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ABSTRACT. 

Exper imental  approaches t o  the study o f  drug dif fusion in 

skin in v i t ro  generally f a i l  t o  take due account o f  the e f fec ts  o f  

hydration on the stratum corneum. A t ten t i on  is therefore drawn t o  

neglect o f  th is aspect o f  the problem in a recent a r t i c l e  which 

describes an otherwise very sophisticated apparatus fo r  the  study o f  

dif fusion phenomena. 

1 Chien and Valia , have recent ly described a careful ly 

designed experimental apparatus fo r  long t e r m  permeation studies o f  

skin. Most experimental problems are successfully control led by this 

technique, which w i l l  undoubtedly prove valuable fo r  membrane 

permeation experiments in general. However, the approach as 

described neglects an aspect so fundamental t o  the barr ier  property 

of skin in part icular, t ha t  re-emphasis o f  the  point  a t  issue seems 

eminently desirable. 
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4 6 2  FOREMAN 

The major barr ier  t o  dif fusion in in tac t  skin is the  stratum 

corneum. As a working hypothesis, the  mechanism by which the  

stratum corneum exerts i t s  barr ier  e f f e c t  appears t o  consist o f  t w o  

components. First ly,  the movement o f  foreign molecules through the  

stratum corneum is slow; tha t  is, the act ivat ion energy fo r  the  

dif fusion process is generally high. Secondly, f o r  some molecules a t  

least, a f rac t ion  of the  dif fusing mater ia l  is  bound w i th in  the  s t ra tum 

corneum, and i s  e f fec t i ve ly  immobilised. This seems t o  be t rue  fo r  

steroids, as one example, and was f i r s t  reported by Vickers . The 

phenomenon was discussed in terms o f  the  existence o f  a reservoir 

f o r  such molecules in the s t ra tum corneum, and has subsequently been 
3 demonstrated by in v i t ro  studies . 

2 

The point a t  issue i n  the present discussion i s  t ha t  it has 

long been known tha t  the overal l  barr ier  e f fec t  o f  the skin i s  

markedly dependent on the degree o f  s t ra tum corneum hydration . It 
has also been shown tha t  bo th  components o f  the  barr ier  mechanism 

are separately dependent on the hydration level. The reservoir ef fect ,  

fo r  example, can be reduced by occlusion o f  the  skin in vivo. This 

was elegantly demonstrated by Vickers in human volunteers, by 

re-occluding sites previously t rea ted  w i th  a corticosteroid, a f te r  the  

i n i t i a l  cort icosteroid induced blanching response had disappeared2. Skin 

blanching was again observed short ly thereafter, which suggests tha t  a 

f ract ion o f  the applied steroid had been retained w i th in  the  s t ra tum 

corneum, and tha t  the increase in s t ra tum corneum hydrat ion 

result ing f rom the occlusion had released this mater ia l  f r o m  the  

reservoir, al lowing it once again t o  exhibit  i t s  pharmacological ef fect .  

Using an in v i t ro  technique, a prel iminary a t tempt  has 

recent ly been made t o  assess the change in enthalpy associated w i t h  

displacement of a representative steroid f r o m  s t ra tum corneum 

reservoir sites by water in this way. A value o f  -60+11 kJ mole-' 

was obtained5 which is consistent w i th  a chemisorption process. 

Likewise it has been shown tha t  the dif fusion constant f o r  t he  

dif fusing (non-reservoir bound) f rac t ion  is also appreciably increased 
6 by stratum corneum hydration . 
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STRATUM CORNEUM HYDRATION 4 6 3  

Any experimental design such as tha t  described by Chien and 

Valia , in which the skin has both faces in contact  w i t h  aqueous 

donor and receptor solutions, w i l l  inevitably cause the  skin sample t o  

become extensively hydrated. Further, the degree o f  hydration 

attained w i l l  almost certainly be in excess o f  tha t  achievable in vivo 

by skin occlusion, and the measurements w i l l  therefore re la te  only t o  

skin under unphysiologically high levels o f  hydration, where the 

barr ier  property is impaired. Such measurements must therefore be o f  

very dubious value. What i s  clearly required is an experimental 

si tuation where the degree of s t ra tum corneum hydration is 

control lable a t  least over physiologically real ist ic l imits. Such a 

situation can, in fact, be established experimentally, and the 

appropriate mathematical  analysis for  dif fusion under such 
7 circumstances has already been described . 
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