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H i s t o r i c a l  

From t h e  e a r l i e s t  t imes phys i c ians  have sought t o  t r e a t  man’s melange 

o f  hea l th -des t roy ing  malad ies  by a p p l y i n g  medicaments t o  t h e  s k i n .  

wonderful  v a r i e t y  o f  o in tments ,  pastes,  p l a s t e r s  and complex i n u n c t i o n s  

were c rea ted  f o r  eve ry  k i n d  o f  d isease. 

A 

With t h e  advent o f  s c i e n t i f i c  med ic ine  i n  t h e  l a s t  h a l f  o f  t h e  1 9 t h  

century ,  t h i s  r o u t e  o f  a d m i n i s t r a t i o n  f e l l  o u t  o f  f a v o r .  It became obv ious  

t h a t  no m a t t e r  how hard  one rubbed g a l e n i c a l  m i x t u r e s  ove r  t h e  e n t i r e  body, 

t he re  was l i t t l e  o r  no pharmacologic response compared t o  o r a l  d rugs  which 

a t  l e a s t  c o u l d  make people s i c k  i f  n o t  w e l l !  

I n  1877, F l e i s c h e r  dec la red  t h a t  t h e  s k i n  was t o t a l l y  impermeable, a 

complete s h i e l d  a g a i n s t  t h e  e x t e r n a l  wor ld  ( 1 ) .  

n o t  h o l d  f o r  long ;  a f t e r  a l l  de rmato log i s t s  were more o r  l e s s  s u c c e s s f u l l y  

t r e a t i n g  s y p h i l i s  by rubb ing  s a l t s  o f  mercury ove r  t h e  s k i n .  

o f  t he  c e n t u r y  Schwenkenbecker ( 2 )  pe rce i ved  t h a t  t h e  s k i n  would admi t  

some substances much b e t t e r  t han  o the rs .  I t  was then  seen t o  be semi- 

permeable. Simple exper iments u s i n g  c l e a r  c u t  endpo in ts  such as dea th  

o f  t h e  animal l e d  t o  u s e f u l  g e n e r a l i z a t i o n s .  It c o u l d  be shown t h a t  l i p i d  

s o l u b l e  agents were more l i k e l y  t o  pene t ra te  than  water  s o l u b l e  ones, a 

T h i s  extreme v iew cou ld  

By t h e  t u r n  
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522  KLIGMAN 

r u l e  which s t i l l  holds. Moreover, the base form o f  a l k a l o i d s  could k i l l  

animals by top i ca l  app l i ca t i on  bu t  the s a l t s  were innocuous. 

s t rychnine was l e t h a l  bu t  s t rychnine ch lo r i de  was innocuous. I t  i s  s t i l l  

a usefu l  genera l i za t i on  t h a t  po la r  e l e c t r o l y t e s  and ion i zed  s a l t s  penetrate 

very poor ly .  

genera l izat ions,  a h a b i t  which some cu r ren t  a u t h o r i t i e s  f i n d  d i f f i c u l t  t o  

c o n t r o l .  Thus, the statement t h a t  penetrat ion ra tes  o f  d iverse chemicals 

are co r re la tab le  w i t h  t h e i r  degree o f  l i p i d  s o l u b i l i t y  i s  s i m p l i s t i c .  

many agents do n o t  show a n i c e  c o r r e l a t i o n .  No s i n g l e  phys ica l  datum 

p red ic t s  penetrat ion behavior. 

For a long time, i t  was bel ieved t h a t  f l u x  could be p red ic ted  on the bas is  

o f  ether:water s o l u b i l i t y  p a r t i t i o n  c o e f f i c i e n t s ,  a r a t i o  o f  one being 

considered most favorable ( 3 , 4 ) .  

sometimes holds. For many others, i t  i s  i napp l i cab le .  S t i l l ,  one can always 

f i n d  a g e m  o f  wheat among the c h a f f .  

so lub le both i n  water and i n  l i p i d  solvents are more l i k e l y  t o  enter  sk in .  

This i s  no t  t o  say t h a t  i t  w i l l  be impossible t o  p r e d i c t  f l u x  from ana lys i s  

o f  physico-chemical constants, such as the veh ic le :  sk in  p a r t i t i o n  

c o e f f i c i e n t ,  d i f f u s i o n  constants, e t c .  Indeed, w i t h i n  c e r t a i n  classes o f  

molecules, s te ro ids  f o r  example, t h a t  b r i g h t  day has a l ready dawned ( 5 ) .  

For a cheerful view of the f u t u r e  based on t i g h t  mathematical analyses, the 

scho la r l y  review of Dugard i s  h i g h l y  recommended ( 6 ) .  

For example, 

Nonetheless, permeabi l i ty  i s  too complex t o  admit o f  easy 

Too 

Even crude approximations are hazardous. 

For l i m i t e d  classes o f  molecules t h i s  r u l e  

As a r u l e ,  substances which are 

The modern foundation f o r  understanding the p r i n c i p l e s  o f  percutaneous 

(1) measurement o f  f l u x  i n  v i t r o  absorpt ion has been b u i l t  on two p i l l a r s :  

us ing samples o f  s k i n  mounted on d i f f u s i o n  chambers; (2) the a v a i l a b i l i t y  o f  

t r i t i u m  and carbon rad io - l abe l l ed  mater ia ls ,  improving the exact i tude o f  

measurements i n  v i t r o  and i n  v ivo.  

Some l e c t u r e r s  decry the pauc i t y  of hard data on percutaneous absorption. 

I ,  on the contrary, am impressed w i t h  i t s  p l e n t i f u l n e s s .  

theory i s  rep lac ing  empir icism and drugs are being synthesized which w i l l  

possess s p e c i f i c  c h a r a c t e r i s t i c s  favo r ing  t h e i r  pene t ra t i on  i n t o  sk in .  

A t  t h i s  very time, 
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PERCUTANEOUS ABSORPTION 523 

Knowledge o f  percutaneous absorpt ion has fostered the b r i l l i a n t  development 

o f  transdermal therapeut ic  systems, a r e a l t y  today. This achievement r e s u l t s  

from the i n teg ra ted  e f f o r t s  o f  engineers, phys ica l  chemists, biochemists and 

pharmacologists. The prospects before us are t h r i l l i n g .  

S t i l l ,  there are p l e n t y  o f  d i f f i c u l t i e s  t o  t u s s l e  w i th .  The e a r l y  

estimates were b a s i c a l l y  correct - - the s k i n  i s  no t  very permeable. I t  i s  an 

impressive seal. We do no t  d r y  o u t  nor do v i t a l  substances leak ou t .  Most 

exogenous ma te r ia l s  are e f f e c t i v e l y  kept  out .  

imperviousness? C l i n i c i a n s  have long suspected t h a t  the obstac le  t o  penetra- 

t i o n  must be located s u p e r f i c i a l l y .  How, fo r  example, could a b l i s t e r  form 

i f  the epidermis were permeable t o  water? 

i l l u m i n a t i n g  experiments of Monash are hard t o  beat ( 7 ) .  

hours t o  secure l oss  o f  sensation by t o p i c a l  a p p l i c a t i o n  o f  anesthet ic  agents. 

However, a f t e r  s t r i p p i n g  repeatedly w i t h  Scotch tape, the s i t e  became numb i n  

a few minutes. 

since Scotch tape removes on ly  the dead horny c e l l s  o f  the stratum corneum. 

But, note the  date f o r  t h i s  reve la t i on ,  19571 

What i s  the secret  o f  the skin’s 

For e legant  s i m p l i c i t y  the 

He found i t  took 

This was ind i spu tab le  proof o f  a s u p e r f i c i a l l y  l oca ted  b a r r i e r  

No one has been more ingenious than Stoughton i n  us ing simple methods 

t o  explore the pe rmeab i l i t y  behavior o f  human s k i n  ( 8 , 9 ) .  

f i g h t  many impor tant  f ace ts  by apply ing substances which cause some r a p i d  

phys io log ic  

( vasod i l a t i on )  o r  sweating. By intradermal i n j e c t i o n ,  these responses could 

be e l i c i t e d  w i t h  concentrat ions o f  10-6 t o  

orders o f  magnitude g rea te r  were requi red t o p i c a l l y .  Clear ly ,  the 

epidermis i s  a substant ia l  s t r u c t u r a l  obstac le  f o r  a l l  these reac t i ons  are 

mediated by blood vessels s i t ua ted  i n  the dermis. 

He has brought t o  

d isp lay,  such as blanching (vasoconstr ic t ion) ,  reddening 

By contrast ,  concentrat ions 

Many have labored i n  t h i s  f i e l d  f o r  over a century; y e t  substant ive 

knowledge i s  as ton i sh ing l y  recent. 

on es tab l i sh ing  a theo re t i ca l  foundation. 

Tregear ( l o ) ,  Blank (11) and the modern master, Scheuplein (12) .  

The most impor tant  e f f o r t s  have focussed 

The most notable works are by 

These l a s t  
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524 KLIGMAN 

two, who c o l l a b o r a t e d  f o r  a decade a t  Harvard have b r i l l i a n t l y  i l l u m i n a t e d  

the  s u b j e c t  (13).  

say t h a t  c e r t a i n  s k i n  doc to rs  who have s e t  s a i l  on these s e t t l e d  waters seem 

t o  have been blown o f f  course (see below).  

None a r e  dermato log is ts .  I t  i s  a b i t  awkward t o  have t o  

It i s  e d i f y i n g  t o  rev iew t h e  b a r r i e r s  t h a t  had t o  be v a u l t e d  be fo re  

some understanding o f  t he  " b a r r i e r "  cou ld  be reached. 

f o r  more than h a l f  a century .  I t  i s  i r o n i c a l  t h a t  morphology, t he  bed rock  

o f  s k i n  science, was a t reacherous swamp. 

dece iv ing  . 

Arguments had raged 

Appearances tu rned  o u t  t o  be 

The d i spu te  centered around l o c a l i z a t i o n  o f  t h e  b a r r i e r .  I t  was c l o s e  

t o  the  sur face b u t  e x a c t l y  where and what was i t? I n  1951 Berenson and 

Burch compared transepidermal water  loss through i s o l a t e d  sheets of  whole 

ep idermis and i t s  s t ra tum corneum (14 ) .  

t he  horny l a y e r  was impor tan t .  

anatomic cons t ruc t i on .  

The r e s u l t s  were unequivocal ;  o n l y  

But  t h e r e  was no consensus rega rd ing  i t s  

One can quote t h e  h ighes t  a u t h o r i t i e s  t o  i l l u s t r a t e  how p ro found ly  i t s  

s t r u c t u r e  was misperceived. 

The maestro o f  cutaneous phys io logy,  Rothman, cou ld  s t a t e  as r e c e n t l y  

as 1954: " I n  mammals, t h e  horny l a y e r  i s  shed i n  v i s i b l e  smal l  p a r t i c l e s ,  

i n v o l v i n g  t h e  d i s i n t e g r a t i o n  o f  k e r a t i n  f i b r i l s  i n t o  minute m i c r o c r y s t a l s  on 

the surface; t h e  shedding cannot be seen m i c r o s c o p i c a l l y  because o f  t he  sub- 

microscopic  s i z e  o f  t he  desquamating p a r t i c l e s "  ( 1 5 ) .  

I n  o t h e r  words, t he  horny l a y e r  was n o t  comprised o f  c e l l s  b u t  o f  

f i b r i l s ;  i t  was amorphous, a prote inaceous m a t r i x .  

Th i s  theme was repeated again i n  1964 by Malkinson: "The upper l a y e r s  

o f  t he  s t ra tum corneum cannot be considered a b a r r i e r  s ince  they a r e  composed 

of a coarse and porous network o f  k e r a t i n  f i b e r s  which a re  r e a d i l y  pene t ra ted  

by anions and c a t i o n s  and even by molecular  aggregates" (16) .  So, one had t o  

l o o k  more deeply and u n f o r t u n a t e l y  backwards. I n  1924, Rein had p o s t u l a t e d  
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PERCUTANEOUS ABSOPRTION 525 

an e l e c t r i c a l l y  charged membrane a t  the base of the horny layer  ( 1 7 ) .  

membrane was a good f i t ,  a t  l e a s t  geometrically. 

bar r ie r .  Most s tud ies  were cons is ten t  with t h i s  idea.  

Sulzberger and co-workers observed h is to logica l ly  that  t o p i c a l l y  applied dyes 

penetrated the outer  layer  e a s i l y ,  suddenly stopping a t  the base of the horny 

layer  (18) .  Later, the electronmicroscope could be marshalled i n  favor of 

locat ing the "bar r ie r"  a t  the base of the  horny l a y e r  where a d i s t i n c t  th in  

membrane could be observed (19) .  

This 

I t  was hailed a s  " the" 

In 1945, Mackee, 

Final "proof" came w i t h  I .  Blank's famous in  v i t r o  s tud ies  with abdominal 

skin ( 2 0 ) .  

transepidermal water l o s s  a f t e r  each s t r ipp ing .  L i t t l e  happened u n t i l  he 

reached the bottom of the horny layer .  

l a s t  few layers  were removed. The " b a r r i e r "  r e a l l y  was a t  the base of the  

horny layer .  Invest igators  s e t  about t o  i s o l a t e  i t  anatomically. Szakall 

thought he had succeeded by hydrating the  skin before s t r ipp ing .  He could 

sometimes obtain a t h i n  shee t  ( 2 1 ) .  

information on i t s  chemical composition declar ing t h a t  i t  was a l s o  responsible  

f o r  the water holding a t t r i b u t e s  of skin.  

persuasive a s  they seemed. 

"gl is tening" layer  one reaches by s t r ipp ing .  

has no b a r r i e r  proper t ies  whatever. 

confirmed. 

He removed layer  a f t e r  layer  of horny c e l l s  with tape,  measuring 

The curve suddenly shot upwards a s  the 

Szakall even went so f a r  a s  t o  provide 

All these ideas were wrong, a s  

Szakal l ' s  membrane i s  the stratum lucidum, the 

I t  i s  usual ly  l e f t  behind  and 

Blank's observat ions have never been 

Ey looking a t  a t ransverse sect ion of skin we can ac tua l ly  "see" why 

these notions were so appealing. 

( f i g .  1 ) .  

lamellae separated by empty spaces. I t s  porosi ty  i s  "obvious". 

The horny layer  seems a c e l l u l a r  and spongy 

His to logis t s  t o  t h i s  day descr ibe i t  a s  a basket weave of t h i n  

This image is  a r t e f a c t ,  an enormous d i s t o r t i o n  of  r e a l i t y  r e s u l t i n g  from 

the i n j u r i e s  of h i s to logic  processing ( 2 2 ) .  

f ixa t ion  and dehydration, corrupt ing the t i s s u e  beyond recogni t ion.  

The "spaces" a r e  created by 

With a modicum of care  one can i s o l a t e  the horny layer  i n t a c t .  Immersing 

whole skin a t  60% f o r  one minute enables one to  peel of f  the epidermis. The 
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526 KLIGMAN 

1.  Human epidermis by l i g h t  microscopy. The outermost layer ,  the 

stratum corneum, seems t o  be made u p  of t h i n  lamellae in  a baske t -  

weave pa t te rn .  The la rge  spaces suggest porosi ty .  This appearance 

i s  a l l  a r t i f a c t .  The lamellae a re  r e a l l y  f l a t t e n e d  c e l l s  which 

in real l i f e  a re  packed together  t o  form a coherent membrane 

( H  & E ,  X 50) .  

underlying epidermal c e l l s  can then be scraped away re leas ing  the stratum 

corneum in i t s  p r i s t i n e  glory 

tough, coherent membrane. By 

can observe t h a t  i t  i s  made up of polygonal c e l l s  t h a t  a r e  c lose ly  joined 

( f i g .  2 ) .  The c e l l  walls a r e  so s t u r d i l y  constructed t h a t  s t rong a l k a l i s  

lyse  the c e l l  contents  without disrupt ing them. 

23) .  

iewing i t  perpendicularly t o  the  surface one 

I t s  true form i s  t h a t  of a t ransparent ,  

The stratum corneum i s  
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PERCUTANEOUS ABSOPRTION 527 

2. Scanning e lec t ronmic roscop ic  view o f  t h e  su r face .  F l a t t e n e d  

po lygona l  c e l l s  fo rm a cont inuous  sheet  w i t h o u t  spaces. The c e l l s  

t i g h t l y  o v e r l a p  each o t h e r  t o  fo rm t h e  " b a r r i e r " .  

markedly hygroscop ic  and v i s c o e l a s t i c .  

t o  about t h r e e  t imes i t s  o r i g i n a l  w id th ,  absorb ing  4 t o  5 t imes i t s  own 

weight.  

o f  f l a t t e n e d ,  horny c e l l s  a r e  compressed. The c e l l s  a r e  dense ly  packed w i t h  

f i b r o u s  p r o t e i n  ( k e r a t i n ) ,  i n  t h e  fo rm o f  f i l a m e n t s  embedded i n  an  amorphous 

m a t r i x  ( f i g .  3 ) .  

i s  nonethe less  f l e x i b l e  enough t o  accommodate t o  eve ry  movement w i t h o u t  

s p l i t t i n g  o r  c rack ing .  

l i k e  a sheet  o f  p l a s t i c .  

t h e  horny l a y e r  as " k e r a t i n "  as i f  i t  were a homogeneous a c e l l u l a r  polymer.  

When immersed i n  water,  i t  s w e l l s  

When n o t  wet i t  i s  about 10 mic rons  t h i c k ,  i n t o  which about  15 l a y e r s  

Th is  des ign  r e s u l t s  i n  a s t r o n g l y  imperv ious  s t r u c t u r e  t h a t  

I t  i s  w e l l  t o  keep i n  mind t h a t  i t  i s  n o t  homogeneous 

I t i s  d i s t r e s s i n g  t h a t  many w r i t e r s  s t i l l  r e f e r  t o  
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528 KLIGMAN 

~~~ ~~~~ 

3. Cross sect ion of horny layer  by electronmicroscopy. The c e l l s  

a r e  densely packed with kerat in  f i b r i l s  a n d  a r e  separated from 

each o ther  by narrow spaces. 

remnants of desmosonies which in  the l i v i n g  epidermis a r e  s i t e s  of 

attachment. Despite appearances, the i n t e r c e l l u l a r  spaces a r e  

not empty. 

The dark i n t e r c e l l u l a r  discs  a re  the  

I t  i s  unimpeachable doctr ine t h a t  i t  i s  the horny layer  which r e s t r i c t s  

water lass and i s  the chief impediment t o  the inward d i f fus ion  of chemicals. 

I t  i s  the r a t e  l imi t ing  membrane. For a l l  p rac t ica l  purposes, the s t r u c t u r e s  

beneath, the viable  epidermis and dermis can be disregarded. 

i s  orders  of magnitude l e s s  t h a n  the stratum corneum. 

v i r t u a l l y  excludes e l e c t r o l y t e s  such as  sodium chlor ide a n d  simple s a l t s .  

When i t  i s  removed, even these molecules e a s i l y  enter the epidermis and dermis. 

Their d i f f u s i v i t y  

The horny layer  
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PERCUTANEOUS ABSORPTION 529 

The l a t t e r  o f f e r  t r i v i a l  res is tance t o  the passage o f  var ied chemicals, provided 

these do n o t  b ind t o  the subst rate.  

(13) .  

This has been shown t ime and t ime again 

Further, i t  i s  estab l ished beyond doubt t h a t  t ranspor t  across the 

stratum corneum does not  depend on metabolic processes. 

passive process. 

laws o f  d i f f u s i o n  across the membranes. The mathematical embodiment o f  

t ranspor t  o f  substances i n t o  s k i n  i s  F icks law, which holds s t r i c t l y .  

expanded ve rs ion  covers a l l  instances as described i n  d e t a i l  by Dugard ( 6 ) .  

D i f f u s i o n  i s  a pu re l y  

Accordingly, the stratum corneum obeys the physico-chemical 

I t s  

Some dermatologists f i n d  t h i s  emphasis on the stratum corneum discom- 

f o r t i n g  and r a i s e  up various ob jec t i ons .  

student o f  skin, keenly d i s l i k e s  the idea ( 2 4 ) .  

which considers the epidermal b a r r i e r  passive and inanimate discounts the 

many such v a r i a t i o n s  o f  e p i t h e l i a l  and mesenchymal s t r u c t u r e  which undoubtedly 

have some r o l e  i n  the passage o f  ma te r ia l  through the sk in " .  

t h a t  the epidermis i s  a l i v e ,  cont inuously  renewing i t s e l f  even capable of 

phagocytosing ( i nges t i ng )  I n d i a  ink,  cho les te ro l ,  and other  l a r g e  aggregates 

which could perhaps help move mate r ia l  away from the  surface and "thus be an 

impor tant  f ea tu re  o f  percutaneous absorption". These views are, t o  say the 

l e a s t ,  q u i x o t i c .  They a re  a lso immaterial and i r r e l e v a n t .  Winklemann (and 

he i s  no t  alone) are v i t a l i s t s  t o  the end, re fus ing  t o  surrender t o  the blood- 

l ess  phys ica l  chemists. 

For example, Winklemann, an eminent 

I n  h i s  view the "approach 

He reminds us 

Maibach and co-workers have published ex tens i ve l y  on the pene t ra t i on  o f  

various drugs and chemicals through human sk in  i n  v i v o  ( 2 5 ) .  

prehensive review t i t l e d  " ten steps t o  percutaneous absorption" one again 

discerns unwi l l ingness t o  accept the dec i s i ve  r o l e  o f  the horny l a y e r  (26). 

I n  an e a r l i e r  study o f  the penetrat ion o f  hydrocort isone through s t r i pped  

l i v i n g  sk in ,  Maibach was surpr ised t o  f i n d  on ly  about a f o u r - f o l d  increase 

( 2 7 ) .  

ten- fo ld ,  suggesting t h a t  the horny l a y e r  may have been over- rated as a 

b a r r i e r .  

I n  t h e i r  com- 

Under an impermeable dressing on normal sk in ,  absorpt ion was increased 

I see no reason f o r  doubting the accepted doc t r i ne  s ince ca re fu l  
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5 30 KLIGMAN 

i n  v i t r o  measurements always end i n  emphasiz ing t h e  d e c i s i v e  r o l e  o f  t h e  

horny l a y e r .  

t o  be t rave rsed .  

hundreds t o  thousands o f  t imes l e s s  than t h a t  o f  t h e  horny l a y e r ,  n e g l i g i b l e  

i n  any p r a c t i c a l  sense. 

O f  course, t h e  u n d e r l y i n g  s t r u c t u r e s  take  up space and have 

The key p o i n t ,  however, i s  t h a t  t h e i r  r e s i s t a n c e  i s  

I n  my op in ion ,  exper imenta l  e r r o r  was r e s p o n s i b l e  f o r  t h e  f i n d i n g  t h a t  

s t r i p p i n g  was l e s s  than  h a l f  as e f f e c t i v e  as h y d r a t i o n  and d i d  n o t  make t h e  

s k i n  f r e e l y  permeable o f  hyd roco r t i sone .  S t r i p p i n g  i s  a damaging procedure  

a l l o w i n g  leakage o f  serum which, un less  covered, r e s u l t s  i n  a d r y  c r u s t .  

Th i s  a l t e r s  the  su r face  d r a s t i c a l l y .  

c o r t i c o i d  f rom an e t h a n o l i c  s o l u t i o n  c o u l d  r e s u l t  i n  seques t ra t i on  o f  c r y s t a l s .  

Indeed, p e n e t r a t i o n  inc reased twenty  t imes when t h e  s t r i p p e d  s i t e  was occluded. 

I r e g r e t  t o  l a b o r  t h e  i s s u e  b u t  t h e r e  can be no compromising on  p r i n c i p l e s  

which a r e  based on s o l i d  obse rva t i ons .  Indeed, Ma lk inson mon i to red  t h e  

disappearance o f  r a d i o l a b e l l e d  hyd roco r t i sone  a p p l i e d  t o  s t r i p p e d  s k i n .  

expected, p e n e t r a t i o n  inc reased severa l  hundred - fo ld  ( 2 8 ) .  The observa t i ons  

o f  Shaw and co-workers a r e  even more t e l l i n g  because the  methodology was so 

r i g o r o u s  (29) .  

about 6.0 mg/cm*/hr th rough e i t h e r  separated ep idermis  o r  whole s k i n  whereas 

th rough  dermis a lone  t h e  va lue  was 1342, more than  200 t imes  g r e a t e r .  

i s  s a t i s f i e d .  

2 Depos i t i ng  a smal l  amount ( 4 ~ g / c m  ) o f  

As 

Wi th  scopolamine f r e e  base t h e y  found s teady -s ta te  f l u x  t o  be 

Theory 

Th is  t h e s i s  has been proved t o  t h e  p o i n t  o f  boredom (30 ) .  

It i s  a v a l i d  g e n e r a l i z a t i o n  t o  s t a t e  t h a t  t he  s t ra tum corneum a l l o w s  

no substance t o  pene t ra te  e a s i l y  and a l l o w s  a l l  substances t o  e n t e r  s l i g h t l y .  

With t h e  s e n s i t i v e  methods now a v a i l a b l e ,  t r a c e  amounts can be de tec ted ,  

f o r c i n g  us t o  add q u a l i f i c a t i o n s  t o  t h e  degree t h a t  e l e c t r o l y t e s  cannot  

pene t ra te .  Thus, Wahlberg cou ld  show some p e n e t r a t i o n  o f  r a d i o l a b e l l e d  

sodium c h l o r i d e  th rough animal s k i n  (31 ) .  C l i n i c i a n s  can e a s i l y  accept  t h e  

n o t i o n  t h a t  t h e  b a r r i e r  t o  s a l t  e l e c t r o l y t e s  cannot  be abso lu te .  A f t e r  a l l  

n i c k e l  and chromium a re  q u i t e  common c o n t a c t  s e n s i t i z e r s ,  and must have t h e  

c a p a c i t y  t o  g e t  th rough normal s k i n  f rom t h e i r  v a r i o u s  s a l t  forms. 

t e s t i n g  o f  t h e  normal s k i n  o f  s e n s i t i z e d  persons proves t h i s .  

Patch 

L ikewise ,  
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PERCUTANEOUS ABSORPTION 531 

substances o f  ex t remely  h i g h  mo lecu la r  we igh t  such as p r o t e i n s  a r e  v i r t u a l l y  

excluded y e t ,  t o p i c a l l y  a p p l i e d  t u b e r c u l i n  can e l i c i t  a p o s i t i v e  r e a c t i o n  i n  

s e n s i t i v e  sub jec ts .  C e r t a i n  food  an t i gens  can e l i c i t  wheals. The i m p o r t a n t  

p o i n t  i s  t h a t  t h e r e  may be as much as 10 ,000- fo ld  d i f f e r e n c e  i n  t h e  f l u x  o f  

d i f f e r e n t  substances (32) .  

l a y e r  d e s t r o y  t h i s  s e l e c t i v i t y .  

may n e a r l y  d isappear .  

p a r t l y  e x p l i c a b l e  by s t r u c t u r a l  i n j u r y  t o  t h e  b a r r i e r .  

de rmato log i s t s  may have been undu ly  b iased  by t h e i r  unders tandab le  p r e -  

occupat ion  w i t h  abnormal, l e s i o n a l  sk in .  For example, i n  i n f l ammato ry  

dermatoses such as p s o r i a s i s  the  diseased s k i n  i s  f a r  more permeable t o  water  

and t o  chemica ls  (16 ) .  

O f  course, chemica ls  wh ich  g r o s s l y  damage t h e  horny 

I n  t h a t  case d i f f e r e n c e s  i n  r a t e s  o f  d i f f u s i o n  

The a c t i o n  o f  c e r t a i n  "acce le ran ts "  such as DMSO i s  

The a t t i t u d e s  o f  

I s  t h e  horny l a y e r  homogeneous from t o p  t o  bottom? Does eve ry  c e l l  l a y e r  

c o n t r i b u t e  e q u a l l y  t o  d i f f u s i o n a l  r e s i s t a n c e ?  These a r e  l e g i t i m a t e  ques t i ons .  

P rev ious l y ,  t h e  imag inary  b a r r i e r  a t  t h e  base of t h e  horny l a y e r  was c a l l e d  

t h e  s t ra tum conjunctum w h i l e  a l l  t he  l oose  s t u f f  above was t h e  s t r a t u m  

dysjunctum. 

mod i f y  t h e i r  o r i g i n a l  meaning. 

c e l l s  a r e  be ing  shed i n  t i n y  f l a k e s  ( t h e  desquamating zone), eve ry  c e l l  l a y e r  

i n  t h e  u n d e r l y i n g  compact zone i s  equal t o  eve ry  o t h e r  one i n  d i f f u s i o n a l  

res i s tance .  The s lough ing ,  loose, su r face  l a y e r  i s  o n l y  2 t o  3 c e l l  l a y e r s  

t h i c k  and i s  e a s i l y  penet ra ted ,  even by p a r t i c l e s  as l a r g e  as b a c t e r i a  o r  

ben ton i te .  T h i s  newly de f ined s t ra tum dysjunctum i s  a n e g l i g i b l e  b a r r i e r .  

Eve ry th ing  below t h i s  i s  t h e  s t ra tum compactum where t h e  c e l l s  a r e  t i g h t l y  

bonded, fo rm ing  a coherent  membrane. 

compactum show t h e  c o n c e n t r a t i o n  g r a d i e n t s  p r e d i c t e d  by theo ry .  

Zesch and Schae f fe r  a p p l i e d  r a d i o l a b e l l e d  chemicals t o  t h e  sur face  and a f t e r  

about 1.5 hours analyzed t h e  amount o f  t r a c e r  removed by success ive  s t r i p -  

p ings  ( 3 3 ) .  

dysjunctum);  t h e r e a f t e r  t h e  amount of l a b e l  f e l l  1 i n e a r l y  w i t h  i n c r e a s i n g  

depth.  Th is  s imp ly  has t o  be t h e  case. 

The terms a r e  a r c h a i c  now but may be w o r t h  r e h a b i l i t a t i n g  i f  we 

Except f o r  t h e  ou termost  p o r t i o n  where horny  

Substances d i f f u s i n g  th rough t h e  

Fo r  example, 

The l a r g e s t  amount came o f f  i n  t h e  f i r s t  3 s t r i p s  ( t h e  s t ra tum 

It i s  wor th  n o t i n g  t h a t  fewer  and 
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532 

fewer c e l l s  come o f f  w i t h  s e r i a l  s t r i p p i n g  perhaps i n d i c a t i n g  t i g h t e r  

i n t e r c e l l u l a r  connect ions  among t h e  younger c e l l s  below. 

Schaef fe r  w i s e l y  took  t h i s  i n t o  account and r e l a t e d  t h e  amount o f  r a d i o -  

l a b e l l e d  t r a c e r  t o  t h e  we igh t  o f  horny m a t e r i a l  removed p e r  s t r i p .  

Zesch and 

I U I G M A N  

Cur ious ly ,  Klaschka, a de rmato log i s t ,  p u t  t h e  s t ra tum compactum on t h e  

o u t s i d e  and t h e  dysjunctum below (34 ) .  

i ncompa t ib le  w i t h  a l l  o t h e r  observa t ions .  

Th is  i s  an e x t r a o r d i n a r y  p o s i t i o n ,  

The Modern Scene 

Why shou ld  we wor ry  ou rse l ves  about the  i n t r i c a c i e s  o f  t h e  b a r r i e r ?  The 

advanced s t a t e  o f  technology compel ls t h i s .  

f o r t a b l y  encased i n  o u r  impermeable s k i n ,  s a f e  f rom e x t e r n a l  noxae. 

w i z a r d l y  o f  t h e  s y n t h e t i c  chemists has changed a l l  t h i s .  The horny l a y e r ,  

t o  be sure,  i s  admi rab ly  cons t ruc ted  and i t s  r e p u t a t i o n  f o r  imperviousness 

ho lds .  But thousands and thousands o f  new molecules a re  be ing  syn thes i zed  

annua l ly ,  many so p o t e n t  t h a t  abso rp t i on  o f  t i n y  amounts may produce sys temic  

t o x i c  e f f e c t s ,  even death.  

c e r t a i n  cho l i nes te rase  - i n h i b i t o r s  t o  k i l l  a man; l e t h a l  amounts can c ross  

the  b a r r i e r  a f t e r  b r i e f  con tac t  w i t h  a l i m i t e d  area o f  s k i n .  I t  i s  no wonder 

t h a t  t he  m i l i t a r y  have suppor ted  b a s i c  work on percutaneous abso rp t i on !  

I n  s i m p l i e r  t imes,  we were com- 

The 

For  example, i t  takes  o n l y  a few micrograms o f  

T o x i c o l o g i s t s  can c i t e  numerous i ns tances  o f  adverse sys temic  e f f e c t s  

f rom t o p i c a l l y  absorbed m a t e r i a l s .  These po ison ings  a r e  g e n e r a l l y  a c c i d e n t a l ,  

mos t l y  r e l a t e d  t o  occupat iona l  and i n d u s t r i a l  usages. Very w e l l  known i n  t h i s  

rega rd  a re  the  t o x i c  e f f e c t s  f rom sp ray ing  organo-phosphorus i n s e c t i c i d e s ,  

such as pa ra th ion  ( 3 5 ) .  

s k i n  i n c l u d e  c h l o r i n a t e d  hydrocarbons, a romat ic  amines, d i n i t h r o p h e n o l ,  e t c .  

(36 ) .  

Other compounds which can po ison man th rough h i s  

These happenings have ended ou r  secu r i - t y .  I ns tead  o f  v iew ing  t h e  s k i n  

as e s s e n t i a l l y  impervious, we must now view i t  as a p o t e n t i a l  p o r t a l  o f  e n t r y .  
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PERCUTANEOUS ABSORPTION 533 

Often, i t  has taken d i s a s t e r  t o  d r i v e  t h i s  l esson  home. The hexachlorophene 

t ragedy  bears  w i tness  t o  t h i s ;  t h a t  saga i s  a va luab le  o b j e c t  l esson  (37 ) .  

Piany thousands o f  persons had a p p l i e d  hexachlorophene i n  m u l t  tudes o f  p roduc ts  

w i t h o u t  a wh isper  o f  t o x i c i t y  f o r  two decades. 

who had been dus ted  w i t h  hexachlorophene-containing t a l c  d ied .  

combinat ion was: 

t he  b a r r i e r  i s  incomple te  u n t i l  s h o r t l y  be fo re  b i r t h .  

was a p p l i e d  t o  t h e  d iape r  area which i s  always wet and warm, c i rcumstances 

which g r e a t l y  promote p e n e t r a t i o n .  

s t a n t i v e  t o  s k i n  and r a t h e r  t o x i c  i n t r a p e r i t o n e a l l y  b u t  up t o  then t h e r e  was 

conf idence i n  t h e  b a r r i e r .  Complacency i f  t h a t  k i n d  w i l l  never r e t u r n .  S a l i -  

c y l i c  a c i d  and phenol a re  t ime  honored i n g r e d i e n t s  o f  d i v e r s e  med ica l  t o p i c a l s .  

We need t o  be reminded t h a t  these can cause se r ious  t o x i c i t y ,  death  too  (38). 

Some i c h t h y o t i c s ,  w i t h  t h e i r  i m p e r f e c t  b a r r i e r s ,  a re  be ing  doused d a i l y  w i t h  

s o l u t i o n s  o f  s a l i c y l i c  a c i d  t o  remove sca les .  

usual  l y  goes unrecognized. 

Then suddenly, French i n f a n t s  

The l e t h a l  

( 1 )  t h e  i n f a n t s  were premature; t h e r e  i s  ev idence t h a t  

( 2 )  t h e  hexachlorophene 

Hexachlorophene was known t o  be  sub- 

The s a l i c y l i s m  wh ich  r e s u l t s  

Nowadays, t o x i c o l o g i s t s  a r e  l i k e l y  t o  spo t  t o x i c  substances b e f o r e  wide- 

spread exposure occurs.  D i s a s t e r  was ave r ted  when c e r t a i n  cyc los i l oxanes ,  i n -  

tended f o r  i n c o r p o r a t i o n  i n  cosmet ic creams, were found t o  be t o p i c a l l y  gonado- 

t o x i c  t o  animals ( 3 ) .  Subacute dermal t o x i c i t y  i s  a r e q u i r e d  s t e p  i n  e v a l u a t i n g  

new chemicals.  

examinat ion  o f  impor tan t  organs such as t h e  b r a i n ,  l i v e r ,  gonads, k idney ,  e t c .  

A s t r i k i n g  r e c e n t  example o f  t h e  p r o t e c t i o n  p rov ided  consumers by  p r o f e s s i o n a l  

t o x i c o l o g i s t s  i s  t h e  exper ience w i th  a c e t y l  e t h y l  t e t r a m e t h y l  t e t r a l i n  (AETT). 

Dur ing  r o u t i n e  sub-chron ic  dermal t o x i c i t y  s t u d i e s  w i t h  a new f rag rance  i t  was 

observed t h a t  t he  s k i n  o f  t h e  r a t s  had tu rned  b l u e .  

d i sco lo red .  The i n d i v i d u a l  components were then s e p a r a t e l y  eva lua ted  l e a d i n g  

t o  t h e  i d e n t i f i c a t i o n  o f  AETT as t h e  c u l p r i t .  

was a r a t h e r  p o t e n t  n e u r o t o x i n  t h a t  c o u l d  seve re l y  damage t h e  b r a i n  and p e r i -  

phera l  nerves. A l% e t h a n o l i c  s o l u t i o n  was n e u r o t o x i c  t o  t w o - t h i r d s  o f  t he  

The animals a r e  mon i to red  c l i n i c a l l y  as w e l l  as by h i s t o l o g i c  

The b r a i n  was s i m i l a r l y  

It f i n a l l y  t u rned  o u t  t h a t  AETT 
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534 KLIGMAN 

o f  t h e  animals when a p p l i e d  repea ted ly .  

banned. 

c l i ndamyc in  i s  a t o p i c a l  acne t rea tmen t .  

2% s o l u t i o n s  a p p l i e d  t o  t h e  face .  

been repor ted ,  r a r e  as these may be. 

C o l i t i s  r e s u l t s  f rom the  s e l e c t i v e  overgrowth i n  t h e  g u t  o f  a t o x i c o g e n i c  s t a i n  

o f  C l o s t r i d i u i n  (41 ) .  

u n l i k e l y .  

O f  course, AETT was v o l u n t a r i l y  

One has t o  be c o n s t a n t l y  on guard a g a i n s t  complacency. For example, 

B lood l e v e l s  a r e  n o t  d e t e c t a b l e  f rom 

Nonetheless, d ia r rhoea  and c o l i t i s  have 

A p p l i c a t i o n  t o  hamster s k i n  i s  l e t h a l .  

I n  t o x i c o l o g y ,  a lmost  a n y t h i n g  can happen no m a t t e r  how 

T o x i c i t y  i s  o n l y  one s i d e  o f  t h e  p e r m e a b i l i t y  co in .  The o t h e r  has a 

b r i g h t e r  i m p r i n t ,  namely model ing molecules t o  enhance t h e i r  t h e r a p e u t i c  

e f f i c a c y .  The c r e a t i o n  o f  i n c r e a s i n g l y  p o t e n t  t o p i c a l  c o r t i c o s t e r i o d s  i s  a 

b r i l l i a n t  example o f  des ign ing  drugs t o  ach ieve  predetermined goa ls .  

can be enhanced by mod i f y ing  t h e  su r face  microenvironment.  

example is  t h e  s imp le  dev i ce  o f  cove r ing  t h e  t r e a t e d  s i t e  w i th  an impermeable 

p l a s t i c  film, u s u a l l y  Saran Wrap. 

t h e r a p e u t i c  a c t i v i t y  o f  hyd roco r t i sone  was enhanced under an o c c l u s i v e  d ress ing  

(42 ) .  

t a c t i c  i n  t r e a t i n g  r e f r a c t o r y  s k i n  disease. 

P e n e t r a t i o n  

The b e s t  known 

Su lzberger  and W i t t e n  d iscovered t h a t  t he  

Th is  was n o t  w e l l  understood a t  t h e  t ime  b u t  o c c l u s i o n  became an i m p o r t a n t  

The dorillant even t  i n  o c c l u s i o n  i s  h y d r a t i o n .  Th is  s w e l l s  t h e  horny l a y e r  

making i t  more permeable t o  l i p i d  s o l u b l e  molecules which a l ready  possess a 

c a p a c i t y  f o r  p e n e t r a t i o n .  

e l e c t r o l y t e s .  

d i f f u s i v i t y ,  a r e v e r s i b l e  process a f t e r  d r y i n g  ou t .  McKenzie and Stoughton 

found t h a t  t he  p e n e t r a t i o n  o f  c o r t i c o s t e r o i d s  cou ld  be i nc reased  a hundred- 

f o l d  j u s t  by cove r ing  t h e  s k i n  by an impermeable d ress ing  ( 4 3 ) .  

s t e r o i d s  i n  a v o l a t i l e  s o l v e n t  l i k e  acetone and s imp ly  cove r ing  the  donor 

recep tab le  t o  i nc rease  humid i t y ,  Scheuplein and Ross showed t h a t  f l u x  was 

s h a r p l y  inc reased (44) .  

surface temperature f rom about 32OC t o  37oC, add ing  thermodynamic d r i v e .  

As expected, d i f f u s i o n  i s  temperature dependent and a c c o r d i n g l y  can be i n -  

creased o r  decreased. 

Occ lus ion  does n o t  f a c i l i t a t e  abso rp t i on  o f  p o l a r  

Water a i s o  becomes p a r t  o f  t h e  membrane and increases  i t s  

By a p p l y i n g  

A secondary f a c t o r  i n  o c c l u s i o n  i s  r a i s i n g  t h e  
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PERCUTANEOUS ABSORPTION 535 

Therapeut ic  enthusiasm must always be tempered s i n c e  enhanced potency, 

however achieved, w i l l  a lmost  always be accompanied by  enhanced t o x i c i t y .  

Indeed, a s i n g l e  15 gram a p p l i c a t i o n  of  c l o b e t a s o l  p rop ionate ,  t h e  w inner  o f  

t h e  s t e r o i d  Olympics, w i l l  q u i c k l y  cause complete i n h i b i t i o n  o f  c o r t i s o l  

s e c r e t i o n  by t h e  adrenal  g land.  

use o f  t o p i c a l  s t e r o i d s  a r e  numerous and se r ious ,  i n c l u d i n g  adrena l  f a i l u r e ,  

Cushing's syndrome, e t c .  (45) .  The advance t o  be l ooked  f o r  n e x t  i s  n o t  t h e  

c r e a t i o n  o f  more p o t e n t  s t e r o i d s .  The new i d e a l  w i l l  be an a n t i - i n f l a m m a t o r y  

agent whose e f f o r t s  a re  l i m i t e d  t o  t h e  s k i n  by v i r t u e  o f  me tabo l i c  i n a c t i v a t i o n  

d u r i n g  t h e  process o f  abso rp t i on .  

t a i l o r i n g  i s  a l ready  upon us. 

The sys temic  s i d e  e f f e c t s  f rom i n j u d i c i o u s  

No dream t h i s .  The e r a  o f  pharmacok ine t ic  

Top ica l  therapy  has obv ious  advantages, p u t t i n g  t h e  drug  d i r e c t l y  where 

i t  i s  r e q u i r e d  w i t h o u t  p e r f u s i n g  v i t a l  organs. I n n o v a t i v e  d e l i v e r y  systems 

a r e  p r o v i d i n g  new o p p o r t u n i t i e s .  Fo r  example, t h e  o r a l  a d m i n i s t r a t i o n  o f  

psora lens  a long  w i t h  u l t r a v i o l e t  l i g h t  i s  an e f f e c t i v e  t rea tment  f o r  i n t r a c t a b l e  

p s o r i a s i s .  B lood l e v e l s  comparable t o  o r a l  a d m i n i s t r a t i o n  can be ach ieved 

by p u t t i n g  p s o r i a t i c s  i n  a ba th  o f  d i l u t e  pso ra len  f o r  a s h o r t  t ime .  

expected o f  a r a p i d l y  p e n e t r a t i n g  l i p i d - s o l u b l e  d rug .  The amount absorbed i s ,  

o f  course, p r o p o r t i o n a l  t o  su r face  area which i s  maximal i n  t h e  ba th tub ,  about 

2 square meters.  

f e r e n t i a l l y  d i f f u s e s  i n t o  l e s i o n a l  s k i n  whose b a r r i e r  i s ,  o f  course, d e f e c t i v e !  

Th is  r e s u l t s  i n  a r e l a t i v e  spa r ing  o f  t h e  normal, un invo lved  s k i n  f rom t h e  

p h o t o t o x i c  e f f e c t s  o f  psora len ,  a known photocarc inogen.  F i n a l l y ,  wa te r  

enhances p e n e t r a t i o n  th rough i t s  h y d r a t i n g  e f f e c t .  

Th i s  i s  

A l s o ,  by r e s t r i c t i n g  t h e  t i m e  o f  exposure, t h e  d rug  pre-  

It i s  n o t  o n l y  dermato log ic  p a t i e n t s  who a r e  b e n e f i t i n g  f rom inc reased  

unders tand ing  o f  cutaneous p e r m e a b i l i t y .  

opens up e x c i t i n g  p o s s i b i l i t i e s  t o  t h e  i n t e r n i s t s ,  e s p e c i a l l y  f o r  drugs which 

e x e r t  t h e i r  e f f e c t s  a t  low b l o o d  l e v e l s .  To apprec ia te  t h i s  f u l l y  one has t o  

c o n t r a s t  t he  k i n e t i c s  o f  o r a l  and cutaneous abso rp t i on .  

Us ing  t h e  s k i n  as a p o r t a l  o f  en t r y ,  

Drugs absorbed i n  t h e  g u t  g i v e  a r a p i d l y  r i s i n g  b l o o d  l e v e l  u s u a l l y  

f o l l owed  by a sharp d e c l i n e .  These f l u c t a t i o n s  a re  f a r  f rom op t ima l  s ince  
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536 KLIGMAN 

t he  t i s s u e  concen t ra t i on  w i l l  sometimes be g r e a t e r  than r e q u i r e d  and a t  o t h e r  

t imes sma l le r  

By c o n t r a s t  t o p i c a l  a d m i n i s t r a t i o n  tends t o  dampen "pu lse "  e f f e c t s .  I n -  

stead, a l a g  p e r i o d  i s  f o l l o w e d  by  a s lower  r i s e  t o  a peak b l o o d  l e v e l  f o l l o w e d  

by a s low decay. 

l e v e l s  can be approximated. 

f u n c t i o n s  as a depot  which s l o w l y  re leases  t h e  drug  i n t o  t h e  c i r c u l a t i o n .  

The k i n e t i c s  have t o  be worked o u t  s p e c i f i c a l l y  f o r  each drug. 

can fo rm s k i n  depots, e s p e c i a l l y  these which a r e  r a p i d l y  absorbed. 

s y n t h e t i c  chemists can mod i f y  drugs p r a c t i c a l l y  a t  w i l l .  

t h a t  t h e  und issoc ia ted  fo rm o f  a molecule i s  f a r  more l i k e l y  t o  be absorbed 

than i n  the  i o n i z e d  s t a t e .  Wadderburn found t h a t  a t  pH 2.0, a lmost  100% o f  

benzoic a c i d  was absorbed whole a t  pH 6, l e s s  than 2% was absorbed because 

o f  d i s s o c i a t i o n  (46) .  A s i m i l a r  exp lana t ion  a p p l i e s  t o  t h e  g r e a t l y  enhanced 

p e n e t r a t i o n  o f  scopolamine a t  pH 9.6 i n  comparison pH 4.0 (29) .  A t  t h e  

h i g h e r  pH t h e  i o n i z e d  s a l t  i s  conver ted  t o  t h e  base, which i s  a l s o  more 

1 i p o p h i  1 i c .  

By approx imate ly  schedu l i ng  the  a p p l i c a t i o n s ,  s teady  s t a t e  

Because o f  i t s  r e l a t i v e  impermeab i l i t y ,  t h e  s k i n  

Not  a l l  drugs 

S t i l l ,  t he  

Fo r  example, we know 

Transdermal d e l i v e r y  systems rep resen t  t h e  r e d u c t i o n  o f  these ideas  t o  

t h e r a p e u t i c  p r a c t i c e .  N i t r o g l y c e r i n e  occupies t h e  spo t  l i g h t  now b u t  t h e r e  

a r e  many o t h e r  d rug  cand ida tes  i n  t h e  wings. 

angina was a u s e f u l  p roduc t ,  a c r e a t i v e  development f o r  i t s  t ime, Th is  was 

t h e  p recu rso r  o f  t ransdermal systems and had a sound t h e o r e t i c a l  foundat ion ,  

though l e s s  e legan t  and n o t  so c o n t r o l l a b l e ,  Also,  d e l i v e r i n g  drugs v i a  t h e  

s k i n  avo ids  the  f i r s t  pass i n a c t i v a t i o n  by t h e  l i v e r  f rom t h e  p o r t a l  c i r c u l a t i o n .  

N i t r o g l y c e r i n e  o in tment  f o r  

I n  des ign ing  transdermal dev ices ,  i t  seems t o  be undecided whether t h e  

horny l a y e r  shou ld  be t h e  r a t e  l i m i t i n g  membrane o r  whether t h e  dev i ce  i t s e l f  

shou ld  be c o n t r o l l i n g .  I n  t h e  scopolamine t ransdermal  system, t h e  d e v i c e  i s  

s e t  t o  d e l i v e r  t h e  drug  a t  a r a t e  below maximum c a p a c i t y  o f  t h e  horny l a y e r .  

I n  making dec i s ions  o f  t h i s  s o r t ,  one must t a k e  i n t o  account t h e  sometimes g r e a t  

i n d i v i d u a l  d i f f e r e n c e s  i n  pe rmeab i l i t y ,  a r e f l e c t i o n  o f  v a r i a b i l i t y  o f  t h e  

horny l a y e r  b a r r i e r .  For example, M a r z u l l i  found t h a t  abso rp t i on  f rom t h e  
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537 PERCUTANEOUS ABSORPTION 

most permeable r e g i o n  ( p o s t - a u r i c u l a r )  i n  some persons was s i m i l a r  t o  t h e  

l e a s t  permeable ( p l a n t a r )  i n  o the rs  (47).  

t h e  s u b s t a n t i a l  i n d i v i d u a l  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  i r r i t a t i n g  chemicals.  

F rosch and Kligman found t h a t  t h e  t ime  t o  r a i s e  a b l i s t e r  t o  ammonium hydrox ide  

v a r i e d  f rom 5 t o  30 minutes.  

t ime  was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  number o f  horny c e l l  l a y e r s  (48) .  

s t u d i e s  i n  our  l a b o r a t o r y  suppor t  t h e  g e n e r a l i z a t i o n  t h a t  t h e  horny  l a y e r  

ma in l y  accounts f o r  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  d i v e r s e  i r r i t a n t s .  These 

f i nd ings  a r e  c o n s i s t e n t  w i th  F i cks  law wh ich  s t a t e s  t h a t  f l u x  v a r i e s  i n v e r s e l y  

w i t h  th i ckness  o f  t h e  membrane. I t  has been shown by d i r e c t  measurements t h a t  

t h e  t h i c k e r  t h e  horny l aye r ,  t h e  l e s s  t h e  p e r m e a b i l i t y  (46,49). However, t h i c k -  

ness i s  n o t  an abso lu te ;  t h e  q u a l i t y  o f  t h e  horny l a y e r  must a l s o  be considered. 

Th is  a p p l i e s  t o  normal s k i n  o f  d i f f e r e n t  reg ions .  

A c l i n i c a l  c o r r e l a t e  o f  t h i s  i s  

Moreover, t hen  e s t a b l i s h e d  t h a t  t h e  b l i s t e r i n g  

Other 

Those who w r i t e  rev iews o f t e n  misunderstand t h i s .  Grass0 and Lansdown, 

f o r  ins tance,  p o i n t  o u t  t h a t  t h e  palms and so les  a r e  f a r  l e s s  permeable than 

o t h e r  body r e g i o n s  (50 ) .  

ness o f  t h e  horny  l a y e r .  

i n  v i v o  because Flaibach e t  a1 had observed t h a t  p e n e t r a t i o n  o f  organo-phosphorus 

i n s e c t i c i d e s  occu r red  j u s t  as r e a d i l y  th rough t h e  palms as t h e  forearms (51) .  

The f a c t  i s  t h a t  f o r  equal  th icknesses  t h e  o n l y  v a l i d  comparison, t h e  palms and 

so les  a r e  f a r  more permeable than fo rearm sk in .  

t ransep idermal  wa te r  loss t h rough  t h e  palms i n  v i v o  ( i n  t h e  absence o f  sweat ing)  

i s  cons ide rab ly  g r e a t e r  than elsewhere ( 1 3 ) .  

i s  q u i t e  i n f e r i o r  because o f  t h e  way i t  i s  cons t ruc ted .  

sphero ida l  r a t h e r  than f l a t  p l a t e s ;  t hey  a r e  a l s o  l e s s  dense ly  packed w i t h  

f i b r i l s .  I t s  purpose i s  mechanical  p r o t e c t i o n ,  n o t  chemical  imperviousness. 

I t  i s  a l l  t o  easy t o  be foo led .  For example, t o p i c a l  d rugs  which induce erythema 

o r  b lanch ing  elsewhere do n o t  evoke these responses on t h e  palms even w i t h  h i g h  

concent ra t ions .  

t h i s  reg ion .  Nonetheless, t h i s  i n t e r p r e t a t i o n  is f a l s e .  F i r s t  o f  a l l  t h e  l a g  

t ime  i s  an exponen t ia l  f u n c t i o n  and would be i n o r d i n a t e l y  long.  

t h e  d i f f e r e n c e  i n  c o n c e n t r a t i o n  on b o t h  s ides  o f  t h e  membrane i s  t h i ckness  

They a t t r i b u t e  t h i s  t o  the  many- fo ld  g r e a t e r  t h i c k -  

But then go on t o  say t h a t  t h i s  d o e s n ' t  seem t o  h o l d  

Though 40 t imes as t h i c k ,  

Q u a l i t a t i v e l y ,  t h e  palmar " b a r r i e r "  

I t s  horny c e l l s  a r e  

Th is  i s  o f t e n  used t o  i l l u s t r a t e  t h e  h i g h  i m p e r m e a b i l i t y  o f  

More i m p o r t a n t l y ,  
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5 38 KLIGMAN 

dependent. 

v i a b l e  t i s s u e .  

o f  d rug  i n  t h e  v i c i n i t y  o f  b lood  vesse ls  i s  t o o  low t o  cause v a s o d i l a t i o n  o r  

v a s o c o n s t r i c t i o n .  

used permeabi 1 i t y  cons tan ts  t o  desc r ibe  p e n e t r a t i o n  behavior,  these automat- 

i c a l l y  takes th i ckness  i n t o  account. Th i s  f u r t h e r  emphasizes t h e  impor tance 

o f  i n  v i t r o  measurements (see below).  

The f u r t h e r  mo lecu les  have t o  go, t h e  l e s s  t h e  c o n c e n t r a t i o n  i n  

Thus, a l t hough  abso rp t i on  may be g r e a t e r  on t h e  palms t h e  l e v e l  

These paradoxes and con fus ions  would be lessened i f  one 

The Horny Layer  Reservo i r  

M id - twen t ie th  cen tu ry  seems t o  have been a t ime  f o r  seminal obse rva t i ons  

I n  1954 G u i l l o t  found t h a t  u r i n a r y  e x c r e t i o n  o f  s a l i c y l i c  a c i d  l a s t e d  f o r  

days a f t e r  a s i n g l e  t o p i c a l  a p p l i c a t i o n  (52) .  A f t e r  i n t rade rma l  i n j e c t i o n  

e x c r e t i o n  was complete w i t h i n  24 hours. 

of a depot o r  r e s e r v o i r  i n  t h e  s u p e r f i c i a l  s k i n .  However, i t  was a B r i t i s h  

de rmato log i s t ,  C.F. V i cke rs  who f u l l y  comprehended t h e  r e s e r v o i r  concept and 

worked o u t  i t s  o p e r a t i o n a l  d e t a i l s .  H is  rev iew  o f  t he  s u b j e c t  i s  an engaging 

c l a s s i c  (53) .  

T h i s  was t h e  f i r s t  demonst ra t ion  

To apprec ia te  t h e  concept, one must r e c a l l  t h a t  t h e  horny l a y e r  i s  dense, 

It con ta ins  most o f  t h e  mass o f  t h e  m u l t i l a y e r e d  and ex t remely  compact. 

epidermis.  

many days, u n i t 1  t h e  horny c e l l s  a r e  shed by t h e  normal processes o f  c e l l  

renewal. 

Substances sorbed o r  f i x e d  i n  t h i s  m a t r i x  can remain t h e r e  f o r  

Chemicals w i t h  r e s e r v o i r  p o t e n t i a l  a r e  l i k e l y  t o  be water  i n s o l u b l e ,  

w i t h  l i m i t e d  p e n e t r a t i o n  capac i t y .  

t r a p  f o r  substances hav ing  these c h a r a c t e r i s t i c s .  I n  a sense, t hey  d i s s o l v e  

i n  t h e  horny l a y e r  and become an i n t e g r a l  component o f  t h e  membrane. 

The horny  l a y e r  may be though t  o f  as a 

V i  cke rs  produced b lanch ing  ( v a s o c o n s t r i c t i o n )  by o c c l u s i v e  app l  i c a t i o n  

o f  a c o r t i c o s t e r o i d  f o r  16 hours,  a f t e r  which t h e  su r face  was c leaned o f f .  

The blanched area re tu rned  t o  normal s k i n  c o l o r  by t h e  n e x t  day. 

su rp r i se ,  mere ly  r e a p p l y i n g  t h e  impermeable f i l m  ove r  t r e a t e d  spots  would 

r e e l i c i t  t h e  b lanch ing .  Indeed, v a s o c o n s t r i c t i o n  cou ld  be made t o  reappear 

To h i s  
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PERCUTANEOUS ABSORPTION 539 

as long  as 14 days a f t e r  a s i n g l e  exposure! 

r e t a i n e d  somewhere i n  t h e  s k i n  and cou ld  be m o b i l i z e d  by occ lus ion .  

proved beyond a doubt t h a t  t h e  r e s e r v o i r  was i n  t h e  horny  l a y e r .  

cou ld  n o t  be made t o  reappear a f t e r  i n t rade rma l  i n j e c t i o n  o f  s t e r o i d s  o r  

a f t e r  s t r i p p i n g  w i t h  sco tch  tape. 

be l o c a l i z e d  i n  t h e  horny l a y e r  i n  rad ioautographs  o f  sk in .  

E v i d e n t l y ,  t h e  s t e r o i d  was 

V icke rs  

B lanch ing  

Besides, rad io tagged s t e r o i d  was seen t o  

A s t e r o i d  r e s e r v o i r  was n o t  e s t a b l i s h e d  by open, a p p l i c a t i o n .  The s i t e  

had t o  be covered t o  f i l l  up t h e  r e s e r v o i r .  Moreover, i t  took  a t  l e a s t  12 

hours under o c c l u s i o n  t o  d r i v e  enough s t e r o i d  i n t o  t h e  horny l a y e r .  

By f o l l o w i n g  t h e  disappearance o f  r a d i o l a b e l l e d  c o r t i c o s t e r o i d  w i th  

a su r face  gas- f low Geiger  coun te r  i t  was p o s s i b l e  t o  d e t e c t  f l u o c i n o l o n e  

aceton ide  f o r  an average o f  4 weeks! 

i s  comple te ly  rep laced  i n  about  2 weeks. 

recep to rs  f o r  t h e  s t e r o i d  i n  t h e  l i v i n g  ep idermis ,  t h e  t o t a l  t u r n o v e r  o f  

wh ich  i s  abou t  a month. 

t he  epidermis.  Wi th  i n s o l u b l e  f l u o r e s c e n t  dyes such as dansyl  c h l o r i d e ,  

which b i n d  a v i d l y  t o  horny b u t  n o t  epidermal c e l l s ,  t h e  disappearance t ime  

corresponds e x a c t l y  t o  t h e  renewal t ime, about 14 days, t h e  p e r i o d  f o r  t h e  

bottom-most tagged horny c e l l  t o  make i t s  t r a n s i t  th rough t h e  e n t i r e  horny  

l a y e r  ( 5 5 ) .  Dansyl i s  f i x e d  and n o t  m o b i l i z a b l e  i n  a s h i f t i n g  poo l  w i t h i n  

the  r e s e r v o i r .  

T h i s  i s  s t a r t l i n g  s ince  t h e  horny  l a y e r  

One p o s s i b i l i t y  i s  t h a t  t h e r e  a r e  

S t e r o i d  recep to rs  have s i n c e  been demonstrated i n  

V icke rs  found t h a t  t h e  r e s e r v o i r  f o r  s a l i c y l i c  a c i d  l a s t e d  about  2 weeks, 

more i n  keeping w i t h  t h e  k i n e t i c s  o f  s t r a t u m  corneum replacement.  I t  shou ld  

come as no s u r p r i s e  t h a t  r a d i o l a b e l l e d  p e n i c i l l i n  was n o t  d e t e c t a b l e  a f t e r  a 

couple o f  days. 

sorbed. 

Th is  water  s o l u b l e  drug pene t ra tes  p o o r l y  and i s  meagerly 

An apprec iab le  r e s e r v o i r  i s  a t t a i n a b l e  w i t h  a s u b s t a n t i v e  agent  l i k e  

hexachlorophene, which r e a d i l y  p a r t i t i o n s  i t s e l f  i n t o  t h e  horny l a y e r  f rom 

c e r t a i n  v e h i c l e s .  

Munro has shown t h a t  veh ic les ,  which enhance p e n e t r a t i o n  w i l l  e s t a b l i s h  

horny l a y e r  r e s e r v o i r s  o f  pene t ran ts  ( 5 6 ) .  Thus, DMSO n o t  o n l y  promotes 
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540 KLIGMAN 

t h e  d i f f u s i o n  o f  c o r t i c o s t e r o i d s ,  es t rogen and g r i s e o f u l v i n  b u t  e s t a b l i s h e s  

drug  depots i n  i s o l a t e d  horny l aye rs .  

r a t h e r  s imp le  way by de te rm in ing  t h e i r  c a p a c i t y  t o  e s t a b l i s h  a r e s e r v o i r  i n  

smal l  samples o f  s t ra tum corneum. 

more s o p h i s t i c a t e d  v e r s i o n  o f  t h i s  i dea  which i s  a l s o  more amenable t o  mathe- 

m a t i c a l  a n a l y s i s  (57) .  

horny l a y e r .  

That  be ing  t h e  case, one can then  determine t h e  v e h i c l e :  

c o e f f i c i e n t  i n  v i t r o .  Th i s  has h i g h  p r e d i c t i v e  va lue  f o r  i f  t h e  p e n e t r a n t  has 

h i g h  a v i d i t y  f o r  t h e  veh ic le ,  i t  w i l l  t end  t o  s t a y  i n  t h e  veh ic le .  

i t  w i l l  d i s t r i b u t e  i t s e l f  towards t h e  s t r a t u m  corneum. T h i s  model has n o t  been 

s u f f i c i e n t l y  e x p l o i t e d  i n  o p t i m i z i n g  v e h i c l e s .  

Thus one cou ld  screen v e h i c l e s  i n  a 

Scheuplein and Dugard have presented  a 

To penet ra te ,  a substance must f i r s t  d i s s o l v e  i n  t h e  

The l a t t e r  can be looked upon as a s o l v e n t  f o r  t h e  pene t ran t .  

horny l a y e r  p a r t i t i o n  

Otherwise, 

The day i s  coming when these p r i n c i p l e s  w i l l  be u t i l i z e d  t o  e s t a b l i s h  

r e s e r v o i r s  f o r  a v a r i e t y  o f  u s e f u l  agents. 

immedia te ly  t h i n k  o f  two a p p l i c a t i o n s  t h a t  would p r o v i d e  h i g h  b e n e f i t s ,  namely 

sunscreens and i n s e c t  r e p e l l a n t s .  

p o s i t e d  i n  the  horny l a y e r  so as t o  p r o v i d e  f u l l  p r o t e c t i o n  f o r  a t  l e a s t  

24 hours.  

I n  a d d i t i o n  t o  drugs, one can 

It would be a boon i f  these cou ld  be de- 

Animals vs, Human Sk in  

Ser ious  e f f o r t s  have been made t o  i d e n t i f y  an animal whose integument 

resembles man's i n  respec t  t o  percutaneous abso rp t i on .  

s c i e n t i f i c  e n t e r p r i s e  b u t  I do n o t  b e l i e v e  t h a t  we u r g e n t l y  need an animal 

model. 

r e l e v a n t  and r e l i a b l e  (see below).  

Th is  i s  an i n t e r e s t i n g  

The measurement o f  d i f f u s i o n  th rough human s k i n  i n  v i t r o  i s  accura te ,  

Comparisons o f  abso rp t i on  i n  man and animal i n  v i v o  have l a r g e l y  

f o l l o w e d  t h e  des ign  o r i g i n a l l y  developed by Feldman and Maibach (58,59). 

e n t a i l s  a p p l i c a t i o n  o f  a r a d i o l a b e l l e d  chemical  d i s s o l v e d  i n  e thano l  t o  f o r e -  

arm s k i n  a t  a smal l  dose, 4 ug/cm . U r i n a r y  e x c r e t i o n  i s  measured ove r  t h e  

n e x t  few days and t h e  pe rcen t  o f  dose absorbed i s  c a l c u l a t e d .  

emphasized t h a t  t h i s  i s  an i n d i r e c t  measurement r e q u i r i n g  a p p l i c a t i o n  o f  a 

Th is  

2 

It must be 
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PERCUTANEOUS ABSORPTION 54 1 

c o r r e c t i o n  f a c t o r  d e r i v e d  f rom g i v i n g  a s i m i l a r  dose i n t r a v e n o u s l y .  

a t tempts  t o  take  i n t o  account e x c r e t i o n  by o t h e r  r o u t e s  o r  r e t e n t i o n  i n  

body organs. 

c o r t i c o s t e r o i d s ,  t h e  chance o f  exper imenta l  e r r o r  i s  g rea t .  

ingen ious  and u s e f u l ,  b u t  crude. 

abso rp t i on  d a t a  on humans i n  v i v o  de r i ves  f rom Maibach e t  a1 u s i n g  t h i s  model. 

Con f i rma t ion  by d i s t a n t l y  s i t u a t e d  i n v e s t i g a t o r s  i s  m o s t l y  l a c k i n g .  

T h i s  

When t h e  c a l c u l a t e d  a b s o r p t i o n  i s  l e s s  than 5%, as w i t h  most 

The method i s  

It must be no ted  t h a t  v i r t u a l l y  a l l  t h e  

The t h r u s t  o f  a l l  compara t ive  i n  v i v o  s t u d i e s  i s  t h a t  a b s o r p t i o n  th rough 

the  s k i n  o f  smal l  l a b o r a t o r y  animals i s  c o n s i s t e n t l y  l e s s  than  human s k i n .  

For example, a b s o r p t i o n  o f  haloprogen (an a n t i f u n g a l  agent )  exceeds 95% f o r  

r a t s  and r a b b i t s  b u t  i s  o n l y  about 10% i n  man (60 ) .  

25% was absorbed by r a t s  and r a b b i t s ,  compared t o  o n l y  about  4% i n  man. 

f e a t u r e  w o r t h  emphasizing i s  t h e  g r e a t  impor tance o f  t h e  pene t ran t  i t s e l f  as 

regards spec ies  d i f f e r e n c e s .  Thus, f o r  p o o r l y  p e n e t r a t i n g  m a t e r i a l s  such as 

a c e t y l c y s t e i n e  ( l e s s  than  5%), t h e  d i f f e r e n c e  between man and an imals  d isappears .  

Th is  i s  a fo regone conc lus ion  w i t h  crude methodology. 

absorbed molecules,  t h e  d i f f e r e n c e  may e i t h e r  be n e g l i g i b l e ,  v i z ,  c a f f e i n e  o r  

ve ry  g rea t ,  v i z ,  t es tos te rone  (75% i n  r a t s  and r a b b i t s )  compared t o  15% i n  

human s k i n .  

For  c o r t i s o n e ,  more than  

A 

Con t ra r iw ise ,  f o r  e a s i l y  

Ba r tek  e t  a1 found t h a t  abso rp t i on  th rough t h e  s k i n  o f  m i n i a t u r e  swine 

r a t h e r  c l o s e l y  resembled t h a t  o f  human s k i n  (60 ) .  

p i g  s k i n  has a w e l l  developed horny l a y e r  and t h e  d e n s i t y  o f  f o l l i c l e s  i s  

much l e s s  than  i n  fu r red ,  murine species.  

T h i s  i s  v e r y  l i k e l y  s i n c e  

Maibach and h i s  co-workers have t o u t e d  t h e  Rhesus monkey as a model whose 

p e r m e a b i l i t y  approximates man (61) .  

benzoic a c i d  and t e s t o s t e r o n e  a re  comparable, t h e  da ta  base i s  i n s u f f i c i e n t  

t o  accept  Rhesus as a v a l i d  model f o r  man. I admi t  s u r p r i s e ,  f o r  w h i l e  

monkeys may be o u r  r e l a t i v e s ,  t h i s  by i t s e l f  h a r d l y  guarantees in tegumentary  

s i m i l a r i t i e s .  The monkey i s  n o t  a naked ape. Indeed, p i g  s k i n  i s  s t r u c t u r a l l y  

c l o s e r  t o  man's, though p h y l o g e n e t i c a l l y  remote. 

Whi le  t h e  r e s u l t s  f o r  hyd roco r t i sone ,  
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542  

From t h e  s tandpo in t  o f  f e a s i b i l i t y  and convenience, n o t  ,to ment ion 

expense, one can h a r d l y  be ove r joyed  i f  compel led t o  use Rhesus monkeys 

and m i n i a t u r e  swine. 

KLIGMAN 

I n  v i t r o  s t u d i e s  comparing human t o  animal s k i n  a r e  more numerous 

and, I be l i eve ,  more c r e d i b l e .  Only a summary s ta tement  i s  a p p r o p r i a t e  here .  

The f i n d i n g s  o f  d i f f e r e n t  i n v e s t i g a t o r s  show reasonab le  agreement, d e s p i t e  

d i f f e r e n t  methodologies,  s k i n  area, t e s t  compounds, e t c .  T h i s  s u b j e c t  has 

been p u t  i n t o  p e r s p e c t i v e  by Wester and Maibach ( 6 2 ) .  

t h a t  t h e  s k i n  o f  common l a b o r a t o r y  an ima ls ,  r a b b i t ,  r a t ,  mice, guinea p i g s  

i s  app rec iab l y  more permeable than  man's. 

and rhesus monkey s k i n  i s  c l o s e r  t o  man. 

which i l l u s t r a t e  t h e  comp lex i t y  o f  t h e  s u b j e c t .  M a r z u l l i  and h i s  co-workers 

compared p e n e t r a t i o n  r a t e s  i n  11 animals,  always f i n d i n g  mouse s k i n  t o  have 

t h e  g r e a t e s t  p e r m e a b i l i t y  (47) .  

human and h a i r l e s s  mice s k i n  have comparable p e r m e a b i l i t i e s  (63 ) .  

t h i s .  

human by my measurements. S toughton 's  da ta  a r e  p robab ly  c o r r e c t .  However, 

he worked ma in l y  w i t h  p o o r l y  p e n e t r a t i n g  m a t e r i a l s ;  f a i l u r e  t o  f i n d  a g r e a t  

d i f f e r e n c e  was a lmost  t o  be a n t i c i p a t e d .  Thus, l e s s  than  5% o f  t h e  v a r i o u s  

c o r t i c o s t e r i o d s  were absorbed i n  bo th  species;  t h e r e  was even l e s s e r  a b s o r p t i o n  

f o r  t o l n a f t a t e .  

more i n  l i n e  w i t h  my expec ta t i ons .  Bronaugh's r e c e n t  measurements suppor t  

these cau t iona ry  views. I n  h i s  i n  v i t r o  comparisons, r a t  and human s k i n  

were about e q u a l l y  impermeable ( 6 4 ) .  

t h i c k e r  than h a i r l e s s  mice. 

I t  i s  sa fe  t o  say 

Again,  p e n e t r a t i o n  th rough p i g  

S t i l l ,  t h e r e  a r e  disagreements 

On t h e  o t h e r  hand, Stoughton t h i n k s  t h a t  

I d i s p u t e  

The horny l a y e r  o f  t h e  h a i r l e s s  mouse i s  h a l f  t h e  th i ckness  o f  t h e  

The r e s u l t s  f o r  th iabendazo le  (15% vs 10% i n  t h e  mouse) a r e  

The horny  l a y e r  o f  r a t s  i s  cons ide rab ly  

The i n h e r e n t  v a r i a b i l i t y  o f  t h e  r e s u l t s  has n o t  rece ived  s u f f i c i e n t  

emphasis. 

w i t h  l a r g e  ranges on bo th  s ides  o f  t h e  mean. 

t r i b u t e s  most t o  t h i s  v a r i a b i l i t y  i s  unrecognized d i f f e rences  i n  the  s k i n  

samples themselves. Rats and mice, even a t  b i r t h ,  a r e  n o t  a t  a l l  a l i k e .  We 

apprec ia te  t h e  g r e a t  magnitude o f  i n d i v i d u a l  d i f f e r e n c e s  i n  humans. 

event,  a l a r g e  va r iance  can be d e a l t  w i t h  o n l y  by l a r g e  sample s i zes .  

Look ing  a t  t h e  numbers, one f i nds  t h a t  t h e  va r iance  i s  o f t e n  g rea t ,  

The f a c t o r ,  which probab ly  con- 

I n  any 
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PERCUTANEOUS ABSORPTION 5 4 3  

I n  v i t r o  vs I n  v i v o  Comparisons i n  Human Sk in  

Whatever t h e  model, t h e  measurements must be a p p l i c a b l e  t o  human sk in ,  

An i s s u e  o f  o v e r - r i d i n g  impor tance i s  t h e  re levance o f  t h e  i n  v i t r o  model. 

I w i l l  s t a t e  my b i a s  f o r t h w i t h .  

p e n e t r a t i o n  r a t e s  shou ld  be t h e  same i n  l i v i n g  and dead sk in ,  p rov ided  t h a t  

c i rcumstances a r e  equ iva len t .  

w i t h  a b a t h i n g  f l u i d  t o  mimic b lood  f l o w ,  thus  keeping t h e  c o n c e n t r a t i o n  

g r a d i e n t  maximal. 

v a r i a b l e s  r e l a t e d  t o  t h e  l a r g e  volume o f  dermis. 

f i c i a l  vascu la r  p lexus  w i l l  remove a pene t ran t  as soon as i t  passes th rough 

the  ep idermis .  

l a b e l l e d  drugs, t h e  c o n c e n t r a t i o n  i n  t h e  deeper dermis i s  u s u a l l y  n e g l i g i b l e  

owing t o  c lea rance  by sub-epidermal venules i n  t h e  p a p i l l a r y  dermis.  

I f  d i f f u s i o n  i s  a pass i ve  process, then t h e  

Th is  r e q u i r e s  p e r f u s i o n  of  t h e  undersur face  

Epidermis r a t h e r  than  whole s k i n  i s  p re fe rab le  t o  e l i m i n a t e  

I n  v i vo ,  t h e  r i c h  super-  

When s k i n  i s  sec t i oned  h o r i z o n t a l l y  a f t e r  a p p l y i n g  r a d i o -  

There i s  no g r e a t  d i f f i c u l t y  i n  o b t a i n i n g  abdominal autopsy s k i n  and 

The advantages o f  t he  i n  p rese rv ing  t h e  i s o l a t e d  ep idermis  i n d e f i n i t e l y .  

v i t r o  model a re  obvious. The ques t i on  i s :  a re  t h e  r e s u l t s  r e l e v a n t ?  I 

cannot imag ine  why they  shou ld  n o t  be. Again, t h e  v i t a l i s t s  a r e  q u i c k  t o  

p o i n t  o u t  t h a t  l i v i n g  s k i n  i s  a growing, m e t a b o l i z i n g  t i s s u e ,  t h a t  sweats 

and secre tes  sebum, r e p l a c i n g  i t s  ep idermis  eve ry  month. 

unpersuasive.  

53) and t h e  sub jec ts  shou ld  n o t  be sweat ing anyway. 

does n o t  desquamate. T h i s  cannot be impor tan t  s ince  o n l y  about one c e l l  l a y e r  

i s  shed pe r  day and t h e  i n  v i t r o  measurements a re  u s u a l l y  completed i n  a 

day o r  so. 

These arguments a r e  

Sur face  l i p i d s  p l a y  no r o l e  i n  percutaneous a b s o r p t i o n  (22, 

To be sure,  dead s k i n  

We have o n l y  t h e  i n  v i t r o  human da ta  o f  Franz ( 6 5 )  t o  compare w i t h  

Measurements a r e  g i ven  f o r  t h e  i n  v i v o  da ta  o f  Maibach and co l leagues.  

o n l y  12 compounds, n o t  a v e r y  r e p r e s e n t a t i v e  s e l e c t i o n  i n  my view, s i n c e  i t  

does n o t  i n c l u d e  some o f  t h e  substances o f  g r e a t e s t  t h e r a p e u t i c  i n t e r e s t ,  

f o r  example, c o r t i c o s t e r o i d s ,  hormones, n i t r o g l y c e r i n ,  e t c .  The most n o t -  

a b l e  f e a t u r e  o f  t h e  two s e t s  o f  data  is t h e  l a c k  o f  agreement, w i t h  t h e  

except ion ,  as one m igh t  expect,  o f  compounds t h a t  pene t ran t  ve ry  p o o r l y ,  l i k e  

h i p p u r i c  a c i d ,  o r  very  r a p i d l y ,  l i k e  benzo ic  a c i d .  Fo r  t h e  r e s t ,  sometimes 
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544 K L I G M M  

t h e r e  was apprec iab l y  more abso rp t i on  i n  v i v o  then i n  v i t r o  ( c a f f e i n e  and 

d in i t roch lo robenzene)  and sometimes t h e  very  reve rse  (n i co t i namide ,  a c e t y l -  

s a l i c y l i c  a c i d ) .  Which t o  b e l i e v e ?  

The prudent  answer, a t  t h i s  u n s e t t l e d  stage, m igh t  be, n e i t h e r .  'The 

d isc repanc ies  need t o  be r e s t u d i e d  and the  cause o f  t h e  d i s c o r d a n t  r e s u l t s  

understood. Maibach's b i a s  i s  a l l  t o o  apparent  i n  h i s  s ta tement  t h a t  " t h e  

i n  v i t r o  method would n o t  always be a r e l i a b l e  o r  accu ra te  p r e d i c t o r  o f  p e r -  

cutaneous abso rp t i on  i n  l i v i n g  man ( 6 2 ) " .  

reasonable i f  e x a c t l y  reversed.  

That  a s s e r t i o n  would be e q u a l l y  

My p r e j u d i c e  i s  t h e  very  oppos i te .  The i n  v i t r o  da ta  a re  more c r e d i b l e ,  

on t e c h n i c a l  grounds alone. The methods a r e  more p rec i se ,  i n v o l v e  l e s s  ex- 

pe r imen ta l  e r r o r  and t h e  v a r i a b l e s  a re  under much g r e a t e r  c o n t r o l .  

I f  one honors theory ,  t h e  i n  v i t r o  and i n  v i v o  da ta  t o  agree 

t a k i n g  i n t o  account i n d i v i d u a l  d i f f e r e n c e s ,  c o r r e c t i n g  f o r  body area, e t c .  

When they  do no t ,  t h e  i n  v i v o  da ta  a re  suspect.  

Routes o f  Pene t ra t i ons  

( 1 )  The appendages 

The integument i s  p e r f o r a t e d  by h a i r  f o l l i c l e s  i n t o  wh ich  sebaceous 

glands pour t h e i r  l i p i d  sec re t i on .  

sec re te  a watery  sweat th rough t i n y  pores wh ich  a r e  v i s i b l e  o n l y  on the  

palms and so les .  

a we l l -deve loped horny l a y e r .  

res i s tance ,  r a p i d  d i f f u s i , o n  shunts,  a l l o w i n g  easy i ng ress  i n t o  t h e  sk in ,  

by-passing the  horny  l a y e r  b a r r i e r .  

t o t a l  f l u x ?  

A d d i t i o n a l l y ,  e c c r i n e  sweat glands 

Below t h e  su r face  these s o - c a l l e d  appendages do n o t  have 

Thus, they  t h e o r e t i c a l l y  cou ld  serve  as l ow  

How i m p o r t a n t l y  do they  c o n t r i b u t e  t o  

Th is  ques t i on  has i n t r i g u e d  i n v e s t i g a t o r s ,  e s p e c i a l l y  c l i n i c i a n  research-  

e r s  f o r  a l o n g  t ime.  

shunts as an a l t e r n a t e  r o u t e  o f  e n t r y .  

a mispercept ion ,  based aga in  on h i s t o l o g i c  mi rages .  

found t h a t  t he  c o l o r e d  m a t e r i a l s  were concent ra ted  around h a i r  f o l l i c l e s .  

They r a t h e r  c o n s i s t e n t l y  endorse the  i dea  o f  f o l l i c u l a r  

I t h i n k  shunts a re  l a r g e l y  un impor tan t ,  

Rein a p p l i e d  dyes and 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PERCUTANEOUS ABSORPTION 545  

He concluded t h a t  the dyes were leaking in to  the dermis from these channels 

(26) .  

histochemical markers t o  follow the passage o f  heavy metals, sulfanamides 

and dyes t h r o u g h  skin (18). 

e n t i r e l y  cons is ten t  (67) .  

appl icat ion of histamine were small and always in  r e l a t i o n  t o  f o l l i c l e s .  

These gradually enlarged t o  become a confluent  wheal, unmistakable evidence 

of p referen t ia l  t r a n s f o l l  i c u l a r  absorption. Later ,  when radiotagged substances 

become ava i lab le ,  the tendency f o r  the label  t o  concentrate around the 

appendages was again noted in  radioautographs (68) .  

McKee e t  a1 were likewise impressed by the f o l l i c u l a r  route using 

Shelley and Meltons c l i n i c a l  observations were 

The f i r s t  wheals which formed a f t e r  top ica l  

Nonetheless, the h is to logic  appearances a re  suscept ible  t o  a q u i t e  

d i f f e r e n t  in te rpre ta t ion .  

where the markers tend t o  concentrate ,  perhaps because of a n  a v i d i t y  f o r  

cer ta in  t i s s u e  components o r  because they a r e  not readi ly  removed. Such 

observations a r e  purely q u a l i t a t i v e  and, espec ia l ly  because of the s e n s i t i v i t y  

of radioautographs, give no idea whether a l i t t l e  o r  a l o t  has penetrated.  

The p e r i f o l l i c u l a r  loca l iza t ion  may simply show 

Studies of absorption through d i f f e r e n t  regions of skin have a l s o  

seemed t o  suggest the importance of f o l l i c u l a r  shunts. 

compared penetrat ion of 22Na C1 through abdominal guinea p i g  skin, r i c h  

in  f o l l i c l e s ,  with h a i r l e s s  skin behind t h e  ears  (69) .  

t h r o u g h  haired skin was 20% grea te r .  

more impressive differences with label led hydrocortisone in  various body 

regions. Except f o r  the scrotum with i t s  flimsy horny layer ,  penetrat ion 

on the  head ( f a c e  a n d  sca lp)  was considerably grea te r  than the forearm o r  

t r u n k  ( 7 0 ) .  This was mainly a t t r i b u t e d  t o  the high densi ty  of f o l l i c u l a r  

shunts. This conclusion, which enjoys universal acceptance, i s  t o o  simplis- 

t i c .  For example, Baker and myself found t h a t  tetrachlorosalicylanilide 

(a f luorescent  dye) would d i f fuse  more readi ly  through f a c i a l  horny layer  

than the t r u n k  o r  ex t remi t ies  ( 7 1 ) .  The number of horny c e l l  l ayers  was 

a l so  l e s s  on the face.  

in fer ior .  

skin i s  the denser pelage w i t h  so many more shunts t o  convey chemicals i n -  

For example, Wahlberg 

The permeability 

In humans, Feldmann and Maibach found 

T h u s ,  i t s  b a r r i e r  i s  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  

The reasons usual ly  given f o r  the grea te r  permeability of animal 
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546 KLIGMAN 

ward. 

horny layer  ( 2 2 ) .  

a b i l i t y  of animal skin.  Final ly ,  I ra ther  suspect t h a t  l i p i d  soluble  chemicals 

which could d i f fuse  down sebum-filled f o l l i c l e s  would tend t o  s tay  in  these 

channels. 

penetrant has high a f f i n i t y ,  resu l t ing  i n  par t i t ion ing  highly unfavorable 

f o r  re lease i n t o  the  skin.  

years  ago through d i r e c t  measurement of t r i -n-butyl  phosphate through pig 

skin (72) .  

f o l l  i c l e s !  

I pointed out  years ago t h a t  furred animals general ly  have a poorer 

A th inner  horny layer  could account f o r  grea te r  perme- 

I n  t h i s  ins tance ,  sebum might be viewed as a vehicle  f o r  which the 

I t  i s  worth noting t h a t  Tregear tackled t h i s  issue 

He could f ind  no evidence of preferen t ia l  absorption through 

The head region comprises l e s s  than 10% of the body surface.  Almost 

everywhere e l s e ,  the densi ty  of f o l l i c l e s  i s  so low as  t o  render t h i s  

cussion qui te  academic, The f o l l i c l e s  are f a r  a p a r t  and ra ther  small 

wispy, ins igni f icant  ha i r s .  On the ex t remi t ies ,  f o r  example, the fo l  

openings cannot comprise more than 0.1 t o  0.2% of the sur face ,  an ins  

proportion. 

As regards, the ro le  of shunts one can do no b e t t e r  than t o  c i t e  

dis- 

bearing 

i cu la r  

gni f i  cant 

the 

reasoned arguments of Scheuplein who has viewed the problem in a l l  i t s  

theore t ica l  dimensions (73) .  He believes t h a t  f o r  most molecules, steady 

s t a t e  diffusion occurs d i r e c t l y  across the  epidermis and not through shunts .  

He allows t h a t  transappendageal absorption might be important in the e a r l y  

lag phase. For highly insoluble ,  poorly penetrat ing mater ia ls  with low 

diffusion constants such as polar  s t e r o i d s ,  the appendageal route might 

become s i g n i f i c a n t .  

face  and scalp in  humans. 

where adverse local e f f e c t s  from cor t icos te ro ids  a r e  most f requent  and  ser ious 

(at rophy,  te langiec tas ia ,  p e r s i s t e n t  erythema, e t c .  ) .  

T h i s  exception, I would a d d ,  would mainly apply t o  the 

I t  i s  in te res t ing  t h a t  th is  i s  the  very area 

Paradoxical as  i t  sounds, the " b a r r i e r "  i s  the main avenue of 

penetrat ion.  

A few words a r e  i n  order concerning sweat ducts as  a l t e r n a t i v e  pathways 

of d i f fus ion .  These, too,  comprise a t i n y  f r a c t i o n  of the surface and 
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PERCUTANEOUS ABSORPTION 547 

cannot play a s i g n i f i c a n t  ro le  in  t o t a l  f lux .  

en ter  the ducts readi ly  and flow downwards with very l i t t l e  res i s tance .  

v i t r o ,  the  amount of aluminum chlor ide reaching the  dermis i s  negl ig ib le .  

Yet, t h i s  meta l l ic  s a l t  i s  an e f f e c t i v e  an t ipersp i ran t  because i t  read i ly  

d i f fuses  down sweat ducts creat ing c a s t s  which obs t ruc t  the flow of sweat 

( 7 4 ) .  

and generate c l i n i c a l  problems such a s  heat  rash (mil i a r i a ) .  

appendages can la rge ly  be disregarded a s  por ta l s  of en t ry .  

t o  imagine t h a t  topical  a n t i b i o t i c s  such as  clindamycin and erythromycin 

a r e  e f f e c t i v e  in  acne because they penetrate  f o l l i c l e s ,  the very s i t e  of the 

disease process. The f a c t  i s  they penetrate  fo l l ic le -poor  abdominal s u f f i c i e n t l y  

well t o  e s t a b l i s h  b a c t e r i o s t a t i c  t i s s u e  leve ls  in  the dermis. I a t t r i b u t e  

the slowness of t h e i r  therapeut ic  ac t ions  t o  t h e i r  having t o  reach the dermis 

t ranscorneal ly  from which they a r e  "excreted" via f o l l i c l e s .  

Certain molecules can indeed 

In 

Water soluble  e l e c t r o l y t e s  can f r e e l y  e n t e r  water f i l l e d  sweat channels 

Nonetheless, 

I t  would be easy 

( 2 )  Transcorneal Penetration 

I t  would be remembered t h a t  the stratum corneum i s  not a homogenous 

s t r u c t u r e ;  indeed, i t  i s  a r c h i t e c t u r a l l y  complex. As epidermal c e l l s  move 

upwards, the  c e l l  membranes become grea t ly  thickened. 

the stratum granulosum just  below the horny l a y e r ,  special ized membrane-bound 

A t  the  level  of 

granules extrude t h e i r  contents  in to  the i n t e r c e l l u l a r  spaces 

markers as  horse radish peroxidase a r e  in jec ted  intradermally,  

t h e i r  way through i n t e r c e l l u l a r  spaces t i l l  they s top  suddenly 

granular zone. Low res i s tance ,  d i f fus ion  channels between cel  

7 5 ) .  When 

they w i n d  

a t  t h i s  

s and here. 

Thus water soluble  electron-dense substances l i k e  lanthanum s e l e c t i v e l y  

spread upwards through i n t e r c e l l u l a r  channels, stopping abrupt ly  a t  the 

stratum granulosum. 

more c l e a r  through sophis t ica ted  techniques involving f reeze  f e a t u r e ,  u l t r a -  

s t r u c t u r a l ,  and histochemical invest igat ions (76,77).  

The heterogeneity of  the horny l a y e r  has become even 

Knowledge of the f i n e  s t r u c t u r e  of the horny layer  der ives  from s tudies  

with the electronmicroscope. 

from examining published p ic tures  i s  t h a t  the horny layer  i s  anatomically 

The f i r s t  impression a non-his tologis t  gains 
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548 KLIGMAN 

variable .  

the specimens. As with l i g h t  microscopy, processing can markedly a l t e r  and 

degrade the nature s t ruc ture .  A mischievous observer could f i l l  up a whole 

volume of the Acta Ar t i fac ta  with d iver t ing ly  d i f f e r e n t  images published by 

experts  from around the world! We cannot engage here i n  t h i s  spor t  b u t  the 

scene suggests caution in  t ry ing  t o  imagine how molecules make t h e i r  way 

across  the horny layer .  

s t r a t i f i e d  pa t te rn .  

These were o r i g i n a l l y  ca l led  A and B c e l l s  by Brody and l a t e r  character ized 

by Orfanos as osmiophilic and non-osmiophilic (78). 

and dark c e l l s ,  swollen a n d  compacted one, spongy and  dense c e l l s  occur 

unpredictably a t  d i f f e r e n t  depths. They a r e  a r t i f a c t s .  A uniform 

appearance i s  hard t o  obtain,  even in  the same specimen. 

a r t i f a c t s  include crevices  and wide spaces. 

junct ions do not occur in the horny layer .  The c e l l  membranes a r e  not i n  

contact  w i t h  each other .  The i n t e r c e l l u l a r  spaces a r e  f i l l e d  with multi- 

laminated s t ruc tures  which der ive from membrane coating granules. 

l a t t e r  extrude t h e i r  contents e x t r a c e l l u l a r l y  j u s t  before the horny layer  

i s  formed. 

I t  takes on d i f f e r e n t  appearances depending on who has prepared 

Some microscopists think t h a t  the horny layer  has a 

They descr ibe zones made up of l i g h t  and dark c e l l s .  

I n  our  experience, l i g h t  

Other common 

I t  i s  k n o w n  t h a t  t i g h t  

The 

Beautiful p ic tures  of the lamellated mater ia l  between horny c e l l s  have 

been published by El ias  e t  a1 ( 7 9 ) .  

ob jec t  of much i n t e r e s t  through the  systematic e f f o r t s  of these same workers. 

A new controversy has been brewed. 

These spaces have suddenly become the  

The issue comes down t o  this.  Do chemicals t ravers ing the  horny layer  

follow a winding, i n t e r c e l l u l a r  course or do they pass d i r e c t l y  through the  

c e l l s ?  Theoretical considerations led Blank a n d  Scheuplein t o  the conclusion 

t h a t  i n t e r c e l l u l a r  pathways were highly improbable (12) .  

volume of these spaces, amounting to  perhaps 1% of the t o t a l ,  was f a r  too 

small t o  account f o r  the r a t e s  of penetrat ion of various molecules. 

and co-workers have now thrown down the gaunt le t  and challenge t h i s  view, 

basing t h e i r  opinion on new biochemical and  h i s to logic  ins ights  ( 7 7 ) .  To 

them the i n t e r c e l l u l a r  route i s  an important one f o r  l i p o p h i l i c  substances. 

Addit ional ly ,  the  

El ias  
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PERCUTANEOUS ABSOPRTION 549 

They t h i n k  t h e  b a r r i e r ,  a t  l e a s t  t o  water,  forms below t h e  horny l a y e r  i n  

t h e  s t ra tum granulosum. Th is  i s  ex t reme ly  d o u b t f u l  s ince  s t r i p p i n g  e l i m i n a t e s  

t h e  p h y s i o l o g i c  b a r r i e r  but leaves  t h e  sub-corneal  s t r u c t u r e s  i n  p lace .  

They p resen t  evidence f rom specimens f i x e d  i n  butanol-osmium vapor 

t h a t  t h e  i n t e r c e l l u l a r  spaces may be 3 t o  7 t imes w i d e r  than  p r e v i o u s l y  

thought,  w i t h  dimensions o f  80 t o  100 nm. 

d i l a t a t i o n s  add ing  t o  t h e  p o t e n t i a l  i n t e r c e l l u l a r  volume. Nonetheless,  

t h e  l a t t e r  i s  s t i l l  t i n y  i n  r e l a t i o n  t o  t h e  t o t a l  space occup ied  by t h e  

horny c e l l s  themselves. 

w i t h  a complex m i x t u r e  wh ich  i n  p a r t ,  serves t o  g l u e  t h e  c e l l s  t oge the r .  

E l i a s  e t  a1 found t h a t  most o f  t h e  l i p i d  i n  t h e  horny l aye r ,  compr i s ing  about 

5%, i s  concent ra ted  i n  t h e  i n t e r c e l l u l a r  reg ion .  They were a b l e  t o  show 

t h a t  a f l u o r e s c e n t  l i p i d - r e a c t i v e  reagent  p e r c o l a t e d  th rough t h e  s t r a t u m  

corneum v i a  the  i n t e r c e l l u l a r  r o u t e  e x c l u s i v e l y .  

p o s i t i v e  p r o o f  o f  t h e  i n t e r c e l l u l a r  pathway. 

same k i n d  o f  " p r o o f "  w i t h  l i g h t  microscopy which showed l o c a l i z a t i o n  o f  dyes 

around f o l l i c l e s ,  f rom which f o l l i c u l a r  pathways were spec ious l y  deduced. I t  

i s  necessary t o  emphasize t h a t  t h e  c o n c e n t r a t i o n  o f  a dye o r  maker i n  a 

p a r t i c u l a r  l o c a t i o n  may r e f l e c t  n o t h i n g  more than a f f i n i t y  o f  t h e  marker f o r  

a s p e c i a l  subs t ra te .  

p robab ly  are,  then c e r t a i n  substances w i th  h i g h  l i p i d  a f f i n i t y  a r e  l i k e l y  t o  

be s e l e c t i v e l y  a t t r a c t e d  the re .  

k i n d  o f  evidence. 

They d iscovered f r e q u e n t  bulbous 

The spaces are ,  o f  course, n o t  empty be ing  f i l l e d  

They rega rd  t h i s  as d i r e c t ,  

However, we encountered t h i s  

I f  t h e  i n t e r c e l l u l a r  spaces a r e  l i p i d - r i c h ,  as they  

No g e n e r a l i z a t i o n s  can be drawn f rom t h i s  

As  a m a t t e r  o f  f a c t  rad ioautographs  w i t h  a v a r i e t y  o f  o t h e r  chemicals,  

such as s t e r o i d s ,  u s u a l l y  show d i f f u s e  p e n e t r a t i o n  o f  t h e  e n t i r e  horny  

l a y e r  (53 ) .  

v e n t i o n a l  d o c t r i n e ,  emphasiz ing t h e  de terminant  r o l e  o f  l i p i d s  i n  per -  

cutaneous abso rp t i on ,  conc lud ing  t h a t  t h e  i n t e r c e l l u l a r  r o u t e  i s  t h e  dominant 

pathway o f  t r a n s p o r t  across  the  s t r a t u m  corneum. 

E l i a s  and h i s  c o l l a b o r a t o r s  have been l e d  t o  o v e r t u r n  con- 

Th is  t h e s i s  i s  nove l  , p r o v o c a t i v e  and s t i m u l a t i n g .  Nonetheless,  I 

b e l i e v e  t h e i r  i n t e r p r e t a t i o n  i s  wrong and goes w e l l  beyond t h e  r e p o r t e d  da ta .  
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550 KL IGMAN 

Th is  con t rove rsy  w i l l  occupy s tudents  f a r  more knowledgeable than mysel f 

f o r  many years  t o  come. Th is  i s  n o t  t he  p lace  f o r  g l a d i a t o r i a l  combat, 

I f  we take  t h e  most r e c e n t  paper i n  t h i s  s e r i e s  as t h e  c l imax  of 

arguments aga ins t  t h e  " s t i l l  p r e v a l e n t  physical-dogma",  we can g a i n  an 

a p p r e c i a t i o n  o f  how f a r  these i n v e s t i g a t o r s  have depar ted  f rom or thodoxy  

(81 ) .  

a c i d  th rough abdominal and l e g  s t ra tum corneum i n  v i t r o .  

was then  c o r r e l a t e d  w i t h  th ickness ,  c e l l  l a y e r s  and percentage l i p i d .  

E l i a s  e t  a1 compared t h e  f l u x  o f  r a d i o l a b e l l e d  water  and s a l i c y l i c  

Th is  measurement 

The f i n d i n g s  a r e  e x t r a o r d i n a r y ,  and, i f  t r u e ,  r e q u i r e  r a d i c a l  r e v i s i o n  

o f  s tandard  teach ing ,  a p rospec t  t h e  au thors  do n o t  shy away from. 

F i r s t l y ,  t hey  found t h a t  t h e  two t e s t  agents pene t ra ted  more r a p i d l y  

th rough l e g  s k i n  i n  comparison t o  the  abdomen. Th is  i s  a s t a r t l i n g  r e s u l t  

i n  v iew o f  t h e  f a c t  t h a t  l e g  s t r a t u m  corneum was found t o  be  t h i c k e r ,  w i t h  

more c e l l  l a y e r s .  F i c k s  law would p r e d i c t  l ower  p e r m e a b i l i t y  f o r  t h e  l eg ,  

Secondly, f o r  each sample, whether l e g  o r  abdomen, t h e r e  was no 

c o r r e l a t i o n  between th i ckness ,  number o f  c e l l  l a y e r s  and f l u x .  T h e o r e t i c a l l y ,  

an i n v e r s e  r e l a t i o n s h i p  shou ld  have been found. Ins tead,  t h e r e  was some 

evidence t h a t  f l u x  i nc reased  w i t h  th i ckness ,  t h e  ve ry  oppos i te .  

T h i r d l y ,  t h e r e  was an i n v e r s e  r e l a t i o n s h i p  between percentage l i p i d  

The l e g ,  be ing  dep le ted  i n  r e l a t i o n  t o  t h e  abdomen (mean 6.8% vs 

The au tho rs  use these da ta  t o  a t t a c k  t r a d i t i o n a l  

and f l u x .  

2 .9%) was more permeable. 

unders tand ing  o f  t h e  p r i n c i p l e s  govern ing  percutaneous abso rp t i on .  

o b l i g e d  t o  renounce F i c k s  law s i n c e  p e n e t r a t i o n  o f  water  and s a l i c y l i c  a c i d  

rep resen t ing  wa te r -so lub le  and l i p i d - s o l u b l e  agents r e s p e c t i v e l y  was a c t u a l l y  

g r e a t e r  across  t h e  t h i c k e r  s t r a t u m  corneum. They suggest t h a t  " th i ckness  may 

have l i t t l e  t o  do w i t h  s t ra tum Permeab i l i t y " ,  c i t i n g  t h e  r e l a t i v e  ease w i t h  

which c e r t a i n  substances p e n e t r a t e  t h e  palms and so les .  

s t ressed  e a r l i e r ,  a r e  q u a l i t a t i v e l y  very  d i f f e r e n t .  

t o  p r o v i d e  f r i c t i o n a l  and mechanical r e s i s t a n c e  and cannot be f a i r l y  com- 

pared t o  compact horny l a y e r s  designed t o  be imperv ious .  

They a r e  

The l a t t e r ,  as I have 

They a r e  horny pads 
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PERCUTANEOUS ABSOPRTION 55 1 

F i c k  laws i s  a monument which w i l l  n o t  be broken by E l i a s  e t  a l s  

cu r ious  f i n d i n g s .  

us ing  a v a r i e t y  o f  membranes. 

F i c k s  law, then  I make b o l d  t o  say t h a t  t h e  da ta  a r e  wrong. 

n o t  b e l i e v e  t h a t  t h e  l e g  i s  more permeable than  t h e  abdomen. 

d i r e c t  measurements o f  p e r m e a b i l i t y  base o n  whea l ing  and b l i s t e r i n g  responses, 

we f i n d  a c l e a r  c u t  i n v e r s e  r e l a t i o n s h i p  between t h e  number o f  horny  c e l l  

l a y e r s  and pene t ra t i on ,  i n  concordance w i t h  expec ta t i ons .  I t  takes  l onger  

t o  b l i s t e r  l e g  s k i n  w i t h  ammonium hyd rox ide  i n  comparison w i t h  s k i n  a t  t h e  

t r u n k  (48). 

We i n v a r i a b l y  f i n d  t h i s  t o  be t h e  case f o r  a v a r i e t y  o f  e x c i t a n t s .  

s t ra tum corneum i s  d e f i n i t e l y  t h i c k e r  and has more c e l l  l a y e r s .  

f ea tu res  account f o r  i t s  l e s s e r  p e r m e a b i l i t y .  

I t  has been tho rough ly  s u b s t a n t i a t e d  by many workers  

I f  t h e  da ta  cannot be r e c o n c i l e d  w i t h  

I c e r t a i n l y  do 

I n  o u r  i n -  

Moreover, DMSO wheals a r e  l e s s  e a s i l y  e l i c i t e d  on t h e  l e g s  (82). 

Leg 

These ve ry  

To E l i a s  e t  a1 l i p i d  conten t ,  i s  much more s i g n i f i c a n t  than s t r a t u m  

corneum th i ckness  and number o f  c e l l  l a y e r s .  

h i g h  p e r m e a b i l i t y  w i l l  be found t o  have a l ow  percentage o f  l i p i d s ,  even i f  

the  compos i t ion  i s  t h e  same. 

h i s tochemica l  ev idence t h a t  t h e r e  a re  no l i p i d s  w i t h i n  horny c e l l s  and hence 

d i f f u s i o n  o f  l i p o p h i l i c  substances d i r e c t l y  th rough horny  c e l l s  i s  improbable.  

I prophes ize  t h a t  f u t u r e  s t u d i e s  w i l l  show t h a t  d i r e c t  p e n e t r a t i o n  th rough  

horny c e l l s  i s  t h e  dominant pathway by f a r .  

They p r e d i c t  t h a t  r e g i o n s  o f  

I do n o t  accept  t h e i r  s ta tement  based on 

M isce l  lanea : 

Veh ic les  have a p ro found  e f f e c t  on p e n e t r a t i o n  and much pharmaceut ica l  

e f f o r t  i s  d i r e c t e d  toward o p t i m i z i n g  them. 

l e s s  e m p i r i c a l .  T r i a l  and e r r o r  i s  g i v i n g  way t o  t h e o r e t i c a l  p r e d i c t i o n s .  

Katz and Poulsen have rev iewed t h i s  s u b j e c t  t ho rough ly  w i t h o u t  l o s i n g  s i g h t  

o f  p r a c t i c a l i t i e s  (83) .  

Th is  process i s  a l s o  becoming 

P e n e t r a t i o n  o f  course inc reases  w i t h  i n c r e a s i n g  temperature.  Th is  i s  

o f  g r e a t e r  t h e o r e t i c a l  t han  p r a c t i c a l  i n t e r e s t .  Under most c i rcumstances, 

su r face  temperatures va ry  w i t h i n  a f a i r l y  narrow range. Through v a r i o u s  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



552 KLIGMAN 

devices,  i n c l u d i n g  c l o t h i n g ,  hea t ing ,  coo l i ng ,  man take  s teps  t o  a v o i d  t h e  

d i scomfo r t s  imposed by me teo ro log i c  e x t e r n a l i t i e s .  

e l e v a t e d  temperatures do more than  promote d i f f u s i o n  across  t h e  horny l a y e r ,  

an e f f e c t  which i s  by and l a r g e  smal l .  

me tabo l i c  processes. 

On t h e  o t h e r  hand, 

They i nc rease  b lood  f l o w  and a l t e r  

Thus, t h e  e f f e c t s  o f  tempera ture  a r e  q u i t e  complex. 

F i n a l l y ,  I do n o t  t h i n k  we can d ismiss  b l o o d  f l o w  as e a s i l y  as Scheup le in  

suggests (13).  True enough, t h e  m ic ro -vascu la tu re  o f  human s k i n  i s  so r i c h l y  

developed t h a t  t h e  c o n c e n t r a t i o n  o f  pene t ran ts  w i t h i n  c a p i l l a r i e s  and venules 

i s  p r a c t i c a l l y  zero .  I t  i s  argued t h a t  t h e  c o n c e n t r a t i o n  g r a d i e n t  i s  maximal 

s ince  t h e  d i f f u s i n g  molecules cannot accumulate i n  t h e  i n t e r n a l  s i d e  o f  

t h e  horny l a y e r .  

under most normal c i rcumstances. 

Thus, changes i n  b lood  f l o w  cou ld  h a r d l y  i n f l u e n c e  f l u x  

Our observa t ions ,  crude as they  are ,  do n o t  accord w i th  t h i s  d o c t r i n a i r e  

approach. I t h i n k  t h e  ex t ra -vascu la r  c o n c e n t r a t i o n  i n  the  s u p e r f i c i a l  p o r t i o n  

o f  t h e  dermis may be s i g n i f i c a n t l y  i n f l u e n c e d  by b lood  f l ow .  

how t o  o the rw ise  account  f o r  t h e  marked seasonal d i f f e r e n c e s  i n  the  s k i n s  

r e a c t i o n s  t o  va r ious  p h y s i o l o g i c  agents and t o  chemical i r r i t a n t s .  Lehmann 

i n  ou r  l a b o r a t o r y  has c o n v i n c i n g l y  demonstrated decreased r e a c t i v i t y  i n  t h e  

summer months as compared t o  w i n t e r .  

dated sub jec ts  i n  t h e  summer t ime .  

study. 

I do n o t  know 

I assume b r i s k e r  b l o o d  f l o w  i n  accommo- 

C i r c u l a t o r y  e f f e c t s  deserve more s e r i o u s  
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