
DRUG DEVELOPMENT AND I N D U S T R I A L  PHARMACY, 1 2 ( 3 ) ,  465-469 ( 1 9 8 6 )  

L E T T E R  T O  T H E  E D I T O R  

Effect of Stratum Corneum Hydration 

How Serious Is I t ?  

O f  13-16 

hyd ra ted  

Beh 

To t h e  E d i t o r :  

Recently, Foreman submi t ted  a s h o r t  a r t i c l e  e n t i t l e d  "St ratum Corneum 

Hydra t i on :  Consequences f o r  Sk in Permeation Experiments" t o  t h e  Drug 

Development & I n d u s t r i a l  Pharmacy t o  d i scuss  h i s  views on the  e f f e c t  o f  

h y d r a t i o n  on t h e  movement o f  drug molecules through t h e  s t r a t u m  corneum 

and t h e  e x i s t e n c e  o f  a r e s e r v o i r  f o r  such molecules i n  t h e  s t r a t u m  corneum. 

These au tho rs  do agree w i t h  t h e  concerns he has r a i s e d .  The i n f l u e n c e  

o f  h y d r a t i o n  on drug permeat ion th rough  s k i n  has a l r e a d y  been recognized 

and r e p o r t e d  i n  l i t e r a t u r e  f o r  a t  l e a s t  two decades (1 -6 ) .  A s k i n  perme- 

a b i l i t y  cons tan t  o f  0.5 x cm/hr was determined f o r  w a t e r  a t  25"C, 

which corresponds t o  a f l u x  o f  0.2 mg/cm / h r  ( 7 ) .  An a c t i v a t i o n  energy 

kcal /mole was r e p o r t e d  f o r  t he  d i f f u s i o n  o f  wa te r  t h rough  a f u l l y -  

s t ra tum corneum (8, 9 ) .  

2 

e t  a1 (10-13) i n  a s e r i e s  o f  i n v e s t i g a t i o n s  on h y d r a t i o n  and 

percutaneous a b s o r p t i o n  e x p l a i n e d  how t h e  h y d r a t i o n  a f f e c t s  t h e  permeat ion 

o f  a l k a n o l  t h rough  h a i r l e s s  mouse, Swiss mouse and r a t  s k i n .  One o f  t h e  

i m p o r t a n t  conc lus ions  one can draw f rom these exper imen ta l  r e s u l t s  i s  

t h a t  t h e  e f f e c t  o f  h y d r a t i o n  v a r i e s  and i s  dependent upon t h e  t y p e  o f  

s k i n  and t h e  permeant. The r e s u l t s  (10)  i n d i c a t e d  t h a t  t h e  p e r m e a b i l i t i e s  

o f  water ,  methanol, and e thano l  a r e  n o t  a f f e c t e d  by t h e  h y d r a t i o n  o f  h a i r -  

l e s s  mouse s k i n  i n  normal s a l i n e  f o r  30 hours, b u t  t h e  s k i n  p e r m e a b i l i t i e s  

o f  b u t a n o l  and hexanol doubled i n  10 hours o f  h y d r a t i o n .  Apparen t l y ,  
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the effect of hydration on skin permeation does not occur immediately 

as one may think. 

In this laboratory, the skin permeation data generated so far also 

suggest that the effect of hydration on the skin permeation of various 

drugs does occur, but it happens at a quite late stage of skin permeation. 

By following the drug permeation profiles closely, one can easily detect 

the occurrence of any hydration effect. One example is shown in Figure 

1, in which the permeation profiles of estradiol across male hairless 

mouse skin were carried out in normal saline containing various volume 

fractions of polyethylene glycol 400, which was incorporated to increase 

the aqueous solubility of estradiol. The effect of hydration (i.e. change 

in the drug permeation flux or in the skin permeability) can be seen 

after 28 hours and 40 hours in the profiles generated in 40% PEG 400/saline 

and 20% PEG 400/saline, respectively. Therefore, only the drug permeation 

flux calculated from the initial permeation profiles, prior to the 

occurrence of hydration, are applicable. So, only these drug permeation 

rate profiles were reported in our publication (14, 15). Additionally, 

precautions were also taken that in all the experiments, the animals were 

sacrificed and the skin specimens were removed just before a skin permeation 

experiment; thus, the hydration effects are referenced to the skin in 

a normal physiologic condition. 

The authors were very much encouraged by the positive comments from 

Dr. Foreman on our diffusion cell design (14) which is similar in basic 

configuration to those described by Scheuplein (9), Menczel and Maibach 

(16), Michaels et a1 (17), and Durrheim et a1 (18). The fundamental differ- 

ence lies in the following design features built in the cell: It consists 

o f  two half-cells in mirror image, each contains a stirring platform in 

a solution chamber to permit the drug solution t o  be stirred under a totally 

enclosed condition and maintained at a hydrodynamical ly-controlled environ- 
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F i g u r e  1: Sk in  permeat ion p r o f i l e s  o f  e s t r a d i o l  ac ross  male h a i r l e s s  
mouse a t  c o n s t a n t  r e s e r v o i r  c o n c e n t r a t i o n  ( i n  donor s o l u t i o n ) .  
The s a l i n e  s o l u t i o n  i n  b o t h  donor and r e c e p t o r  compartments 
c o n t a i n s  a) O%, (a) 20% v/v, and (0)  40% v/v  o f  PEG 400 
t o  enhance t h e  aqueous s o l u b i l i t y  o f  e s t r a d i o l .  The e f f e c t  
o f  h y d r a t i o n  was demonstrated by t h e  p o s i t i v e  d e v i a t i o n  i n  
t h e  drug permeat ion p r o f i l e .  
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ment. The solution chambers in donor and receptor compartments a r e  t o t a l l y  

water-jacketed a n d  can be cont ro l led  a t  an  isothermal or a non-isothermal 

condition f o r  various skin permeation s tud ie s .  

We fee l  t h a t  the  degree of hydration e f f e c t  should be assessed by 

proper experimental designs and agree t h a t  t he  e f f e c t  o f  hydration should 

not be overlooked in the  quant i ta t ion  of skin permeation r a t e  p ro f i l e s .  

However, skin i s  a comp ex process a n d  cannot be s impl i f ied  by only mathe- 

matical ana lys i s .  

Kirt i  H. Valia, P h . D .  
Pharmaceutical Research Division 
Eli L i l l y  a n d  Company 
Indianapolis,  Indiana 46256 

Yie W .  Chien, P h . D .  
Controlled Drug Delivery Research Center 
College of Pharmacy 
Rutgers University 
Piscataway, New Jersey 08854 
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