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Summary .  A technique for isolating the s t ra tum corneum from the subjacent layers of 
the epithelium was developed which permits studying the s t ra tum corneum as an isolated 
membrane mounted between half-chambers. The method basically consists of an osmotic 
shock induced by immersing a piece of skin in distilled water at 50 ~ for 2 min. When the 
membrane is bathed on each surface by NaC1-Ringer's solution, its electrical resistance is 
14.1 _ 1.3 f~ cm 2 (n = 10). This value is about 1/100 of the whole skin resistance in the presence 
of the same solution. The hydraulic filtration coefficient (Lp) measured by a hydrostatic pres- 
sure method, with identical solutions on each side of the membrane, is 8.8 x 10- s _+ 1.5 x 
10 - s cm sec- 1 a tm-  1 (n = 10) in distilled water and 9.2 x 10 - 5 _+ 1.4 x 10- s cm sec 1 a tm-  1 
(n = 10) in NaC1-Ringer's solution. These values are not statistically different and are within 
the range of 1/80 to 1/120 of the whole skin Lp. The s t ra tum corneum shows an amphoteric 
character when studied by KC1 diffusion potentials at different pH's. The membrane presents 
an isoelectric pH of 4.6+0.3 (n=10). Above the isoelectric pH the potassium transport 
number is higher than the chloride transport number;  below it, the reverse situation is valid. 
Divalent cations (Ca ++ or Cu + +) reduce membrane ionic discrimination when the mem- 
brane is negatively charged and are ineffective when the membrane fixed charges are pro- 
tonated at low pH. 

In the literature there are several reports dealing with the role of the 
s t r a t u m  c o r n e u m  in the transport of water and ions by amphibian skin 
and with the importance of this structure in electrophysiological obser- 
vations. 

During the moulting cycle, the amphibian skin undergoes profound 
morphological changes [3] which are accompanied by complex physio- 
logical alterations, with increase in water [4, 5, 10] and ionic [14, 16, 17, 23] 
permeabilities, and changes in the rate of active sodium transport [4, 15, 
17, 23, 24, 33] and in the electrical resistance [13]. In all these reports the 
role played by the s t r a t u m  c o r n e u m  was not isolated from other alterations 
that probably occur during moulting and shedding of the s t r a t u m  c o r n e u m .  
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Nielsen [23] has shown that once the cornified layer is spontaneously 
ruptured or mechanically removed, the short-circuit current rapidly rises 
to values above control levels. The cornified cell layer is a barrier located 
between the outside bathing solution and the outer membrane of the first 
reacting cell layer and, therefore, as suggested by Biber and Sanders [2] 
may shift the "effective" sodium concentration at the outside surface of 
this cell layer to a value which is different from the activity of Na + in the 
bulk solution. The magnitude of this shift could be a function of the per- 
meability of the s t r a t u m  c o r n e u m  and of the rate of Na + transport. The 
results of Martinez-Palomo et al. [21] show that two diffusion barriers 
can be considered to be present in the external surface of frog skin: the 
first is formed by the cells of the s t r a t u m  c o r n e u m  and their zonu lae  oc- 

c ludentes ,  which are impermeable to ruthenium red and colloidal lantha- 
num, but seem to be permeable to La 3+ (ionic lanthanum). The second 
barrier, formed by the outer membranes and zonu lae  occ luden t e s  of the 
cells of the s t r a t u m  granu losum,  is probably the most important  selective 
external barrier of the skin. The role of the s t r a t u m  c o r n e u m  in electro- 
physiological experiments has been discussed by several authors. Thus, 
Whittembury [34], Rawlins et al. [26] and Nunes with Lacaz Vieira [25] 
suggested that the resistance of the s t r a t u m  c o r n e u m  is negligible compared 
to the total electrical resistance of the epithelium. On the other hand, 
discrepancies were observed between resistances of the s t r a t u m  c o r n e u m  

measured with single- and with double-barreled glass microelectrodes 
[25]; the values measured with double-barreled electrodes were much 
higher than those obtained with single-barreled electrodes. Lindemann 
and Thorns [18], however, emphasize that in most epithelia investigated 
by them the main resistive barrier appeared to be at the outermost surface 
of the epithelium. To account for this observation, they raised the pos- 
sibility that the cornified layer could be missing in their preparations. 
The presence of fixed charges in the matrix of the s t r a t u m  corneum,  as 
suggested in a previous report [25], may also contribute through a Donnan 
exclusion [12] to alter the Na + activity at the external surface of the cells 
of the s t r a t u m  granu losum,  especially when the outside bathing solution is 
of low ionic concentration. 

The present work was carried out with the object of developing a 
technique for isolating the s t r a t u m  c o r n e u m  from the subjacent layers and 
measuring its hydraulic and electric conductivities. It was also our aim 
to test directly the existence of fixed charges in the matrix of the s t r a t u m  

c o r n e u m  suggested by the results of earlier experiments [25]. These fixed 
charges were postulated to account for observations made in the super- 
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ficial layer of the epithelium during alterations of the external bathing 
solution. 

Materials and Methods 

The experiments were carried out in the isolated stratum corneum obtained from the 
abdominal skin of the toad Bufo marinus ictericus in the temperature range of 22 to 25 ~ 

Technique for Isolating the Stratum Corneum 

A sheet of skin of about 2 cm x 5 cm is immersed in distilled water at 50 ~ for 2 min 
and then placed on the surface of a glass plate with epithelium facing upwards. Holding the 
sheet of skin by one of its sides, the stratum corneum can be easily removed with the thumb 
by applying pressure on the skin and sliding the finger against the glass plate. Sheets of 
stratum corneum of several square centimeters thus obtained can be unfolded and easily 
mounted between half-chambers by performing the necessary operations with the membrane 
and the half-chambers totally immersed in distilled water. The membrane of stratum corneum 
(subsequently called "membrane") is sufficiently strong to resist the operations of mounting, 
changing of solutions, and the vigorous stirring of the solutions by means of an air turbine- 
driven propeller. The chambers were similar to those described by Ussing and Zerahn [31]. 

Electrical Measurements 

Electrical Potential Difference. To measure the electrical potential difference across the 
membrane, an electrometer (Keithley rood. 615-Keithley Instruments Inc., USA) coupled 
to a recorder (Varian rood. G-2500- Varian Aerograph, Division of Varian Associates, USA) 
was used. Ag-AgC1 electrodes were used as sensing devices. The transmembrane electrical 
potential difference (d ~) was obtained by subtracting from the measured electrical potential 
difference (dE) the difference in electrode potential (AEj): 

ATJ=AE-AEj  (1) 

AEj= - (RT/F)In  (a cl / g l - )  (2) 

a cl- = aK_+~ to MacInnes assumption [19]) (3) 
KCI 

a+ =7+m (4) 

where: a cl = chloride activity; aKCl= KC1 mean ionic activity; 7 • = KC1 mean ionic activity 
coefficient (from Glasstone [6]); m=KC1 molality; R=gas constant and F=Faraday con- 
stant. The influence of HC1 or KOH, used to adjust the pH of the solutions, on KCI activities 
was considered negligible in the range of concentrations used in the experiments, according 
to the thermodynamics of mixed electrolytes [8, 9, 27]. 

A g -  AgC1 electrodes were made of a single silver wire of 2 mm diameter. Pieces of this 
wire were covered with epoxy resin (Araldite-Ciba-Geigy) leaving 5 mm uncoated at the tip, 
which was cleaned by abrasion and thoroughly washed in distilled water before being 
chloridized in 0.1 M HC1 solution, against a Pt electrode using current density of approxi- 
mately 10ktAcm -z for 30sec. Pairs of electrodes were kept short-circuited in 0.1u KCI 
until the moment of use. The potential measurements were considered successful when 
assymetry between electrodes was less than 1 mV (measured in 0.1 M KC1 solution). 

Electrical Resistance. Resistance was always evaluated by applying current pulses and 
recording changes in A ~P with the membrane bathed by identical solutions on each surface. 
One pair of Ag-AgC1 electrodes (located close to the membrane) recorded d7~; another 
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pair (far from the membrane) was used to inject current pulses. These pulses of variable 
duration (1 to 10 sec) and intensity (up to + 100 gA cm- 2) were tapped off potentiometrically 
from a 10 V battery and measured by an electrometer. To correct for the voltage drop across 
the solution resistance between the voltage electrodes and the membrane, measurements 
were carried out before each membrane resistance determination using the same solution 
but without the membrane in the chamber. The membrane resistance was calculated by the 
difference in resistance obtained with and without the membrane. In each case the resistance 
was calculated as the slope of A ~ as a function of the electrical current. 

Volume Flow 

Flow was measured as the rate of displacement of a liquid meniscus in a calibrated 
capillary tube connected to the lower pressure half-chamber. The pressure necessary to drive 
fluid through the membrane was measured by a mercury manometer. In all experiments in 
which pressure was used, the membrane was supported by a stainless steel disc with cylindrical 
holes of 140 gm diameter in order to prevent its rupture. The ratio between open area and 
total disc area was 0.192. The volume flow was calculated per unit area of the open area of 
the steel disc supporting the membrane. Preliminary experiments have shown that the filtra- 
tion coefficient values obtained with discs of different open areas agree only when computed 
per unit area of the disc open area. In all experiments using pressure, identical solutions 
always bathed each side of the membrane and no stirring of the solutions was used. 

Toads were captured in the vicinity of Silo Paulo, Brazil, and were kept with free access 
to running tap water. Straight lines were fitted by the least squares method. Results are 
presented as mean + 1 SE. 

Results 

1. Morphological Aspect of  the Isolated Stratum Corneum 

Fig.  1 is a l ight  m i c r o s c o p y  p i c t u r e  s h o w i n g  t h a t  the  i so l a t ed  stratum 

corneum is a c o n t i n u o u s  m e m b r a n e  wi th  a few i s lands  o f  cell debr i s  a t-  

t a c h e d  to  its i nne r  surface.  Fig.  2 s h o w s  an  e l e c t r o n m i c r o g r a p h i c  c o m -  

p a r i s o n  b e t w e e n  the  t r a n s i t i o n  b e t w e e n  the  stratum corneum a n d  stratum 

granulosum in a n o r m a l  skin  a n d  the  d e l a m i n a t i o n  z o n e  l o c a t e d  b e t w e e n  

these  two  layers ,  af ter  the  o s m o t i c  shock .  

2. K Ct Diffusion Potential 

T h e s e  e x p e r i m e n t s  h a v e  b e e n  m a d e  to  test  d i r ec t ly  the  p r e v i o u s l y  

f o r m u l a t e d  h y p o t h e s i s  [25 ]  s u g g e s t i n g  the  ex i s tence  o f  f ixed c h a r g e s  in 

the  m a t r i x  o f  the  stratum corneum, a n d  to  s t u d y  the  p a r a m e t e r s  c o n t r o l l i n g  

thei r  dens i ty  a n d  po la r i ty .  

KC1 di f fus ion  p o t e n t i a l s  h a v e  b e e n  m e a s u r e d  wi th  the  m e m b r a n e  

b a t h e d  o n  each  sur face  b y  KC1 s o l u t i o n s  o f  d i f ferent  c o n c e n t r a t i o n s .  KC1 

was  used  b e c a u s e  K § a n d  C I -  h a v e  s imi la r  mobi l i t i e s  a n d  h y d r a t e d  radi i  
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Fig. 1. Typical light micrograph of the isolated stratum corneum obtained by means of osmotic 
shock induced by immersing the skin in distilled water at 50 ~ for 2 min. (Stained with 
hematoxylineosin.) The isolated stratum corneum forms a continuous layer with few cell 

debris attached to its inner surface 

in free solution [27]. The experiments were performed at pH 3 and pH 9, 
with solutions always of the same pH bathing each side of the membrane.  
The pH's were adjusted using no buffers, with HC1 or KOH. The dilute 
solution (sol.  1) was vigorously stirred with a propeller driven by an air 
turbine. The stirring rate was considered adequate when an increase in 
propeller rotation induced no further increase in the recorded electrical 
potential difference. The rate of stirring of the dilute solution is extremely 
important  in the stabilization value of the electrical potential difference, 
being critical at higher KC1 concentrat ion difference across the mem- 
brane. Steady-state electrical potential difference values, normally attained 
within a few seconds following solution changes, were used in the cal- 
culations. The concentrate solution (sol.  2) was not  systematically stirred 
since preliminary experiments had shown the independence of A E  on the 
rate of stirring of this solution. Fig. 3 presents the results. As may be seen, 
at pH 3 the concentrate solution is positive, indicating a higher C1- 
mobility. At pH 9, the reverse situation obtains. For  a given pH the mem- 
brane potential (A ~)  is a linear function of the logarithm of KC1 con- 
centration in the dilute solution. The slope of this relationship is decreased 
with an increase in KC1 concentrat ion of the concentrate solution. 
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(a) 

(b) 

Fig. 2. Typical electronmicrograph of the s t r a t u m  c o r n e u m :  (a) Norma! aspect of the transition 
between the s t r a t u m  c o r n e u m  and s t r a t u m  granu losum.  (b) Delamination zone after the 
osmotic shock. The inner surface of the s t r a t u m  c o r n e u m  is formed by the membranes of the 
cornified cells with disrupted desmosomes. (Fixed with glutaraldehyde-osmic acid and 

stained with lead citrate) 

An independen t  g roup  of  exper iments  was pe r fo rmed  with solut ions 

of  a fixed KC1 concen t r a t i on  difference across  the m e m b r a n e  (C~ =0.01 

mola l ;  C2 =0.1  molal)  and  ident ical  pH ' s  which were var ied by  addi t ion  

of  HC1. The  results show that  the m e m b r a n e  presents  an isoelectr ic p H  of  
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Fig. 3. Membrane electrical potential difference (A~P=TJ2-gJl) , due to KC1 diffusion 
across the membrane, plotted according to Eq. (6). a Ka is the KC1 activity calculated as: 
a=(mT+) 2, where m is the KC1 molality and 7+ is the KC1 mean ionic activity coefficient. 
1 and 2 refer to the dilute and concentrate solutions, respectively. Open symbols are experi- 
ments performed at pH 3; filled symbols, experiments at pH 9. pHs were always identical in 
the solutions bathing each side of the membrane, and were adjusted with HC1 or KOH 
without buffer. The points (o and o) were measured with m 2--- 1 M and m 1 variable; (n and m) 
with m2=0.1 M and m 1 variable; (zx and A) with m 2 =0.01 and m 1 variable. The potassium 
transport numbers (tK) were calculated according to Eq. (6) and were as follows: (�9 tK =0.42; 
(n) tK=0.36; (zx) tK=0.29; (o) tK=0.51; (m) tK=0.59; (A) tK=0.66. Bars indicate 1 SEM. n=8 

4.6_+0.3, ( n =  10). The  isoelectr ic  p H  for each  m e m b r a n e  was ca lcu la ted  

by  l inear  i n t e rpo l a t i on  in a g r a p h  of  A 7 j as a func t ion  of  p H ,  us ing on ly  

the two values  on  ei ther  side of  A 7 / =  0. 

F o r  o u r  p resen t  case the m e m b r a n e  po t en t i a l  can  be expressed  unde r  

the a s s u m p t i o n s  of  i r revers ib le  t h e r m o d y n a m i c s  as a diffusion po ten t i a l  

w i thou t  requ i r ing  any  a s s u m p t i o n s  conce rn ing  m e m b r a n e  c o m p o s i t i o n ,  

s t ructure ,  electric field wi th in  the  m e m b r a n e ,  or  mobi l i t ies ,  as discussed 

by  S t a v e r m a n n  [30],  S c a t c h a r d  [28],  and  tested for  a ca t ion  exchange  

m e m b r a n e  by  G u n n  and  C u r r a n  [7].  
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Therefore, we can assume: 

~ 2  

- F A T  j =  ~ (tt:+ - t c l - )  d# Kc~ (5) 

where the integral is from one solution to the other, # is the chemical 

potential and t is the transport  number.  In using Eq. (5) it can be assumed 
that the water transport  number  is negligible, as is suggested in the results, 
paragraph 4. Eq. (5) can be easily integrated under the assumption of con- 
stant transport  numbers. This can be considered a valid assumption, for a 
given pH value and for a given KC1 concentration in the concentrate 
solution, as suggested by the results of Fig. 3, which shows a linear depen- 
dence of A 7 j on the logarithm of KC1 activity in the dilute solution. This 
behavior could be a consequence of the concentrat ion profile within the 
membrane  being a strong function only of the KC1 concentration in the 
concentrate solution. For each pair (pH and a2 Kc~) the integrated form of 

Eq. (5) is: 

~2 . . . .  ~u 1 (2t~:+ 1)(RT/F)ln'ta 2Kc~./a 1Kc~,) (6) 

where a~ Cl and a~ cl are KC1 activities in the solutions bathing each side of 
the membrane.  KC1 activities were calculated as (roT• z, where m=KC1 
molality and 7 •  mean ionic activity coefficient. R, T and F have 
their conventional meanings. An increase in a~ c~ at pH 3, as well as at 
pH 9, induces a reduction in the absolute value of the slope of A 7 ~ as a 
function of In (a~Cl/a~ ca) (Fig. 3), this indicating that t K + approaches tcl- 
and, therefore, that the membrane ionic discrimination is reduced. On the 
other hand, the pH of the solutions have a pronounced effect on the 
transport  number.  At pH 3, ti~+ < tc~-, this indicating that the membrane 
is more permeable to C1- than to K + ions; at pH 9, the reverse occurs 

(tK+ :> tel-). (See Fig. 3.) 

3. Effect of Divalent Cations on K CI Diffusion Potential 

The presence of divalent cations (Ca ++ or Cu + +) at equal concentra- 
tions on both sides of the membrane  may have a pronounced effect on 
A ~,  according to the degree of protonat ion of the membrane.  At pH 9, 
with the membrane negatively charged, divalent cations significantly 
reduce A ~ due to KC1 diffusion. At pH 3, the membrane being positively 
charged, they have no effect on A 7,. Fig. 4 shows the results of experiments 
with Ca + + at a 2 mM concentrat ion on both sides of the membrane.  The 
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Fig. 4. Effect of Ca + + (2 mM on each side of the membrane) on membrane KC1 diffusion 
potential (A ~ = 7J2- 7~1), at pHs above and below the membrane isoelectric pH. KC1 con- 
centrations at each side of the membrane were: C1 =0.01 M; C2=0.1 u. Shadded areas are 
control periods before and after an experimental period with Ca ++. 1 and 2 refer to each 

side of the membrane. Bars indicate i SEM. n = 10 

effects o f  C a  ++ o r  C u  + + a re  revers ib le  u p o n  w a s h i n g ;  the  r e v e r s i o n  o f  

C u  + + be ing  s l ower  t h a n  t h a t  o f  C a  + + sugges t s  a s t r o n g  C u  + + b i n d i n g  

to  the  m e m b r a n e .  

4. Hydraulic Filtration Coefficient (Lp) 

Lp was  c a l c u l a t e d  b y  m e a s u r i n g  the  v o l u m e  f low (Jr) as a f u n c t i o n  o f  

the  h y d r o s t a t i c  p r e s s u r e  (AP)  a c r o s s  the  m e m b r a n e ,  in the  r a n g e  o f  0 to  

0.8 a rm.  I n  this p r e s su re  r ange ,  L v is g iven  b y :  Lp=J~/AP [11] .  W i t h  

dis t i l led  w a t e r  b a t h i n g  e a c h  side o f  the  m e m b r a n e  Lp is 8.8 x 1 0 -  s _+ 1.5 x 

1 0 -  5 c m  s e c -  t a t m -  1 (n = 10). W i t h  N a C 1 - R i n g e r ' s  s o l u t i o n  b a t h i n g  each  

side o f  the  m e m b r a n e ,  Lp = 9.2 x 1 0 -  5 _+ 1.4 x 1 0 -  5 c m  s e c -  ~ a t m -  ~ (n = 10). 

T h e s e  va lues  a re  n o t  s ta t i s t ica l ly  d i f ferent  (P  > 0.2, t test). 
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5. E I e c t r o o s m o s i s  

No measurable water flows could be detected with current densities 
up to 200 gA cm -1, with the membrane bathed on both sides either by 
KC1 0.1 or 0.01 molal, and either at pH 3 or at pH 9. 

These results indicate that the water transport number in this mem- 
brane is very small and can be neglected in Eq. (5). 

6. M e m b r a n e  E l e c t r i c a l  R e s i s t a n c e  

Membrane electrical resistance (Rm) was measured with NaC1-Ringer's 
solution bathing each surface of the membrane in order to permit com- 
parison with values obtained for the whole skin. Rm=14.1_+1.3 f~cm 2 
(n= 10). The resistance showed an ohmic behavior in the range studied 
( + 100 gA cm- 2), 

Discussion 

A technique for isolating the s t r a t u m  c o r n e u m  was developed which 
obtains sheets of membrane suitable for in v i tro  studies with the membrane 
mounted between half-chambers. With this preparation it was possible 
to get direct information concerning permeability of the s t r a t u m  corneum.  

The electronmicroscopy of the s t r a t u m  c o r n e u m  (Fig. 2) shows that this 
membrane is almost a pure film of cornified cells where narrow inter- 

cellular spaces and desmosomes, as well as a highly dense intracellular 
content, can be clearly seen. The general appearance of the s t r a t u m  

c o r n e u m  after the osmotic shock is identical to that of the s t r a t u m  c o r n e u m  

of the control tissue not submitted to the osmotic treatment. Very few 
cell debris can be seen attached to the membrane inner surface. Normally, 
when fixation is performed after using the membrane in experiments with 
vigorous stirring of the solutions, it can be noticed that all cell debris are 
removed and the inner surface of the s t r a t u m  c o r n e u m  is formed simply 
by the membrane of the cornified cells, where disrupted desmosomes can 
be seen (Fig. 2). The osmotic shock induces rupture of all cells in the layers 
subjacent to the s t r a t u m  corneum.  The fact that the cornified cells are not 
disrupted by this treatment suggests that the membranes of these cells 
are freely permeable to water and solutes and, therefore, do not offer the 
conditions necessary for an osmotic water flow. This observation is in 
agreement with the results of Martinez-Palomo et  al. [-21] showing that 
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lanthanum (La 3+) penetrates readily through cells of the cornified layer, 
and with the experiments of MacRobbie and Ussing [20] showing that 
the thickness of the cornified layer is independent of the osmolarity of the 
external solution. These authors raised the possibility that their results 
could also be due to low water permeability of the cell membranes or to 
the cornified cells being mechanically resistant to volume changes. Whit- 
tembury [34] and Nunes and Lacaz Vieira [25] using single-barreled 
glass microelectrodes, varying the clamping current through the skin, have 
shown that the electrical resistance of the outermost layer of the epithelium 
is practically zero. On the other hand, these authors [25], using double- 
barreled glass microelectrodes (passing current pulses through one barrel 
and recording the resulting potential difference changes through the 
other), have shown that the impalement of the s t r a t u m  c o r n e u m  was 
followed by a significant increase in the resistance between the tip of the 
microelectrode and the outer solution. They interpreted the discrepancy 
between their results with single- and double-barreled microelectrodes 
as due to a lack of homogeneity in the resistivity of the s t r a t u m  corneum,  

possibly as a consequence of the existence of low resistance pathways of 
relatively very small dimensions (such as the intercellular spaces) sepa- 
rating higher resistance regions (probably the cells themselves). The low 
resistance of the isolated s t r a t u m  c o r n e u m  could be mostly due to a shunting 
effect of the low resistance pathways postulated previously [25]. 

The hydraulic conductivity coefficient (Lv)  of the isolated s t r a t u m  

c o r n e u m  (8.8 x 10- 5 _+ 1.5 x 10- 5 cm sec- 1 a tm-  1 (n = 10) in distilled water 
and 9.2 x 10- 5 _+ 1.4 x 10- 5 cm sec - 1 a tm-  1 (n = 10) in NaC1-Ringer's solu- 
tion) can be compared to Lp values for the whole skin. For the Bufo  

mar inus  i c ter icus  [32] with NaC1-Ringer's solution bathing the skin, Lp = 
1.1  x 1 0  - 6 _+ 9.9 x 10- 8 cm sec- 1 atm - ~ (n = 10), and with Na2SO4-Ringer's 
solution bathing the skin, L v = 7 . 7 x  10-7_+1.4x 10 7 cm sec -~ atm -1 
(n= 10). The comparison of these values shows that Lp for the s t r a t u m  

c o r n e u m  is within 80 to 120 times the L r for the whole skin. This indicates, 
therefore, that the s t r a t u m  c o r n e u m  cannot be considered an important  
barrier to the bulk flow of water across the whole skin. These results 
suggest that alterations in water permeability observed during the moulting 
cycle [4, 5, 10] are possibly associated with changes in structures more 
deeply situated in the epithelium, other than the s t r a t u m  corneum.  On the 
other hand, the fact that the s t r a t u m  c o r n e u m  does not offer an important 
resistance to filtration of water does not  exclude that unstirred layers of 
water supported by this part of the epithelium may function as a barrier 
to diffusional flows of ions and nonelectrolytes. 
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The electrical resistance of the s t r a t u m  corneum  bathed by NaC1- 
Ringer's solution on both sides is 14.1_ 1.3 f] cm 2 (n--10). This value is 
considerably lower than that for the whole skin resistance of B. mar inus  

ic ter icus  [32] bathed by NaC1-Ringer's solution (Rsk in  = 1440_+ 20 fl cm 2, 
n=5)  or by Na2SO4-Ringer's solution (Rsk in  = 1740_+20 ~ cm 2, n=5),  in- 
dicating that the s t ra tum  corneum does not contribute significantly to the 
electrical resistance of the whole skin. At this point it is worth considering 
the observation of Nielsen [23] showing that once the cornified layer is 
spontaneously ruptured or mechanically removed, the short-circuit cur- 
rent rapidly rises to values above control. Probably, this increase is a 
consequence of removal of the unstirred layer supported by the matrix 
of the s t ra tum  corneum permitting, thereby, a higher Na + concentration 
to enter in contact with the transporting cells. 

The KC1 diffusion potential experiments at different pHs show that 
the s t ra tum  corneum bears fixed charges and that the density and polarity 
of these charges are controlled by the degree of protonation of ionizable 
sites within the membrane. The pH of the solutions, as well as the ionic 
concentration in the concentrate solution, have an important  effect on 
the membrane ionic discrimination. Eq. (6) serves to describe correctly 
the behavior of KC1 diffusion potential as a function of KC1 concentration 
in the dilute solution (for a given pH and KC1 concentration in the con- 
centrate solution). The isoelectric pH of the membrane (4.6_+0.3, n =  10) 
is close to the isoelectric point (pH = 5.1) obtained for the whole frog skin 
in KC1 diffusion potential experiments [1]. Isoelectric pHs have been 
calculated for different biological membranes from diffusion potentials 
and streaming potentials. They varied within the range of 2.7 to 5.3 [1, 22, 
29, 35]. Above the isoelectric pH, for the s t r a tum  corneum,  tK > tcj; below 
the isoelectric pH, ti( < tcl. 

Divalent cations (Ca +-- or Cu § reduce membrane ionic discrimi- 
nation at pH 9 and are ineffective at pH 3. This fact indicates the interaction 
of divalent cations with the membrane when it is negatively charged. 
These ions increase the ratio t c l / t  K when the membrane is negatively 
charged, suggesting that they titrate negative fixed charges in the mem- 
brane. 
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