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C a t h a y s  P a r k ,  C a r d i f f  CFI 3 N U ,  Great B r i t a i n .  

P e r c u t a n e o u s  t r a n s p o r t  i n v o l v e s  t h e  p a s s a g e  of 
m o l e c u l e s  from t h e  o u t e r  s u r f a c e  o f  t h e  s k i n  t o  t h e  
d e r m i s ,  and t h r o u g h  t h e  d e r m a l  c a p i l l a r y  wal ls  i n t o  
t h e  c i r c u l a t i o n ,  f rom whence t h e y  are d i s t r i b u t e d  
t h r o u g h o u t  t h e  body.  The  degree o f  p e n e t r a t i o n  
which  is n e c e s s a r y  v a r i e s  w i t h  t h e  c l i n i c a l  r e q u i r e -  
m e n t s .  A t  o n e  e x t r e m e ,  w e  may n o t  w a n t  any p e r c u t a n -  
e o u s  a b s o r p t i o n ,  f o r  example  w e  may w i s h  t o  do  
n o t h i n g  more t h a n  p r o t e c t  damaged e p i d e r m i s .  P a r a f f i n  
based o i n t m e n t s ,  c o n t a i n i n g  s u c h  t h i n g s  as z i n c  
o x i d e  o r  c a l a m i n e  are t y p i c a l  examples  o f  t h i s  t y p e  
of t r e a t m e n t .  A t  t h e  o t h e r  ex t reme,  d r u g s  are a p p l i e d  

1 t o  t h e  s k i n  s p e c i f i c a l l y  f o r  t h e i r  s y s t e m i c  e f f e c t  . 
Most o f t e n  however ,  w e  are c o n c e r n e d  w i t h  i n t e r m e d i a t e  
s i t u a t i o n s  where  l i m i t e d  a b s o r p t i o n  is i n d i c a t e d ,  
b a c t e r i c i d e s  i n  cosmetic d e o d o r a n t s ,  f u n g i s t a t s  f o r  
s k i n  i n f e c t i o n s  and  s t e r o i d s  f o r  p s o r i a s i s  are 

*Based on a l e c t u r e  g i v e n  t o  a Copharm symposium 
i n  L i v e r p o o l ,  E n g l a n d  o n  December 1 5 t h  1975.  
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454 JAMES 

t y p i c a l  e x a m p l e s .  S y s t e m i c  a b s o r p t i o n  is u s u a l l y  
u n d e s i r a b l e ,  t h e  s t e ro ids  come t o  m i n d  i n  t h i s  

r e s p e c t ,  b u t  t h e r e  are more p o t e n t  e x a m p l e s ,  i n  
p a r t i c u l a r  t h e  t r a g e d y  i n  F r a n c e  i n  w h i c h  i n f a n t s ,  
who h a d  b e e n  treated f o r  n a p k i n  r a s h ,  s u f f e r e d  
e x t e n s i v e  b r a i n  damage  d u e  t o  a b s o r p t i o n  o f  hex -  
a c h l o r o p h e n e .  A l l  to#> o f t e n  w e  h a v e  t o  resort t o  
t h e  o l d  E n g l i s h  c u s t o v  of c o m p r o m i s e ,  u s i n g  a 
p r e p a r a t i o n  w h i c h  j u s t ' s a t i s f i e s  l oca l  r e q u i r e m e n t s  
a n d  g i v e s  a s y s t e m i c  e f f e c t  w h i c h ,  a l t h o u g h  u n d e s i r -  
a b l e ,  is small e n o u g h  t o  b e  acceptable. 

T r a n s p o r t  c a n  t a k e  place b y  s e v e r a l  r o u t e s ,  
wh ich  are g r o u p e d  u n d e r  t w o  g e n e r a l  h e a d i n g s ,  t r a n s -  
e p i d e r m a l  a n d  p i l o s e b a c e o u s .  P i l o s e b a c e o u s  t r a n s p o r t ,  
also known as s h u i l t  d i f f u s i o n ,  o c c u r s  t h r o u g h  t h e  
s k i n  a p p e n d a g e s ,  t h a t  is, t h r o u g h  t h e  h a i r  f o l l i c l e s ,  
s e b a c e o u s  g l a n d s  a n d  sweat g l a n d s .  T h e s e  a l l  p r o v i d e  
o p e n i n g s  t h r o u g h  t h e  s t r a t u m  c o r n e u m ,  w i t h  access t o  
t h e  d e r m i s  t h r o u g h  t h i n  l a y e r s  of e p i t h e l i a l  c e l l s .  
T r a n s e p i d e r m a l  t r a n s p o r t  o c c u r s  across t h e  s t r a t u m  
c o r n e u m ,  a b a r r i e r  o f  f l a t t e n e d ,  k e r a t i n i s e d  c e l l s ,  
a b o u t  15 v m  t h i c k .  
t h a n  by  s h u n t  d i f f u s i o n ,  b u t  s i n c e  t h e  s t r a t u m  c o r n e u m  
c o v e r s  lo3 t o  10 

a p p e n d a g e s  , t r a n s p o r t  is m a i n l y  t r a n s e p i d e r m a l .  
However ,  d u r i n g  t h e  i n i t i a l  lag p e r i o d ,  when t h e  
f i r s t  o f  t h e  absorbed material is m a k i n g  i ts  way 
across t h e  s t r a t u m  c o r n e u m ,  t r a n s p o r t  is e x c l u s i v e l y  
p i l o s e b a c e o u s .  

Progress b y  t h i s  r o u t e  is slower 

4 times t h e  area c o v e r e d  b y  t h e  

T h e r e  are n u m e r o u s  f a c t o r s  w h i c h  a f f e c t  p e r c u t -  
a n e o u s  t r a n s p o r t ;  i f  t h e  s t r a t u m  c o r n e u m  is d a m a g e d ,  
a s  w i t h  c u t s ,  r u p t u r e d  b l i s t e r s ,  eczema e t c . , s u b s t a n c e s  
w i l l  p a s s  f r e e l y  t h r o u g h  t h e s e  i m p e r f e c t i o n s .  
H y d r a t i o n  h a s  a p r o f o u n d  e f f e c t ,  o c c l u s i o n  t e c h n i q u e s  
c a n  b r i n g  a b o u t  a h u n d r e d  f o l d  i n c r e a s e  i n  a b s o r p t i o n .  
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PERCUTANEOUS TRANSPORT 455 

The s i t e  o f  a p p l i c a t i o n  is also i m p o r t a n t , a b s o r p t i o n  
v a r i e s  from t h e  most r a p i d  th rough  p o s t e r i o r  a u r i c u l a r  
s k i n ,  t o  t h e  slowest th rough  t h e  soles  of t h e  f e e t .  
The re  are many o t h e r  f a c t o r s ,  b u t  t h e  one  which most 
c o n c e r n s  t h e  pharmacis t  is t h e  n a t u r e  of t h e  pre-  
p a r a t i o n  which is a p p l i e d  t o  t h e  s k i n .  

A b i o l o g i c a l l y  a c t i v e  s o l i d  suspended  i n  a 
homogeneous o in tmen t  base can be r e p r e s e n t e d  diagram- 
a t i c a l l y  by F i g u r e  I .  T r a n s p o r t  from t h i s  p a r t i c l e  
i n v o l v e s f o u r  s t a g e s .  
A .  S o l u t i o n  o f  t h e  s o l i d  i n  t h e  t h i n  l a y e r  o f  

B .  M i g r a t i o n  of t h e  d i s s o l v e d  d rug  from t h e  l a y e r  
v e h i c l e  s u r r o u n d i n g  t h e  p a r t i c l e .  

o f  v e h i c l e  s u r r o u n d i n g  t h e  p a r t i c l e ,  t o  t h e  s k i n  
s u r f  ace. 

Layer of vehicle 
surrounding particle I 

Ointment I 1 
Base I 

Figure 1 Migration route 
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456 JAMES 

C. Passage across the skin surface into the outer 

I). Migration through the stratum corneum to the inner 
epidermis, and thence into the dermis. Each 
step can be assessed in terms of definite physical 
?aws. Step A will follow the Noyes-Whitney 
equation : - 

layers of the stratum corneum. 

Rate of solution = 3 = SD(sV- c) (1) 

S is the surface area of the particle,D the 
diffusion coefficient, sv the solubility in the vehicle 
and c is the concentration of the drug in the vehicle. 
Step B depends on the concentration gradient (Ac), the 
distance the dissolved molecules have to travel (d), 
and the diffusion coefficient of the particular 
molecules in that particular vehicle. These factors 
can be combined in the form of Fick's law:- 

W C  dQ - - 
dt d 
- -  

Step D can be considered in the same way as step B. 
Higuchi' has combined the processes involved in 

steps A and 8 ,  and expressed the quan tity of drug (Q) 
transported in time t as : -  

Q = ( 2 A  - S V ) ~ ~  1 + 2 (A-Sv)/Sv ( 3 )  

A is the total quantity of drug suspended in the base. 
Invariably, this is considerably greater than Sv so that 
the equation can be Sj iplified to :- 

Q = JF ( 4 )  

Step C involves the distribution coefficient K ,  between 
vehicle and skin, i.e. 
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PERCUTANEOUS TRANSPORT 457 

K = Cs/Cv (5) 

w h e r e  Cs is c o n c e n t r a t i o n  i n  s t r a t u m  corneum a n d  C 
c o n c e n t r a t i o n  i n  v e h i c l e .  
therefore  :- 

is 
V 

Cv is e q u i v a l e n t  t o  Q, 

Cs = K J  2ADtSV 

I f  s u s p e n s i o n s  h a v i n g  t h e  same c o n c e n t r a t i o n  are 
compared a f te r  t h e  same i n t e r v a l  of t i m e ,  A and  t w i l l  
be c o n s t a n t s .  D. is a f u n c t i o n  of m o l e c u l a r  weight  and 
c a n  be c o n s i d e r e d  c o n s t a n t  f o r  a g r o u p  of large m o l e c u l e s  
of s imi l a r  s i z e ,  e .g .  steroids.  E q u a t i o n  (6) c a n  t h e n  
be a p p r o x i m a t e d  to : -  

(7) 

Katz a n d  S h a i k h  p lo t ted  K s v i  a g a i n s t  log biological 
e f fec t ,  i n  v i v o  f o r  e l e v e n  a n t i - i n f l a m m a t o r y  s t e r o i d s ,  
a n d  o b t a i n e d  a r e a s o n a b l y  r e c t i l i n e a r  r e l a t i o n s h i p  
( r  = 0 . 8 6 ) .  s u p p o r t i n g  t h i s  p o i n t  of v iew.  

Cs a K s v  t 

3 

Many workers h a v e  t a k e n  a more s impl i f i ed  
a p p r o a c h  and  c o n s i d e r e d  p e r c u t a n e o u s  t r a n s p o r t  t o  be 
d i r e c t l y  related t o  d i s t r i b u t i o n  c o e f f i c i e n t .  A 

d i s t r i b u t i o n  c o e f f i c i e n t  of u n i t y  be tween s t r a t u m  
corneum a n d  t h e  v e h i c l e  would be e x p e c t e d  t o  be optimum, 
b e c a u s e  :- 
(1) k c o e f f i c i e n t  less t h a n  o n e  would mean a l o w  

a f f i n i t y  for t h e  s k i n .  

low a s o l u b i l i t y  i n  t h e  base f o r  a w o r k i n g  
c o n c e n t r a t i o n  ( C v ) .  

(11) A c o e f f i c i e n t  greater t h a n  o n e  would have  too 

L i e n  and  Tong4 u s e d  Hansch a n a l y s i s  t o  correlate v a r i o u s  
p a r t i t i o n  c o e f f t c i e n t s  e .g .  o c t a n o l / w a t e r ,  f o r  assorted 
g r o u p s  of compounds,  w i t h  i n  v i t r o  a n d  i n  v i v o  per- 
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450 JAMES 

meability rates. Quite good correlations were obtained 
in some cases, but not in others. 

(ii) 

Precise quantitative relationships have not 
been forthcoming, for several reasons- 
(i) The distribution coefficient is usually applied 

to solvent systems other than vehicle/s. corneum 
There is evidence5 to show that the distribution 
coefficient in one system is simply related to 
that in another, but there are numerous 
exceptions. 
Properties other than distribution coefficient, 
are important, for example,diffusion coefficient. 
Molecular weights do vary significantly from 
substance to substance, even with steroids. 
Moreover, i iffusion is also influenced by polar 
effects. 

(iii) There is often doubt that biological results 
are truly representative of percutaneous absorp- 
tion, e.g. measurement of blood or urine levels 
does not take into consideration metabolism o r  
distribution elsewhere in the body. Threshold 
values are irnpracticable,,because the absorption 
route changes in the early stages. 
When comparing compounds, Cv is not an 
adequate representation of the influence of 
concentration. The thermodynamic activity 
a is required. This can be calculated 
approximately from a, = Cv/Sv 6 
V 

The considerations so far have assumed a 
dynamic process. An alternative is to assume that whenthe 
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P ERCUTANEOUS TRANSPORT 459 

steady state of absorption is reached, the various steps 
outlined above will take the form of a series of equilibria, 
linking a migration of active material from a reservoir 
which is the suspended solid, and a sink, represented by 
the Systemic uptake of the drug. Poulsen' considered 
percutaneous absorption under such conditions. If a solid 
drug is in suspension in a vehicle on the skin, at the 
steady state, the concentration in solution will be its 
solubility in the vehicle Sv, and its concentration in 
the skin will be given by equation ( 8 )  as follows. 

Cs = K Cv = K Sv 

Poulsen supported his views with results obtained with 
f luocinonide and f luocinolone acetonide in various 
water-propylene glycol mixtures . These compounds gave 
different plots of biological effect against percentage 
propylene glycol, reproduced in Figure 2. Considering 
fluocinolone acetonide first, aqueous solubilities and 
distribution coefficients formed two 'mirror image'' plots, 
shown in Figure 3. Such a situation would normally be 
anticipated. Poulsen explained the biological results for 
this compound on the basis of these plots. Arbitrary 
results, shown in Table 1, can be chosen to fit the plots 
in Figure 3. Abstracting from this table, for 20% glycol, 
Cs = KSV = 50 x 0.2  = 10% of steroid, but since the 
preparation contains only 0.1% steroid, Cs = 50 x 0.1 = 5%. 
The dotted line, shown in Figure 4 is obtained if this 
argument is continued on through the glycol concentration 
range, but for higher concentrations of suspended steroid, 
a plateau is 
obtained initially. This profile also shown in Figure 4 ,  

is similar to that obtained with the biological responses 
to fluocinolone acetonide. 

a 
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460 JAMES 

In vivo response W h r .  wsacmstrictiorr) 01 u f ict ion of 
whicle composition. Key: 0, firrocuroione acutonirlr; and e, f i u e  
curorride. 

Figure 2 

2 0 4 0 6 0 8 0  
PROPYLENE GLYCOL. 96 

Isopropyl rnyristate/propyItw glycol-nwcr prrliiiotr c e ~  
i%fic.iiws (0)  arid propylme glycol . n'utvr s0luhilitie.t (0) Jiw jhtr 
c%rrdtwrc* irc*cwrri&. 

Figure 3 
(Both f i g u r e s  reproduced from J .  O s t r e n g a ,  C .  Steinrnetz & 
B .  P o u l s e n  J .  Pharrn. S c i .  60 1175 ( 1 9 7 1 ) )  
"Reproduced wi th  permission of the  copyright  owner." 
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PERCUTANEOUS TRANSPORT 461 

0.1  

0 . 1  

0 .1  

0 . 1  

0 .1  

0 . 1  

TABLE I .  
Arbitrary results for  fluocholone acetonide. 
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GLYCOL 
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60 10 
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100 
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KCV 
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6 

sV 
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0.1 

0.2 
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10 .o 

4 

2 

0.1% 

cv I KCV 

1 

1 .o% 

cV 

0.1 

0.2 

0 . 5  

1 .o 

1 .o 
1 .o 

KCV 

10 .o 
10 .o 

10 .o 

10 .o 

2 .o 

1 .o 

-- - - 0.1 O/O : - 1.0 OIO 

Figure 4 Theoretical percutaneous transport of 
fluocinolone acetonide 
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462 JAMES 

These distribution coefficients are not between 
propylene glycol and water, but instead, between a 
saturated solution of water in propylene glycol and a 
saturated solution of propylene glycol in water. 
Distribution behaviour can be influenced by the solute 
complexing with either the dissolved water or the 
dissolved propylene glycol, or both. This evidently 
occurs with fluocinonide, because the solubility and 
distribution coefficient plots are no longer symmetrically 
opposite . A similar situation can occur in vivo, when 
the vehicle changes the solvent properties of the skin. 
Arbitary results, selected to fit this situation (TableZ), 
yield a different set of biological response profiles 
(Figure 5), which fit the observed results for 
fluocinonide. 

8 

TABLE 2 

Arbitrary results for f luocinonide. 
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2 0 4 0 6 O ~ K x )  
' lo  Glycol 

---- 0.1% : - l.o0/0 

Figure 5 Theoretical percutaneous transport of 
f luocinonide 

If t h e  d r u g  is i n  s o l u t i o n  i n  t h e  base, r a t h e r  
t h a n  i n  s u s p e n s i o n ,  t h e  m i g r a t i o n  i n t o  t h e  s k i n  w i l l  
s i m p l y  f o l l o w  E q ~ a t i o n ( ~ ) b u t  t h e  ra te  w i l l  be r e d u c e d  
w i t h  t i m e ,  b e c a u s e  Cv f a l l s  w i t h  t i m e .  
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