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BENZYL ALCOHOL VAPOUR DIFFUSION THROUGH HUMAN SKIN : DEPENDENCE ON 
THERMODYNAMIC ACTIVITY I N  THE VEHICLE 
S. M. Harr ison,  B .  W. Barry and P. H. Dugardk, Postgraduate  School of S tudies  i n  
Pharmacy, Universi ty  of Bradford, West Yorkshire, BD7 1DP. * I C I ,  Alder ley Park, 
Macclesf ie ld ,  Cheshire. 

Development of new drugs and formulat ions f o r  t o p i c a l  use o f t e n  r e q u i r e s  multiple, 
lengthy d i f f u s i o n  experiments wi th  l imi ted  s u p p l i e s  of human sk in .  Here we t r y  
t o  re la te  a r e a d i l y  measured, phys ica l  c h a r a c t e r i s t i c  of the drug i n  i t s  vehic le  
t o  percutaneous absorp t ion ,  wi th  the eventual  prospect  of opt imising rates 
withoutdoing any d i f f u s i o n  experiments. 

Fac tors  a f f e c t i n g  the  pass ive  d i f f u s i o n  of molecules through the  s k i n  are combin- 
ed i n  F ick ' s  Law, J=KmDAC/h=kpAC, where J is  t h e  s teady  s ta te  f l u x :  p a r t i t i o n  co- 
e f f i c i e n t  (Km), d i f f u s i o n  c o e f f i c i e n t  (D) and membrane th ickness  (h) give  t h e  
permeabi l i ty  constant  (kp); AC i s  the change i n  pene t ran t  concent ra t ion  across  
the  b a r r i e r .  Higuchi (1960) p o s t u l a t e s  t h a t  the concent ra t ion  t e r m  should be re- 
placed by thermodynamic a c t i v i t y  f o r  non-ideal penetrant-vehicle  mixtures;  we 
t e s t e d  t h i s  with t h e  model compound, benzyl a lcohni .  

Headspace gas chromatography was  used t o  f i n d  the  benzyl a lcohol  vapour concen- 
t r a t i o n  a t  equi l ibr ium f o r  0.5 mole f r a c t i o n  b inary  mixtures  with model so lvents ;  
isopropyl  myr is ta te  (A), to luene  (B),  isophorone (C), propylene carbonate  (D), 
butan-1-01 (E) and b u t y l  a c e t a t e  (F) .  The a c t i v i t y  (a )  of these  mixtures was 
found from peak h e i g h t s  by comparison with those  f o r  nea t  benzyl a lcohol  vapour 
( taken as  a = 1 ) .  

Benzyl a lcohol  vapour f l u x  from the  same mixtures w a s  measured through germatomed, 
human abdominal s k i n  (=0.4mm, 4 r e p l i c a t e s )  us ing  d i f f u s i o n  c e l l s  a t  30 C ,  
(Fig.  1 ) .  Receptors contained 50% v/v aqueous e thanol ,  maintained at<lO% pene- 
t r a n t  s a t u r a t i o n  and samples were analysed by GC. 

Fig. 2 shows t h a t  s teady  s ta te  vapour f l u x  increases  l i n e a r l y  with t h e  a c t i v i t y  
found by headspace a n a l y s i s .  I n  conclusion,  f o r  such non-ideal mixtures ,  where 
t h e  vehic le  i s  presumed t o  have no e f f e c t  on t h e  s k i n ' s  b a r r i e r  func t ion ,  the 
ra te  of percutaneous absorp t ion  from a vapour i s  propor t iona l  t o  thermodynamic 
a c t i v i t y ,  as determined by headspace a n a l y s i s .  
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Fig.2 Vapour f l u x  of benzyl a lcohol  through a 
human epidermis from 0.5 mole f r a c t i o n  b inary  
mixtures with s e v e r a l  v e h i c l e s ,  versus  t h e i r  
benzyl a lcohol  a c t i v i t y .  The regress ion  I 

4 c e l l s  i s  shown, * t h e  s tandard devia t ion .  
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