
CHAPTER I I

MATERIALS AND METHODS

1. Materials

N i f e d i p i n e  c r y s t a l  powder  ะ B a y e r  AG. L e v e r k u s e n ,  
G e r m a n y . ,  B a t c h  No. 224437C

P l u r o n i c  F - 1 2 7  ะ BASF c o r p o r a t i o n  c h e m i c a l  
d i v i s i o n ,  New J e r s y ,  USA. B a t c h  No. WPTK 500B

A e r o s i l  A-200 : Wacker  c h e m i e  GMBH München,
G e r m a n y . ,  B a t c h  No. N20

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  AR g r a d e  ะ E.  Mer ck ,  
D a r m s t a t d t ,  G e r m a n y . ,  L o t  No. 8053

M e t h a n o l  HPLC g r a d e  ะ JT B a k e r  I n c o r p o r a t i o n ,  
P h i l l i p s b e r g ,  New J e r s y ,  USA

Wa t e r  ะ R e v e r s e d  o s m o s i s  t r e a t e d  w a t e r  was u s e d  
t h r o u g h o u t  t h e  e x p e r i m e n t .  I n  a d d i t i o n ,  f i l t e r i n g  t h r o u g h  
a 0 . 4 5  um membrane f i l t e r ,  F H - t y p e  M i l l i p o r e ,  p r i o r  t o  t h e  
c h r o m a t o g r a p h i c  t e s t i n g  was p e r f o r m e d .
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2. Apparatus

A n a l y t i c a l  b a l a n c e  ะ S a r t o r i u s  mode l  A2005,  
S a r t o r i u s  L t d . ,  Co.  Germany.

pH m e t e r  ะ Henna mode l  HI8417  m i c r o p r o c e s s o r ,  
Henna  I n s t r u m e n t ,  USA.

S h a k i n g  w a t e r - b a t h  ะ H o t e c h  s h a k e r  B a t h  mode 905 ,  
H o t e c h  I n s t r u m e n t s  C o r p o r a t i o n ,  T a i p e i ,  T a i w a n .

S p e c t r o p h o t o m e t e r  ะ Sh ima dzu  mode l  uv 180, Shimadzu  
C o r p o r a t i o n ,  K y o t o ,  J a p a n .

R e c o r d e r  ะ Shimudzu  mode l  U - 13 5 ,  Shimudzu
C o r p o r a t i o n ,  K y o t o ,  J a p a n .

S t i r - P l a t e  w i t h  t e m p e r a t u r e  t h e r m o s t a t  ะ Nuova 7 
s t i r  p l a t e  mode l  No. S P - 1 8 4 2 0 ,  T h e r m o l y n e  S y b r on
C o r p o r a t i o n ,  Dubuque ,  I owa ,  USA.

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 y  (HPLC) ะ
Pump ะ M u l t i p l e  s o l v e n t  d e l i v e r y  s y s t e m ,  M i l t o n  

Roy mode l  CM 4 0 0 0 ,  M i l t o n  Roy,  LDC d i v i s i o n ,  F l o r i d a ,  USA.

UV a b s o r p t i o n  d e t e c t o r  ะ P r o g r a m m a t i c  w a v e l e n g t h  
d e t e c t o r ,  M i l t o n  Roy mode l  SM 4 0 0 0 ,  M i l t o n  Roy,  LDC
d i v i s i o n ,  F l o r i d a ,  USA.
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I n t e g r a t o r  ะ Computo r  i n t e g r a t o r ,  M i l t o n  Roy 
mode l  4 1 0 0 ,  M i l t o n  Roy,  LDC d i v i s i o n ,  F l o r i d a ,  USA.

HPLC-Re ve r se  p h a s e  co lumn ะ S p h e r i s o r b ,  
o c t a d e c y l s i l i c a  p a r t i c l e  s i z e  5 urn, 25 cm l e n g h t ,  4 . 6  mm. 
I . D . ,  Phe nomen ex ,  M i l t o n  Roy LDC, F l o r i d a ,  USA.

Gua rd  co lumn ะ U p c h u r c h  mode l  C-130B,
o c t a d e c y l s i l i c a  p a r t i c l e  s i z e  10 urn, Phe nomen ex ,  M i l t o n  
Roy LDC, F l o r i d a ,  USA.

V o r t e x  m i x e r  ะ V o r t e x  G e n i e - 2 ,  mode l  G-560E,  
S c i e n t i f i c  I n d u s t r i e s  I n c . ,  B o h e r m i a ,  New Y o r l ,  USA.

M i c r o s y r i n g e  ะ 100 u l  U n i m e t r i c s ,  U n i m e t r i c s ,  
s t o r e w o o d ,  I l l i n o i s ,  USA.

G o l d e n  f l u o r e s c e n c e  lamp ะ T un g s r a m ,  H u n g a r y .

S i n c e  NFP i s  v e r y  s e n s i t i v e  t o  l i g h t ,  i t  u n d e r g o e s  
r e a d y  p h o t o c h e m i c a l  c o n v e r s i o n  t o  t h e  c o r r e s p o n d i n g  
p y r i d i n e  d e r i v a t i v e s  when e x p o s e d  t o  n o r m a l  l a b o r a t o r y  and  
u l t r a v i o l e t  l i g h t .  T h u s ,  t h e  who l e  e x p e r i m e n t  had  t o  be  
d o n e  i n  a d a r k  room and  u n d e r  g o l d e n  f l u o r e s c e n c e  w h i c h  
had low a c t i n i c  l i g h t .  A l l  g l a s s w a r e s  u s e d  had t o  be  
c a r e f u l l y  p r o t e c t e d  f ro m  l i g h t  by  w r a p p i n g  w i t h  a luminu m
f o i l .
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3 .  Solubility of Nifedipine

Each  50 mg o f  NFP was w e i g h e d  a c c u r a t e l y  and p u t  
i n t o  a  50 ml a l u m i n i u m - f o i l  wr a p p e d  g l a s s  v i a l  w i t h  50 ml 
o f  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 .  T h e s e  p r e p a r a t i o n s  
we re  e q u i l i b r a t e d  w i t h  c o n s t a n t  s h a k i n g  i n  a  s h a k i n g  
w a t e r - b a t h  w h i c h  was k e p t  a t  a  c o n s t a n t  t e m p e r a t u r e  o f  
37°c f o r  24 h o u r s .  W i t h t i m e ,  t h e  p r e p a r a t i o n s  were  
w i t h d r a w n  and  t h e  s a t u r a t e d  s o l u t i o n  was t h e n  q u i c k l y  
f i l t e r e d  t h r o u g h  a 0 . 4 5  um membrane ,  M i l l i p o r e  FH t y p e ,  
and t h e  f i l t r a t e  was a s s a y e d  f o r  NFP c o n c e n t r a t i o n  a f t e r  
p r o p e r  d i l u t i o n  by 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  
me t hod  w h i c h  was d e s c r i b e d  f o r  t h i s  r e s e r c h  s t u d y  i n  
s e c t i o n  6 . 2 .  A f t e r  48 h o u r s ,  t h e  f i t r a t e  was r e p e a t e d  
a s s a y e d  f o r  NFP t o  c o n f i r m  i t s  s o l u b i l i t y .

Each  p r e p a r a t i o n  was c a r r i e d  o u t  i n  t r i p l i c a t e d
r u n .

4. Preparation of Nifedipine Transdemal delivery system

4 . 1  F o r m u l a t i o n

I n  o r d e r  t o  f a b r i c a t e  NFP t r a n s d e r m a l  d r u g  
d e l i v e r y  s y s t e m  by  u s i n g  g e l l i n g  a g e n t s  a s  d r u g  c a r r i e r s ,  
o p t i m a l  r a n g e s  o f  c o n c e n t r a t i o n s  o f  P F - 1 2 7 ,  a h y d r o p h i l i c  
a g e n t ,  and  A e - 2 0 0 ,  a  h y d r o p h o b i c  a g e n t ,  w e re  s e l e c t e d  f ro m  
p r e l i m i n a r y  s t u d i e s  t o  be  30 -  50% พ/พ and  20 -  30% พ/พ,
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r e s p e c t i v e l y .  o t h e r  a d d i t i v e s  w e r e  t h e n  i n c o r p o r a t e d  t o  
i m p r o v e  p h y s i c a l  a p p e a r a n c e  o f '  t h e  p r e p a r a t i o n  and  r e l e a s e  
m e c h an i s m o f  t h e  d r u g .

Each  p r e p a r a t i o n  c o n s i s t e d  o f  a f i x e d  
c o n c e n t r a t i o n  o f  NFP a s  1% พ/พ w i t h  P F -1 2 7  g e l  m a t r i c e s  o r  
Ae-200  g e l  m a t r i c e s .  G l y c e r o l  and p r o p y l e n e g l y c o l  (PG) 
we re  u s e d  a s  p l a s t i c i z e r s  o r  o r g a n i c  m o d i f i e r  f o r  p o l y m e r  
t o  r e d u c e  s t i f f n e s s  o f  t h e  p o l y m e r  b a c k b o n e  and i n c r e a s e  
p o l y m e r  c h a i n  f l e x i b i l i t y  t h e r e f o r e  i n c r e a s i n g  d r u g  
d i f f u s i o n  r a t e  f rom d e v i c e s .  I n  a d d i t i o n ,  b o t h  g l y c e r o l  
and  PG i n c l u d i n g  PEG 400 w e r e  u s e d  a s  c o - s o l v e n t s  o f  NFP. 
M e t h o c e l  K 4M (HPMC) was u s e d  a s  t h i c k e n i n g  a g e n t  t o  
i n c r e a s e  t h e  c o n s i s t e n c y  o f  g e l  m a t r i c e s  t o  i m p r o v e  
p h y s i c a l  a p p e a r a n c e  o f  t h e  p r e p a r a t i o n s .  The p r e p a r e d  
f o r m u l a s  o f  NF P- po l ym er  m a t r i c e s  were  shown i n  T a b l e  4 - 9

4 . 2  Method o f  M a t r i c e s  P r e p a r a t i o n

4 . 2 . 1  P l u r o n i c  F - 1 2 7  g e l  m a t r i x

The 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 s  w h i c h  
u s e d  P F - 1 2 7  g e l  m a t r i c e s  a s  d r u g  c a r r i e r  w e r e  p r e p a r e d  by 
" c o l d  me t h od "  by Schmol ka  ( 1 9 7 2 ) .  The r e q u i r e d  amount  o f  
P F - 1 2 7  was s l o w l y  a dde d  t o  c o l d  r e v e r s e d - o s m o s i s  t r e a t e d  
w a t e r ,  5 -  1 0 °c , u n d e r  c o n s t a n t  a g i t a t i o n .  The o b t a i n e d  
d i s p e r s i o n  was s t o r e d  o v e r n i g h t  i n  a  r e f r i g e r a t o r  t o
d e a e r a t e  and  f o r m e d  a c l e a r e d  v i s c o u s  d i s p e r s i o n . Wi t h



T a b l e  4 F o r m u l a s  o f  30% พ/พ Pu I r o n i c  F - 127 Ge l  M a t r i c e s .

T n g r e d i  en  1: ร Pei e e n t a g e o o n c e n t r a t . i o n  (% พ/พ)

1 2 3 4 5 6 ท( 8 9 10 11 12 13 14

P l u r o n i c  F - 127 3 0 3 0 30 30 30 30 30 30 ' 30 30 30 30 30 30

G1 y c  e  r  o ]. - 5 10 15 - - - - - - 10 10 - -

P r o p y l e n e  g l y c o l - - - - 5 10 15 - - - - - 10 10

PEG 400 - - - - - - - 5 10 15 5 10 5 10

w a t e r 70 65 60 55 65 60 55 65 60 55 55 50 55 50



T a b l e  5 F o r m u l a s  o f  40% พ/พ Pu. l ron . i c  F - 127 G e l  M a t r i c e s .

I n g r e d i e n t s P e r c e n t a g e  c o n c e n t r a t i o n  (% พ/พ)

1 5 16 1 7 1 8 19 20 21 22 23 24 25 26 27 28

P l u r o n i o  F - 127 40 40 40 40 40 40 40 40 40 40 40 40 40 40

G l y c e r o l . - 5 10 15 - - - - - - 10 10 - -

P r o p y l e n e  g l y c o l - - - - 5 10 15 - - - - - 10 10

PEG 400 - - - - - - - 5 10 1 5 5 1.0 5 10

w a t e r 60 55 50 45 55 50 4 5- 55 50 45 45 40 45 40



T a b l e  6 F o r m u l a s  o f  50% พ/พ P u l r o n i c  F-1.27 G e l  M a t r i c e s .

I n g r e d i e n t s P e r c e ท t a g e c o n c e n t r a t i o n  {% พ/พ)

29 30 31 32 33 34 35 36 37 38 39 40 41 42

P l u r o n i c  F - 1 2 7 5 0 5 0 50 50 50 50 50 50 50 50 50 50 50 50

G l y c e r o l . - 5 10 1.5 - - - - - - 10 10 - -

P r o p y l e n e  g l y c o l - - - - 5 10 15 - - - - - 10 1.0

PEG 400 - - - - - - - 5 10 1 5 5 10 5 10

w a t e r 5 0 45 40 35 45 40 35 45 40 35. 35 30 35 30



T a b l e  7 F o r m u l a s  o f  20% พ/พ A e r o s i l  A - 200 G e l  M a t r i c e s .

ใ n g r e d i e n  1:8 P e r o e n  l. ' aàe c o n c e n t r a  1 1 o ท % พ /  พ )

4 3 4 4 1 5 40 47 48 49 50 51 52 53 54 55 56 57 58 59 00

A e r o s  i 1 A - 2 no 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

G1y c e r o ] 2 5 3 5 45 - - - 25 25 35 35 - - - - 25 25 - -
P r o p y l e n e  g 1 y c o 1 - - - 25 35 45 - - - - 2 5 25 35 35 - - 25 25

PPG 400 - - - - - - 20 30 20 30 20 30 20 30 20 20 20 20
HPMC - - - - - - - - - - - - - - 1 3 1 3

w a t e r 55 45 35 55 45 35 35 25 2 5 15 35 25 25 15 34 32 34 32

CD
CO



T a b l e  8 Form น 1 a  ร O f  3 0 % พ /  พ A e r  o ร i. 1 A -  2 0 0 G e  1 M a  t  r  î O e ร .

I  n g r  e  d  i. e  ท t  ร P e r c e n t a g e c C) ท Oe n t r a t I o n  (% พ / พ )

61 62 63 64 65 66 67 68 69 70 7 1 72 73 74 75 76 77 78

A e r o s i . l  A - 2 0 0 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

G l y c e r o l 2 5 35 15 - - - 25 25 35 35 - - -  ' - 25 25 - -

P r o p y l e n e  g l y c o l - - - 25 35 45 -• - - - 25 25 35 35 - - 25 25

PEG 4 0 0 - - - - - - 20 30 20 30 20 30 20 30 20 20 20 20

H PMC - -• - - - - - - - - - - - - 1 3 1 3

K  a  t e r '1 5 35 25 1 5 35 25 25 1 5 1 5 5 25 15 15 5 24 22 24 22

enนว



T a b l e  9 Formulas o f  Combination o f  Pill r u n i c ?  F - 1 2 7  a n d  A e r o  si 1 A- 200 G e I Matrices.

I l i g r e d  i o a t s P c  เ'( • e n  1 f i>’ e  e  o  ท c ท 1.1'! 1 1 i o n (% พ / พ )

7 9 8 0 81 8 2 8 ร 84 8 5 8 6 8 7 8 8 8 9 9 0 9 1 9 2 9 3 94 9 5 9 6 9 7 9 8 9 9

P u  I r o n i c  [ ' ' - 127 3 0 SO 8 0 SO 8 0 3 0 9 0 4 0 4 0 ■1 0 4 0 4 0 4 0 •10 5 0 5 0 5 0 5 0 5 0 5 0 5 0

( i l  y e a  r o l - - 10 10 - - - - - 10 10 - - - - - 1 0 10 - -

P r o p y l e n e  g l y c o l - - - - - 10 10 - - - - - 1 0 1 0 - - - - - 10 1 0

PEG 4 0 0 - - - 1 0 10 10 10 - - - 1 0 10 1 0 1 0 - - - 1 0 10 10 10

A e r o s i 1 A - 2 0 0 2 5 10 5 1 0 5 1 0 9 5 1 0 5 1 0 5 10 2 5 1 0 5 10 5 1 0

w a t e r 6 8 6 5 6 0 4 5 4 0 45 4 0 5 8 5 5 5 0 3 0 3 5 3 0 3 5 4 8 4 5 4 0 2 0 2 5 2 0 2 5

o
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t i m e ,  t h e  a c c u r a t e  w e i g h t  o f  NFP (1% พ/พ)  was d i s p e r s e d  i n  
r e q u i r e d  amount  o f  c o - s o l v e n t  and  o t h e r  r e q u i r e d  amount  o f  
a d d i t i v e ( s )  w e r e  t h e n  a d d e d ,  w e l l  d i s p e r s e d  w i t h  c o n s t a n t  
a g i t a t i o n  t o  o b t a i n  a u n i f o r m  d i s p e r s i o n .

F o r  t h e  s e l e c t i o n  o f  P F- 127  
c o n c e n t r a t i o n ,  t h e  d i s p e r s i o n  was s t o r e d  i n  a 25 ml b e a k e r  
a t  room t e m p e r a t u r e  f o r  24 h o u r s ,  t o  i n c u b a t e  i n t o  t h e  
g e l  s t a t e  f o r  o b s e r v i n g  t h e i r  p h y s i c a l  a p p e a r a n c e .

F o r  t h e  e v a l u a t i o n  o f  NFP t r a n s d e r m a l  d r u g  
d e l i v e r y  p r e p a r a t i o n ,  t h e  u n i f o r m  d i s p e r s i o n s  was t h e n  
p o u r e d  i n t o  t a r e d  w e i g h i n g  a l u m i n i u m  m o l d s .  The m o l ds  
w e re  f i l l e d  t o  d e s i r e d  w e i g h t ,  and  a l l o w e d  t o  g e l  u n d e r  
vacuum a t  room t e m p e r a t u r e  p r i o r  t o  e v a l u a t i o n .

4 . 2 . 2  Àe r Q ร i  !... Ar.2Q Q—gaL-jqatx ix.

The d e s i r e d  amount  o f  Ae -2 00  and 
o r g a n i c  m o d i f i e r  were  w e i g h e d  i n t o  a 50 ml b e a k e r .  The 
m i x t u r e  was ,  t h e n ,  a g i t a t e d  t o  t h o r o u g h l y  m ix .  T h e n ,  t h e  
a c c u r a t e  w e i g h t  o f  NFP was d i s p e r s e d  i n  r e q u i r e d  w e i g h t  o f  
c o - s o l v e n t  and  o t h e r  a d d i t i v e s  w e re  s u b s e q u e n t l y  a d d e d .  
The m i x t u r e  was mixed  w e l l  f o r  c o m p l e t e  h o m o g e n i e t y .
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The f i l l i n g  and  g e l l i n g  o f  p r e p a r a t i o n  f o r  
b o t h  s e l e c t i o n  o f  Ae-200  c o n c e n t r a t i o n  and  f o r  e v a l u a t i o n  
t h e  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  w e re  c a r r i e d  o u t  a s  
p r e v i o u s l y  d e s c r i b e d .

4 . 2 . 3  P l u r o n i c  -  A e r o s i l  g e l  m a t r i x

The r e q u i r e d  amount  o f  P F -1 2 7  g e l  was 
p r e p a r e d  by t h e  me t hod  a s  p r e v i o u s l y  d e s c r i b e d .  T h e n ,  t h e  
m i x t u r e  o f  Ae-200  and o r g a n i c  m o d i f i e r  was a d d e d  t o  t h e  
g e l  w i t h  t h o r o u g h l y  m i x i n g .  The a c c u r a t e  w e i g h t  o f  NFP 
w h i c h  was d i s p e r s e d  i n  r e q u i r e d  w e i g h t  o f  c o - s o l v e n t  and 
o t h e r  a d d i t i v e ( s )  we re  s u b s e q u e n t l y  a d de d  i n t o  t h e  m i x t u r e  
w i t h  t h o r o u g h l y  m i x i n g  f o r  c o m p l e t e  h o m o g e n i e t y .  Ea ch  
f i n i s h e d  p r o d u c t  was u s e d  f o r  s e l e c t i o n  and  e v a l u a t i o n  a s  
i n  4 . 2 . 1 .

4 . 3  Alumi n ium mold f o r  TDDs

Al umi n ium mold was f r a b r i c a t e d  by m o l d - p r e s s e d  
m a c h i n e  i n  w h i c h  t h e  s h a p e  was d e s i g n e d  by u s i n g  a s i n g l e  
p u n c h  h a n d - t a b l e t i n g  m a c h i n e  a s  a r e f e r e n c e  m o d e l .  The  
d i a g r a m m a t i c  i l l u s t r a t i o n  o f  t h e  m a c h i n e  was shown i n  
F i g u r e  9 .  I t  c o n s i s t e d  o f  two m a j o r  p a r t s ,  a mov ing  u p p e r  
p u n c h  w i t h  3 . 4 5  cm i n  d i a m e t e r  and  a f i x e d  l o w e r  p l a t e  o r  
d i e  w i t h  3 . 5  cm i n  i n t e r n a l  d i a m e t e r  and  1 . 5 5  mm i n  d e p t h  
c i r c u l a r  h o l e  a t  t h e  c e n t r e .  F o r  f a b r i c a t i o n  o f  an 
a l u m i n i u m  m o l d ,  a c i r c u l a r  p i e c e  o f  a l u m i n i u m  f o i l  w i t h
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F i g u r e  9 S c h e m a t i c  I l l u s t r a t i o n  o f  M o l d - P r e s s e d  M a c h i n e .
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5.5 cm i n  d i a m e t e r  was p l a c e d  o v e r  t h e  l o w e r  d i e ,  t h e n  t h e  
u p p e r  p l u n g e r  was p r e s s e d  down t h e  a l u m i n i u m  f o i l  s l o w l y  
i n t o  t h e  h o l e  t o  f o r m an a l u m i n i u m  mold w i t h  f i x e d
c i r c u l a r  d i m e t e r  a t  3 . 4 4  cm and  a f i x e d  d e p t h  a t  1 . 5  mm.
A c i r c u l a r  m o ld ,  w h i c h  p r o v i d e d  9 . 2 9 4 1  s q u a r e  c e n t i m e t r e s  
i n  s u r f a c e  a r e a ,  was u s e d  t o  f a b r i c a t e  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 s  i n  t h i s  r e s e a r c h  s t u d y .

5. In-vitro evaluation of HFP transdermal delivery system

5 . 1  P h y s i c a l  C h a r a c t e r i s t i c s

I n  o r d e r  t o  e v a l u a t e  NFP m a t r i x  p r e p a r a t i o n s  t h e  
s u i t a b l e  f o r m u l a s  was s e l e c t e d .  The f o r m u l a t i o n s  were  
s e l e c t e d  a c c o r d i n g  t o  t h e  d i f f i c u l t y  i n  p r e p a r i n g  and t h e
p h y s i c a l  a p p e a r a n c e  o f  t h e  o b t a i n e d  g e l  m a t r i x .  The
p h y s i c a l  a p p e a r a n c e  i n c l u d i n g  c l a r i t y  and  a i r  b u b b l e  we re  
v i s u a l l y  o b s e r v e d ,  t h e  r e s i d u e  was o b s e r v e d  by  a p p l y i n g  
g e l  m a t r i x  on t h e  s k i n  and  t h e  c o n s i s t e n c y  o f  g e l  m a t r i x  
was o b s e r v e d  by  hand p r e s s e d  ( V i e g a s ,  H i k a l  and  C l e a r y ,
1 9 8 8 ) .
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5.2 Permeation ...SLudy.

5 . 2 . 1  S k i n  p e r m e a t i o n  c e l l

An i n - v i t r o  s k i n  p e r m e a t i o n  c e l l  w h i c h  was 
s e l e c t e d  t o  be  u s e d  f o r  t h e  i n v e s t i g a t i o n  o f  l o n g  t e r m  
s k i n  p e r m e a t i o n  k i n e t i c  o f  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  
was a m o d i f i e d  K e s h a r y - C h i e n  f i n i t e - d o s e  d i f f u s i o n  c e l l .  
A l l  c o m p o n e n t s  w e re  f r a b r i c a t e d  f ro m  P y r e x  g l a s s .  
D i a g r a m m a t i c  i l l u s t r a t i o n  and c o m p a r i s o n  w i t h  K e s h a r y -  
C h i e n  d i f f u s i o n  c e l l  we re  shown i n  F i g u r e  10.  The 
m o d i f i c a t i o n  was a imed  t o  ove r co me  t h e  d e f e c t i o n  o f  
K e s h a r y - C h i e n  d i f f u s i o n  c e l l .  F i r s t ,  t h e  r e c e p t o r  
c o m p a r t m e n t  was e n l a r g e d  b e c a u s e  t h e  vo l ume  o f  s a m p l e  
n e e d e d  was much g r e a t e r  t h a n  t h e  o n e - m l  p e r  s a m p l i n g  t h a t  
c o u l d  be  p r o v i d e d  f rom t h e  K e s h a r y - C h i e n  d i f f u s i o n  c e l l  
and t o  r e d u c e  i n t e r f e r e n c e  i n  s i n k  c o n d i t i o n  o f  s y s t e m  and 
i n t a c t  i n t i m a t e  b e t w e e n  s k i n  and  r e c e p t o r  s o l u t i o n  t h a t  
m i g h t  due  t o  a l a r g e  vo l ume  o f  s a m p l i n g .  S e c o n d ,  d ue d  t o  
t h e  b e n d i n g  o f  t h e  s a m p l i n g  p o r t ,  t h e  way t o  p i p e t t e  t h e  
s a m p l e  was i n c o n v i e i e n c e  and a i r  b u b b l e s  o f t e n  e n t e r e d  
i n t o  t h e  r e c e p t o r  c o m p a r t m e n t  w h i l e  p i p e t t i n g  t h e  s a m p l e  
and  t o  ke ep  t h e  t e m p e r a t u r e  o f  t h e  s a m p l i n g  p o r t  a t  a 
c o n s t a n t  and  d e s i r e d  c o n t r o l  t e m p e r a t u r e .  T h u s ,  t h e  i n n e r  
d i a m e t e r  o f  t h e  r e c e p t o r  c o m p a r t m e n t  was e n l a r g e d  f ro m t h e  
f o r m e r  K e s h a r y - C h i e n  d i f f u s i o n  c e l l  o f  20 mm t o  35.8mm. 
I n  a d d i t o n ,  t o  c h a n g e  i n  t h e  d i m e n s i o n ,  t h e  s a m p l i n g  p o r t  
was m o d i f i e d  t o  be  s t r a i g h t  a t  t h e  end  o f  t h e  r e c e p t o r
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K e s h a r y - C h i e n  D i f f u s i o n  C e l l s . CD



77

c o m p a r t m e n t .  I n  t h e  mean t i m e ,  t h e  w a t e r - j a c k e t  
c o m p a r t m e n t  was e x t e n d e d  t o  e n v e l o p  a g r e a t e r  s u r f a c e  
a r e a  o f  t h e  r e c e p t o r  c o m p a r t m e n t  w i t h  e n l a r g e m e n t  i t s  
t o t a l  vo l ume  t o  p r o v i d e  a c o n s t a n t  t e m p e r a t u r e  c o n t r o l  and 
e q u i l i b i u m  w h i l e  m a i n t a i n i n g  t h e  d i f f u s i o n  c e l l  a t  3 7 ° c  by 
i n d i v i d u a l  s t i r - p l a t e  w i t h  t e m p e r a t u r e  t h e r m o s t a t .

5 . 2 . 2  S k i n  p r e p a r a t i o n

The p i g  s k i n  s a m p l e  u s e d  i n  t h i s  r e s e a r c h  
s t u d y  was a f u l l - t h i c k n e s s  s k i n  w h i c h  e x i s e d  f r o m  a 2 -  3 
weeks  o l d  m i n i a t u r e  p i g .  The m i n i a t u r e  p i g  was s a c r i f i c e d  
and  t h e  w h o l e  s k i n  was s u r g i c a l l y  r emoved  and  c l e a n e d  w i t h  
s t e r i l e  n o r m a l  s a l i n e  s e v e r a l  t i m e s .  The s u b c u t a n e o u s  
t i s s u e  and  b l o o d  v e s s e l  w e re  c a r e f u l l y  r emove d  u n t i l  t h e  
e p i d e r m i s  was a c h i e v e d .  The f u l l  t h i c k n e s s  s k i n  was 
c l e a n e d  w i t h  n o r m a l  s a l i n e  and  f i n a l l y  w i t h  s t e r i l e  w a t e r .  
A f t e r  e v a p o r a t i o n  o f  t h e  e x c e s s  w a t e r  a t  room t e m p e r a t u r e ,  
t h e  e x c i s e d  p i g  s k i n  was wr a p p e d  w i t h  a l u m i n i u m  f o i l  and 
s t o r e d  a t  f r e e z i n g  t e m p e r a t u r e ,  - 2 0 ° c ,  w h i c h  t h e  f r e e z -  
t h aw  p r o c e s s  had l i t t l e  e f f e c t  on i n - v i t r o  p e r m e a t i o n  
k i n e t i c s  (Gummer,  1 9 8 9 ) .  To p e r f o r m  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  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 ,  
e x c i s e d  p i g  s k i n  was t h a we d  a t  room t e m p e r a t u r e  and  a 
c i r c u l a r  s e c t i o n j  4 cm i n  d i a m e t e r ,  was c u t  o f f  f o r  s k i n
p e r m e a t i o n  s t u d y .
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5 . 2 . 3  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  a n d  
t e m p e r a t u r e

To c a r r y  o u t  t h e  o p t i m a l  s t i r r i n g  r a t e  o f  
s k i n  p e r m e a t i o n  s t u d i e s ,  t h e  me t hod  o f  Gummer and  e t  a l . ,  
( 1 9 8 7 )  was i n t r o d u c e d  f o r  t h i s  e x p e r i m e n t .  The t h r e e  
d i f f u s i o n  c e l l s  we re  e q u i p p e d  a s  i n  p e r m e a t i o n  s t u d y  o f  
NFP p r e p a r a t i o n s ,  e x c e p t e d  t h e  s y n t h e t i c  membrane was u s e d  
t o  r e p r e s e n t  t h e  s k i n  s a m p l e .  Ea c h  r e c e p t o r  c o m p a r t m e n t  
a l o n g  w i t h  a 3 mm X 10 mm s t i r r i n g  b a r  and  a c r y s t a l  o f  
p o t a s s i u m  p e r m a n g a n a t e .  The r a t e  o f  s t i r r i n g  was e q u i p p e d  
a t  60 ,  70 ,  80 ,  90 ,  100 r p m . The t i m e  o f  e a c h  r a t e  w h i c h  
d i s p e r s a l  o f  mauve c o l o r a t i o n  f ro m  t h e  p e r m a g a n a t e  c r y s t a l  
was u s e d  t o  q u a n t i t a t i v e l y  a s s e s s  t h e  d e g r e e  o f  s t i r r i n g .  
The s t i r r i n g  r a t e  w h i c h  c o m p l e t e d  and e ve n  c o l o r a t i o n  
w i t h i n  30 s e c o n d s  was s e l e c t e d  f o r  e v a l u a t i o n  o f  NFP 
p e r m e a t i o n  s t u d y .

F o r  t h e  d e t e r m i n a t i o n  o f  t h e  t e m p e r a t u r e  
c o n t r o l  o f  s k i n  p e r m e a t i o n  c e l l ,  t h e  w a t e r  j a c k e t  e n v e l o p  
r e c e p t o r  c o m p a r t m e n t  was r e g u l a t e d  by t h e  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  p l a t e .  The d e g r e e  f o r  s e t t i n g  t h e  
t e m p e r a t u r e - a d j u s t a b l e  knob o f  e a c h  i n d i v i d u a l  t h e r m o s t a t  
p l a t e  was c a l i b r a t e d  f o r  e a c h  d i f f u s i o n  c e l l  w h i c h  was 
e q u i p p e d  a s  i n  p e r m e a t i o n  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 é p a r â t i o n . a s  p r e v i o u s l y  d e s c r i b e d  and  s t i r r e d  
a t  t h e  d e s i r e d  r a t e .  The t e m p e r a t u r e s  i n  r e c e p t o r  
c o m p a r t m e n t  and  i n  t h e  w a t e r  j a c k e t  w e r e  m e a s u r e d  t o
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c a l i b r a t e  f o r  t h e  d e s i r e d  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  
k no b .  The d e s i r e d  s c a l e  was t h e  s c a l e  t h a t  c o u l d  c r e a t e  
t h e  t e m p e r a t u r e  o f  w a t e r  i n  w a t e r - j a c k e t ,  w h i c h  p r o v i d e d  
and  m a i n t a i n e d  c o n s t a n t  i n t e r n a l  t e m p e r a t u r e  o f  t h e  
r e c e p t o r  c o m p a r t m e n t  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 .

5 . 2 . 4  P e r m e a t i o n  p r o c e d u r e

An a l u m i n i u m  mold o f  1% พ/พ N F P -p o ly m er  
p r e p a r a t i o n  w i t h  c o n s t a n t  s u r f a c e  o f  9 . 2 9 4 1  s q u a r e  
c e n t i m e t r e  was u s e d  a s  t h e  s u b j e c t  f o r  i n - v i t r o  

p e r m e a t i o n  s t u d y  u s i n g  t h e  a f o r e m e n t i o n e d  m o d i f i e d  
K e s h a r y - C h i e n  d i f f u s i o n  c e l l .  The f u l l - t h i c k n e s s  p i g  
s k i n  was m oun t e d  o n t o  t h e  r e c e p t o r  c o m p a r t m e n t  w i t h  t h e  
s t r a t u m  co r neu m s i d e  f a c i n g  u p w a r d s  i n t o  t h e  d o n o r  
c o m p a r t m e n t  and  t h e  d e r m a l  s i d e  f a c i n g  downwards  i n t o  t h e  
r e c e p t o r  c o m p a r t m e n t ,  t h e n  a u n i t  o f  N F P - p a t c h  was p l a c e d  
w i t h  t h e  d r u g - r e l e a s i n g  s u r f a c e  i n t i m a t e  c o n t r a c t  t h e  
s t r a t u m  co r neu m s u r f a c e  o f  p i g ' s  s k i n .  The d o n o r  
c o m p a r t m e n t  was p l a c e d  on t h e  t o p  and t h e  w h o l e  a s s e m b l y  
was s e c u r e l y  c l a m p e d  t o g e t h e r  f o l l o w i n g  t h e  e l u t i o n  
s o l u t i o n ,  w h i c h  p r e h e a t e d  a t  3 7 ° c ,  was i n t r o d u c e d  i n t o  t h e  
r e c e p t o r  c o m p a r t m e n t  a s  t h e  c o r r e c t e d  v o l um e  ■ t h a t  
p r e d e t e r m i n e d .  The w a t e r  j a c k e t  was a t  p r e d e t e r m i n e d  
t e m p e r a t u r e  and  t h e  h y d r o d y n a m i c  i n  t h e  r e c e p t o r  
c o m p a r t m e n t  was c o n t r o l l e d  w i t h  a p r e d e t e r m i n e d  o p t i m a l  
s t i r r i n g  r a t e  by e x t e r n a l  s t i r - p l a t e  w i t h  t h e r m o s t a t ,
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w h i l e  t h e  d o n e r  c o m p a r t m e n t  was m a i n t a i n e d  a t  t h e  room 
t e m p e r a t u r e  o f  25 + l ° c .

A f t e r  c o m p l e t e d  a s s e m b l y ,  one  ml o f  
e l u t i o n  s o l u t i o n  was p i p e t t e d  o u t  a s  a  s a m p l e  f o r  a s s a y i n g  
t h e  d r u g  c o n t e n t  a t  a p r e d e t e r m i n e d  t i m e  i n t e r v a l s  ( 0 . 5 ,  
1,  2 ,  3 ,  4 ,  5 ,  6 ,  8 ,  10,  12,  15,  18,  21 and  24 h o u r s )  and 
i m m e d i a t l y  r e p l a c e d  w i t h  t h e  same vo lume  o f  37°c p r e h e a t e d  
f r e e  d r u g  e l u t i o n  s o l u t i o n  t o  m a i n t a i n  t h e  same t o t a l  
vo l ume  and  t o  e n s u r e  a good  i n t i m a t e  t o  t h e  d e r m a l  s i d e  o f  
t h e  s k i n .  A f t e r  a p p r o p r i a t e  d i l u t i o n ,  t h e  s a m p l e  was 
a s s a y e d  f o r  NFP c o n c e n t r a t i o n  by a s e n s i t i v e  me t hod  w h i c h  
d e s c r i b e d  l a t e r .  The s k i n  p e r m e a t i o n  s t u d y  o f  e a c h  NFP 
p r e p a r a t i o n  was p e r f o r m e d  a t  l e a s t  24 h o u r s  and  c a r r i e d  
o u t  i n  t r i p l i c a t e  r u n s .

The q u a n t i t a t i o n  o f  NFP p e r m e a t i o n  ( Q ) ,  
and p e r m e a t i o n  p e r  u n i t  s u r f a c e  a r e a  ( Q s )  a t  i n t e r v a l  t i m e  
f ro m  e a c h  p r e p a r a t i o n  were  p l o t t e d  a g a i n s t  t i m e  (Q v s  t ,  
Qs v s  t ) ,  a g a i n s t  s q u a r e  r o o t  o f  t i m e  (Q v s  t ^ / ^ ,  Qs v s  
t ^ / ^ )  and l o g a r i t h m  o f  r e m a i n e d  d r u g  (RQ) and  r e m a i n e d  
d r u g  p e r  a r e a  (RQs)  we re  p l o t t e d  a g a i n s t  t i m e  ( l o g  RQ v s  
t ,  l o g  RQs v s  t ) ,  so  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  was 
c a l c u l a t e d  f o r  d e t e r m i n a t i o n  t h e  r e l a t i o n s h i p  o f  t h e  d r u g  
p r e m e a t i o n  a g a i n s t  t i m e  t o  e v a l u a t e  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 .
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The p e r m e a t i o n  o f  NFP f ro m s a t u r a t e d  
s o l u t i o n  i n  w a t e r  was a l s o  e v a l u a t e d  i n  t h e  same m a n e r .

6. Quantitative Analysis of Nifedipine preparation

6 .1 D e t e r m i n a t i o n  o f  Maximum A b s o r p t i o n  W a v e l e n g t h  o f  
N i f e d i p i n e

P r e l i m i n a r y  s t u d y  t o  d e t e r m i n e  t h e  maxima s p e c t r a  
o f  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 , an i n t e r n a l
s t a n d a r d  (IS), w e re  p e r f o r m e d  by s c a n n i n g  t h e  uv
a b s o r p t i o n  i n  a w a v e l e n g t h  r a n g e  o f  400 -  200 nm. I t  i s  
n e c e s s a r y  t o  f i n d  o u t  t h e  s u i t a b l e  a b s o r p t i o n  o f  NFP and 
t h e  IS t o  p e r f o r m  a s u i t a b l e  w a v e l e n g t h  f o r  HPLC me t hod  i n  
t h i s  r e s e a r c h  s t u d y .  A c o n c e n t r a t i o n  o f  3 9 . 6 8  u g / m l  NFP 
i n  m e t h a n o l  and 4 . 0 3  u g / m l  I S  i n  m e t h a n o l  w e r e  p r e p a r e d  
f o r  t h i s  p u r p o s e .  The p r o c e d u r e  was p e r f o r m e d  a t  a m b i e n t  
c o n d i t i o n  w i t h  a s c a n  s p e e d  o f  50 mm/min and  a  c h a r t
s p e e d  o f  50 mm/min.  The a b s o r p t i o n  s p e c t r a  o f  NFP and  IS 
w e re  e v a l u a t e d  f o r  s u i t a b l e  s p e c t u m  f o r  q u a n t i t a t e  t h e  
amount  o f  NFP p e r m e a t i o n .
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6 .2 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

The i s o c r a t i c  r e v e r s e - p h a s e  t e c h n i q u e  was u s e d  
f o r  q u a n t i t a t i v e  a n a l y s i s  o f  NFP i n  t h i s  r e s e a r c h  s t u d y .  
HPLC s y s t e m  was s e t t e d  t o  v a r i o u s  p a r a m e t e r  f o r  a n a l y s i s
a s  f o l l o w  ะ

column ะ S p h e r i s o r p - O D S , p a r t i c l e  s i z e  
5 urn, 25 l o n g  and 4 . 6  mm ID.

g u a r d  co lumn ะ U p c h u r c h  mode l  C-130B,  0DS, 10 urn
m o b i l e  p h a s e  ะ D e g a s s e d  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  a s  35 ะ 65 .

i n j e c t e d  vo lume  ะ 20 u l
f l o w  r a t e  ะ 1 m l / m i n
p r e s s u r e  ะ 3200 p s i
d e t e c t o r  ะ uv d e t e c t o r  s e t  a t  p r e d e t e r m i n e d  

s p e c t u m ,  p e a k  a r e a  was 
c a l c u l a t e d  by u s i n g  an 
i n t e g r a t o r ,  M i l t o n  R o y - c o m p u t e r  
i n t e g r a t o r  mode l  Cl  4 10 0 .

c h a r t  s p e e d  ะ 2 mm/min
co lumn t e m p e r a t u r e  ะ room t e m p e r a t u r e  25 + l°c

The’ m o b i l e  p h a s e  was f l e s h l y  p r e p a r e d ,  c o n s i s t e d  
o f  a m i x t u r e  o f  65% m e t h a n o l  and  35% 0 . 0 1  M a c e t a t e  b u f f e r  
p r e p a r e d  by m i x i n g  0 . 7 7 0 8  g ammonium a c e t a t e  w i t h  1 l i t r e  
o f  d e g a s s e d  r e v e r s e d  o s m o s i s  t r e a t e d  w a t e r  t h e n  a d j u s t i n g  
t h e  pH o f  s o l u t i o n  t o  6 . 1  w i t h  50% g l a c i a l  a c e t i c  a c i d .
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The m i x t u r e  s o l u t i o n  was f i l t e r e d  t h r o u g h  a  0 . 4 5  um 
membrane f i l t e r ,  t y p e  FH M i l l i p o r e ,  and t h e n  was d e g a s s e d  
by s o n i c a t i o n  f o r  30 min p r i o r  t o  u s e .

The 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 y  was 
c a r r i e d  o u t  a t  room t e m p e r a t u r e ,  25°c, and  i n  a  d a r k  room 
u n d e r  g o l d e n  l i g h t .

6 .3  P r e p a r a t i o n  o f  C a l i b r a t i o n  c u r v e s

The c a l i b r a t i o n  c u r v e s  o f  NFP was c o n s t r u c t e d  
w i t h i n  t h e  c o n c e n t r a t i o n  r a n g e  o f  0 . 0 2  -  0 . 2 4  u g / m l . 
S t a n d a r d  s o l u t i o n s  c o n t a i n i n g  0 . 0 2 ,  0 . 0 4 ,  0 . 0 8 ,  0 . 1 ,  0 . 1 2 ,
0 . 1 6 ,  0 . 1 8 ,  0 . 2 ,  0 . 2 4  u g / m l  o f  NFP and  0 . 1 2  u g / m l  o f  IS i n
e a c h  d i l u t i o n , i n  m o b i l e  p h a s e  w e re  p r e p a r e d u n d e r v e r y
s u b d u e d l i g h t . A 20 u l  a l i q u o u t  s t a n d a r d s o l u t i o n was
i n j  e c t e d i n t o HPLC and t h e c a l i b r a t i o n c u r v e 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 s u n d e r
c u r v e  o f NFP and IS a g a i n s t  t h e  c o n c e n t r a t i o n o f  NFP and a
l e a s t  s q u a r e  f i t t e d  o f  l i n e a r  r e g r e s s i o n  e q u a t i o n  was u s e d  
t o  c a l c u l a t e  t h e  c o n c e n t r a t i o n  o f  NFP i n  e a c h  e l u t i o n  
s a m p l e .

S t o c k  s o l u t i o n  o f  b o t h  NFP (1  mg / ml )  and  IS  ( 1 . 5  
mg / ml )  i n  m e t h a n o l  we re  s t o r e d  i n  a l u m i n i u m  f o i l  w r a p p e d  
v o l u m e t r i c  f l a s k s  a t  r e f r i g e r a t o r  t e m p e r a t u r e  ( 2  -  1 0 ° C ) ,  
t h e s e  s o l u t i o n s  w e r e  f r e s h l y  p r e p a r e d  e v e r y  m o n t h .



6 . 4  S a mp l e  p r e p a r a t i o n

Ea c h  s a m p l e  o f  e l u t i o n  s o l u t i o n  had t o  be 
a p p r o p r i a t e  d i l u t i o n  f o r  a s s a y i n g  t h e  NFP c o n c e n t r a t i o n .  
The 1 ml o f  s a m p l e  was a c c u r a t e l y  p i p e t t e d  i n t o  a 10 ml 
v o l u m e t r i c  f l a s k ,  t h e n  1 ml o f  1 . 2  u g / m l  o f  I S  i n  m e t h a n o l  
was a d d e d ,  t h e  m i x t u r e  s o l u t i o n  was t h e n  d i l u t e d  w i t h  
f r e s h y  m o b i l e  p h a s e  t o  a c h i e v e  t h e  c o r r e c t e d  vo l ume  o f  
v o l u m e t r i c  f l a s k .  The f i n a l  s o l u t i o n  was a g i t a t e d  w i t h  a 
V o r t e x  m i x e r  f o r  1 m i n u t e ,  t h e n  f i l t e r e d  t h r o u g h  a  0 . 2 2  
um p o r e  s i z e  membrane f i l t e r ,  t y p e  FH M i l l i p o r e .  The 
f i l t r a t e  s o l u t i o n  was t r a n s f e r e d  t o  an a l u m i n i u m  f o i l -  
w r a p p e d  s c r e w - c a p p e d  t e s t  t u b e  and a 20 u l  a l i q u o t  o f  
s a m p l e  s o l u t i o n  was i n j e c t e d  i n t o  t h e  HPLC. The r a t i o  o f  
p e a k  a r e a s  u n d e r  c u r v e  o f  NFP and  I S  was c a l c u l a t e d  t o  
d e t e r m i n e  t h e  c o n c e n t r a t i o n  o f  NFP i n  e a c h  s a m p l e  f ro m  t h e  
c a l i b r a t i o n  c u r v e .  The amount  o f  NFP p e r m e a t i n g  t h r o u g h  
t h e  s k i n  was t h e n  c a l c u l a t e d  f ro m  t h e  NFP c o n c e n t r a t i o n  i n  
t h e  r e c e p t o r  s o l u t i o n  a t  e a c h  s a m p l i n g  t i m e  a f t e r  
c o r r e c t i n g  f o r  t h e  t o t a l  vo l ume  o f  t h e  s o l u t i o n  and t h e  
amount  o f  NFP w i t h d r a w n  f o r  a s s a y .
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