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occur r ing  a t  the  h ighes t  p h o s p h a t e  c o n c e n t r a t i o n  t e s t ed  
(0.3 M). 
In  a g r e e m e n t  w i t h  T a p l e y  4, we found  t h a t  the re  was dif- 
f i cu l ty  in r ep roduc ing  m i t o c h o n d r i a l  swell ing resu l t s  found  
b y  o thers ,  Our  d a t a  on m i t o c h o n d r i a l  swelling, o b t a i n e d  
us ing  the  same m e t h o d s  descr ibed  b y  N i F h a o l a i n  and  
O ' D o n o v a n  were no t  in conce r t  w i th  the i r s  2 - agree ing  
more  closely w i t h  Tap l ey ' s  resul t s  4. Whi le  N i F h a o l a i n  and  
O ' D o n o v a n  r e p o r t  v e r y  l i t t le  swell ing w i t h  0.3 M sucrose, 
we found,  t h a t  a t  t h i s  sucrose concen t r a t i on ,  ex tens ive  
swell ing of r a t  k i d n e y  m i t o c h o n d r i a  occur red  even  to t he  
p o i n t  t h a t  swell ing in 0.3 M sucrose was n o t  s ign i f i can t ly  
d i f fe ren t  f rom the  swell ing o b t a i n e d  a t  0.3 M p h o s p h a t e  
(p > 0.05). W h y  the re  was a di f ference in swell ing be tween  
e x p e r i m e n t s  is less i m p o r t a n t  t h a n  f ind ing  no cor re la t ion  
b e t w e e n  m i t o c h o n d r i a l  swell ing and  a m m o n i a  p roduc t ion .  
Our  d a t a  do no t  nega te  t he  hypo thes i s  of G u h a  and  
C h a k r a v a r t P  t h a t  some swell ing of m i t o c h o n d r i a  is needed  
for p h o s p h a t e  a c t i v a t i o n  of PDG,  for u n d e r  eve ry  condi-  
t ion  t h a t  we s tud ied  PDG,  the re  was some m i t o c h o n d r i a l  
swelling.  

To f u r t h e r  d isassocia te  m i t o c h o n d r i a l  swell ing f rom g lu ta -  
mine  ammoniagenes i s ,  t he  AOD's  for con t ro l  and  acidot ic  
r a t  k i d n e y  m i t o c h o n d r i a l  suspens ions  a t .0 .3  M p h o s p h a t e  
c o n c e n t r a t i o n s  f rom all e x p e r i m e n t s  were p lo t t ed  aga ins t  
a m m o n i a  p r o d u c t i o n  (figure). No cor re la t ion  could be 
found  be tween  AOD and  a m m o n i a  p r o d u c t i o n  w h e n  the  
c o n c e n t r a t i o n  of p h o s p h a t e  was unchanged .  In  t he  pres-  
ence of 0.3 M p h o s p h a t e  a n d  10 mM E D T A  (6 flasks) mi to-  
chondr i a l  swell ing was i nh ib i t ed  c o m p a r e d  to m i t o c h o n d r i a  
i n c u b a t e d  in the  p h o s p h a t e  a lone  ( table  2) (p < 0.025). 
Despi te  decreased  m i t o c h o n d r i a l  swelling, no i nh ib i t i on  
of ammon iagenes i s  was  d e m o n s t r a t e d .  
These  d a t a  do  s u p p o r t  t he  sugges t ion  of N i F h a o l a i n  a n d  
O ' D o n o v a n  ~ t h a t  increased p e r m e a b i l i t y  of m i t o c h o n d r i a l  
m e m b r a n e s  to g l u t a m i n e  is no t  the  r a t e  l imi t ing  fac to r  for 
P D G  ac t iv i ty ,  aga in  because  a t  a n y  g iven  p h o s p h a t e  
c o n c e n t r a t i o n  a m m o n i a  p r o d u c t i o n  f rom g l u t a m i n e  is no t  
r e l a t ed  to swell ing (figure). W e  conclude  t h a t  t he  m a j o r  
increase  in P D G  a c t i v i t y  in acidosis  is no t  re la ted  to in- 
creased an ion  p e r m e a b i l i t y  p roduced  b y  m i t o c h o n d r i a l  
swelling. 
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Summary. A D H  and  AMPc e n h a n c e  b o t h  t h i o u r e a  unid i rec t ' iona l  f luxes in frog skin. This  effect  is comple te ly  abol i shed  
b y  colchicine p r e t r e a t m e n t .  The  A D H  increase  of t h i o u r e a  d ischarge  w i t h  or w i t h o u t  colchicine led us to  suppose  t h a t  
colchicine does no t  d i rec t ly  affect  A D H  a c t i o n  on ou te r  m e m b r a n e  pe rmeab i l i t y ,  b u t  exer t s  i ts  effects on a si te  which  
is l imi t ing  for the  A D H  ac t ion  on t r an s ep i t he l i a l  pe rmeab i l i t y .  

I t  is well  k n o w n  t h a t  some a n t i m i t o t i c  agen t s  such  as 
colchicine i nh ib i t s  ce r t a in  cy top la smic  p h e n o m e n a  such  
as i n t r ace l lu l a r  m o v e m e n t  1 and  exocy to t i c  t r a n s p o r t  2. 
These  effects are  due  to a m i c r o t u b u l e  d i s rup t ion  wich 
occurs  a f t e r  a long t ime-lag.  
R e c e n t l y  Tay lo r  et  al. a h a v e  repor ted  t h a t  colchieine 
t r e a t m e n t  s t rong ly  inh ib i t s  the  ac t ion  of vasopress in  
on osmot ic  w a t e r  m o v e m e n t  across the  t oad  b ladder ,  
w i t h o u t  a f fec t ing  Na  ac t ive  t r a n s p o r t .  In  a p rev ious  
p a p e r  4, we h a v e  d e m o n s t r a t e d  t h a t  n o r a d r e n a l i n e - i n d u c e d  
secre t ion  of none lec t ro ly te s  t h r o u g h  the  frog skin  is 
suppressed  b y  colchicine t r e a t m e n t .  
This  work  deals  w i th  the  effects  of colchicine on  A D H -  
a c t i v a t e d  t h i o u r e a  p e r m e a b i l i t y  across t he  frog skin 
(Rana esculenta). Tab le  1 r epo r t s  the  effects  of A D H  on 
t h i o u r e a  t r an sep i t he l i a l  fluxes.  I t  can  be seen t h a t  A D H  
t r e a t m e n t  resu l t s  in a s y m m e t r i c a l  increase  of the  t h i o u r e a  
fluxes.  4 h p r e i n c u b a t i o n  in the  presence  of colchicine 
comple t e ly  abol i shes  the  A D H  effect  on  b o t h  fluxes.  
Colchicine added  i m m e d i a t e l y  a f t e r  t h e  equ i l i b ra t ion  
per iod  (i.e. w i t h o u t  p re incuba t ion )  fails to inf luence the  
A D H  effect  on  t h i o u r e a  pe rmeab i l i t y .  
T h u s  we can  exclude  t he  poss ib i l i ty  of t he  i n h i b i t o r y  
effect  of colchicine be ing  due  to i ts  i n t e r ac t i on  w i t h  t he  
A D H  receptor .  The  presence  of a wide t i m e - s p a n  seems 
to  con f i rm  t h a t  the  colchicine effect  is due to a t r ue  
i n t e r a c t i o n  w i t h  m i c r o t u b u l e  p ro t e in  s. Lumicolch ic ine ,  
a colchicine d e r i v a t i v e  which  does no t  b i n d  m i c r o t u b u l e  
p ro te in ,  is genera l ly  used as a con t ro l  of the  specif ic i ty  
of colchicine effect  5. 
In  frog skin,  4 h exposure  to  lumicolch ic ine  does no t  affect  
t he  A D H  ac t ion  on t h i o u r e a  pe rmeab i l i t y .  Thus  the  pre-  
sence of a wide t i m e - s p a n  for t h e  colchic ine  effect, 

and  t he  fa i lure  of lumicolch ic ine  to affect  A D H  act ion,  
s t rong ly  sugges t  t h a t  colchicine effect  is qui te  specific, 
i.e. i t  is due  to i n t e r a c t i o n  w i t h  mic ro tubu le  pro te in .  
D i b u t y r y l - A M P c  10 -3 M m i m i c s  the  A D H  effect  on  
t h iou rea  p e r m e a b i l i t y  ( table  2), t h i s  effect  be ing  com- 
p le t e ly  abol i shed  b y  colchicine p r e t r e a t m e n t .  Cyclic A1VfP 
is genera l ly  cons idered  t he  cel lular  m e d i a t o r  of A D H  
act ions .  Thus ,  t he  i nh ib i t i on  induced  by  colchicine appea r s  
to  be s u b s e q u e n t  to  c A M P  produc t ion .  F ina l ly  the  effect  
of colchicine on  A D H  ac t ion  c a n n o t  be due to t i ssue  
d a m a g e  4. In  fac t  t h i o u r e a  con t ro l  va lues  ( table  1 and  2) 
are v i r t u a l l y  t he  same w i t h  and  w i t h o u t  colchicine.  
All these  cons ide ra t ions  s t rong ly  s u p p o r t  the  idea t h a t  
colchicine i n h i b i t i o n  of A D H  ac t ion  on  t h iou rea  pe rmea -  
b i l i ty  is r e l a t ed  to the  d i s rup t ive  effect  of the  a n t i m i t o t i c  
on mic ro tubu les .  I t  is v e r y  diff icul t  to propose  a model  for 
th i s  A D H  ac t ion ,  as t he  ex is tence  of a s y m m e t r i c  A D H  
effect, eolchic ine-sensi t ive ,  seems to exclude  a secre tory  
process  m e d i a t e d  b y  exocy to t i c  vesicles. However ,  i t  is 
i m p r o b a b l e  t h a t  A D H  effect  is m e d i a t e d  b y  a m ic ro tubu l e  
a s sembly  only, because  t he  h o r m o n e  effect  is ve ry  selec- 
t ive.  

* The present work has been supported by C.N.R., Rome. 
1 D. Mazia, J. gen. Physiol. 50, suppl., 221 (1967). 
2 T.S. Orr, D. E. Hall and A. C. Allison, Nature 236, 350 (1972). 
3 A. Taylor, M. Mamelak, E. Reaven and R. Maffly, Science 781, 

347 (1973). 
4 M. Svelto, M. Perrini and C. Lippe, J. Membrane Biol., 36, 1 

(1977). 
5 L. Wilson and M. Friedkin, Biochemistry 6, 3126 (1967). 



15.3. 1978 Specialia 361 

I n  f ac t ,  in  f rog  s k i n  A D H  i n c r e a s e s  t h e  p e r m e a b i l i t y  of 
t h i o u r e a ,  b u t  n o t  t h a t  of g l y c e r o l ,  a m o l e c u l e  w i t h  a 
s i m i l a r  r a d i u s  a n d  l i p i d  s o l u b i l i t y  ( u n p u b l i s h e d  o b s e r -  
v a t i o n s ) .  A D H  e f f ec t  on  n o n e l e c t r o l y t e  p e r m e a b i l i t y  
is p r e s e n t  in  t o a d  b l a d d e r  as  w e l l  a n d  is l o c a l i z e d  a t  t h e  
o u t e r  p l a s m a  m e m b r a n e  of e p i t h e l i a l  ce l ls ,  t h u s  a l l o w i n g  
e x t e n s i o n  of  l o c a l i z a t i o n  t o  i n c l u d e  t h e  f rog  s k i n  6. I t  is  
p o s s i b l e  t h a t  c o l c h i c i n e  d o e s  n o t  d i r e c t l y  a f f e c t  A D H  
a c t i o n  b u t  r a t h e r  i m p a i r s  s o m e  m e c h a n i s m  w h i c h  
c o n d i t i o n s  t h e  h o r m o n a l  ef fect .  S u c h  a m e c h a n i s m  
s h o u l d  be  b a s e d  on  i n t e r c e l l u l a r  c o m m u n i c a t i o n .  
R e c e n t l y  Mi l l s  e t  al .  8 h a v e  p r o p o s e d  a m o d e l  for  N a  
t r a n s p o r t  for  t h e  f rog  sk in ,  i n v o l v i n g  i n t e r c e l l u l a r  
c o m m u n i c a t i o n  b e t w e e n  d i f f e r e n t  ce l l  l a y e r s .  S u c h  a 

c o m m u n i c a t i o n  s h o u l d  be a l i m i t i n g  s t e p  for  A D H  a c t i o n  
on t h i o u r e a  t r a n s e p i t h e l i a l  p e r m e a b i l i t y .  I n  o r d e r  t o  t e s t  
t h i s  h y p o t h e s i s ,  we  h a v e  p e r f o r m e d  e x p e r i m e n t s  w i t h  
t h e  w a s h i n g  o u t  t e c h n i q u e .  R e s u l t s  a r e  r e p o r t e d  in  t h e  
f igure .  A D H  a d d i t i o n  is s een  to  r e s u l t  in  a a b r u p t  i n c r e a s e  
of t h i o u r e a  d i s c h a r g e .  T h i s  e f f ec t  is  a l so  p r e s e n t  in  t h e  
s k i n  c o l c h i c i n e  t r e a t e d .  T h e s e  e x p e r i m e n t s  s e e m  t o  
s u p p o r t  o u r  h y p o t h e s i s  t h a t  c o l c h i c i n e  d o e s  n o t  d i r e c t l y  
a f f e c t  A D H  a c t i o n  on  o u t e r  m e m b r a n e  p e r m e a b i l i t y  b u t  
i n f l u e n c e s  s o m e  m e c h a n i s m  w h i c h  e x e r t s  a p e r m i s s i v e  
ro l e  i n  A D H  a c t i o n  on  t r a n s e p i t h e l i a l  p e r m e a b i l i t y .  
M o s t  p r o b a b l y  t h i s  e f f ec t  m a y  be  l o c a t e d  a t  t h e  i n t e r c e l -  
l u l a r  j u n c t i o n s .  
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Kinetic of thiourea washout from preloaded frog skin. Symmetrical 
halves of frog skin were loaded with 5 fxCi/m114C-thiourea: A served 
as control, B was preincubated for 4 h in the presence of 2 . 10 .5 M 
colehicine. Washout towards the external medium was conducted for 
2 3-iain periods; afterwards ADH (50 mU/ml) was added to the inner 
bathing fluid and the experiment was carried out for several periods. 
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Table 1. Transepithelial fluxes of thiourea 1 mM across frog skin 
under ADH treatment 

Experimental  n A B Zl 
conditions 

Control 6 r 20.2 ~- 1.5 37.7 ~: 2.6 15.4 • 1.7 
r 19.2 :L 2.7 32.0 -L 3.5 12.7 -k 1.6 

6 r 19.2 • 1.8 2 0 . 9 •  1.8 1.8-t- 1.4 
~ 16.8 • 1.7 19.8 • 1.8 2.9 :E 2.4 

6 ~o 23.9~: 2.9 4 2 . 1 •  5.9 1 8 . 1 ~  3.0 
r 24.8 ~ 2.6 4 1 . 4 •  2.1 16.3 • 2.2 

5 r 30.5 • 1.6 4 5 . 9 •  3.2 15.4 ~ 2.0 

2 �9 10 5 M colchicine 
preincubation for 4 h 

2 �9 10 5 M colchicine 
added on B 

2 �9 10 s M lumicolchi- 
cine preineubation 
for 4 h 

Thiourea transepithelial fluxes measurements were carried out ac- 
cording to the method previously reported ~. 
A = fluxes before ADH treatment;  B fluxes after 2 h of ADH 
(50 nlU/ml in the inner fluid) treatment, z] = B A. ~o = fhlx to- 
wards the external medium and ~l -- flux towards the internal 
medium expressed in nmoles.  10 1 em-2h-1. Values are mean • SI~;. 
n = number of experiments. 

Table 2. Transepithelial fluxes of thiourea across frog skin under 
dibutyryl  cyclic AMP treatment 

Experimental n A B A[ 
conditions 

Control 6 r 24.5 • 2.5 38.2 :E 2.5 13.7 ~ 2.9 
~1 20.2 i 1.2 39.9 i 3.0 19.8 i 3.2 

2 - 10 -5 Mcholchicine 9 r 22.3 • 2.2 20.9 :j_ 4.2 0.9 • 2.1 
preincubation for 4 h r 23.9 • 2.6 28.2 i 3.2 3.9 ~- 1.6 

A = fluxes before cyclic AMP treatment;  B = fluxes in the presence 
of dibutyryl  cyclic AMP 10 3 M.d = B-A. 
r flux towards the external medium and r = fhlx towards the 
internal medium expressed in nmoles . 10 1 em-= h 1. Values are 
mean • SE. n = number of experiments. 


