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AB S T RACT 

I n t e r c e l l u l a r  and skin-surface substances, and e x f o l i a t i n g  corneocytes, 

were c l e a r l y  v i sua l i zed  by both l i g h t  and e lec t ron  microscopy. The 

i n t e r c e l l u l a r  space cons t i t u ted  an essen t ia l  p a r t  o f  the  normal human stratum 

corneum, i n  the basal and middle zones o f  which t h i s  space was f i l l e d  w i th  

substances producing a compact appearance. The i n t e r c e l l u l a r  cons t i tuents  were 

a nonhomogeneous substance, i n t a c t ,  s ing le  and "compound" l a m e l l a r  granules 

and an i n tense ly  stained, membrane-like ma te r ia l  t h a t  i n  some parts,  bu t  no t  

i n  others, had a l ame l la r  pa t te rn .  The a r t i f a c t s  produced by u l t r a t h i n  

sec t ion ing  f o r  e lec t ron  microscopy were too small  t o  p rov ide  s u f f i c i e n t  

explanat ion f o r  the  porous appearance o f  the s u p e r f i c i a l  zone. More important 

fac to rs  seemed t o  be enlargement o f  the i n t e r c e l l u l a r  space wi th  decrease i n  

the number o f  desmosomes and a l t e r a t i o n s  o f  the  i n t e r c e l l u l a r  substances, w i th  

decrease i n  the  amount o f  nonhomogeneous substance and transformat ion o f  the  

s ing le  and "compound" l ame l la r  granules i n t o  s ing le  and "compound" ves i cu la r  

bodies. 

The hypothesis i s  advanced t h a t  the s ing le  and "compound" ves i cu la r  bodies 

together w i th  the  decreased amount o f  nonhomogeneous substance may con t r i bu te  

t o  maintain the  patency o f  t he  i n t e r c e l l u l a r  space i n  the  s u p e r f i c i a l  zone 

(s t ra tum d i s  junctum), thereby f a c i l i t a t i n g  absorpt ion o f  surface-appl ied 

agents i n t o  the  stratum corneum by some shunt mechanism, wh i l e  the  content o f  

the  i n t e r c e l l u l a r  space i n  the  basal  and middle zones (s t ra tum compactum) 

forms the p r i n c i p a l  b a r r i e r  t o  f r e e  d i f f u s i o n .  
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INTRODUCTION 

E lec t ron  microscopy o f  the  i n t e r c e l l u l a r  space o f  normal stratum corneum ' 

( 5 )  revealed a nonhomogeneous substance, granules o f  vary ing  size, shape and 

s t ruc tu re ,  and a l so  a membrane-like s t ruc tu re  o f t e n  associated w i t h  the  

granules. The nonhomogeneous substance cons t i t u ted  most o f  the i n t e r c e l l u l a r  

mater ia l .  Some o f  the  granules had a l ame l la r  content s i m i l a r  t o  t h a t  found i n  

the l ame l la r  granules o f  the  c e l l s  i n  the  stratum intermedium (s t ra tum 

granulosum). I n  o ther  e lec t ron  microscopy studies, i n t e r c e l l u l a r  ves i cu la r  

bodies were discerned i n  the  middle (6,24) and s u p e r f i c i a l  (3,4) zones o f  

normal stratum corneum. 

Other authors have repor ted  presence o f  l a m e l l a r  substance i n  the  

i n t e r c e l l u l a r  space o f  normal stratum corneum (12,17,18,20,23). That substance 

was assumed t o  have been discharged from the  l ame l la r  granules i n  the  c e l l s  o f  

t he  stratum intermedium by a process o f  exocytosis. 

Discrepancies between r e s u l t s  i n  d i f f e r e n t  i nves t i ga t i ons  o f  i n t e r c e l l u l a r  

content l e d  t o  f u r t h e r  studies, and here i s  presented the l i g h t  microscopy o f  

the  normal human stratum corneum, w i th  a d e t a i l e d  u l t r a s t r u c t u r a l  desc r ip t i on  

o f  i t s  i n t e r c e l l u l a r  space. 

MTERIALS AND METHODS 

With l o c a l  anesthesia (Carbocaine 10 rrg/ml), punch biopsy specimens (3 mn) 

were taken from the  shoulder, sacra l  and abdominal regions o f  19 hea l thy  

subjects (14 men, 5 women) aged 22 t o  51 years. 

The specimens were f i x e d  i n  a 1 % i s o t o n i c  s o l u t i o n  o f  osmium t e t r o x i d e  

bu f fe red  a t  pH 7.2-7.4 ( 9 ) .  They were r i nsed  i n  Tyrode's s o l u t i o n  and 

dehydrated i n  graded steps o f  ethanol  and i n  propylene oxide. The temperature 

dur ing  f i xa t i on ,  r i n s i n g  and dehydrat ion t o  the  stage o f  95 % ethanol  was kept 

a t  about 4' C. The specimens were embedded i n  Epon. They were sectioned 

t ransve rsa l l y  t o  the s k i n  surface. For l i g h t  microscopy, semithin (1-2 p m )  

sect ions were s ta ined with 0.1 % aqueous s o l u t i o n  o f  t o l u i d i n e  b lue  (7 )  and 

examined i n  a L e i t z '  Orthoplan-Orthomot photomicroscope. The u l t r a t h i n  
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Fig.1. Semithin s e c t i o n  o f  normal 
human s k i n .  CJ, Note t h r e e  d i s t i n c t  
zones of  stratum corneum, presence  o f  
i n t e r c e l l u l a r  subs tance  ( t h i c k  
a r rows)  i n  t h e  s u p e r f i c i a l  zone, and 
cont inuous layer o f  subs tances  
(arrowheads) on t h e  s u r f a c e  a t  l e f t .  
E x f o l i a t i n g  corneocytes  (C).  ( o r i g  
m g  x 260). h, I n t e r c e l l u l a r  
subs tance  ( t h i c k  arrows) g i v e s  t h e  
b a s a l  and middle zones a compact 
appearance. Between t h e  cells  o f  t h e  
s u p e r f i c i a l  zone and on t h e  zone 
s u r f a c e  are bodies  (arrowheads)  o f  
vary ing  s i z e .  ( o r i g  m g  x 760). 

s e c t i o n s  f o r  e l e c t r o n  microscopy were s t a i n e d  with a s a t u r a t e d  aqueous 

s o l u t i o n  o f  uranyl  acetate a t  70' C f o r  20 minutes  ( 3 )  and l e a d  ci trate (26) .  

RESULTS 

Light  microscopy - The normal h u m n  stratum corneum comprised t h r e e  zones - 

basa l ,  middle  and s u p e r f i c i a l  ( F i g .  l a ) .  The t h i c k n e s s  o f  t h e  s u p e r f i c i a l  zone 

v a r i e d  from 1-2 t o  15 cel l  l a y e r s .  S t a i n i n g  was least i n  t h e  b a s a l  zone ce l l s  

and h e a v i e s t  i n  t h o s e  o f  t h e  middle zone, whi le  t h e  s u p e r f i c i a l  zone cells  

were mostly somewhat less s t a i n e d  than  t h e  cells  i n  t h e  middle zone. 

The b a s a l  and middle zones had a mainly compact appearance (F ig .  l a ) ,  due t o  

t h e  presence  o f  i n t e r c e l l u l a r  subs tance  (Fig.  I b ) .  This  subs tance  was s t i l l  

p r e s e n t  i n  areas where t h e  corneocytes  were d i s t i n c t l y  s e p a r a t e d  from each 

o t h e r s  by c u t t i n g  a r t i f a c t .  
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Fig .  2 .  E l e c t r o n  microscopy o f  i n t r a c e l l u l a r  lamellar g r a n u l e  material i n  
stratum intermedium. a, S i n g l e  (SL) and "compound" ( s h o r t ,  t h i c k  a r rows)  
lamellar g r a n u l e s .  In-some g r a n u l e s ,  smll  empty areas (arrowheads)  occur .  
( o r i g  m g  x 150 000). b, The lamellar g r a n u l e s  are  bounded by a n  o u t e r ,  
t r i l a m i n a r  membrane ( long,  t h i n  a r rows) .  t f ,  t o n o f i b r i l .  ( o r i g  mag x 234 000).  
- c, Lamellar material (open arrowheads) l y i n g  f r e e  i n  t h e  cytoplasm without  any 
encas ing  membrane. t f ,  t o n o f i b r i l .  ( o r i g  m g  x 195 000). 

A t  a f i r s t  g l a n c e  t h e  i n t e r c e l l u l a r  space  o f  t h e  s u p e r f i c i a l  zone seemed 

empty o f  subs tance .  C l o s e r  s c r u t i n i t y ,  however, revea led  a vary ing  amount of  

substance,  which even completely f i l l e d  some areas o f  t h e  i n t e r c e l l u l a r  space 

( F i g .  1 a ) .  Between t h e  uppermost ce l l  l a y e r s  of  t h e  s u p e r f i c i a l  zone, i n  both 

s c a n t i l y  and m u l t i l a y e r e d  areas, small bodies  were d iscerned  i n  t h e  

i n t e r c e l l u l a r  space  ( F i g .  I b ) .  

On t h e  s u r f a c e  o f  t h e  s t r a t u m  corneum, i n  a d d i t i o n  t o  e x f o l i a t i n g  

corneocytes ,  were bodies  o f  vary ing  shape and a l s o  a subs tance  (F ig .  l a ) .  In  

s e c t i o n s  with a well developed s u p e r f i c i a l  zone, t h e  bodies  and t h e  subs tance  

32 



Fig. 3. Electron microscopy of i n t e r c e l l u l a r  space i n  stratum intermedium. 2, 
The narrow i n t e r c e l l u l a r  space contains to  a l a rge  extent a lamellar material .  
Secretion ( ? )  of a lamellar granule (LG) i n t o  t h e  i n t e r c e l l u l a r  space. A t  l e f t  
keratohyalin w i t h  cha rac t e r i s t i c  pat tern (long, t h i n  arrow). (o r ig  m g  
x 195 000). b, An i n t a c t  lamellar granule (LG), encased by a d i s t i n c t  
t r i laminar  membrane (arrow), i s  observed i n  the i n t e r c e l l u l a r  space a t  t h e  
i n t e r f ace  between the intermediate and corneal strata. (o r ig  m g  x 320 000). 

formed a continuous layer  on t h e  surface of that  zone (Fig. l a ) .  

Electron microscopy - The stratum intermedium c e l l s  contained a l a rge  number o f  

lamellar granules. The granules occurred singly or t h e y  fused t o  form 

"compound" lamellar granules of varying s i z e  (Fig. 20 ) .  They were bounded by 

a t r i laminar  membrane s t ruc tu re  (Fig. 2b). Some granules contained empty  

areas  suggesting a d i s in t eg ra t ion  of t h e  granule content (Fig. 2 0 ) .  Freely 

lying lamellar material without any  encasing t r i laminar  membrane was a l s o  

observed i n  t h e  cytoplasm (Fig.  2c). 

Except for  t h e  invaginations of t h e  ce l l s ,  t h e  breadth range of t h e  
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Fig.  4. Electron microscopy o f  i n t e r c e l l u l a r  space a t  the i n te r face  between 
s t ra ta  intermedium and corneum. y, The i n t e r c e l l u l a r  space contains 
nonhomgeneous substance (N), a membrane-like structure without lamel lar  
pa t te rn  (short, th ick arrow) and single, lamel lar  granule (long, t h i n  arrow 
( o r i g  m g  x 252 000). b, The i n t e r c e l l u l a r  space contains nonhomogeneous 
substance (N) and an iGtact, "compound" lamel lar  granule (CL) showing areas 
w i t h  a l ess  d i s t i n c t  lamel lar  pattern.  ( o r i g  mag x 256 000). 

i n t e r c e l l u l a r  space i n  the stratum intermedium was only 30-50 nm, and the 

i n t e r c e l l u l a r  space was mostly f i l l e d  w i th  substance (Fig. 3a). The breadth 

range o f  those par ts  o f  the i n t e r c e l l u l a r  space which were completely or 

almost completely f i l l e d  w i t h  substance i n  the basal zone, i n  the middle zone 

and i n  the super f i c i a l  zone was 30-1000, 30-2000 and 30-3000 nm, respect ively.  

With increasing breadth o f  the i n t e r c e l l u l a r  space towards the sk in  surface, 
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Fig .  5 .  E l e c t r o n  microscopy o f  t h e  i n t e r c e l l u l a r  space  i n  t h e  b a s a l  ( 2 )  and 
miadle (b) zones of  t h e  s t r a t u m  corneum. a, The main p a r t  o f  t h e  i n t e r c e l l u l a r  
space i s  f i l l e d  with nonhomogeneous subs tonce  (N) .  SL, i n t a c t ,  s i n g l e  lamellar 
granule .  The cytoplasm o f  t h e  cells  (C) shows areas with a k e r a t i n  p a t t e r n  and 
areas wi th  nonkerat inous subs tance .  An i n t r a c e l l u l a r ,  lamellar g r a n u l e  ( t h i c k  
arrow) i s  seen.  The cells  are bounded by a plasm0 membrane proper  and 
c o r n i f i e d  envelope.  ( o r i g  mag x 80 000). b, The i n t e r c e l l u l a r  space shows an 
i n t a c t ,  "compound" lamellar granule ,  encased i n  a t r i l a m i n a r  membrane ( a r r o w s ) ,  
and nonhomogeneous subs tance  (N) .  C, ce l l .  ( o r i g  mag x 100 000). 

t h e  desmosomes decreased  i n  numbers (Brody, I .  In  p r e p a r a t i o n ) .  

The i n v a g i n a t i o n s  o f  t h e  stratum intermedium cel ls ,  t h e  i n t e r c e l l u l a r  space 

a t  t h e  i n t e r f a c e  between t h e  i n t e r m e d i a t e  and c o r n e a l  s t ra ta  ( F i g s .  3b ,4) ,  and 
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Fig .  6. E lec t ron  
microscopy o f  i n t e r -  
c e l l u l a r ,  membrane- * 

- l i k e  s t ruc tu res  i n  the 
basal  zone o f  the 
stratum corneum. a, A 
d i  s t i nc t 1 amel l  or- 
p a t t e r n  i s  seen. Non- 
homogeneous substance 
(arrows). ( o r i g  mag x 
240 000). b, No 
l a m e l l a r  p z t t e r n  i s  
d is t ingu ished.  
Nonhomogeneous 
substance (arrows). 

' ( o r i g  mag x 175 000). 

t he  i n t e r c e l l u l a r  space o f  the basal and middle zones o f  the  stratum corneum 

(F ig .  5) contained a nonhomogeneous substance, s ing le  and "compound" l ame l la r  

granules and a membrane-like s t ruc tu re .  The nonhomogeneous substance was the 

major i n t e r c e l l u l a r  cons t i t uen t  i n  the basal  and middle zones. The s i n g l e  and 

"compound" l ame l la r  granules were encased i n  a t r i l a m i n a r  membrane s t ruc tu re  

(F ig .  5). I n  the "compound" l ame l la r  granules the  i n te rven ing  membranes o f  the 
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adjacent granules were i n t a c t  or were p a r t l y  o r  completely dissolved. I n  some 

parts, "conpound" lamel lar  granules occupied large segments of the 

i n t e r c e l l u l a r  space (Fig. 5b) o r  the en t i re  space between the desmosomes. But 

even i n  those par ts  o f  the space la rge ly  f i l l e d  w i th  s ingle o r  "conpound" 

lamel lar  granules or  a membrane-like structure, a varying amount o f  

nonhomogeneous substance separated these components from the p l a s m  membranes 

o f  the corneocytes (Fig. 5,6). 

(Fig. 6a), but not i n  others (Figs. 4a,6b), a lamel lar  pattern.  

The membrane-like structures had i n  some par ts  

I n  the super f i c i a l  zone, the varying amount of nonhomogeneous substance 

appeared mostly as f i e l d s  and bars criss-crossing the i n t e r c e l l u l a r  space and 

leaving var iably sized, empty l o c u l i  (Fig. 7a), o r  else the space appeared 

wholly o r  a l m s t  wholly void (Fig. 7b). But, s im i l a r  t o  observations a t  l i g h t  

microscopy (Fig. la), some areas o f  the i n t e r c e l l u l a r  space were completely 

or  almost completely substance-f i l led (Figs. 7b,8). Most o f  the lamel lar  

granules i n  the super f i c i a l  zone were transformed i n t o  s ing le and "conpound" 

vesicular bodies (Figs. 7b,c,8). Such bodies were always seen to  be separated 

from the plasma membranes by a varying amount o f  nonhomogeneous substance 

(Figs. 7b,c,8). Extending completely o r  p a r t l y  across the in ternal ,  empty 

space o f  the vesicular bodies and subdividing i t  i n t o  smoller, empty 

compartments (Fig. 7b,c) was intensely stained m t e r i a l  - remnants o f  the 

encasing membranes i n  the "compound" lamel lar  granules and o f  intervening 

nonhomogeneous substance. 

DISCUSSION 

A s im i la r  d i v i s i o n  o f  the no rm1 human stratum corneum i n t o  basal, middle 

and super f i c i a l  zones, based on s t a i n a b i l i t y  o f  the corneocytes a t  d i f f e r e n t  

levels,  as shown here, was previously reported from electron (4 )  and l i g h t  (8)  

microscopy studies. The content and the  breadth o f  the i n t e r c e l l u l a r  space i n  

the basal, middle and super f i c i a l  zones, as described here, and also changes 

i n  c e l l  height and shape towards the sk in  surface (Brody, I. I n  preparation), 

suggest that  the i n t e r c e l l u l a r  space e a r l i e r  reported (5) comprised only a 

stratum corneum wi th  a super f i c i a l  zone o f  a few ce l l - layers '  thickness. 
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Fig.  7. Elec t ron  microscopy of  t h e  
i n t e r c e l l u l a r  space  i n  t h e  
s u p e r f i c i a l  zone. a, Nonhomogeneou,~ 
subs tance  (arrows)-appears as 
s t r a n d s  and f i e l d s  c r i s s - c r o s s i n g  
t h e  i n t e r c e l l u l a r  space.  Corneocyte 
(open arrowhead). ( o r i g  mag x 
48 000). b, A t  r i g h t  almost t h e  
whole o f  The i n t e r c e l l u l a r  space i s  
f i l l e d  with nonhomogeneous 
subs tance  (N) and a s i n g l e  
v e s i c u l a r  body ( sVB). Otherwise t h e  
i n t e r c e l l u l a r  space c o n t a i n s  
"compound" v e s i c u l a r  bodies  ( c V B )  
d i v i d e d  by complete or incomplete  
p r o c e s s e s  (arrows)  i n t o  smaller, 
empty  compartments, with a narrow 
zone o f  nonhomogeneous subs tance  
s e p a r a t i n g  t h e  v e s i c u l a r  bodies  
from t h e  cel l  s u r f a c e s ,  or i t  i s  
more or less empty. The s k i n  
s u r f a c e  (SKS) i s  covered by a l o o s e  
subs tance ,  c o n t a i n i n g  a small body 
(open arrowhead). ( o r i g  mag x 4200). 
c , Higher magni f ica t ion  o f  t h e  area 
w i t h i n  t h e  box i n  b showing t h e  
o r g a n i z a t i o n  o f  a <ompound" 
v e s i c u l a r  body. Processes  (a r rows)  
d i v i d e  t h e  body i n t o  smaller, empty 
comportments. N, nonhomogeneous 
subs tance .  A d i s t i n c t  k e r a t i n  
p a t t e r n  (kp)  i s  observed i n  t h e  
outermost  corneocytes  o f  t h e  
s u p e r f i c i a l  zone. ( o r i g  mag x 
180 000).  

Also  agree ing  with earlier results (5,6) was t h e  o b s e r v a t i o n  o f  d i scharged  

lamellar g r a n u l e s .  The p r e s e n t  f i n d i n g  t h a t  a d i s t i n c t  t r i l a m i n a r  membrane 

f r e q u e n t l y  encased t h e  s i n g l e  and "compound" lamellar g r a n u l e s  i n  t h e  

i n t e r c e l l u l a r  space o f  t h e  s t r a t u m  intermedium and o f  t h e  b a s a l  and middle 

zones i n  t h e  stratum corneum i n d i c a t e s  t h a t  t h e  s i n g l e  and "compound" lamellar 

g r a n u l e s  were s e c r e t e d  from t h e  stratum intermedium cells a a  i n t a c t  o r g a n e l l e s  

by t h e  mechanism o f  d i a c y t o s i s  (10,11,27). The p r e s e n t  i n v e s t i g a t i o n  permi ts  

no conclus ion  as to  whether t h e  presence  o f  lamellar moterial i n  t h e  

i n t e r c e l l u l a r  space,  d e s c r i b e d  i n  t h i s  and earlier ( 5 )  r e p o r t s  as a membrane- 

- l i k e  structure,  r e s u l t e d  from e x o c y t o s i s  o f  t h e  lamellar g r a n u l e  c o n t e n t  o f  
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t h e  cells  i n  t h e  stratum intermedium (12,17,18,20,23), from d i s s o l u t i o n  o f  

encas ing  membranes a f t e r  d i s c h a r g e  o f  i n t a c t  g r a n u l e s  i n t o  t h e  i n t e r c e l l u l a r  

space, or from both mechanisms. 

On t h e  b a s i s  o f  h i s tochemica l ly  demonstrated a c i d  phosphatase,  t h e  lamellar 

g r a n u l e s  have been c h a r a c t e r i z e d  as epidermal lysosomes (33) .  Recent s t u d i e s  

o f  lamellar granule-enriched f r a c t i o n s  from neonata l  mouse epidermis  (14)  and 

from f e t a l  ra t  epidermis  (13)  revea led  presence  o f  a c i d  hydro lases  as  well as 

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

g r a n u l e s  i s  s t i l l  unknown (13,14) .  F u r t h e r  s t u d i e s  are necessary t o  e l u c i d a t e  

whether they  are involved  i n  t h e  d i s i n t e g r a t i o n  o f  lamellar g r a n u l e s  i n  t h e  

stratum intermedium c e l l s f w i t h  appearance o f  lamellar moterial l y i n g  f r e e  i n  

t h e  cytoplasm, i n  t h e  t r a n s f o r m a t i o n  o f  lamellar g r a n u l e s  i n t o  v e s i c u l a r  

bodies  and i n  t h e  f a l l i n g  amount o f  nonhomogeneous subs tance  i n  t h e  horny 

layer’s i n t e r c e l l u l a r  space  towards t h e  s k i n  s u r f a c e .  

I n  percutaneous a b s o r p t i o n  s t u d i e s  (1 ,22) ,  based on s e q u e n t i a l  s t r i p p i n g  

of  t h e  stratum corneum with adhes ive  tape,  i t  was suggested t h a t  t h e  innermost  

two-thirds  o f  t h e  stratum corneum formed t h e  p r i n c i p a l  b a r r i e r  t o  f r e e  

d i f f u s i o n .  This  hypothes is  was i n  agreement with t h e  h i s t o l o g i c  concept o f  a 

stratum corneum c o n s i s t i n g  o f  a proximal, compact stratum compactum and a 

d i s t a l ,  porous stratum dis junc tum ( 19,25,28,31). I n  la ter  s t u d i e s ,  Blank ( 2 )  

ques t ioned  t h e  h i s t o l o g i c  view o f  l a r g e  “channels”  i n  t h e  stratum d i s  junctum. 

He proposed, i n  agreement wi th  K l i g m n  (16) ,  t h a t  t h e  e n t i r e  stratum corneum 

forms a b a r r i e r  and t h a t  i t  i s  conposed of  a compact, mul t i layered  tissue. The 

same opin ion  was h e l d  by Scheuplein & Bronough (29) ,  who a l s o  meant t h a t  t h e  

t i g h t n e s s  o f  t h e  i n t e r c e l l u l a r  space  i n  t h e  stratum corneum was o f  v i t a l  

s i g n i f i c a n c e  t o  permeat ion.  According to  Kligman (16),  t h e  porous structure o f  

t h e  stratum dis junc tum was o r t i f a c t i t i o u s  and produced by t h e  h i s t o l o g i c  custom 

o f  s e c t i o n i n g  t h e  s k i n  t r a n s v e r s a l l y  t o  i t s  s u r f a c e .  

C o n t r a d i c t o r y  t o  t h e  view o f  Kligmon (16),  Blank (2)  and Scheuplein 8, 

Bronough (29) ,  t h e  p r e s e n t  and previous  (5) s t u d i e s  sugges t  t h a t  t h e  

i n t e r c e l l u l a r  space r e p r e s e n t s  a n  impor tan t  element i n  t h e  e n t i r e  stratum 
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Fig.  8. Elec t ron  microscopy o f  outer p a r t  o f  a mul t i layered  s u p e r f i c i a l  zone, 
with a s y s t e m  o f  e x t r a c e l l u l a r ,  s i n g l e  ( s h o r t ,  t h i c k  arrows)  and "compound" 
(0) v e s i c u l a r  bodies  embedded i n  nonhomogeneous subs tance  (N) .  C, corneocyte .  
EC, e x f o l i a t i n g  corneocyte .  ( o r i g  mag x 17 000). 

corneum. The b a s a l  and middle zones seem t o  correspond t o  what h i s t o l o g i s t s  

(19,25,28,31) have termed stratum compactum, which accord ing  t o  Blank's (1,22) 

o r i g i n a l  hypothes is  r e p r e s e n t e d  t h e  main b a r r i e r  t o  f r e e  d i f f u s i o n .  As shown 

here ,  t h e  i n t e r c e l l u l a r  c o n t e n t  of  nonhomgeneous substance,  lamellar g r a n u l e s  

and a membrane-like structure,  with predominance o f  t h e  nonhomogeneous 

subs tance ,  was r e s p o n s i b l e  f o r  t h e  compact appearance o f  t h e  b a s a l  and middle 

zones.  In  t h i s  s tudy  l a r g e  c u t t i n g  a r t i f a c t s  occur red  i n  t h e  semi th in  s e c t i o n s  

f o r  l i g h t  microscopy, bu t  c u t t i n g  a r t i f a c t s  i n  t h e  u l t r a t h i n  s e c t i o n s  f o r  

40 



e l e c t r o n  microscopy were too  smll  t o  e x p l a i n  t h e  porous appearance o f  t h e  

s u p e r f i c i a l  zone ( s t r a t u m  dis junc tum) .  More impor tan t  f a c t o r s  seem t o  be t h e  

enlargement of  t h e  i n t e r c e l l u l a r  space, due t o  numerical  d e c r e a s e  i n  t h e  

desmosomes (Brody, I .  In  p r e p a r a t i o n ) ,  with concomitant r e d u c t i o n  i n  t h e  

amount o f  nonhomogeneous subs tance ,  and t h e  t ransformat ion  of  s i n g l e  and 

"compound" lamellar g r a n u l e s  i n t o  s i n g l e  and "compound" v e s i c u l a r  bodies ,  as  

demonstrated here .  La te ly ,  Hi rose  & K l i g m n  (15), i n  c o n t r a d i c t i o n  t o  

Kl igmn 's  (16)  o r i g i n a l  view, recognized t h e  occurrence  o f  a stratum 

dis junc tum i n  an e l e c t r o n  microscopy s tudy o f  normal human s k i n  and low- 

-humidity d r y  s k i n  o f  t h e  l e g .  

I t  i s  h e r e  o f  i n t e r e s t  t o  mention Scheuplein 's  and Bronough's (29)  remark 

t h a t  i f ,  c o n t r a r y  to  t h e i r  own opin ion ,  t h e  stratum corneum membrane i s  porous, 

" then  shunt  d i f f u s i o n  can c o n t r i b u t e  t o  t h e  r a t e  o f  permeation. Because shunt  

d i f f u s i o n  i n  e f f e c t  bypasses  t h e  t issue,  i t  i s  not  d e t e c t e d  i n  s o r p t i o n  

s t u d i e s " .  The f u n c t i o n  o f  t h e  v e s i c u l a r  bodies  i n  t h e  s u p e r f i c i a l  zone 

( s t r a t u m  dis junc tum)  i s  unknown. A p o s s i b i l i t y  which merits e x p l o r a t i o n  i s  

t h a t  they t o g e t h e r  with remaining nonhomogeneous subs tance  may c o n t r i b u t e  t o  

maintain t h e  potency o f  t h e  i n t e r c e l l u l a r  space, thereby  f a c i l i t a t i n g  

a b s o r p t i o n  o f  subs tances  a p p l i e d  t o  t h e  s k i n  s u r f a c e  by some shunt  mechanism. 

I t  may a l s o  be o f  i n t e r e s t  to  s tudy  whether t h e  v e s i c u l a r  bodies  may be 

involved i n  t h e  r e s e r v o i r  f u n c t i o n  (32)  of  t h e  stratum corneum. 

The composition o f  n o r m 1  human stratum corneum h a s  been s t a t e d  as  50 % 

f i b r o u s  p r o t e i n ,  38 % and 23 % water -so luble  subs tances  i n  t h e  p r o x i m l  and 

d i s t a l  zones, r e s p e c t i v e l y ,  2 % l i p i d s  i n  t h e  proximal l a y e r s ,  20 % l i p i d s  on 

t h e  s k i n  s u r f a c e ,  and 7-10 % water ( 3 0 ) .  The l i p i d  c o n t e n t  o f  t h e  stratum 

corneum h a s  been l o c a t e d  t o  t h e  extruded lamellar subs tance  i n  t h e  

i n t e r c e l l u l a r  space and t o  t h e  plasma membranes ( 1 2 ) .  I f  t h e r e  are no major 

s p e c i e s - r e l a t e d  d i f f e r e n c e s  regard ing  l i p i d  conten t  o f  t h e  lamellar g r a n u l e s  

between normal h u m n  epidermis  and epidermis  from neonata l  mouse (14) o r  f e t a l  

ra t  (13  , i t  seems reasonably t o  assume t h a t  t h e  i n t a c t ,  s i n g l e  and "compound" 

lamella g r a n u l e s  i n  t h e  i n t e r c e l l u l a r  space may a l s o  c o n t r i b u t e  t o  t h e  l i p i d  
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content. As shown here, and i n  a previous study ( 5 ) ,  the  s ing le  and "compound" 

l ame l la r  granules, t he  membrane-like s t r u c t u r e  and the  s i n g l e  and "compound" , 

ves i cu la r  bodies were always found i n  c lose  assoc ia t ion  w i t h  t he  

nonhomogeneous substance. The decrease i n  amount o f  water-soluble substances 

towards the sk in  surface (30) and the c lose  assoc ia t ion  o f  l i p i d s  and water- 

-so lub le  substances observed i n  s tud ies  on the  mechanism o f  water b ind ing  i n  

the  stratum corneum (21 )  may suggest t ha t  the  nonhomogeneous substance 

represents water-soluble substances. 
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