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ABSTRACT

EFFECTS OF ETHANOL AND RELATED DRUGS ON THE PERMEABILITY OF AMPHIBIAN

EPITHELIA

by

Thomas Yorio 

Adviser:  P ro fe s so r  P . J .  Bentley

The mechanisms by which ethanol  a f f e c t e d  the  transmural  movements 

of  ions and water  ac ros s  t h r e e  'model ' membrane systems were s tud ied  

in  v i t r o : us ing  f r o g ' s  s k i n ,  toad u r in a r y  b ladder  and toad  le n s ,

a)  Frog s k i n : Ethanol (3%) dec rease s  th e  p o t e n t i a l  d i f f e r e n c e  ( p . d . )  

and s h o r t - c i r c u i t  c u r r e n t  ( see )  ac ro s s  f ro g  s k in .  The drug i s  most e f ­

f e c t i v e  when p r e s e n t  on t h e  o u t s i d e  s u r f a c e .  U n id i r ec t iona l  f luxes  o f  

Na and Cl i n d i c a t e  t h a t  th e  drop in  see i s  due to  an i n h i b i t i o n  o f  the  

Na in f l u x .

Ethanol had no e f f e c t  on th e  e l e c t r i c a l  parameters  o r  Na f l u x e s ,  

when f rog  sk in  was bathed in  C l - f r e e  s o l u t i o n s  on both s id e s  or  the  o u t ­

s id e  a lone .  Furosemide and th io c y a n a t e  a l s o  blocked the  ethanol  re sponse ,  

sugges t ing  anion dependency.

The v a sop re s s in  induced s t i m u la t i o n  o f  the  see ( n a t r i f e r i c  response)  

and th e  i n h i b i t o r y  e f f e c t  o f  e thano l  were found to  work independently  of  

each o th e r  and d i f f e r e n t  pathways o f  a c t i o n  a r e  suggested  f o r  the se  drugs .

The i n t r a c e l l u l a r  ion co n te n t  o f  th e  i s o l a t e d  ep i the l ium  inc reased



in the  pre sence  o f  ouabain ,  whereas ethanol  had no e f f e c t .  The O2  con­

sumption o f  the  i s o l a t e d  f rog  sk in  was u n a f fec ted  by up to  10% e th a n o l .  

Aceta ldehyde,  th e  m e ta b o l i t e  o f  e t h a n o l ,  had d i f f e r e n t  e f f e c t s  on the 

p .d .  and see than  t h a t  observed f o r  e th a n o l .  A general  me tabolic  a c t i o n  

i s  probably  not  med ia t ing  the  ethanol  re sponse .

Urea and mannitol  in  i so -osm ot ic  co n c e n t r a t i o n s  to  e t h a n o l ,  did  

not  mimic i t s  e f f e c t .

T r i t i a t e d - w a t e r  (THO) f lu x e s  ( in  the  absence o f  an osmotic g r a d i e n t )  

were reduced by 30% in the  presence  o f  3% e t h a n o l .  I t  i s  sugges ted t h a t  

ethanol  may impede th e  f low o f  wate r  ac ros s  f rog  skin  by a physicochemi­

cal  i n t e r a c t i o n  with  membrane pores and water  molecule s .  The p e rm e a b i l i ty  

c o e f f i c i e n t  (Kt r a n s ) f o r  ethanol  was found to  be r e l a t i v e l y  high as com­

pared to  non-permeant  s o l u t e s ;  however i t  was 10-times l e s s  than t h a t  o f  

w a te r .

b) Toad b l a d d e r : Ethanol (9%) d ec rease s  the  p .d .  ac ross  th e  toad b ladder  

when p r e s e n t  a t  the  mucosal s u r f a c e ;  the  see was unchanged. The e l e c t r i ­

cal r e s i s t a n c e  decreased  i n d i c a t i n g  a change in ion movements ac ro ss  the  

b la d d e r .  U n id i r e c t io n a l  Na and Cl f lu x  measurements showed an in c re a s e  

in th e  movement of  Cl ,  bu t  no change in Na. The n a t r i f e r i c  response  to  

v a so p re s s in  was a l s o  u n a f fe c t e d  by the  presence  o f  e t h a n o l .  I t  i s  sug­

ges ted  t h a t  ethanol  may be a l t e r i n g  the  ap ica l  t i g h t  j u n c t io n s  and be 

a f f e c t i n g  an anion s e l e c t i v e  pathway.

The hydro-osmotic responses  o f  the  toad b ladder  to  v as o p re s s in  and 

cyclic-AMP (which media tes  the  phys io log ica l  r e s p o n s e ) ,  were both decreased

v



by 3% ethanol  i n d i c a t i n g  an a c t i o n  subsequent  to  th e  endogenous forma­

t i o n  o f  the  n u c l e o t id e .  THO f lu x e s  ( i n  th e  absence o f  an osmotic g r a d i ­

en t )  were reduced by 30% in th e  presence  o f  3% e thano l .  The in c re a s e  in 

d i f f u s i o n a l  wate r  f low in response  to  va so p re s s in  was s i m i l a r l y  reduced.  

Osmotic water  movement across  v a s o p re s s in - s t im u la t e d  b ladders  ' f i x e d '  

with g lu ta ra ld e h y d e  o r  N-ethylmaleimide was a l s o  decreased  by e th a n o l .  

However, 3% ethanol  had no e f f e c t  on osmotic wate r  t r a n s f e r  ac ross  a r t ­

i f i c i a l  co l lo d io n  membranes. Ethanol ,  t h e r e f o r e ,  probably  i n t e r a c t s  with th e  

b ladder  membrane r a t h e r  than d i r e c t l y  w ith  th e  molecules o f  w a te r .  The 

Kt r a n s  o f  ethano1 and water  i s  inc reased  by vasop res s in  sugges t ing  t h a t  

t h e i r  movement i s  through s i m i l a r  pathways. I t  i s  suggested  t h a t  ethanol  

impedes the  f low of  water  a c ro s s  the  toad  b ladder  by f a c i l i t a t i n g  a phy­

sicochemical  i n t e r a c t i o n  between a membrane ' p o r e '  and th e  wate r  molecules 

t h a t  a r e  pass ing  through i t .

c)  Toad l e n s : Hyperosmotic c o n c e n t r a t i o n s  o f  NaCl, m a n n i to l ,  urea  and 

ethanol  decreased  the  p .d .  and see a c ro s s  the  amphibian le n s  in v i t r o .

The s o l u t e s  were only  e f f e c t i v e  when p laced  on the  a n t e r i o r  s id e  o f  the 

l e n s ,  which i s  the  s i t e  of  the  le ns  ep i th e l iu m .

The p .d .  ac ross  the  a n t e r i o r  s id e  o f  the  le ns  was decreased  by these  

s o l u t e s  and th e  r e s i s t a n c e  ac ro s s  t h i s  s i d e  inc re ased .  A small d e c l i n e  in 

th e  p .d .  was observed across  t h e  p o s t e r i o r  s i d e  under t h e s e  c o n d i t i o n s .

The d e c l in e  in  the  t r a n s l e n t i c u l a r  p . d .  and see was s u b s t a n t i a l l y  reduced,  

bu t  no t  a b o l i s h e d ,  when Na was excluded from th e  a n t e r i o r  ba th ing  s o lu t i o n .  

Absence o f  Na from th e  p o s t e r i o r  s o l u t i o n  a l s o  decreased th e  re sponse .



When the  a n t e r i o r  s i d e  o f  th e  le ns  was bathed with  Na-free  Ringer ,  man- 

n i t o l  produced a much l a r g e r  in c r e a s e  in r e s i s t a n c e  than when Na was 

p re s e n t .

The le n s  accumulated Na in the  presence  o f  mannitol and ethanol

bu t  th e re  was no concomitant  d e c l i n e  in K. The e x t r a c e l l u l a r  space was

unchanged so t h a t  t h e  Na was in th e  c e l l s .  The t r a n s l e n t i c u l a r  f lu x  of  

22Na in th e  d i r e c t i o n  a n t e r i o r  to  p o s t e r i o r  was in c re a s e d ,  while  t h a t  

from the  p o s t e r i o r  to  a n t e r i o r  was not  changed s i g n i f i c a n t l y .

Lens o p a c i t i e s  were observed to  occur when the  le ns  was bathed on 

the  p o s t e r i o r  s u r f a c e  with mannitol bu t  t h i s  was not  a s s o c i a t e d  with 

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

The osmotic a gen t s  appear  to  in f lu e n c e  the  e l e c t r i c a l  a c t i v i t y  of  

the  le ns  by dec re as ing  the  a c t i v i t y  of  the  Na-pump in th e  a n t e r i o r  lens  

ep i the l ium  and in c re a s in g  i t s  pa s s iv e  p e rm e a b i l i ty  to Na.
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In t ro d u c t io n :

Man i s  thought to  have f i r s t  t a s t e d  alcohol  in the p a l e o l i t h i c  

e r a  ( see  f o r  i n s t a n c e  C la ud ian ,  1970) and the  consumption o f  t h i s  p r i ­

meval " eau -de -v ie"  has become a major s o c ia l  and medical problem. 

Approximately 70% o f  a d u l t  Americans d r ink  and 40% o f  them a re  r e g u l a r  

d r in k e r s  (Mulford,  1964).  The main b a s i s  f o r  t h i s  widespread consump­

t io n  o f  e t h a n o l ,  i s  i t s  a c t io n  on the c e n t r a l  nervous system. However, 

ethanol  e f f e c t s  not  only  n e u r a l ,  but  hormonal and me tabolic  p rocesse s .  

Ethanol modif ie s  each system and a l so  a l t e r s  the  complex i n t e r a c t i o n s  

between var ious  p h y s io lo g ica l  e f f e c t o r  and r e g u la to r y  systems.  These 

p rocesses  a re  u l t i m a t e l y  r e l a t e d  to  the  p r o p e r t i e s  o f  th e  ind iv idua l  c e l l  

types and those  p rocesses  t h a t  a re  involved  in m a in ta in ing  the  f u n c t i o n ­

ing o f  such c e l l s ,  p a r t i c u l a r l y  the  p e rm e a b i l i ty  o f  the  membrane to  

s o lu t e s  and w a te r .  The d i f f i c u l t i e s  in d i s e n t a n g l in g  t h i s  p rofus ion  o f  

in t e r tw in e d  phenomena a r e  f u r t h e r  complica ted  by the d i v e r s i t y  o f  a c t i o n s  

t h a t  e thano l  e x h i b i t s  on t i s s u e s  both in vivo and in v i t r o  p a r t i c u l a r l y  

in the  d i f f e r e n c e s  in th e  range o f  c o n c e n t r a t i o n s  used.

Ethanol i s  c l a s s i f i e d  as a general  d e p re s s a n t .  Among o t h e r  compounds 

in t h i s  ca tego ry  a re  th e  h ighe r  a l c o h o l s ,  the v o l a t i l e  genera l  a n e s t h e t i c s ,  

and th e  i n e r t  g ases .  As th e se  compounds have been widely  i n v e s t i g a t e d ,  

t h e i r  chemical and physical  p r o p e r t i e s  a re  well known. One p ro p e r ty  

shared  by th e se  compounds i s  t h a t  of being somewhat l i p i d - s o l u b l e .  The 

e a r l y  c l a s s i c a l  s t u d i e s  o f  Overton (1901) and Meyer and Hemmi (1935) show 

t h a t  the  po tenc ies  o f  the  d i f f e r e n t  genera l  d e p re s s a n t s  in vivo c o r r e l a t e
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well with t h e i r  a b i l i t y  to  d i s s o l v e  in  a l i p i d  phase.  These au thors  

proposed t h a t  equal degrees  of  n a r c o s i s  a r e  ob ta ined  when equal con­

c e n t r a t i o n s  o f  the  genera l  dep re s s an ts  a r e  p r e s e n t  in  the  l i p i d  phase o f  

the b i o l o g i c a l  system. I t  has a l s o  been proposed t h a t  equal degrees o f  

n a r c o s i s  occur  when an equal volume f r a c t i o n  o f  the  c e l l  membrane i s  

occupied by the  dep re s san ts  (M ul l ins ,  1954).  Several  s t u d i e s  have 

shown t h a t  t h e r e  i s  a good c o r r e l a t i o n  between the  n a r c o t i c  a c t i v i t y  of  

the  genera l  dep re s s an ts  (which inc lude  e thanol  and o t h e r  a l c o h o l s )  and 

the  f r e e  energy o f  abso rp t ion  o f  th e se  compounds t o  a l i p i d  phase 

(Fergunson,  1939; Brink and Pos te rnak ,  1948; Schneider,  1968).

P ro te in s  have a l i p o p h i l i c  core in which e thanol  could a l s o  be 

s o l u b i l i z e d ,  thus  changing the  m olecu la r  c h a r a c t e r i s t i c s  o f  the  p r o t e i n .  

In f a c t ,  some s tu d i e s  have sugges ted t h a t  t h e r e  i s  a good c o r r e l a t i o n  

between a n e s t h e t i c  p r o p e r t i e s  and the  a b i l i t y  o f  the  de p re s s a n t s  t o  bind  

to  p r o t e i n s  and to a l t e r  t h e i r  molecu la r  s t r u c t u r e  (Balasubramanian and 

Wet laufe r ,  1966; Schoenborn and F e a th e r s to n e ,  1967; Schoenborn,  1968).

Another p ro p e r ty  shared  by most genera l  d e p r e s s a n t s ,  inc lud ing  

e t h a n o l ,  i s  t h e i r  a b i l i t y  t o  inc re a s e  the  s t a b i l i t y  o f  m i c r o c r y s t a l s  of  

hyd ra te s  so as  t o  permit  them to be formed a t  tempera tu res  c lo s e  to  

phy s io lo g ica l  tempera tures  ( M i l l e r ,  1961; Pau l ing ,  1961). Pauling (1961) 

sugges ts  t h a t  molecules such as e thanol  may become p a r t  of  the  hydrogen- 

bonding framework o f  l a t t i c e  s t r u c t u r e s  In c e l l u l a r  w a te r ,  where they  

might  f i l l  spaces in a c r y s t a l  framework and the reby  have a s t a b i l i z i n g  

a c t i o n  o f  Van der Waa ls -type .  This  i n t e r a c t i o n  with  wate r  molecules 

imposes a s t a t e  o f  r i g i d i t y  t h a t  i n t e r f e r e s  with  nonnal c e l l  fu n c t i o n .
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P a u l i n g ' s  hypothes i s  can be l i n k e d  with  the  membrane th e o ry .

M i l l e r  (1961,  1968) has independen tly  proposed an analogous hypo thes i s  

which a l s o  assumes a s t a b i l i z a t i o n  of  a w ate r  l a t t i c e  around p r o t e i n s  and 

and s u r face  s t r u c t u r e s .  I t  i s  i n t e r e s t i n g  t h a t  e x a c t ly  oppos i te  conclu­

s ions  with  r e s p e c t  to  the i n t e r a c t i o n  of  e thano l  with  wate r  molecules has 

been der ived  from ano the r  hypothes i s  t h a t  i s  based on L i n g ' s  t h e o r i e s  

(1962) concerning th e  physical  s t a t e  o f  l i v i n g  m a t t e r .  According to  h i s  

t h e o r i e s ,  n a r c o s i s  would depend on d i s o r d e r in g  the  p r o t e i n - s t a b i l i z e d  

w a te r  l a t t i c e  s t r u c t u r e  o f  the  cytoplasm,  r a t h e r  than a f u r t h e r  in c re ase  

in  s t a b i l i z a t i o n  (Fen iche l  and Herowi tz,  1963).

Among a t tempts  t o  o b ta in  suppor t  f o r  the  P a u l in g -M i l l e r  hypothes i s  

i s  a s tudy conducted by Ludmer and S a b e l l i  (1968) which involved experiments 

with  e th a n o l .  I t  was found t h a t  when o rd in a ry  w ate r  medium was rep laced  

with  heavy wate r  con ta in in g  deuter ium, the nunber o f  toad s c i a t i c  nerves  

blocked by ethanol  a t  given c o n c e n t ra t io n s  was reduced.  However, t h i s  

e f f e c t  may have r e s u l t e d  from the lower molecular  m o t i l i t y  d i s t i n g u i s h i n g  

D2 O from HgO (Wal lg ren ,  1970) and thus  t h i s  phenomenon may be r e l a t e d  to  

t h e  a n t a g o n i s t i c  e f f e c t  o f  cool ing  on e t h a n o l ' s  a c t i o n .  There fore  no c l e a r  

evidence was ob ta ined  f o r  o r  a g a i n s t  the  P au l in g -M i l l e r  h y p o th e s i s .  There 

i s  some evidence which suppor ts  the  i n t e r a c t i o n  of  a lcoho ls  w ith  non-po la r  

membrane c o n s t i t u e n t s  r a t h e r  than v i a  hydrogen-bonding in the  wate r  l a t t i c e .  

Schneider  (1968) c a l c u l a t e d  the  apparen t  f r e e  e n e rg i e s  of  t h e  binding  of  

methylene groups o f  a l c o h o l s  to  membrane s i t e s  in a n e s t h e t i c  systems.  The 

r e s u l t s  sugges t  t h a t  the a l coho ls  were i n t e r a c t i n g  with n o n -p o la r  groups .  

However, t h e i r  experiments  d id  not  d i s t i n g u i s h  between i n t e r a c t i o n  with
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l i p i d s  or  with  n o n -p o la r  m o ie t i e s  of  membrane p r o t e i n s .  Schneider  (1968) 

sugges ts  t h a t  i f  p r o t e i n s  a re  involved they may be sub jec ted  to  con­

format ional  changes when the  alcohol  i s  bound. Kwant and co-workers 

(1969) a l s o  ob ta ined  evidence  t h a t  a l coho ls  a re  bound to  hydrophobic s i t e s .

These a c t i o n s  o f  a lcohol  on p o la r  and non -po la r  c o n s t i t u e n t s  o f  

membranes may p la y  a prominent  r o l e  in  th e  mechanism o f  ac t io n  o f  ethanol  

in the  in vivo s i t u a t i o n .  In a d d i t i o n ,  as the  n a tu re  o f  b io l o g i c a l  mem­

branes i s  im por tan t  t o  our unders tanding  the fu n c t io n in g  o f  c e l l s  and the  

p rocesses  t h a t  m a in ta in  them, such as wate r  and s o l u t e  t r a n s f e r ,  e thanol  

may se rve  as a usefu l  'pharmacologica l  probe '  in he lp ing  e l u c i d a t e  the 

mechanisms o f  a c t i o n  o f  the se  p rocesse s .

The fundamental u n i t  o f  l i v i n g  t i s s u e  i s  the c e l l .  In r e c e n t  yea r s  

i t  has become p l a in  t h a t  one c e l l u l a r  component, the membrane, p lays  a 

c ru c i a l  r o l e  in almost  a l l  c e l l u l a r  a c t i v i t y .  Cytoplasmic membrane, the  

o u t e r  envelope surrounding  the c e l l ,  a c t s  to  r e g u la t e  th e  i n t e r n a l  e n v i ro n ­

ment o f  th e  c e l l  and t o  t r a n s p o r t  subs tances  i n t o  and o u t  of  i t .  For many 

y e a r s ,  t h e o r i e s  about b io l o g i c a l  membranes have been dominated by the  con­

c e p t  o f  the  u n i t  membrane and the  Davson and D a n ie l l i  model (1952) .  Ac­

cording  to  t h i s  concept  the membrane c o n s i s t s  o f  a double l a y e r  o f  l i p i d s  

covered by p ro t e i n  molecules.  The l i p i d s  a re  o r i e n t e d  such t h a t  the  hydro­

p h i l i c  groupings  face  the  e x t e r i o r  combining with  the  a s s o c i a t e d  p ro t e i n  

molecu le s .  Other  models have s ince  been proposed which inc lude  a mosaic 

type o f  s t r u c t u r e  with  a mi c e l l a r  arrangement o f  l i p i d  components a l t e r n a t i n g  

with l i p o p r o t e i n - p r o t e i n  molecu les ,  and with high m o lecu la r  po ly sacc ha r ide s  

in  some membrane ty p e s .  However, the presence  o f  v a r io u s  l i p i d s  i s  s t i l l



5

cons idered  very im por tan t .  I n t e r a c t i o n  with  l i p i d s  th us  remains 

a p o s s i b l e  mechanism of e t h a n o l ' s  a c t io n  in  a d d i t i o n  to  any e f f e c t s  on 

p o la r  c o n s t i t u e n t s  o f  membrane p r o t e i n s .

The a b i l i t y  o f  e thanol  to  c ro s s  the  plasma membrane o f  c e l l s  and 

a l t e r  t h e i r  pe rm e a b i l i ty  and e x c i t a b i l i t y  i s  well known. According to 

Knutsson (1961) von Hunboldt in 1797 found t h a t  the  e x c i t a b i l i t y  o f  

f r o g -n e rv e  muscle p r e p a r a t i o n s  was in c re a s ed  by low co n c e n t r a t i o n s  o f  

e t h a n o l .  Nineteenth  cen tury  s t u d i e s  dem onst ra t ing  such changes in e x ­

c i t a b i l i t y  inc lude  those  by Biedermann (1881) and Efron (1885) ( c i t e d  

acc .  to  Larabee and P os te rnak ,  1952) on motor nerve f i b e r s ,  and by 

Blumenthal (1896) on frog muscle.  Although e t h a n o l ' s  a c t io n s  on the  

c e n t r a l  nervous system has been ap p re c ia te d  f o r  s eve ra l  m i l l e n i a ,  

i t s  mechanism o f  ac t io n  on t i s s u e s  remains obscure .  I t  i s ,  indeed ,  un­

c e r t a i n  whether  i t s  a b i l i t y  to  a l t e r  c e l l  p e r m e a b i l i t y  r e f l e c t s  i t s  

pharmacological  a c t i o n s  in the  body, e s p e c i a l l y  s ince  the c o n c e n t r a t io n s  

t h a t  a re  used in v i t r o  u s u a l l y  f a r  exceed th ose  t h a t  a re  c o n s i s t e n t  with 

the s u rv iva l  of  an i n t a c t  animal.  I t  i s ,  however,  i n t e r e s t i n g  t h a t  many 

t i s s u e s  in  v i t r o  can w i th s tand  exposure to  high  c o n c e n t r a t i o n s  o f  e t h a n o l .  

Under such c o n d i t io n s  the p e rm e a b i l i ty  o f  c e l l s  has been shown t o  be 

a l t e r e d .  I t  has thus  been found t h a t  in f rog motor nerves  e t h a n o l ,  in 

c o n c e n t r a t io n s  from 0.1% to  5%, lowers th e  e x c i t a b i l i t y  t h r e s h o ld  to  

d i r e c t  e l e c t r i c a l  s t im u la t i o n  (Lucas,  1913; Klensch,  1949). Concen t ra t ions  

o f  5 to  15% ethanol  t r a n s i e n t l y  inc re a s e  e x c i t a b i l i t y  and then  p r o g r e s s iv e ly  

decrease  i t  (Lucas,  1913; Handovosky and Z ac h a r ia s ,  1924; Klensch,  1949). 

However, th e se  high c o n c e n t r a t i o n s ,  al though i n s u l t i n g  to  the  t i s s u e ,  do
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no t  cause i r r e v e r s i b l e  damage. Thus, th e  nerve-b lock  induced by a 15% 

ethanol  s o l u t i o n  i s  r a p i d l y  reversed  by washing w i th  R in g e r ' s  s o lu t i o n  

(Klensch,  1949). Concen t ra t ions  above 15% r a p i d l y  block conduct ion  but  

even t h i s  e f f e c t  i s  r e v e r s i b l e  a t  c o n c e n t r a t i o n s  as high as 25 and 40% 

(Danilewsky and P e r ich a n jan z ,  1925; Klensch,  1949).

As the  in vivo phy s io lo g ica l  con c e n t ra t i o n  f o r  s u rv iva l  in man i s  

below 0.5%, the se  ranges of  co n c e n t r a t i o n s  of  e thanol  mentioned above 

r e p r e s e n t  in v i t r o  pharmacological  doses .  However, each t i s s u e  appears 

t o  have d i f f e r e n t  to l e r a n c e  l e v e l s  f o r  ethanol  t o x i c i t y .  I t  i s  p o s s i b l e ,  

t h a t  under in v ivo c o n d i t io n s  in man, t h a t  some t i s s u e s ,  f o r  in s t a n c e  b ra in  

c e l l s ,  may have a lower to l e r a n c e  leve l  t o  e thanol  and may th us  p lay  a 

de te rmining r o l e  as to  the  minimum c o n ce n t ra t io n  th re s h o ld  f o r  s u r v i v a l .

Recen t ly ,  the  mechanism of e t h a n o l ' s  a c t io n s  have been a t t r i b u t e d  to  

m e tabo l ic  e f f e c t s ,  such as a l t e r i n g  the  a c t i v i t y  o f  e s s e n t i a l  enzyme systems.  

I t  has been sugges ted ,  t h a t  alcohol  may a f f e c t  a c t i v e  t r a n s p o r t  p rocesses  

in many t i s s u e s  by an a c t io n  o f  the  membrane-bound enzyme Na+ and K+ 

a c t i v a t e d  ATPase ( I s r a e l  e t  al_., 1965; I s r a e l  e t^a l_ . , 1971; Hegyvary, 1973) 

and t h i s  may r e f l e c t  th e  a l t e r e d  e l e c t r i c a l  behav io r  t h a t  has been observed 

in nerve and muscle as well as e p i t h e l i a l  membranes. The Na+ -  K+ 

a c t i v a t e d  ATPase was f i r s t  d esc r ibed  by Skou (1957) .  I t  has p r o p e r t i e s  

t o  be expec ted  o f  a system a c t i v e l y  moving c a t i o n s  ac ro ss  c e l l u l a r  membranes 

and has been used e x t e n s i v e l y  as a "model" system fo r  biochemical  s t u d i e s  

on ion t r a n s p o r t  (Skou, 1965; A lbe rs ,  1967; Schwartz,  Lindenmayer and 

A l len ,  1975).



J a r n e f e l t  (1961) showed t h a t  e thanol  i n h i b i t s  b r a in  Na+-K+- ATPase 

in  v i t r o . A number of  workers have sugges ted  t h a t  i n t e r a c t i o n  o f  the  

drug with  the  enzyme in  vivo may be p a r t i a l l y  r e s p o n s ib l e  f o r  the  

e f f e c t s  o f  ch ron ic  e thanol  a d n i n i s t r a t i o n .  I s r a e l  and co-workers (1965) 

found p a r t i a l  i n h i b i t i o n  by n o n - l e t h a l  c o n c e n t r a t i o n s  o f  e thano l  in p r e ­

p a ra t i o n s  from r a t  and gu inea -p ig  b ra in  and from ee l  e l e c t r o p l a q u e  

t i s s u e .  They found t h a t  the  e f f e c t  o f  e thanol  was com pe t i t ive  w ith  po­

t a ss ium ,  but  n o t  with  sodium. With r a t s  in v i v o , i n j e c t i o n  o f  p o t a s ­

sium c h lo r id e  c o u n te r a c te d  the  i n t o x i c a t i n g  e f f e c t  o f  e thano l  ( I s r a e l -  

J aca rd  and K a lan t ,  1965).

I s r a e l  - J a c a r d  and Kalant  (1965) a l s o  s tu d ie d  re -accumula t ion  of 

potassium in s l i c e s  of  gu inea -p ig  ce re b ra l  c o r te x  dep le ted  o f  potassium 

in  the  p r e p a r a t i o n  phase.  The in c uba t ion  tem pera tu re  was 37°C and the  

i n i t i a l  c o n c e n t r a t i o n  o f  e thanol  was 0.4%. Some e thanol  must have been 

l o s t  dur ing  incuba t ion  s ince  a gas m ix ture  was bubbled through the  

inc uba t ion  medium. This r e l a t i v e l y  low c o n c e n t r a t i o n  o f  e thanol  caused 

approxim ate ly  50% i n h i b i t i o n  of  potassium re -accum ula t ion .  In co n d i t io n s  

s i m i l a r  to  those  de s c r ib e d  by I s r a e l  et_ al_ (1965) ,  Wallgren (1970),  was 

unable t o  d e t e c t  an e f f e c t  o f  0.4% e thanol  on potassium re -accum ula t ion .  

In none o f  the  s t u d i e s  j u s t  c i t e d  was t h e  p as s ive  e f f l u x  o f  potassium in 

t h e  d e p le t io n  per iod  a f f e c t e d  by e t h a n o l .  The r e s u l t s  o f  I s r a e l  e t  al 

(1965,  1966) sugges t  t h a t  a c t i v e  c a t i o n  t r a n s p o r t  may be a means by way 

ethanol  a c t s  in v i v o . However, t h e r e  a re  some problems to  r e c o n c i l e  i f  

ethanol  a c t s  in i n h i b i t i n g  a c t i v e  ca t io n  t r a n s p o r t  by an a c t io n  on t h e
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ATPase. Ethanol has no e f f e c t  on u n s t im u la ted  ce reb ra l  t i s s u e s  and in 

a d d i t io n  e thanol  e f f e c t s  ion t r a n s p o r t  only in s e l e c t e d  t i s s u e s .  Kalant  

and I s r a e l  (1967) in o r d e r  to  e xp la in  t h i s  response have in t roduced  a 

concept o f  a s a f e t y  f a c t o r ,  which im plies  t h a t  the t r a n s p o r t  system 

might become s e n s i t i v e  t o  i n h i b i t i n g  agen ts  on ly  when i t  i s  u t i l i z e d  c lo se  

t o  maximal c a p a c i t y .  Such an assumption i s  compatib le  with the  g r e a t e r  

s e n s i t i v i t y  of  e l e c t r i c a l l y  s t im u la t e d  than o f  uns t im u la ted  t i s s u e  t h a t  

has been found with  the a d m in i s t r a t i o n  o f  e t h a n o l .  These au thors  a l so  

sugges t  t h a t  al though g ross  a n a l y s i s  o f  t i s s u e  e l e c t r o l y t e  c on ten t  shows 

l i t t l e  e f f e c t  of  e t h a n o l ,  i n h i b i t i o n  of  a c t i v e  t r a n s p o r t  might  s t i l l  be 

impor tan t  in a l coho l - induc ed  dep res s ion  o f  nerve fu n c t i o n ,  because only  

a minute f r a c t i o n  o f  t o t a l  sodium might be involved  in the  very  rap id  

and loc a l  ion movements in nerve s t i m u l a t i o n .  This hypo thes i s  i s  however 

d i f f i c u l t  t o  r e c o n c i l e  with  the  f ind ing  t h a t  a l a rg e  p ropor t ion  o f  the  

ce reb ra l  potassium and sodium a re  involved  in the  response t o  e l e c t r i c a l  

s t im u la t io n  (Keesey and Wal lgren,  1965; Keesey et .  al_., 1965). Some 

o th e r  o b s e rv a t io n s  g ive  f u r t h e r  ev idence a g a i n s t  i n h i b i t i o n  o f  a c t iv e  

t r a n s p o r t  as  an importan t  c o n t r i b u t o r  to  the d e p r e s s a n t  ac t io n  of  e t h a n o l .  

Akera et^ al_ (1973) found t h a t  d e s p i t e  th e  development of  t o l e r a n c e  t o  the  

dep re s san t  e f f e c t s  o f  ethano l  on behav io r ,  n e i t h e r  the  Na+-K+ ATPase
3

a c t i v i t y  nor  the  H-ouabain b inding  in b ra in  homogenates o r  microsomal 

f r a c t i o n s  were a l t e r e d  dur ing t r e a tm e n t  o r  withdrawal p e r io d s .  With c a t  

b r a i n ,  Knox e £  al_ (1972) showed t h a t  ch ron ic  t r e a tm e n t  with e thano l  i n ­

duced small b u t  s i g n i f i c a n t  i n c r e a s e s  on Na+-  K+-ATPase a c t i v i t y  in the
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f r o n t a l  c o r t e x ,  a s s o c i a t i o n  c o r t e x  and the  hippocampus whereas o th e r  

reg ions  were u n a f fe c t e d .  Knutsson and Katz (1967) have a l so  demonstrated 

inc re ased  sodium p e rm e a b i l i ty  in  muscle f i b e r s  exposed to  e th a n o l .

B i t t a r  (1966) has re p o r te d  small and v a r i a b l e  e f f e c t s  of  e thanol  on 

sodium t r a n s p o r t  of  muscle f i b e r s  of  c rab .  Normally e l e c t r i c a l  s t imu­

l a t i o n  o f  c e re b ra l  c o r t e x  s l i c e s  causes n e t  lo s s  o f  potassium and an 

in c re a s e  in i n t r a c e l l u l a r  sodium, e v i d e n t l y  as a r e s u l t  o f  neural  a c t i ­

va t ion  (Keesey e £  a]_., 1965). This  response  to s t im u la t i o n  has been 

shown t o  be blocked by ethano l  (Wallgren e t  al_., 1974).  I n t e r e s t i n g l y ,  

the  e f f e c t  i s  l a r g e r  on n e t  accumulat ion o f  sodium than on potassium 

l o s s .  In a d d i t i o n ,  Carmichael and I s r a e l  (1975) have a l so  demonstrated 

a s i m i l a r  e f f e c t  o f  e thanol  on ion conductance r a t h e r  than on a c t i v e  

t r a n s p o r t .  I f  we regard  the n e t  changes as the  g ro s s  sum o f  a g r e a t  

number of  ind iv idua l  a c t io n  p o t e n t i a l s ,  t h e  r e s u l t s  f i t  in with  the 

f in d in g s  reviewed above concerning  the  e f f e c t  o f  e thanol  on changes 

in i o n i c  conductances c o n s t i t u t i n g  the  e x c i t a t i o n  cyc le  of  i s o l a t e d  

axons.  These o b s e rv a t io n s  suppor t  the  t h e o r i e s  which a t t r i b u t e  the 

d ep re s s an t  a c t io n  o f  ethano l  t o  a pr imary e f f e c t  on nerve c e l l  mem­

branes r a t h e r  than the  t h e o r i e s  which a t t r i b u t e  th e  e f f e c t  of  ethanol  

to  an i n h i b i t i o n  o f  enzyme and m e tabo l ic  systems.  I t  t h e r e f o r e  appears 

u n l i k e l y  t h a t  i f  a l t e r a t i o n s  in ion t r a n s p o r t  occur  in vivo as  a r e ­

s u l t  o f  chron ic  a d m in i s t r a t i o n  of  ethanol  t h a t  i t  i s  due t o  a s p e c i f i c  

e f f e c t  on Na+ -  K+ a c t i v a t e d  ATPase.

As s t a t e d  e a r l i e r ,  ethanol  can i n t e r a c t  w ith  th e  membrane components



o f  c e l l s  by a d i r e c t  physicochemical  i n t e r a c t i o n .  Ethanol molecule s ,  

by t h e i r  tendency to  assume p a r t i c u l a r  o r i e n t a t i o n  a t  l i p i d - w a t e r  i n t e r ­

faces  (Franks and Iv e s ,  1966),  may in f lu e n c e  charge d i s t r i b u t i o n  and i n t e r  

f e r e  with conformational  changes e s s e n t i a l  f o r  normal membrane fu n c t io n in g

Progress in our  knowledge about th e  e f f e c t s  o f  ethanol  w i l l  depend 

on th e  p rogress  in knowledge about membrane s t r u c t u r e  and fu n c t io n  in  the  

l i v i n g ,  i n t a c t  c e l l .  As th e  phys ica l  and chemical p r o p e r t i e s  of  e thanol  

a re  well known, i t  can se rve  as a use fu l  pharmacological tool  f o r  such 

ba s ic  i n v e s t i g a t i o n s  on th e  f u n c t io n in g s  o f  e p i t h e l i a l  membranes.

EPITHELIAL MEMBRANES

Our unders tand ing  o f  the  con t ro l  o f  w ate r  and ion movements ac ross  

mairrialian e p i t h e l i a  stems from the  e a r l y  ob s e rv a t io n s  o f  Claude 

Bernard (1859) ,  who recognized  t h a t  c e l l s  were bathed by a s p e c i f i c  

l i q u i d ,  11e m i l i e u  i n t e r i e u r ' ,  and t h a t  i t s  fu n c t io n  was to main ta in  a 

r e l a t i v e l y  c o n s ta n t  environment w i th in  which c e l l u l a r  func t ion  can 

take  p la c e .  Knowledge i n t o  the  con t ro l  o f  c e l l u l a r  r e g u la t i o n  in  the  

mammalian system have been ach ieved mainly th rough the i n v e s t i g a t i o n s  

o f  homologous and analogous r e g u l a t i o n s  of  o t h e r  s p e c i e s .  The con t ro l  

o f  wate r  and ion movements in mammals i s  r e g u la t e d  by the  processes  

o f  abso rp t ion  and e x c r e t i o n .  This  complex system of r e g u la t io n  i s  under 

th e  in f lu en ce  o f  s t e r o i d a l  hormones ( e . g .  a ld o s t e ro n e )  and the  neuro-  

Kypophysial hormones ( e . g .  v a s o p r e s s i n ) .  In mammals t h i s  r e g u la t i o n  i s
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s p e c i f i c a l l y  l o c a l i z e d  in the  kidney ,  however, in lower v e r t e b r a t e s  l i k e  

the  amphibians,  the con t ro l  i s  more genera l  and opera tes  over  the  e n t i r e  

s u r f a c e  o f  th e  body. At the  c e l l u l a r  le ve l  however, the o p e ra t i o n s  r e ­

main the same.

In o rd e r  t h a t  i t  may s u r v iv e ,  the  c e l l  must absorb ‘energy -g iv ing  

m a t e r i a l s ' ,  subs tances  such as g lucose  and oxygen,  and i t  must g ive  up 

p roduc ts  o f  me tabo lism, such as carbon d io x id e .  As i n d i c a t e d  e a r l i e r ,  

the  con t ro l  over  th e s e  and o t h e r  exchanges between the c e l l  and i t s  

env ironment,  such as s o l u t e s  and w a te r ,  i s  ex e rc i s e d  by th e  plasma mem­

brane  and i s  c o n t r o l l e d  by var ious  hormones. The i n t e g r i t y  o f  the  

e p i t h e l i a l  membrane i s  t h e r e f o r e  o f  major  importance f o r  th e s e  and 

o t h e r  exchanges between the c e l l  and i t s  environment to  occu r .  The 

s tudy  o f  th e  mechanisms o f  t r a n s p o r t  o f  s o lu te s  and water  ac ro s s  e p i ­

t h e l i a l  membranes and the p rocesses  t h a t  may a l t e r  t h e i r  p e r m e a b i l i t y ,  

such as hormones and d rugs ,  w i l l  add to  our b a s i c  unders tanding  o f  the  

p h y s io lo g ica l  r e g u l a t i o n  of  c e l l u l a r  fu n c t io n .

As i s  o f t e n  the  c a s e ,  the  unders tand ing  o f  th e  more p r i m i t i v e  systems 

can he lp  towards a b e t t e r  unders tanding  of  the  more h igh ly  evolved .  I t  

i s  with  t h i s  e x p e c t a t i o n  t h a t  the  p r e s e n t  i n v e s t i g a t i o n  has been d i r e c t e d  

t o  th e  s tudy o f  the  p e rm e a b i l i ty  p r o p e r t i e s  of  t h r e e  'model ' membrane 

sys tems:  t h e  amphib ian 's  s k in ,  b ladder  and o c u l a r  membrane ( t o a d ' s  l e n s ) .  

These e p i t h e l i a l  membranes were i n v e s t i g a t e d  as t o  the f a c t o r s  t h a t  may 

modify t h e i r  p e rm e a b i l i ty  with  a s p e c i f i c  emphasis on the mechanism by 

which ethanol  a l t e r s  t h e i r  pe rm e a b i l i ty  to  s o l u t e s  and w a te r .  As e thanol
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has well e s t a b l i s h e d  chemical and physical  p r o p e r t i e s  i t  may se rve  as a 

use fu l  tool  in  un rave l ing  the  compl ica ted  mechanisms whereby s o l u t e s  and 

w a te r  a re  t r a n s f e r r e d  ac ro s s  the se  e p i t h e l i a l  membranes, as well as  o f f e r i n g  

a p o s s i b l e  mechanism of  a c t io n  f o r  t t s  in vivo d e p re s s an t  e f f e c t s .

Amphibian e p i t h e l i a  func t ion  in  many r e s p e c t s  l i k e  e p i t h e l i a  from 

o t h e r  v e r t e b r a t e s ,  inc lud ing  man. They show a n a t u r a l  d i v e r s i t y  in  t h e i r  

r o l e s  and f u n c t i o n s ,  and so provide severa l  models f o r  s tudying  the  

numerous p r o p e r t i e s  and mechanisms o f  wate r  and ion t r a n s p o r t  and p e r ­

m e a b i l i t y ,  along with  the  changes in th e s e  f u n c t i o n s  t h a t  a re  i n i t i a t e d  

by the  a c t io n  o f  hormones and d rugs .  The morphological  s i m p l i c i t y  o f  

amphibian sk in  and u r in a r y  b l a d d e r s ,  and th e  a b i l i t y  o f  th e s e  and o t h e r  

membranes, inc lud ing  the  t o a d ' s  l e n s ,  to  s u rv iv e  f o r  extended pe r iods  

in v i t r o  o f f e r  many advantages over  t h e  use o f  mammalian e p i t h e l i a ,  

e s p e c i a l l y  those  t h a t  a re  s i t u a t e d  in  r e l a t i v e l y  obscured p o s i t i o n s  

l i k e  the  kidney.  Such t i s s u e s  when bathed  by s u i t a b l e  s o lu t i o n s  can 

s t a y  a l i v e  f o r  many hours during which many o f  t h e i r  fu n c t io n s  are 

main ta ined  and can be s tu d ie d  under r i g i d l y  c o n t r o l l e d  c o n d i t i o n s .  One 

o f  the  most i n t e r e s t i n g  p r o p e r t i e s  o f  such e p i th e l iu m  i s  t h e i r  a b i l i t y  

to  promote transmura l  movements ( in  e i t h e r  d i r e c t i o n )  o f  s o l u t e s  such 

as Na+ , C l" ,  HCO^" and K+ as well as  c e r t a i n  d i v a l e n t  i o n s ,  energy 

s u b s t r a t e s  and w a te r .  These p rocesses  may be d i r e c t l y  l inked  to  th e  

metabolism o f  th e  c e l l  o r  r e l a t e d  t o  the  s p e c i f i c  s t r u c t u r a l  f e a t u r e s  

o f  th e  membrane which g ive s  i t  t h i s  p ro p e r ty .

One method by which p h y s i o l o g i s t s  and pharmacologis t s  s tudy  th e
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movements o f  ions  a c ro s s  e p i t h e l i a l  membranes i s  by s tudying th e  

e l e c t r i c a l  behav io r  o f  the  t i s s u e s .  The amphibian t i s s u e s  mentioned 

above o f f e r  an e x c e l l e n t  system f o r  s tudying  th e  e l e c t r i c a l  p r o p e r t i e s  

ac ro ss  e p i t h e l i a  membranes.

FROG SKIN

Amphibians have th e  c a p a c i ty  t o  absorb sodium from t h e i r  f r e s h ­

wate r  sur roundings  ac ros s  t h e i r  s k in .  The co n c e n t ra t i o n  of  sodium in 

th e  f r e s h - w a te r  i s  very  low while  t h a t  in th e  animals e x t r a c e l l u l a r  f l u i d  

i s  h igh ,  so t h a t  the  sodium t h a t  i s  absorbed moves a g a i n s t  a h igh  g r a d i e n t  

o f  c o n c e n t r a t i o n .  When an e l e c t r o d e  i s  placed under th e  sk in  and an o th e r  

in  the  w a te r ,  a p o t e n t i a l  d i f f e r e n c e  i s  measured ac ros s  the  s k i n ,  with 

th e  i n s i d e  being p o s i t i v e .  Thus the  t r a n s p o r t  o f  sodium i s  n o t  only 

occu r r in g  a g a i n s t  a c o n c e n t r a t i o n  g r a d i e n t  but  a l s o  a p o t e n t i a l  g r a d i e n t .  

In o rd e r  f o r  t h i s  p rocess  t o  occur  an expend i tu re  o f  energy  i s  needed 

and the  p rocess  i s  cons idered  to  be an a c t i v e  t r a n s p o r t  mechanism. The 

p o t e n t i a l  a c ro s s  the  f rog sk in  i s  c o n v e n t io n a l ly  s tu d ie d  by s t r e t c h i n g  

a p iece  o f  i s o l a t e d  sk in  a c ro s s  a hole  s e p a ra t i n g  two l u c i t e  chambers.

This method was f i r s t  de sc r ib e d  by Ussing and Zerahn (1951) .  T h e i r  

s t u d i e s  have l e f t  l i t t l e  doubt  t h a t  the  cause o f  the  p o t e n t i a l  i s  the  

a c t i v e  t r a n s p o r t  o f  sodium. The mechanism by which t h i s  occurs  i s  s t i l l  

no t  y e t  c l e a r ;  however,  i t  i s  g e n e r a l l y  b e l ieved  t h a t  th e  sodium ion forms 

a complex w i th in  the  sk in  (p o s s i b ly  a c a r r i e r )  and,  in t h i s  un ion ized  

form, i s  r a p i d l y  t r a n s f e r r e d  to  th e  i n s i d e  o f  the  skin  and s e t  f r e e  as
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an io n .  Unless a neg a t iv e  ion  i s  t r a n s p o r t e d  e q u a l ly  as r a p i d l y ,  

o r  t h e r e  i s  an exchange with  a p o s i t i v e  ion such as potassium on the  

o t h e r  s i d e ,  the  i n s id e  o f  the  skin w i l l  become p o s i t i v e .  Thus the 

r a p id  t r a n s p o r t  of  sodium ions  causes  t h e  i n s i d e  to  become p o s i t i v e  

up to  the  p o in t  where the  p o t e n t i a l  a c c e l e r a t e s  c h l o r i d e  ions  s u f ­

f i c i e n t l y  to  provide an equal number o f  sodium and c h lo r id e  ions pas ­

s ing  ac ro ss  the  skin  in u n i t  t ime .  As the  p o t e n t i a l  b u i ld s  up t o  i t s  

s t e a d y - s t a t e  v a lu e ,  nega t ive  ions w i l l  be a c c e l e r a t e d  more and more 

while  the  movement of  sodium ions w i l l  be d e c e l e r a t e d .  Based on t h i s ,  

i t  i s  reasonab le  to  assume t h a t  the  p o t e n t i a l  a c ros s  the  frog  skin  has 

been genera ted  by th e  a c t i v e  t r a n s p o r t  o f  sodium, whi le  the  movement 

o f  c h l o r i d e  and o th e r  an ions  might  well  be th e  p a s s ive  consequence 

o f  the  movement of  sodium. Ussing and Zerahn (1951) devised  a very 

ingenious  method f o r  s tudy ing t h i s  t r a n s p o r t .  They demonst ra ted  t h a t  by 

applying a coun te r  p o t e n t i a l  a c ros s  the  sk in  ( i j i  v i t r o )  so as t o  reduce 

th e  spontaneous p o t e n t i a l  d i f f e r e n c e  t o  z e r o ,  t h e r e  would be no fo rce  d r iv in g  

c h l o r i d e  from one s id e  o f  the  membrane to th e  o t h e r  (equal  co n c e n t r a t i o n s  

o f  s o l u t e  on both s i d e s  o f  the  membrane). The p o t e n t i a l  would presumably 

not  a l t e r  the a c t i v e  t r a n s p o r t  o f  sodium, i f  i t  was being t r a n s p o r t e d  as 

an un- ion ized  complex, so t h a t  the p o s i t i v e  charges  brought  to  the in s ide  

o f  the  frog skin  by the  sodium would be n e u t r a l i z e d  by e l e c t r o n s  provided 

by t h i s  ex t e rn a l  b a t t e r y .  The c u r r e n t  f lowing through t h i s  ex t e rn a l  c i r ­

c u i t ,  would be e q u i v a l e n t  to  the  ions c a r r i e d  by th e  a c t i v e  t r a n s p o r t  

mechanism. Ussing and Zerahn (1951) measured bo th :  t h e  amount o f  c u r r e n t
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t h a t  should be passed through the  skin to  cancel the  e l e c t r i c a l  p o t e n t i a l ,  

and the  n e t  f lu x  o f  sodiun measured a s  a d i f f e r e n c e  between th e  in f l u x  

and the  o u t f l u x ,  using i s o t o p i c  sodium. They demonstra ted t h a t  under 

s t e a d y - s t a t e  c o n d i t io n s  t h e r e  i s  a l a r g e r  inward than outward f l u x  o f  

sodium, thus  o r i g i n a t i n g  a n e t  i n f l u x .  In a d d i t i o n ,  the  charge moved 

per  u n i t  time by t h i s  n e t  f l u x  o f  sodium was equal  t o  the  observed c u r ­

r e n t  f lowing in  the ex te rna l  c i r c u i t .  In g e n e r a l ,  t h i s  s h o r t - c i r c u i t i n g  

techn ique  has been a p p l ied  to  the  s tudy  o f  many a c t i v e l y  t r a n s p o r t i n g  

sys tems,  and usefu l  in form ation  has been ob ta ined  regard ing  th e  ac tua l  

ion o r  ions  t h a t  are being a c t i v e l y  t r a n s p o r t e d .

The frog sk in  c o n s i s t s  of  a mul t i  c e l l u l a r  e p i t h e l i a l  s h e e t ,  however 

t r a n s - e p i t h e l i a l  t r a n s p o r t  b a s i c a l l y  r e f l e c t s  th ose  p rocesses  o p e ra t in g  

ac ross  ind iv idua l  c e l l  membranes in t h i s  system. Koefoed-Johnsen and 

Ussing (1958) have proposed a ' two-membrane' hypothes i s  to  e x p la in  t h i s  

phenomena observed in f rog  s k in .  This  model proposes t h a t  sodium f i r s t  

moves ac ro ss  a N a - s e l e c t i v e  b a r r i e r  i n t o  the  cytoplasm o f  th e  e p i t h e l i a l  

c e l l s  and then i s  a c t i v e l y  t r a n s p o r t e d  ac ro ss  the i n n e r  b a r r i e r  i n t o  the 

i n s i d e  s o l u t i o n .  This t r e a t s  the  e n t i r e  ep i the l ium  as a s i n g l e  g i a n t  c e l l ,  

w ith  an outward and inward f ac in g  membrane, both possess ing  t h e i r  own 

p e rm e a b i l i ty  and t r a n s p o r t  p r o p e r t i e s .  The p o t e n t i a l  ac ross  the  frog 

skin  can then be t h e o r e t i c a l l y  def ined  in terms o f  a s in g le  l a y e r  of  

e p i t h e l i a l  c e l l s  w ith  t h e i r  membranes fused l a t e r a l l y  t o  g ive  a seal p r e ­

ven t ing  s i g n i f i c a n t  d i f f u s i o n  o f  ions  between the  c e l l s .  Th is  can be seen
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with the  e l e c t r o n  microscope as a rea s  o f  t i g h t  ju n c t io n s  o f  the  most 

ap ica l  c e l l s  o f  the  e p i t h e l i a l  s h e e t ,  known as t h e  zona o c c lu d e n s , which 

would t h e r e f o r e  r e s t r i c t  exchanges t o  a pathway a c ro s s  the  c e l l  ( see  fo r  

in s t a n c e  Uss ing ,  Larsen and E r l i j ,  1974).  This p o t e n t i a l  ac ross  the  

f rog  skin has been a t t r i b u t e d  to two d i f f u s i o n  p o t e n t i a l s  (Koefoed-Johnsen 

and Uss ing ,  1952), a sod ium-poten t ia l  governed by the  high p e rm e ab i l i ty  

of  the  outward fac ing  membrane to sodium compared with  t h a t  to  anions such 

as c h l o r i d e ,  and a p o ta ss iu m -p o ten t ia l  due to  a high pe rm e a b i l i ty  to po­

tass ium by comparison to  an ions .  This  system i s  s t a b i l i z e d  by the  

a c t iv e  t r a n s p o r t  p ro cess .  I f  t h i s  t r a n s p o r t  i s  brought  about  by the  move­

ment of one sodium ion in one d i r e c t i o n  l inked  t o  the  movement of  one 

potassium in the  o t h e r  d i r e c t i o n ,  the  pump i t s e l f  would no t  c o n t r i b u t e  to  

the  p o t e n t i a l  and i s  cons idered  n e u t r a l .  However, r e c e n t  d a t a  sugges ts  

t h a t  the  coupl ing r a t i o  between sodium and potassium i s  n o t  u n i t y  (Bibe r 

e t  a K , 1972; Candia and Zadunaisky,  1972) and t h a t  the pump i s  e l e c t r o g e n i c .  

However, s ince  the  fu n c t io n  o f  the  a c t i v e  t r a n s p o r t  system i s  mere ly  to  

ma in ta in  the  leve l  of  sodium a t  a low va lue  w i th in  the c e l l  then the  magni­

tude o f  the  p o t e n t i a l  ac ross  the  frog s k in  would be independent  o f  the 

a c t i v e  t r a n s p o r t  o f  sodium. As long as th e  c o n ce n t ra t i o n  o f  sodium i s  

main ta ined  a t  t h i s  l e v e l ,  the  p o t e n t i a l  would depend p r im a r i l y  on the 

p e rm e a b i l i ty  c h a r a c t e r i s t i c s  o f  the c e l l  membranes, a high sodium p e r ­

m e a b i l i t y  o f  the  outward fac ing  membrane and a high  potassium p e rm e a b i l i ty  

of  the  inward f ac in g  membrane. In f a c t ,  the  t r a n s c e l l u l a r  t r a n s p o r t  of  

sodium ac ross  th e  sk in  i s  l a r g e l y  independent  o f  th e  p o t e n t i a l ,  so t h a t
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when d i f f e r e n t  sk in s  a re  compared,  l a r g e  v a r i a t i o n s  in p o t e n t i a l  may 

be found but  not  o f  sodium t r a n s p o r t .  Tn a d d i t i o n ,  the  p o t e n t i a l  a c ros s  

t h e  skin can be inc reased  by lowering the c e l l ' s  pe rm e a b i l i ty  t o  an ions ,  

e . g .  by t r e a t i n g  the  skin w i th  copper (Lyon, 1974),  o r  r ep la c in g  the 

permeant anion in  th e  o u t s id e  ba th ing  s o lu t i o n  with  a non-permeant anion 

(Huf,  1972; Cuthber t  e t  al_. , 1969). Such inc reases  in  p o t e n t i a l  a re  no t  accom­

panied by p a r a l l e l  changes in  the t r a n s p o r t  o f  sodium.

As s t a t e d  e a r l i e r ,  the  movement of  c h lo r id e  a c ro s s  frog sk in  i s  

thought to  involve  a pas s ive  phenomena. Koefoed-Johnsen,  Levi and Ussing 

(1952) e s t a b l i s h e d  the  s o - c a l l e d ,  ‘ independence r e l a t i o n s h i p ' ,  t o  d e t e r ­

mine i f  an ion moves p a s s i v e l y  or  a c t i v e l y .  I t  s t a t e s :  i f  an ion i s  no t

being a c t i v e l y  t r a n s p o r t e d ,  i t s  f l u x e s ,  de f ined  as th e  number o f  e qu iva ­

l e n t s  c ro s s in g  u n i t  a rea  o f  membrane in  u n i t  t ime ,  w i l l  be simply d e t e r ­

mined by the p o t e n t i a l  a c ro s s  i t ,  and the c o n c e n t r a t i o n s  on each s id e :

" in  / " o u t  " c in  /  co u t  exP"FE/ RT 

This may a l s o  be w r i t t e n

" in  / " o u t  = exp(E-Es )F/RT

where E i s  the  ac tua l  p o t e n t i a l  d i f f e r e n c e  ac ross  th e  membrane and E$ i s  

th e  equ i l ib r iu m  p o t e n t i a l  a p p r o p r i a t e  t o  the  p a r t i c u l a r  concen t ra t ion  

i n s i d e  and o u t s i d e ,  i . e . ,  E$ = RT/zF In  C^n /  C(Jut* By varying E, o r  

the  values  o f  and CQut e x p e r i m e n t a l l y ,  and measuring the f l u x - r a t i o s  

with  i s o t o p e s ,  i t  i s  p o s s i b l e  to  determine whether t h e  m igra t ion  of  a
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p a r t i c u l a r  ion i s  pass ive  o r  a c t i v e .  Koefoed-Johnsen and co-workers 

(1952) p u t  t h i s  t o  an experimental  t e s t  by measuring the  p o t e n t i a l  

d i f f e r e n c e  across  th e  i s o l a t e d  frog s k i n ,  t o g e th e r  with  th e  inward and 

outward f lu x e s  o f  c h lo r id e  ( Cl) .  The c a l c u l a t e d  f l u x - r a t i o s  agreed 

well with  those found,  so t h a t  i t  could  be concluded t h a t  th e  m igra t ion  

o f  c h l o r i d e  was, indeed ,  p a s s iv e .  An i n t e r e s t i n g  po in t  b rought  ou t  by 

t h i s  work was the o b se rv a t io n  t h a t  th e  h ighe r  the p o t e n t i a l  d i f f e r e n c e  

( p . d . )  a c ro s s  a g iven  s k in ,  the  lower were t h e  f luxes  o f  c h l o r i d e ;  as  

th e  au tho rs  poin ted  ou t ,  i f  the p .d .  was r e a l l y  due t o  a pr imary a c t i v e  

t r a n s p o r t  o f  Na+ , the  Cl" f l u x e s  would r e p r e s e n t  a p a r t i a l  s h o r t - c i r c u i t  

o f  the p . d . .  Thus a high ch lo r id e  f lu x  would mean t h a t  the  tendency fo r  

th e  Na+ and Cl" io n s  to  s e p a r a t e ,  on which the  p .d .  depends,  was sm a l l ,  

converse ly  a low c h lo r id e  f l u x  would lead  to  a l a r g e r  s e p a r a t io n  and a 

h ig h e r  p . d . .

Recen t ly ,  however, c h l o r i d e  t r a n s p o r t  in  frog  skin  under c e r t a i n  

c o n d i t i o n s ,  has been found t o  d ev ia te  from t h i s  independence r e l a t i o n s h i p .  

Zadunaisky,  Candia and Chia randini  (1963) ,  found an a c t i v e  t r a n s p o r t  o f  

c h lo r id e  in  the South American frog Lep todac ty lus  o c e l l a t u s , the  d i r e c t i o n  

o f  which was in t h e  same d i r e c t i o n  as the  a c t i v e  t r a n s f e r  o f  sodium ions .  

They a s t u t e l y  observed t h a t  the  n e t  f lu x es  o f  sodium were g r e a t e r  than  the 

observed s h o r t - c i r c u i t  c u r r e n t  (sec)  and upon measuring c h lo r id e  f lu x es  

found a n e t  t r a n s p o r t  of c h lo r id e  from o u t s id e  the frog sk in  to  i n s i d e .  

Jorgensen,  Levi and Zerahn (1954) a l s o  observed t h a t  f ro g s  which have been 

d e p le te d  o f  c h l o r i d e  a c t i v e l y  uptake t h i s  anion when i t  i s  r e i n s t i t u t e d
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in the ba th ing  media.  Recen t ly ,  Wat l ington and J e s se e  (1974,  1975) 

have demonstrated a c t i v e  c h l o r i d e  t r a n s p o r t  in  Rana p ip ien  sk in s  bathed 

in low c h lo r id e  s o l u t i o n s .  Like the South American f r o g ,  the  c h lo r id e  

t r a n s p o r t  was in the same d i r e c t i o n  as th e  a c t i v e  sodium pathway,  and 

thus would r e f l e c t  a lower see than t h a t  measured with  i s o t o p i c  sodium.

Another i n t e r e s t i n g  f e a t u r e  o f  the  r e l a t i o n s h i p  between t r a n s p o r t  

and the anions p r e s e n t  in the s o l u t i o n s  bath ing  the  e p i th e l i u m ,  i s  the  

f a c t  t h a t  the  r a t e  of  sodium t r a n s p o r t  i s  markedly dependent  on the 

anion s p ec ie s  in the  i n s id e  ba th ing  s o l u t i o n .  The most s t r i k i n g  e f f e c t  

found in the  skin  i s  t h a t  s u b s t i t u t i o n  o f  c h l o r i d e  by s u l f a t e  in i s o t o n i c  

s o l u t i o n s  leads  to  a marked d e p re s s io n  o f  t r a n s e p i t h e l i a l  t r a n s p o r t  

(C u thbe r t ,  P a in t e r  and P r in c e ,  1969; F e r r e i r a ,  1968; Huf, 1972).

T r a n s e p i t h e l i a l  t r a n s p o r t  o f  sodium can a l s o  be modif ied  by a 

number o f  drugs and hormones. One o f  the  most usefu l  pharmacological 

agents  in the  s tudy  o f  ion t r a n s p o r t  a c ro s s  f rog  s k i n ,  as well as toad 

b l a d d e r ,  i s  the  d i u r e t i c  am i lo r ide  ( see  f o r  i n s t a n c e  B en t ley ,  1968).

This d i u r e t i c  probably  a c t s  on the  o u t s id e  su r f a c e  o f  the  e p i t h e l i a l  

membrane by blocking  th e  e n t r y  of  Na i n t o  the  c e l l  (B ib e r ,  1971).

Apart from e x e r t i n g  i t s  e f f e c t s  from th e  o u t s id e  su r f a c e  o n ly ,  i t s  

speed o f  a c t i o n  i s  ex t remely  f a s t .  D i r e c t  measurements o f  Na uptake 

a t  the o u t e r  border  o f  the  e p i th e l i u m ,  by t r a c e r  methods, shows t h a t  

t h i s  process  i s  blocked when am i lo r ide  i s  added to  th e  o u t s id e  s o l u t i o n  

(B ibe r ,  1971; E r l i j  and Smith,  1973; Moreno ejt al_., 1973; Candia and 

Reinach,  1975). I t  has a l so  been shown r e c e n t l y  t h a t  a f t e r  c h e l a t i o n
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of  ca lc i im  in the o u t s id e  s o l u t i o n  the  i n h i b i t i n g  e f f e c t s  o f  amilo r ide  

on the  see  a re  s e v e r e l y  reduced o r  abo l i shed  (Cuthbert  and Wong, 1972).

An i n t e r e s t i n g  p o s s i b i l i t y  suggested  by th e s e  f in d in g s  i s  t h a t  am i lo r ide  

may combine with  calcium and form a t e r n a r y  complex with  the sodium 

t r a n s p o r t  s i t e s  in the  e p i t h e l i a l  membrane. This  f u r t h e r  implies  t h a t  

calcium may play  an e s s e n t i a l  r o l e  in  the  t r a n s p o r t  o f  sodium ac ross  

f rog  s k in .

Another very  i n t e r e s t i n g  c l a s s  o f  i n h i b i t o r s  o f  a c t i v e  t r a n s p o r t  

a r e  the c a r d i a c  g l y c o s i d e s ,  t y p i f i e d  by ouabain .  This  agent  i n h i b i t s  

the  ac t io n  o f  an enzyme i n t i m a t e l y  connected with the  a c t i v e  t r a n s p o r t  

o f  sodium and po ta ss ium,  namely ATPase, the  enzyme t h a t  conver t s  adenosine 

t r i p h o s p h a te  to  adenosine  d iphosphate  and w ate r .  There i s  more than one 

ATPase in  th e  c e l l ,  however t h i s  one i s  c h a r a c t e r i z e d  by the  f a c t  t h a t  

i t  i s  on ly  a c t i v e  i f  both  Na+ and K+ are  p r e s e n t  in the  medium; i t  i s  

known as the  Na-K a c t i v a t e d  ATPase. Ouabain i s  thought to  i n h i b i t  

t he  a c t i v i t y  of  the  enzyme by binding to  a phosphoryla ted  complex p r i o r  

t o  the  potassium binding  s t e p  and the reby  preven ts  enzyme a c t i v a t i o n  (see 

f o r  in s t a n c e  Schwartz e t  al_.» 1975).  This  i n h i b i t i o n  i s  r e f l e c t e d  as 

an in c re a s e  in i n t r a c e l l u l a r  sodium c o n ce n t ra t i o n  and a decrease  in 

po ta ss ium,  as would be expec ted  i f  the  pump was to  become in o p e ra t i v e  

(B ibe r ,  Cruz and Curran ,  1972).

The pharmacological  use o f  am i lo r ide  and ouabain,  has helped in 

e l u c i d a t i n g  the  mechanism o f  ac t io n  o f  many o th e r  drugs  on sodium t r a n s ­

p o r t  p rocesses  a c ro s s  f rog sk in  and o th e r  e p i t h e l i a l  membranes, p a r t i c u ­

l a r l y  as t h e i r  e f f e c t s  a re  well  documented and they both appear to  

a f f e c t  d i f f e r e n t  s i t e s  o f  t h i s  t r a n s p o r t  system.
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In h ighe r  an im als ,  such as man, the a b i l i t y  t o  con t ro l  the  wate r  

con ten t  o f  t h e i r  bodies i s  an im por tan t  process  f o r  the r e g u la t io n  o f  

normal c e l l u l a r  f u n c t i o n .  This t a s k  i s  r o u t i n e l y  main ta ined  by the  

k idneys ,  in  which the  t u b u l a r  e p i th e l iu m  o f  the nephron has the  capa­

b i l i t y  o f  reabsorb ing  s o l u t e s ,  such as sodium and c h l o r i d e ,  w i thou t  the  

concomitant  r e ab s o rp t io n  o f  w a te r .  In the  absence of  the  neurohypophysial 

hormone v a s o p r e s s in ,  under normal hydra ted  c o n d i t i o n s ,  the  ep i the l ium  o f  the 

ascending l imb,  d i s t a l  segment and c o l l e c t i n g  tubu le  becomes r e l a t i v e l y  

impermeable to w a te r .  This  r e s u l t s  in a d i l u t e  u r in e  being exc re ted  and 

thus  r i d s  the  animal o f  excess w a te r .  During extreme per iods  o f  water  

d e p r i v a t i o n ,  v a s o p re s s in  i s  s e c r e t e d  from the neurohypophysis  in to  the 

c i r c u l a t i o n  and m od i f ie s  the  p e rm e a b i l i ty  p r o p e r t i e s  o f  the  ep i the l ium  

in  the d i s t a l  p o r t i o n s  of  th e  nephron and wate r  i s  reabsorbed ,  so t h a t  

i t s  c o n ten t  in t h e  animal can be p re se rved .

Because o f  the  t e c h n ic a l  problems in t r y in g  t o  work ou t  the  mechanisms 

whereby neurohypophysial  hormones modify th e  p e rm e a b i l i ty  p r o p e r t i e s  of  

renal  t u b u l a r  ep i th e l iu m  o f  the mammalian kidney,  i n v e s t i g a t o r s  have sought 

more a c c e s s i b l e  t i s s u e s .  The t o a d ' s  u r in a r y  b la d d e r ,  Bufo m ar inus , has 

proven t o  be an in v a lu a b le  tool  f o r  unders tand ing the  mechanisms o f  wate r  

t r a n s p o r t  and i t s  r e g u la t i o n  by v a s o p r e s s in ,  as well  as  adding t o  our 

knowledge o f  o t h e r  r e l a t e d  membrane phenomena.

In th e  t o a d ,  the  f u n c t i o n s  ass igned  in  mammals t o  the  ep i th e l iu m  of  

t h e  d i s t a l  p o r t i o n s  o f  th e  nephron a re  served as well  by th e  u r in a r y
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b la d d e r .  The fu n c t io n a l  p r o p e r t i e s  o f  t h i s  t i s s u e  which are o f  i n t e r e s t  

to  p h y s io lo g i s t s  and pharmaco logist s  a r e :  a) I t s  a b i l i t y ,  s e l e c t i v e l y

and a c t i v e l y ,  to  t r a n s p o r t  sodium from the  u r in a r y  (mucosal) s u r face  to  

the body f l u i d  o r  s e rosa l  s u r f ace  (Lea f ,  Anderson and Page,  1958).  

b) I t s  respons iveness  to  a n t i d i u r e t i c  hormone (vasop res s in )  in v i t r o , 

which i s  c h a r a c t e r i z e d  by a s t im u la t i o n  o f  sodium t r a n s p o r t  ( the  n a t r i f e r i c  

response) (Leaf et .  al_., 1958) and a marked in c r e a s e  in bulk t r a n s p o r t  of  

wate r  from mucosal to  s e rosa l  s u r f a c e s  in  the  presence  o f  a t r a n s e p i t h e l i a l  

osmotic g r a d i e n t  ( the  hydro-osmotic e f f e c t )  (B en t ley ,  1958; Sawyer, 1960) 

as well as  inc re a s ing  the p e rm e a b i l i ty  to  some n o n - e l e c t r o l y t e s  (Leaf and 

Hays, 1961; P i e t r a s  and Wright ,  1975).  c) I t s  respons iveness  to  

a ld o s t e ro n e  in v i t r o , which i s  c h a r a c t e r i z e d  by an in c re ase  in t r a n s ­

e p i t h e l i a l  sodium t r a n s p o r t  (Crabbe,  1961; P o r t e r  and Edelman, 1964;

Sharp and Leaf,  1964).

Anatomically the  t o a d ' s  u r in a r y  b ladder  i s  m orpholog ica l ly  s impler  

than the  f r o g ' s  s k in .  I t s  f i n e  s t r u c t u r e  has been desc r ibed  in a de ­

t a i l e d  microscopic  s tudy i n i t i a l l y  by K e l l e r  (1960) and then by Peachy 

and Rasmussen (1961) and Choi (1963).  I t  c o n s i s t s  o f  a mucosal l a y e r  

o f  e p i t h e l i a l  c e l l s  one l a y e r  t h i c k ,  which can be s ep a ra ted  i n t o  two 

major morphological  c e l l  t y p e s ,  'm i to c h o n d r i a - r i c h '  c e l l s  and ' g r a n u l a r '  

c e l l s .  These c e l l s  r e s t  on a submucosa, which c o n s i s t s  mainly o f  co l lagen  

f i b e r s  in  a network o f  blood v e s s e l s  w i th  nerve and muscle bundles.

F i n a l l y ,  the  s e ro sa  c o n s i s t s  o f  a s imple l a y e r  o f  squamous c e l l s .  However, 

i t  i s  the  mucosal c e l l s  on the ap ica l  s id e  o f  the  b ladder  t h a t  i s  be l ieved  

to  p lay  a predominant  r o l e  in  t r a n s p o r t  ac ross  t h i s  e p i t h e l i a l  t i s s u e .
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As the b ladder  i s  cons idered  t o  be mainly  a s in g l e  l a y e r  o f  

mucosal c e l l s ,  i t  r e p r e s e n t s  a s imple system to  s tudy  transmura l  move­

ments o f  s o l u t e s  and w ate r .

The i s o l a t e d  toad  b la d d e r  t r a n s p o r t s  sodium a c t i v e l y  from the  

lun ina l  o r  mucosal s i d e  to  th e  se ro sa  or  blood s i d e .  This t r a n s f e r  

gene ra te s  an e l e c t r i c a l  p o t e n t i a l  d i f f e r e n c e ,  with the  se rosa  being 

p o s i t i v e .  Leaf ert al_ (1958) using th e  methods of  Ussing and Zerahn (1951),  

examined the  e l e c t r i c a l  p r o p e r t i e s  o f  the toad  b ladder  in v i t r o . By 

p la c ing  a p iece  o f  b la d d e r  (hemi-b ladder)  between two chambers c o n ta in ing  

R in g e r ' s  s o l u t i o n ,  th e  e l e c t r i c a l  p r o p e r t i e s  ac ross  the  toad b ladder  

can be measured.  Leaf  et .  a l  (1958) demonst ra ted ,  as Ussing and Zerahn 

(1951) did  f o r  f rog  s k in ,  t h a t  the n e t  t r a n s p o r t  o f  sodium ac ro s s  the  

b la d d e r ,  when measured with  la b e le d  sodium, was e q u i v a l e n t  to  th e  ob­

served  s h o r t - c i r c u i t  c u r r e n t  ( s e e ) .  They a l s o  showed t h a t  both  the  see 

and the  n e t  sodium t r a n s p o r t  i s  inc reased  by the neurohypophysial  hormone 

v a s o p re s s in .  The see i s  t h e r e f o r e  a good i n d i c a t o r  o f  sodium t r a n s p o r t  

in th e  toad  b l a d d e r ,  and has been used by a number of  o t h e r  i n v e s t i g a t o r s  

f o r  t h i s  purpose (B en t ley ,  1960; Crabbe,  1961; O r lo f f  and Handler ,  1962; 

Green and Mat ty ,  1963; Finn ,  1968).  I t  i s  g e n e r a l l y  be l ieved  t h a t  t h i s  

i n c re a s e  in sodium t r a n s p o r t  induced by vasopress in  r e s u l t s  from a com­

ple x  s e r i e s  o f  changes,  which inc ludes  the  a c t i v a t i o n  o f  adenyl cyc la se  

and the  fo rmat ion o f  cyclic-AMP ( O r l o f f  and Handler ,  1967) and an inc reased  

p e rm e a b i l i ty  of  the  c e l l  membrane a t  the  mucosal s u r face  of  the  c e l l
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(Civan and F r a z i e r ,  1968).  This  would g ive  r i s e  to  an in c re a s e  in th e  

amount of  sodium in the  t r a n s p o r t  compartment de r ived  from t h e  o u ts id e  

s o l u t i o n .  However, a t tem pts  to  ob ta in  evidence in suppor t  o f  t h i s  

by measuring sodium in  the  e p i t h e l i a l  c e l l s  have r e s u l t e d  in  c o n t r a d i c ­

t o r y  f i n d i n g s .  Handler ,  Pres ton and O r l o f f  (1972) and MacKnight, Leaf 

and Civan (1971) have demonstrated an in c re a s e  in i n t r a c e l l u l a r  sodium 

coming from t h e  o u t s id e  s o l u t i o n ,  whereas Lipton and Edelman (1971) 

could not  d e t e c t  any s i g n i f i c a n t  change in  ion composi t ion .  This 

l a t t e r  group o f  i n v e s t i g a t o r s  agree  t h a t  va so p re s s in  s t im u la t e s  sodium 

movements a c ro s s  the o u t e r  border  o f  the e p i t h e l i a l  c e l l .  However, t h e y  

a l s o  sugges t  t h a t  the  hormone may have as an a d d i t i o n a l  e f f e c t  the s t i ­

m ula t ion  of t h e  'Na-pimp'  a t  the  se rosa l  s id e  o f  t h e  e p i th e l i u m ,  i n ­

dependen tly  o f  changes in i n t r a c e l l u l a r  sodium. Some evidence in f a v o r  

of  t h i s  hypo thes i s  has been ob ta ined  by JanaEek and Rybova (1967) on 

f ro g  u r in a r y  b l a d d e r s ,  who showed an in c re a s e  in e f f l u x  of  sodium even when 

the b ladders  were e q u i l i b r a t e d  with  mineral  o i l  on t h e  mucosal s ide 

and would presumably have no sodium a t  t h i s  s u r f a c e .  In a d d i t i o n ,  Finn 

(1968) demonstrated t h a t  a f t e r  loading toad  u r in a ry  b ladder  c e l l s  w i th  

Na, i n  the p resence  o f  amphoter ic in  B, the  c e l l s  a r e  s t im u la ted  by v aso ­

p r e s s i n  to r e l e a s e  t h e i r  load.  However, th e  e f f e c t  on e f f l u x  of  sodium 

by v a sop re s s in  i s  d i f f i c u l t  to  s ep a ra t e  from e f f e c t s  on in c re a s in g  i n t r a ­

c e l l u l a r  sodium, as the  inc re a s e  in e f f l u x  may be a consequence of a 

h i g h e r  i n t r a c e l l u l a r  sodium c o n ce n t ra t i o n  r a t h e r  than  a s t im u la t io n  o f  

the  pump d i r e c t l y .  However, t h i s  ques t ion  s t i l l  remains to  be r e s o lv e d .
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As s t a t e d  e a r l i e r  mucosal c e l l s  can be s e p a ra ted  i n t o  two major 

c e l l  t y p e s ,  the m i to c h o n d r i a - r i c h  and g r a n u la r  c e l l s .  The g r a n u la r  c e l l  

i s  the predominant c e l l  type o f  the  toad  u r in a r y  b la d d e r  ep i th e l iu m  and i s  

e s t im a ted  to  r e p r e s e n t  from about  70% (Danon, Stum and Edelman, 1974) to  

83% ( K e l l e r ,  1963) of  those  c e l l s  forming the luminal s u r f ace  o f  the 

b la d d e r .  T h ere fo re ,  t h e r e  i s  a s t ro n g  p o s s i b i l i t y  t h a t  the se  two d iv e rs e  

c e l l  types  may d i f f e r  w i th  r e s p e c t  to  t h e i r  t r a n s p o r t  physio logy and /o r  

with  r e s p e c t  to  t h e i r  response  to  hormones. S co t t  and S a p i r s t e i n  (1974) 

have developed a techn ique  fo r  s e p a r a t i n g  the  two major c e l l  types  o f  

the  mucosal l a y e r  of  the  toad b la d d e r .  They demonstrated t h a t  neuro­

hypophysial  hormones in c re a s e  the  cyclic-AMP co n te n t  of  m i to ch o n d r ia - r ich  

c e l l s  whereas they  had no e f f e c t  on th e  g r a n u la r  c e l l s .  These au thors  

sugges t  t h a t  the  m i to c h o n d r i a - r ic h  c e l l s  may p la y  a predominant r o l e  in 

the  t r a n s p o r t  o f  sodium ac ross  the  toad  b la d d e r .  However, o t h e r  i n ­

v e s t i g a t o r s  (Peachy and Rasmussen, 1961; Dibona, Civan and Leaf,  1969; 

MacKnight, Leaf and Civan,  1971; Kachadorian,  Wade and DiSca la ,  1975) 

sugges t  t h a t  i t  i s  the  luminal  membrane o f  th e  g r a n u la r  c e l l  whose 

p e rm e a b i l i ty  i s  d r a m a t i c a l ly  in c re as ed  in response t o  the  hormone vaso­

p r e s s i n .  This d is c repancy  can be r e c o n c i l e d  i f  we c o n s id e r  t h a t  the 

i n i t i a l  response  to  the  hormone a f f e c t s  the  m i to c h o n d r i a - r i c h  c e l l  and 

t h a t  e i t h e r  cyclic-AMP o r  some o t h e r  chemical messenger v ia  a c e l l  

communication p rocess  a l t e r s  the  p e rm e a b i l i ty  c h a r a c t e r i s t i c s  o f  the 

g r a n u la r  c e l l  to  b r ing  about  the f i n a l  response .  F u r th e r  i n v e s t i g a t i o n s  

as to p o s s ib le  communication p rocesses  in toad  b ladder  i s  needed before
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a c l e a r  answer as t o  which c e l l  types  are  involved  in  the hormonal 

response i s  o b ta in e d .

In the  presence  o f  an osmotic g r a d i e n t ,  the  toad  u r in a r y  b ladder  a l s o  

t r a n s f e r s  wate r  from i t s  lumen to blood s i d e ,  and has been he lp fu l  in 

e l u c i d a t i n g  the  mechanisms whereby neurohypophysial hormones r e g u la te  

t h i s  p rocess .  An i s o l a t e d  p r e p a ra t io n  o f  the  amphibian b ladder  to  

f a c i l i t a t e  t h e  s tudy  o f  t h i s  e f f e c t  has been desc r ibed  by Bent ley  (1958).

A lobe o f  the b la d d e r  i s  t i e d  t o  th e  end o f  a g l a s s  t u b e ,  with  the 

mucosal s i d e  f a c i n g  inwards.  The b la d d e r  i s  f i l l e d  with  a d i l u t e d  

Ringer s o l u t i o n  and p laced  in  a t e s t  tube  con ta in ing  a e ra ted  Ringers .

As wate r  t r a n s f e r  takes  p lace  from luminal to  blood s id e  i t  can be 

measured g r a v i m e t r i c a l l y .

Much ev idence  has accumulated t h a t  v a s o p re s s in ,  which in c re a s e s  the  

t r a n s p o r t  o f  w a te r  a c ro s s  t h i s  t i s s u e ,  does so by a f f e c t i n g  a p e rm e a b i l i ty  

b a r r i e r  l o c a t e d  in  o r  near  the  plasma membrane a t  the  ap ica l  s u r f a c e  o f  the 

mucosal c e l l s  (Civan and F r a z i e r ,  1968; Dibona, Civan,  and Leaf ,  1969; 

MacKnight, Leaf and Civan,  1971).  The t r a n s p o r t  o f  wate r  ac ros s  t h i s  

t i s s u e  i s  a p a s s iv e  p rocess  d r iven  by the  osmotic g r a d i e n t  c r e a te d  

ac ross  the  e p i th e l iu m  and p ro p o r t i o n a l  to  i t  (Hays and Leaf ,  1962).

With a d i l u t e  mucosal medium very l i t t l e  n e t  t r a n s p o r t  of  w a te r  occurs  

u n t i l  a n t i  d i u r e t i c  hormone i s  added t o  the  s e ro s a l  s id e  whereupon l a rg e  

n e t  t r a n s f e r s  occu r .  Hays and Leaf (1962) have demonstrated t h a t  the  

c e l l s  o f  the  mucosal l a y e r  show no change in  volume when exposed t o  a 

d i l u t e  media (hypoton ic )  u n t i l  va so p re s s in  i s  added,  whereupon they  swell 

markedly concomitant  w i th  the  t r a n s p o r t  of  wate r  ac ross  t h i s  t i s s u e .
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I t  i s  g e n e r a l l y  be l ieved  t h a t  the  osmotic f low o f  w ate r  ac ross  e p i t h e l i a l  mem­

b ran es ,  l i k e  toad u r i n a r y  b l a d d e r ,  occurs th rough aqueous channe ls  

(pores )  in  th e  c e l l  membrane (Pappenheimer, 1953).  The mechanism whereby 

v as o p re s s in  in c re a s e s  t h i s  osmotic flow through the se  channels  have 

fol lowed two schools  o f  thought .  One theory  known as the  'pore  e n l a r g e ­

ment'  hypo thes i s  i s  based on the  o b se rv a t io n s  o f  Koefoed-Johnsen and 

Ussing (1953).  According to  t h e i r  h y p o th e s i s ,  n e t  movement occurs  predomi­

n a n t ly  by bulk  f low in  aqueous pores through the  membrane r a t h e r  than  by 

d i f f u s i o n ,  and vasop res s in  in c re a s e s  the  n e t  t r a n s f e r  o f  w a te r  by e n ­

l a rg in g  th e  rad iu s  o f  ind iv idua l  pores .  These au thors  sugges t  t h a t  

neurohypophysial  hormones a l t e r  the  ap ica l  membrane from one con ta in ing  

many small pores to  one con ta in ing  fewer l a r g e r  ones .  L i t t l e  change 

in  a rea  o r  d i f f u s i o n  p e rm e a b i l i ty  would be c o n s i s t e n t  with  l a rg e  i n c re a s e s  

in  the  bulk  t r a n s f e r  o f  wate r  w ith  vaso p re s s in  accord ing  to  t h i s  hypo­

t h e s i s  o f  hormonal a c t i o n .  However, Hays and Leaf (1962) have c a l c u l a t e d  

the  mean pore r a d iu s  necessa ry  to  accomodate such bulk  t r a n s f e r s  o f  

w a te r .  T h e i r  c a l c u l a t i o n s  sugges t  t h a t  some 4% o f  t h e  s u r f a c e  i s  made up
O

o f  th e s e  pores having a mean pore r ad iu s  of  some 40 A. Such a s i z e  fo r  

a channel would be expected  to  be v i s i b l e  in e l e c t r o n  micrographs ,  however, 

none have been seen .  Add it ional  ev idence which i s  a g a i n s t  the  pore e n ­

largement  hypothes i s  has been ob ta ined  from M aff ly ,  Hays, Lamdin and 

Leaf (1960) and Leaf and Hays (1962).  According to  t h e i r  f i n d i n g s  t h e  

most s t r i k i n g  f e a t u r e  o f  the e f f e c t  o f  vasop res s in  on the  p e rm e a b i l i ty



28

o f  the  toad  b la d d e r  to  small molecu les  i s  i t s  s p e c i f i c i t y .  Only to  some 

m olecu les ,  such as uncharged amides and c e r t a i n  a l c o h o l s ,  i s  the  pe r ­

m e a b i l i t y  o f  the  toad b ladder  in c r e a s e d .  These compounds l i k e  w a te r ,  

p e n e t r a t e  the  b ladder  p a s s iv e l y .  However, the se  subs tances  mentioned 

a r e  capable of  hydrogen bonding, and t h i s  may play  an e s s e n t i a l  r o l e  f o r  

t h e  s p e c i f i c i t y  observed in the  v a sop re s s in  response.  Hays, Franki and 

Soberman (1971) ,  o f f e r  ad d i t io n a l  ev idence  a g a i n s t  the  pore en largement  

th e o ry .  They measured the a c t i v a t i o n  energy  f o r  d i f f u s i o n  of  w a te r  ac ro s s  

the  toad b ladder  in  the  absence and presence  o f  v a s o p re s s in .  An e x p e r i ­

mental approach was employed which minimized th e  e f f e c t s  o f  u n s t i r r e d  

l a y e r s  and the t h i c k  suppor t ing  l a y e r  o f  the  b ladder  on the  measurements of  

w a te r  d i f f u s i o n .  They found t h a t  the  a c t i v a t i o n  energy f o r  w a te r  in the  

p resence  and absence o f  v a sop re s s in  was the  same, and a l so  was h igher  

than  t h a t  expec ted  f o r  the a c t i v a t i o n  energy  f o r  the  d i f f u s i o n  o f  water  

in w a te r .  They sugges t  t h a t  t h e i r  r e s u l t s  a re  c o n s i s t e n t  with an i n ­

c re a se  in  the  number r a t h e r  than the  s i z e  o f  the  aqueous channels  in 

the  c e l l  membrane. However, f u r t h e r  o b s e rv a t io n s  are needed be fo re  a 

t r u e  p i c t u r e  o f  the  mechanisms o f  w a te r  f low a c ro s s  the  toad b ladder  

can be e s t a b l i s h e d .

I t  appears  t h e r e f o r e ,  t h a t  neurohypophysial  hormones, such as 

v a s o p r e s s in ,  i n c re a s e  w ate r  and s o l u t e  t r a n s f e r  a c ros s  the  mucosal 

l a y e r  o f  th e  b la d d e r  e p i t h e l i a l  c e l l s .  I t  i s  tempting t o  p o s t u l a t e  the  

presence  o f  a common r e c e p to r  s i t e  in  t h i s  t i s s u e  which,  when v asop res s in
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binds  to  i t ,  e f f e c t s  the se  two p rocesses  s im u l taneous ly .  However, t h e r e  

i s  good evidence which sugges ts  t h a t  th e  n a t r i f e r i c  (sodium t r a n s p o r t )  

and the hydro-osmotic (wate r  t r a n s f e r )  responses  t o  v as o p re s s in  are 

mediated by d i f f e r e n t  r e c e p t o r s .  Bent ley  (1959,  1960) and Edelman and 

Pe te rson  (1964) have shown t h a t  by in c re a s in g  calcium c o n c e n t r a t i o n s ,  

the  vasop re s s in - induce d  hydro-osmotic response i s  i n h i b i t e d  whereas 

the  i n c re a s e  in sodium t r a n s p o r t  i s  s t i l l  observed.  Pe te rson  and Edelman 

(1964) f u r t h e r  found t h a t  the i n c re a s e  in th e  movement o f  o t h e r  s o l u t e s  

t h a t  i s  seen a f t e r  va so p re s s in  t r e a tm e n t ,  i s  no t  observed in th e  p r e ­

sence o f  high calcium c o n c e n t r a t i o n s .  These au thors  sugges t  t h a t  t h e r e  

a re  a t  l e a s t  two r e c e p to r  s i t e s  and a s s o c ia t e d  channe ls  invo lved  in the  

v a s o p re s s in  a c t i o n ,  one f o r  sodium and the  o t h e r  f o r  w a te r  and small 

s o l u t e s ,  such as u rea .  Fu r the r  ev idence  in  favor  o f  a two r e c e p t o r  s i t e  

th e o ry  has been ob ta ined  through the  use o f  drugs and s y n t h e t i c  hormone 

ana logs .  Bourguet and Maetz (1961) have shown t h a t  two oxy toc in  a n a lo g s ,  

8 - a r g i n i n e  oxy toc in  and 8 - l y s i n e  oxy toc in ,  in c re a s e  the  p e r m e a b i l i t y  of  

the  f rog  sk in  and b la d d e r  to  w a te r  and sodium in  comple te ly  d i f f e r e n t  

ways. B en t ley ,  Yorio and F l e i s h e r  (1975) have shown t h a t  t h e  n a t r i f e r i c  

response o f  the  b la d d e r  t o  v a sop re s s in  was u n a f fe c t e d  when cadmium was 

p r e s e n t  under c o n d i t io n s  t h a t  i n h i b i t e d  the  hydro-osmotic  r e s p o n s e ,  f u r t h e r  

emphasizing t h a t  s e p a r a t e  e f f e c t o r  mechanisms may be involved  f o r  each 

e f f e c t .

The e f f e c t s  o f  drugs on the  a c t io n s  o f  neurohypophysial  hormones
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may le a d  to he lp fu l  in formation  as to  th e  p o s s i b l e  mechanisms whereby 

th e se  hormones e f f e c t  t r a n s p o r t  p ro c e s s e s  and may a l so  le ad  t o  info rmation  

concerning the ac tua l  r e c e p t o r ( s )  invo lved .

THE TOAD LENS

Active  io n i c  t r a n s p o r t  i s  of  major  importance to  most b io lo g ic a l  

membranes and in  the maintenance o f  normal c e l l u l a r  f u n c t i o n .  In the 

c r y s t a l l i n e  l ens  these  processes  a l s o  p lay  a majo r  r o le  on the  m a in te ­

nance o f  a proper  ion ic  composition which may be nece ssa ry  f o r  the  con­

t r o l  o f  a normal degree o f  hydra t ion  and t r a n s p a re n c y .

Mammalian and amphibian l e n s e s ,  on which most  of  th e  lens  membrane 

s t u d i e s  have been c a r r i e d  o u t ,  have a b a s i c a l l y  s i m i l a r  microanatomy.

They a r e  asymmetrical s t r u c t u r e s ,  having a s i n g l e  l a y e r  o f  e p i t h e l i a l  

c e l l s  between the  capsule  (composed of  a c o l l a g e n - l i k e  subs tance)  and 

f i b r e  c e l l  mass on the a n t e r i o r  s u r f a c e ,  while th e  ou te rmost  f i b r e  c e l l s  

on the p o s t e r i o r  face  makes d i r e c t  c o n t a c t  with  th e  c a p s u le .  The e p i ­

t h e l i a l  c e l l  l a y e r  on the  a n t e r i o r  s u r f a c e  of  the  lens  a p p a re n t ly  p lays  a 

predominant  r o l e  in t ransmural  p ro c e s s e s .  The f i b r e  c e l l s ,  which make 

up the major p o r t i o n  o f  the  l e n s ,  a re  c l o s e l y  packed with  very l i t t l e  

e x t r a c e l l u l a r  space between them (Wanko and Gavin,  1961).  The con­

t a c t  between a d j a c e n t  f i b r e  c e l l s  and between e p i t h e l i a l  and f i b r e  c e l l s  

i s  what would one expec t  f o r  a t i g h t  membrane, and r e p r e s e n t s  a rea s  o f
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t i g h t  j u n c t io n s  o r  occ luded  zones.  I t  has been suggested  (Cohen, 1965) 

t h a t  th e se  j u n c t io n s  might  provide low r e s i s t a n c e  pathways between 

c e l l s  f o r  movements o f  s o lu t e s  a c ro s s  the  l e n s .

The c r y s t a l l i n e  lens  o f  a t o a d ,  Bufo m a r in u s , weighs approx imate ly  

100 mg and has a d iam ete r  of  6 mm. I t s  f a i r l y  l a rg e  s i z e  (as  compared 

t o  th e  s i z e  of  the a n im a l ) ,  combined with  an a b i l i t y  to  su rv ive  f o r  

extended pe r iods  in v i t r o  when ba thed  by s u i t a b l e  s o l u t i o n s ,  makes i t  

a convenient  system f o r  p h y s io lo g ic a l  s tudy .

The s i m i l a r i t i e s  between amphibian and mammalian l e n s e s  go deeper 

than a simple morphological s i m i l a r i t y .  They both have s i m i l a r  ion d i s ­

t r i b u t i o n s  and r e s t i n g  p o t e n t i a l s ,  and t h e i r  membranes a r e  more p e r ­

meable to  potassium and c h lo r id e  ions  than to  sodium ions  (Duncan, 1969; 

P a te r s o n ,  1970; P a te rs on  and Eck, 1971; B r ind ley ,  1956; S p e re la k i s  and 

P o t t s ,  1959).

The lens  i s  ba thed  in  vivo  on each s id e  by two s o l u t i o n s  o f  r e ­

l a t i v e l y  c o n s ta n t  composi t ion ,  t h e  aqueous and v i t r e o u s  humor; however, 

even though they  have a s i m i l a r  osmotic composit ion they  a r e  not  i d e n t i ­

cal (Toyofuku and B en t ley ,  1970). The v i t r e o u s  humor has a s l i g h t l y  lower 

sodium c o n c e n t r a t io n  than the aqueous ,  but  a h ighe r  potassium and osmotic 

c o n c e n t r a t i o n .  Thus g r a d i e n t s  in  c o n c e n t r a t i o n  would appear to  be main­

t a in e d  between the  two s id e s  o f  t h e  l e n s .  The aqueous a l s o  has a s l i g h t l y  

h ighe r  osmotic c o n c e n t r a t io n  th a n  the  serum as a l so  seen in  mammals. The 

i n t r a c e l l u l a r  c o n c e n t r a t i o n  of  t h e  t o a d ' s  l e n s  has th e  c h a r a c t e r i s t i c  high  

potassium and low sodium c o n c e n t r a t i o n s  compared to  the  ba th ing  e x t r a -



32

c e l l u l a r  media (van Heyningen,  1962; Toyofuku and B en t ley ,  1970).

The problem which faces  th e  lens  i s  t h a t  o f  m a in ta in ing  t h i s  asym­

m e t r i c  d i s t r i b u t i o n  o f  ions .  However, t h e re  i s  some co n t ro v e r sy  as to  the  

r e l a t i v e  c o n t r i b u t i o n s  of  the  var ious  membranes o f  the  le ns  in the  r e g u ­

l a t i o n  of  t h i s  p ro c e s s .  There a re  those  who b e l i e v e  t h a t  the  e p i t h e l i a l  

c e l l s  o f  the  a n t e r i o r  ep i the l ium  are  alone r e s p o n s ib le  f o r  a c t i v e l y  

m a in ta in ing  the  io n i c  balance o f  the  lens  (Kinsey and Reddy, 1965;

Bont ing ,  1965),  whi le  o th e r s  fe e l  t h a t  the lens  f i b r e  membranes may 

c o n t r i b u t e  to  t h i s  r e g u la t io n  (Rae and Blankenship ,  1973; Rae, 1974a,  

1974b).  Perhaps both  membranes play a r o l e  in r e g u l a t i n g  t h i s  asymmetric 

d i s t r i b u t i o n  o f  ions and may c o n t r i b u t e  to  the o v e r a l l  e l e c t r i c a l  

behav io r  t h a t  i s  seen in  the i s o l a t e d  t i s s u e .

The ion t r a n s p o r t  system in  the  toad  lens  i s  cons idered  t o  be an 

asymmetric open system (Candia,  1973),  as  i s  th e  f rog  skin  and toad 

u r i n a r y  b la d d e r .  However, a s u p e r f i c i a l  look a t  t h e  le ns  geometry and 

i o n i c  g r a d i e n t s  may sugges t  i t s  c l a s s i f i c a t i o n  as a c lo sed  symmetrical 

sys tem,  s i m i l a r  to  t h e  red c e l l ,  in  which the plasma membrane surrounds 

t h e  red  c e l l  compartment.  In f a c t ,  some i n v e s t i g a t o r s  ( H a r r i s ,  1960; 

Bonting ,  1970) have compared the  l ens  t o  a g i a n t  c e l l .  However, ana­

tomical  and fu n c t io n a l  asymmetric c h a r a c t e r i s t i c s  a re  p r e s e n t  as  t h e r e  

e x i s t s  a l a y e r  of  e p i t h e l i a l  c e l l s  on ly  a t  the a n t e r i o r  s u r f a c e ,  and i t  

i s  t h e r e f o r e  cons ide re d  as an asymmetric composite system. The most 

im por tan t  f e a t u r e  o f  t h i s  type o f  system i s  t h a t  a n e t  t r a n s f e r  between 

compartments u s u a l l y  occurs and can be e a s i l y  s tu d i e d  as  th e s e  compart-
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ments a re  r e a d i l y  a c c e s s i b l e .

Perhaps the  s i n g l e  most im por tan t  s t e p  in  unders tand ing  t h i s  

l ens  physio logy  was the  procedure developed by Candia,  Bentley  and 

M il l s  (1971) which made a v a i l a b l e  the s h o r t - c i r c u i t  c u r r e n t  (see)  

technique o f  Ussing and Zerahn (1951) f o r  the  s tudy  o f  t ransmural  move­

ments o f  ions  ac ross  the  l e n s .  The b a s ic  c o n s id e ra t io n  in applying 

t h i s  s h o r t - c i r c u i t  c u r r e n t  techn ique  was t h a t  r e g a r d l e s s  o f  the  com­

p l e x i t y  of  the  membrane, as the  l e n s  i s  a composite o f  c e l l u l a r  t y p e s ,  

pas s ive  u n i d i r e c t i o n a l  f luxes  should be the  same in oppos i te  d i r e c t i o n s  

i f  the  e lec t rochem ica l  g r a d ie n t  between th e  two s o l u t i o n s  i s  zero .

In an in v i t r o  system, according to  Ussing and Zerahn (1951) t h i s  can be 

accomplished by us ing s o l u t i o n s  o f  i d e n t i c a l  composit ion on both s id e s  

ba th ing  the  l e n s ,  and reducing the  spontaneous p o t e n t i a l  d i f f e r e n c e  de­

veloped to  ze ro  with  the use o f  an e x t e r n a l  b a t t e r y .  As s t a t e d  p r e ­

v io u s ly  f o r  the  f r o g ' s  sk in  and toad b l a d d e r ,  the  n e t  i o n i c  f lu x  o c ­

c u r r in g  under t h i s  s h o r t - c i r c u i t e d  c o n d i t io n  would be the  r e s u l t  o f  an 

a c t i v e  t r a n s p o r t  p rocess .  The e q u a l i t y  between the  observed see and 

the  n e t  f lu x  o f  the  ion in ques t ion  would f u r t h e r  confirm t h i s  mode o f  

t r a n s p o r t .

Candia,  Ben t ley  and Mil l s  (1971) mounted the  toad  le n s  in a 

d iv ided  g l a s s  chamber, and under th e se  c o n d i t io n s  the  s o l u t i o n s  bathing 

each su r f a c e  a re  s e p a ra ted  from each o t h e r  and an e l e c t r i c a l  p o t e n t i a l  

d i f f e r e n c e  ( p . d . )  a n t e r i o r  (aqueous) s i d e  p o s i t i v e  can be recorded .  A
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see can a l s o  be measured and one can p lace  r a d io i s o to p e s  on e i t h e r  

s id e  and measure t h e i r  u n i d i r e c t i o n a l  f l u x e s .  In ad d i t io n  a micro­

e l e c t r o d e  can be i n s e r t e d  through a small hole in the  c e n t e r  o f  the  

d iv ided  g l a s s  chamber, op p o s i te  the  le n s  e q u a to r ,  i n t o  the c e n t r a l  

reg ion  o f  the t i s s u e .  One can t h u s ,  by us ing t h i s  i n t r a l e n t i c u l a r  

e l e c t r o d e  as a r e f e r e n c e ,  a l s o  measure the  e l e c t r i c a l  parameters  ac ross  

the  a n t e r i o r  ep i th e l iu m  and the  p o s t e r i o r  s u r f a c e ,  as well as the

e n t i r e  l e n s .  Candia e t  al_ (1971) have found t h a t  the  transmura l  p .d .
2

across  the t o a d ' s  lens  i s  about  30mV and the  see about  30 iuA/cm , the
p

e l e c t r i c a l  r e s i s t a n c e  t h e r e f o r e  i s  approximate ly  1 K&-cm and the  lens  

i s  cons idered  to  be a ' t i g h t '  membrane, s i m i l a r  to  the  toad  b la d d e r  and 

f rog  sk in  (see f o r  i n s t a n c e  Fromter and Diamond, 1972).  Candia e t  al 

(1971) a l so  found t h a t  t h e r e  i s  an a c t i v e  movement of  sodium from the  

p o s t e r i o r  to  the  a n t e r i o r  s i d e  o f  the  l e n s .  However, u n l ik e  the  f r o g ' s  

skin  and toad  b la d d e r ,  t h i s  a c t i v e  sodium t r a n s p o r t  only  accounts f o r  

approximate ly  30% o f  the  t o t a l  observed see .  At p r e s e n t  the  balance  o f  

the  see i s  no t  c l e a r .  According to  Candia e t  al_ (1971) i t  does no t  

appear to  be potass ium,  c h l o r i d e  o r  b ic a rb o n a te .  An e x p lan a t io n  has ,  

though,  been o f f e r e d  by Candia (1973) in which he sugges ts  t h a t  the  ad­

d i t i o n a l  see  n o t  accounted f o r  by n e t  sodium f lu x es  can be exp la ined  i f  

t h i s  a d d i t i o n a l  s ee  was c a r r i e d  by Na ions moving ac ross  the  p o s t e r i o r  f ace  

i n t o  the  le ns  and by K moving out  a c ro s s  the  a n t e r i o r  f a c e .  This would 

provide a n e t  p o s i t i v e  charge in the  same d i r e c t i o n  as the  a c t i v e  sodium 

t r a n s p o r t ,  however,  no n e t  ion f l u x e s  would be ab le  to  d e t e c t  t h i s .  To
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22s uppor t  t h i s  h y p o th e s i s ,  Candia (1973) measured the uptfcke of  Na 

s im ul taneous ly  with  K lo s s  towards both ba th ing  s o l u t i o n s ,  and found 

t h a t  the  le ns  ga ins  more sodium ac ros s  the  p o s t e r i o r  s u r face  than the  

a n t e r i o r ,  whereas more potassium i s  l o s t  ac ross  the  a n t e r i o r  than the  

p o s t e r i o r  s u r f a c e .  The d i f f e r e n c e  between the se  two movements r e s u l t s  

in a n e t  t r a n s f e r  of  p o s i t i v e  charges  in  the  p o s t e r i o r  to  a n t e r i o r  d i ­

r e c t i o n .  This n e t  t r a n s f e r  o f  charge was found to  be e q u i v a l e n t  to  the 

d i f f e r e n c e  in see observed and t h a t  measured as a n e t  Na f l u x .  This  

f in d in g  s u g g e s t s ,  t h a t  the  le n s  only a c t i v e l y  t r a n s p o r t s  sodium ( p o s t ­

e r i o r  t o  a n t e r i o r )  and t h a t  th e  see i s  a t  l e a s t  p a r t l y  a r e f l e c t i o n  o f  t h i s  

p rocess  and would r e p r e s e n t  a good i n d i c a t o r  o f  ion t r a n s p o r t  ac ross  the  

l e n s .

As we have seen ,  the f u n c t io n a l  i n t e g r i t y  o f  t i s s u e s  depends on the  

c o n c e n t r a t i o n s  o f  s o l u t e s  in th e  f l u i d s  t h a t  bathe them as well  as the  

p e rm e a b i l i ty  of  t h e i r  r e s p e c t i v e  membranes. Changes in the  osmotic con­

c e n t r a t i o n s  o f  f l u i d s  bath ing  e p i t h e l i a l  membranes may a l t e r  t h e i r  p e r ­

m e a b i l i t y  t o  w a te r  and s o l u t e s ,  t h e i r  metabolism and e l e c t r i c a l  behav ior 

(Ben t ley ,  1964; Uss ing ,  1965; Ripoche,  P a r i s i  and Bourguet , 1969) .  The 

s tudy o f  such osmotic e f f e c t s  on e p i t h e l i a  a re  o f  dual i n t e r e s t ,  as  they  

not  on ly  al low us to  p r e d i c t  what may happen in v iv o , bu t  a l s o  fu r n i s h  i n ­

format ion  t h a t  c o n t r i b u t e s  t o  our unders tand ing  o f  t h e i r  normal fu n c t io n in g .  

The c r y s t a l l i n e  l ens  t s  s u b j e c t  t o  changes in  the  osmotic c o n ce n t ra t i o n  

o f  i t s  ba th ing  s o l u t i o n s ,  such as may r e s u l t  from evapora t ion  ac ross  the  

cornea (Lazar and Bronson,  1971; Weinstock and S c o t t ,  1967) o r  dur ing  the
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a d m in i s t r a t io n  o f  osmotic agents  t h a t  a re  used to  reduce the  i n t r a o c u l a r  

p re s su re  (Havener,  1970; Drance,  1970; Becker,  Kolker and Krupin, 1968).  

These o b s e rv a t io n s  inc luded  i n c re a s e s  in osmotic conce n t ra t ion  t h a t  

ranged from about  25 to  300 mOsm/kg HgO. Increase  in th e  osmotic con­

c e n t r a t i o n  of  th e  ocu la r  f l u i d s  can lead  to  the format ion o f  r e v e r s i b l e  

c a t a r a c t s  (F ra u n fe ld e r  and Bums,  1966; Weinstock and S c o t t ,  1967) sug­

ges t in g  t h a t  changes in t h e  le ns  physio logy a re  occu r r in g .

The in v i t r o  amphibian lens  o f f e r s  an e x c e l l e n t  system f o r  s tudying  

such changes in ion t r a n s p o r t  systems and le ns  phys io logy .  By measuring 

the e l e c t r i c a l  behav ior  o f  the i s o l a t e d  l e n s ,  the  mechanisms whereby 

changes in  the immediate environment a l t e r  the  pe rm e a b i l i ty  c h a r a c t e r ­

i s t i c s  o f  the  l e n s  membranes, such as in c re a s in g  the osmotic composit ion 

o f  the  bath ing  f l u i d s  o r  through th e  a d m in i s t r a t io n  o f  d rugs ,  can be 

i n v e s t i g a t e d .

THE PRESENT INVESTIGATION

The p r e s e n t  i n v e s t i g a t i o n  can be taken  as a development of  th e  i n ­

formation t h a t  has j u s t  been reviewed.  The resea rch  t h a t  i s  p resen ted  

has been d i r e c t e d  to  the  s tudy  o f  the  p e rm e a b i l i ty  p r o p e r t i e s  o f  t h r e e  

'model '  membrane systems:  a) th e  am phib ian 's  s k i n ,  b) the  t o a d ' s

u r in a ry  b la d d e r  and c) th e  t o a d ' s  l e n s .  These e p i t h e l i a l  membranes were 

i n v e s t i g a t e d  as to  the f a c t o r s  t h a t  may a l t e r  t h e i r  p e rm e ab i l i ty  p r o ­

p e r t i e s ,  p a r t i c u l a r l y  t o  s o l u t e s  and w a te r ,  w i th  a major emphasis placed 

on e l u c id a t in g  th e  mechanism by which ethano l  modif ies t h e i r  p e r m e a b i l i t y
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to  s o l u t e s  and w a te r ,  as  well as  i t s  e f f e c t s  on th e  e l e c t r i c a l  be­

hav io r  and respons iveness  to  neurohypophysial hormones. These pro­

cesses  were found to  be a l t e r e d  in  d i f f e r e n t  ways, which appears to  

r e f l e c t  the  v a r i e t y  o f  processes  involved in c o n t r o l l i n g  membrane p e r ­

m e a b i l i t y  and the  d i f f e r e n t  r e a c t i o n s  of  e thano l  w i th  r e s p e c t  to  each 

o f  t h e s e .  As ethano l  has well e s t a b l i s h e d  phys ica l  and chemical p r o ­

p e r t i e s  i t  may serve  as  a useful  'pharmacological  probe'  f o r  un rave l ing  

the complica ted  mechanisms whereby s o lu te s  and w a te r  are t r a n s f e r r e d  

ac ross  e p i t h e l i a l  membranes, as well  as o f f e r i n g  a p o s s ib le  mechanism o f  

ac t io n  f o r  i t s  in vivo d e p re s s a n t  e f f e c t s .
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METHODS

Leopard f r o g s ,  Rana p i p i e n s , weighing between 50-150 g ,  were o b ta in ed  

th roughout the  y e a r  from a b i o l o g ic a l  s u p p l i e r  (Lake Champlain Frog Farm, 

Alburg,  Vermont) and were kep t  in a c o n t a in e r  w ith  tap w a te r  in th e  

l a b o ra to r y  a t  25°C.

Columbian t o a d s ,  Bufo Mar inus , weighing between 150-300 g ,  were ob­

t a in ed  th rough a commercial supply  house (Tarpon Zoo, Tarpon S p r in g s ,

F lo r ida )  and kept on damp p e a t  moss in  the  l a b o ra to ry  a t  room te m pera tu re .

These animals were main ta ined  under  t h i s  environment w ithout  f eed ing  

f o r  a few days p r i o r  to  t h e i r  use.  They were u s u a l l y  used fo r  e x p e r i ­

ments w i th in  a two week pe r io d  so t h a t  t h e i r  v i a b i l i t y  would remain i n ­

t a c t .  Adult  animals o f  both sexes were used throughout t h i s  i n v e s t i g a t i o n .

Frog skin  p r e p a r a t i o n s :

a)  As diaphragms: In v i t r o  p r e p a r a t i o n s  of  the  ven t ra l  su r f a c e  sk in  were

made fo l low ing  double p i t h in g  o f  the f r o g s .  The skin  was d i s s e c t e d  away 

from the under ly ing  connec t ive  t i s s u e  in  one continuous shea th  and p laced  

in  a p e t r i  d i sh  c o n ta in ing  t h e  a p p ro p r ia t e  R in g e r ' s  s o l u t i o n .  For th e  

examination o f  the e f f e c t s  o f  the neurohypophysial hormone v a s o to c i n ,  care  

was taken to  use t h e  skin from the p e l v i c  r e g io n s ,  as t h i s  i s  more s u s c e p t i b l e  

t o  t h i s  hormone's a c t i o n  (Ben t ley  and Main, 1972).  In most  c a s e s ,  t h e  

d i s s e c t e d  shea th  was la rg e  enough so t h a t  two p r e p a r a t i o n s  could be p r e ­

pared from one f r o g .  These p ie c e s  o f  sk in  were then t i e d  on to  th e  end 

o f  a g l a s s  tube (open a t  each end) to  form a diaphragm w i th  a s u r f a c e  a rea
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2
o f  3 .8  cm . The epidermal s u r face  (o u t s id e  the f rog)  faced inwards.

These p r e p a r a t i o n s  were suspended with  the dermal s u r f a c e  ( i n s i d e  the 

f rog)  immersed in  a 50 ml beaker  con ta in in g  30 ml of  R in g e r ' s  s o lu t i o n .

The o t h e r  s o l u t i o n ,  i n s id e  the t u b e ,  had a volume o f  3 ml and c o n s i s t e d  

o f  e i t h e r  R in g e r ' s  s o lu t i o n  o r  ano the r  s o lu t i o n  as i n d i c a t e d .  This  p r e ­

p a ra t io n  was used to  measure the  e l e c t r i c a l  p r o p e r t i e s  ac ro ss  the  f r o g ' s  

sk in  o r  to  determine  water  flow.

oo 24 3fi
b) In chambers: For the  de te rm ina t ion  o f  Na, Na and Cl u n i d i r e c ­

t i o n a l  f l u x  and simultaneous s h o r t - c i r c u i t  c u r r e n t  measurements,  f rog  sk ins  

were mounted in  Uss ing- type l u c i t e  chambers w ith  10 ml o f  R in g e r ' s  s o lu ­

t i o n  ba th ing  each s id e  (F igure  1 ) .  A p a ra f i lm  r in g  was placed on e i t h e r

s id e  of  th e  sk in  so as to  minimize any edge damage. The s u r face  a rea  pro-
2

vided by t h i s  d iv ided  chamber was 2 cm .

The toad u r i n a r y  b ladder  p r e p a r a t i o n s :

a)  As s a c s : This has been d esc r ibed  p r e v io u s ly  (B en t ley ,  1958, 1960).

The b ladders  were emptied p r i o r  t o  t h e i r  being used by i n s e r t i n g  a b lu n t  

in s t rum en t  i n t o  t h e i r  c lo aca .  This  al lowed the  b ladder  to  c o n t r a c t  

and made d i s s e c t i o n  e a s i e r .  The animals were then double p i th ed  and the  

b la d d e r  exposed ,  each lobe was removed s e p a r a t e l y  and t i e d  with  s i l k  t h r e a d ,  

mucosal ( u r in a r y )  s id e  fac ing  inwards ,  onto  th e  end o f  a Pyrex g l a s s  tube .  

The sac was then f i l l e d  with  e i t h e r  3 ml ( f o r  the measurement o f  osmotic 

f low and e l e c t r i c a l  behav ior)  or  10 ml o f  R in g e r ' s  s o lu t i o n  ( f o r  the  d e t e r ­

minat ion  o f  t r i t i a t e d  water  f luxes  f o r  d i f f u s i o n a l  f low) .  These b ladder  

sac  p r e p a r a t i o n s  were immersed so t h a t  t h e i r  s e ro s a l  s id e  was bathed in
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20 and 30 ml o f  R in g e r ' s  s o l u t i o n ,  r e s p e c t i v e l y  (F igure  2 ) .

b) In d iv ided  chambers: For the  de te rm ina t ion  o f  u n i d i r e c t i o n a l  ion
22 36

f l u x e s ,  usinq Na and Cl,  b ladder  ha lves  were mounted in Uss ing- type

l u c i t e  chambers with  15 ml o f  R in g e r ' s  s o l u t i o n  ba th ing  each s i d e .  A

double pa ra f i lm  r in g  was placed on e i t h e r  s id e  o f  th e  b la d d e r  so as to

minimize any edge damage. In a d d i t i o n ,  nylon mesh was s t r e t c h e d  ac ro ss

the  s e ro s a l  s id e  o f  the  b la d d e r  so as to  hold the  b la d d e r  r i g i d l y  in

p o s i t i o n  dur ing  s t i r r i n g .  The s u r face  a rea  o f  the membrane in  t h i s
2

d iv ided  chamber was 7 cm .

Toad l e n s  p r e p a r a t i o n :

The in v i t r o  p r e p a r a t i o n  o f  the  toad  le ns  was e s s e n t i a l l y  t h a t  of  

Candia,  Ben t ley  and M ill s  (1971).  Toads weighing approximate ly  200 g 

were used ,  which provided l e n se s  t h a t  weighed between 100 t o  200 mg and 

had a c r o s s - s e c t i o n a l  a r e a  o f  about  0 .3  cm . The toads  were immobil ized 

by double p i t h i n g ,  and a f t e r  c u t t i n g  o u t  a s e c t i o n  o f  the  e y e b a l l ,  i n ­

c lud ing  the  cornea and p a r t  o f  the  s c l e r a ,  th e  le ns  was c a r e f u l l y  d i s s e c t e d  

out  from the c i l i a r y  body leaving  a t h i n  r ing  o f  zonu la r  f i b e r s  around i t s  

e q u a to r  which served as a r e f e r e n c e  f o r  i t s  l a t e r  mounting in a chamber. 

A f te r  t h i s  d i s s e c t i o n  the le ns  was p laced  in a p e t r i  d i sh  with  the  appro­

p r i a t e  R in g e r ' s  s o l u t i o n .  The le ns  was then picked up by i t s  p o s t e r i o r  

s u r f a c e ,  with t h e  a id  o f  a g l a s s  p i p e t t e  and g e n t l e  s u c t i o n ,  and was i n t r o ­

duced i n t o  a d iv ided  g l a s s  chamber in  th e  manner shown in Figure 3.  With 

p r a c t i c e ,  l e n se s  could be s e l e c t e d  so t h a t  th e y  w i l l  f i t  e x a c t l y  in the



Figure 1. Photograph o f  the  Uss ing- type  l u c i t e  chamber used to  mount 

f rog  sk in  and toad u r in a ry  b ladder  f o r  d e te rm in a t io n  o f  ion 

f lu x e s  and s h o r t - c i r c u i t  te chn ique .
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Wire hook

Glass  tube

Air  l i n e

R i n g e r ' s  ; 

S o lu t io n  / Toad b la d d e r

R in g e r ' s

S o lu t io n

Figure  2. Diagram o f  b la d d e r  p r e p a r a t io n  used to  measure e l e c t r i c a l  

p r o p e r t i e s  and wate r  f low.
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P o r t s  f o r  Ringer aga r  
b r i d g e s  f o r  
c u r r e n t  and 
p o t e n t i a l

/  T
lens  I 

Glass  tub ing

Suction

P or t  f o r  e l e c t r o d e

Figure 3.  Divided chamber f o r  mounting l e n s  as a membrane w i th  a n t e r i o r  

and p o s t e r i o r  s i d e s  e l e c t r i c a l l y  s e p a r a t e d .
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c e n t e r p i e c e ,  the reby  s e a l i n g  one compartment from the o t h e r .

The g l a s s  chamber i t s e l f  c o n s i s t e d  o f  two compartments j o in e d  by 

a c y l i n d r i c a l  c en t e rp ie c e  with  a d iamete r  o f  about 6  mm. The chamber 

compartments have o u t l e t s  f o r  two e l e c t r i c a l  p o t e n t i a l  and two c u r r e n t  

e l e c t r o d e s  as  well as  f o r  a i r  bubbling and c i r c u l a t i o n .  The opening a t  

the  top of  each compartment o f  the chamber i s  la rge  enough so t h a t  samples 

may be taken from o r  drugs added to  each compartment s e p a r a t e l y .  In 

a d d i t i o n  th e  c e n te rp ie c e  o f  t h i s  l ens  chamber has a small hole (about  0.5  

mm d iamete r)  in  a p lace  co inc id ing  with  the p o s i t i o n  of  the  l e n s  eq u a to r .

A f i n e  g l a s s  e l e c t r o d e  can be l a t e r a l l y  i n s e r t e d  through t h i s  hole i n t o  

the  l e n s  so t h a t  the e l e c t r i c a l  p r o p e r t i e s  o f  the  le ns  can be s tu d ie d  

between t h i s  e l e c t r o d e  and each ba th ing  s o l u t i o n .

Measurement o f  p .d .  and s e e :

The e l e c t r i c a l  p o t e n t i a l  d i f f e r e n c e  ( p . d . )  ac ross  the  f rog  s k i n ,  

toad b ladder  and toad l e n s ,  was measured us ing Ringer-agar  o r  s a t u r a t e d  

KCl-agar b r id g es  connected through calomel c e l l s  to a v o l tm e te r  (K e i th l e y ,  

model 200B) or  p o te n t io m e t r i c  r e c o rd e r .  The s h o r t - c i r c u i t  c u r r e n t  ( see)  

was ob ta ined  by pass ing  a c u r r e n t ,  from an e x te rn a l  b a t t e r y  connected to  

a p a i r  of  Ag-AgCl c e l l s  and KCl-agar b r idges  (Bent ley ,  1960) a c ro s s  the se  

t i s s u e s  so as to  b r ing  the  spontaneous p .d .  to  zero .  An au tomat ic  v o l t a g e -  

clamp with t h e  see c o n t i n u a l l y  recorded  on a s t r i p  c h a r t  r ec o rd e r  was a l so  

u sed ,  e s p e c i a l l y  to m a in ta in  the  p . d .  a t  zero in  the ion f lu x  exper iments .  

All read ings  were taken once a s t e a d y - s t a t e  was ach ieved ,  t h i s  u s u a l l y  

occur red  w i th in  one hour a f t e r  s e t t i n g  up the  p r e p a r a t io n .  R es i s ta nces  

were a l so  c a l c u l a t e d  (as  p . d . / s e e )  f o r  some exper iments .
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For the l e n s ,  add i t io n a l  measurements were made bes ides  i t s  t r a n s -  

l e n t i c u l a r  e l e c t r i c a l  behav ior .  For reco rd ing  the p . d . ,  see and r e s i s t a n c e  

ac ro s s  each lens s u r f a c e ,  a small g l a s s  p i p e t t e  e l e c t r o d e  ( f i l l e d  with 

s a t u r a t e d  KC1, t i p  d iam ete r ,  8 Qy; e l e c t r i c a l  r e s i s t a n c e  about 150 K&or 

l e s s )  i s  i n s e r t e d  through a small ho le  in th e  middle o f  the d iv ided  g la s s  

chamber,  oppos i te  the le ns  eq u a to r ,  i n t o  the  c e n t r a l  reg ion o f  th e  t i s s u e .  

By us ing  t h i s  i n t r a l e n t i c u l a r  e l e c t r o d e  as a r e f e r e n c e ,  the e l e c t r i c a l  

parameters  across  the a n t e r i o r  ep i th e l iu m  and the  p o s t e r i o r  su r f a c e  can 

be measured.  Curren t  ac ro s s  the l e n s  was s e n t  by means o f  Ringer-agar  

b r idges  which were in c o n t a c t  with t h e  s o l u t i o n s  ba th ing  the lens  and were 

connected to  automat ic  vo l t a g e  clamp machines.  By us ing  two vo ltage-clamp 

r e c o r d e r s  and t h r e e  vo l tmete rs  the  p . d .  between any two e l e c t r o d e s  could 

be voltage-clamped  and the  see determined whi le  t h e i r  p . d . ' s  w ith  

r e s p e c t  t o  the t h i r d  e l e c t r o d e  can be s im ul taneous ly  moni tored.  The 

i n s id e  o f  the  l ens  i s  normally n e g a t iv e  with  r e s p e c t  to  e i t h e r  s i d e ,  and 

the  a n t e r i o r  s ide  i s  p o s i t i v e  with r e s p e c t  to  the  p o s t e r i o r  s ide  (Candia e t  

a l . ,  1971).  To s h o r t - c i r c u i t  the p . d .  o f  th e  a n t e r i o r  s ide o r  t h e  t r a n s -  

l e n t i c u l a r  p . d . ,  p o s i t i v e  c u r re n t  i s  s en t  in the  p o s t e r i o r  to  a n t e r i o r  

d i r e c t i o n .  Because the i n t e r i o r  o f  the  le ns  i s  nega t ive  with r e s p e c t  to 

e i t h e r  s i d e ,  when the a n t e r i o r  p .d .  i s  s h o r t - c i r c u i t e d ,  the p o s t e r i o r  

p .d .  i s  hyper -po la r ized  and vice  v e r s a .  C u r r e n t -v o l t a g e  p lo t s  (IV) o f  the  

a n t e r i o r  and p o s t e r i o r  s id e s  can thus  be ob ta ined  as shown and descr ibed  

in Figure 4.  The voltage  response t o  a c u r r e n t  app l ied  fo r  10 min was 

s t a b l e  a f t e r  30 seconds and the c u r r e n t - v o l t a g e  p lo t s  were l i n e a r .  From



Figure 4: C u r r e n t -v o l t a g e  p lo t s  o f  the  a n t e r i o r  (a)  and

p o s t e r i o r  (p) s i d e s  o f  th e  i s o l a t e d  toad l e n s .  Poin ts  a Q 

and pQ a r e  the  open c i r c u i t  spontaneous p o t e n t i a l  d i f f e r e n c e s  

( p . d . )  o f  the  a n t e r i o r  and p o s t e r i o r  s i d e s .  Thei r  d i f f e r e n c e  

i s  the  t r a n s l e n t i c u l a r  p .d .  w ith  aQ th e  a n t e r i o r  s id e  having 

th e  l a r g e r  p . d . .  By sending c u r r e n t  from the  p o s t e r i o r  to  

th e  a n t e r i o r  d i r e c t i o n ,  th e  e n t i r e  lens  can be s h o r t - c i r c u i t e d  

(graphed as p o in t s  a^ .  P3 ) and the  t r a n s l e n t i c u l a r  p .d .  would 

be ze ro .  By f u r t h e r  in c r e a s in g  t h i s  c u r r e n t  th e  a n t e r i o r  s ide  

can be s h o r t - c i r c u i t e d  ( p o in t  a^)  w hi le  the  p o s t e r i o r  s id e  

i s  hyper p o la r i z e d  ( p o in t  p ^ ) .  By then sending c u r r e n t  in 

the  o p p o s i t e  d i r e c t i o n ,  from a n t e r i o r  to  p o s t e r i o r ,  the  p o s te ­

r i o r  s i d e  i s  s h o r t - c i r c u i t e d  ( p o in t  while  the  a n t e r i o r  

s id e  i s  hyper p o l a r i z e d  ( p o i n t  8 2 ) .  By t h i s  method, p a i r s  

o f  p o i n t s ,  ly ing  in the  same v e r t i c a l  ax i s  a r e  ob ta ined  

s im ul taneous ly .
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Figure  4 : C u r r e n t -v o l t a g e  p lo t s  o f  the  a n t e r i o r  (a )  and p o s t e r i o r

(p)  s id e s  o f  th e  i s o l a t e d  toad  l e n s .  (C ur ren t  ( I ) ,  a b s c i s s a ;  Voltage 

(V),  o r d in a t e )
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the s lope  o f  th e se  l i n e s  the r e s i s t a n c e s  across  the  a n t e r i o r  and p o s t e r i o r  

su r fa c e s  can be c a l c u l a t e d .

Measurement o f  oxygen consumption:

This was determined with  an appara tus  which u t i l i z e s  an oxygen e l e c t r o d e  

to  measure changes in oxygen s a t u r a t i o n  o f  the  bathing medium (Yellow- 

s p r i n g s ,  YSI model 153).  The t i s s u e s  were p laced in small chambers which 

are  sea le d  with  the  a id  of  a p lunger  from which the  top o f  the oxygen e l e c ­

t rode  emerges (F igure  5 ) .  The s o lu t i o n s  in t h i s  chamber were i n i t i a l l y  

s a t u r a t e d  with  a i r .  Vigorous mixing was provided by a magnetic s t i r r e r .  

Changes in oxygen s a t u r a t i o n  o f  the  f l u i d  in the  ba th  were measured and 

d i r e c t l y  t r a n s c r i b e d  onto  a c h a r t  us ing a r e c o rd e r  ( E s t e r l i n e - A n g u s ) .

The d e c l in e  in  oxygen s a t u r a t i o n  was measured between 100 and 90 p e r c e n t ,  

and was found to  be l i n e a r  over  t h i s  range .  Oxygen consumption was mea­

sured on f rog  skin and toad b la d d e r .  For the  measurement o f  oxygen con­

sumption o f  f rog  skin  two p re p a ra t io n s  were used: a) Whole s k i n : Three

p ieces  o f  f rog  sk in  (whole) ,  each with  a s u r face  a r e a  o f  0 .78 cm were 

placed in the  oxygen e l e c t r o d e  c e l l  con ta in ing  5 ml o f  R in g e r ' s  s o lu t i o n  

s a t u r a t e d  with  a i r  a t  25°C. b) ' S p l i t  s k i n 1: Sheaths o f  i s o l a t e d

e p i th e l i u m ,  which was prepared  from a c o l l a g e n a s e -p re s s u re  procedure

(see l a t e r ,  p.  51 ) ,  was c u t  in  h a l f  so t h a t  pa i re d  experiments  could be
2

run.  Each p i e c e ,  having a su r f a c e  a rea  o f  2 cm , was placed in  the  oxygen 

e l e c t r o d e  chamber con ta in ing  a i r - s a t u r a t e d  R in g e r ' s  s o lu t i o n  (5 ml) .

For the  measurement of  oxygen consumption by ' p i e c e s '  o f  toad  b la d d e r  

t i s s u e ,  5 ml o f  f l u i d  was placed in the  chamber.
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Figure  5.  Diagram o f  the  oxygen e l e c t r o d e  and sample chamber used 

to  measure oxygen consumption o f  th e  f ro g  sk in  and toad 

b la d d e r .
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All t i s s u e s  were al lowed a t  l e a s t  30 min t o  e q u i l i b r a t e  with th e  

Ringer s o lu t i o n  before  measurements were begun. Oxygen consumption was 

then s t a b l e  f o r  prolonged p e r io d s ,  s uccess ive  measurements being made 

f o r  5 min p e r io d s .  Oxygen consumption was recorded  in t i s s u e  p r e p a ra t io n s  

irmiediately before  a d d i t io n  of  a drug o r  a change in s o l u t i o n  occur red .

When cho l ine  was used t o  r e p la c e  sodium in the  R inge r ' s  s o lu t i o n  th e

t i s s u e  ( frog  sk in )  was r in s e d  a t  l e a s t  t h r e e  t im es .

The dry weights  o f  the  p ieces  o f  skin  and b ladder  were determined by 

drying them f o r  24 hours in an oven a t  105°C. All volumes o f  oxygen 

a re  expressed  as m i c r o l i t e r s  a t  s tandard  tempera tu re  and p r e s s u re .

Oxygen consumption was c a l c u l a t e d  as fo l low s :  R in g e r ' s  s o lu t i o n

was used a t  25°C, and a t  t h i s  tempera ture  and p res su re  c o n ta in s  5 .78 

m i c r o l i t e r s  02  a t  STP per  m i l l i l i t e r  o f  s o lu t i o n  when s a t u r a t e d  with  a i r .  

Therefore  i f  5 ml of  R in g e r ' s  s o l u t i o n  i s  being used t h e r e  i s  5 x 5 .78  =

28.9 m i c r o l i t e r s  o f  0 2  in  our s o l u t i o n  a t  100% s a t u r a t i o n .  To determine  

the  r a t e  o f  oxygen used ,  the  mete r  reading  a t  the s t a r t  and f i n i s h  o f

a 5 minute time i n t e r v a l  was taken from the r e c o rd e r .

S t a r t :  97.0%

F in ish :  95.3%

So t h a t  97 .0  -  95 .3  = 1.7% of the  oxygen was used up in 5 minutes.

There fo re  1.7 of  28.9 ■ 0 .50 m i c r o l i t e r s  o f  oxygen consumed in 5 minutes .  

However to  normalize the  va lues  f o r  the  d i f f e r e n t  t i s s u e s ,  t h i s  was 

r ep re sen ted  as m i c r o l i t e r s  of  oxygen per  gram dry  weight  o f  the t i s s u e  

p e r  minute.  I f  the  t i s s u e  weighed 10 m i l l i g r a m s ,  the  amount of 02  con­

sumed would be c a l c u l a t e d  as : 0.50 >ul of  02/ 5  min x (0.01 g dry weight)  = 

1 0  jul o f  0 2  consumed p e r  gram dry  weight  per  minute .
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S e p a ra t io n  o f  frog sk in  ep i th e l iu m  ( ' s p l i t - s k l n '  p r e p a r a t i o n ) :

The fo l lowing  procedure d e r ived  from t h a t  of  Aceves and E r l i j ,

(1971);  R a j e r i s o n ,  Montegut , J a rd  and Morel (1972) and S i e g a l ,  Tormay and

Candia,  (1975) was used.

The v e n t r a l  s u r face  of  l a r g e  Rana p tp t e n s  (about  200 g) was removed

fo l lowing  double p i t h i n g .  The sk in  was then  mounted on the  open s id e  o f
2

a c y l i n d r i c a l  l u c i t e  chamber which p rovided  a s u r face  a rea  of  1 0  cm .

The f r o g ' s  sk in  was secured  to  the  chamber by ty ing  la c in g  cord around the 

sk in  so t h a t  the  corium ( i n s i d e  t h e  sk in )  was fac ing  the  in s ide  o f  the 

chamber. The chamber w ith  the  bound sk in  was immersed in R inge r 's  s o l u ­

t i o n  a t  30°C and a i r  was bubbled i n t o  th e  beaker  co n ta in in g  the R in g e r ' s  

s o l u t i o n .  The skin chamber had a 60 cm long p l a s t i c  tube in s e r t e d  i n t o  i t s  

c lo se d  s ide  so t h a t  the  bottom p o r t i o n  o f  the tube j u s t  touched th e  in s ide  

s u r f a c e  of  the  sk in .  A 20 ml s o l u t i o n  of  Ringer con ta in in g  5 mg co l lagenase  

was i n j e c t e d  through an o u t l e t  i n t o  t h e  sk in  chamber. Following t h i s ,  a i r  

was fo rced  i n t o  the chamber,  us ing th e  same s y r i n g e ,  to  mainta in  a 50 cm 

high column o f  s o lu t i o n  in  the  p l a s t i c  tube a t t a c h e d  to  the  chamber (see 

F igure  6 ) .  In most c a s e s ,  a f t e r  1 to  2 hours ,  a skin  b l i s t e r  was formed.

The b l i s t e r  o r  e p i t h e l i a l  l a y e r  could be pee led  o f f  th e  sk in  s u r face  in 

one cont inuous piece by c u t t i n g  around i t s  c i rcum ference .  This sepa ra ted  

ep i th e l iu m  was then c u t  in  h a l f  and used f o r  the  de te rm ina t ion  o f  Na and 

K co n te n t  o r  used f o r  oxygen consumption measurements.

Measurement o f  i n t r a c e l l u l a r  sodium and potassium c o n t e n t :

a)  Frog sk in  i s o l a t e d  e p i t h e l i u m : The sodium and potassium con ten t  o f  

th e  i s o l a t e d  ’s p l i t - s k i n '  e p i th e l iu m  was measured by f lame photometry
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Figure  6 : Diagram o f  ap p a ra tu s  used to  p repa re  i s o l a t e d  ' s p l i t  s k i n '  
ep i th e l iu m .
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(Eppendorf ,  model 700) by the  fo l lowing  method: As l a rg e  s hea th s  o f

i s o l a t e d  ep i th e l iu m  were o b t a in e d ,  p a i re d  skin  p r e p a ra t io n s  were used 

and each p a i r  was bathed with  Ringers  s o l u t i o n  con ta in ing  ^ C -  i n u l i n  

(Amersham/Searle) as an e x t r a c e l l u l a r  marker.  The drug ( e t h a n o l ,  am i lo r ide  

o r  ouabain)  was then  added to  the  s o lu t i o n  ba th ing  one sk in  o f  the  p a i r ,  

the  o t h e r  skin  served  as a c o n t r o l .  A f te r  the  sk ins  were incuba ted  in t h i s  

media f o r  1 h r ,  they  were removed and placed in  a 2  ml vo lumetr ic  con­

t a in in g  0.1 N HNOg f o r  24 hours .  A f t e r  t h i s  e x t r a c t i o n  per iod
141 ml o f  t h i s  s o l u t i o n  was used f o r  count ing C - in u l in  in a l i q u i d  

s c i n t i l l a t i o n  coun te r  (Packard) f o r  space d e t e rm in a t io n ,  the  o t h e r  

m i l l i l i t e r  was used f o r  Na and K measurements in the  flame photometer .  From 

t h i s  m i l l i l i t e r  a 0 . 1  ml sample was taken  and d i l u t e d  to  1 0  ml f o r  potassium 

measurements and 0 .2  ml sample was a l s o  taken and d i l u t e d  t o  5 ml f o r  

sodium d e t e rm in a t io n s .  The amounts o f  Na and K in th e s e  s o lu t i o n s  were 

then determined a g a i n s t  a s tandard  curve which ranged in va lues  from 

100 j u e q / l i t e r  to  500 / i e q / l i t e r  f o r  Na and from 50 > i e q / l i t e r  to  250 j j e q / l i t e r  

f o r  K. At no time did  th e  samples exceed th e se  s tandard  curve ranges .

The va lues  ob ta ined  were then c o r r e c t e d  f o r  the  ap p ro p r ia t e  d i l u t i o n s  and 

expressed  as meq/kg i n i t i a l  wet weigh t .  The f i n a l  va lues  r e p r e s e n t  

those  obta ined  a f t e r  the  sodium and potassium con ten t  in the  e x t r a c e l ­

l u l a r  space had been s u b t r a c t e d .

b) Toad l e n s : The sodium and potassium co n te n t  o f  th e  toad l e n s  was 

a l s o  measured by f lame photometry a f t e r  e x t r a c t i n g  i t  in 0.1 N n i t r i c  a c i d .
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The procedure was e s s e n t i a l l y  t h a t  o f  Toyofuku and B en t ley ,  (1970) 

and s i m i l a r  to  t h a t  d e sc r ibe d  f o r  th e  i s o l a t e d  frog s k in .  The e x t r a ­

c e l l u l a r  space was measured using ^ C - i n u l i n  o r  ^4 C-m ann i to l . E q u i l i ­

b r a t i o n  was found to  occur  in 1.5 to  3 hr  and the l a t t e r  time was 

chosen f o r  the se  exper iments  with  the  toad l e n s .  P a i red  l e n s e s  were 

used ,  each p a i r  was bathed  with  s o lu t io n s  con ta in in g  the  - i n u l i n  (o r  

^ C - m a n n i t o l )  and the  osmotic agen ts  were added to  th e  s o l u t i o n  ba th ing  

one of  t h e s e .  The e x t r a c e l l u l a r  space was r e p re s e n t e d  as a p e r c e n t  o f  

the  wet w eigh t .  The f lame photometry procedure was e x a c t l y  as t h a t  de­

sc r ib e d  f o r  the f rog  s k i n ,  and the f in a l  va lues  are expressed  as meq/kg 

i n i t i a l  wet weigh t .

Measurement o f  osmotic wate r  movement:

Water t r a n s f e r  in the  presence  o f  an osmotic g r a d i e n t  was mea­

sured  g r a v i m e t r i c a l l y  according to  Bent ley  (1958).  Bladder sacs  were f i l l e d  

with  1 /10 R in g e r ' s  s o l u t i o n  and suspended in  a 20 ml of  u n d i lu te d  

R in g e r ' s  s o l u t i o n .  A f te r  a per iod o f  1 hr  f o r  e q u i l i b r a t i o n ,  the  b ladder  

was emptied ,  r i n s e d  and f i l l e d  again (1/10 R i n g e r ' s ) .  I t  was then 

weighed complete w ith  th e  a t ta ch e d  rubber  bung (see Figure 2) to  the  

n e a r e s t  0.1 mg on a M e t t l e r  ba lance .  The b la d d e r  was ou t  o f  the  Ringer 

bath f o r  about 30 sec  during t h i s  procedure .  A f te r  30 min the  b ladder  

was removed from th e  bath and reweighed,  weight  l o s s  was taken  as a 

measure o f  f l u i d  l o s t  by t r a n s f e r  t o  the  o u t s id e  s o l u t i o n  due to  osmosis.

The b la d d e r  was n ex t  empt ied ,  r in s e d  and r e f i l l e d  to  approxim ate ly  the
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same volume and i n s e r t e d  i n t o  a tube o f  f r e s h  R in g e r ' s  s o lu t i o n .

When measuring the e f f e c t s  o f  e thanol  on the  vasop res s in  o r  c y c l i c -  

AMP s t im u la ted  wate r  f low,  e thano l  was added during a second per iod 

fo l lowing  an i n i t i a l  measurement in  th e  presence  of  the se  o t h e r  agen t s .  

R esu l t s  a re  shown as weight  change in  mg pe r  30 o r  60 min.

P repa ra t ion  o f  c o l lo d io n  membranes:

A r t i f i c i a l  co l lod ion  membranes were prepared  by pouring l i q u i d  c o l ­

lod ion  ( in  an e t h e r  s o lu t i o n )  i n t o  t e s t  tubes  and al lowing one minute f o r  

p a r t i a l  drying and then emptying the  excess  co n te n t .  A th in  f i lm of 

c o l lod ion  remains adhered to  the  i n s id e  o f  the  t e s t  tube .  This was 

blown dry with  a i r  and formed a membrane which took the  shape o f  the 

tu be .  The membranes thus formed were s e t  up as sacs  ( s i m i l a r  to  b ladder  

s ac s )  con ta in ing  3 ml o f  de ion ized  w a te r  and were immersed in 20 ml of  a 

240 mM sucrose s o l u t i o n .  These a r t i f i c i a l  membranes were used t o  mea­

su re  osmotic w ate r  f low in the  presence  of  e t h a n o l .

G1utaraldehyde and NEM f i x a t i o n  p ro c e d u re s .

Glu ta ra ldehyde f ixed  b ladders  were prepared  according to  Eggena

(1972) .  B r i e f l y ,  the  toad b ladders  were mounted as sacs  with 3 ml of  

1/10 R in g e r ' s  s o lu t i o n  added to  the  mucosal s id e  and 20 ml o f  R inge r ' s  

ba th ing  the s e ro s a l  s i d e .  Ten mil /ml o f  the neurohypophysial hormone vaso­

p r e s s i n  was added to  the s e rosa l  b a th in g  media and 15 min al lowed f o r  a 

response .  A f t e r  t h i s  time per iod  th e  mucosal f l u i d  was removed and r e -
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placed with  a 135 g lu t a ra ld e h y d e  s o l u t i o n  in  0.05 M cac ody la te  b u f f e r  and

resuspended in  f r e s h  R in g e r ' s  s o l u t i o n .  A f t e r  5 min the  f i x a t i v e  was

removed from the  b la d d e r  and the  mucosa was r in sed  thoroughly  (3 t imes)

w i th  R in g e r ' s  s o l u t i o n .  These b ladders  were then r e f i l l e d  w i th  3 ml of

the  d i l u t e  R in g e r ' s  s o lu t i o n  and w a te r  l o s s  measured g r a v i m e t r i c a l l y

as descr ibed  e a r l i e r .

N-ethyl maleimide (NEM) f ix e d  b ladders  were prepared  accord ing  to

Bent ley  (1973) .  The b ladders  were again s e t  up as s acs  c o n ta in in g

d i l u t e d  R i n g e r ' s  on i t s  mucosal s i d e .  These b ladders  were then exposed

to  10 mU/ml vaso p re s s in  f o r  30 min and in the  l a s t  5 min o f  t h i s  per iod  
-410 M NEM was placed in the s e ro s a l  f l u i d .  This  agent  has been shown 

in  amphibian b ladders  (Bent ley ,  1964, 1973) to  produce a co n d i t io n  s i m i l a r  

to  ' f i x a t i o n '  o r  f r e e z in g  of  the  b la d d e r  membrane in an o s m o t i c a l ly  p e r ­

meable c o n d i t io n  fo l lowing  v as o p re s s in  t r e a tm e n t .  A f t e r  t h i s  5 min 

' f i x a t i o n '  p e r io d  the b ladders  were r i n s e d ,  each p r e p a ra t io n  was then 

r e f i l l e d  w i th  3 ml of  1/10 R in g e r ' s  (on th e  mucosal s i d e )  and p laced  in 

20 ml o f  R in g e r ' s  which bathed i t s  se rosa l  s id e .

Water t r a n s f e r  was thus measured in the  absence o f  va so p re s s in  but  

in  an o sm o t i c a l ly  permeable s t a t e .  Following a con t ro l  per iod  ethano l  was 

then added t o  see what e f f e c t  i t  had on osmotic wate r  t r a n s f e r  in the 

b ladder  under  the se  ' f i x e d '  c o n d i t i o n s .

Measurement o f  u n id i r e c t i o n a l  r a d io i s o to p e  f l u x e s :

a) Frog s k i n : U n id i r e c t io n a l  f l u x e s  ( o u t s id e  to  i n s i d e  and i n s i d e  to
22 24 36o u t s id e )  o f  sodium and ch lo r id e  were determined us ing Na, Na and Cl



as t r a c e r s .  The sk in s  (whole ) ,  mounted in Ussing- type chambers
o

( 2  cm ) ,  were main ta ined  under s h o r t - c i r c u i t e d  c o n d i t i o n s ,  and a t  l e a s t

30 min was al lowed a f t e r  adding the i s o to p e  f o r  e q u i l i b r a t i o n  to  occu r .

Samples were then c o l l e c t e d  from the co ld  s id e  a t  30 min i n t e r v a l s  f o r

e i g h t  s u cces s iv e  p e r io d s  (4 co n t ro l  p lus  4 fo l lowing drug a d m i n i s t r a t i o n ) .

A s t a b l e  f low o f  i s o to p e  was an i n d i c a t i o n  o f  i s o to p e  e q u i l i b r a t i o n .

For the  de te rm ina t ion  o f  t r i t i a t e d  w ate r  (THO) and ^ C - e th a n o l

f l u x ,  the  fo l lowing  p ro toco l  was used.  Whole s k in s  were mounted as

diaphragms,  as d esc r ibed  e a r l i e r ,  but  t h i s  p rep a ra t io n  provided  a
2

s u r face  a r e a  o f  10 cm . Vigorous mixing was accomplished w i th  magnetic 

s t i r r i n g  b a r s ,  one o f  which was suspended on the  epidermal s id e  o f  the  

skin  by a nylon th read  a t t a c h e d  to  a s t a i n l e s s  s t e e l  f i s h l i n e  s p in n e r .  

I so topes  (1 juCi/ml) were added to  the  s o l u t i o n  bathing the  epidermal 

s u r face  and samples were taken from the cold s id e  every  min f o r  f iv e  

success ive  p e r io d s .  At no t ime did  t h e  a c t i v i t y  o f  the co ld  s ide  exceed 

2% t h a t  of  the  hot  s o l u t i o n .  The same sk in  p rep a ra t io n  was used when 

de te rmining drug e f f e c t s  on th e s e  f l u x e s .  Following a c o n t ro l  s e r i e s  

(5 s u cces s iv e  f lu x  p e r io d s )  th e  hot  s o l u t i o n  was removed and the 

chamber and sk ins  were r e p e a t e d ly  washed (5 t i m e s ) .  Before the  e thanol  

and the new ho t  s o l u t i o n  were added,  (and an a d d i t io n a l  5 per iods  

measured) a sample was taken  from the  co ld  s ide  to  t e s t  f o r  re s id u a l  i s o ­

tope a c t i v i t y .  At a l l  t imes  t h i s  was found to  be l e s s  than 10£ above 

background.  Following t h i s  drug t e s t i n g  per iod  the  sk in s  were washed ou t  

again and ano the r  c o n t ro l  s e r i e s  was run to  t e s t  f o r  r e v e r s i b i l i t y  o f
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t he  drug response.

Fluxes were determined from the  s p e c i f i c  a c t i v i t y  o f  the  hot s o l u t i o n .
2

The THO f l u x  measurements a re  r ep resen ted  as jul/cm h r  or  in terms o f
/ » 14

Kfrans pe rm e a b i l i ty  c o e f f i c i e n t )  as cm/sec.  The C-ethanol  f lu x e s

were used t o  c a l c u l a t e  Kt ran$  and a r e  rep re sen ted  as cm/sec.

b) Toad u r in a ry  b l a d d e r : U n id i rec t iona l  f lu x e s  (mucosal to  s e ro s a l  and
22 36s e rosa l  t o  mucosal) of  Na and Cl were determined u s in g  Na and Cl as

o
t r a c e r s .  The b l a d d e r s ,  mounted in Uss ing- type  chambers (7 cm ) were 

m a in ta ined  under s h o r t - c i r c u i t e d  c o n d i t i o n s ,  and a t  l e a s t  30 min was 

al lowed a f t e r  adding the i so tope  f o r  e q u i l i b r a t i o n  to  occur .  Samples were 

taken as d esc r ibed  above f o r  f rog s k in .

For the  de te rm ina t ion  o f  THO and ^ C - e th a n o l  f l u x e s ,  th e  same pro tocol  

was used as descr ibed  f o r  the  frog s k i n ,  however, the  b ladders  were 

p repared  as sac s .  I so topes  were added only t o  the  mucosal s o lu t i o n  ( in s id e  

the  sac)  and samples taken from the cold s id e  every  15 o r  30 sec  f o r  THO 

and every  min f o r  ^ C - e t h a n o l ,  f o r  f i v e  su ccess iv e  p e r i o d s .  Samples were 

taken a t  the se  s h o r t  i n t e r v a l s  so as t o  keep the  leve l  o f  a c t i v i t y  o f  the 

cold s id e  below 5% t h a t  o f  the  hot  s o l u t i o n .  The same procedure was 

then fo l lowed  as o u t l i n e d  above f o r  measurements in  f rog  s k in .
2

Flux values f o r  sodium and c h lo r id e  a re  r e p re s e n t e d  as peq/cm h r ;
2 14for THO fluxes,/U l/cm  hr or as Kt rg n s  (cm/sec); C-ethanol  fluxes were

used to  c a l c u l a t e  the  p e rm e ab i l i ty  c o e f f i c i e n t  (Kt r a n s ) and a re  r e p r e ­

sented  as  cm/sec.
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c) Toad l e n s : U n id i r ec t io n a l  Na and Cl f lu x es  were measured according

to  Candia ejt al_ (1971) ,  by adding ^ N a  o r  ^®C1, r e s p e c t i v e l y ,  to  one 

chamber compartment o f  the d iv id ed  g l a s s  chamber and tak ing  p e r io d ic  

samples from th e  oppos ite  compartment.  In g e n e r a l ,  d i f f e r e n t  l e n se s  

were used to  measure each p a r t i c u l a r  io n i c  f l u x ,  however, in some 

in s t a n c e s  p a i r e d  lenses  from the  same animal were used to  measure f lu x es  

in t h e  two oppos i te  d i r e c t i o n s .  The s p e c i f i c  a c t i v i t y  o f  the  ' h o t  s i d e '  

was kep t  co n s ta n t  and the  a c t i v i t y  o f  the  cold s id e  was always 2% or  

l e s s  o f  t h a t  in the hot  compartment.  For a c o r r e c t  d e te rm in a t io n  of 

u n i d i r e c t i o n a l  f l u x e s ,  a s tead y  s t a t e  between the  lens  and the  hot 

s o l u t i o n  i s  r e q u i r e d .  This becomes p a r t i c u l a r l y  importan t  in  the  lens  

because o f  i t s  th i c k n e s s  (5-6  mm). When the r a t e  a t  which i so tope  appears  

in t h e  cold s id e  i s  s t a b l e  then  a s t e a d y  s t a t e  has been reached .  There­

f o r e ,  a uniform r a t e  of  f low can then be taken as an i n d i c a t i o n  of  a s teady  

s t a t e .  In th e  le ns  a s teady  s t a t e  was found t o  be reached a f t e r  60 min 

fo l lowing  the  a d d i t i o n  of  r a d i o i s o t o p e .  A f te r  t h i s  one hour e q u i l i b r a t i o n  

t im e ,  samples were taken from the  co ld  s id e  a t  30 min i n t e r v a l s  f o r  a t  

l e a s t  3 h r .  A f u r t h e r  i n d i c a t i o n  of  a s teady  s t a t e  was the un i fo rm i ty  

o f  t h e  f luxes  over  s evera l  p e r io d s .  During th e s e  f lux  measurements the  

l e n se s  were ma in ta ined  under s h o r t - c i r c u i t e d  c o n d i t io n s  and only  f o r  

b r i e f  p e r io d s ,  l e s s  than 10 sec each and 15 min a p a r t ,  was t h i s  i n t e r ­

rup ted  f o r  measurements o f  the  open c i r c u i t  p o t e n t i a l  d i f f e r e n c e .

All i s o tope s  were counted where a p p r o p r i a t e ,  in a Packard Tr i -Carb  

Liquid S c i n t i l l a t i o n  Spect rometer  and a Packard Autogamna Spec t rometer .
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The ba th ing  s o l u t i o n s : The composi t ion o f  th e  s o l u t i o n s  used th rough­

o u t  t h i s  i n v e s t i g a t i o n  a r e  p resen ted  in  Table 1. All s o l u t i o n s  were 

bubbled with  a i r  and a l l  s o l u t i o n s  were made f r e s h  d a i l y  o r  were made 

from s tock  s o l u t i o n s  which were p r e v io u s l y  p repared .  The co n c e n t r a t i o n  

o f  sodium was checked a f t e r  p repa r ing  th e  s o l u t i o n  by f lame photometry,  

and was always found to be w i th in  3 A ie q / l i t e r  o f  the  c o n c e n t r a t i o n  r e ­

q u i re d .  In a d d i t i o n ,  th e  pH was checked p e r i o d i c a l l y  to  be c e r t a i n  t h a t  

the  s o l u t i o n s  were b u f fe red  p ro p e r ly .  In ion s u b s t i t u t i o n  s t u d i e s ,  c h o l ­

ine  was used to  r e p l a c e  sodium; s u l f a t e  and g lu c o n a te ,  o r  n i t r a t e  and 

g lucona te  was used to  r e p l a c e  c h l o r i d e .

Drugs: The fo l lowing  drugs  and hormones were used .  Sodium th io c y a n a t e

(Eastman Kodak Co . ,  Roches te r ,  N.Y.);  ^ C - e t h a n o l  and ^ C -m a n n i to l  (Amer- 

sham /Sear le ,  I l l i n o i s ) ;  THO, ^ N a ,  ^ N a  and ^ C 1  (New England Nuclear ,  

Boston,  Mass. ) ;  ethanol  and c o l lo d io n  (Mt. S ina i  Pharmacy, N.Y.);  ouabain ,  

m ann i to l ,  N-ethylmale imide,  phospholipase-C and co l l a g e n a se  (Sigma Chem­

ic a l  Co . ,  S t .  Louis ,  Mo.); a r g i n i n e  v a s o to c in  and 8 - a r g i n i n e  v a sop re s s in  

(Schwartz/Mann,  Orangeburg,  N.Y.);  furosemide (Hoechst Pharmaceutica ls  Inc.  

Sommervil le ,  N . J . ) ;  urea (M a l l inckrod t  Chemical Works, S t .  Louis,  Mo.); 

cyclic-AMP (Calbiochem, Los Angeles,  C a l i f o r n i a ) ;  methanol ,  2-propanol  

and butanol  (F i sch e r  S c i e n t i f i c ,  F a i r law n ,  N . J . ) ;  and am i lo r id e  ( a g i f t  

from the  Merck I n s t i t u e  f o r  Therapeu tic  Research,  West P o in t ,  Pennsy lvan ia ) .
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Table 1. Composition o f  s o l u t i o n s

S u l f a t e
Ion Ringer Ri nger

Na+ 115 115

K+ 3.35 3.35

Mg++

Ca++ 2.7 2.58

Cl" 1 2 0

HCO3 - 4 .0 3.35

h2 po4 '

hpo4-

Gluconate= 2.58

IIOCO 57.0

NO3 -

Choline+

Glucose 5 .0 5 .0

Sucrose 57

pH 8 . 0 8 . 0

used in  mM c o n c e n t r a t i o n s .

N i t r a t e Choiine Conway Choi
Ringer Ringer Ri nger Conwi

115 104

3.35 3.35 2.5 3.2

1 . 2 1 . 2

2.58 2.7 1 . 0 1 . 0

1 2 0 74.5 81.5

4 .0 25.0 25.0

0.7 0.7

2 . 2

2.58 1 . 0 1 . 0

1 . 8 1 . 2

115

115 104

5.0 26 26

8 . 0 8 . 0 8 . 6 8 . 6
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RESULTS

As t h i s  i n v e s t i g a t i o n  invo lves  the  s tudy o f  t h r e e  membrane systems,  

namely,  the f r o g ' s  s k i n ,  toad  u r i n a r y  b ladder  and toad  l e n s ,  the  r e s u l t s  

t h a t  were ob ta ined  as to  the e f f e c t s  o f  ethanol  and o t h e r  agen ts  on the 

t r a n s p o r t  p r o p e r t i e s  o f  the se  membranes w i l l  be p resen ted  f o r  each system 

s e p a r a t e l y .

FROG SKIN

1. E f f e c t s  o f  ethanol  on o x id a t iv e  metabolism o f  the f rog s k i n .

Under in  vivo co n d i t io n s  the  body has a low to l e r a n c e  t o  e th a n o l .

I t  has f a t a l  e f f e c t s  in man when the  blood l e v e l s  reach 500 mg per  c e n t .  

However, c e r t a i n  t i s s u e s  in v i t r o  can w i ths tand  exposure to  high c o n c e n t r a ­

t i o n s  o f  e t h a n o l .  Klensh (1949) f o r  in s ta n ce  found t h a t  25 t o  40% 

e thanol  caused a block o f  e l e c t r i c a l  s t im u la t i o n  of  frog  motor n e rves .  

Although th e se  high c o n c e n t r a t i o n s  were i n s u l t i n g  to  the  t i s s u e  t h e r e  was 

no i r r e v e r s i b l e  damage as t h i s  response was r e a d i l y  r e v e r s i b l e  fo l low ing  

washout o f  the  drug.  In o rd e r  to  measure the  a b i l i t y  o f  the  frog sk in  to  

w i th s ta nd  high  co n c e n t r a t io n s  o f  e t h a n o l ,  we measured i t s  oxygen consumption 

in the  presence  o f  t h i s  drug.  Whole skin  p r e p a r a t i o n s  were i n i t i a l l y  used 

f o r  t h i s  exper imen t .  T h i r ty  minute exposure to  3% e thanol  (650 mM)

(on both s i d e s ) ,  which i s  the c o n ce n t ra t i o n  t h a t  had marked e f f e c t s  on the  

e l e c t r i c a l  parameters  o f  the f rog  s k i n ,  had no e f f e c t  on t h i s  t i s s u e ' s  

oxygen consumption (Table 2 ) .  I t  i s  p o s s ib le  t h a t  an e f f e c t  on sodium
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Table 2. E f fe c t s

Control (10)

3% Ethanol (14)

of  3% e thanol  on O2  consumption o f  i s o l a t e d  'whole '  

f ro g  skin

Oxygen consumption jul O2  g dry wt~* min"- 1

I n i t i a l  A f te r  30 min Wash

11.6 - 0 .7 11.0 ± 0 .8  9 .9  ± 1.0

11.5 ± 0 .9  10.8 ± 0 .8  10.2 ± 0 .8

R esu l t s  a re  as means * S.E.
No. o f  experiments  a re  in  p a r e n t h e s i s .
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t r a n s p o r t  could be obscur ing  a genera l  metabo lic  a c t i o n  o f  e t h a n o l ,  due 

f o r  in s t a n c e  to  an i n h i b i t i o n  o f  the  former and an in c r e a s e  in  the l a t t e r .  

Frog sk in s  were thus  bathed in Na- free  s o lu t i o n s  o r  t r e a t e d  with  amilo r ide  

t o  i n h i b i t  any sodium t r a n s p o r t  and remove t h a t  f r a c t i o n  of  Og consumption 

t h a t  i s  l in k ed  t o  t h i s  p rocess .  Sodium t r a n s p o r t  in frog sk in  accounts  

f o r  approxim ate ly  35% o f  t h i s  t i s s u e ' s  Og consumption.  As can be seen 

in Table 3 ,  the  Og consumption dropped approximate ly  35% when sodium was 

removed from o r  am i lo r id e  was added to  the  ba th ing  s o l u t i o n .  When 3% 

ethanol  was added to  th e se  p r e t r e a t e d  s k i n s ,  t h e re  was no f u r t h e r  change 

in  t h i s  t i s s u e ' s  oxygen consumption.

To determine a t  what c o n ce n t ra t i o n  alcohol  had i r r e v e r s i b l e  e f f e c t s  

on oxygen consumption f u r t h e r  measurements were done us ing th e  i s o l a t e d  

e p i t h e l i a l  (o r  ' s p l i t - s k i n ' )  p r e p a r a t i o n .  This p rov ides  us with  an 

ep i th e l iu m  t h a t  i s  f r e e  o f  connec tive  t i s s u e  and should  be more s e n s i ­

t i v e  to  e t h a n o l ' s  e f f e c t s  than the  whole sk in  p r e p a r a t i o n .  I t  was 

found t h a t  a t  a c o n c e n t r a t i o n  o f  30% ethanol  (ba th ing  both s u r f a c e s  o f  

the  sk in )  t h e r e  was a 90% i n h i b i t i o n  o f  oxygen consumption,  whereas,

10% ethanol  had no e f f e c t  on t h i s  parameter  (Table 4 ) .  The c o n c e n t r a ­

t i o n s  o f  e thanol  t h a t  were requ i red  to  i n h i b i t  o x i d a t i v e  metabolism f a r  

exceeded th ose  t h a t  we observed t o  a l t e r  the p e rm e a b i l i ty  o f  the  membrane.

2 .  E f f e c t  o f  e thanol  on the  e l e c t r i c a l  parameters  o f  the  f ro g  s k i n .

When mounted as a f l a t  shee t  between two i d e n t i c a l  R in g e r ' s  s o lu t i o n s  

t h e  frog s k in  develops an e l e c t r i c a l  p o t e n t i a l  d i f f e r e n c e  ( p . d . )  w i th  the
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Table 3. E f f e c t s  of  ethanol  on the  O2  consumption o f  f rog  skin  bathed 

in  Na-free  s o lu t i o n s  o r  p r e t r e a t e d  w i th  am i lo r id e .

Oxygen consumption >ul Og 9 dry wt"* min~*

Control  (5)

3% Ethanol (5)

I n i t i a l  

1 2 . 2  ± 1 . 2  

12.7 ± 2 .4

Na- free  

8.2  -  0.8  

7.7  t  0 .9

Na-free  + ethanol

7.3 ± 0 .9

7.4  i  0 .9

1 0 ” M am i lo r ide  
(5)

I n i t i a l  

12.0 ± 0.2

Amiloride 

8 .4  - 0 .4

Amiloride + e thanol

7.9 t  0 .3

R esu l t s  a r e  as means -  S.E.
No. o f  experiments a r e  in  p a r e n t h e s i s .
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Table 4.  The e f f e c t s  o f  in c re a s in g  e thano l  c o n c e n t r a t io n s  on the

o x i d a t i v e  metabolism o f  i s o l a t e d  ' s p l i t - s k i n '  f rog  ep i th e l iu m .

Oxygen consumption /ul O2  g dry wt~* min” *

A f te r  30 min
Ethanol conc.  I n i t i a l  ethanol  p f o r  d i f f e r e n c e

10% (5) 31.2 ± 4 .4  33.8  ± 4 .9  N.S.

20% (8 ) 29.3 - 3 .4  16.4 ± 2.1 < 0 . 0 1

30% (8 ) 28.4 ± 2 .9 3 .8  ± 0 .8  <0 .0 0 1

No ethanol  was p r e s e n t  during the  0g d e t e r m in a t io n s ,  so t h a t  a change 
r e p r e s e n t s  an i r r e v e r s i b l e  i n h i b i t i o n .
R esu l t s  a r e  as means * S.E.
Number o f  exper iments  a r e  in p a r e n t h e s i s .
N.S. not  s t a t i s t i c a l l y  s i g n i f i c a n t  ( p > 0 . 0 5 )
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i n s i d e ,  o r  corium, p o s i t i v e .  This spontaneous p . d .  can be brought t o  zero 

by the  a p p l i c a t i o n  of  an e x t e rn a l  c u r r e n t ,  which i s  c a l l e d  the s h o r t -  

c i r c u i t  c u r r e n t  ( s e e ) .  Ussing and Zerahn (1951) found t h a t  the see 

was e q u i v a l e n t  to  the n e t  a c t i v e  sodium t r a n s p o r t  from the  o u t s id e  to 

the  i n s i d e  ba th ing  s o l u t i o n s .  The measurement o f  p . d .  and see ac ro ss  

f rog  skin  p rov ides  in form at ion  as t o  the movements of  ions  ac ross  i t ,  

and how th e se  movements can be a f f e c t e d  by ex te rna l  f o r c e s ,  such as 

the  a d m in i s t r a t i o n  of  d rugs .

When e thanol  a t  a c o n c e n t r a t io n  o f  3% (v/v)  was added to  the  

o u t s id e  s o lu t i o n  ba th ing  the  frog s k i n ,  t h e r e  was an imnediate drop in 

the  p . d .  and see whereas the  r e s i s t a n c e ,  c a l c u l a t e d  as p . d . / s e e ,  did 

not  change s i g n i f i c a n t l y .  This  response was r e a d i l y  r e v e r s i b l e  a f t e r  

removing the  drug even a f t e r  more than 90 min exposure (F igure 7 and 

Table 5 ) .  This e f f e c t  was a l s o  seen w i th  1 % e t h a n o l ,  al though the 

response was s m a l l e r  (Table 5 ) .  Lower c o n c e n t r a t i o n s  than t h i s  (0.5% 

e th a n o l )  were w i thou t  any a p p re c ia b le  e f f e c t .  Higher c o n c e n t r a t i o n s  o f  

ethanol  (up to  30%) ex e r t e d  a g r e a t e r  e f f e c t  which was a l s o  r e v e r s i b l e  

fo l lowing  washout o f  the  drug (Table 6 ) .  When e thano l  was added to  the 

i n s id e  ba th ing  s o lu t i o n  i t s  response was much slower and sm a l l e r  in mag­

n i t u d e .

To see  i f  t h i s  e thano l  response was due to  an osmotic e f f e c t  equimolar  

c o n c e n t r a t io n s  o f  urea  (650mM) and mannitol  (650mM) were added to  the  

o u t s id e  ba th ing  s o l u t i o n .  From Table 7 i t  can be seen t h a t  the transmura l  

e l e c t r i c a l  p .d .  decreased in the  presence  o f  the se  osmotic a g e n t s ,  but



740PD®
aor

30wash

s e e
20

20

90m in

Chlorid*-fre* 

\SCC ••hanol 2020

75min 20min
PD©

F igure  7. E f f e c t  o f  e thano l  on s h o r t - c i r c u i t  c u r r e n t  
( s e e )  and p o t e n t i a l  d i f f e r e n c e  ( p . d . )  ac ross  a p re ­
p a r a t i o n  o f  f rog  s k i n  in  v i t r o . The upper curve shows 
th e  response  upon t h e  a d d i t i o n  o f  3% (v /v )  ethanol  t o  
t h e  o u t s id e  ba th ing  s o l u t i o n  in the  presence o f  c h l o r i d e .  
The lower cu rve  shows the response  to  3% ethanol  (added 
as  above) i n  C l - f r e e  media.
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Table 5. E f f e c t  o f  ethanol  on the  p .d .  (mV) and see UiA/3.8 cm ) 

ac ro s s  f rog  skin  in  v i t r o .

Treatment In i t i a l *
+ ethanol  
f o r  30 min

Washout 
(ETOH-free) 
a f t e r  30 min

1% ethanol  p .d .  25 t  2.9
(o u t s id e )

(11) see 6 8  ± 5.9

13 i  1 .7 °  

44 i  8 . 0 °

27 i  2 .3 

76 - 7 .6

3% ethanol  
( o u t s id e )

( 1 0 )

p .d .

sec

23 + 2.4 

89 - 10

11 t  1.2  

46 - 6 . 8 C

27 i  3 .2  

106 ± 15

3% e thano l  
( i n s i d e )  

( 8 )

p.d .

sec

26 ± 1.4 

83 ± 5.6

16 ± 1 . 5b

6 6  + 5 .8

24 ± 1.4 

84 ± 4 .0

a This i s  a s teady  b a s e l i n e  va lue  measured over a 30 min per iod .  

% <  0 . 0 0 1  f o r  d i f f e r e n c e s  from i n i t i a l  pe r iod .
c p < 0 . 0 1  " " " " "

R esu l t s  a re  as means i  S.E.
Number of  experiments a r e  in p a r e n t h e s i s .



Table 6 . The e f f e c t s  o f  in c re as in g  amounts o f  ethanol  on the  e l e c t r i c a l  p r o p e r t i e s  o f  f rog  sk in .

3% ethanol  Washout 10% ethanol  30% ethanol  Washout
I n i t i a l  f o r  15 min (ETOH-free) f o r  15 min f o r  15 min (ETOH-free)

a f t e r  30 min a f t e r  30 min

p .d .  6 1 + 4 . 7  3 0 + 3 . 0  6 5 + 5 . 4  2 3 + 1 . 6  1 1 + 0 . 7  6 7 + 5 . 3

see 148 + 4 .0  107 + 4 .0  169 + 10 84 +5.0 30 + 3 .4  165 + 11

a 2p .d .  in  mV, and see in /uA/3.8 cm

^Ethanol was added to  mucosal s id e  only  
Resu l t s  a r e  as means + S.E.  o f  ten exper iments.
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Table 7. E f f e c t s  o f  urea and mannito l  on th e  e l e c t r i c a l  p .d .  (mV)
o

and see (*iA/3.8 cm ) a c ro s s  i s o l a t e d  frog s k in  in v i t r o .

Treatment

650 mM urea  p .d .  
( o u t s id e )

( 8 ) see

I n i t i a l

36 ± 6.0 

1 0 2  t  16

+ s o l u t e  
f o r  30 min

16 ± 3 . 0 b 

131 t  22

Washout 
(u rea  and 
m a n n i t o l - f r e e )  

a f t e r  30 min

40 ± 6 . 8

118 + 16

650 mM man- p .d .  44 t  1 .6 15 t  0 . 5 C 43 + 1.3
n i t o l
( o u t s i d e )  see 82 - 4 .3  84 t  4 . 5  85 t  5 .7

( 6 )

a This i s  a s teady  b a s e l i n e  va lue measured o ver  a per iod  o f  30 min. 

bp < 0 . 0 1  f o r  d i f f e r e n c e s  from the  i n i t i a l  p e r io d .

c p <  0 . 0 0 1  "

R esu l t s  a r e  as means ± S.E.
Number o f  experiments a r e  in p a r e n t h e s i s .
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t he re  was no change in  s ee .  The e f f e c t s  o f  hype rosm ot ic i ty  on f rog  skin 

has been well documented (Ussing,  1965, 1966) and s i m i l a r  dec re a se s  in 

p .d .  have been d e s c r ib e d  with no concomitant  d e c l in e  in see r e p o r te d .

These o b s e rv a t io n s  s u g g e s t  t h a t  e thano l  i s  not working v i a  an osmotic-  

type o f  response  on f rog  sk in .  In a d d i t i o n ,  e thanol  permeates t h e  frog 

skin q u i t e  r e a d i l y  ( s ee  l a t e r ) ,  so t h a t  any osmotic e f f e c t  would only  be 

t r a n s i e n t ,  as e q u i l i b r a t i o n  i s  r a p id .

As d esc r ibed  p r e v io u s l y ,  t h e  see ac ros s  the  f rog  sk in  has been

shown t o  be e q u i v a l e n t  t o  the n e t  t r a n s p o r t  of  sodium. However, Cl"

has r e c e n t l y  been shown to  be a l s o  t r a n s p o r t e d  a c t i v e l y  (Zadunaisky,  Candia

and C h ia r a n d in i ,  1963; K r i s tense  1972; Watl ington and J e s s e e ,  1973,1975)

and may a l so  p la y  an im portan t  r o l e  in t h e  a c t i v e  t r a n s p o r t  p ro cess  f o r

sodium. To i n v e s t i g a t e  what r o l e  Cl p la yed  in t h e  e thano l  r e sponse ,

-2frog s k in s  were bathed in  c h l o r i d e - f r e e  s o l u t i o n s  (SO^ R i n g e r ' s ) .

When Cl was rep la ced  by SÔ  (o s m o la l i t y  c o r r e c t e d  on both  s id e s  o f  the 

frog s k i n ) ,  t h e r e  was an inc re a s e  in the  open c i r c u i t  p . d .  and a drop 

in th e  see (Table 8 ) .  The drop in  see was not due to  an i n h i b i t i o n  o f  

an a c t i v e  t r a n s p o r t  o f  c h l o r i d e ,  (as  shown by th e  f l ux  measurements) i n d i ­

c a t in g  t h a t  the  sodium t r a n s p o r t  was a n io n ic  dependent .  Other workers 

have a l s o  demons trated  anion dependent  sodium t r a n s p o r t  in frog  skin 

(Huf, 1972; F e r r i e r a ,  1968; C u th b e r t ,  P a i n t e r  and P r in c e ,  1969).

I t  was nex t  de te rmined whether  the presence  o f  c h l o r i d e  was necessa ry  

in the  o u ts id e  o r  i n s i d e  ba th ing  s o l u t i o n s .  By re p la c in g  on ly  th e  o u ts id e



- 2  2 Table 8 . E f f e c t  o f  c h l o r i d e - f r e e  (SO^ ) s o lu t i o n s  on the  p .d .  (mV) and see (jjA/3.8 c m )

ac ross  f rog  sk in  in v i t r o .

Treatment

C h lo r i d e - f r e e  
(SO^-Ringer ' s )

(both s id e s )  
(16)

p .d .

see

I n i t i a l

31 t  4 .3  

84 t  6 . 8

+ Treatment 
a f t e r  30 min

69 t  4 . 6 b

53 t  6 . 8 b

Washout
(N-Ringer 's  both s id e s )  
a f t e r  30 min

35 t  4 .4

81 t  6 . 1

C h lo r i d e - f r e e
(SO^-Ringer ' s)

(both s id e s )  
(8)

p .d .  29 + 3 .4

see 91 i  10

83 + 6 . 8 ° 

99 t  11

41 t  7 .0  

1 1 0  t  1 0

C h lo r i d e - f r e e
(SO^-Ringer ' s)

( i n s i d e )  ( 1 1 )

p .d .  25 + 3.4

sec 85 t  9 .9

27 t  3.2 

41 + 6 . 9 b

27 t  2 .4

73 t  8 .5

This i s  a s teady  b a s e l i n e  va lue  measured over  a per iod  o f  30 min. 

bp < 0 . 0 1  f o r  d i f f e r e n c e s  from the  i n i t i a l  pe r iod .
cp <  0 . 0 0 1  " "   "

Resu l t s  a r e  as means t  S.E.  Number o f  experiments a r e  in  p a r e n t h e s i s .
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bathing s o l u t i o n  with  s u l f a t e  R i n g e r ' s  (no Cl) t h e r e  was an inc re a se  in

p .d .  bu t  no change in s ee  (Table 8 ) ,  whereas re p la c in g  ch lo r id e  with

s u l f a t e  R in g e r ' s  on the  i n s id e  ba th ing  s o lu t i o n  reduced the  see .  These

obse rva t ions  s u g g e s t ,  as  confirmed by f l u x  measurements (see l a t e r )  t h a t

the ch lo r id e  dependent  sodium t r a n s p o r t  depends on the  an ion ic  composit ion

of the  bathing s o l u t i o n .

When both s id e s  o f  t h e  f rog s k in  were bathed by c h l o r i d e - f r e e  
_2

s o lu t i o n s  (SO^ R i n g e r ' s ) ,  3% e thano l  (added to  the  o u ts id e  s o lu t i o n )  

had no s i g n i f i c a n t  e f f e c t  on see o r  p .d .  ( see  Figure 7 lower curve and 

Table 9 ) .  These r e s u l t s  i n d i c a t e  t h a t  the  ethano l  response i s  an ion ic  de­

pendent .  F u r th e r  o b s e rv a t io n s  i n d i c a t e d  t h a t  the  e thanol  response was 

dependent  only  on the p resence  o f  c h l o r i d e  in the o u t s id e  ba th ing  s o l u ­

t i o n  (Table 9 ) ,  which i s  th e  same s id e  the  alcohol  i s  added.  This i s  

q u i t e  d i f f e r e n t  from our  o b s e rv a t i o n s  t h a t  the  t r a n s e p i t h e l i a l  t r a n s p o r t  

o f  sodium was dependent on the  p resence  of  c h l o r i d e  in the  i n s id e  ba th ing  

s o l u t i o n .  T he re fo re ,  t h i s  i n t e r a c t i o n  between c h lo r id e  and the  ethanol  

response must invo lve some o t h e r  mechanism.

To s u b s t a n t i a t e  t h i s  o b s e r v a t i o n ,  t h a t  the  e thanol  e f f e c t  was depen­

dent  on the presence o f  C l ,  a d d i t i o n a l  s t u d i e s  were done on frog skin 

p rep a ra t io n s  bathed in s o l u t i o n s  c o n ta in in g  n i t r a t e  s u b s t i t u t e d  f o r  c h l o r i d e .  

Under the se  co n d i t io n s  e thanol  a l s o  f a i l e d  to  decrease  the  s ee .  The see
2

in n i t r a t e  s o l u t i o n s  p r i o r  to  the  a d d i t i o n  o f  3% e thano l  was 16 ± 3 .0  AJA/cm
2

(10 e x p e r im e n t s ) ,  and a f t e r  the  a d d i t i o n  o f  the drug i t  was 15 ± 3.0 juA/cm . 

Ethanol was a l s o  found to  be w i th o u t  an e f f e c t  when NOg was s u b s t i t u t e d
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p
Table 9.  E f f e c t  o f  ethano l  on the  p .d .  (mV) and see (ajA/3 .8  cm )

_ o
ac ro s s  i s o l a t e d  f rog  sk in  bathed in  c h l o r i d e - f r e e  (SO^ ) 

R in g e r ' s  s o l u t i o n s .

Treatment
I n i t i a l  
C l - f r e e

C l - f r e e  +
3% ethanol  
(o u t s id e )  
a f t e r  30 min

Washout 
C l - f r e e  
a f t e r  30 min

C l - f r e e  p .d .
(bo th  s id e s )

(16) see

64 1 3 .4  

40 + 3 .3

67 + 3.6 

44 t  4 .0

61 + 3.7  

38 + 3 .6

C l - f r e e  p .d .
(o u t s id e )

(8 ) see

C l - f r e e  
( i n s i d e )

( 1 1 )

p .d .

sec

83 i  6 . 8  

99 + 11

24 t  2 .9  

54 t  7 .4

80 - 5.8 

106 t  14

13 ± 1.3 

28 - 3 .8 a

91 I  5.5

122 ± 10

Washout(outside 
o n l y ) a f t e r  30 min 
26 ± 2.5

56 i  4 .6

p < 0 . 0 1  f o r  d i f f e r e n c e s  from i n i t i a l  v a lu es .  
R esu l t s  a r e  as means - S.E.
Number o f  experiments  a r e  in p a r e n t h e s i s .
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f o r  c h lo r id e  in the  o u t e r  s o lu t i o n  only .

Cer ta in  agents  have been useful  in h e lp in g  e l u c i d a t e  th e  mechanism o f  

c h lo r id e  t r a n s p o r t  in  many b io l o g ic a l  membranes. I t  has been found, f o r  

i n s t a n c e ,  t h a t  the  Cl” p e rm e ab i l i ty  o f  many membranes can be reduced by 

c e r t a i n  anions such as th iocyana te  ( E p s t e i n ,  Maetz and De Renzis ,  1971; 

K r i s tensen ,  1972) and furosemide (Burg, S t o n e r ,  Cardinal  and Green,  1971; 

Candia,  1973),  as well as copper (Lyon, 1974).  The e f f e c t s  of  e t h a n o l ,  

t h e r e f o r e ,  were s tud ied  on frog sk in s  p r e t r e a t e d  with sodium th iocyana te  

(20 mM in the  e x te rn a l  ba th ing  s o l u t i o n )  and furosemide (10“^M a l s o  added 

to  the  o u t s id e  s o l u t i o n ) .  I t  was found,  t h a t  ethanol  (3% added to  the 

o u ts id e  s o lu t i o n )  did  not  br ing  about  a d e c l i n e  in the see as normally 

seen in the absence o f  the se  agents  (Table 1 0 ) .  I t  seems l i k e l y  t h a t  the 

f a i l u r e  to  observe the usual  response o f  t h e  f ro g  sk in  t o  ethanol  a l s o  

r e f l e c t s  a la ck  o f  a v a i l a b l e  c h l o r i d e .

Two drugs which have a l s o  helped in unders tand ing  membrane t r a n s p o r t  

p rocesses  have been the d i u r e t i c  am i lo r ide  and the c a rd i a c  g lycos ide  

ouabain .  The mechanism of ac t ion  o f  th e se  a g e n t s  i s  f a i r l y  well known: 

ami lo r ide  b locks sodium e n t r y  a t  th e  o u te r  b a r r i e r  o f  the  membrane (B ibe r ,  

1971) and ouabain i s  thought  to  block sodium t r a n s p o r t  by an i n h i b i t i o n  of  

the membrane bound enzyme Na-K-act iva ted  ATPase, which i s  b e l iev ed  t o  be 

a s s o c i a t e d  w i th  the  s o - c a l l e d  'Na-pump' ( see  f o r  i n s t a n c e  Schwartz,  Linden- 

mayer and A l le n ,  1975). I t  was t h e r e f o r e  i n t e r e s t i n g  t o  see how t h e i r  

responses  were e f f e c t e d  by c h l o r i d e - f r e e  s o l u t i o n s .  I t  can be seen in Table 

11, t h a t  the  am i lo r ide  (10”^M added t o  the  o u t s i d e  ba th ing  s o lu t i o n )  and
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Table 10. E f fec t s  of  ethanol  on t h e  p .d .  (mV) and see  (pA/3.8 cm ) 

ac ro s s  frog s k in  p r e p a ra t io n s  p r e t r e a t e d  with  sodium 

th iocyana te  and furosemide .

Anion added 
to  o u t s i d e

Period I 
I n i t i a l

Period  I I  
+ anion 
fo r  30 min

Per iod  I I I  
an ion  + 3% 
f o r  30 min

20 mM Na 
th io cy an a te

p .d .

see

35 ± 5 .4  

54 t  6 .5

60 ± 3 . 8 b

6 8  t  9 .8

35 ± 4.4 

63 ± 9.1

10 '4M
furosemide

(9)

p .d .

see

28 ± 4 .1  

81 t  14

47 + 7 .9  

99 + 15

35 ± 8 . 8  

91 t  17

a This i s  a s teady  b a s e l i n e  va lue measured over  a per iod  o f  30 min. 

bp < 0 . 0 1  f o r  d i f f e r e n c e s  from i n i t i a l  v a l u e s .  
c p < 0 . 0 1  " " " P e r iod  2 v a l u e s .

R esu l t s  a re  as means - S.E.
Number o f  experiments a r e  in p a r e n t h e s i s .

ET0H



Table 11. E f fec t s  o f  a m i lo r id e  and ouabain on the p .d .  (mV) and see
o

(pA/3.8 cm ) a c ro s s  f rog  sk in  p re p a ra t io n s  bathed in
O

c h l o r i d e - f r e e  (SO^ ) R in g e r ' s  s o l u t i o n .

C l - f r e e  C l - f r e e  + drug
Treatment both s id e s  a f t e r  30 min

10“^M Amiloride p .d .  65 + 4 .7  4 + 2 .8
( 6 )

see 4 0 + 2 . 1  a

60 min

1 0 ~Sl Ouabain p .d .  62 + 4 .3  4 + 1.9
( 6 )

see 4 3 + 2 . 1  a

aAs th e  p .d .  i s  so low a t r u e  measurement o f  th e  sec i s  not p o s s i b l e .  

Resu l t s  a r e  as means + S.E.

Number o f  experiments a r e  in  p a r e n t h e s i s .
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the  ouabain ( 1 0 ~̂ M added to the  i n s id e  b a th in g  s o l u t i o n )  responses  were 

s t i l l  observed when Cl" was a b s e n t  from th e  ba th ing s o l u t i o n .

The a b i l i t y  o f  e thano l  to  decrease  t h e  p .d .  and see a c ro s s  f rog  

sk in  in  v i t r o  seems t o  be dependent  on th e  presence  o f  c h l o r i d e .  In 

a d d i t i o n ,  the  observed see was a l s o  found t o  be depressed  in  the absence 

o f  c h l o r i d e .  I t  t h e r e f o r e  remained to be determined i f  c h l o r i d e  was 

involved  in a d i r e c t  o r  i n d i r e c t  manner. U n id i r e c t i o n a l  f l u x e s  o f  sodium 

and c h lo r id e  were thus  measured.

3. E f f e c t  o f  ethanol  on u n i d i r e c t i o n a l  sodium and c h l o r i d e  f luxes  

ac ross  f rog  s k i n .

T r a n s e p i t h e l i a l  sodium and c h l o r i d e  f l u x e s  were measured s im u l ta n ­

e o u s ly  in t h e  same d i r e c t i o n  (on the same f rog  sk in  p r e p a r a t i o n )  using 

^ N a  and ^C1 r a d i o i s o to p e s .  Twenty-four exper iments  were performed: 

twelve  in each d i r e c t i o n .  Ethanol {3%) decreased  t h e  in f lu x  o f  sodium 

(o u t s i d e  to i n s i d e )  a c ro s s  the f rog  s k in ,  b u t  had no e f f e c t  on the 

o u t f l u x  (Table 12).  The c h l o r i d e  f luxes  in  e i t h e r  d i r e c t i o n  were un­

a l t e r e d  (Table 12).  The decrease  in the sodium i n f l u x  measured could 

account  f o r  th e  observed d ec l in e  in  see when both v a lues  a r e  expressed
p

as juA/cm . The decrease  in sodium in f lu x  was 19.2 ± 2.9 (means t  S .E . )
2

w hi le  the drop in  see was 17.0 + 3.1 pA/cm . There fore  the  e f f e c t  o f  

e thano l  on s ee  appears t o  be by an i n h i b i t i o n  o f  t h e  sodium in f l u x  and 

t h a t  t ransmura l  movements of c h l o r i d e  a r e  n o t  c o n t r i b u t i n g  t o  the o v e ra l l  

response .
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Table 12. E f f e c t  of  3% ethanol  on u n i d i r e c t i o n a l  f lu x e s  across

i s o l a t e d  f rog  sk in  bathed in  NaCl R in g e r ' s  s o lu t i o n
2

jueq/cm hr

30 min befo re  30 min a f t e r
Flux ethano l  ethanol

Sodium:

in f lu x  1 . 9 + 0 . 1 5  1.2 + 0 .13a
( o u t s id e  to  in s id e )

o u t f l u x  0 .4  + 0.03 0 .4  + 0.02
( i n s i d e  to  o u t s id e )

Chlo ride :

in f lu x  0 . 6 8 + 0 . 0 9  0 . 6 8 + 0 . 0 9

o u t f lu x  0.64 + 0.09 0.69 + 0.09

a p < 0 . 0 1  f o r  d i f f e r e n c e s  from va lues  ob ta ined  p r i o r  to  th e  ethanol  a d d i t i o n .  

Resu lt s  a r e  as means + S.E.

Represents  12 pa i red  experiments  (12 i n f l u x ;  12 o u t f l u x )
The ethanol  was added to  th e  e x t e rn a l  ba th ing  s o l u t i o n .
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However, to  conf irm t h a t  ion p e rm e a b i l i ty  ac ross  the  frog skin 

i s  unchanged by e thano l  in the  absence o f  c h l o r i d e ,  u n i d i r e c t i o n a l  

sodium f lu x e s  were measured us ing sk in s  ba thed in c h l o r i d e - f r e e  s o l u t i o n s .  

The sodium in f l u x  was much l e s s  than observed when c h lo r id e  was p r e s e n t .  

Under the se  c o n d i t i o n s ,  e thano l  d id  not  a l t e r  the  sodium f lu x e s  in e i t h e r  

d i r e c t i o n  (Table 13) .

These r e s u l t s  i n d i c a t e  t h a t  c h lo r id e  must be involved i n d i r e c t l y  

and the  ethanol  response i s  dependent on i t s  p resence .  This  a l s o  sug­

g e s t s  t h a t  sodium t r a n s p o r t  may be l inked  to  th e  presence  o f  c h l o r i d e .

This e f f e c t  o f  c h lo r id e  on the  e thano l  response  was f u r t h e r  i n ­

v e s t i g a t e d  with  a h ig h e r  e thanol  co n c e n t ra t io n  t o  see i f  a change in 

transmura l  movements of  c h lo r id e  may be d e t e c t e d .  The u n i d i r e c t i o n a l  

f lu x e s  o f  c h l o r i d e  in  both  d i r e c t i o n s  were inc re ased  in th e  presence  o f  

9% ethanol  (added to  the  o u t s id e  s o l u t i o n )  (Table 14) .  In a d d i t i o n ,  

the  sodium i n f l u x  as decreased  as observed w i th  the  lower e thano l  

co n c e n t ra t i o n  (Table 14).  Sodium th io c y a n a t e  was a l s o  added t o  the se  

f rog  sk ins  two hours fo l lowing  th e  a d m in i s t r a t i o n  o f  9% e t h a n o l .  As 

you r e c a l l  t h io c y a n a t e  i n h i b i t s  Cl t r a n s p o r t ,  and i t  was hoped t h a t  

t h i s  may show up in the f l u x  measurements.  I t  was observed t h a t  the

u n i d i r e c t i o n a l  Cl f lu x e s  decreased in both d i r e c t i o n s .  The i n f l u x
2

decreased  from 1.16 ± 0.25 jueq/cm h r  to  0 .40  ± 0.11 whereas th e  o u t ­

f lu x  decreased from 1.12 ± 0.15 ^ieq/cm^hr to  0 .46 ± 0 .09 (means ± S .E . )
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Table 13. E f f e c t  o f  3% e thanol  on u n i d i r e c t i o n a l  f lu x e s  ac ross  frog 

sk in  bathed in c h l o r i d e - f r e e  (SO^ ) R in g e r ' s .

2
jueq/cm hr

Sodium f lu x

In f lux

Outf lux

30 min b e fo re  
ethanol

0 .96  t  0 .06

0 .30  + 0.06

30 min a f t e r  
ethanol

0.89 + 0.07

0.26 + 0.04

Resu l t s  a r e  as means t  S.E. o f  14 pa i red  experiments (14 i n f l u x ;  14 o u t f l u x )  
The e thano l  was added to  the  e x t e rn a l  ba th ing  s o l u t i o n .
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Table 14. E f f e c t  o f  9% e thanol  on u n i d i r e c t i o n a l  f lu x es  o f  sodium 

and c h l o r i d e  a c ro s s  f rog  skin  bathed in NaCl R in g e r ' s .

2
jueq/cm hr

30 min b e fo re  30 min a f t e r
Flux ethanol  ethanol

Sodium:

In f lux  0 .98  ± 0 .08  0.49 - 0 .02a

Outflux 0 .34  ± 0 .05  0 .32 + 0.07

Chloride :

In f lux  0 .59  + 0 .06  1.16 + 0 .25b

Outf lux  0.61 t  0 .08  1.12 t  0 .15b

a p< 0 . 0 0 1  f o r  d i f f e r e n c e  from value  o b ta in ed  p r i o r  to the  e thanol  a d d i t i o n .
bp ^ q Qg n n n n H n n n n n

Result s  a r e  as means t  S .E .  of  6  pa i red  experiments  ( 6  i n f l u x ;  6  o u t f l u x )  
The ethanol  was added to  t h e  e x te rn a l  ba th ing  s o l u t i o n .
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30 min a f t e r  the a d d i t io n  o f  20 mM sodium th io cy an a te  t o  the  o u t s id e  

s o l u t i o n .  This  o b s e rv a t io n  conf irms the  mechanism o f  a c t io n  o f  t h i o ­

cyana te as well as  sugges ts  t h a t  t h e  inc re a se  in Cl f lu x e s  produced by 

ethano l  i s  probably  due t o  an in c re ase  in i t s  p e rm e a b i l i ty .

4.  E f f e c t  o f  e thano l  on th e  vasotoc in  induced n a t r i f e r i c  response

in f rog  skin in v i t r o .

I t  has been sugges ted  t h a t  e thano l  may a f f e c t  the  'Na-pump' by an 

i n h i b i t i o n  of  the  Na-K-ATPase ( I s r a e l  and Mardones, 1971; Hegyvary, 1973). 

Such an e f f e c t  could block the  n a t r i f e r i c  response ( i n c r e a s e  in see) 

t o  neurohypophysial  hormones, such as v a s o to c in ,  as the  'Na-pump' a t  the  

corium s i d e  o f  the  c e l l  i s  u s u a l l y  r a t e - l i m i t i n g  to  t h i s  p ro c e s s .

Vasotocin appears  to  a c t  by i n c re a s in g  the sodium p e r m e a b i l i t y  of  the 

c e l l  membrane a t  the  mucosal su r f a c e  o f  e p i t h e l i a l  c e l l s  (H erre ra  and 

Curran ,  1963; Civan and F r a z i e r ,  1968),  which i s  a l s o  a s i t e  where ethanol  

could be a c t i n g .  The e f f e c t s  o f  e thanol  on the  vaso toc in - induce d  n a t r i f e r i c  

response were thus i n v e s t i g a t e d .  Vasotocin (AVT) (10 mlJ/ml) was added 

to  the  i n s i d e  s o l u t i o n  ba th ing  the  f rog  skin and a f t e r  30 min th e  see 

in c re a s ed  c o n s id e ra b ly  (Table 15).  When 3% ethanol  was added to  these  

p r e t r e a t e d  AVT s k i n s ,  the  p . d .  and see decreased  by an amount s i m i l a r  t o  

t h a t  when i t  i s  added in th e  absence o f  AVT; the response was n o t  i n ­

h i b i t e d .  In an o th e r  s e r i e s  o f  exper im en ts ,  ethanol  was added p r i o r  to  

the  a d m in i s t r a t i o n  o f  AVT so t h a t  the  see d e c l in ed .  In t h i s  case  the 

subsequent  in c re a s e  in see produced by AVT was s i m i l a r  to  the  in c re a s e  

in  the absence o f  ethano l  (Table 15) ,  bu t  the  normal b a s e l i n e  see  remained



Table 15. E f f e c t  o f  ethanol  on the  vaso toc in  (AVT) induced n a t r i f e r i c  response in frog  s k in .
2

see in  juA/3.8 cm

AVT (lOmU/ml)

Ethanol (3%)

I
I n i t i a l

107

128

II
Vasotocin 
f o r  30 min

149

Ethanol 
15 min

92

D if fe rence 3  

I I  vs I

+42 + 6 . 6  

-36 + 5.6

I I I  
Ethanol 

f o r  15 min

106

Vasotocin 
30 min

131

D if fe rence  
I I I  vs II

-43 + 9.9 

+39 + 4.7

d i f f e r e n c e s  r e p r e s e n t  i n c re a s e  (+) o r  dec rease  ( - )  in see from i n i t i a l  con t ro l  l e v e l s .  
D if fe rences  r ep re s en ted  as means + S.E.  o f  e i g h t  pa i red  exper iments.
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depressed .  Vaostocin could no t  overcome the e f f e c t  o f  the  e t h a n o l .  This  

sugges ts  t h a t  e thanol  and AVT a re  working on d i f f e r e n t  mechanisms in 

the  membrane.

5. E f fe c t s  o f  phospholipase  C on the  e thanol  r e s p o n s e .

The fo l lowing  exper iments  were des igned  so as to  he lp  e l u c i d a t e  the  

n a tu re  o f  the membrane s i t e  ( s )  which e thano l  may be a f f e c t i n g .  This 

membrane s i t e  can be th ough t  o f  as a ' d r u g - r e c e p t o r ' ,  a l though ,  a t r u e  

d e f i n i t i o n  of  a r e c e p t o r  invo lves  one in  which an endogenous compound 

i n t e r a c t s  with  i t ,  r a t h e r  than some pharmacological  a g e n t .  However, 

th e  term d ru g - r e c e p t o r  has been g e n e r a l l y  accepted when e x p la in in g  a drug-  

membrane i n t e r a c t i o n .  The i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  such 

r e c e p to r s  i s  d i f f i c u l t  mainly because i n t e r a c t i o n s  between drugs and 

membrane r e c e p to r s  i n v o lv e ,  in g e n e r a l ,  only  weak fo rces  which a r e  more 

d i f f i c u l t  t o  s tudy  than the  c ova len t  r e a c t i o n s  ty p i c a l  o f  many enzyme- 

s u b s t r a t e  i n t e r a c t i o n s .  However, some fundamental qu es t io n s  concern ing 

the  na tu re  o f  such d r u a - r e c e p to r s  may be obta ined  by leav ing  drug r e ­

cep to r s  i n t a c t  in  the  membrane and by s tudying  the e f f e c t s  o f  degrading 

enzymes on the  pharmacologica l  respons iveness  o f  the t i s s u e .  Since the  

c e l l  membrane c o n s i s t s  o f  p r o t e i n s  and l i p i d s ,  s e l e c t i v e  d e s t r u c t i o n  

of  membrane components by enzymes fo l lowed by t e s t i n g  o f  drug responses  

might  give c lu e s  about  the  n a tu re  o f  r e c e p to r s  and r e c e p to r  a c t i o n .

With t h i s  in mind, phospholipase  C, an enzyme which produces phos-  

p h o l i p o l y s i s ,  was used to  help e l u c i d a t e  the  na tu re  o f  the  ethanol-membrane
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s i t e ( s )  o r  which may be termed the  ' e t h a n o l - r e c e p t o r ' . Since the  

e l e c t r i c a l  p o t e n t i a l  d i f f e r e n c e  and s h o r t - c i r c u i t  c u r r e n t  ac ross  the  

i s o l a t e d  frog skin  se rves  as a good i n d i c a t o r  o f  th e  ethanol  r e sponse ,  

the  e f f e c t s  of  phospholipase  C on the se  parameters  was s tu d ie d  by 

e i t h e r  adding t h i s  enzyme p r i o r  to  o r  a f t e r  the a d d i t io n  of  e t h a n o l .

When phospholipase  C (50 ^ig/ml) was added to  both s id e s  o f  the  

f rog  sk in  (mounted in Uss ing- type chambers) the r e s t i n g  see in c reased  

by about  50% (Table 16) whereas the  p .d .  d id  not  change c o n s i s t e n t l y .  The 

r e s i s t a n c e  ( p . d . / s e e )  a l s o  dropped s i g n i f i c a n t l y .  To see i f  the 

in c re a s e  in see was due to  an in c re a s e  in  sodium t r a n s p o r t ,  a m i lo r i d e ,  

which i s  known t o  i n h i b i t  Na t r a n s p o r t ,  was added to  the se  phospholipase  

s t im u la ted  t i s s u e s .  As can be seen in Figure 8  th e  see dropped t o  almost  

zero  fo l lowing the  a d n i n i s t r a t i o n  o f  10"^M am i lo r ide .  These r e s u l t s  sugges t  

t h a t  the  i n c re a s e  in see produced by phosphol ipase  C r e s u l t s  from an 

in c re a s e  in sodiun t r a n s p o r t .  When e thano l  (3% in th e  o u t s id e  bath ing  

s o l u t i o n )  was added to  phospholipase  p r e t r e a t e d  sk in s  (50 /jg/ml both s id e s )  

the  p . d .  and see  decreased  by an amount s i m i l a r  to  t h a t  when i t  i s  added 

in th e  absence o f  phospholipase  (Table 16 ) ;  the response  was no t  i n h i b i t e d .  

In ano the r  s e r i e s  o f  experiments  e thanol  was added p r i o r  to  th e  admini­

s t r a t i o n  o f  phospholipase  C so t h a t  the see  d e c l in e d .  In t h i s  case  phos­

pho l ipase  C when added to  the se  e thanol  depressed  sk in s  inc reased  th e  see 

by an amount s i m i l a r  to  t h a t  observed in the  absence o f  e thanol  (Table 16).  

This  type o f  i n t e r a c t i o n  i s  r em in iscen t  o f  the AVT and ethanol  re sponse ,  

t h a t  i s ,  phospholipase  C and e thanol  are probably i n t e r a c t i n g  with
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i o ' * M  a m i l o r i d e

se e

1C MIN

Figure 8 . E f fec t s  o f  am i lo r id e  (10"^M added to  t h e  o u t s id e  s o l u t i o n )  on 

th e  phospholipase  C (phos.  C) (50 >ug/ml added to  both s i d e s )  

induced in c r e a s e  in  s h o r t - c i r c u i t  c u r r e n t  (s ee )  ac ros s  the  

i s o l a t e d  f rog  sk in  in  v i t r o .
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2
Table 16. E f f e c t  of  phospho l ipa se  C on t h e  p.d .  (mV) and see  (pA/cm ) 

a c ro s s  the i s o l a t e d  f r o g  skin and i t s  i n t e r a c t i o n  with  t h e  

e thanol  re sponse .

Control 5 0 /jg/ml phosphol ipase C 
(both s i d e s )  a f t e r  30 min

3% e thanol  
(both s i d e s )  
a f t e r  30 min

(7)

p .d .  16 + 3 .2

see 47 + 5.1

21 + 3 .7  

71 + 7 . 2 a

10 + 2 . 2  

41 + 5 .8 °

3% e thano l  (o u t s id e )  
a f t e r  30 min

50 *jg/ml phospho- 
1 ipase  C (both s i d e s )  
a f t e r  30 min

(6 )
p .d .  28 t  0 . 8

sec 48 t  3 .8

8  + 1 . 7 b 

20 + 3 . 3 b

12 ± 1.3

49 t  6 . 5 d

p < 0 . 0 1  f o r  d i f f e r e n c e s  from c o n t ro l  v a lu e

bp < 0 . 0 0 1  " " "
c p < 0 . 0 1  f o r  d i f f e r e n c e s  from phospholipase  va lue  

dp<0 . 0 1  f o r  d i f f e r e n c e s  from ethanol  va lue

R e s u l t s  a re  as  means ± S.E.
Number of  experiments  a r e  in p a r e n t h e s i s .
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d i f f e r e n t  components in  the membrane. Although e thanol  i s  somewhat l i p i d  

s o lu b l e  i t  i s  probably  u n l i k e ly  t h a t  the ' e t h a n o l - r e c e p t o r '  co n t a in s  an 

a c c e s s i b l e  phospho l ip id  moiety which i s  necessary  f o r  the  e thano l  response .

6 . Comparative e f f e c t s  o f  e t h a n o l ,  ami lo r ide  and ouabain on sodium and

potassium con ten t  o f  f rog s k i n .

Changes in the i n t r a c e l l u l a r  co n te n t  o f  ions  can be he lp fu l  in l o c a t i n g

the  mechanism o f  a c t i o n  of  drugs on e p i t h e l i a l  membranes. Both

ouabain and a m i lo r i d e ,  l i k e  e t h a n o l ,  i n h i b i t  Na t r a n s p o r t  a c ro s s  f rog

s k i n ,  but  they  a c t  d i f f e r e n t l y .  Ouabain i n h i b i t s  Na-K-ATPase and has

been shown by a number o f  d i f f e r e n t  methods,  which inc lude  washout

k i n e t i c s  and t r a c e r  s t u d i e s  to  in c re a s e  the i n t r a c e l l u l a r  Na 'p o o l '

(B ib e r ,  Cruz and Curran ,  1972; Candia and Reinach,  1975).  Amilor ide ,

on th e  o t h e r  hand,  i n h i b i t s  the  en t ra n c e  o f  Na a t  the o u t e r  b a r r i e r  o f

f rog  sk in  and toad b l a d d e r  (Ben t ley ,  1968; Salako and Smith,  1970) and

has been shown by some i n v e s t i g a t o r s  to  decrease  the  i n t r a c e l l u l a r  Na

' p o o l '  (Salako and Smith ,  1970; Nagel and Dorge, 1970; B ib e r ,  1971).  I t

was t h e r e f o r e  i n t e r e s t i n g  to  see  how ethanol  a f f e c t e d  the  Na 'p o o l '  as

compared t o  th e se  o t h e r  drugs .  For t h i s  exper iment  the  i s o l a t e d  e p i t h e -

l i u n  p r e p a r a t io n  was used (see  Methods).  I t  was advantageous to  use

t h i s  p r e p a r a t io n  as i t  con ta in s  only e p i t h e l i a l  c e l l s ,  with  no connec tive

t i s s u e s ,  and thus  i s  more useful  when t r y in g  to  d e t e c t  changes in i n t r a -
-4c e l l u l a r  ion co n te n t .  I t  was found t h a t  ouabain (10 M) in c re a s e d  t h e  

i n t r a c e l l u l a r  Na c o n t e n t  whereas K decreased (Table 17) .  Ethanol  (3%) 

l i k e  am i lo r id e  (10"^M), but  in c o n t r a s t  t o  ouabain ,  was found to  have
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Table 17. E f fec t s  o f  ouaba in ,  am i lo r id e  and ethanol  on the  Na and K 

c o n te n t  o f  i s o l a t e d  ( ' s p l i t - s k i n ' ) ep i th e l iu m .

Treatment

10”%l Ouabain
(9)

Na

K

meq/kg i n i t i a l  wet weight

Control

51 + 3.1 

60 + 2 . 2

+ Drug 
a f t e r  60 

min

82 + 2 . 6

32 + 1.6

< 0.001 

< 0.001

10~^M Amiloride Na

K

48 t  5 .4  

63 t  3 .8

45 + 7 .9

60 + 3 .9

N.S ,

N.S.

3% Ethanol Na 38 t  6 .9 39 i  4 .0 N.S.

58 + 4.3 59 + 3 .4 N.S.

a Final  va lues  a f t e r  e x t r a c e l l u l a r  space  has been s u b t r a c t e d .  

^Represents  pa i red  s k in s  from the  same animal

Resu l t s  a r e  as means - S.E.
Number o f  experiments a r e  in p a r e n t h e s i s .
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no s i g n i f i c a n t  e f f e c t  on i n t r a c e l l u l a r  Na or  K co n te n t .  The r e s u l t s  

w i th  am i lo r ide  a re  n o t  c o n s i s t e n t  w ith  those  o f  some prev ious  i n v e s t i ­

g a t o r s  and t h i s  may r e f l e c t  d i f f e r e n c e s  in the methods used .

7.  E f f e c t  of  e thano l  on the  p e r m e a b i l i t y  of t h e  frog sk in  t o  w a t e r .

I t  has been p r e v io u s l y  shown in an o th e r  amphibian membrane, the  

toad  u r in a r y  b l a d d e r ,  t h a t  e thano l  and wate r  fo l low  s i m i l a r  pathways 

CSchucter,  Franki and Hays, 1973).  E thano l ,  a l s o  i n h i b i t s  the  movement 

o f  w ate r  ac ross  th e  toad  b l a d d e r  (see l a t e r ) .  I t  was t h e r e f o r e  i n t e r e s t i n g  

to  see i f  ethanol  had comparable e f f e c t s  on w a te r  t r a n s f e r  in f rog skin 

as t h i s  may give  some c lue  as t o  i t s  mechanism o f  ac t ion  and may a l so  add 

to  our  unders tand ing  of  how i t  may a f f e c t  sodium t r a n s f e r  ac ross  t h i s  

amphibian t i s s u e .

The u n i d i r e c t i o n a l  f l u x  o f  water  (measured in  the absence o f  an o s ­

motic g r a d i e n t )  a c ro s s  the  f ro g  skin was reduced by n e a r ly  30% in the  

pre sence  o f  3% e thanol  (on bo th  s id e s  o f  the membrane) (Table 18) as 

seen in the  toad b l a d d e r .  This  response was found to  be r e v e r s i b l e  

fo l lowing  washout o f  the  e t h a n o l .

8 . Pe rm eab i l i ty  o f  the  f rog  sk in  to e t h a n o l .

The d e t e rm in a t io n  o f  the p e r m e a b i l i t y  o f  t h e  frog sk in  to  e thano l  was 

im por tan t  to  s e v e ra l  a sp ec t s  o f  our s t u d i e s .  I f  ethanol was e x e r t i n g  a 

c l a s s i c a l  osm o t ic - type  e f f e c t ,  one would expec t  t h a t  i t s  r a t e  o f  t r a n s f e r  

would be low, e s p e c i a l l y  when compared t o  more permeant s o l u t e s  and w a te r .  

In a d d i t i o n ,  as e thano l  may u t i l i z e  t h e  same pathways as w a te r ,  such



Table 18.

3% Ethanol

E f f e c t  of  ethanol  on the  d i f f u s i o n  o f  wate r  ac ros s  f rog  s k in .
2

Water t r a n s f e r  p l /cm  hr

C on tro l 3  + ethanol  Washout
Period I Per iod II  (ETOH-free)

308 t  27 221 ± 19b 310 + 22

a Each per iod  i s  the mean o f  5 s u c c e s s iv e ,  measured over  5 min. 

bp < 0 . 0 5  f o r  d i f f e r e n c e s  from the  con t ro l  va lues .

R esu l t s  a re  as  means i  S.E .  of  s ix  experiments.
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measurements may sugges t  p o s s ib le  mechanisms whereby e thano l  i n h i b i t s  the 

t r a n s f e r  o f  the l a t t e r  and could p rovide  in form ation  about  th e  na tu re  

o f  th e  io n i c  and w a te r  pathways in f rog  s k i n ,  as both o f  th e s e  are 

a f f e c t e d  by e t h a n o l .

The p e rm e a b i l i ty  o f  th e  f rog  sk in  to  ethanol  was found t o  be 356 ± 36 

x 10”^ cm/sec ( 8  exps)  ( r e p re s e n te d  as b r a n s ’ t îe Permeab i l i t y  c o e f f i c i e n t ) .  

The p e rm e a b i l i ty  c o e f f i c i e n t  f o r  w a te r  was 3111 ± 280 x 10~^ cm/sec 

( 6  exps)  when measured under i d e n t i c a l  exper imenta l  c o n d i t i o n s .  In 

a d d i t i o n  the  p e rm e a b i l i ty  c o e f f i c i e n t  o f  e thanol  was measured when 

the  f rog  sk in  was bathed in  c h l o r i d e - f r e e  s o l u t i o n s  (both s i d e s ) ,  t o  

see i f  i t s  p e r m e a b i l i t y  was a l t e r e d  under c o n d i t io n s  which abo l i shed  

the e f f e c t  o f  the drug on Na i n f l u x .  The Kt r a n s  f o r  ethanol  in  c h l o r i d e -  

f r e e  ( s u l f a t e  R in g e r ' s )  was 336 ± 30 x 10”^ cm/sec ( 8  ex p s ) .  There 

was no s i g n i f i c a n t  d i f f e r e n c e  in the  r a t e  o f  t r a n s f e r  o f  e thanol  in 

c h l o r i d e - f r e e  R in g e r ' s  as compared t o  the  c o n t r o l .

9. E f f e c t s  o f  o t h e r  a l i p h a t i c  a l c o h o l s  on the  e l e c t r i c a l  parameters

o f  the  frog  s k i n .

To gain a d d i t i o n a l  i n s i g h t  as to  t h e  n a t u r e  o f  the  ' r e c e p t o r - s i t e ( s ) ' 

involved in t h e  e thanol  response  a s e r i e s  o f  a l i p h a t i c  a l c o h o l s  were 

used to  see i f  a l t e r a t i o n  in the  s t r u c t u r e ,  t h a t  i s ,  changing the 

leng th  o f  the  carbon c h a i n ,  w i l l  a l t e r  the  response .  Methanol,  2-propanol  

and n-butanol  were s tu d i e d  as to  t h e i r  e f f e c t s  on the  e l e c t r i c a l  p .d .  

and see  o f  the  i s o l a t e d  f rog  s k in .  Equimolar  c o n c e n t r a t i o n s  o f  th e se  a l co h o ls
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compared t o  e thanol  were used so as to  normal ize  the  r e s u l t s .  Three 

co n c e n t ra t i o n s  were chosen:  22 mM, 220 mM and 650 mM, which are  con­

s i s t e n t  with the c o n c e n t r a t i o n s  used f o r  ethano l  (0.1%, 1%, 3%). As 

can be seen from Table 19,  methanol decreases  the p .d .  and see only  a t  

a co n c e n t ra t i o n  o f  650 mM, whereas an e f f e c t  o f  e thanol  was observed 

a t  a c o n ce n t ra t i o n  o f  220 mM (1%). 2-Propanol a l so  decreases  the 

e l e c t r i c a l  parameters  ac ross  the f rog  sk in  a t  a 220 mM c o n c e n t r a t i o n ,  

however, the  magnitude o f  the  response  i s  g r e a t e r  than t h a t  observed 

with  e t h a n o l .  N-butanol was found to  i n h i b i t  the  p .d .  and see a t  a con­

c e n t r a t i o n  as low as 22 mM, which i s  q u i t e  d i f f e r e n t  than t h a t  observed 

f o r  the  o t h e r  a l c o h o l s  s t u d ie d .  In a d d i t i o n ,  n-butanol  produced i r ­

r e v e r s i b l e  e f f e c t s  when added to  th e  o u t s id e  s o lu t i o n  a t  a co n c e n t ra t io n  

o f  650 mM, whereas the  o t h e r  a l coho ls  were found to  be r e v e r s i b l e .

These o b s e rv a t io n s  seem t o  sugges t  t h a t  by in c re as in g  the  carbon chain 

l e n g t h ,  t h a t  i s ,  i n c r e a s e  the a l c o h o l ' s  l i p i d  s o l u b i l i t y ,  the  e f f e c t s  

on the  t r a n s p o r t  p rocesses  ac ross  f rog  sk in  i n c r e a s e s .  Since the  o i l /  

w ate r  p a r t i t i o n  c o e f f i c i e n t  i s  a measure of  l i p i d  s o l u b i l i t y ,  th e  h ig h e r  

the c o e f f i c i e n t  the  g r e a t e r  the  re sponse .  I t  i s  t h e r e f o r e  p o s s ib le  t h a t  

l i p i d s  may play  a prominent  r o le  in the  ethanol  response and make up an 

e s s e n t i a l  p a r t  o f  the  membrane s i t e ( s )  in which i t  i n t e r a c t s .

10. E f f e c t s  o f  ace ta ldehyde  on the  e l e c t r i c a l  behav ior  of  the  i s o l a t e d

f rog  s k i n .

Acetaldehyde i s  the ox id ized  p roduc t  o f  the metabolism of  e t h a n o l .  

The primary s tep  i s  the  o x id a t io n  o f  e thanol  t o  ace ta ldehyde  by the



Table 19. E f fe c t s  o f  o t h e r  a l i p h a t i c  a lcoho ls  on the  p .d .  (mV)
2

and see (*jA/3 .8  cm ) a c ro s s  th e  i s o l a t e d  f rog  s k in .

Alcohol 3  I n i t i a l  + Alcohol
a f t e r  30 min

Methanol:

( 6 ) 22 mM p.d . 44 + 3.3 42 + 3.5

see 1 2 2
+ 6.7 1 2 0

+ 7.2

( 6 ) 220 mM p.d . 38 + 3.8 31 + 3.9

see 93 + 17 8 8 + 19

(6 ) 650 mM p.d . 43 + 2.4 30 + 2 .5 b

see 113 +
1 2 84 + l l b

2 -P ropano l :

( 6 ) 22 mM p.d . 40 + 3.7 35 ± 4 .1

see 1 2 1
+ 6.5 109 + 7.7

( 6 ) 220 mM p .d . 41 ± 3.7 26 + 3 .9 b

sec 118 ± 1 1 70 + 18b

( 6 ) 650 mM p.d . 36 + 4.3 2 0
+ 1 .9 b

sec 113 + 15 53 + 14°

n -B u ta n o l :

( 6 ) 22 mM p.d . 42 + 2.5 30 + 2 . 7 b

sec 128 + 5.0 113 ± 5 .0 b

( 6 ) 220 mM p.d . 35 + 3.1 18 + 3 .0 C

sec 1 0 2
+ 17 55 + 13c

( 6 ) 650 mM p.d . 51 + 2.5 5 + 1 .7 C

sec 1 2 2
+ 16 d

a The a lc o h o l s  were added as equimolar  co n ce n t ra t io n  to t h a t  o f  ethanol 

bp < 0 . 0 5  f o r  d i f f e r e n c e s  from th e  i n i t i a l  va lue.

c p < 0 . 0 0 1  " " " " " "

^As the  p . d .  was so low a t r u e  measurement of  the  see was no t  p o s s ib le  
R esu l t s  a r e  as means ± S.E.  Number o f  experiments a r e  in  p a r e n t h e s i s .
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l i v e r  enzyme alcohol  dehydrogenase,  which u t i l i z e s  NAD as a hydrogen 

r e c e p to r  (Wartburg,  1971). Acetaldehyde i s  e v e n t u a l l y  conver ted  to  

ace ty l  coenzyme A, which i s  then  ox id ized  through the c i t r i c  ac id  cycle 

o r  u t i l i z e d  in  v a r ious  an ab o l ic  r e a c t io n s  involved  in the  s y n th e s i s  

o f  c h o l e s t e r o l ,  f a t t y  ac ids  and o the r  t i s s u e  c o n s t i t u e n t s .  Many m etabo l ic  

changes accompany o r  fol low th e  metabolism of  e t h a n o l .  Some changes seem 

to  be a d i r e c t  consequence o f  th e  inc reased  NADH:NAD r a t i o  produced by 

the  o x id a t io n  o f  t h e  ethano l  (L ieber ,  Rubin and DeCar l i ,  1971).  However, 

most of  th e  o x id a t io n  of  e thanol  occurs in the l i v e r  (98%) and p e r i ­

phera l  t i s s u e s  a p p a re n t ly  do n o t  me tabolize  e thanol  (Wallgren and Bary,  

1970).  But to  s a t i s f y  a c u r i o s i t y  the  e f f e c t s  o f  ace ta ldehyde on the 

p .d .  and see ac ro ss  i s o l a t e d  f rog  skin p r e p a r a t i o n s  were in v e s t i g a t e d  

to determine i f  p a r t  o f  the  ethanol  response was due t o  i t s  m e ta b o l i t e .  

There i s  however a s l i g h t  problem when working with  ace ta ldehyde ,  as 

i t  i s  no t  very s t a b l e  and can be ox id ized  q u i t e  r e a d i l y ,  t h e r e f o r e ,  i t  

was kept  on ice  a t  0°C up u n t i l  the time i t  was added to  the chamber. 

However, once i t  was added t o  the  ba th ing  media (which i s  a t  25°C) b reak­

down p roduc ts  would be formed.  The r e s u l t s  obta ined  with  ace ta ldehyde 

were q u i t e  v a r i e d ,  which came as no s u r p r i s e  c o ns ide r ing  the  f r a g i l e  

na tu re  o f  the  compound. When a decrease  was observed in the  see  and 

p . d . ,  i t  was found to  be slow in onse t  and i r r e v e r s i b l e .  The co n c e n t ra t i o n  

t h a t  caused t h i s  e f f e c t  was 10 mM when added to  the  o u t s id e  o r  i n s id e  

ba th ing  s o l u t i o n s .  This was much lower than the  c o n c e n t r a t i o n  of  ethano l  

t h a t  caused an e f f e c t  (1% or  about  200 mM). However, un l ike  the  ethanol  

re sponse ,  ace ta ldehyde  s t i l l  decreased th e  see in  sk ins  bathed in c h l o r i d e -
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f r e e  media. These r e s u l t s  sugges t  t h a t  t h e  ethano l  response in frog 

sk in  i s  no t  due to  i t s  m e tabo l ic  p roduc t  ace ta ldehyde ,  s ince  e t h a n o l ' s  

e f f e c t s  were found to  be in s t a n ta n e o u s  in o n s e t ,  r e v e r s i b l e  and not  

o b ta in ab le  in c h l o r i d e - f r e e  media.

TOAD BLADDER

1. E f fec t s  o f  ethanol  on o x id a t iv e  metabolism o f  the  toad b l a d d e r .

Ethanol has f a t a l  e f f e c t s  on man when the  blood l e v e l s  reach 

about  500 mg/100 ml. However, t i s s u e s  i j i  v i t r o  appear to  be ab le  to  

w i ths tand  much h ighe r  c o n c e n t r a t i o n s  be fo re  they succumb. In o rde r  to  

measure the t o l e r a n c e  o f  the  t o a d ' s  u r i n a r y  b ladder  to  high concen­

t r a t i o n s  o f  e thano l  we measured i t s  oxygen consumption fol lowing 30 min 

exposure to  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e  drug. As shown in Table 

2 0 , t h i s  t i s s u e  was found to  have a remarkable a b i l i t y  to  su rv ive  expo­

su re  to  ethano l  as the  oxygen consumption was not  i r r e v e r s i b l y  abo l i shed  

u n t i l  the co n c e n t ra t i o n  was 40% (v /v )  (about  8 M), while  a t  20% i t  had 

no e f f e c t .  Oxygen consumption was a l so  measured during  concurren t  exposure  

to  th e  2 0 % e t h a n o l ,  t o  see  i f  t h e r e  were t r a n s i e n t  e f f e c t s ,  and i t  was 

a l s o  unchanged under th e s e  c o n d i t i o n s .  Thus the oxygen consumption in 

th e  presence o f  the e thano l  was 98 .8  ± 1.2% ( 6  exper imen ts)  of th e  con t ro l  

l e v e l ,  when t h e  drug was absen t .  The co n c e n t r a t io n s  o f  ethanol  t h a t  

were requ i re d  to  i n h i b i t  o x id a t iv e  metabolism f a r  exceeded those t h a t  we 

observed to  a l t e r  the  p e r m e a b i l i t y  o f  the  membrane.



Table 20. E f fec t s  o f  ethanol  on th e  oxygen consumption o f  the  toad u r in a r y  b ladder .

Oxygen consumption ill 02/g  dry weight

Ethanol c o n c e n t r a t i o n  I n i t i a l  a f t e r  30 min e th a n o l 3  p f o r  d i f f e r e n c e

40% (5) 16.2 ± 2.5  2.1 ± 1.0 Z.0 .001

30% (5) 20.3 ± 1 .8  11.7 + 2.1 < 0 . 0 5

20% ( 6 ) 19.0 + 3 .2  21.6 + 3 .2  N.S.

R esu l t s  a r e  as means ± S.E. Number o f  experiments a r e  in  p a r e n t h e s i s .

a No ethanol  was p r e s e n t  dur ing  the  02  d e t e rm in a t io n s ,  so t h a t  a change r e p r e s e n t s  
an i r r e v e r s i b l e  i n h i b i t i o n .  For s imultaneous measurements see t e x t .

N .S . ,  not  s t a t i s t i c a l l y  s i g n i f i c a n t  ( p >  0 .05)
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2.  E f f e c t s  o f  e thano l  on th e  e l e c t r i c a l  p r o p e r t i e s  o f  th e  toad  b l a d d e r .

The toad u r in a r y  b ladder  e x h i b i t s  a t ransmura l  e l e c t r i c a l  p o t e n t i a l  

d i f f e r e n c e  ( p . d . ) ,  the  s e ro s a l  s i d e  being p o s i t i v e .  This p . d .  can be 

reduced to  ze ro  by the  a p p l i c a t i o n  o f  an e x t e rn a l  c u r r e n t ,  which i s  

c a l l e d  the  s h o r t - c i r c u i t  c u r r e n t  ( s e e ) .  In the  toad b la d d e r  the  see 

has been shown t o  be e q u i v a l e n t  to  the  n e t  ( a c t i v e )  f lu x  o f  sodium 

from th e  mucosal to  the s e ro s a l  s id e  (Lea f ,  Anderson and Page,  1958).

N e i th e r  the p . d .  nor the  see were in f luenced  by the  presence  of  e t h a n o l ,  

on e i t h e r  s ide  of  the membrane, in co n c e n t r a t i o n s  up t o  3% (650 mM).

However, a t  a c o n c e n t r a t i o n  of  9% (1 .95  M) on th e  mucosal o r  s e rosa l  

s id e  o f  the  b la d d e r  the p .d .  dropped but  the  see  was no t  changed s i g n i f i ­

c a n t l y  (Table 21).  This e f f e c t  was no t  r e v e r s i b l e  when e thanol  was 

subsequen t ly  excluded from the  ba th ing  s o l u t i o n .  The e l e c t r i c a l  

r e s i s t a n c e  ( c a l c u l a t e d  as p . d . / s e e )  decreased (Table 21).  When 9% 

ethanol  was added to  both  s ides  o f  the  toad b la d d e r  s im ul taneous ly  

th e re  was a prompt d e c l in e  in p . d .  which approached zero so t h a t  the 

see could not  be measured a c c u r a t e l y .  The r e s i s t a n c e  a l so  dropped 

co n s id e ra b ly  (Table 21) .

The d e c l in e  in r e s i s t a n c e  sugges ts  t h a t  corresponding  changes in 

ion p e rm e a b i l i ty  are o c c u r r in g .  U n id i r e c t io n a l  f lu x e s  o f  Na and Cl were 

t h e r e f o r e  measured in the  presence  of  9% e t h a n o l ,  on the  mucosal s i d e ,

(Table 22) to  see  what ions  may be involved in t h i s  response .  I t  can 

be seen t h a t  while  the  u n i d i r e c t i o n a l  f lu x es  of  sodium were unchanged those 

o f  the  Cl were inc reased  con s id e ra b ly .  The Cl p e rm e a b i l i ty  o f  many mambranes 

can be reduced by c e r t a i n  anions such as th io c y a n a t e  ( E p s t e i n ,  Maetz
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Table 21. E f f e c t s  o f  ethanol  on the  p .d .  (mV), see (/uA/100mg wet w t . )

and r e s i s t a n c e  (Kft-mg) o f  th e  toad u r ina ry  b ladder  in v i t r o .

9% Ethanol added

Mucosa (20)

I n i t i a l + Ethanol 
a f t e r  15 min

Washout 
a f t e r  15 

min

p .d . 38 + 3 .6 i—* 0
0 1
 + 2 .5 18 + 3 .5

see 2 1 1
+ 27 206 t 26 214 ± 38

R 2 2 + 3.9 9.0 + 3 .9 a

+
1

COCO 2 .9

Serosa (25)

Both s ides  (7)

p .d . 52 + 5.4 35 ± 4 . 5 b 38

CO+
1

see 218 + 17 183 t  19 198 ± 15

R 27 + 3.7 2 1 ± 3.4 2 1 t  3 .1

p .d . 33 + 5.8 4 i  0 . 6 C 4

VOo+
1

sec 167 + 18 d d

R 2 1
+ 4 .4

R esu l t s  a r e  as  means i  S.E.

Number of  experiments  a r e  in  p a r e n t h e s i s .

a p < 0 . 0 5  f o r  d i f f e r e n c e s  from i n i t i a l  va lues  
bp < 0 . o i  »

c p <  0 . 0 0 1  "

dAs the  p .d .  was so low a t r u e  measurement o f  see i s  not  p o s s i b l e .
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Table 22. E f fec t s  o f  9% ethanol  (on the mucosal s id e )  on the  u n i d i r e c t i o n a l  

f lu x e s  o f  sodium and c h l o r i d e  ac ro s s  the  toad u r in a ry  b la d d e r .

2
Fluxes /jeq/cm hr

Mucosal to  Serosal 

Sodium (5) 

Chlor ide  (7)

Control

0.76 ± 0.13

+ Ethanol ( a f t e r  30 min)

0.75 + 0.14

0.06 - 0.002 0.13 ± 0 .02b

Serosal  to  Mucosal 

Sodium (5) 

Chlo r ide  (8)

0.17  t  o .02 0.18 t  0 .03

0 .06 ± 0.005 0.18 + 0 .03b

bp < 0 . 0 1  f o r  d i f f e r e n c e s  from con t ro l  pe r iod .  

R esu l t s  a r e  as means - S.E.

Number o f  experiments  a r e  in p a r e n t h e s i s .
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and De Renzis ,  1973; K r t s t e n s e n ,  1972) ,  furosemide (Burg,  S tone r ,  Cardinal
2+

and Green,  1973; Candia,  1973) as well  as  Cu (Lyon, 1974). However, 

none of  the se  s o l u t e s  were found to  reduce  the  p e rm e a b i l i ty  o f  the  

toad b ladder  to  Cl nor did  th e y  reduce o r  p reven t  the i n c re a s e  in ch lo r ide  

produced by e t h a n o l .

The observed e f f e c t s  o f  ethanol  could  be media ted by several  

mechanisms. Inc reases  in the  osmotic c o n c e n t r a t io n s  o f  the  s o lu t i o n s  

ba th ing  the  amphibian u r i n a r y  b ladder  in  v i t r o  has been shown t o  a l t e r  i t s  

e l e c t r i c a l  p r o p e r t i e s  and p e rm e a b i l i ty  t o  ions (B en t ley ,  1964; L ipton ,  

1972; Urakabe,  Handler and O r lo f f ,  1970;  B en t ley ,  Candia,  Pari  s i  and 

S a la d ino ,  1973). Small in c re a s e s  in  t h e  osmotic c o n c e n t r a t io n s  o f  the  

f l u i d s  a t  the  s e rosa l  s id e  o f  the b la d d e r  decrease  the  p . d . ,  see and 

a c t i v e  Na t r a n s p o r t .  When 9% ethanol  was p laced on the  s e ro s a l  s ide  

o f  the  b ladder  only  the  p . d .  was decreased  while the see was unchanged. 

This response  i s  no t  comparable to  t h e  osmotic type response descr ibed  

p r e v io u s ly .

In o rd e r  to  see i f  the  e f f e c t s  o f  ethanol  on the  mucosal s id e  o f  the 

b ladder  were c o n s i s t e n t  w ith  an osmotic e f f e c t  on the t i s s u e ,  th e  a c t io n s  

o f  an impermeant s o l u t e ,  m a n n i to l ,  were compared to i t .  Mannitol ,  a t  

much lower c o n ce n t ra t io n s  (100 mM) than  e t h a n o l ,  decreased the  p .d .  but  

d id  not  change the  see when p r e s e n t  a t  th e  mucosal su r f a c e  o f  the  b ladder .  

Thus the  i n i t i a l  p .d .  in 10 exper iments  was 47 ± 6.1 mV and dec l ined  

in  15 min t o  17 ± 2 .3  mV a f t e r  the  a d d i t i o n  of  m ann i to l .  The see was 

177 ± 22 juA/100 mg t i s s u e  b e fo re  and 141 + 26 uA/100 mg t i s s u e  a f t e r  

th e  mannitol was added to  th e  mucosal ba th ing  s o l u t i o n s .  This e f f e c t  

o f  mannitol  i s  thus  s i m i l a r  to  t h a t  o f
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e thanol  b u t ,  in  c o n t r a s t ,  the p . d .  o f  m a n n i to l - t r e a t e d  b ladders  r e ­

tu rned  to normal a f t e r  the added s o l u t e  was removed from the ba th ing 

s o l u t i o n  ( the  p .d .  a f t e r  washout r e tu rn e d  to  37 ± 5 .3  mV). The mea­

surement o f  u n i d i r e c t i o n a l  ion f l u x e s ,  in the presence of  manni to l ,  

a l s o  showed t h a t  o f  Na to  be unchanged while Cl was increased  

(Table 23).  The e f f e c t s  o f  e thano l  and mannitol on the mucosal s id e  

o f  the  b ladder  are thus  somewhat s i m i l a r  though much h ighe r  concen­

t r a t i o n s  of  e thano l  were needed to  produce a response .  This  may r e f l e c t  

i t s  more permeant c h a r a c t e r .

3. E f fec t s  o f  ethanol  on the  p e rm e a b i l i ty  o f  the toad b ladder  to

w ate r ;  respons iveness  to  v a s o p r e s s i n .

The toad b ladder  i s  permeable to  w ate r  and t h i s  i s  inc re ased  in 

the presence o f  neurohypophysial hormones such as vasopress in  (Bent ley ,  

1958).  I t  has been shown t h a t  t h i s  membrane i s  permeable to  ethanol  

and both molecules may fo l low  s i m i l a r  channels  (Schuchte r ,  Franki and 

Hays, 1973). I t  i s  a l s o  known t h a t  the  s t r u c t u r e  of  water  may undergo 

a l t e r a t i o n s  in the presence  o f  a l co h o ls  (Franks and Iv e s ,  1966),  bu t  

the obse rva t ions  of  Schuchter  e t  a l . ,  (1973) sugges t  t h a t  an i n t e r a c t i o n  

could al so  occur  dur ing i t s  passage ac ross  the  e p i t h e l i a l  membrane i f  

both molecular  spec ie s  do fo l low  a s i m i l a r  pathway.

No change in the  r a t e  o f  w a te r  movement down an osmotic g r a d i e n t  

ac ro s s  the toad  b ladder  could be d e t e c te d  in the  presence of  ethanol  

(Table 24). However, the r a t e  o f  t h i s  w ate r  movement i s  small so t h a t
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Table 23. E f fe c t s  o f  mannitol  (on the  mucosal s id e )  on the u n i d i r e c t i o n a l  

f lu x es  o f  Na and Cl a c ro s s  the  toad  u r in a r y  b ladder .

2
Fluxes as Aieq/cm hr

Mucosal to  Serosal  Control +100 mM Mannitol (30 min)

Sodium ( 8 ) 0 .68  + 0 .04 0.69 + 0.03

Chlor ide  ( 6 ) 0 . 0 6 + 0 . 0 0 7  0 .18  + 0 .0 4 b

Serosal  to  Mucosal

Sodium (5) 0 . 0 5 + 0 . 0 0 5  0 . 0 7 + 0 . 0 1

Chlor ide  ( 6 ) 0 .06  + 0.003 0.17 + 0 .0 1 b

bp < 0 . 0 1  f o r  d i f f e r e n c e s  from c on t ro l  pe r iod .  
R esu lt s  a r e  as means + S.E.

Number o f  experiments in  p a r e n t h e s i s .
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Table 24.  E f fec t s  of  ethano l  on osmotic wate r  movement ac ross  the  

toad u r in a ry  b la d d e r .

Water lo s s  as mg/hr/hemi b ladder

Ethanol c o n c e n t r a t io n  Control Ethanol

3% e t h a n o l ,  both s ide s  29 - 4 .4  26 - 4 .6

9% e t h a n o l ,  both s id e s  39 * 6 .7  31 - 4.1

R esu l t s  a r e  as means * S.E o f  6  experiments  a t  each c o n c e n t r a t i o n .
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the  r e s u l t s  a re  equ ivoca l .  The movement o f  w ate r  ac ro s s  the b la d d e r ,  

however, can a l so  be measured with the  a id  of  t r i t i a t e d - w a t e r  and t h i s  

may provide a more s e n s i t i v e  method f o r  d e t e c t i n g  an i n t e r a c t i o n  

between the wate r  and e t h a n o l .  Such measurements are shown in Table 25. 

I t  can be seen t h a t  the u n i d i r e c t i o n a l  f l u x  o f  w ate r  (measured in  the 

absence o f  an osmotic g r a d i e n t )  was reduced by n e a r ly  30% in the  p r e ­

sence o f  3% e thanol  ( on both s id e s  o f  the  membrane).

The osmotic movement of  w a te r  a c ro s s  the toad u r in a r y  b ladder  in the  

presence  o f  vasop res s in  ( the  hydro-osmotic e f f e c t )  was reduced by about  

70% when 3% ethanol  was p r e s e n t  on both s ide s  o f  the  membrane (Table 26) .  

The response to  vasopress in  r e tu rn e d  t o  cont ro l  l e v e l s  when th e  alcohol 

was subsequen tly  excluded  from the ba th ing  s o l u t i o n s .  One pe rce n t  ethano l  

had no e f f e c t  on the  hydro-osmotic response  (Table 26) .

While ethanol  i n h i b i t e d  the  n e t  osmotic w ate r  movement ac ross  the  

b ladder  by about  70% in the  presence  of  v a s o p re s s in ,  the  u n id i r e c t i o n a l  

wate r  f l u x ,  in  the  absence o f  the  hormone and the  osmotic g r a d i e n t ,  was 

only reduced by about  30%. As w i l l  be d i scu ssed  l a t e r  th e re  a re  severa l

p o s s i b l e  e xp lana t ions  f o r  t h i s  apparen t  in c o n s i s t e n c y .  These inc lude  a

d i f f e r e n c e  in the  n a tu re  o f  th e  wate r  channe ls  t h a t  may mediate each 

p rocess  or  i t  could r e f l e c t  the d i f f e r e n t  experimental  c o n d i t i o n s ,  

e s p e c i a l l y  s ince  u n id i r e c t i o n a l  THO f lu x es  are  measured in the  absence 

o f  an osmotic g r a d i e n t .  T he re fo re ,  u n i d i r e c t i o n a l  w a te r  f lu x e s  (due t o  

d i f f u s i o n ,  with no osmotic g r a d i e n t  p r e s e n t )  were a l s o  measured in the 

presence  o f  v a s o p r e s s in ,  in o rd e r  to  see  i f  the  i n h i b i t o r y  e f f e c t s  o f  the



Table 25. E f f e c t s  o f  ethanol  (3% both s i d e s )  on the  d i f f u s i o n  o f  wate r  ac ross  the  toad u r in a ry  

b ladder  (mucosa —>  s e ro s a )  in the  presence  and absence o f  v a sop re s s in  (10 mU/ml).

Water t r a n s f e r  jul/cm hr

Control 

a Per iod 1

+ Ethanol 

Period 2
Dif f .
1-2

Control 

Period 3

Vasopressin 549 + 1 1 2
absen t

(5)

Vasopressin  1877 + 259
p re s e n t

( 6 )

396 + 89

1204 + 116

153 + 29

673 + 114

490 + 106

a Each per iod  i s  the  mean of  5 s u c c e s s iv e ,  measured over 2 .5  minutes 

R esu l t s  a r e  as means + S.E.
Number o f  experiments a r e  in  p a r e n t h e s i s .

k p <  0 . 0 1  f o r  d i f f e r e n c e s  from the  con t ro l  v a lu es .

D i f f .
1-3

59 + 32 
N.S.



Table 26. E f f e c t s  o f  ethanol  on the  hydro-osmotic response o f  the  toad b ladder  to v a sop re s s in  (lOmU/ml).

a l% ethanol  
both s id e s

Control

3% ethanol  
both s ide s

Control

Water t r a n s f e r  mg/30 min

Period I 
v asop res s in

1035 t  81

1190 - 65

992 ± 113 

991 t  45

Per iod II  
v a sop re s s in  + 
ethanol

735 ± 31

1025 ± 95

289 ± 27 

917 ± 6 8

Per iod I I I  
v asop res s in

736 + 39

836 i  39

708 t  56 

725 i  82

R esu l t s  a r e  as means ■ S.E.

Number o f  experiments a r e  in p a r e n t h e s i s .

a Each group o f  experiments were performed on 6  p a i re d  lobes  o f  the  b ladder .
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ethanol  were q u a n t i t a t i v e l y  comparable under both types  o f  c o n d i t io n s .

As shown in Table 26 the u n i d i r e c t i o n a l  f lux  of  wate r  inc reased  about 

t h r e e - f o l d  in the presence  o f  the hormone, and t h i s  i s  comparable to  

previous  obse rva t ions  (Leaf and Hays, 1962; Schuchter  ejb al_., 1973).

The e thano l  c l e a r l y  reduced th e  u n i d i r e c t i o n a l  f lux  o f  w ate r ,  b u t  the 

magnitude o f  the e f f e c t ,  a d ec l in e  o f  about  35% was comparable t o  t h a t  

observed f o r  the u n id i r e c t i o n a l  f lu x  in the  absence o f  the va so p re s s in .

Thus the  w ater-channels  t h a t  are apparen t  under  is o -o sm ot ic  c o n d i t i o n s ,  

as p r e s e n t  f o r  the  measurement of  u n i d i r e c t i o n a l  f l u x e s ,  e x h i b i t  a s i m i l a r  

q u a n t i t a t i v e  response to  the e thanol  in both the  presence  and absence o f  

v a s o p re s s in .

The e f f e c t  of  vasopress in  on the  amphibian b la d d e r  invo lves  a com­

plex s e r i e s  o f  changes,  which inc lude  the a c t i v a t i o n  o f  adenyl c y c la s e ,  

the format ion of  cyclic-AMP ( O r lo f f  and Handle r ,  1967) and an inc reased  

p e rm e a b i l i ty  o f  the c e l l  membrane a t  the mucosal s u r f a c e  of  th e  ce l l  

(Civan and F r a z i e r ,  1968). Thus t h e  e thanol  could be i n h i b i t i n g  the 

r a t e  o f  wate r  movement by a c t in g  a t  s eve ra l  s i t e s .  I t  was found t h a t  th e  

e f f e c t  o f  cyclic-AMP in in c re as in g  p e rm e a b i l i ty  to  w a te r  was a l s o  in h i b i t e d  

by the e thanol  (Table 27) sugges t ing  t h a t  i t s  a c t io n  occurs  subsequent  to  

the  endogenous format ion  o f  t h i s  n u c l e o t i d e .  I t  i s  p o s s ib le  t h a t  t h i s  

may invo lve  the e f f e c t o r  mechanism which i s  thought t o  be p r e s e n t  a t  th e  

mucosal b a r r i e r  of  the  c e l l .

Vasopress in  a l so  in c re a s e s  t h e  see a c ro s s  the  toad  b ladder .  This 

e f f e c t  i s  c a l l e d  the  n a t r i f e r i c  response  and i s  a l so  mediated by c y c l i c



Table 27. E f fec t s  o f  3% e thanol  on th hydro-osmotic  response of  

t h e  toad u r in a ry  b la d d e r  to 2 mM cyclic-AMP.

Water t r a n s f e r  mg/hr/hemi bladder  

Cyclic-AMP Cyclic-AMP + 3% e thanol

554 1 53 4 8 + 7 . 3

R esu lt s  a r e  as means - S.E. u s in g  6  p a i re d  lobes  o f  the toad b la dder .
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AMP (Ben t ley ,  1960; O r lo f f  and Handler ,  1967).  However, in c o n t r a s t  to  

i t s  e f f e c t s  on wate r  movement, the  n a t r i f e r i c  response  was u n a f f e c t e d  by 

the  presence o f  3% e thanol  (Table 28).  This  sugges ts  t h a t  th e  v a s o p re s s in -  

s t im u la t e d  n a t r i f e r i c  and hydro-osmotic responses  a re  mediated v ia  d i f ­

f e r e n t  mechanisms.  Only the l a t t e r  can be i n h i b i t e d  by e t h a n o l ,  the  

sodium channel being u n a f f e c t e d .

In o rd e r  to  exp lore  the p o s s i b i l i t y  t h a t  th e  mucosal hydro-osmotic 

e f f e c t o r  mechanism i s  i n h i b i t e d  by e t h a n o l ,  we measured e t h a n o l ' s  e f f e c t s  

on the  osmotic movement of  wate r  ac ross  toad  b la d d e r  p r e p a r a t i o n s  which 

were " f ixed"  dur ing  t h e i r  exposure to v a s o p re s s in .  The " f ix in g "  of  the 

b ladders  in such an o s m o t i c a l ly  permeable s t a t e  can be brought  about  

by exposing them to  e i t h e r  g lu ta ra ld e h y d e  o r  N-ethylmaleimide ( see  Methods) 

whi le  they  a re  under th e  s t im u la t in g  in f lu en ce  o f  v asop res s in  (Eggena,

1972; Ben t ley ,  1973). Water movement can thus  be measured in the  absence 

o f  the hormone, but  w i th  the  hydro-osmot ic  e f f e c t o r  mechanism s t i l l  in 

i t s  o p e ra t io n a l  c o n d i t i o n .  The t i s s u e s ,  as judged by t h e i r  lack  o f  

oxygen consumption,  appear  to  be dead under  the se  c o n d i t i o n s .  Water 

movement a c ro s s  the se  " f ixed"  b ladders  was a l so  found to  be reduced by 

3% e thanol  (Table 29) sugges t ing  t h a t  i t  i s  e i t h e r  i n t e r a c t i n g  with  the  

membrane to  impede the f low o f  w ate r  o r  t h a t  changes in the  p r o p e r t i e s  

of  the  wate r  i t s e l f ,  such as in  i t s  s t r u c t u r e ,  a re  o ccu r r ing  which 

impedes i t s  movement.

Phys icochemically  (see f o r  in s ta n ce  Franks and Iv e s ,  1966) ,  i t  would 

be expec ted  t h a t  the movement o f  water  molecules  in a l c o h o l /w a t e r  m ix tu res  

would be g r e a t e r  than in w ate r  a lone .  A lcohol ,  which i s  capable  o f



Table 28. E f fec t s  o f  ethanol  (3% v/v  on both s id e s  o f  the  b ladder)  

on the  n a t r i f e r i c  response  to  vaso p re s s in  10 mU/ml.

see yuA/100 mg wet weight

I . 
I n i t i a l '

I I
+ Vasopressin 
f o r  15 min

Control see 194 ± 37 490 t  78

+ 3% Ethanol 
in II

198 t  40

+ Vasopressin  
& Ethanol

455 t  105

II -1  
D i f fe rence

295 ± 50

257 t  71

R esu l t s  a re  as means - S.E.  f o r  7 pa i red  lobes  o f  the  b la d d e r .



Table 29. E f fe c t s  o f  ethanol  (3% v/v  both s id e s )  on osmotic wate r  movement ac ross  the  toad b ladder
o

which i s  ' f i x e d 1 in  a hydro -osm ot ica l ly  permeable s t a t e  by exposure to  NEM (10 M) or  

g lu t a ra ld e h y d e  in the  presence  o f  vasop res s in  ( 1 0  mll/ml).

Water t r a n s f e r  mg/30 min/hemi bladder

' F i x a t i v e '

N-Ethylmaleimide (12)

G lu ta ra ldehyde  (10)

Resu l t s  a r e  as means i  S.E.

The o rd e r  o f  exposure to  the  ethano l  was done in  a c ro s s -o v e r  manner us ing h a l f  the  p r e p a ra t io n s  
f o r  each sequence.
Number o f  experiments a r e  in p a r e n t h e s i s .

Control + Ethanol p f o r  d i f f e r e n c e

426 t  50 208 t  27 < 0.001

592 i  41 329 ± 16 < 0.001
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hydrogen bonding (Gary-Bobo, Di Polo and Solomon, 1969),  may d i s r u p t  

the  wate r  l a t t i c e  making i t  l e s s  s t r u c t u r e d .  Such an e f f e c t  on wate r  

movement i s  no t  c o n s i s t e n t  with  the  d ec l in e  in w ate r  movement t h a t  we 

observed .  However, in  o rd e r  to  i n v e s t i g a t e  t h i s  p o s s i b i l i t y  f u r t h e r ,  

we measured the  e f f e c t s  o f  e thanol  on osmotic movement of  w a te r  ac ross  

a r t i f i c i a l  c o l lo d io n  membranes ( see  Methods).

Collodion s a c s ,  con ta in ing  about  3 ml. o f  wate r  were bathed in 

s o lu t i o n s  o f  240 mM sucrose and the  lo s s  o f  wate r  (from the  sac)  was measured 

in the  presence  and absence of  3% e thanol  (added t o  both s id e s  of  the

membrane). In the  absence o f  the  e thano l  t h e  wate r  movement was 10.2 jul
-2  -1 -2  -1 cm h r  and t h i s  d e c l in e d  to  1 0 . 0  jul cm h r  w i th  ethano l  p r e s e n t ;

the  mean d i f f e r e n c e  0 .2  ± 1 .7 (5) i s  not  a s t a t i s t i c a l l y  s i g n i f i c a n t

change.

Pe rm eab i l i ty  o f  the toad  u r in a r y  b ladder  t o  e t h a n o l .

The toad  b ladder  i s  permeable to  e thanol  (Leaf and Hays, 1962; Schuchter  

e t  al_. , 1973). The magnitude o f  t h i s  p ro c e s s ,  under the co n d i t io n s  o f  our  

exper iments ,  i s  r e l e v a n t  to  s evera l  a spec t s  o f  our s t u d i e s .  This inc ludes  

i t s  r a t e  o f  t r a n s f e r  ac ross  th e  membrane as compared to  t h a t  o f  w a te r .

This  may g ive  an i n d i c a t i o n  as to  i t s  p o s s ib le  osmotic e f f e c t s  and in 

a d d i t i o n ,  as  i t  may u t i l i z e  the  same pathway as w a te r ,  sugges t  i t s  a b i l i t y  

to  p h y s i c a l l y  i n t e r f e r e  with  the passage o f  the l a t t e r .

The pe rm e a b i l i ty  o f  the  b la d d e r  to  e thanol  was found t o  be 1314 ±

217 x 10 ~ 7  cm/sec (7)  ( r e p re s e n te d  as K̂ .r a n s , the  p e rm e a b i l i ty  c o e f f i c i e n t ) .
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The p e rm e a b i l i ty  c o e f f i c i e n t  f o r  w ate r  was 5545 ± 1132 x 1 0 ~^ cm/sec (7) 

when measured under i d e n t i c a l  experimenta l  c o n d i t i o n s .

I f ,  as has been sugges ted ,  ethano l  and wate r  fo l low s i m i l a r  channels  

ac ross  the  toad b ladder ,  then i t  would n o t  be s u r p r i s i n g  t o  observe t h a t  

v a s o p re s s in ,  under the co n d i t io n s  in our  exper im en t ,  may a l s o  in c rease  

the  movement o f  the  e t h a n o l .  The u n i d i r e c t i o n a l  f l u x  o f  e thano l  i n ­

c reased  by about  35% in th e  presence  o f  v a s o p re s s in  (Table 30) .  This 

i s  about  1 0 - t imes  l e s s  than the  i n c re a s e  in  pe rm e a b i l i ty  t o  w ate r  t h a t  

i s  observed in the  presence of  t h i s  hormone (Table 30) .  A s i m i l a r  

d i f f e r e n c e  has been desc r ibed  p r e v io u s ly  (Leaf and Hays, 1962; Schuc ter  

e t  al_. , 1973).

TOAD LENS

1. Under the in vivo s i t u a t i o n ,  th e  l e n s  i s  s u b j e c t  to  changes in the 

osmotic conce n t ra t ion  of  th e  f l u i d s  t h a t  bathe i t s  a n t e r i o r  and p o s t e r i o r  

s u r f a c e s .  This can occur  from the  a d m i n i s t r a t i o n  o f  osmotic agents  

which a re  used to  decrease the  i n t r a o c u l a r  p re s s u re  such as dur ing 

surgery  and the  tr ea tm en t  o f  glaucoma. Among the  agen ts  used f o r  t h i s  

purpose i s  e t h a n o l ,  however, more e f f e c t i v e  s o l u t e s ,  such as urea 

and m a nn i to l ,  a re  used more o f t e n .

Since the  toad le ns  se rves  as an e x c e l l e n t  in  v i t r o  p r e p a ra t io n  fo r  

s tudying  such changes in the  osmotic composit ion of  the  f l u i d s  bath ing  

the  l e n s ,  the r e s u l t  p resen ted  here invo lves  the  e f f e c t s  o f  osmotic



Table 30. Ef fec ts  o f  v a sop re s s in  (10 mU/ml) on th e  p e rm e ab i l i ty  

o f  the toad  b ladder  to  ethano l  as compared to  water .

Ethanol

con t ro l  (7) 

va s o p re s s in  (7)

Water

con t ro l  (5) 

v a s o p re s s in  (6 )

Kt r a n s  in  al l /sec

K
t r a n s

1314 ± 217 X 10" 7

2008 t  339 X 10-7

5545 ± 1132 X 10" 7  

18959 ± 2616 X 10 ' 7

p f o r  d i f f e r e n c e  

< 0.01

< 0.001
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agents  (which inc ludes  e th a n o l )  on the  e l e c t r i c a l  p r o p e r t i e s  ac ross  

the  i s o l a t e d  toad  l e n s .

1. E f fec t s  o f  inc re a sed  osmotic co n c e n t r a t io n  on the  t r a n s l e n t i c u l a r

PD, SCC, and r e s i s t a n c e .

When the NaCl c o n c e n t r a t i o n  in the  f l u i d  ba th ing  the  a n t e r i o r  s id e  

o f  the  lens  was in c reased  by 12.5 mM t h e r e  was a sharp d e c l in e  in the  

t r a n s l e n t i c u l a r  p .d .  and SCC (F ig .  9 ) .  These e f f e c t s  inc reased  as 

the  co n ce n t ra t io n  was r a i s e d ,  were maximal in about 15 min, and r e ­

tu rned  to normal va lues  when the  o r i g i n a l  R in g e r ' s  s o l u t i o n  was r e s to r e d  

(F ig .  9 ) .  To see  i f  t h i s  e f f e c t  was due to  an e l e v a t i o n  o f  NaCl 

co n ce n t ra t io n  alone or  r e f l e c t e d  an osmotic e f f e c t ,  the  exper iment  

was repea ted  bu t  us ing mannitol  in s i m i l a r  osmotic c o n c e n t r a t i o n s .  

Mannitol produced s i m i l a r  e f f e c t s  as t h a t  o f  NaCl (Table 31 and Fig .  10) 

sugges t ing  t h a t  the  e f f e c t s  a re  osmotic r a t h e r  than the  r e s u l t  o f  

changing g r a d i e n t s  o f  NaCl c o n c e n t r a t i o n  ac ross  the  lens  membranes.

The p o s t e r i o r  s u r f a c e  o f  the le ns  did  no t  respond in  t h i s  way to  changes 

in s o lu te  l e v e l s  (Table 31) though a slow d e c l in e  in  SCC cannot be 

excluded.  The e l e c t r i c a l  r e s i s t a n c e  ac ross  the  e n t i r e  le ns  d id  not  

change s i g n i f i c a n t l y  w i th  e i t h e r  the a d m in i s t r a t io n  o f  NaCl o r  

mannitol  (Table 32).

The e f f e c t s  o f  mannitol were of  a d d i t i o n a l  i n t e r e s t ,  as  t h i s  i s  

used t h e r a p e u t i c a l l y  to  lower i n t r a o c u l a r  p r e s s u r e ,  reduce c e re b ra l  

edema, and to promote osmotic d i u r e s i s .  Ethanol and urea  a re  a l s o  

known t o  be e f f e c t i v e  agents  f o r  the former purpose (Peczon,  1965;
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Figure  9.  E f fec t s  o f  hyperosmotic NaCl s o l u t i o n s  on the  t r a n s l e n t i c u l a r  

p . d . , 0 — O ,  and s h o r t - c i r c u i t  c u r r e n t  ( s e e ) ,  — — , ac ross  

th e  amphibian l e n s .
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Table 31. E f fec t s  o f  hyperosmotic agents  on th e  p .d .  (mV) and see (uA/cm ) 

ac ross  the  i s o l a t e d  toad l e n s .

Treatment In i t i a l *
+ Drug
a f t e r  30 min

50 mM NaCl

100 mM 
Mannitol

200 mM Urea

10% Ethanol 
(about  2M)

(7) p . d . 2 2 ± 1.7

see 25

00CO+1

( 8 ) p . d . 26 - 1.4

see 34 ± 2.7

(7) p . d . 29 i+ CO

see 33 ± 3.4

(8 ) p . d . 27 ± 3.9

sec 35 + 4 .8

Washout 
Drug- free 
a f t e r  30 min

4.9 + M ro cr 26 + 2.7

5.2 + 1. 5b 28 + 3.9

8 . 8 +
1 . 6 b 2 1

+ 3.6

1 2
+ 1 . 8 b 28 + 4 .8

9 .0 ± 2 .7 b 8
+ 3.4

9.1 + 2 .3 b 7 + 3.3

18 + 3 .5° 2 0
+ 3.8

2 0
+ 3 . 5 C 2 2 ± 3.4

Drug added to  p o s t e r i o r

50 mM NaCl (7) p .d . 23 + 3.0 2 0 t  3 .1 14 + 3.0

sec 29 + 5.4 23 t  4 .5 14 + 3.3

100 mM 
Mannitol (8 ) p .d .

sec

23

27

+

+
2 . 0

3.3

26

29

t  2 .3 

+ 2.3

2 0

2 2

+

+
1.9

2 . 1

200 mM Urea (7) p .d . 23 + 1.5 24 t  2 . 2 2 1 + 2.4

sec 27 + 2.9 23 ± 3.2 19 ± 2.7

10% Ethanol (8 ) p .d . 26 +
2 . 1 23 + 2 . 6 26 +

2 . 6

sec 31 +
2 . 1 28 ± 2.4 30 + 2.5

This r e p re s e n t s  a b a s e l i n e  va lue measured over  a per iod  o f  30 min. 

bp < 0 . 0 0 1  f o r  d i f f e r e n c e s  from t e  i n i t i a l  va lues  .

Resu l t s  a r e  as means + S.E.
Number o f  experiments a r e  in  p a r e n t h e s i s .
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Figure  10. E f f e c t s  o f  hyperosmotic mannitol  s o lu t i o n s  on th e  t r a n s ­

l e n t i c u l a r  p . d . ,  o — o ,  and s ee ,  — -  , a c ro s s  the  amphibian 

l e n s .
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Table 32.  E f fe c t s  o f  osmotic agen ts  on the  e l e c t r i c a l  r e s i s t a n c e  ac ross  

the  amphibian lens

&  - cm^

Drug added to  a n t .
I

I n i t i a l
I I

Drug-30 min
I I I

Washout
I I - I
P

50 mM NaCl (7) 943 + 75 1019 + 89 969 + 71 N.S.

100 mM Mannitol ( 8 ) 770 + 32 707 + 67 723 i  34 N.S.

200 mM Urea (7) 933 + 189 1446 + 164 1301 + 209 N.S.

10% Ethanol ( 8 ) 794 + 64 930 + 98 934 + 91 N.S.

Resu l t s  a r e  as means + S.E.

Number o f  experiments  a r e  in p a r e n t h e s i s .  

N .S . ,  no t  s t a t i s t i c a l l y  s i g n i f i c a n t .
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Houle and Grant ,  1967),  and t h e i r  e f f e c t s  on t h e  lens  were a l s o  t e s t e d .  

Urea was only e f f e c t i v e  when used a t  a co n c e n t ra t i o n  o f  200 mM in  the 

a n t e r i o r  bathing s o lu t i o n  (Table 31 ).  I t s  e f f e c t s  were no t  r e v e r s i b l e  

fo l lowing  the r e s t o r a t i o n  o f  normal R in g e r ' s  s o l u t i o n .  Ethanol had 

no e f f e c t  on the e l e c t r i c a l  parameters  o f  the  l ens  when p r e s e n t  a t  

e i t h e r  s id e  in c o n c e n t r a t i o n s  o f  3% (about  650 mM) o r  even 6 % (v /v )  

but  a t  a co n ce n t ra t io n  of  10% a modest d e c l in e  in  p . d .  and SCC were 

r eco rded ,  but on ly  when i t  was p r e s e n t  in the  a n t e r i o r  ba th ing  s o l u ­

t i o n  (Table 31).  Like u rea ,  the e thano l  e f f e c t s  were no t  r e v e r s i b l e .

The e l e c t r i c a l  r e s i s t a n c e  ac ross  the e n t i r e  l ens  inc re ased  with  

u r e a ,  whereas e thanol  had no e f f e c t  on t h i s  paramete r  (Table 32) .

2. E f f e c t s  o f  osmotic agents  on the  e l e c t r i c a l  parameters  ac ross

the  a n t e r i o r  ( l e n s  ep i the l ium )  and p o s t e r i o r  s id e s  o f  the  l e n s .

The t r a n s l e n t i c u l a r  e l e c t r i c a l  behav io r  o f  the  lens  i s  th e  r e s u l t

of  the  p r o p e r t i e s  o f  the l i m i t i n g  membranes a t  i t s  a n t e r i o r  and p o s t e r i o r

su r faces  (see Duncan, 1973) and the le n s  f i b e r s  (Rae, 1974a).  The 

a n t e r i o r  i s  covered by the  le ns  e p i th e l iu m  which probably  a c t s  as the  

l i m i t i n g  b a r r i e r  a t  t h i s  s i d e .  The p o s t e r i o r  lacks  such an ep i th e l iu m ;  

i t s  j u n c t io n  i s  formed by the  ou te r  r eg ions  o f  the  le ns  f i b e r s ,  as

well as the  capsu le  which i n v e s t s  the  e n t i r e  l e n s .  The two s u r f a c e s ,  no t

s u r p r i s i n g l y ,  behave r a t h e r  d i f f e r e n t l y  and when examined in a d iv ided  

chamber in v i t r o ,  the  a n t e r i o r  has a h ig h e r  p . d .  than the  p o s t e r i o r ,  the



d i f f e r e n c e  corresponding to the  t r a n s l e n t i c u l a r  p . d .  (Candia,

Ben t ley  and M i l l s ,  1971). I t  i s  a l so  p o s s ib le  t h a t  the l e n s  f i b e r s  

c o n t r i b u t e  to  the  e l e c t r i c a l  p r o p e r t i e s  o f  the l e n s  (Rae, 1974a).  

However, as the  p i p e t  e l e c t r o d e  i s  p laced  in the  c e n t r a l  p a r t  o f  the  

t i s s u e  they probably do no t  in f lu e n c e  i t s  e l e c t r i c a l  asymmetry. When 

the  co n ce n t ra t io n  o f  the  a n t e r i o r  ba th ing  s o l u t i o n  was inc reased  with  

NaCl, m a nn i to l ,  e t h a n o l ,  o r  u rea  the  p . d .  ac ross  t h e  a n t e r i o r  s ide 

o f  the  le ns  d ec l ined  sha rp ly  (Table 33 and f o r  i n s t a n c e  mann i to l ,

Fig .  11) and t h i s  was accompanied by a sm a l l e r  d e c l in e  a c ro s s  the 

p o s t e r i o r  so t h a t  the  n e t  e f f e c t  was t o  decrease  th e  t r a n s l e n t i c u l a r  

p . d .  When th e se  same osmotic agen ts  were added to  the p o s t e r i o r  s id e  

t h e r e  was no e f f e c t  on the  p .d .  ac ross  e i t h e r  s i d e  o f  the l e n s .

The e l e c t r i c a l  r e s i s t a n c e  o f  membranes r e f l e c t s  changes in the  

movements o f  ions ac ross  them. As shown in Table 34,  the  a d d i t io n  o f  

mannitol t o  the  a n t e r i o r  ba th ing  media r e s u l t e d  in  a r i s e  in  the 

e l e c t r i c a l  r e s i s t a n c e  ac ross  t h a t  s ide  and t h i s  inc re a s e  was accom­

panied by a small d e c l in e  ac ros s  the p o s t e r i o r  s i d e .  S im i l a r  r e s u l t s  

were seen in the presence  o f  NaCl. With the more permeant s o lu te s  

ethano l  and u r e a ,  somewhat d i f f e r e n t  e f f e c t s  were observed ,  as the 

r e s i s t a n c e  d id  not  i n c re a s e  u n t i l  l a t e r ,  a f t e r  the  s o lu t e  was removed 

(Table 34).  This  i s  no t  unexpected s in c e  these  s o l u t e s  a l s o  have i r ­

r e v e r s i b l e  e f f e c t s  on the l e n s .
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Table 33. E f fec t s  o f  hyperosmotic agen ts  on the  e l e c t r i c a l  p o t e n t i a l

d i f f e r e n c e  ( p .d .  mV) across  

lens  membranes.

I
'Drug'  added to  a n t .  Control

100 mM NaCl ( 6 )

Ant. p .d . 58 + 3.2

P o s t .  p .d . 38 + 4.2

Overal l  p . d . 2 0 + 1 . 6

200 mM Mannitol ( 6 )

Ant. p .d . 51 + 4.7

P o s t .  p .d . 27 + 3.8

Overal l  p .d . 24 + 1.8

10% Ethanol ( 6 )

Ant.  p .d . 58 + 6.9

P o s t .  p .d . 34 + 6 .0

Overal l  p .d . 25 + 0 .8

400 mM Urea ( 6 )

Ant.  p .d . 61 + 4 .0

P o s t .  p .d . 43 + 2.5

Overal l  p .d . 20 + 3.5

Resu l t s  a r e  as means + S.E.

Number o f  e x p t s .  in  p a r e n t h e s i s .  

a p< 0.01 f o r  d i f f e r e n c e s  from Control 

bp < 0 . 0 5  f o r  d i f f e r e n c e s  from Control

the a n t e r i o r  and p o s t e r i o r

II  I I I
'D ru g ' -30 min Washout

30 + 3 .4 a 65 + 2.1

24 + 2 .5 b 40 + 4 .4

6 .0  + 1 .5a 25 + 2 .9

31 + 3 .4 a 51 + 5.3

23 + 2.3 30 + 3 .8

8 . 0  + 1 . 5a 2 1  + 1 . 8

46 + 5.4 52 + 6 . 6

32 + 4 .0 37 + 4 .8

14 + 2 .1 a 15 + 2.2

24 + 2 .7 a 30 + 4.4 '

30 + 3 .6 b 32 + 4 . 4 1

- 5 . 9  + 0 . 8 b -1 .7  + 0
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Figure 11. E f f e c t s  o f  hyperosmotic mannitol  on the  p .d .  a c ro s s

the  a n t e r i o r  ep i the l ium  and p o s t e r i o r  s i d e  o f  the  l e n s .
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Table 34.  E f fe c t s  of  hyperosmot ic i ty  on the  e l e c t r i c a l  r e s i s t a n c e  

ac ross  the  a n t e r i o r  and p o s t e r i o r  le ns  membranes.

2Res is tance S I . ■cm

Drug added to  a n t e r i o r  s id e  

A n te r io r  r e s i s t a n c e : I n i t i a l + Drug 
a f t e r  30 

min

Washout 
d ru g - f r e e  
a f t e r  30 min

100 mM NaCl (4) 401 + 13 694 + 52a 393 +
2 2

200 mM Mannitol ( 6 ) 492 + 61 711 + 94b 545 + 47

200 mM Urea (5) 513 + 37 538 + 47 832 + 47c

10% Ethanol (2M) ( 6 ) 537 + 47 664 + 89 842 ± 60C

P o s t e r i o r  r e s i s t a n c e i •

100 mM NaCl (4) 469 + 25 369 + 15b 461 + 13

200 mM Mannitol ( 6 ) 553 + 45 477 +

_QC
sl 574 + 58

200 mM Urea (5) 582 + 4 637 + 34 519 + 33

10% Ethanol ( 6 ) 674 + 75 672 + 107 719 + 105

R es u l t s  a r e  as means + S.E.

Number o f  experiments a r e  in p a r e n t h e s i s .  

p <  0 . 0 1  f o r  d i f f e r e n c e  from i n i t i a l  va lues  

bp <  0 .05 f o r  d i f f e r e n c e  from i n i t i a l  va lues  

c p <  0 . 0 0 1  f o r  d i f f e r e n c e  from i n i t i a l  va lues
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3. The i o n i c  b a s i s  f o r  the observed  e l e c t r i c a l  changes with  hyper­

osmotic a g e n t s .

The e l e c t r i c a l  behav ior  o f  the l e n s  r e f l e c t s  the  movements o f  ions  

ac ross  i t s  a n t e r i o r  and p o s t e r i o r  s u r f a c e s  and t h i s  may involve the  

pas s ive  p e rm e ab i l i ty  o f  the  membranes o r  the a c t i v i t y  o f  ion pumps.

Changes in the  p r o p e r t i e s  o f  the  i n t e r s p e r s e d  lens  f i b e r s  could a l s o  

be c o n t r i b u t i n g .

The e f f e c t s  o f  th e  osmotic agents  were thus examined when io n i c  

changes were made in  the  ba th ing-media .  Sodium i s  known to  be a c t i v e l y  

t r a n s p o r t e d  t r a n s m u ra l ly  ac ros s  the l e n s ,  and i t  a l s o  moves p a s s iv e l y  

in  e i t h e r  d i r e c t i o n .  A sodium pump i s  thought to  be lo c a te d  in the  

a n t e r i o r  lens  ep i th e l iu m  which i s  r e s p o n s ib le  f o r  the  a c t i v e  t r a n s p o r t .

To see what e x t e n t  th e  presence  o f  Na c o n t r ib u te d  to  th e  e f f e c t s  o f  

th e s e  osmotic a g e n t s ,  t h e i r  a c t io n s  were examined with  Na-free R in g e r ' s  

s o lu t i o n s  (ch o l in e  s u b s t i t u t e d  f o r  Na) on each s id e  o f  the  l e n s .

( i ) E f fec t s  o f  Na-f ree  Ringer on PD and SCC. When th e  a n t e r i o r  s ide  

o f  the  le ns  was ba thed  in N a-f ree  R in g e r ' s  s o lu t i o n  th e  PD and SCC de c l in e d  

s l i g h t l y ,  p robably  r e f l e c t i n g  some n o n - s p e c i f i c  m e tabo l ic  i n h i b i t i o n  due 

t o  the  absence o f  Na (Candia e t  al_., 1971).  The a d d i t i o n  o f  mannitol  

caused a f u r t h e r  d e c l in e  (F ig .  12a) ,  b u t  t h i s  was much l e s s  than n o r ­

mally  observed .  The p . d .  and SCC r e tu rn e d  to  normal l e v e l s  when the  

Na was r e s t o r e d  to  t h e  a n t e r i o r  s i d e .  Subsequent a d d i t i o n  o f  the  

mannitol then  caused a d e c l in e  in  the  SCC such as observed in th e  e a r l i e r
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Figure  12. E f fec t s  o f  hyperosmotic mannitol on the t r a n s l e n t i c u l a r  

p . d . , o — o »  and s e e , —  .

a)  In th e  presence  and absence of  sodium a t  t h e  a n t e r i o r  
s u r f a c e  o f  the  l e n s .

b) In the  absence o f  sodium a t  the  p o s t e r i o r  s i d e .
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exper im en ts ;  i t  was much l a r g e r  than t h a t  observed in  the  absence o f  

the  a n t e r i o r  Na. When the  p o s t e r i o r  s id e  o f  the l e n s  was bathed with  

Na-free  R in g e r ' s  s o l u t i o n ,  th e re  was a d e c l i n e  in the  p .d .  and SCC, which 

in  magnitude (20 t o  30%) was c o n s i s t e n t  w i th  an a b o l i t i o n  o f  the t r a n s ­

l e n t i c u l a r  a c t iv e  Na t r a n s p o r t  (Candia e t  al_. , 1971) (F ig .  12b).  Under 

th e se  co n d i t io n s  m a n n i to l ,  on the  a n t e r i o r  s i d e ,  s t i l l  e x e r t e d  a 

prominent e f f e c t ,  bu t  t h i s  was reduced by an amount s i m i l a r  t o  t h a t  o f  

t h e  i n i t i a l  drop seen when Na was excluded .  Thus, the  a b i l i t y  o f  

mannitol  t o  decrease  the t r a n s l e n t i c u l a r  p . d .  and SCC i s  n o t  com­

p l e t e l y  dependent on an i n h i b i t i o n  o f  a c t i v e  t r a n s l e n t i c u l a r  Na 

t r a n s p o r t ,  but  th e  evidence sugges ts  t h a t  i t  could be c o n t r i b u t i n g .

The e f f e c t  o f  hyperosmotic agents  may t h e r e f o r e  be a dual one.

( i i )  E f f e c t s  o f  mannitol on e l e c t r i c a l  r e s i s t a n c e  in  the presence  

o f  Na-free  R inge r . To f u r t h e r  ex p lo re  the n a t u re  of  th e  io n i c  

changes occu r r in g  under hyperosmotic c o n d i t i o n s ,  th e  e l e c t r i c a l  r e ­

s i s t a n c e s  across  t h e  a n t e r i o r  and p o s t e r i o r  s id e s  o f  the l e n s  were 

examined when each su r face  was bathed with  Na-free  R in g e r ' s  s o l u t i o n s .

The responses  to  mannitol  were measured under the se  c o n d i t i o n s .  The 

presence  o f  Na-f ree  R inge r 's  s o l u t i o n  a t  the  a n t e r i o r  s id e  o f  the  l e n s  

r e s u l t e d  in  an in c re as ed  r e s i s t a n c e  ac ross  th e  a n t e r i o r  s u r f a c e ,  but  

no change a t  the p o s t e r i o r  (Table 35 and F ig .  13).  When mannitol was 

then  added to  the  a n t e r i o r  (Na-f ree)  s o l u t i o n  the e l e c t r i c a l  r e s i s ­

tance  a c r o s s  the a n t e r i o r  s id e  o f  the  le ns  n e a r ly  doubled;  t h e  magnitude



Table 35. E f fec t s  of  mannitol on the  a n t e r i o r  ( l ens  ep i the l ium )  and p o s t e r i o r  r e s i s t a n c e s  as 

recorded  by a m ic roe le c t rode  in  the  c e n t e r  o f  the  toad le ns  in Na-free  R in g e r ' s  

s o l u t i o n .

as cm^

I
I n i t i a l
Na-presen t

A n te r io r

411 + 52

II
Na-f ree

583 + 76

II-I
D if f

I I I  
+ Mannitol

172 + 39 1082 + 79

I I I - I I  IV
Dif f  Washout

Na-presen t

496 + 62 422 + 36

200 mM Mannitol 
added to  a n t e r i o r  
Na- free  ba th ing  
s o lu t i o n  

( 6 )
P o s te r i o r

573 + 33 579 + 28

p <  0.005

6 + 1 7  448 + 41

p < 0 . 0 0 1

-132 + 30 546 + 25

p < 0 .0 0 5

The r e s u l t s  a r e  as means + S.E.

Number o f  experiments in  p a r e n t h e s i s .
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Figure 13. E f f e c t s  o f  hyperosmotic mannitol  on the  e l e c t r i c a l

r e s i s t a n c e  ac ross  the  a n t e r i o r  ep i th e l iu m  and p o s t e r i o r  

s u r f a c e  o f  the  l e n s .

The r e s i s t a n c e s  a r e  computed from the  s lope  o f  t h e  v o l t a g e -  

c u r r e n t  r e l a t i o n s h i p  ( A p .d . /A s c c )
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o f  t h i s  response  i s  much g r e a t e r  than t h a t  p r e v io u s ly  observed in the  

p resence  o f  Na (Table 34 ).  Such an in c re a s e  in r e s i s t a n c e  would be con­

s i s t e n t  w ith  an i n h i b i t i o n  o f  ion movements which could invo lve  the  

a c t i v e  Na pump. An osmotic d i s r u p t i o n  o f  the l e n s  f i b e r s  could a l so  

be c o n t r i b u t i n g  to  the  change i f ,  as  sugges ted by Rae (1974b) ,  they  

were normally e l e c t r i c a l l y  coupled and c o n s t i t u t e d  a lower r e s i s t a n c e  

pathway.  There i s ,  however, l i t t l e  ev idence f o r  t h i s .  The inc re a sed  

magnitude o f  the  r i s e  in  r e s i s t a n c e  in  the  absence o f  Na may r e f l e c t  

the  absence o f  an i n c re a s e  in Na backf lux  which normally accompanies 

i n h i b i t i o n  o f  the  Na pump. Subsequent evidence (see  nex t  s e c t i o n )  sup­

p o r t s  t h i s  p o s s i b i l i t y .  The r e s i s t a n c e  a t  the  p o s t e r i o r  s id e  o f  the  

lens  showed an accompanying d e c l in e  (though much l e s s  in magnitude) 

which may be r e f l e c t i n g  the  accumulat ion o f  Na in  the lens  ( see  l a t e r ) .

( i i i )  E f f e c t s  on Na accumulat ion by the  l e n s . The e f f e c t s  o f  m a n n i to l ,  

e t h a n o l ,  and urea  on th e  Na and K c o n ten t  o f  th e  le ns  were examined.

One le n s  was incubated  in R in g e r ' s  s o lu t i o n  to  which had been added 

the  osmotic agen t  whi le  the  o t h e r ,  p a i r e d ,  le ns  was used as a con t ro l  

and incuba ted  f o r  a s i m i l a r  t ime.  The presence  o f  mannitol  and e thanol  

r e s u l t e d  in  a co n s id e ra b le  inc rease  in the  accumulat ion o f  sodium by 

the  l e n s  but  no change in  K (Table 36) .  In c o n t r a s t  urea  had no 

s i g n i f i c a n t  e f f e c t  on the  sodium co n te n t  of  th e  l e n s  and t h i s  i s  con­

s i s t e n t  ( s ee  l a t e r )  w i th  the  o b se rva t ion  t h a t  th e  t r a n s l e n t i c u l a r



Table 36. E f f e c t s  o f  osmotic agen ts  on Na and K c on ten t  o f  the  amphibian lens

m-equiv . /kg  i n i t i a l  wet weight

Treatment

100 mM Mannitol 

Both s id e s  (6) 

P o s t e r i o r  (6)

Control + Drug

Na

20.3 + 1.4 

25.0 + 1.3

53.8 + 1.5 

50.6 + 3 .0

Na

30.1 + 2.4 

27.6 + 2.1

56.6 + 1.9 

46.0  + 2.6

P
f o r  Na
Control vs Drug

0.025

N.S.

10% Ethanol (v /v )  

Both s id e s  (6) 

P o s t e r i o r  (6)

25.2 + 1.2 

33.5  + 3.7

70.0 + 3.4 

41.9  + 4 .6

35.3 + 1.3 

26.8  + 1.7

68.3 + 1.5 

41.9  + 3 .0

0.005

N.S.

200 mM Urea 

Both s id e s  (6) 19.8 + 1.1 44.4 + 1.3 20.0 + 1.4 40.8 + 1.6 N.S.

Resu lt s  a r e  as mean + S.E.

Number o f  experiments in p a re n t h e s i s

Paired  le n ses  were used f o r  t h i s  exper imen t ,  one as a con t ro l  f o r  the  o th e r .

CO
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sodium f lu x e s  were only changed s l i g h t l y  in  the  presence  o f  t h i s  

s o l u t e .  The response to  mannitol  and e thanol  was n o t  seen when the  

p o s t e r i o r  s id e  o f  the  le n s  alone was exposed to i t  ( i n  a d iv ided  

chamber) ,  so t h a t  the  e f f e c t  observed can be accounted f o r  by i t s  a c t io n  

a t  the a n t e r i o r  s id e  (such as p r e v io u s ly  seen in i t s  e f f e c t  on the  

e l e c t r i c a l  p a ram ete r s ) .

The f a i l u r e  o f  the  K co n te n t  to  change,  d e s p i t e  the added accumu­

l a t i o n  o f  Na, was somewhat s u r p r i s i n g  as in prev ious  experiments with 

i n h i b i t o r s  such as ouabain and io d o a c e ta te  an accumulat ion o f  sodium 

by the  lens  was i n v a r i a b l y  accompanied by a p a r a l l e l  l o s s  o f  K 

(Toyofuku and B en t ley ,  1970).  I t  t h e r e f o r e  seemed p o s s ib le  t h a t  the 

Na was accumula t ing in th e  e x t r a c e l l u l a r  space.  Measurements o f  t h i s ,  

us ing  i n u l i n ,  f a i l e d  to  demons trate any change;  i t  was 4.5 ± 0.9% (6) 

of  i n i t i a l  wet weight  in the  con t ro l  and 4 .3  ±0.7% a f t e r  exposure t o  the 

m a nn i to l .  T he re fo re ,  i t  would thus appear t h a t  Na i s  e n t e r in g  the  c e l l s .

To see  i f  changes in  w a te r  c on ten t  o f  the le ns  were c o n t r i b u t i n g  to  

the  osmotic e q u i l i b r a t i o n  we measured th e  weights  o f  lenses  a f t e r  

p la c in g  them in hyperosmotic s o l u t i o n s .  I t  was found t h a t  mannitol 

and NaCl, b u t  not  ethanol  o r  urea produced a 5% lo s s  in  weight  as 

compared t o  the con t ro l  (Table 37).  However, t h i s  l o s s  occur red  g r a d ­

u a l l y  over  a prolonged pe r io d  o f  time (3 h r )  and was not  a s u f f i c i e n t  

d e c l in e  t o  balance  the  osmotic e f f e c t  produced by th e s e  a g e n t s .  This  

would sugges t  t h a t  the osmotic balance  i s  no t  being s i g n i f i c a n t l y  ad­

j u s t e d  by the  removal of  w ate r  from th e  t i s s u e .  There fore  under the se
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Table 37.  E f fec t s  of  osmotic agen ts  on w ate r  lo s s  (as weight  l o s s )  

from th e  amphibian le ns  in  v i t r o

as % of  i n i t i a l  wet weight

Treatment Control

50 mM NaCl (5)  100 + 0.6

100 mM Mannitol (5)  98.2 + 0.4

10% Ethanol (5) 9 8 . 9 + 1 . 0

200 mM Urea (6) 100.4 + 1.4

+ Drug (180 min) P

95.5  + 0 . 8  < 0.01

94 .5  + 0 . 6  < 0 . 0 1

9 9 . 4 + 0 . 5  N.S.

100.0 + 1.06 N.S.

R esu l t s  a r e  as means + S.E.
Number o f  experiments a r e  in p a r e n t h e s i s .
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co n d i t io n s  the  in f lu x  o f  sodium would appear t o  be the  predominant  

mechanism f o r  osmotic ad justment in t h e  l e n s .  In the in s t a n c e  o f  the 

more permeant s o l u t e s ,  urea and e t h a n o l ,  these  presumably can e n t e r  

the  c e l l  and c o n t r i b u t e  to such osmotic ba lance .

( i v ) E f f e c t s  on t r a n s l e n t i c u l a r  u n i d i r e c t i o n a l  Na f l u x e s . Sodium

moves across  the le n s  in e i t h e r  d i r e c t i o n ,  bu t  th e  u n i d i r e c t i o n a l

f l u x  i s  normally g r e a t e s t  from the p o s t e r i o r  t o  the  a n t e r i o r ;  a process

t h a t  i s  c o n s i s t e n t  with  an a c t i v e  Na t r a n s p o r t  mechanism. The e f f e c t s

o f  m a nn i to l ,  e t h a n o l ,  and urea on the u n i d i r e c t i o n a l  t r a n s l e n t i c u l a r  

22f lu x e s  of  Na were measured.  Both mannitol and ethanol  produced a 

co n s id e ra b le  i n c re a s e  in the back f lux ,  a n t e r i o r  to  p o s t e r i o r ,  o f  Na 

(Table 38) ,  bu t  no s i g n i f i c a n t  change in  the forward f l u x .  The e x p e r i ­

ments were n o t  done on pa i red  l e n s e s ,  b u t  the changes were o f  such a 

magnitude as to  sugges t  t h a t  n e t  a c t i v e  t r a n s l e n t i c u l a r  Na t r a n s p o r t  

was a b o l i s h e d .  I f  th e  change in  the backf lux  i n d i c a t e s  an inc reased  

p e rm e a b i l i ty  t o  Na, which seems l i k e l y ,  then th e  f a i l u r e  o f  the forward 

f l u x  t o  in c re a s e  s i m i l a r l y  i s  somewhat unexpec ted .  I f ,  however, the  a c t i v e  

Na pump were a l so  i n h i b i t e d  (and the e a r l i e r  r e s i s t a n c e  measurements are 

c o n s i s t e n t  w ith  t h i s  p o s s i b i l i t y )  then the  o bse rva t ions  can be i n t e r ­

p r e t e d  s a t i s f a c t o r i l y .  Urea a l s o  had s i m i l a r  e f f e c t s  a l though t h e  mag­

n i t u d e  was n o t  as g r e a t  (Table 38).
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Table 38. E f fec t s  o f  osmotic agents  on u n i d i r e c t i o n a l  Na f lu x es  

ac ro ss  amphibian l e n s .

Drug added to  a n t e r i o r

A n te r io r  to  P o s t e r i o r  

100 mM Mannitol (6)

200 mM Urea (6)

10% Ethanol (6)

P o s t e r i o r  to  A n te r io r  

100 mM Mannitol (6)

200 mM Urea (6)

10% Ethanol (6)

>ueq/cm hr

Control a

0.15 t  .04 

0 .16 t  .04 

0.17 i  .04

0.63 t  .13 

0 .46 i  .04 

0.33 ± .06

60 min 
a f t e r  drug

0 .55  * .08b 

0 .36 + .06c 

0 .43 ± .04b

0 .63 ± .06 

0 .55  ± .04

0 .38 .04

R esu l t s  a r e  as means - S.E.  Number o f  experiments a r e  in p a r e n t h e s i s .

a This r e p r e s e n t s  a s t a b l e  f lu x  measured 90 min a f t e r  th e  a d d i t i o n  o f  
t h e  i s o to p e .

bp <  0.01 f o r  d i f f e r e n c e s  from the  con t ro l  va lues .  
c p < 0.05 " " " " " "
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4.  The appearance o f  le ns  o p a c i t i e s  in  v i t r o  in th e  presence  of

hyperosmotic a g e n t s .

Hyperosmotic co n d i t io n s  are  known to  produce r e v e r s i b l e  c a t a r a c t s  

in v i v o . In the  p r e s e n t  s e r i e s  o f  experiments  using osmotic agents  

we observed the  presence  o f  l e n s  o p a c i t i e s  under some c o n d i t i o n s .

Mannitol had the  most pronounced e f f e c t s  and caused cloud ing o f  the 

le ns  when p r e s e n t  a t  the p o s t e r i o r  bu t  no t  the  a n t e r i o r  s i d e ,  even when 

l i t t l e  change in e l e c t r i c a l  behavior o r  e l e c t r o l y t e  con ten t  was ob­

se rved .  This c loud ing was c l e a r l y  seen w i th in  2 o r  3 minutes exposure t o  

the m a n n i to l ;  i t  inc re ased  with  time and extended deeply i n t o  the 

lens  t i s s u e .  A f t e r  the removal o f  the  added s o l u t e  the  le ns  g r a d u a l ly  

rega ined  i t s  c l a r i t y  over  a per iod  o f  s eve ra l  hours .  When p re s e n t  a t  

the  a n t e r i o r  s i d e ,  i t  had no e f f e c t  on o p a c i ty  d e s p i t e  the  prominent 

e f f e c t s  on p . d . ,  SCC, and Na co n te n t .  Under is o -o sm o t ic  c o n d i t io n s  with  

mannitol  p r e s e n t  on both  s id e s  th e se  o p a c i t i e s  were s t i l l  s e e n ,  and 

thus  they  a p p a re n t ly  do not  r e f l e c t  a t r a n s l e n t i c u l a r  w ate r  movement.

When l e n se s  were incubated  in the  presence o f  10% e t h a n o l ,  a s l i g h t  

clouding was observed which appeared t o  be un iform ly  d i s t r i b u t e d  over  

the c a p s u la r  s u r f a c e .  50 mM NaCl, o r  200 mM urea  had no observable  

e f f e c t  on th e  le ns  t r a n s p a re n c y .  In the  p r e s e n t  exper iments  no c l e a r  

c o r r e l a t i o n  between lens t ranspa re ncy  and the  e l e c t r i c a l  p r o p e r t i e s  

and changes in Na con ten t  o f  th e  lens  were observed .
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5.  Measurements o f  th e  e x t r a c e l l u l a r  space o f  the  i s o l a t e d  toad l e n s .

The e x t r a c e l l u l a r  space o f  the  toad  le ns  was measured as desc r ibed
14in the  methods s e c t i o n .  Two e x t r a c e l l u l a r  markers were used ,  C - inu l in  

14and C-manni tol .  I t  was found t h a t  the  mannitol  e q u i l i b r a t e d  with  the

le n s  space f a s t e r  than in u l in  when the  l e n ses  were incuba ted  in  f so tope

co n ta in in g  media.  However, a comnon incuba t ion  t ime o f  t h r e e  hours was

chosen s in c e  both markers gave s t a b l e  space va lues  by t h i s  t im e .  The

e x t r a c e l l u l a r  space was c a l c u l a t e d  as a per  c e n t  o f  the  i n i t i a l  wet weight .  
14C-Mannitol c o n s i s t a n t l y  gave s l i g h t l y  h ig h e r  space va lues  than 

14t h a t  f o r  C - in u l in  (Table 39) .  Since mannitol i s  a s m a l l e r  molecule 

than i n u l i n  i t  may e q u i l i b r a t e  with those  a rea s  i n u l i n  cannot  e n t e r .

Addit iona l  s t u d i e s  were a l s o  done with  l e n s e s  s e t  up in a d iv ided  

g l a s s  chamber ( the  same chanber t h a t  i s  used t o  measure e l e c t r i c a l  p a r a ­

meters  ( see  Methods) so as to  determine what f r a c t i o n  o f  th e  e x t r a c e l l u l a r  

space was measurable from the  a n t e r i o r  o r  p o s t e r i o r  s u r f a c e s .  I f  the  

e p i t h e l i a l  c e l l s  o f  the  a n t e r i o r  s u r f a c e  form t i g h t  j u n c t i o n s ,  t h i s  

could r e p r e s e n t  a b a r r i e r  to  the d i f f u s i o n  o f  l a rg e  m olecu les ,  such as 

i n u l i n  and manni to l .  I t  would thus be po s s ib le  to  measure the  space 

reached from the a n t e r i o r  s o l u t i o n  t o  these  t i g h t  j u n c t io n s  o f  the  

a n t e r i o r  ep i th e l iu m .  By adding the  marker to  th e  p o s t e r i o r  ba th ing  

s o l u t i o n ,  one may measure the  e x t r a c e l l u l a r  space ac ross  the  le n s  from 

t h i s  s o l u t i o n  up to  the a n t e r i o r  e p i t h e l i a l  t i g h t  j u n c t i o n s .  This  space 

probably  c o n s i s t s  o f  t h a t  between th e  lens  f i b e r s .  To determine i f  t h e re  

was a b a r r i e r  f o r  d i f f u s i o n  o f  the  marker,  f lu x e s  o f  the  i n u l i n  were
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Table 39.  Values o f  the  e x t r a c e l l u l a r  space o f  the i s o l a t e d  lens  

us ing i n u l i n  and mannitol as  markers

14Lens inc uba t ion  time C- Inu l in

90 min (6) 3.7 + 0 .5 a

180 min (6) 4 .5  + 0 .9

Resu l t s  a r e  as means + S.E.

Number o f  experiments a r e  in p a r e n t h e s i s .  

a These va lues  a r e  as a pe rcen t  o f  the  i n i t i a l  wet weight .

* C-Mannitol

5 .3  + 0 .5  

6.8  + 1.0
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measured s im ul taneous ly  dur ing the  incuba t ion  p e r io d .  I t  was found t h a t  

the f l u x e s  measured in  e i t h e r  d i r e c t i o n ,  were p r a c t i c a l l y  z e r o ,  as  the  

counts measured on the cold s ide  were only  s l i g h t l y  above background.

This sugges ts  t h a t  th e re  i s  a b a r r i e r ,  o r  t i g h t  j u n c t i o n s ,  which may

block the  d i f f u s i o n  o f  l a rg e  molecule s ,  such as i n u l i n  and mannitol which were

used as e x t r a c e l l u l a r  markers in the se  exper iments .

The e x t r a c e l l u l a r  space measured by adding i n u l i n  to  e i t h e r  the  

a n t e r i o r  or  p o s t e r i o r  ba th ing  s o lu t io n  gave va lues  o f  1.3 ± 0 .2  and

3.5  ± 0 .3  per  c e n t  o f  i n i t i a l  wet w e igh t ,  r e s p e c t i v e l y  (6 p a i re d  e x p e r i ­

ments ) .  The t o t a l  space ( r ep re s en te d  as a sum o f  the two) was s i m i l a r  

to  t h a t  ob ta ined  when whole lens  incuba t ions  were made (see  Table 39) .

Only 25% of  the  e x t r a c e l l u l a r  space can be measured from the  a n t e r i o r  

ba th ing  s o l u t i o n  so t h a t  the a n t e r i o r  ep i th e l iu m  must c on ta in  the  

l i m i t i n g  b a r r i e r  or  t i g h t  j u n c t i o n s .
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DISCUSSION:

FROG SKIN

The p r e s e n t  r e s u l t s  demonstrate  t h a t  ethanol  can a l t e r  the p e r ­

m e a b i l i t y  o f  a model membrane system, th e  f r o g ' s  s k in ,  t o  ions and 

w a te r .  These e f f e c t s  a r e  seen under a v a r i e t y  o f  co n d i t io n s  and appear  

to  r e f l e c t  d i f f e r e n t  mechanisms involved in t h i s  t i s s u e s  t r a n s p o r t  p ro­

c e s s e s  and p e r m e a b i l i t y .  The c o n c e n t r a t io n s  o f  ethanol  t h a t  were e f f e c ­

t i v e  in  e l i c i t i n g  th e se  re sponses ,  exceed those  which a r e  compat ib le  

with  human l i f e .  As f a t a l  e f f e c t s  in man occur a t  a c o n ce n t ra t i o n  o f  

0.5% (blood l e v e l )  even the  1% ethanol  c o n c e n t r a t i o n  used ,  the minimum 

c o n c e n t r a t i o n  observed to  have an e f f e c t  on the  e l e c t r i c a l  behav ior  of  

the  f ro g  s k i n ,  was s t i l l  h igher  than t h a t  c o n s i s t e n t  with  su rv iva l  in 

vivo in  man. The a b i l i t y  o f  the  f rog  s k in  to w i th s tand  exposure o f  up 

to  10% ethanol  w ithout  any e f f e c t s  on o x i d a t i v e  metabolism sugges ts  

t h a t  t h i s  t i s s u e  has a high to l e r a n c e  to  the  t o x i c i t y  of  t h i s  subs tance .

I t  i s  p o s s i b l e ,  t h a t  under in vivo c o n d i t io n s  ( i n  man), t h a t  some t i s s u e s ,  

f o r  in s t a n c e  b r a i n  c e l l s ,  may have a lower t o l e r a n c e  leve l  to  e thano l  and 

may thus  play  a de termining r o l e  as to  t h e  minimum con c e n t ra t io n  t h r e s ­

hold f o r  s u r v i v a l .  However, as we have dem onst ra ted ,  the  p rocesses  of  

o x i d a t i v e  metabolism o f  th e se  e p i t h e l i a l  c e l l s  appears  to  be i n t a c t  under 

our c o n d i t i o n s  in  v i t r o .

A ctive  t r a n s p o r t  o f  sodium across  th e  f rog  sk in  r e q u i r e s  the expen­

d i t u r e  o f  ene rgy .  This process  accounts  f o r  about  35 per c e n t  of  th e  

t o t a l  oxygen consumption o f  t h i s  t i s s u e ,  as  was i n d i c a te d  by the d e c l in e
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observed when t h e  p ieces  o f  frog sk in  were incubated  in Na-free  (ch o l in e  

s u b s t i t u t e d  f o r  Na) R in g e r ' s  s o l u t i o n  o r  am i lo r ide  (an i n h i b i t o r  o f  Na 

t r a n s p o r t )  was added to  NaCl con ta in in g  media (see f o r  i n s t a n c e  Table 3 ) .

This drop in oxygen consumption in  the  absence  of  sodium t r a n s p o r t  i s  in 

agreement with  prev ious  o b s e rv a t io n s  with  f rog  sk in  (Yorio and Bent ley ,

1973). T here fo re ,  i f  e thano l  was i n h i b i t i n g  sodium t r a n s p o r t  by an a c ­

t i o n  on Na-K- a c t i v a t e d  ATPase as has been suggested  ( I s r a e l ,  Kalant  and 

L aufe r ,  1965; I s r a e l ,  Kalant  and LeBlanc,  1966; Sun and Samoraj sk i ,  1970; 

Hegyvary, 1973) a drop in  oxygen consumption would have been observed.

However, s in ce  ethanol  e f f e c t s  t h e  t r a n s p o r t  p r o p e r t i e s  ac ross  th e  f rog  

sk in  a t  lower c o n c e n t r a t i o n s  than t h a t  which a f f e c t e d  oxygen consumption,  

a d i r e c t  e f f e c t  on the  Na-K-ATPase i s  not  a probable mechanism o f  e t h a n o l ' s  

a c t i o n  on t h i s  e p i t h e l i a l  membrane. S im i la r  conclus ions  have a l s o  been 

reached concerning ethano l  ' s  a c t i o n  in th e  ce n t r a l  nervous system where 

i t  decreased  th e  t h r e s h o ld  fo r  nerve s t im u la t io n  (Nikander and Wal lgren,  1970; 

Wallgren e t  al_. , 1974; Carmichael and I s r a e l ,  1975). Addi t ional  suppo r t  a g a i n s t  

a genera l  m e tabo l i c  a c t i o n  i s  t h a t  e t h a n o l ' s  e f f e c t s  on the  p . d .  and see 

ac ro s s  the  f ro g  sk in  were observed to  be r e v e r s i b l e  and could even be 

blocked under some ion ic  c o n d i t i o n s ,  and in  the p resence  o f  anion blocking 

a g e n t s ,  such a s ,  t h i o c y a n a t e  and fu rosemide .  Also ouaba in ,  which i s  a 

known i n h i b i t o r  o f  sodium t r a n s p o r t  by an a c t io n  on th e  Na-K-activated  

ATPase, produces a drop in  oxygen consumption as well as  r e t a i n i n g  i t s  

e f f e c t i v e n e s s  r e g a r d l e s s  o f  the an ion s u b s t i t u t i o n s  made. This sugges ts  

t h a t  t h e  e f f e c t s  o f  e thanol  a re  n o t  n e c e s s a r i l y  r e l a t e d  to  a metabo lic  

a c t i o n ,  but  may involve a more d i r e c t  physical  i n t e r a c t i o n  with  t h i s
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e p i t h e l i a l  membrane. While metaboli c  processes  u l t i m a t e l y  p lay  a prom­

in e n t  r o l e  in th e  movement o f  molecules ac ross  e p i t h e l i a l  membranes, 

they  a r e  o f t e n  d i f f i c u l t  t o  d i s t i n g u i s h  from those  invo lv ing  i n t e r a c ­

t i o n s  w i th  r e c e p to r s  and o t h e r  membrane components. This makes the  p r e ­

s e n t  o b s e rv a t io n s  p o t e n t i a l l y  i n t e r e s t i n g  as they cannot  be r e l a t e d  to  

a prominent m e tabo l i c  change,  though a more s u b t l e  such e f f e c t  cannot  be 

excluded.

Several  e f f e c t s  o f  e thano l  on th e  pe rm eab i l i ty  p r o p e r t i e s  o f  the  

f rog  sk in  were i n v e s t i g a t e d  and have been d e s c r ib e d .

The a b i l i t y  o f  ethanol  to  dec re a se  the  p .d .  and see ac ro s s  f rog  

sk in  in v i t r o  r e f l e c t s  a d e c l in e  in  the  i n f l u x  of  sodium. This change 

i s  in t h e  same d i r e c t i o n  as  the  a c t i o n  of  t h e  sodium pump, which i s  

thought to  be p r e s e n t  a t  t h e  inne r boundary o f  the  c e l l  (Koefoed-Johnsen 

and Uss ing ,  1958).  The mechanism o f  the  d e c l in e  o f  t h e  sodium in f l u x  i s  

unknown. I t  could be reduc ing  the a c t i o n  o f  th e  Na-pump i n d i r e c t l y  by 

reducing  t h e  e n t r y  o f  sodium across  the  o u te r  b a r r i e r  o f  t h e  c e l l .  In 

view o f  t h e  absence  o f  an o u a b a i n - l i k e  a c t i o n ,  the  l a t t e r  p o s s i b i l i t y  

i s  sugges ted .

The r e d u c t io n  o f  Na t r a n s p o r t  a l s o  does not  seem to  r e f l e c t  a gen­

e r a l  m e tabo l ic  i n h i b i t i o n  ( f o r  example a cyan ide and a DNP - l i k e  

e f f e c t ) ,  as  Og consumption was not s i g n i f i c a n t l y  changed in th e  presence  

o f  e t h a n o l .  More s u b t l e  changes,  such as an accumulat ion o f  m e ta b o l i t e s  

o f  ethanol  cannot  however, be excluded.  Our o b s e rv a t io n s  with  a c e t a l d e -  

hyde,  t h e  m e t a b o l i t e  o f  e t h a n o l ,  sugges t  t h a t  such an e f f e c t  i s  no t  con­

t r i b u t i n g  to  the  ethanol  re sponse ,  s in c e  ace ta ldehyde ,  u n l i k e  e t h a n o l ,  had
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i r r e v e r s i b l e  e f f e c t s  and the  response  was s t i l l  ob ta ined  in c h l o r i d e -  

f r e e  media.  In a d d i t i o n ,  p e r ip h e ra l  t i s s u e s  do not  r e a d i l y  me tabo l ize  

e thano l  (Wallgren and Bary,  1970),  b e s i d e s ,  th e  speed o f  o n s e t  and r e ­

v e r s a l  o f  e thanol  a r e  d i f f i c u l t  to  r e c o n c i l e  with  such an a c t i o n .

Ethanol could be e x e r t i n g  an osmotic e f f e c t ,  due to  t h e  high con­

c e n t r a t i o n s  used.  However, Ussing (1965),  has demonstrated  in f rog  sk in  

t h a t  hyperosmolar  c o n d i t io n s  in the  o u t s i d e  ba th ing  s o l u t i o n  cause th e  

e p i t h e l i a l  c e l l s  to  s h r in k .  This s h r in k in g  i s  thought to  in c re a s e  pore 

s i z e  and th e  pa s s iv e  leakage o f  ions through th e  s k i n ,  in c lu d in g  t h a t  of  

Na in  th e  outward d i r e c t i o n  (Ussing and Windhager,  1964).  This leakage  

r e p r e s e n t s  a shun t  f o r  th e  'sodium t r a n s p o r t  b a t t e r y '  and i t s  e f f e c t  i s  

r e f l e c t e d  as a sudden l a r g e  drop in p o t e n t i a l  d i f f e r e n c e .  This occurs  in 

s p i t e  o f  a v i r t u a l l y  u n a l t e r e d  r a t e  o f  a c t i v e  sodium t r a n s p o r t  o r  s h o r t -  

c i r c u i t  c u r r e n t .  Hyperosmolari ty  o f  the  o u t s i d e  ba th ing  s o l u t i o n  may cause 

an osmotic sh r inkage  o f  th e  ou te rmost  l a y e r  o f  c e l l s  and pu t  a s t r a i n  on 

th e  ' t i g h t  j u n c t i o n s '  o r  Zona occ ludens and the reby  make them le aky .  I t  

i s  p e r t i n e n t  to  t h i s  d i s c u s s io n  to  r e c a l l  t h a t  c o n c e n t r a t i o n s  o f  urea  or  

mannitol  equimolar  to  t h a t  o f  e t h a n o l ,  produced t h i s  c l a s s i c a l  osmotic 

r e a c t i o n .  However, e thanol  was found to  d ec re ase  both p .d .  and see and 

d id  no t  a l t e r  pa s s ive  sodium movements in  th e  outward d i r e c t i o n .  In add­

i t i o n ,  e thano l  c ro s s e s  th e  f rog  s k in  ep i th e l iu m  q u i t e  r e a d i l y ,  as  i n d i c a t ­

ed by i t s  r e l a t i v e l y  high pe rm e a b i l i ty  c o e f f i c e n t  compared to  o t h e r  s o l u t e s  

(Table  40) , and would t h e r e f o r e  be expected  to  have much l e s s  a b i l i t y  

to  s h r in k  th e  c e l l s  by an osmotic a c t i o n  than l e s s  permeant molecu les .  

B es ides ,  t h e  ethano l  response  was blocked by removal o f  c h l o r i d e ,  whereas
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Table 40.  The p e rm e a b i l i ty  c o e f f i c i e n t s  ( Kt r a n s ) f o r  e l e c t r o l y t e s  and 

n o n - e l e c t r o l y t e s  in toad b ladder :  A comparison to  e thano l .

Kt r a n s  (10‘ 7 cm/sec)

SPECIESa Kt r a n s SPECIES Kt r a n s

Inorgan ic  Ions:

Sodium
Potassium

Chlor ide

S u l f a t e

2.8
26

13

4 .2

Organic molecules:

Thiourea 13.9

Glycerol 4.1

Sucrose 8.9

Inu l in  0 .0

Organic Ions:

Thiocyanate 

Choiine 

Lac ta te  

Urea

8 .3

9.1
5.6

26

Water and Alcohols:

Water 944

Methanol 825
Ethanol 575

Butanol 930

a These va lues  have been taken  from Leaf and Hays, 1962.
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osmotic agen ts  s t i l l  e x e r t  t h e i r  e f f e c t s  in  c h l o r i d e - f r e e  s o l u t i o n s  

(Ussing,  1965). This seems to  i n d i c a t e  t h a t  ethanol  i s  not  having an 

osmotic e f f e c t  on f rog s k i n .

An a l t e r n a t i v e  mechanism, which appears more l i k e l y ,  may invo lve  

a d i r e c t  physicochemical  i n t e r a c t i o n  with  the  membrane. Ethanol i s  a 

h igh ly  p o la r  compound c o n ta in in g  a hydroxyl moiety which i s  capab le  

o f  hydrogen bonding.  This a b i l i t y  o f  ethanol  to hydrogen bond may play 

an im por tan t  r o l e  in  i t s  a b i l i t y  to  i n h i b i t  the movements o f  ions ac ros s  

membranes. A s i m i l a r  r e v e r s i b l e  i n h i b i t i o n  o f  a c t i v e  sodium t r a n s p o r t  ac ross  

f rog  sk in  has been observed with  loca l  a n e s t h e t i c s  ( u n d i s s o c ia t e d  form)

(Skou and Zerahn,  1959).  There a r e  c e r t a i n  po in t s  o f  resemblance between 

loca l  a n e s t h e t i c s  and e t h a n o l ,  t h a t  i s  l i p i d  s o l u b i l i t y  and an a b i l i t y  to 

p e n e t r a t e  in to  and change physica l  p r o p e r t i e s  of  l i p i d  c o n ta in in g  i n t e r f a c e s  

(Skou, 1961).  I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  the se  physicochemical  p r o p e r t i e s  

may in f lu e n c e  e t h a n o l ' s  a c t i o n  on f ro g  s k i n .  I t  has been sugges ted  t h a t  the 

p o la r  groups of  t h e  o u t e r  l e a f l e t s  o f  l i p i d s  in t h e  membrane form a system 

o f  f ix e d  charges  which a r e  h ig h ly  s e l e c t i v e  fo r  sodium ions (Ei6enman, Rudin 

and Casby, 1957).  C e r e i j i d o  and Rotunno (1968) have proposed t h a t  t h i s  

network o f  f ixed  ch a rg e s ,  c o n s i s t i n g  o f  p o l a r  g roups ,  is invo lved  in  a 

p o s s i b l e  pathway f o r  sodium ions ac ro ss  f ro g  skin ep i th e l iu m .  This pathway 

invo lves  th e  movement o f  sodium around th e  c e l l  w i th i n  the l i p i d  b i l a y e r  

r a t h e r  than  by p e n e t r a t i n g  t h e  c e l l .  The presence  o f  the t i g h t - j u n c t i o n s  

would t h e r e f o r e  r e p r e s e n t  an a rea  which would r e s t r i c t  the movements o f  ions 

a c ro s s  i t ,  and r e p r e s e n t  t h e  r a t e  l i m i t i n g  b a r r i e r .  Sodium can t r a v e r s e  

t h i s  b a r r i e r  whereas potass ium cannot .  As the  sodium pump i s  thought to 

be lo c a te d  w i th in  t h e  c e l l  membrane f ac in g  the  i n t e r c e l l u l a r  spaces  (Farqhar 

and P a la de ,  1965) sodium t r a v e l l i n g  on th e  o u te r  s u r f a c e  o f  t h e  c e l l  would 

be picked up by t h e  Na-pump (having a high a f f i n i t y  f o r  sodium) and can
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le ave  t h e  po la r  groups ,  c ro s s  a sodium impermeable b a r r i e r  and reach the  

i n t e r c e l l u l a r  f l u i d .  E thanol ,  being somewhat s o lu b l e  in l i p i d s ,  may e n t e r  

such a l i p i d  b i l a y e r  and,  due to  i t s  hydrogen-bonding a b i l i t i e s ,  form 

hydrogen bonds w i th  th e s e  po la r  groups .  This would then i n t e r f e r e  with  

the  movement o f  sodium ions  a v a i l a b l e  f o r  t r a n s p o r t .  Lipid s o l u b i l i t y  

would t h e r e f o r e  be an impor tan t  f a c t o r  in reach ing  th e  hydrophylic  c o re .  

This hypo thes i s  i s  c o n s i s t e n t  with the  o b s e rv a t io n s  t h a t  by in c re a s in g  

l i p i d  s o l u b i l i t y  ( in c r e a s in g  the  chain leng th  o f  th e  a l i p h a t i c  a l c o h o l s ) ,  

a s  was observed with  2-propanol  and n - b u t a n o l , the  response  i s  inc re ased .

In a d d i t i o n  to t h i s  t a n g e n t i a l  movement, sodium may a l s o  be t r a n s ­

por ted  a c ro s s  t h e  c e l l  through the  cytoplasm (C ere i jdo  and Rotunno, 1968). 

This t r a n s c e l l u l a r  t r a n s p o r t  can be modif ied  by i n c r e a s in g  th e  c o n ce n t ra ­

t i o n  o f  sodium in  the  o u t s id e  s o l u t i o n ,  o r  by th e  a d m i n i s t r a t i o n  of  vaso­

p r e s s i n .  This hormone in c re a s es  the  pe rm e a b i l i ty  o f  the  o u t s i d e  membrane 

to  sodium (Herrera  and Curran,  1963) which i s  r e f l e c t e d  as an in c re a s e  

in  the  s h o r t - c i r c u i t  c u r r e n t .

Our r e s u l t s  i n d i c a t e  t h a t  ethano l  and the  homologous neurohypophysial 

hormone v a so toc in  a re  working v ia  d i f f e r e n t  mechanisms as t h e i r  e f f e c t s  a re  

independent  of  each o t h e r .  This r e s u l t  seems to  ag re e  with  the  hypothesi s  

p re sen te d  above.  Our r e s u l t s  a l s o  i n d i c a t e  t h a t  the  e thanol  response i s  

a n io n ic  dependent .  There a r e  severa l  p o s s i b l e  ex p la n a t io n s  as  to  the  mech­

anism o f  t h i s  re sponse .  E thano l ' s  access  to the  p o l a r  groups w i th in  the  

membrane network may r e q u i r e  the presence  o f  an a n io n ,  p a r t i c u l a r l y  Cl.  

A l t e r n a t i v e l y ,  e thanol  may e n t e r  the  l i p i d  m a tr ix  v ia  a c h l o r i d e  s e n s i ­

t i v e  channe l .  Other anions  which a r e  l a r g e r  may no t  g e t  a t  th e  c h l o r i d e  

s i t e s  and t h e r e f o r e  b lock th e  a l c o h o l ' s  e f f e c t s ,  as  our  r e s u l t s  with s u l -
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f a t e  and n i t r a t e  i n d i c a t e .  In a d d i t i o n ,  c h l o r i d e  blocking a g e n t s ,  such 

as th io c y a n a te  and fu rosemide ,  a l so  a n io n s ,  may block ac c e s s  o f  c h lo r id e  

to  i t s  s i t e  o r  may block th e  c h lo r id e  channel .

An a l t e r n a t i v e  e x p la n a t io n  i s  t h a t  sodium in o rd e r  to  c ross  t h i s  

l i p i d  m a t r ix ,  must do so as a neu t ra l  molecule ,  perhaps as NaCl. There­

f o r e ,  when c h l o r i d e  i s  ab sen t  from t h i s  o u t s id e  s o lu t i o n  o r  th io cy an a te  

o r  furosemide a r e  p r e s e n t ,  t h e  t a n g e n t i a l  r o u te  f o r  sodium t r a n s p o r t  would 

not  occur .  However, t h e  t r a n s c e l l u l a r  rou te  would be s t i l l  o p e r a t iv e  and 

would r e p r e s e n t  the  predominant  t r a n s p o r t  path f o r  sodium under the se  con­

d i t i o n s .  In f a c t ,  C u thbe r t ,  P a in t e r  and Pr ince  (1969) have demonstrated 

t h a t  by removing Cl from th e  o u t s id e  s o l u t i o n  they  observed a drop in  t h e  

transmura l  movement o f  sodium. This t a n g e n t i a l  pathway i s  t h e r e f o r e  one 

means o f  i n t e r p r e t i n g  t h e i r  o b s e rv a t i o n .

S ince  ethanol  may a f f e c t  only t h e  t a n g e n t i a l  t r a n s p o r t  path f o r  Na, 

i t s  e f f e c t s  would t h e r e f o r e  be absen t  when c h l o r i d e  i s  removed from the  

ba th ing  s o lu t i o n s  o r  i s  blocked by o t h e r  a g e n t s .  Subs tances ,  such a s ,  v a s o ­

p re s s in  and p o s s i b ly  phospholipase  C, may e f f e c t  the  t r a n s c e l l u l a r  pathway 

and t h e i r  r e sponses ,  r e f l e c t e d  as an i n c re a s e  in  see ,  could s t i l l  occu r ,  

even in  the  presence  o f  e t h a n o l ,  o r  under co n d i t io n s  where the  ethanol  

response  was b locked.  This hypothes i s  i s  c o n s i s t e n t  w i th  the  p r e s e n t  ob­

s e r v a t i o n s .

These p o s s i b i l i t i e s  a r e  only o f f e r e d  as sugges t ions  as to  the  mech­

anism o f  e t h a n o l ' s  e f f e c t s  on sodium t r a n s p o r t  in  the f rog  sk in  and more 

than one such process  could be involved  in e l i c i t i n g  t h i s  response.
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I t  was observed t h a t  ouabain ,  an i n h i b i t o r  o f  the  Na-K-ATPase, i n ­

c rea sed  the  i n t r a c e l l u l a r  sodium c o n ten t  o f  the  i s o l a t e d  f ro g  sk in  e p i ­

t h e l iu m .  A m ilor ide ,  which blocks sodium en t ry  a t  th e  o u t e r  boundary o f  

th e  e p i t h e l i a l  c e l l  (Dorge and Nagel,  1970; Ehr l ich  and Crabbe,  1968;

Rick,  Dorge and Nagel ,  1975),  had no e f f e c t  on th e  ion ic  c o n t e n t  o f  t h i s  

t i s s u e .  This e f f e c t  o f  am i lo r ide  i s  r a t h e r  p u z z l in g ,  as some o t h e r s  have 

demonst ra ted  dec re a se s  in i n t r a c e l l u l a r  sodium c o n t e n t  (Salako and Smith,  

1970; Nagel and Dorge,  1970; Biber ,  1971). However, the e x a c t  s i z e  and 

l o c a l i z a t i o n  o f  t h e  c e l l u l a r  compartment involved in  the  t r a n s e p i t h e l i a l  

t r a n s p o r t  o f  sodium ions by the  f rog  skin  i s  s t i l l  somewhat c o n t r o v e r s i a l  

( s ee  f o r  in s t a n c e  Uss ing ,  E r l i j  and Lassen,  1974). Some r e c e n t  ob s e rv a t io n s  

s u g g e s t  t h a t  the  amount o f  sodium coming from th e  o u t s id e  s o l u t i o n  t h a t  

e q u i l i b r a t e s  w ith  t h e  cytoplasm i s  on ly  a small f r a c t i o n  o f  th e  t o t a l  Na 

in t h e  c e l l  (Aceves and E r l i j ,  1971; Zylber,  Rotunno and C e r e i j d o ,  1975; 

Morel and Leblanc,  1975). This obse rva t ion  has led  to  q u e s t i o n s  concern­

ing th e  s t a t e  o f  t h e  sodium in the  f rog  e p i th e l iu m ,  and a l s o  whether  a l l  

t h e  l a y e r s  o f  c e l l s  p a r t i c i p a t e  in th e  t r a n s e p i t h e l i a l  p r o c e s s .  I f  a g r e a t  

f r a c t i o n  o f  the  cu taneous i n t r a c e l l u l a r  sodium i s  compar tmenta l ized ,  e i t h e r  

in a bound form o r  i s  seques te red  in  a s u b c e l l u l a r  compartment o r  ano the r  

c e l l - t y p e ,  a f a v o r a b l e  e lec t rochem ica l  c o n c e n t r a t i o n  g r a d i e n t  may e x i s t  so 

t h a t  i t s  p e n e t r a t i o n  a c ro s s  the o u t s i d e  b a r r i e r  could  be e x p la in ed  w i thou t  

p o s t u l a t i n g  an a c t i v e  s t e p  a t  t h i s  border .  The o b s e rv a t io n s  by E r l i j  (1971) 

and Zylber  e t  a K  (1975) show t h a t  only  a small f r a c t i o n  o f  t h e  t o t a l  i n ­

t r a c e l l u l a r  sodium e q u i l i b r a t e s  with  t h a t  in the  o u t s i d e  s o l u t i o n  so t h a t
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i t s  ' t r a n s p o r t  p o o l 1 ( invo lved  with t r a n s e p i t h e l i a l  t r a n s p o r t )  i s  small 

( E r l i j ,  1971; Zylber e t  a K > 1975; Morel and Leblanc,  1975). This o b s e r ­

v a t io n  has led t o  the sugges t ion  t h a t  perhaps only a s i n g l e  l a y e r  o f  c e l l s ,  

namely t h e  c e l l s  in  the o u t e r  laye r  o f  the  s t ra tum  granulosum, p a r t i c i ­

pa tes  in  the  t r a n s p o r t  p rocess  (Voute and Uss ing ,  1968; E r l i j ,  1971; Morel 

and Leblanc,  1975).

In our  exper iments,  t h e  method imposed measures th e  t o t a l  sodium in 

t h e  ep i the l ium  inc lud ing  any t h a t  may be p r e s e n t  o u t s i d e  the t r a n s p o r t  

compartment.  I f ,  as  sugges ted above,  th e  ' t r a n s p o r t  p o o l ' i s  j u s t  a small 

f r a c t i o n  o f  the t o t a l  sodium measured,  any dec re a se  in  t h i s  small poo l ,  

as  produced by a m i lo r i d e ,  would not  be d e t e c t e d  as a change in  the  l a r g e r  

sodium pool measured.  Ouabain,  on the  o th e r  hand, i n c re a s e s  th e  t o t a l  Na 

o f  the  ep i th e l iu m  presumbably by the  accumula t ion o f  sodium in  s u b jace n t  

l a y e r s .  The obse rva t ions  t h a t  e t h a n o l ,  which l i k e  a m i lo r i d e ,  had no e f f e c t  

on t o t a l  i n t r a c e l l u l a r  sodium c o n te n t ,  o f f e r s  a d d i t i o n a l  suppor t  a g a i n s t  

an o u a b a in - l ik e  a c t io n  f o r  t h e  mechanism o f  th e  e t h a n o l ' s  response .  Ethanol 

may be a f f e c t i n g  t r a n s e p i t h e l i a l  sodium t r a n s p o r t  by an a c t i o n  on th e  o u te r  

b a r r i e r  o f  the f ro g  skin ep i th e l iu m ,  which may involve a physicochemical  

i n t e r a c t i o n  with the  membrane components.

I t  was observed t h a t  e thano l  d ec re a se s  th e  pe rm e a b i l i ty  o f  the  frog 

sk in  to  wate r  by 30 per  c e n t .  A s i m i l a r  a c t i o n  was a l s o  observed in the  

toad  b la d d e r .  The mechanism o f  ac t io n  o f  e thanol  on w a te r  pe rm e a b i l i ty  

w i l l  be d i scussed  a t  g r e a t e r  length  when con s id e r in g  i t s  e f f e c t s  on the 

toad  u r i n a r y  b la d d e r  (see page 163). However, i t  seems l i k e l y  t h a t  the  

same type  of  mechanism may be r e s p o n s ib le  f o r  i t s  e f f e c t s  in f rog  s k in .



153

This may invo lve  a d i r e c t  physicochemical  i n t e r a c t i o n  with  the  membrane.

I t  has been sugges ted ( P a u l in g ,  1960) f o r  in s t a n c e ,  t h a t  molecules such 

as ethanol  may become p a r t  o f  the  hydrogen-bonding framework o f  l a t t i c e  

s t r u c t u r e s  in c e l l u l a r  w a te r ,  where i t  might f i l l  spaces  in a c r y s t a l  

framework and the reby  have a s t a b i l i z i n g  a c t io n  of  Van-der-Waal 's  type .

This i n t e r a c t i o n  with  wate r  molecules imposes a s t a t e  o f  r i g i d i t y  which 

may i n t e r f e r e  with  normal c e l l  f u n c t i o n .  In a d d i t i o n ,  as  water  i s  thought 

to  flow through p o la r  channe ls  in a s t r u c t u r e d  s t a t e  (Grigera and C e re i jd o ,  

1971) i t  i s  p o s s i b l e  t h a t  ethanol  can i n t e r a c t  with  the  w a l l s  o f  th e  chan­

ne l s  or  w ith  th e  wate r  molecu les d i r e c t l y  to  impede i t s  f low. I t  has a l so

been sugges ted  t h a t  in  toad  b ladder  ethano l  and water  f low through s i m i l a r  

channe ls  (S ch u c te r ,  Franki and Hays, 1973) and perhaps t h i s  a l s o  occurs  in 

f ro g  s k in .  The r e s u l t s  o f  th e  p r e s e n t  i n v e s t i g a t i o n  show t h a t  th e  permea­

b i l i t y  c o e f f i c i e n t  f o r  e thanol  i s  10- t imes  l e s s  than w a te r ,  bu t  t h i s  could 

r e f l e c t  i n t e r a c t i o n s  w i th  th e  membrane channels  due to  i t s  l i p o p h y l i c  and 

hydrogen bonding a b i l i t i e s .

I t  i s  an o b s e rv a t io n  o f  some b a s ic  s i g n i f i c a n c e  and i n t e r e s t  t h a t  the  

s h o r t - c i r c u i t  c u r r e n t  was reduced when c h l o r i d e  was removed from th e  i n ­

s i d e  ba th ing  s o l u t i o n .  S ince  t h i s  was not  a t t r i b u t e d  to  a c t i v e  c h l o r i d e  

t r a n s p o r t ,  t h e r e  may be some s t e p ( s )  in  the t r a n s p o r t  o f  sodium t h a t  i s  

dependent  on th e  presence  o f  c h l o r i d e .  This may invo lve a r e c e p t o r  s i t e  

in  which th e  a f f i n i t y  f o r  sodium i s  inc reased  in the  presence  o f  c h l o r i d e .

This f a c i l i t a t i n g  in f l u e n c e  o f  e x te rn a l  an ions  on a c t i v e  sodium t r a n s ­

p o r t  has been p r e v io u s ly  observed in o th e r  e p i t h e l i a l  membranes. Smith,  

Hughes and Huf (1971) compared th e  pe rm e a b i l i ty  o f  f rog  sk in  (Rana p i p i e n s )
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to  s eve ra l  an io n s ,  inc lud ing  c h l o r i d e ,  s u l f a t e  and n i t r a t e .  They con­

cluded t h a t  while  c h l o r i d e  r e a d i l y  permeates the  s k i n ,  n i t r a t e  and s u l ­

f a t e  only  d i f f u s e  very  s lowly  ac ross  the  membrane. I t  was a l s o  demonstra­

ted by Huf (1972) t h a t  rep lacement o f  Cl" by SO^"^, on the i n s i d e  of  the  

s k i n ,  i n v a r i a b l y  led to  a decrease  in Na+ i n f l u x  and n e t  inward sodium 

f l u x .  The same e f f e c t  was observed in  the  p r e s e n t  i n v e s t i g a t i o n .  Huf (1972) 

has sugges ted  t h a t  t h i s  dec re ase  in sodium i n f l u x  may be a s s o c i a t e d  with  

a d e c re a se  in  t o t a l  sk in  conductance.

Ussing (1965),  a -|so noted a r i s e  in see ac ross  t h e  i s o l a t e d  

sk in  o f  t h e  f r o g ,  Rana t e m p o ra r i a , when c h l o r i d e  rep la ced  s u l f a t e  in the  

i n s id e  ba th ing-media .  Upon f u r t h e r  examination o f  t h i s  phenomena, Voute 

and Ussing (1968,  1970) observed t h a t  the  c e l l  l a y e r  j u s t  beneath the  o u t ­

e r  c o r n i f i e d  c e l l s  appears  much denser  and i s  shrunk in open and s h o r t -  

c i r c u i t e d  s k in s  bathed in o sm o t ica l ly  uncompensated (hypo-osmotic)  s u l f a t e  

Ringer i n s t e a d  o f  c h l o r i d e  Ringer.  However, when us ing  such s u l f a t e  Ringer 

an o th e r  v a r i a b l e ,  bes ides  changing th e  anion,  i s  in t roduced  due to  i t s  hypo- 

osmot ic  c o n c e n t r a t i o n .  MacRobbie and Ussing (1961) ,  Ussing (1965) and 

L ind ley ,  Hoshiko and Leb (1964),  s tu d ie d  th e  e f f e c t  o f  changes in  o sm ola l i ty  

o f  th e  R in g e r ' s  s o l u t i o n  when app l ied  to  f ro g  sk in  and observed a l t e r a ­

t i o n s  in  the  th i ck n es s  o f  th e  sk in  as well as  changes in  the  open c i r c u i t  

p . d .  and s e e .  Hypotonic s o lu t i o n s  ba th ing  t h e  i n s i d e  o f  the  f ro g  sk in  cause 

an i n c r e a s e  in  the  see and a swell ing  o f  the  s k i n ,  w h i le  t h e r e  i s  no e f f e c t  

when hypoton ic  s o lu t i o n s  ba the  the o u t s id e  f a c e  o f  t h e  sk in  a lo n e .  When 

uncompensated s u l f a t e  R in g e r ' s  s o lu t i o n  i s  used as a s u b s t i t u t e  f o r  c h lo r id e
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R in g e r ' s  two v a r i a b l e s  a r e  changed s im ul taneous ly  and t h e  e f f e c t  o f  the 

h y p o to n ic i t y  can mask the  e f f e c t  o f  s u l f a t e  f o r  c h l o r i d e  s u b s t i t u t i o n .  

T here fo re ,  in the p r e s e n t  i n v e s t i g a t i o n  ca re  was taken to  in s u re  t h a t  no 

o t h e r  v a r i a b l e  capable  o f  i n f l u e n c in g  th e  e l e c t r i c a l  paramete rs  was i n t r o ­

duced and a l l  R in g e r ' s  s o lu t i o n s  were balanced o s m o t i c a l ly .  However, even 

under i so-osmotic  c o n d i t io n s  the  s u b s t i t u t i o n  o f  s u l f a t e  f o r  c h l o r i d e  may 

r e s u l t  in  c e l l u l a r  s h r in k ag e ,  as s u l f a t e  i s  a l e s s  permeable an ion than 

c h l o r i d e  and thus would c r e a t e  an osmot ic  g r a d i e n t  a c r o s s  the c e l l  mem­

brane.  As changes in  c e l l u l a r  volume can r e f l e c t  changes in s h o r t - c i r c u i t  

c u r r e n t  and sodium f lu x es  (MacRobbie and Ussing,  1961; Ussing,  1958, 1965; 

Lindley e t  aJL, 1964) t h i s  i s  a p o s s i b l e  mechanism o f  an ion  dependent  Na 

t r a n s p o r t  in frog s k in .

Another exp lana t ion  o f  t h i s  phenomenon has been o f f e r e d  by Watlington 

and J e s se e  (1975) us ing th e  t h e o r e t i c a l  model of  a n e u t r a l  'NaCl pump' t h a t  

has been proposed by Rehm e t  al^ (1974) .  These au thors  su g g es t  t h a t  the neu­

t r a l  'NaCl pump' i s  loc a ted  on th e  in n e r  membrane with  a c t i v e  t r a n s p o r t  

d i r e c t e d  inward.  Under s h o r t - c i r c u i t e d  co n d i t io n s  t h i s  neu t ra l  pump r e ­

ce ives  c h l o r i d e  from both in n e r  and o u te r  ba th ing  s o l u t i o n s  so t h a t  the 

f r a c t i o n  c o n t r ib u te d  from e i t h e r  s i d e  depends on the  r e l a t i v e  p e r m e a b i l i t i e s  

o f  the  r e s p e c t iv e  membranes to  c h l o r i d e .  When the  c h l o r i d e  conductance o f  

th e  inne r  membrane i s  l a r g e r  than th e  o u t e r ,  no ne t  c h l o r i d e  c u r r e n t ,  o r  

c h l o r i d e  t r a n s e p i t h e l i a l  f l u x e s ,  would be d e t e c t e d ,  a s  most of  t h e  c h lo r id e  

supp l ied  to  t h i s  pump would o r i g i n a t e  from th e  i n s id e  ba th ing  s o lu t i o n  and 

would j u s t  r e - c y c l e  from media to  c e l l  i n t e r i o r  back to  media.  There fore ,
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by removing c h l o r i d e  from t h e  inne r  s o l u t i o n  a decrease  in the  t r a n s ­

e p i t h e l  ia l  t r a n s p o r t  o f  sodium would be observed by reducing  the  a c t i v ­

i t y  o f  t h i s  n e u t ra l  'NaCl pump' . Such a process  would, however, only  make 

up a small p a r t  o f  th e  t o t a l  t ransmura l  sodium t r a n s p o r t ,  as t h e r e  is  

s t i l l  a s u b s t a n t i a l  a c t i v e  sodium t r a n s p o r t  in  the  presence  o f  C l - f r e e  

s o l u t i o n s  ba th ing  both  s id e s  o f  the  membrane.

A l t e r n a t i v e l y ,  c h l o r i d e  may e n t e r  the  c e l l  from th e  i n s id e  s o lu t i o n  

making the  i n t r a c e l l u l a r  environment more e l e c t r i c a l l y  n e g a t iv e .  Such a 

change would r e s u l t  in  an i n c r e a s e  in  th e  e l e c t r i c a l  g r a d i e n t  f o r  sodium 

and a subsequent  in c r e a s e  in  the  i n f l u x  o f  sodium ac ross  the  o u t s i d e  b a r ­

r i e r .  Provid ing  t h a t  th e  sodium pump i s  not  s a t u r a t e d ,  th e  e x t r a  sodium 

ions could then  be removed a c ro s s  th e  inne r  fac ing  membrane. When c h l o r i d e  

i s  removed and s u b s t i t u t e d  w i th  a non-permeant an ion ,  such as s u l f a t e ,  

t h e  c e l l u l a r  i n t e r i o r  may become l e s s  nega t ive  and decreases  th e  e l e c ­

t r i c a l  g r a d i e n t  f o r  sodium e n t r y .

One problem which a r f s e s  in i n t e r p r e t i n g  th e  mechanism whereby Na 

t r a n s p o r t  i s  p a r t i a l l y  dependent  on s e ro s a l  c h l o r i d e ,  i s  t h a t  under th e s e  

c o n d i t io n s  c h l o r i d e  i s  p r e s e n t  in the  o u t s id e  s o l u t i o n  and s u l f a t e  in t h e  

i n s i d e .  Since c h l o r i d e  i s  a more permeant anion than s u l f a t e ,  a d i f f u s i o n -  

a l  c u r r e n t  due to  d i f f e r e n c e s  in pe rm e a b i l i ty  may a r i s e .  The d i r e c t i o n  

o f  t h i s  c h l o r i d e  c u r r e n t  would be in  th e  same d i r e c t i o n  as the  sodium 

c u r r e n t ,  so t h a t  t h e  observed see would be l e s s  than t h a t  when c h lo r id e  

i s  p r e s e n t  on both s i d e s .  However, o t h e r  r e s u l t s  sugges t  t h a t  t h i s  i s  no t  

s i g n i f i c a n t .  I t  was thus  demonstrated t h a t  w ith  s u l f a t e  on both s i d e s ,  so



157

t h a t  no d i f f u s i o n  g r a d i e n t  e x i s t s ,  the  see  s t i l l  d e c r e a s e s .  Direc t  

measurement of  the  Na f luxes  a l s o  confirmed t h i s .

At p r e s e n t ,  t h e r e  i s  no conc lus ive  d a t a  a v a i l a b l e  as to  the p a t h ­

ways by which sodium and c h l o r i d e  t r a v e l  ac ross  f rog  s k in .  Both a t r a n s -  

c e l l u l a r  pathway (Ussing and Windhager, 1964) and an e x t r a c e l l u l a r  p a t h ­

way, along  the  c e l l  s u r face  (C e re i j id o  and Rotunno, 1968) has been s u g g e s t ­

ed.

The s i t e  of  th e  i n t e r a c t i o n s  o f  an ions  with sodium t r a n s p o r t  remains 

pu re ly  s p e c u l a t i v e  and f u r t h e r  i n v e s t i g a t i o n  i s  needed b e f o r e  the mechanisms 

involved  can be e s t a b l i s h e d .

Another i n t e r e s t i n g  o bse rva t ion  a s s o c i a t e d  with  anion movements across  

f rog  sk in  was noted with  the  c h lo r id e -b lo c k in g  agen ts  th io cy an a te  and fu ­

rosemide.  Both o f  th e se  drugs have been shown to  block c h l o r i d e  t r a n s p o r t  

in  o t h e r  e p i t h e l i a  (E ps te in ,  Maetz and De Renzis ,  1971; K r i s tensen ,  1972; 

Burg, S to n e r ,  Cardinal  and Green,  1971; Candia,  1973).  In t h e  p r e s e n t  i n ­

v e s t i g a t i o n  t h i s  was confirmed f o r  f rog  s k in .

When e i t h e r  drug i s  added to  the  mucosal ba th ing  s o l u t i o n ,  the  e l e c ­

t r i c a l  p . d .  in c re as es  with  very  l i t t l e  change in  s e e .  Such an e f f e c t  i s  

an i n d i c a t i o n  of  changes in ion p e rm e a b i l i t y ,  which was f u r t h e r  demonstra­

te d  to  be a r e f l e c t i o n  o f  a decrease  in  t h e  transmural  movement of  Cl ions .

A s i m i l a r  e f f e c t  on p .d .  i s  r em in iscen t  o f  r e p la c in g  c h l o r i d e  by s u l f a t e  

in  the  o u t s id e  ba th ing  s o l u t i o n .  However, f u r t h e r  con f i rm a t ion  t h a t  Cl was 

being blocked by th e se  drugs was ob ta ined  from c h l o r i d e  f l u x e s .  I t  was 

thus  observed  t h a t  th iocyana te  ( in  the  o u t s i d e  s o l u t i o n  o n l y ) ,  decreased 

th e  f l u x e s  o f  c h l o r i d e  by 60% in  both t h e  outward and inward d i r e c t i o n  

( see  page ) .  This i s  an o bse rva t ion  o f  some b a s i c  s i g n i f i c a n c e  as i t
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sugges ts  t h a t  perhaps a common pathway e x i s t s  f o r  t ransmural  movements 

o f  c h l o r i d e  in f rog  sk in .

TOAD BLADDER

The p re s e n t  i n v e s t i g a t i o n  demonst ra tes  t h a t  ethano l  can a l t e r  the 

p e rm e ab i l i ty  o f  the  t o a d ' s  u r in a r y  b la d d e r  t o  water  and ions .  These e f ­

f e c t s  a r e  seen under v a r ious  c o n d i t i o n s  and appear to  r e f l e c t  d i f f e r e n t  

mechanisms of  a c t io n  on the  membrane. The c o n c e n t r a t i o n s  of  ethanol  which 

a r e  e f f e c t i v e  in  such c i rcumstances  f a r  exceed those  compat ib le with s u r ­

v iva l  in  v iv o . However, as  was dem onst ra ted ,  the  p rocesses  o f  ox id a t iv e  

metabolism in the c e l l s  appea r  to be i n t a c t  under th e s e  co n d i t io n s  in v i t r o . 

In a d d i t i o n ,  some o f  the  e f f e c t s  o f  e thanol  on the p e rm e a b i l i ty  to water  

can even be seen in  the  t i s s u e  fo l low ing  i t s  f i x a t i o n  with g lu t a r a ld e h y d e .  

The responses  to  the  a lcohol  a r e  thus  not  n e c e s s a r i l y  r e l a t e d  to  a meta­

b o l i c  a c t i o n  and may invo lve  a more d i r e c t  phys ica l  i n t e r a c t i o n  with the  

membrane. While the  l a t t e r  type  o f  e f f e c t  undoubtedly plays an import­

a n t  r o l e  in  the  movement o f  molecules ac ro ss  e p i t h e l i a l  membranes they 

a r e  o f t e n  d i f f i c u l t  to  d i s t i n g u i s h  from those  which a r e  c o n t ro l l e d  met- 

a b o l i c a l l y .  Since ethanol  has a l so  well  de f in e d  physicochemical  proper ­

t i e s  the  p re s en t  r e s u l t s  may provide us with  in form at ion  about  the mech­

anisms by which molecules c ro s s  e p i t h e l i a .  In t h i s  c o n tex t  t h e s e  obser ­

v a t io n s  on ethanol  can be cons idered  in  the  r o l e  of  i t s  use as  a ' chem ica l '  

o r  'pharmacological  p ro b e ' .

The a b i l i t y  o f  the  toad  b ladder  e p i th e l i u m  to  w iths tand  exposure to
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20 to  30% ethanol  w i thou t  changes in  i t s  oxygen consumption,  i s  r a t h e r  

remarkable.  In man, a c o n c e n t r a t i o n  o f  0.5% ethanol  has f a t a l  e f f e c t s .

I t  i s  p o s s i b l e  t h a t  some t i s s u e s ,  sych as the  b r a i n ,  may be f a r  l e s s  

t o l e r a n t  to  i t s  e f f e c t s  and may thus  p lay  a de termin ing  r o l e  in  the  a- 

b i l i t y  of  an animal to  s u rv iv e .  In t h e  p r e s e n t  experiments we found t h a t  

ethanol  i n f lu e n c e d  the  p e rm e a b i l i ty  o f  the  e p i t h e l i a  even in th e  absence 

o f  any measurable  e f f e c t  on o x id a t i v e  metabolism. I t  i s  thus p o s s i b l e ,  

t h a t  the t o x i c  e f f e c t s  in  vivo a r e  mediated by an a c t i o n  on c e l l  permea- 

b i i t y  r a t h e r  than  any genera l  i n h i b i t i o n  o f  metabolism. In our  e x p e r i ­

ments the se  o b s e rv a t io n s  on the m e tabo l ic  a c t i o n s  o f  e thano l  were o f  im­

por tance  as they  al low a d i s t i n c t i o n  to  be made between the  p o s s i b l e  

types  of  e f f e c t s  t h a t  i t  may e x h i b i t .  They confirm t h a t  under ou r  e x p e r i ­

mental c o n d i t i o n s  the  membrane i s  no t  d r a s t i c a l l y  compromised m e tabo l i c -  

a l l y  by e thanol  and remains v i a b l e .  Thus the  e f f e c t s  we observed may i n ­

volve a s imple  physicochemical  i n t e r a c t i o n  with  the t i s s u e  though more 

s u b t l e  m e tabo l ic  changes cannot  be excluded .

Two major  e f f e c t s  o f  ethanol  on the  amphibian u r i n a r y  b la d d e r  e p i ­

the l ium were d esc r ibe d  and i n v e s t i g a t e d ,  a) While the  io n i c  p e rm e a b i l i ty  

o f  the  membrane was u n a f fec ted  by exposure to  low c o n c e n t r a t i o n s  o f  e t h ­

anol , 9% ( v / v ,  about  2M) on the  mucosal s id e  reduced th e  transmura l  p .d .  

and r e s i s t a n c e .  There was no change in sodium pe rm eab l i ty  bu t  th e  u n i ­

d i r e c t i o n a l  c h l o r i d e  f l u x e s  i n c re a s e d ,  b) The p e rm e a b i l i ty  o f  th e  toad 

b ladder  to  w a te r  was decreased  in  th e  presence  o f  3% e thanol  and t h i s  

e f f e c t  was a l s o  apparen t  in  the  p resence  o f  v a s o p r e s s in ,  which s t i m u la t e s
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w ate r  movement.

There a r e  severa l  p o s s i b l e  mechanisms which could be med ia t ing  th e se  

e f f e c t s  o f  e th a n o l ,  a)  A genera l  metabo l ic  e f f e c t  could not  be demonstra­

te d  but  more s u b t l e  changes such as an accumula t ion of  m e ta b o l i t e s  of  e t h ­

anol cannot  be excluded.  This appears  to  be u n l i k e l y ,  however, as the  p e r i ­

pheral  t i s s u e s  do not  r e a d i l y  me taboli ze  a lcohol  (Wallgren and Bary,  1970) 

and th e  r e sponse ,  such as the  in c re a s e  in Cl p e rm e a b i l i ty  a r e  very r a p id ,  

b) Ethanol can dena tu re  p r o t e i n s ,  b u t  such e f f e c t s  a r e  u s u a l l y  observed 

a t  c o n c e n t r a t i o n s  above 30%. c) Ethanol may be e x e r t in g  an osmotic e f f e c t  

which sh r in k s  the  t i s s u e ,  due to  the  high c o n c e n t r a t io n s  used.  However, 

ethanol  c ro s s e s  th e  b ladder  ep i the l ium  very r a p i d l y ,  as in d i c a t e d  by i t s  

high p e rm e a b i l i ty  c o e f f i c i e n t  and i t  would t h e r e f o r e  be expec ted  to  have 

much l e s s  a b i l i t y  to  s h r in k  c e l l s  by an osmotic a c t io n  than  l e s s  permeant 

m olecu le s .  However, r e l a t i v e l y  high c o n c e n t r a t i o n s  were p r e s e n t  so t h a t  such 

an a c t i o n ,  a l though  u n l i k e l y ,  cannot  be excluded ,  d) As d i s t i n c t  from an 

osmotic s h r in k ag e ,  the  presence  o f  high c o n c e n t r a t i o n s  o f  e thano l  may be 

having a n o n - s p e c i f i c  c o l l i g a t i v e - t y p e  o f  e f f e c t  on the  c e l l .  I t  i s  d i f ­

f i c u l t  to  d i s t i n g u i s h  t h i s  from an osmotic e f f e c t  s in ce  o t h e r  molecules 

w ith  which a comparison may be made, f o r  i n s t a n c e  u r e a ,  may a l s o  e x e r t  some 

c l a s s i c a l  osmotic a c t i o n s ,  e)  Ethanol i s  somewhat s o lu b le  in  l i p i d s .  The 

o i l / w a t e r  p a r t i t i o n  c o e f f i c i e n t  i s  on ly  1 /30 ,  b u t  t h i s  cou ld ,  n e v e r t h e l e s s ,  

be c o n t r i b u t i n g  to  changes in  the  p r o p e r t i e s  o f  c e l l  membranes, f )  D irec t  

i n t e r a c t i o n s  between w a te r ,  ions and e thano l  could a l s o  be o cc u r r in g .  Eth­

anol i s  a h ig h ly  p o la r  compound, c o n ta in ing  a hydroxyl moie ty ,  which i s
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capable  o f  hydrogen bonding. This a b i l i t y  o f  ethanol  to  hydrogen bond 

may d i s r u p t  the  o r g a n iz a t i o n  of  molecules o f  wate r  in  s o l u t i o n  and a f ­

f e c t  t h e i r  m o b i l i ty  whi le  t r a v e r s i n g  the  membrane. I t  had been su g g es t ­

ed (Gary-Bobo, DiPolo and Solomon, 1969), t h a t  hydrogen bonding may play 

an impor tan t  r o l e  in  t h e  movement o f  n o n - e l e c t r o l y t e s  through membranes. 

The vapor p re s s u re  o f  w ate r  in e t h a n o l /w a t e r  mixtu res  shows a p o s i t i v e  

d e v ia t io n  from R a o u l t ' s  Law (Glass tone  and Lewis,  1960),  i n d i c a t i n g  t h a t  

i t s  m o b i l i ty  i s  i n c re a s e d .  I t  i s  a l s o  p o s s i b l e  t h a t  m o b i l i t y  o f  ions  may 

be changed in such m i x tu r e s ,  though we could d e t e c t  no changes in  ion 

d i f f u s i o n  p o t e n t i a l s  o f  R in g e r ' s  s o l u t i o n  in  the  presence  o f  9% e th a n o l ,  

g) The ethano l  may e x e r t  an e f f e c t  by a d i r e c t  physicochemical  i n t e r a c t i o n  

with  the  membrane. Th is ,  a p a r t  from i t s  p o s s i b l e  s o l u b i l i t y  in l i p i d s ,  

could involve  an i n t e r a c t i o n  with  th e  w a l l s  o f  pores by hydrogen bonding 

o r  by a co m p e t i t iv e - ty p e  o f  phys ica l  o b s t r u c t i o n  to  th e  f r e e  movement of  

w a te r  through the  membrane. This may a l s o  invo lve  a p o s s i b l e  changing o f  

t h e  f l u i d i t y  o f  the  membrane and thus  i n t e r f e r e  with  normal t ransmural  

movements. These a r e  only  s u g ges t ions  as to  th e  mechanisms o f  e t h a n o l ' s  

e f f e c t s  on the  b ladder  and more than  one such process  could be involved 

even f o r  each p a r t i c u l a r  e f f e c t .

I t  i s  an o b se rv a t io n  o f  some b a s i c  s i g n i f i c a n c e  and i n t e r e s t  t h a t  

t h e  membrane p e rm e a b i l i ty  t o  c h l o r i d e  ions could be c o n s id e ra b ly  inc reased  

by ethanol  but  t h a t  to sodium was unchanged.  This sugges ts  t h a t  t h e re  

a r e  s p e c i f i c  pathways f o r  anions in  t h i s  t i s s u e .  The d e c l in e  in r e s i s ­

tance  i s  r em in iscen t  o f  p rev ious  o b s e rv a t io n s  on th e  e f f e c t s  of  osmotic 

agents  on such membranes. Thus u r e a ,  when p laced  on the  mucosal s id e  of
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t h e  toad b ladder  o r  on the  o u t e r  s u r f a c e  o f  the  f rog  s k i n ,  has no e f f e c t  

on th e  s e e ,  bu t  b r in g s  about  a d e c l in e  in p . d .  and e l e c t r i c a l  r e s i s t a n c e  

(Uss ing ,  1965; Bent ley ,  Candia,  P a r i s i  and S a la d ino ,  1973; Urakabe,  Hand­

l e r  and O r l o f f ,  1970; Civan and Di Bona, 1974).  The i o n i c  b a s i s  f o r  the se  

e f f e c t s  has not  , i t  seems, been p r ev ious ly  d e s c r ib e d .  We found t h a t  man- 

n i t o l ,  which has a comparable a c t io n  to  e t h a n o l ,  a l s o  in c reased  Cl perm­

e a b i l i t y .  The d e c l in e  in  r e s i s t a n c e  probably r e f l e c t s  an opening o f  the 

t i g h t  j u n c t i o n s ,  o r  zona o c c lu d e n s , a t  the  o u t s id e  s u r f a c e  of  th e  mem­

brane  (Wade, Revel and D iSca la ,  1973). So lu tes  e n t e r  the se  f i s s u r e s  and,  

p o s s i b l y ,  by an osmotic e f f e c t  expand them. This change i s  r e f l e c t e d ,  as 

seen by e l e c t r o n  microscopy,  by the  appearance of  bulbous deformations  

o r  b l i s t e r s  in  the  most a p i c a l  mucosal j u n c t io n s  o f  the  e p i t h e l i a l  c e l l s  

(DiBona and Civan,  1973).  Smal le r  s o l u t e s ,  such as u r e a ,  were found to  

be most e f f e c t i v e  in  e l i c i t i n g  t h i s  phenomenon. Ethanol could be having 

a comparable e f f e c t ,  no t  n e c e s s a r i l y  osmotic in  n a t u r e ,  bu t  r a t h e r  due 

to  a s t r u c t u r a l  d i s r u p t i o n  o f  l i p i d s  o r  p r o t e i n s  t h a t  a r e  p r e s e n t  in  the 

zona occ ludens ,  and the rby  make i t  l e aky .  I t  i s  no ta b le  t h a t  th e  e f f e c t  

o f  ethano l  on Cl p e r m e a b i l i t y  was,  in  c o n t r a s t  to  o t h e r  s o l u t e s ,  not  r e ­

ve rsed  when the  e thanol  was removed from th e  ba th ing  f l u i d s .  More con­

c l u s i v e  evidence as to  th e  n a t u re  o f  th e  morphological  e f f e c t s  must awai t  

o b s e r v a t i o n s  with t h e  e l e c t r o n  microscope.

Ethanol was found to  i n h i b i t  t h e  hydro-osmotic reponse  to  v a sop re s s in  

by about  70%, bu t  i t  only  reduces t h e  u n i d i r e c t i o n a l  wate r  f l u x ,  in the 

p resence  o f  t h i s  hormone, by about  35%. The reason  f o r  t h i s  d i s p a r i t y  i s
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amental d i f f e r e n c e  in the  processes  o f  w a te r  movement by d i f f u s i o n  and 

down an osmotic g r a d i e n t .  However, t h e r e  i s  some doubt about  the  rea l  

e x i s t e n c e  o f  two such p ro ces s e s .  This q u es t i o n  r i s e s  from the  problems 

encountered when measuring the d i f f u s i o n  o f  wate r  ac ros s  membranes par ­

t i c u l a r l y  due to  the  presence  of  u n s t i r r e d  (o r  u n s t i r r a b l e )  l a y e r s  

(Dainty and House, 1966a,b:  Hays and F r a n k i , 1970; P a r i s i  and P i c c i n n i ,  

1973). I t  i s ,  however, no t  u n l i k e ly  t h a t  th e  membrane may respond d i f ­

f e r e n t l y  under each s e t  o f  c o n d i t i o n s ;  t h a t  i s  in th e  absence and p re ­

sence o f  an osmotic g r a d i e n t .  The l a t t e r  may r e s u l t  in  d i f f e r e n c e s  in 

such p rocesses  as  c e l l  sw e l l ing  (Civan and DiBona, 1974) and s o l u t e  con 

t e n t  which could a l t e r  i t s  a b i l i t y  to  r e a c t  with  th e  e th a n o l .

Ethanol decreased th e  pe rm e a b i l i ty  o f  th e  b ladder  ep i the l ium  to  

w a te r .  This  e f f e c t  was seen even in  th e  p resence  o f  v a s o p re s s in  and 

cyclic-AMP which produces a co n s id e ra b le  in c re a s e  in  p e rm e ab i l i ty  to 

w a te r .  A genera l  metabo lic  e f f e c t  would no t  appear  to  be invo lved ,  as 

the  r a t e  o f  o x id a t iv e  metabolism was not  changed by such co n c e n t r a t i o n s  

o f  e t h a n o l ,  and th e  e f f e c t  was s t i l l  appa re n t  in m e ta b o l i c a l l y  i n a c t i v e  

t i s s u e s  which had been f i x e d  with g lu t a r a ld e h y d e  o r  exposed to  NEM. I t  

thus  appears  l i k e l y  t h a t  some fundamental physicochemical  i n t e r a c t i o n  

with  the  membrane, o r  w a t e r ,  i s  o c c u r r i n g .  As d esc r ibed  e a r l i e r  the  mo­

b i l i t y  o f  w ate r  i s  inc reased  in a l c o h o l /w a t e r  mix tu res  and t h i s  i s  not 

c o n s i s t e n t  with  the  d e c l in e  in w a te r  movement t h a t  was observed.  In add 

i t i o n ,  w a te r  movement a c ro s s  a r t i f i c i a l  c o l lo d io n  membranes was not  a l ­

t e r e d  by the  pre sence  o f  ethanol  in the  s o l u t i o n s .  I t  t h e r e f o r e  seems
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l i k e l y  t h a t  the  ethanol  i s  impeding the  f low of  w a te r  across  the  e p i t h ­

e l i a l  membrane i t s e l f .  The na tu re  o f  t h i s  permeation process i s  unce r ­

t a i n  but  i t  i s  o f t e n  conceived o f  as  invo lv ing  ' p o r e s '  or  ' c h a n n e l s '  

which a r e  probably p o la r  in n a t u re .  I f  such pores were of  a narrow d i ­

am ete r ,  the  presence  o f  more s lowly  moving ethanol  molecules ( our 

r e s u l t s  i n d i c a t e  they move about f o u r - t im e s  le s s  r a p i d l y  ac ross  the  b la d ­

der  than wate r)  could impede the  movement o f  the w a te r  molecu les.  How­

ev e r ,  the  c o n ce n t ra t i o n  o f  ethanol  i s  about  70-t imes le s s  than t h a t  of  

water  and y e t  i t  s t i l l  reduces  t h e  l a t t e r ' s  movement by about  30%. I t  i s  

thus u n l i k e ly  t h a t  the  ethanol  m o lecu le s ,  a t  such r e l a t i v e l y  low con­

c e n t r a t i o n s  com para t ive ly ,  could be impeding the f r e e  d i f f u s i o n  o f  water  

molecules to th e  e x t e n t  observed ,  even th rough narrow pores .  A l t e r n a t i v e ­

l y ,  i f  some o f  the  e thanol  molecu les were i n t e r a c t i n g  with the  w a l l s  of  

the  channels  by forming,  f o r  i n s t a n c e ,  hydrogen bonds ,  i t  could block 

t h i s  wate r  movement. An i n t e r a c t i o n  with  l i p i d s  a s s o c i a t e d  with  such 

channe ls  i s  a l s o  p o s s i b l e  and could r e s u l t  in  changes which could im­

pede th e  water  m olecu les .  Since e thano l  co n ta in s  a l i p o p h i l i c  and hydro­

p h i l i c  moie ty ,  t h e r e  could be a combination  o f  th e s e  two e f f e c t s .  The 

ethanol  molecule could f o r  i n s t a n c e ,  o r i e n t  i t s e l f  with  i t s  l i p i d  po r t ion  

w i th in  the  pore membrane, le av ing  i t s  h y d ro p h i l i c  group exposed and f r e e  

to  hydrogen bond with  pass ing  w a te r  m o lecu le s ,  th e reby  decreas ing  t h e i r  

m o b i l i t y .  The movement o f  ethanol  a c ro s s  t h e  b ladder  was inc reased  by 

vaso p re s s in  but  t h i s  e f f e c t  i s  small when compared t o  the in c re a s e  in wate r  

movement induced by t h i s  hormone. I f ,  as has been suggested  (Schuchter  e t  

a l . ,  1973),  e thano l  moves through t h e  same channe ls  as  w a te r ,  t h i s  r e l a t i v e
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lack  o f  response  to  t h e  hormone could r e f l e c t  such binding in  th e  mem­

brane.

TOAD LENS

Hyperosmotic c o n d i t io n s  were found to  reduce the  t r a n s l e n t i c u l a r  

p .d .  and s h o r t - c i r c u i t  c u r r e n t  a c ros s  the  amphibian l e n s .  Mannitol and 

NaCl were very  e f f e c t i v e ,  and the  more permeant molecules urea and e t h ­

anol l e s s  so .  The hyperosmotic changes were only  e f f e c t i v e  when they oc­

curred  a t  th e  a n t e r i o r  e p i t h e l i a l  s u r f a c e  of  the  l e n s ;  a t  the p o s t e r i o r  

they  had no e f f e c t .

The t r a n s l e n t i c u l a r  p .d .  and see across  the  le ns  probably r e f l e c t s  

th e  p e r m e a b i l i t i e s  o f  the  a n t e r i o r  and p o s t e r i o r  l i m i t i n g  membranes (Dun­

can ,  1973); th e  p .d .  a c ros s  th e  former exceeds th e  l a t t e r ,  and the  d i f ­

f e ren ce  corresponds  t o  the  observed ove ra l l  p . d . .  The see  p a r t l y  r e f l e c t s  

a c t i v e  transmura l  t r a n s p o r t  o f  Na ac ross  the l e n s ,  and the  s i t e  o f  the 

a c t i v e  t r a n s p o r t  mechanism appears  to be in th e  lens  ep i the l ium  (Candia 

e t  a K ,  1971). This p ro c e s s ,  however,  only  accounts  f o r  about  20 to  30% 

o f  the  t o t a l  see ;  t h e  o r i g i n  o f  the  remainder i s  u n c e r t a i n ,  bu t  probably 

involves  d i f f e r e n c e s  in the r a t e s  o f  d i f f u s i o n  o f  ions ac ross  each s id e  

o f  the  l e n s  (Candia,  1973).  The osmotic agents  could thus  be a c t i n g  in 

severa l  ways. Their  p r i n c i p a l  s i t e  o f  a c t io n  would appear to  be th e  an­

t e r i o r  ep i th e l iu m .  Hyperosmotic cond i t ions  a r e  known to  i n h i b i t  a c t i v e  

Na t r a n s p o r t  a c ros s  o t h e r  e p i t h e l i a  (L ip ton ,  1972; Bent ley ,  Candia,  P a r i s i  

and S a lad ino ,  1973) and such an e f f e c t  on Na o u t f l u x  from the  lens  e p i ­

the l ium could  account  f o r  p a r t  o f  the  response t h a t  we observed .  This
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p o s s i b i l i t y  i s  supported  by the  o b s e rv a t io n  t h a t  hype rosm ot ic i ty  i n ­

c r e a s e s  th e  e l e c t r i c a l  r e s i s t a n c e  ac ro ss  th e  a n t e r i o r  e p i t h e l i a l  lens 

membrane. However, t h e  see and p .d .  s t i l l  d e c l in e  even when a c t i v e  t r a n s ­

l e n t i c u l a r  Na t r a n s p o r t  i s  ab o l i sh ed  by removing Na from th e  p o s t e r i o r  

ba th ing  media.  In a d d i t i o n ,  the  response  i s  reduced when Na i s  absen t  

from the  a n t e r i o r  s o l u t i o n .  These o b s e rv a t io n s  sugges ted  t h a t  a second 

component, a p a r t  from a c t i v e  Na t r a n s p o r t ,  i s  involved and t h i s  could 

be an inc re a sed  p e rm e a b i l i ty  to  Na. Measurement o f  t r a n s l e n t i c u l a r  Na 

f l u x e s  confirmed t h a t  the  l a t t e r  e f f e c t  was o c c u r r i n g .  The lens  was a l s o  

found to accumulate Na a t  inc re a sed  r a t e s  in  the  p resence  o f  the  hyper­

osmotic a g e n t s ,  and t h i s  could be c o n s i s t e n t  with e i t h e r  an i n h i b i t i o n  

of  t h e  a c t i v e  Na-pump o r  an i n c r e a s e  in Na in f l u x  in t o  th e  le ns  o r ,  most 

p robab ly ,  bo th .  Changes in p e rm e a b i l i ty  ;to o t h e r  ions  could a l s o  be con­

t r i b u t i n g ,

I t  i s  i n t e r e s t i n g  to compare t h e  e f f e c t s  of  hyperosmotic agents  

w ith  th ose  o f  the  polyene a n t i b i o t i c  amphote r ic in  B as both dec rease  

th e  t r a n s l e n t i c u l a r  p .d .  and see .  The mechanism o f  t h e i r  e f f e c t s  a r e ,  

however, d i f f e r e n t .  Amphotericin B has a l s o  been shown to  in c re a s e  the  

Na p e rm e a b i l i ty  o f  t h e  le ns  (Bentley  and Candia,  1975) b u t ,  in  c o n t r a s t  

to  hype rosm o t ic i ty ,  i t  reduces the  r e s i s t a n c e  o f  t h e  a n t e r i o r  ep i the l ium  

and in c r e a s e s  both u n i d i r e c t i o n a l  Na f lu x e s  eq u a l ly .  I t  does not  a l t e r  

a c t i v e  Na t r a n s p o r t .

The hyperosmot ic agen ts  were found to  p r im a r i l y  in f lu e n c e  t h e  pro­

p e r t i e s  o f  the  a n t e r i o r  s i d e  o f  th e  l e n s ,  p robably  the  e p i t h e l i a l  mem­

brane ,  bu t  changes a t  the  p o s t e r i o r  were a l s o  observed .  The n a tu re  o f  the
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l inkage  between the  two s id e s  i s  u n c e r t a i n ,  bu t  the  observed d e c l in e  

in the  r e s i s t a n c e  o f  the  p o s t e r i o r  probably  r e f l e c t s  an accumulat ion 

o f  Na in the  lens  which r e s u l t s  in  an in c re a s e  in the  f l u x  o f  t h i s  ion 

ac ross  th e  p o s t e r i o r  s i d e .

The r e l a t i v e  lack  o f  urea on the  p . d . ,  s e e ,  r e s i s t a n c e  and Na f l u x ­

es i s  no t  s u r p r i s i n g  as i t  i s  a very  permeant s o l u t e ,  so t h a t  high con­

c e n t r a t i o n s  a r e  needed to  produce osmotic e f f e c t s  s i m i l a r  to  NaCl o r  man- 

n i t o l .  Ethanol can a l s o  r e a d i l y  e n t e r  c e l l s  so t h a t  al though  i t  has been 

used as an osmotic agen t  (Peczon,  1965; Houle and Grant ,  1967) to  lower 

i n t r a o c u l a r  p r e s s u r e ,  i t s  e f f e c t s  would a l s o  not  be expected to be sub­

s t a n t i a l .  N e i the r  e thanol  o r  urea  produced a measurable r educ t ion  o f  the  

lens  weight .  In ano the r  amphibian e p i th e l i u m ,  the  f rog  s k in ,  ethanol  has 

been shown to  reduce a c t i v e  Na t r a n s p o r t ,  and t h i s  cannot  be accounted 

f o r  by an osmotic e f f e c t  (Yorio and B en t ley ,  1973). I t  i s  thus p o s s i b l e  

t h a t  the  e f f e c t s  of  ethano l  and urea  on the  le ns  r e p r e s e n t  a d i f f e r e n t  

type o f  a c t i o n  to  t h a t  o f  the  o t h e r  a g e n t s .

The p r e s e n t  o b s e rv a t io n s  in v i t r o  sugges t  t h a t  io n ic  exchanges in 

the  le ns  may be in f luenced  in  vivo by changes in  th e  osmotic p re s s u re  

o f  the  aqueous.  Hyperosmotic c o n d i t io n s  may lead  to  the  accumulat ion 

o f  Na by the  lens  with  a co n cu r ren t  d e c l in e  in  the  p . d . .  Such in c re a s e s  

in t o n i c i t y  may occur  in  vivo during  d e hyd ra t ion ,  hypernat remia  and from 

the  accumula t ion o f  g lucose  o r  urea  in  the  body f l u i d s .  The p r e s e n t  ob­

s e r v a t i o n s  i n d i c a t e  t h a t  urea would be r e l a t i v e l y  innocuous,  as compared 

to  the  l e s s  permeant s o l u t e s .  Inc rease s  in  the  osmotic c o n c e n t r a t io n s  o f  

the  body f l u i d s  may a l s o  occur dur ing the  a d m in i s t r a t i o n  o f  u r e a ,  ethanol
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o r  mannitol  in  o rd e r  to  dec rease  i n t r a o c u l a r  p r e s s u r e .  Mannito l ,  in 

a d d i t i o n ,  i s  ga in ing  in c re a s in g  p o p u la r i t y  f o r  the  t r e a tm e n t  o f  ce re b ra l  

edema and the  promotion o f  osmotic d i u r e s i s  f o r  the  prophylax is  o f  a c ­

u te  rena l  f a i l u r e  ( F lo r e s ,  DiBona, Beck and Leaf ,  1972).  Hyperosmotic i ty 

i s  known to  produce r e v e r s i b l e  c a t a r a c t s  in  an im a ls ,  bu t  the a s s o c i a t i o n  

o f  t h i s  co n d i t io n  with  the  accumulat ion o f  ions in  the  le ns  i s  u n c e r t a in .

A clouding o f  t h e  lens  under a number of  c o n d i t io n s  was no ted ,  e s p e c i a l l y  

exposure o f  th e  p o s t e r i o r  s u r f a c e  to  m a n n i to l ,  bu t  a l t e r a t i o n s  in  e l e c t r i ­

cal behav ior  and the  accumula t ion of  Na were not  i n v a r i a b ly  a s s o c i a t e d  

with  such o p a c i t i e s .
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SUMMARY

The e f f e c t s  and mechanisms o f  a c t i o n  o f  ethanol  on ion and water  

t r a n s f e r  were i n v e s t i g a t e d  in  t h r e e  'model '  membranes, the  amphibian 

s k i n ,  u r in a r y  b ladder  and l e n s .  Although morphologica l ly  d i f f e r e n t ,  

t h e s e  e p i t h e l i a  possess  s i m i l a r  ion t r a n s p o r t  p rocesses .

The e f f e c t s  o f  ethanol  on w ate r  and ion movements ac ross  the se  

t h r e e  e p i t h e l i a  d i f f e r .  This may r e f l e c t  the  v a r io u s  p rocesses  involved 

in the  transmura l  movements o f  ions and wate r  ac ro s s  them. I t  i s ,  however, 

i n t e r e s t i n g  t h a t  upon c a re fu l  examination a genera l  mechanism f o r  e t h a n o l ' s  

e f f e c t s  may be i n f e r r e d .  I t  was observed t h a t  e th a n o l ,  a t  c o n c e n t r a t i o n s  

t h a t  had marked e f f e c t s  on w ate r  and ion movements, did not  a l t e r  the  ox­

ygen consumption o f  th e  amphibian sk in  o r  u r in a r y  b la dder .  This was r a t h e r  

b a s ic  to  the  s tudy  as i t  confirmed t h a t  th e s e  t i s s u e s  were no t  compromi­

sed m e ta b o l i c a l l y  and had a high  to l e r a n c e  to  any tox ic  e f f e c t s  t h a t  may 

be produced by t h i s  compound. I t  a l s o  sugges ted  t h a t  a genera l  metabolic  

a c t i o n  i s  probably not  med ia t ing  the  response .  Ethanol is  a h igh ly  p o la r  

molecule ,  con ta in in g  a hydroxyl group capab le  o f  hydrogen bonding,  and i t  

i s  a l s o  somewhat l i p i d  s o l u b l e .  The o b s e rv a t io n s  t h a t  3% e thanol  i n h i b i t s  

th e  t r a n s f e r  o f  wate r  by 30% in  both the  f rog  sk in  and toad b la d d e r ,  and 

a l s o  reduces wate r  movement in  th e  presence  o f  v a s o p re s s in ,  cyclic-AMP o r  

even in ' f i x e d '  b l a d d e r s ,  sugges t s  t h a t  the  physicochemical  p r o p e r t i e s  o f  

ethanol  may be c o n t r i b u t i n g  to  i t s  mechanism o f  a c t i o n .  S p e c i f i c  sugges t ions  

as  to  how t h i s  might occur  a r e  o f f e r e d .  I t  may invo lve  the a b i l i t y  o f  e th a n ­

ol to  e n t e r  a l i p i d  phase in  th e  membrane and /o r  hydrogen bond with mole­

c u le s  o f  wate r  pass ing  through h y d ro p h i l i c  ' p o r e s ' ,  o r  i t  could even i n -
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t e r a c t  with  t h e  w a l l s  o f  the  pores themselves.

E th a n o l ' s  e f f e c t s  on the  e l e c t r i c a l  behavior o f  f ro g  s k in ,  u r in a ry  

b ladder  and le n s  were found to  be more d iv e r s e .  These o b s e rv a t io n s  may 

r e f l e c t  th e  v a r i e t y  o f  processes  involved in c o n t r o l l i n g  the  p e rm e a b i l i ty  

o f  the  e p i t h e l i a  to  ions  and th e  d i f f e r e n t  r e a c t io n s  o f  ethanol  w i th  r e ­

s p e c t  to each o f  the  pathways involved .  I t  was f o r  in s t a n c e  shown t h a t  

in  f rog  s k i n ,  ethanol  decreased  the in f lux  o f  sodium, an e f f e c t  which 

was anion dependant  and r e v e r s i b l e .  On the  o th e r  hand,  in toad u r i n a r y  

b la d d e r ,  e thanol  had no comparable e f f e c t  on sodium, b u t  due to  an in ­

c r e a s e  in c h l o r i d e  p e rm e a b i l i ty  decreased the  e l e c t r i c a l  r e s i s t a n c e .  This 

e f f e c t  was i r r e v e r s i b l e .  In toad  l e n s ,  ethanol had y e t  ano ther  e f f e c t  as 

i t  inc reased  p as s ive  sodium movement b u t  inc reased  th e  r e s i s t a n c e .  While 

t h e s e  d i f f e r e n c e s  in  response  a r e  q u i t e  c l e a r ,  s i m i l a r  ba s ic  mechanisms 

may n e v e r t h e l e s s  be invo lved .  The con ce n t ra t io n s  of  ethanol  needed to 

e l i c i t  t h e s e  responses  va r ie d  in the  d i f f e r e n t  t i s s u e s ;  thus 3% ethanol  

decreased  ion  movements in f rog  s k in ,  bu t  about  10% ethanol  was needed to  

i n c r e a s e  ion  movements in l e n s  and u r in a ry  b ladder .  In f rog  s k i n ,  however,

9% ethanol  was a l so  observed to  in c r e a s e  c h lo r id e  p e rm e a b i l i ty .  This ob­

s e r v a t i o n  sugges ts  t h a t  the  h ighe r  con ce n t ra t io n s  o f  ethanol  have a r a t h e r  

s i m i l a r  mechanism o f  a c t io n  on a l l  t h r e e  e p i t h e l i a  and in c re a s e  t h e i r  

io n i c  p e rm e a b i l i ty .  However, th e  response  depends on the  p a r t i c u l a r  e p i ­

the l ium as each possess  s p e c i f i c  membrane p r o p e r t i e s  and ion ic  pathways 

so t h a t  d i f f e r e n t  ions  w il l  be a f f e c t e d .  This i n c re a s e  in  io n ic  p e rm e a b i l i ty  

may r e s u l t  from the  d i s r u p t i o n  o f  ' t i g h t  j u n c t i o n s ' ,  perhaps by a l t e r i n g  

t h e  conformation o f  e s s e n t i a l  membrane components involved in a p a r t i c u l a r
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i on ic  pathway,  o r  by in c re a s in g  the  membranes f l u i d i t y  a t  a p a r t i c u l a r  

s i t e ( s ) .  As th e s e  e p i t h e l i a  a r e  cons idered to  be ' t i g h t ' ,  high r e s i s t a n c e  

membranes, such e f f e c t s  cou ld  make them ' l e a k y '  and r e s u l t  in in c reased  

movements of  io n s .

I t  i s  i n t e r e s t i n g  t h a t  t h e  e l e c t r i c a l  p r o p e r t i e s  o f  both t h e  t o a d ' s  

l ens  and u r in a r y  bladder were only a f f e c t e d  a t  r e l a t i v e l y  high ethanol 

c o n c e n t r a t i o n s  compared to  t h a t  observed in f ro g  sk in .  This may be r e l a ­

ted  to  th e  phys io log ica l  fu n c t io n s  o f  the membranes. The toad b ladder  i s  

normally bathed on i t s  mucosal s u r f a c e  ( the  same s ide  t o  which th e  alcohol  

i s  added) by a r a t h e r  obnoxious f l u i d ,  the u r i n e .  I t  a l s o  seems l i k e l y  

t h a t  t h e  aqueous f l u i d ,  which bathes the  lens  o f  amphibians ,  may under­

go c o n s id e r a b l e  changes in  c o n c e n t r a t i o n  d u r ing  t h e i r  normal l i v e s .  I t  i s  

t h e r e f o r e  p o s s i b ly  not  s u r p r i s i n g ,  t o  f ind  t h a t  high e thano l  c o n c e n t r a ­

t i o n s  a r e  needed to  e l i c i t  r e sponses .  The f ro g  skin i s  u su a l ly  only  bathed 

by d i l u t e  s o l u t i o n s  and th us  may e x h i b i t  a lower t o l e r a n c e  than  the  o th e r  

membranes. In a d d i t i o n ,  e thanol  may a c t  on f ro g  skin in  a s i m i l a r  manner 

to  t h a t  which has been observed in nerve c e l l s  p a r t i c u l a r l y  w i th  r e s p e c t  

to  i t s  e f f e c t s  on Na movements (Walgren et^ al_ . , 1974).  Ethanol ,  in 

c o n t r a s t ,  had no e f f e c t  on sodium t r a n s f e r  1n th e  toad u r in a ry  b ladder .

The l a t t e r  i s  cons idered  t o  be a model f o r  sodium t r a n s p o r t  p rocesses  

in  th e  mammalian nephron and i t  i s  i n t e r e s t i n g  t h a t  e thanol  has no e f f e c t  

on t h i s  t i s s u e  e i t h e r  ( see  Wallgren and Bary,  1970).

The r e s u l t s  show t h a t  ethanol  may provide a usefu l  pharmacological 

' p ro b e '  f o r  s tudy ing  the  mechanisms involved in  t r a n s p o r t  and p e rm e a b i l i ty  

phenomena o f  e p i t h e l i a l  membranes. I t  has been p rev io u s ly  suggested  t h a t
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ethanol  has an o u a b a i n - l i k e  a c t i o n ,  i n h i b i t i n g  Na-K-activa ted  ATPase 

( I s r a e l ,  Kalant  and Leblanc ,  1966; Hegyvary, 1973).  Such an e f f e c t  

could account  f o r  i t s  d e p re s s a n t  e f f e c t s  in man (Kalant  and I s r a e l ,  1967).  

The p r e s e n t  o b s e rv a t io n s  seem to  su g g es t  t h a t  o th e r  mechanisms may be 

involved.  I t  i s  proposed t h a t  ethanol  may a f f e c t  the  movement o f  ions 

and water  ac ro s s  e p i t h e l i a ,  by a d i r e c t  physicochemical  i n t e r a c t i o n  

w ith  t h e i r  membranes r a t h e r  than by some general  me taboli c  e f f e c t  o r  

s p e c i f i c  enzyme i n h i b i t i o n .
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