
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 21(17), 1999-2012 (1995) 

Enhancing Mechanisms of Saturated Fatty Acids on the 
Permeations of lndomethacin and 6-Carboxyfluorescein 

through Rat Skins 

Kazuhiro MorimotoXl Tatsuo Harutax, Hideki TojimaX and 
Yos hi kazu Ta keuc hi XX 

X D e p a r t m e n t  of Pharmaceut ics ,  
Osaka Univers i ty  of Pha rmaceu t i ca l  Sciences,  

2 - 1 0 - 6 5  Kawai, Matsubara-Ci ty ,  Osaka 580 ,  J a p a n  
x x  D e p a r t m e n t  of Pharmaceut ics ,  

Facul ty  of Pha rmaceu t i ca l  Sciences, Kobe-Gakuin Univers i ty ,  
Igawadan i -cho ,  Nishi-Ku, Kobe-City 6 5  1 - 2 1 ,  J a p a n  

ABSTRACT 
Effects of s a t u r a t e d  s t r a igh t - cha in  f a t ty  ac ids  a t  v a r i o u s  

cha in  l eng ths  ( C s - C l s )  on  the  p e r m e a t i o n  of i ndomethac in ,  a 

r e l a t ive ly  l ipophilic c o m p o u n d  and  6-carboxyf luoresce in ,  a 
hydroph i l i c  c o m p o u n d  w e r e  e x a m i n e d  using r a t  s k i n s  in in 
v i t r o .  F u r t h e r m o r e ,  t he  d i so rde r ing  d e g r e e s  of i n t e rce l lu l a r  
l ipid d o m a i n  in  s t r a t u m  co rneum,  which w e r e  t r e a t e d  by  
p r e p a r a t i o n  conta in ing  s a t u r a t e d  f a t ty  acids  w e r e  m e a s u r e d  by 
FT-IR m e t h o d  us ing  excised r abb i t  e a r  s k i n s .  Capric acid ( C ~ O ) ,  
laur ic  ac id  (C12)  a n d  myr is t ic  acid (C14) w i t h i n  s e r i e s  of 
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s a t u r a t e d  f a t ty  ac ids  (0.07 M)  s h o w e d  the  enhanc ing  ef fec ts  on  

the  s k i n  p e r m e a t i o n s  of i ndomethac in  a n d  6-CF. T h e  
p e r m e a t i o n  e n h a n c i n g  ef fec ts  by these  s a t u r a t e d  f a t ty  ac ids  
( C s - C l s )  excep t  for  capr ic  acid ( C ~ O ) ,  w e r e  r e l a t ive  to t h e  

d e g r e e s  of w a v e n u m b e r  sh i f t  in t h e  f r e q u e n c y  of t h e  
a s y m m e t r i c  CH bond  s t r e t ch ing  a b s o r b a n c e  (2920 c rn -1 )  o n  FT- 
IR s p e c t r a  of t h e  f a t ty  acid t r e a t e d  s t r a t u m  co rneum.  
The re fo re ,  t h e  p e r t u r b a t i o n  increase  of lipid d o m a i n  in s t r a t u m  
c o r n e u m  by  t h e s e  f a t ty  acids  p robab ly  was  the  c a u s e  of t h e  
e n h a n c e d  ef fec ts  of p e r m e a t i o n  of i ndomethac in  a n d  6-CF. On 
the  o t h e r  hand ,  cap r i c  acid a p p e a r s  to e n h a n c e  the  p e r m e a t i o n s  
of t h e s e  t w o  d r u g s  by s e p a r a t e  mechanisms.  

INTRODUCTION 
T h e  t r a n s d e r m a l  rou te  has  m a n y  a d v a n t a g e s  for  

a d m i n i s t r a t i o n  of d r u g s  in local a n d  s y s t e m i c  t h e r a p y .  T h e  
o u t e r  l a y e r  of t h e  sk in ,  t h e  s t r a t u m  co rneum,  is  gene ra l ly  
recognized a s  t h e  p r i m a r y  b a r r i e r  to t r a n s d e r m a l  d e l i v e r y  of 
drugs .  T h e  s t r a t u m  c o r n e u m  is a th in ,  h e t e r o g e n e o u s  
s t r u c t u r e  c o m p r i s e d  of s t acked  l aye r s  of t e r m i n a l l y  
d i f f e r e n t i a t e d  a n d  ke ra t in i zed  e p i d e r m a l  cells d i s t r i b u t e d  in  a 
complex,  lamel la r ,  in te rce l lu la r  lipid domain  (1). T h e  s t r a t u m  
c o r n e u m  in t e rce l lu l a r  l ipids  largely d i c t a t e  t he  overa l l  s k i n  
p e r m e a t i o n  p rope r t i e s .  

Long cha in  u n s a t u r a t e d  f a t ty  acids (x. oleic acid)  w e r e  
ident i f ied  to e n h a n c e  s k i n  p e r m e a t i o n  of d r u g s  a n d  t h e y  h a v e  
b e e n  r e v e a l e d  t o  a l t e r  the  b a r r i e r  funct ion of t h e  s t r a t u m  
c o r n e u m  b y  d i s o r d e r i n g  s t r u c t u r e s  of t h e  l ipid molecules  (1). 
Mak et a1 a n d  Po t t s  e t  al  e x a m i n e d  t h e  act ion of oleic acid on  
t h e  p e n e t r a t i o n  of 4 -cyanopheno l  in to  the  h u m a n  s t r a t u m  
c o r n e u m  in v ivo  focussing on  t h e  molecular  mot ion  of l ipids  
d o m a i n  by  us ing  Fourier  t r a n s f o r m  in f r a red  / a t t e n u a t e d  
re f lec t ion  (FT-IR/ATR) (2-3). They  r e p o r t e d  t h a t  oleic acid 
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c a u s e d  t h e  d i s o r d e r i n g  of s t r a t u m  c o r n e u m  in te rce l lu la r  l ipid 
d o m a i n s  a n d  t h e  w e a k e n i n g  of the  p e n e t r a t i o n  ba r r i e r ,  w h i c h  
in t u r n  r e s u l t e d  in  t h e  e n h a n c e m e n t  of 4 - c y a n o p h e n o l  
pene t r a t ion .  However ,  t h e r e  w e r e  a f ew r e p o r t s  wh ich  d e a l  
w i t h  e n h a n c i n g  ef fec ts  of s a t u r a t e d  fa t ty  acids  on  t h e  s k i n  
p e r m e a t i o n s  of drugs .  A u n g s t  e t  al e x a m i n e d  t h e  e n h a n c i n g  
ef fec ts  of s a t u r a t e d  f a t ty  acids  ranging  f rom h e p t a n o i c  (C7) 
t h r o u g h  s t e a r i c  acid ((218) on na loxone  p e r m e a t i o n  ac ross  

h u m a n  s k i n  a n d  o b t a i n e d  t h e  m a x i m u m  enhanc ing  ef fec t  by  
laur ic  ac id  (C12)  (4). Fu r the rmore ,  t h e y  r e p o r t e d  t h e  

e n h a n c i n g  e f f ec t s  of f a t ty  acids  a n d  a m i n e s  on t h e  s k i n  
p e r m e a t i o n  of v a r i o u s  c o m p o u n d s  including indomethac in .  

In t h e  p r e s e n t  s t u d y ,  w e  inves t iga ted  t h e  e f fec ts  of 
s a t u r a t e d  s t r a igh t - cha in  f a t ty  acids  a t  va r ious  cha in  l eng ths  
( C s - C i s )  on t h e  p e r m e a t i o n  of indomethac in ,  a s  a r e l a t ive ly  

l ipophilic c o m p o u n d  t h r o u g h  r a t  sk ins  in vitro.  F u r t h e r m o r e ,  
w e  d i scussed  t h e  r e l a t ionsh ip  b e t w e e n  the  e n h a n c i n g  e f f ec t s  o n  
t h e  s k i n  p e r m e a t i o n  of t h e s e  d r u g s  a n d  the  d i so rde r ing  d e g r e e  
of s t r a t u m  c o r n e u m  lipid d o m a i n s  which  w a s  m e a s u r e d  by FT- 
IR m e t h o d  us ing  excised r abb i t  e a r  skins.  

MATERIALS AND METHODS 
1. Mate r i a l s  I n d o m e t h a c i n  (Sigma Chem. Inc,  St. Louis, Mo), 
6-CF ( E a s t e r m a n  Kodak Co. Rochester,  NY) a n d  CarbopolTM 
1 3 4 2  (B.F. Goodrich Chem. Co. Cleverland,  Oh) w e r e  o b t a i n e d  
commerc ia l ly .  S a t u r a t e d  s t r a igh t - cha in  f a t ty  ac ids  w e r e  
o b t a i n e d  f r o m  Nacalai  Tesque ,  Inc. (Kyoto) o r  Nippon Oil & Fats  
Co., Ltd. (Tokyo).  All o t h e r  chemica ls  w e r e  of r e a g e n t  g rade .  
2. P r e p a r a t i o n s  I n d o m e t h a c i n  o r  6-CF (0.5 ug /ml ) ,  a n d  f a t t y  
ac ids  (0 .03-0 .14  M )  w e r e  d isso lved  in e thano l  (24% w / w )  a n d  
t h e n  mixed  w i t h  gel base  wh ich  w a s  p r e p a r e d  w i t h  Carbopol  
1 3 4 2  ( l % w / w )  p r e s o a k e d  in disti l led wa te r .  The  f inal  pH (pH 
7.0) of t h e  p r e p a r a t i o n  w a s  ad jus t ed  wi th  a m m o n i a  wa te r .  
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3. In Vi t ro  P e r c u t a n e o u s  Pe rmea t ion  P e r c u t a n e u s  p e r m e a t i o n  
t e s t s  w e r e  d e t e r m i n e d  by us ing  t h e  in v i t ro  p e r m e a t i o n  cell 
p r o c e d u r e  (Franz  t y p e )  ( 5 ) .  Full t h i ckness  a b d o m i n a l  s k i n s  of 
m a l e  Wis t a r  s t r a i n  r a t s  weighing  a b o u t  2 4 0  g w e r e  used.  T h e  
ha i r  of a b d o m i n a l  a r e a  in r a t s  w a s  r e m o v e d  w i t h  electr ic  ha i r  
c l ippe r  a n d  electr ic  razor  wi thou t  b reak ing  t h e  s k i n  o n e  d a y  
be fo re  t h e  e x p e r i m e n t s .  T h e  ex t r ac t ed  a b d o m i n a l  s k i n  w a s  
m o u n t e d  o n  t h e  r e c e p t o r  p h a s e  c o m p a r t m e n t  of d i f fus ion  cell 
(ava i lab le  d i f fus ion  a r e a s  of 1.05 cm2) .  T h e  s t r a t u m  c o r n e u m  
s ide  faced  u p w a r d  in to  t h e  d o n o r  phase.  T h e  r e c e p t o r  p h a s e  
conta in ing  13 ml  isotonic  p h o s p h a t e  bu f fe r  (pH 7.4) a t  37 "C 
a n d  s t i r r e d  w i t h  magne t i c  b a r  a t  500 r e v  m i n - 1 .  T h e  d r u g  
p r e p a r a t i o n  (1 g) w a s  app l i ed  on to  the  sk in  sur face .  S a m p l e s  
(1 ml)  w e r e  t a k e n  a t  an  a p p r o p r i a t e  i n t e rva l  f r o m  r e c e p t o r  
p h a s e  a n d  f r e s h  f luid (1 ml)  w a s  a d d e d  back  to  t h e  r e c e p t o r  
p h a s e  to  m a i n t a i n  t h e  or iginal  volume.  

T h e  concen t r a t ion  of i ndomethac in  w a s  d e t e r m i n e d  b y  t h e  
h igh  p e r f o r m a n c e  l iquid ch romatograph ic  (HPLC) m e t h o d  (6). 
T h e  6-CF w a s  d e t e r m i n e d  by  t h e  f luo rescene  m e a s u r e m e n t  
m e t h o d  (7). T h e  d r u g  p e r m e a t i o n  th rough  ra t  s k i n s  w e r e  
e x p r e s s e d  a s  p lo t s  of t he  % dose  of t he  c u m u l a t i v e  a m o u n t  
p e r m e a t i n g  to  t h e  r ecep to r  p h a s e  of t h e  d i f fus ion  cell a s  a 
func t ion  of t i m e  (t) .  T h e  p e r m e a t i o n  p a r a m e t e r s  w e r e  
ca lcu la ted  by us ing  t h e  following equat ions :  J=C D K/L (Eq. l), 
T=L2/6D (Eq. 2), w h e r e  J is t h e  m e a n  flux of d r u g  t h r o u g h  r a t  
skins ,  C is d r u g  concen t r a t ion  in p repa ra t ion ,  D is d i f fus ion  
c o n s t a n t  w i t h i n  sk in ,  K is t h e  sk in-ge l  p r e p a r a t i o n  pa r t i t i on  
coeff ic ient  of drug ,  L i s  t h e  th i ckness  of sk in  (1 .84  m m )  a n d  T 
is t h e  lag t i m e  (8). 
5. S t r a t u m  Corneum Lipid Fluidity Tes ts  S t r a t u m  c o r n e u m  
lipid f lu id i ty  t e s t s  w e r e  d e t e r m i n e d  by FT-IR m e t h o d  us ing  
s t r a t u m  c o r n e u m  s h e e t  of excised r abb i t  ( 2 - 3  kg, m a l e  a lb ino  
r a b b i t )  e a r  skins .  S t r a t u m  c o r n e u m  s h e e t s  could b e  s e p a r a t e d  
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f r o m  w h o l e  s k i n s  s o a k e d  in 2 M sod ium b r o m i d e  so lu t ion  for  1 
h (9). T h e  s u r f a c e  a r e a  of s t r a t u m  c o r n e u m  s h e e t  fo r  FT-IR 
m e a s u r e m e n t  w a s  1.5 c m 2 .  T h e  s t r a t u m  cornea l  s h e e t  s a m p l e s  
w e r e  i n c u b a t e d  i n  t h e  p r o p y l e n e  glycol w i t h  o r  w i t h o u t  f a t t y  
acid (0.07 M )  for  2 h a t  3 7  "C. Af te r  t h e  incubat ion ,  t h e s e  
s h e e t s  w e r e  w a s h e d  in e thano l  for  1 0  s, s p r e a d  o n  w i r e  m e s h  
a n d  d r i e d  f o r  s e v e r a l  h o u r s  o v e r  a desiccant .  All s h e e t  
s a m p l e s  w e r e  t h e n  p laced  1 d a y  in a c h a m b e r  m a i n t a i n e d  a t  
95% r e l a t i v e  h u m i d i t y  a n d  22°C. S t r a t u m  c o r n e u m  s a m p l e s  
w e r e  e q u i l i b r a t e d  to a w a t e r  con ten t  of 30% ( w / w )  u n d e r  
t h e s e  condi t ions .  I n f r a r e d  spec t r a  of the  s t r a t u m  c o r n e u m  
w e r e  o b t a i n e d  o v e r  300 to 2800 c m - 1  reg ion  w i t h  a FT-IR 
s p e c t r o m e t e r  ( P e r k i n  Elmer 1 7 2 0 )  e q u i p p e d  wi th  a TGS 
de tec tor .  Change  in  l ipid f luidi ty  of s t r a t u m  c o r n e u m  w a s  
e v a l u a t e d  by  h i g h e r  w a v e n u m b e r  sh i f t  in f r e q u e n c y  of t h e  
a s y m m e t r i c  CH bond  s t r e t ch ing  a b s o r b a n c e  ( 2 9 2 0  c m - I ) ,  w h i c h  
r e su l t s  p r i m a r i l y  f r o m  m e t h y l e n e  g r o u p s  in the  s t r a t u m  
c o r n e u m  lipid acyl  cha ins  (2). 
6.  U p t a k e  of Fa t ty  Acids  by  S t r a t u m  Corneum To e x a m i n e  t h e  
u p t a k e  of s a t u r a t e d  f a t ty  acid by s t r a t u m  c o r n e u m ,  t h e  
s t r a t u m  c o r n e u m  s h e e t  of excised r abb i t  e a r  w a s  m o u n t e d  on  
t h e  d i f fus ion  cell d e s c r i b e d  in p e r m e a t i o n  tes ts .  The  s u r f a c e  
s i d e  of s t r a t u m  c o r n e u m  w a s  placed u p w a r d  facing t h e  d o n o r  
phase .  T h e  gel  p r e p a r a t i o n  (1 g)  conta in ing  f a t ty  acid (0.07 M) 
w a s  a p p l i e d  o n t o  t h e  su r face  a r e a  of s t r a t u m  c o r n e u m  for  4 h. 
Af t e r  appl ica t ion ,  t h e  p r e p a r a t i o n  w a s  r e m o v e d  f rom s u r f a c e  
s i d e  of s t r a t u m  c o r n e u m  a n d  the  s t r a t u m  c o r n e u m  w a s  w a s h e d  
w i t h  50% e t h a n o l  so lu t ion  a n d  homogen ized  in dis t i l led w a t e r  
(1 ml). S a t u r a t e d  f a t ty  acids  i n  s t r a t u m  c o r n e u m  w e r e  
e x t r a c t e d  by t h e  m e t h o d  of Folch e t  al ( 1 0 )  a n d  t h e  
c o n c e n t r a t i o n s  of s a t u r a t e d  f a t ty  acids  w e r e  d e t e r m i n e d  by 
HPLC m e t h o d  of D'Amboise a n d  Gendreau  ( 1 1 )  . 
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7. Lipophi l ic  I n d e x e s  of Fat ty  Acids  Lipophilic i ndexes  (log k )  
of s a t u r a t e d  f a t t y  ac ids  w e r e  d e t e r m i n e d  by HPLC m e t h o d  of 
Okamoto  e t  al (12) .  A HPLC s y s t e m  e q u i p p e d  w i t h  a n  UV 
d e t e c t o r  o p e r a t i n g  a t  2 2 4  n m  w a s  used  in a r e v e r s e - p h a s e  
model .  L iChrosphe rTM5 Cg packed  co lumn (4.6 x 150 m m ;  10  

um,  Cica-Merck)  w a s  used .  A mix tu re  of m e t h a n o l  (95 -85%)  
a n d  d is t i l l ed  w a t e r  (5-15%) w a s  e m p l o y e d  a s  a mob i l e  phase .  
T h e  e lus ion  t i m e  of a so lven t  ( t o )  a n d  t h e  r e t en t ion  t i m e  of a 
f a t t y  ac id  ( t n )  w e r e  d e t e r m i n e d  a t  each  of t h e  mobi le  p h a s e  
composi t ion .  T h e  log k '  va lue  de f ined  by Eq. 3 w a s  p lo t t ed  
aga ins t  t h e  m e t h a n o l  concen t r a t ion  in t h e  mobi le  p h a s e  a n d  t h e  
e x t r p o l a t e d  log k '  v a l u e  to  0% m e t h a n o l  w a s  o b t a i n e d  as a n  
index  of l ipophi l ic i ty  of t h e  f a t ty  acid (log k'o).  
log k'  = log ( t r  - t o )  Eq. 3 

8. Data Ana lys i s  All d a t a  w e r e  ana lyzed  by the  in t e rac t ive  
non l inea r  l e a s t - s q u a r e s  regress ion  ana lys i s  MULTI (13). 
Stat is t ical  s ignif icance w a s  a s ses sed  wi th  S t u d e n t ' s  p a i r e d  t 
tes t .  

RESULTS 
Figure.  1 s h o w s  the  e f fec ts  of s a t u r a t e d  f a t ty  ac ids  (0.07 M) 

of v a r i o u s  cha in  l eng ths  ( C s - C l g )  on the  p e r m e a t i o n s  of 

i n d o m e t h a c i n  a n d  6-CF th rough  ra t  skins.  Tab le s  1 a n d  2 s h o w  
t h e  p e r m e a t i o n  p a r a m e t e r s  of i ndomethac in  a n d  6-CF t h r o u g h  
ra t  sk ins ,  respec t ive ly .  T h e  lag t i m e s  o n  t h e  p e r m e a t i o n s  of 
i n d o m e t h a c i n  w e r e  s h o r t e n e d  by s a t u r a t e d  f a t ty  ac ids  in t h e  
fol lowing o rde r ;  C12 c C14 s C 1 6  = C1o s C18 < Cg. T h e  lag 
t i m e s  on  t h e  p e r m e a t i o n s  of 6-CF w e r e  s h o r t e n e d  by  s a t u r a t e d  
f a t ty  ac ids  in  the  fol lowing order ;  C12 = C14 <Cia <C16  = Cg c 

C i s .  T h e  f luxes  of i ndomethac in  w e r e  inc reased  by  s a t u r a t e d  
f a t ty  ac ids  in  t h e  fol lowing order ;  C12 > C 1 4  >Cia >C16  >C1g  > 
Q. T h e  f luxes  of 6-CF w e r e  increased  by s a t u r a t e d  f a t ty  ac ids  
in t h e  fol lowing o rde r ;  C12> C1o = C14 > C16 = Q > (218. 
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Time h Time h 

Figure 1 
Effects of s a t u r a t e d  f a t ty  acids  (0.07 M )  a t  v a r i o u s  cha in  

l eng ths  o n  t h e  c u m u l a t i v e  p e r m e a t i o n  of i ndomethac in  a n d  6 -  
CF t h r o u g h  r a t  skins .  
- -O--control ,  0 capry l ic  acid(C8), A c a p r i c  acid(C1 o), laur ic  
acid (C12) , / \myris t ic  acid(C14),  0 palmi t ic  acid(C16), 0 s t ea r i c  
acid(C18).  
Each poin t  r e p r e s e n t s  t h e  m e a n  2 S.E. of 4 e x p e r i m e n t s .  

Table 1 
from Gel P repa ra t ions  conta in ing  Var ious  Sa tu ra t ed  Fat ty  Acids  (0.07 M) 

P a r a m e t e r s  of Pe rmea t ion  of Indomethac in  th rough  Rat Skin 

Lag t i m e  Flux %Dose* 
(h)  ( u g / c m 2 / h )  

control 3 . 8 0 k 0 . 0 3  0 . 6 0 2 * 0 . 0 5 4  0 . 9 6 2 0 . 0 8  
capryl ic  acid (C8) 3 .1  1 2 0 . 3 2 N S  0 .634kO.104NS 1.01*0.1ONS 
capric  acid (C10) 2 . 7 5 2 0 . 1 4 ~ )  3 .056* 0 . 0 3 4 ~ )  6 . 1 1 2 0 . 7 8 ~ )  
laur ic  acid (C12) 1 . 7 9 2 0 . 8 2 a )  8 . 9 2 4 d . 0 4 0 ~ )  1 4 . 2 8 k 0 . 9 6 ~ )  
myris t ic  acid (C14) 2 . 6 5 2 0 . 3 6 a )  4 . 2 3 5 2 0 . 1 2 8 ~ )  6 . 7 8 2 0 . 5 7 ~ )  
palmit ic  acid (C16) 2 . 7 3 2 0 . 2 4 b )  2 . 8 5 1 2 0 . 5 4 6 b )  4 . 5 6 2 0 . 3 0 ~ )  
s tear ic  acid (C18) 2 . 8 5 2 0 . 2 3 b )  1 . 3 3 3 2 0 . 1 8 5 b )  2 . 1  l r 0 . 2 8 b )  

NS w a s  not s ignif icant  d i f fe rence .  
a) p<0.05, b )  p<O.O1 and  c) p<O.OOl c o m p a r e d  with control.  
*%Dose of a m o u n t  of d r u g  p e r m e a t e d  fo r  10 h. 
Each va lue  i s  a m e a n  2 SE (N=4). 
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Table  2 
Prepara t ions  containing Various Sa tu ra t ed  Fatty Acids (0 .07  M) 

Pa rame te r s  of Permeat ion  of 6-CF th rough  Rat Skin f rom Gel 

Lag t ime Flux %Dose* 
(h)  ( u g / c m 2 / h )  

control  3 . 8 7 2 0 . 1 9  0 . 0 1 7 2 0 . 0 0 4  0 . 0 2 6 2 0 . 0 0 6  
capryl ic  acid (C8) 3 .12  20.1 Oa) 0.05 3 2 0 . 0 0 3 ~ )  0 .085 20 . 005  c )  
capric  acid (C10) 2 . 3 5 2 0 . 0 4 ~ )  0 .77  4 2 0 . 0 2 3 ~ )  1 .23920 .03  8 c )  
laur ic  acid (C12) 1.11 2 0 . 0 8 ~ )  1 . 0 5 3 2 0 . 0 8 2 ~ )  1 . 5 6 5 i 0 . 0 7 9 ~ )  
myr is t ic  acid (C14) 1 . 2 5 2 0 . 2 0 ~ )  0 .757*0 .042c )  1 . 2 1 3 + 0 . 0 0 7 c )  
palmit ic  acid (C16) 3 . 1 2 2 0 . 0 7 b )  0 .138*0 .014c )  0 . 2 2 2 2 0 . 0 0 2 ~ )  
s tear  i c acid 0 .0  7 0 i 0.0 0 2 c )  (C1 8) 3 . 7  2 20 .23  N S 0.0 4 5 * 0.0 0 4 b ) 

NS was  not significant difference.  
a )  pe0.05, b) peO.01 and  c) peO.001 compared  wi th  control.  
*%Dose of a m o u n t  of d r u g  p e r m e a t e d  for 1 0  h. 
Each v a l u e  is a mean  2 SE (N=4). 

The re fo re ,  l aur ic  acid (C12) e n h a n c e d  t h e  sk in  p e r m e a t i o n s  of 

i n d o m e t h a c i n  a n d  6-CF the  most.  
Figure.  2 s h o w s  t h e  e f fec ts  of va r ious  concen t r a t ions  of 

laur ic  acid (C12) o n  t h e  p e r m e a t i o n s  of i n d o m e t h a c i n  a n d  6-CF 

t h r o u g h  r a t  sk ins .  T h e  h ighes t  enhanc ing  ef fec ts  w e r e  
o b t a i n e d  a t  0.07 M lauric  acid.  P e r m e a t i o n s  of i n d o m e t a c i n  
a n d  6-CF w i t h  0.14 M lauric  acid s ignif icant ly  d e c r e a s e d  
c o m p a r e d  to those  w i t h  0.07 M lauric  acid (peO.05 a n d  p<O.OOl, 
respec t ive ly) .  

T r e a t m e n t  w i t h  s a t u r a t e d  f a t ty  acids  (0.07 M) c a u s e d  
c h a n g e s  in t h e  p e a k  f r e q u e n c y  of t h e  CH a s y m m e t r i c  s t r e t c h i n g  
v ib ra t ion  ( 2 9 2 0  c m - 1 )  on FT-IR spec t ra ,  w h i c h  r e s u l t s  
p r imar i ly  f r o m  m e t h y l e n e  g r o u p s  in t h e  s t r a t u m  c o r n e u m  lipid 
acyl  chains .  Figures.  3 a n d  4 show the  r e l a t ionsh ips  b e t w e e n  
t h e s e  c h a n g e s  a n d  t h e  f luxes on  t h e  r e spec t ive  p e r m e a t i o n s  of 
i n d o m e t h a c i n  a n d  6-CF th rough  r a t  skins .  T h e  cor re la t ion  
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Figure 2 
Effects of concen t r a t ions  of laur ic  ((212) acid on t h e  c u m u l a t i v e  

p e r m e a t i o n  of i n d o m e t h a c i n  a n d  6-CF t h r o u g h  r a t  skins .  
0 control ,  @ 0 . 0 3  M, A 0 . 0 7  My m 0 . 1 4  M. 
Each poin t  r e p r e s e n t s  t h e  m e a n  * S.E. of 4 expe r imen t s .  

coeff ic ients  o b t a i n e d  for  i ndomethac in  a n d  6-CF w e r e  0 . 9 1 4  
a n d  0 .728 ,  respec t ive ly .  W h e n  t h e  poin ts  of capr ic  acid (C10) 

o n  i n d o m e t h a c i n  a n d  6-CF w e r e  avoided ,  t h e  co r re l a t ion  
coeff ic ients  w e r e  i m p r o v e d  to 0.956 a n d  0.902,  respec t ive ly .  

Figure. 5 s h o w s  t h e  r e l a t ionsh ips  b e t w e e n  the  l ipophi l ic i t ies  
of s a t u r a t e d  f a t ty  ac ids  (log k ' )  a n d  t h e  u p t a k e s  of s a t u r a t e d  
f a t t y  acid by s t r a t u m  co rneum.  S a t u r a t e d  f a t ty  ac ids  of l onge r  
cha in  l eng ths  s h o w e d  h ighe r  l ipophilicit ies a n d  h a d  h i g h e r  
u p t a k e s  by s t r a t u m  co rneum.  Therefore ,  t h i s  co r re l a t ion  
coeff ic ient  w a s  0 . 8 3 4  . 

DISCUSSIONS 
T h e  m a i n  b a r r i e r  for  p e n e t r a t i o n  of d r u g s  t h r o u g h  t h e  s k i n  

is t h e  o u t e r m o s t  layer ,  t h e  s t r a t u m  corneum.  T h e  s t r a t u m  
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Figure 3 
Rela t ionship  b e t w e e n  t h e  w a v e n u m b e r  shif t  in t he  f r e q u e n c y  
of CH a s y m m e t r i c  s t r e t ch ing  p e a k  of t h e  s t r a t u m  c o r n e u m  of 
r abb i t  e a r  s k i n s  a n d  t h e  f luxes  of indomethac in  t h r o u g h  r a t  
skins .  
0 control ,  capry l ic  acid(Cg), A c a p r i c  acid(C10),  l aur ic  
acid(C12),  v m y r i s t i c  a c i d ( C 1 4 ) , n p a l m i t i c  acid(C16), s t e a r i c  
acid(C18).  

Each poin t  r e p r e s e n t s  t h e  m e a n  * S.E. of 4 expe r imen t s .  

c o r n e u m  is  c o m p o s e d  of ke ra t inocy te s  e m b e d d e d  in  l ipid 
d o m a i n s  cons is t ing  of a l t e rna te ly  hydrophi l ic  a n d  l ipophi l ic  
layers .  T h e  e v i d e n c e  for  t h e  ex is tence  of d is t inc t  hydroph i l i c  
a n d  l ipophilic t r a n s p o r t  p a t h w a y s  w e r e  sugges t ed  f r o m  

r e l a t i o n s h i p  of p e r m e a b i l i t y - p a r t i t i o n  coeff ic ient  of d r u g s  (1). 
I n d o m e t h a c i n ,  a r e l a t ive ly  l ipophilic c o m p o u n d  ( p a r t i t i o n  
coefficient;  log k = 1 .5  in oc t ano l /pH 7.4 p h o s p h a t e  b u f f e r  
so lu t ion  ( 1 4 ) )  m a y  be a b s o r b e d  th rough  lipophilic route ,  w h i c h  
is i n t e rce l lu l a r  d o m a i n  of s t r a t u m  co rneum.  While,  6-CF, a 
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INDOMETH ACIN AND 6-CARBOXYFLUORESCEIN PERMEATION 2009 
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Figure 4 
Rela t ionship  b e t w e e n  t h e  w a v e n u m b e r  sh i f t  in t h e  f r e q u e n c y  
of CH a s y m m e t r i c  s t r e t ch ing  peak  of t h e  s t r a t u m  c o r n e u m  of 
r a b b i t  e a r  s k i n s  a n d  t h e  f luxes  of 6-CF t h r o u g h  r a t  skins .  
0 control ,  cap ry l i c  ac id(cs ) ,  A capr ic  acid(C1 o), l au r i c  
a c i d ( C 1 2 ) , v m y r i s t i c  acid(C14),  palmit ic  acid(C16),  0 s t ea r i c  
acid(C18).  

Each poin t  r e p r e s e n t s  t h e  m e a n  r S.E. of 4 expe r imen t s .  

hydroph i l i c  c o m p o u n d  (pa r t i t i on  coefficient; log k=  -2.13 in 
o c t a n o l / p H  7.4 p h o s p h a t e  bu f fe r  solut ion (7)) may  be a b s o r b e d  
t h r o u g h  hydroh i l i c  r o u t e  (15) ,  which  is a t r ansce l lu l a r  rou te .  
However ,  t h e r e  a r e  l ipophilic e n v i r o m e n t  of in te rd ig i ta ing  cell 
l a y e r s  w h i c h  m u s t  b e  o v e r c o m e  by 6-CF. I t  is e x p e c t e d  t h a t  
t h i s  l ipophi l ic  l a y e r  will  no t  be the  d e t e r m i n g  fac tor  fo r  s k i n  
p e r m e a t i o n  of 6-CF. 

I n  th i s  s tudy ,  t h e  la rges t  e n h a n c e m e n t  in the  p e r m e a t i o n  of 
i n d o m e t h a c i n  a n d  6-CF w a s  ob ta ined  by laur ic  acid (C12). 
However ,  t h e  e n h a n c i n g  ef fec ts  of capry l ic  acid (C8) a n d  s t ea r i c  
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Figure 5 
Rela t ionship  b e t w e e n  t h e  l ipophilicit ies of s a t u r a t e d  f a t t y  acid 
(log k’) a n d  t h e  u p t a k e  of t h e  s a t u r a t e d  f a t ty  acid in to  s t r a t u m  
c o r n e u m  of r a b b i t  e a r  skins .  

e c a p r y l i c  acid(Cg), A capr ic  acid(Clo) ,  
myr i s t i c  acid (C14), A p a l m i t i c  acid(C16).  
Each poin t  r e p r e s e n t s  t h e  m e a n  -c S.E. of 4 e x p e r i m e n t s .  

l aur ic  acid(C12),  

acid (C18) w e r e  v e r y  low on  the  p e r m e a t i o n  of i ndomethac in .  

Effect of f a t t y  ac ids  o n  the  p e r m e a t i o n  of na loxone  t h r o u g h  
h u m a n  c a d a v e r  s k i n s  w a s  r e p o r t e d  by Aungs t  e t  a1.(4). 

T h e  p e r m e a t i o n  enhanc ing  effects  by s a t u r a t e d  f a t t y  acid,  
wh ich  w e r e  e v a l u a t e d  by f luxes on t h e  sk in  p e r m e a t i o n s  of 
t h e s e  d r u g s  a n d  6-CF w a s  cor re la tab le  wi th  t h e  d e g r e e s  of 
w a v e n u m b e r  sh i f t  in t h e  f r e q u e n c y  of t h e  a s y m m e t r i c  CH bond  
s t r e t c h i n g  abso rbance ,  which  w e r e  induced  by all  s a t u r a t e d  
f a t ty  ac ids  excep t  for  capr ic  acid ( C ~ O ) .  The re fo re ,  s a t u r a t e d  

f a t ty  ac ids  excep t  capr ic  acid increased  t h e  p e r t u r b a t i o n  olipid 
d o m a i n  in  s t r a t u m  co rneum.  Not  only migh t  t h i s  r e su l t  c a u s e  
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INDOMETHACIN AND 6-CARBOXYFLUORESCEIN PERMEATION 201 1 

t h e  p e r m e a t i o n  e n h a n c i n g  ef fec ts  of indomethac in ,  a l ipophi l ic  
c o m p o u n d  bu t  a lso those  of 6-CF, a hydrophi l ic  compound .  

Enhancing  ef fec t  by capr ic  acid (C10) on t h e  p e r m e a t i o n  of 

i n d o m e t h a c i n  a n d  6-CF w a s  re la t ive ly  high. However ,  low 
d e g r e e  of w a v e n u m b e r  s h i f t  in the  f r e q u e n c y  of t h e  
a s y m m e t r i c  CH bond  s t r e t ch ing  absorbance ,  w a s  induced  by  
capr ic  acid.  The re fo re ,  this  ma in  factor  of t h e  p e r m e a t i o n  
e n h a n c i n g  ef fec t  did not cause  a n  increase  of t he  p e r t u r b a t i o n  
of l ipid d o m a i n  in s t r a t u m  co rneum.  Aungs t  e t  al. r e p o r t e d  
t h e  e f f ec t s  of f a t t y  acids  on  s k i n  p e r m e a t i o n  of so lven t  (15). 
T h e  e n h a n c i n g  p e r m e a t i o n  r a t e  of p r o p y l e n e  glycol by capr ic  
acid w a s  a b o u t  a b o u t  5 t i m e s  g r e a t e r  t h a n  tha t  f o u n d  in t h e  
p r e s e n c e  of laur ic  acid.  T h e  p e r m e a t i o n  r a t e  of t h e  so lven t  can  
be a n  i m p o r t a n t  fac tor  inf luencing t h e  p e r m e a t i o n  of d r u g s  
( 1 5 - 1 6 ) .  T h e  r e su l t s  of i nc reased  so lvent  p e n e t r a t i o n  in to  t h e  
s k i n  m a y  inc lude  inc reased  d r u g  solubi l i ty  in t h e  s k i n  a n d  
inc reased  b a r r i e r  d i s rup t ion  if t h e  so lven t  i tself  is  a 
p e r m e a t i o n  e n h a n c e r .  

S a t u r a t e d  f a t t y  acid of longer  cha in  l eng ths  h a s  h i g h e r  
l ipophi l ic i t ies  a n d  h a d  h ighe r  u p t a k e s  in to  s t r a t u m  c o r n e u m .  
However ,  p e r m e a t i o n  enhanc ing  effects  of s a t u r a t e d  f a t t y  ac ids  
did not  co r re l a t e  w i t h  t h e s e  factors.  The re fo re ,  a m o u n t  of 
u p t a k e s  of s a t u r a t e d  f a t ty  acid in to  s t r a t u m  c o r n e u m  w e r e  no t  
r e l a t e  to t h e  d e g r e e  of p e r m e a t i o n  enhanc ing  effect  of t h e m .  

In  conclusion,  capr ic  acid ( C ~ O ) ,  laur ic  acid (C12) a n d  
myr i s t i c  acid (C14) most ly  e n h a n c e d  the  sk in  p e r m e a t i o n s  of 

i n d o m e t h a c i n  a n d  6-CF out  of a s e r i e s  of s a t u r a t e d  s t a i g h t -  
cha in  f a t t y  acids.  T h e  p e r t u r b a t i o n  increase  of l ipid d o m a i n  in  
s t r a t u m  c o r n e u m  by t h e s e  f a t ty  acids  except  capr ic  acid (C12) 
c a u s e d  t h e  e n h a n c i n g  ef fec ts  of p e r m e a t i o n  of i n d o m e t h a c i n  
a n d  6-CF. On t h e  o t h e r  hand ,  capr ic  acid e n h a n c e d  t h e  
p e r m e a t i o n s  of t h e s e  t w o  d r u g s  by s e p a r a t e  mechan i sms .  T h e  
s k i n  i r r i ta t ion  by  t h e s e  f a t ty  acids  w a s  lower  t h a n  t h a t  of oleic 
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acid (16) .  There fo re ,  t h e s e  f a t ty  acids  m a y  be  usefu l  a s  s k i n  
p e r m e a t i o n  e n h a n c e r  of i ndomethac in  a n d  o t h e r  r e l a t ed  d rugs .  
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