8 1 0  - 1 1 . 3 7  0 . 9 2 0 8
A05 0 . 2 9 8 8  0 . 1 7 3 6  0 . 9 8 8 5 - 0 . 0 0 5  2 . 1 6 3 3  0 . 9 8 0 8 1 . 6 5 9 0  - 1 . 6 3 5  0 . 9 1 2 7
A06 1 . 9 7 7 8  0 . 8 2 7 4  0 .9 9 1 4 - 0 . 0 0 2  2 . 0 8 8 9  0 . 9 8 9 1 11 .2 5 1  - 1 1 . 8 9  0 . 9 7 0 1
A07 2 . 4 2 5 0  - 1 . 7 0 5  0 . 9 9 6 1 - 0 . 0 0 3  2 . 0 9 9 5  0 . 9 9 5 2 1 3 .5 6 8  - 1 6 . 6 7  0 . 9 3 6 2
AO 8 0 . 2 2 6 5  0 . 0 5 7 3  0 . 9 5 6 4 - 0 . 0 0 6  2 . 1 8 1 8  0 . 8 7 4 4 1 . 2 6 3 3  - 1 . 3 2 9  0 . 8 2 0 0
A09 4 . 3 6 0 2  - 2 . 2 6 6  0 . 9 8 7 7 - 0 . 0 0 6  2 . 0 6 6 6  0 . 9 8 6 7 2 4 . 5 1 7  - 2 9 . 5 1  0 . 9 3 8 7
A10 5 . 4 8 4 5  3 6 . 8 3 6  0 . 9 0 8 2 - 0 . 0 0 7  1 .9 8 3 3  0 . 9 1 4 2 3 2 . 8 5 4  - 2 . 9 9 3  0 . 9 8 1 9
A l l 0 . 9 4 6 8  - 1 . 3 6 1  0 . 9 6 8 7 - 0 . 0 0 0  2 . 1 4 3 0  0 . 9 6 4 6 5 . 1 5 7 0  - 6 . 8 1 8  0 . 8 6 2 6
A12 3 . 0 8 8 6  - 2 . 8 4 8 - 0 . 9 7 7 7 - 0 . 0 0 4  2 . 0 8 2 1  0 . 9 7 5 9 1 7 .0 4 4  - 2 1 . 2 6  0 . 8 9 6 9
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TABLE 27 The A n a l y s i s  Of e r m e a t i o n  K i n e t i c  and Mechanism Of N i f e d i p i n e  
f o l l o w i n g  L i n e a r  R e g r e s s i o n  f o r  a ch  r e p a r a t i o n

NFP - P l u r o n i c  F -1 27  TDDs

No.
%Qs
T U .

log%RQs %Qs 
V S  v s  

Time sqTime

A n a l y s i s
K i n e t i c
P a t t e r n

Mechanism
P a t t e r n

Mt/Moc=kt ท
d Q / d t  

vs  Q
d Q / d t  
vs  1/Q

ท k
K i n e t i c
C o n s t a n t

r
S qu a re

P01 0 . 9 7 1 7 0 . 9 7 1 2 0 . 8 7 2 0 1 0 . 0 1 5 9 0 . 9 3 1 9 0 . 5 6 2 0 0 . 3 3 9 4 z e r o c a s e  I I
P02 0 . 9 4 3 3 0 . 9 4 2 3 0 . 8 2 1 9 1 0 . 0 1 5 9 0 . 8 8 3 4 0 . 5 9 2 8 0 . 3 4 7 8 z e r o c a s e  I I
P03 0 . 9 7 6 1 0 . 9 7 2 8 0 . 8 7 8 4 1 - 0 . 0 6 9 1 0 . 9 3 6 4 0 . 6 7 1 5 0 . 4 8 7 5 z e r o c a s e  I I
P04 0 . 9 5 9 4 0 . 9 5 9 4 0 . 9 4 4 9 0 . 7 5 0 . 0 0 6 3 0 . 8 8 4 6 0 . 0 0 2 6 0 . 1 6 2 5 z e r o / f  i r s t nonF i c k i a nP05 0 . 9 6 9 4 0 . 9 6 8 1 0 . 9 7 8 0 0 . 7 5 0 . 0 1 0 7 0 . 9 8 4 3 0 . 1 5 6 9 0 . 2 1 5 7 H i g u c h i ' ร F i c k i a n
P06 0 . 5 9 5 7 0 . 5 9 6 4 0 . 4 5 8 3 0 . 2 5 0 . 0 2 3 2 0 . 9 6 5 5 0 . 6 8 3 7 0 . 1 9 4 6 - nonF i c k i a n0 . 9 8 2 0 0 . 9 5 7 1 0 . 9 6 8 8 - - - - ■ - z e r o c a s e  I I0 . 9 9 6 5 0 . 8 9 1 5 0 . 9 8 3 8 - - - - - z e r o c a s e  I IP07 0 . 9 8 7 4 0 . 9 8 7 4 0 . 9 7 5 1 0 . 5 5 0 . 0 0 8 8 0 . 9 7 9 3 0 . 2 6 5 0 0 . 7 3 7 6 2e r o / f  i r s t nonF i c k i a nP08 0 . 9 8 3 1 0 . 9 8 3 1 0 . 9 6 6 9 0 . 5 0 . 0 0 6 9 0 . 9 6 9 2 0 . 2 1 2 2 0 . 5 6 2 1 H i g u c h i 'ร F i c k i a nP09 0 . 9 8 7 0 0 . 9 8 7 1 0 . 9 6 1 8 0 . 7 5 0 . 0 1 6 1 0 . 9 8 4 9 0 . 9 9 7 5 0 . 4 3 7 4 z e r o / f  i r s t n o n F i c k i a nP10 0 . 9 5 9 6 0 . 9 5 9 4 0 . 9 4 4 9 0 . 4 5 0 . 0 0 4 2 0 . 9 3 4 1 0 . 1 8 8 1 0 . 5 8 9 3 z e r o / f  i r s t nonF i c k i a n

N F P - A e r o s i l  A-200 TDDs j

A n a l y s i s
%Q log%RQs %Q Mt/Mcc=kt ท K i n e t i c MechanismNo . V S V S V S ท k r d Q / d t d Q / d t P a t t e r n P a t t e r nTime T ime sqT ime K i n e t i c S q u a re v s  Q v s  1/Q

C o n s t a n t

A01 0 . 9 8 8 7 0 . 9 8 8 4 0 . 9 3 2 1 1 0 . 0 2 1 3 0 . 9 7 7 3 0 . 2 1 6 3 0 . 2 2 2 7 z e r o c a s e  I IA02 0 . 9 8 6 6 0 . 9 8 8 4 0 . 9 4 4 4 0 . 7 5 0 . 0 1 0 3 0 . 9 7 5 3 0 . 0 6 3 3 0 . 1 8 5 5 2e r o / f  i r s t nonF i c k i a nA03 0 . 9 7 4 2 0 . 9 8 8 4 0 . 9 8 6 6 0 . 7 5 0 . 0 9 5 8 0 . 9 9 0 9 0 . 8 0 2 9 0 . 5 3 0 7 f  i r s t nonF i c k i a n0 . 9 9 4 7 0 . 9 0 3 7 0 . 9 8 2 0 - - - - - - c a s e  I I0 . 9 6 4 0 0 . 9 3 9 9 0 . 9 5 9 0 - - - - - - c a s e  I IA04 0 . 9 7 8 7 0 . 9 7 8 0 0 . 9 2 0 8 1 0 . 0 1 6 6 0 . 9 7 7 1 0 . 0 0 8 2 0 . 0 0 5 0 z e r o c a s e  I IA05 0 . 9 3 8 5 0 . 9 8 0 8 0 . 9 1 2 7 1 0 . 0 0 3 1 0 . 9 7 6 8 0 . 0 0 6 1 0 . 0 3 8 6 z e r o c a s e  I IA06 0 . 9 9 1 4 0 . 9 8 9 1 0 . 9 7 0 1 0 . 9 5 0 . 0 2 3 4 0 . 9 9 2 9 0 . 0 5 0 6 0 . 0 8 4 8 z e r o c a s e  I IA07 0 . 9 9 6 1 0 . 9 9 5 2 0 . 9 3 6 2 1 0 . 0 2 3 1 0 . 9 9 2 7 0 . 0 5 9 7 0 . 1 4 3 0 z e r o c a s e  I IA08 0 . 9 5 6 4 0 . 8 7 4 4 0 . 8 2 0 0 1 0 . 0 0 2 3 0 . 9 5 6 0 0 . 0 0 0 1 0 . 0 0 0 5 z e r o c a s e  I IA09 0 . 9 8 7 7 0 . 9 8 6 7 0 . 9 3 8 7 1 0 . 0 4 2 1 0 . 9 8 5 9 0 . 0 2 3 2 0 . 0 0 6 6 z e r o c a s e  I IA10 0 . 9 0 8 2 0 . 9 1 4 2 0 . 9 8 1 9 0 . 5 0 . 3 1 9 6 0 . 9 8 1 1 0 . 6 3 9 2 0 . 7 6 3 1 H i g u c h i ' ร F i c k i a n0 . 9 9 4 0 0 . 9 1 3 9 0 . 9 8 9 1 - - - - - - c a s e  I I0 . 9 5 3 0 0 . 9 3 9 2 0 . 9 4 2 1 - - - - - - c a s e  I IA l l 0 . 9 6 8 7 0 . 9 6 4 6 0 . 8 6 2 6 1 0 . 0 0 8 6 0 . 9 5 4 5 0 . 3 0 9 1 0 . 0 4 4 1 z e r o c a s e  I IA12 0 . 9 7 7 7 0 . 9 7 5 9 0 . 8 9 6 9 1 0 . 0 2 9 1 0 . 9 7 1 8 0 . 0 5 8 9 0 . 0 0 6 7 z e r o c a s e  I I
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AEROSIL GEL : A01 vs A02 
Permeation amounts/surface area V8 Time

NIFEDIPINE IN VITRO SKIN PERMEATION

0 5 10 15 20 25
Time (hours)

F i g u r e  33 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [m cg /em 2 ] 
f ro m  A01 and A02 C o n t a i n e d  G l y c e r o l  27% พ/พ and  35% 
พ/พ, R e s p e c t i v e l y .
[A01 ะ Y = 2 .3 239X  -  2 . 9 5 2 9 ,  R - s q u a r e  = 0 . 9 8 8 7 ;

A02 ะ Y = 0 . 4 3 4 4 X  -  1 . 1 5 3 5 ,  R - s q u a r e  = 0 . 9 8 5 2 ] ,
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AEROSIL GEL ะ A03 vs A04
P e r m e a t io n  a m o u n t s / a r e a  V8 T im e

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts <mcfl/cm2)

F i g u r e  34 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [m cg/cm 2 ] 
f ro m  A03 and A04 C o n t a i n e d  PEG 400 15% พ/พ and  25%
พ/พ, R e s p e c t i v e l y .
[A03 ะ Y -  4 .0 8 4 2 X  + 9 . 8 2 3 7 ,  R - s q u a r e  = 0 . 9 7 4 2 ;

A04 ะ Y = 1 . 7 1 5 1 X  -  0 . 8 2 8 ,  R - s q u a r e  = 0 . 9 7 8 7 ] .
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AEROSIL GEL : A01 V8 A03/A04
Permeation amounta/area va Time

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounta (mcg/cm2)

F i g u r e  35 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [m cg /cm 2 ] 
Compared A01 v s  A03, P04 .
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AEROS1L GEL ะ A05 Y8 A06
Permeation amounte/area V8 Time

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts (mcg/cm2)

F i g u r e  36 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [m cg/cm ^]  
f ro m  A05 and A06 C o n t a i n e d  PEG 400 15% พ/พ, HPMC 
1% พ/พ and  PEG 400 25% พ/พ, HPMC 1% พ/พ, 
R e s p e c t i v e l y .
[A05 ะ Y = 0 . 2988X + 0 . 1 7 3 6 ,  R - s q u a r e  = 0 . 9 7 9 1 ;

A06 ะ Y = 1 .9778X  + 0 . 8 2 7 4 ,  R - s q u a r e  = 0 . 9 9 1 4 ] .



AEROSIL GEL : A01 vs A0S/A06 
Permeation amounts/surface area vs Time

NIFEDIPINE IN VITRO SKIN PERMEATION

0 5 10 15 20 25
T im e  ( h o u r s )

F i g u r e  37 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [m e g /
Compared  A01 v s  A05, A06.



AEROSIL GEL ะ A01 vs A03 vs A06 
Permeation amounts/surface area vs Times

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts (mcfl/cm2)

F i g u r e  38 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [m eg /
Compared  A01 v s  A03 v s  A06.
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AEROSIL GEL ะ A07 vs A08 
Permeation amounts/surface area V8 Times

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts (mcg/cm2)

F i g u r e  39 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  
[m cg/cm 2 ] f ro m  A07 and  A08 C o n t a i n e d  P r o p y l e n e  
g l y c o l  27% พ/พ, and 35% พ/พ, R e s p e c t i v e l y .
[A07 : Y = 2 .4 250X  -  1 . 7 0 5 ,  R - s q u a r e  = 0 . 9 9 6 1 ;

A08 = 0 . 2 2 6 5 X  + 0 . 0 5 7 3 ,  R - s q u a r e  = 0 . 9 6 5 4 ] .



AEROSIL GEL ะ A09 vs A10
Permeation amounts/aurface area va Time

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounte (mcg/cm2)

0 5 10 15 20 25
Time (hours)

F i g u r e  40  Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [m cg/cm ^]  
f ro m  A09, A10 C o n t a i n e d  PEG 400 15% พ/พ and 25 พ/พ
R e s p e c t i v e l y .
[A09 ะ Y = 4 . 3602X -  2 . 2 6 6 ,  R - s q u a r e  ะ: 0 . 9 8 7 7 ;

A10 ะ Y = 5 . 4 8 4 5 X  + 3 6 . 8 3 6 ,  R - s q u a r e  ะ: 0 . 9 0 8 0 ] .
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AEROSIL GEL : A07 vs A09/A10 
Permeation amounts/surface area va Times

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts (mcfl/cm2)

0 5 10 15 20 25
Time (hours)

F i g u r e  41 Drug  P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [m cg /cm “ ] 
Compared  A07 v s  A09, A10.
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AEROSIL GEL ะ At! V8 A12
Permeation amounts/area V8 Time

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts (mcg/cm2)

F i g u r e  42 Drug P e r m e a t i o n - T i m e  P r o f i l e  o f  N i f e d i p i n e  [m cg /cm 2 ] 
f ro m  A l l  and A12 C o n t a i n e d  PEG 400 15% พ/พ, HPMC 1%
พ/พ and PEG 400 25% พ/พ, R e s p e c t i v e l y .
[ A l l  ะ Y = 0 . 9468X -  1 . 3 6 1 ,  R - s q u a r e  = 0 . 9 6 8 7 ;

A12 ะ Y = 3 . 0886X -  2 . 8 4 8 ,  R - s q u a r e  = 0 . 9 7 7 ] ,
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AEROSIL GEL ะ A07 vs A11/A12 
Permeation amounts/surface area V8 Times

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts (mco/cm2)

F i g u r e  43 Drug  P e r m e a t i o n - P r o f i l e  o f  N i f e d i p i n e  Compared A07 
v s  A l l ,  A 1 2 .
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AEROSIL GEL ะ A07 va A10 vs A12 
Permeation amounls/aurface area va Times

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts (mcg/cm2)

F i g u r e  4 4  Drug P e r m e a t i o n - P r o f i l e  o f  N i f e d i p i n e  Compared A07
v s  A10 v s  A12.
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AEROSIL GEL ะ A01/A02 vs A07/A08 
Permeation amounts/surface area vs Times

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts (mcfl/cm2)

F i g u r e  4 5  Drug  P e r m e a t i o n - P r o f i l e  o f  N i f e d i p i n e  Compared A01 ,
A02 v s  A07,  A 0 8 .
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AEROSIL GEL ะ A01 vs A06 vs AO7 vs A12 
Permeation amounts/surface area V8 Times

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts (mcfl/cm2)

F i g u r e  4 6  Drug  P e r m e a t i o n - P r o f i l e  o f  N i f e d i p i n e  Compared A01
v s  A06 v s  A07 v s  A12.
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AERQSIL GEL ะ A03 vs A06 vs A10 vs A12 
Permeation amounts/surface area V8 Times

NIFEDIPINE IN VITRO SKIN PERMEATION

Cumulative Permeation Amounts (mcg/cm2)

F i g u r e  47 Drug  P e r m e a t i o n - P r o f i l e  o f  N i f e d i p i n e  Compared A03
v s  A06 v s  A10 v s  A12.
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The e f f e c t  o f  PEG 400  c o n c e n t r a t i o n  on t h e  r a t e  
o f  s k i n  p e r m e a t i o n  and p e r m e a t i o n  p r o f i l e  was a l s o  
e x a m i n e d .  The i n c r e a s e  i n  s k i n  p e r m e a t i o n  r a t e  o f  NFP was 
o b s e r v e d  t o  be  d e p e n d e n t  upon  t h e  PEG 400 c o n c e n t r a t i o n  
( F i g u r e s  34 ,  4 0 ) .  F o r  p r e p a r a t i o n s  A03 and  A04 ( F i g u r e s  34, 
3 5 )  w h i c h  c o n t a i n e d  27% พ/พ g l y c e r o l ,  t h e  h i g h  p e r m e a t i o n  
r a t e  o f  NFP was a c h i e v e d  f ro m  t h e  l o w e r  c o n c e n t r a t i o n  o f  
PEG 400 w i t h  a 2 - f o l d  i n c r e a s e  i n  p e r m e a t i o n  r a t e  o f  NFP 
when c omp a re d  t o  A01,  c o n t a i n e d  no PEG 4 0 0 ,  w h i l e  t h e  h i g h  
PEG 400 c o n c e n t r a t i o n ,  A04,  e x h i b i t e d  t h e  p e r m e a t i o n  r a t e  
o f  NFP c l o s e l y  t o  A01.  A c o n t r a s t  phenomenon was o b s e r v e d  
f o r  t h e  e f f e c t  o f  PEG 400 c omb i ne d  w i t h  o f  PG. F or  
p r e p a r a t i o n s  A09,  A10 ( F i g u r e s  4 0 ,  4 1 ) ,  s k i n  p e r m e a t i o n  
r a t e  o f  NFP was i n c r e a s e d  a s  i n c r e a s i n g  PEG 400 
c o n c e n t r a t i o n  t o  be  a 1 . 5  and  a 2 . 2  f o l d s  f o r  A09 and A10,  
r e s p e c t i v e l y ,  when c omp ar ed  t o  A 0 7 . T h e s e  o b s e r v a t i o n s  
c o u l d  be  r a n k e d  a c c o r d i n g  t o  t h e  s k i n  p e r m e a t i o n  r a t e  o f  
NFP a s  t h e  f o l l o w i n g  o r d e r  A10 > A09 > A03 > A04 w i t h  t h e  
r a t e s  o f  5 . 4 8 4 5 ,  4 . 3 6 0 3 ,  4 . 0 8 4 2  and 1 . 7 1 5 1  m c g / c m ^ / h ,  
r e s p e c t i v e l y .

The s k i n  p e r m e a t i o n  p r o f i l e s  o f  NFP a f f e c t e d  f ro m  
HPMC a s  t h i c k e n i n g  a g e n t ,  i n  p r e p a r a t i o n s  A05,  A06,  A l l  
and A12 w e re  shown i n  F i g u r e s  36 ,  37 ,  38 ,  4 2 ,  43 and  4 4 .  
The r e s u l t s  i n d i c a t e d  t h a t  t h i c k e n i n g  a g e n t  c o u l d  r e t a r d  
t h e  p e r m e a t i o n  r a t e  o f  NFP e s p e c i a l l y  i n  t h e  p r e p a r a t i o n  
c o n t a i n i n g  g l y c e r o l .  The s k i n  p e r m e a t i o n  r a t e  o f  NFP f ro m  
A05 was c l e a r l y  d e c r e a s e d  o f  2 . 6 ,  15 and  6 f o l d s  when
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c omp ar e d t o  .A01, A03 and A04, r e s p e c t i v e l y . The Ae--2 0 0
g e l  m a t r i c e s c o n t a i n e d 27% g l y c e r o l  c o u l d be r a n k e d
a c c o r d i n g t o t h e s k i n p e r m e a t i o n  r a t e  o f NFP a s t h e
f o l l o w i n g o r d e r , A03 > A01 = A06 > A04 = P05 F o r t h e
p r e p a r a t i o n  c o n t a i n i n g  PG, t h e  o b t a i n e d  p e r m e a t i o n  r a t e  
f r o m  A l l  was a p p r o x i m a l y  4 . 6  f o l d s  d e c r e a s e d  and  f r o m  A12 
was 1 . 7  f o l d  d e c r e a s e d  when c omp ar e d  t o  A09 and A10,  
r e s p e c t i v e l y .  To c ompar ed  t o  A07,  t h e  p e r m e a t i o n  r a t e  
a c h i e v e d  f rom A12 w h i c h  c o n t a i n e d  h i g h  c o n c e n t r a t i o n  o f  
PEG 400 and HPMC was l i t t l e  f a s t e r  t h a n  f rom P07 w h i c h  had 
no PEG and  HPMC b u t  t h a t  f rom P l l  was s l o w e r  t h a n  t h a t  
f r o m  A07 w i t h  a p p r o x i m a t l y  1 . 6  f o l d  d e c r e a s i n g .  The 
r a n k i n g  o f  s k i n  p e r m e a t i o n  f rom t h e s e  p r e p a r a t i o n s  w e re  a s  
f o l l o w  a s  A10 > A09 > A12 = A07 > A l l .

5.4 The Elucidation of Drug Permeation Model

I n  o r d e r  t o  d e t e r m i n e  t h e  e f f e c t s  o f  d i f f e r e n t  
t y p e s  o f  g e l l i n g  a g e n t  and d i f f e r e n t  f o r m u l a t i o n  on t h e  
m od e l  o f  d r u g  p e r m e a t i o n ,  a l l  o f  p e r m e a t i o n  d a t a  we re  
f i t t e d  t o  z e r o  o r d e r ,  f i r s t  o r d e r  o r  H i g u c h i ' s  m o d e l .  The 
m o s t  l i n e a r i t y  w h i c h  o b t a i n e d  f r o m  c o r r e l a t i o n  b e t w e e n  
% Qs v s  t i m e  ( z e r o  o r d e r  k i n e t i c ) ,  t h e  l o g a r i t h m  o f  
% r e m a i n e d  Qs v s  t i m e  ( f i r s t  o r d e r  k i n e t i c )  and  % Qs v s  
s q u a r e  r o o t  o f  t i m e  we re  u s e d  t o  d e t e r m i n e  t h e  k i n e t i c  o f  
d r u g  p e r m e a t i o n  mode l  o f  e a c h  p r e p a r a t i o n .  The r e s u l t  o f  
t h i s  i n t e r p r e t a t i o n  was shown i n  T a b l e  27 ,  i t  was f o u n d  
t h a t  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  o f  t h e s e  p r e p a r a t i o n s
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w e r e  c l o s e l y  t o  be  b o t h  z e r o  o r d e r  and f i r s t  o r d e r  
k i n e t i c s  e x e p t e d  P 05 ,  P 08 ,  A03,  A10.  I t  was d i f f i c u l t  t o  
i n d i c a t e  t h e  e x a c t  p e r m e a t i o n  p r o f i l e  o f  NFP f r o m  g e l  
m a t i c e s  d e v i c e s .  However ,  i t  c o u l d  e s t i m a t e  t h a t  t h e  
p e r m e a t i o n  r a t e  o f  NFP f r o m  t h e s e  d e v i c e s  w e r e  c o n s t a n t  
o v e r  a p e r o i d  o f  r e q u i r e d  t i m e s .  The e s t i m a t e d  p r o f i l e  
k i n e t i c  o f  NFP p e r m e a t i o n  was shown i n  T a b l e  27 ,  i t  was 
f o u n d  t h a t  P F - 1 2 7  g e l  m a t r i c e s  d e v i c e s  w h i c h  e x h i b i t e d  a 
z e r o  o r d e r  k i n e t i c  o f  NFP p e r m e a t i o n  was t h e  p r e p a r a t i o n  
P 01 ,  P02 and  P03 .  H i g u c h i ' s  mode l  was o b t a i n e d  f ro m  P05 ,  
P08 and  t h e  o t h e r  t e n d e d  t o  be  z e r o  o r d e r  o r  f i r s t  o r d e r  
k i n e t i c .  F o r  Ae-200  g e l  m a t r i c e s  d e v i c e s ,  t h e  m o s t  
l i n e a r i t y  o b t a i n e d  f rom a l l  p r e p a r a t i o n s  e x c e p t  f ro m  A03 
and  A10 w h i c h  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  o f  o v e r a l l  d a t a  
w e r e  c l o s e d  t o  f i r s t  o r d e r  and  H i g u c h i ' s  m o d e l ,  
r e s p e c t i v e l y .  However ,  w i t h  o b s e r v a t i o n  o f  p e r m e a t i o n  
p r o f i l e  o f  b o t h  p r e p a r a t i o n  F i g u r e s  34 and  4 0 ,  i t  showed 
t h a t  A03 and A10 e x i h i b i t e d  two p e r m e a t i o n  s l o p e s ,  t h e  
f i r s t  s i x  h o u r s  o f  p e r m e a t i o n  and  t h e  r e s t  t i m e  i n t e r v a l ,  
t h e i r  c o r r e l a t i o n  c o e f f i c i e n t  w e r e  c l o s e d  t o  z e r o  o r d e r  
k i n e t i c  m o d e l .

The r e s u l t s  o f  i n - v i t r o  s k i n  p e r m e a t i o n  
e x p e r i m e n t  o f  h y d r o p h i l i c  g e l  m a t r i c e s ,  P F - 1 2 7 ,  and 
h y d r o p h o b i c  g e l  m a t r i c e s ,  A e - 2 0 0 ,  i n d i c a t e d  t h a t  d i f f e r e n t  
p o l y m e r  and  d i f f e r e n t  c o n c e n t r a t i o n  o f  a d d i t i o n  p r o d u c e d  
d i f f e r e n t  b o t h  t h e  p e r m e a t i o n - t i m e  p r o f i l e  and  t h e  s k i n  
p e r m e a t i o n  r a t e .  The maximum s k i n  p e r m e a t i o n  r a t e  o f  NFP
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i n  t h e  p e r i o d  a s  r e q u i r e d  c o u l d  be  o b s e r v e d  f rom P F -1 2 7  
h y d r o p h i l i c  g e l  m a t r i c e s ,  P03 ,  h owe ve r  t h e  h y d r o p h o b i c  g e l  
m a t r i c e s  p r o d u c e d  a r a p i d  o n s e t  o f  p e r m e a t i o n  o f  NFP. The 
r e s u l t s  o f  s k i n - p e r m e a t i o n  s t u d i e s  f rom b o t h  t y p e s  o f  g e l  
m a t r i c e s  we re  i n d i c a t e d  t h a t  t h e y  m i g h t  be  a b l e  t o  e n h a n c e  
t h e  b i o a v a i l a b i t y  o f  NFP and e x h i b i t e d  a s u s t a i n - r e l e a s e  
c h a r a c t e r i s t i c  w i t h  a c o n s t a n t  r a t e  o v e r  p e r o i d  o f  24
h o u r s .
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