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Colchic ine  D i s s o c i a t e s  the  T o a d  (Bu]o arenarum) U r i n a r y  B ladder  R e s p o n s e s  to Ant id iure t i c  
H o r m o n e  and to S e r o s a l  H y p e r t o n i c i t y  

T h e  d i s t a l  c o l l e c t i n g  t u b u l e  of  t h e  m a m m a l i a n  k i d n e y  is 
s u r r o u n d e d  b y  a n  i n t e r s t i t i u m  w h i c h  h a s  a n  o s m o l a r i t y  5 
to  8 t i m e s  g r e a t e r  t h a n  t h a t  of  p l a s m a .  T h e  u r i n a r y  b l a d d e r  
of  a m p h i b i a  c a n  be  r e g a r d e d  as  a m o d e l  of  t h i s  s t r u c t u r e  
in  w h i c h  t h e  a c t i o n  of a n t i d i u r e t i c  h o r m o n e  ( A D H )  a n d  
t h e  role  of  o s m o l a r i t y  on  w a t e r  p e r m e a b i l i t y  c a n  be  
s t u d i e d .  O x y t o c i n  a n d  a n  i n c r e a s e  in  s e r o s a l  o s m o l a r i t y l  
i n d u c e  a n  o s m o t i c  w a t e r  f l u x  in  t o a d  u r i n a r y  b l a d d e r ,  f t  
h a s  b e e n  s u g g e s t e d  t h a t  t h e  a c t i o n  of  h y p e r t o n i c i t y  is 
e l i c i t ed  v i a  b i o c h e m i c a l  s t e p s  a lso  i n v o l v e d  in  t h e  A D H  
e f f ec t  2, a a n d  t h a t  t h e  m u c o s a l  b o r d e r  of  t h e  e p i t h e l i a l  cel ls  
w o u l d  be  t h e  f i na l  s i t e  of  a c t i o n  of b o t h  s t i m u l i  2,4. T h e  
e x i s t e n c e  of a c o m m o n  f i na l  m e c h a n i s m  is a l so  s u p p o r t e d  
b y  t h e  i n h i b i t i o n  of A D H  a n d  h y p e r t o n i c i t y  r e s p o n s e s  
f o l l o w i n g  a d d i t i o n  of l a n t h a n u m  to  t h e  m u c o s a l  b a t h K  
I n  v i e w  of t h e  t y p e  of i n t e r a c t i o n  w i t h  n o r a d r e n a l i n e 2 ,  
p r o s t a g l a n d i n s  2 a n d  z inc  a h y p e r t o n i c i t y  w o u l d  e n t e r  t h e  
c h a i n  of  e v e n t s  t r i g g e r e d  b y  A D H  in  a p o s t - c y c l i c  A M P  
s t ep .  
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Net water flux across toad urinary bladder : The effect of colchicine 
on the potentiation by ADH (10 -1~ M) of the response to a mild 
hypertonic serosal medium (hyper 50 mM  sucrose added to the saline}. 
a) control; b) experimental hemibladders (10 a colehicine). 

Co l ch i c ine  r e d u c e s  t h e  h y d r o s m o t i c  r e s p o n s e  to  A D H  e, 
a n d  i t  is a lso  k n o w n  t h a t  c o p p e r  i n h i b i t s  t h e  r e s p o n s e  t o  
A D H  a t  c o n c e n t r a t i o n s  t h a t  do  n o t  s u p p r e s s  t h e  e f f ec t  of  
h y p e r t o n i c i t y S .  W e  r e p o r t  h e r e  t h e  a c t i o n  of  c o p p e r  a n d  
co l ch i c ine  on  t h e  r e s p o n s e s  e l i c i t ed  b y  A D H  a n d  m e d i u m  
h y p e r t o n i c i t y  in  t o a d  u r i n a r y  b l a d d e r .  

Mater ia l  and methods. T h e  u n i d i r e c t i o n a l  m u c o s a l - t o -  
s e r o s a i  f l u x  w a s  m e a s u r e d  b y  e x p o s i n g  e v e r t e d  b l a d d e r  
s ac s  of  S o u t h  A m e r i c a n  t o a d s  (Bu/o arenarum) to  s a l i n e -  
c o n t a i n i n g  t r i t i a t e d  w a t e r  for  40 sec  9. N e t  w a t e r  f l u x  w a s  
d e t e r m i n e d  g r a v i m e t r i c a l l y ,  u s i n g  p a i r e d  h e m i b l a d d e r s  
m o u n t e d  as  n o n - e v e r t e d  s ac s l~  T h e  s a l i ne  s o l u t i o n  co n -  
t a i n e d  ( m M ) :  NaC1 111;  KC1 3.35;  CaC12 2 .70;  N a H C O  a 
4.0;  ( p H :  7.6). W h e n  t h e  n e t  f l u x  w a s  m e a s u r e d ,  t h e  s a c s  
we re  f i l led  w i t h  a d i l u t e d  (1:10) R i n g e r .  T h e  s e r o s a l  b a t h  
w a s  s t i r r e d  b y  a i r  b u b b l e s .  O x y t o c i n  (P i toc in ,  P a r k e  
D a v i e s ) ,  c o l c h i c i n e  ( S i g m a ) ,  CuSO4 (Merck)  a n d  s u c r o s e  
we re  a d d e d  o n l y  t o  t h e  s e r o s a l  b a t h ,  to  f i n a l  c o n c e n t r a -  
t i o n s  of  10 -8, 10 -4, 10 -4 a n d  0.22 M r e s p e c t i v e l y .  W h e n  
co l ch i c ine  w a s  t e s t e d ,  t h e  b l a d d e r s  we re  i n c u b a t e d  4 h 
be fo r e  b e i n g  t r e a t e d  w i t h  A D H  or  h y p e r t o n i c i t y .  R e s u l t s  
a r e  e x p r e s s e d  as  t h e  m e a n  d i f f e r e n c e  a n d  s t a n d a r d  e r r o r  
for  p a i r e d  h e m i b l a d d e r s  a n d  a n a l y z e d  b y  t h e  S t u d e n t  
t - t es t .  

Results  and discussion. C o l e h i c i n e  d id  n o t  m o d i f y  t h e  
u n i d i r e c t i o n a l  w a t e r  m o v e m e n t  a t  r e s t :  in  14 e x p e r i m e n t s  
t h i s  d r u g  h a d  n o  s i g n i f i c a n t  e f f ec t  o n  t h e  m u c o s a l  t o  
s e ro sa l  f l u x  ( con t ro l -  443 g l . c m - 2 . h - ~ ;  e x p e r i m e n t a l :  
415 bd . cm-~ .h  -~ ; m e a n  d i f f e r e n c e  : - - 3 0  -~ 34 tx l . cm-a .h -~ ;  
# 0.1). 
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Hydrosmotic response of toad urinary bladder to oxytocin and hypertonicity. Effect of colchicine and copper 

Drugs tested n \Vater net flux ([xl/cnr-2/h 1) 

Basal Stimulated Inhibition (%) P 

ADH 11 2.07 =~ 0.33 55.78 ~ 8.09 
ADH + colchicine 1.52 • 0.35 24.47 ~ 4.90 
Hypertonicity 11 1.36 i 0.08 37.88 • 4.29 
Hypertonieity + colehicine 1.27 -E 0.10 30.01 i 2.46 
ADH 5 0.96 • 0.40 28.78 ~_ 5.01 
ADH + eolehicine + Cu 2+ 1.26 ~ 0.78 1.37 ~ 1.86 
Hypertonicity 6 1.66 :~ 0.20 36.78 t :  5.05 
Hypertonieity + colchieine + Cu ~+ 1.14 ~_ 0.14 34.12 ~ 4.02 

57.86 ~_ 8.23 

15.17 -L 8.60 

95.08 -L 3.85 

0.47 :~ 13.90 

0.01 

n . s .  

0.001 

n . s .  

Values represent the mean ~ standard error. The significance was obtained from Student 's  l-test for paired data. 
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The hydrosmot i c  response  to  med ium hype r ton ic i ty  was 
no t  decreased s ignif icant ly  by  colchicine bu t  the  effect  of 
oxytocin ,  in ag reemen t  wi th  previous  results6, 7, was s t rong-  
ly reduced (Table). W h e n  copper  was added  to colchi- 
c ine- t rea ted  bladders ,  a comple te  disociat ion be tween  the  
response to A D H  and  hyperosmola r i ty  was  observed:  
while copper  inhibi ts  comple te ly  the  response to ADH,  it 
does no t  affect  s ignif icant ly  the  response to hype r ton ic i ty  
(Table). 

Hype r ton i c i t y  po ten t i a t e s  t he  effect  of ADH2. To see 
the  act ion of colchicine on th is  po ten t ia t ion ,  a f i rs t  
s t imula t ion  wi th  10 10 21/I oxytoc in  was followed, af ter  
washing,  by  addi t ion  of 50 m M  sucrose to the  serosal ba th .  
30 min  af ter  the  increase of serosal osmolari ty ,  a second 
s t imula t ion  wi th  10 -16 M oxytoc in  was super imposed  to 
hyper ton ic i ty .  I t  can be seen in the Figure t h a t  the  clear 
po t en t i a t i on  observed  in t he  control  hemib ladders  is 
comple te ly  p r even t ed  in the  colchic ine- t rea ted  ones. 

Two hypo theses  have  been pos tu la ted  to explain  the  
effects of colchicine 6 and cytochalas ine  B n in t oad  
ur inary  b ladder :  1. These alkaloids affect  pr imar i ly  the  
pe rmeab i l i ty  to wa te r  of the  apical  m e m b r a n e  of epi thel ial  
cells; 2. They  d i s rup t  micro tubules  and/or  microf i laments  
which would p lay  a role in the  coupling be tween  the  
cyclase sys t em and  the  change  in m e m b r a n e  permeabi l i ty .  

Our resul ts  indica te  tha t ,  in con t ras t  to  w h a t  hap p en s  
wi th  ADH,  the  mechan i sms  involved in the  hydrosmot i c  
response to hype r ton i c i t y  are no t  a l tered by  colchicine. 
If, as suppor t ed  by s t rong exper imen ta l  evidence e, A D H  
and  the  e levat ion of med ium tonic i ty  induce similar  
changes  in the  mucosal  borde r  of epithelial  cells, (perhaps 
envolving an endocy to t i c  process 12, it seems logical to 
conclude t h a t  colchicine is ac t ing  at  one of the  s teps  
previous  to the  change  in m e m b r a n e  permeabi l i ty .  Since 

colchicine inhib i t s  the  act ion of exogenous cycl ic-AMP 6, 
the  effect  should be located in the  s y s t em which couples 
the  nucleot ide  concen t ra t ion  wi th  the  hypo the t i ca l  change  
in m e m b r a n e  s t ructure ,  i.e. a pos t  cycl ic-AMP step.  

I t  has  recent ly  been repor ted  t h a t  in renal  epi thel ia l  
cells colehicine b inds  ma in ly  to  the  cytosol  f rac t ion  18. 
This reinforces the  view given here of a n o n - m e m b r a n e  
act ion of th is  alkaloid. A direct  effect of colchicine on the  
apical  m e m b r a n e  would be conceivable  only  if there  were 
two pe rmeab i l i t y  barriers,  one t r iggered by  A D H  and  the  
o ther  by  hyper ton ic i ty .  

Resumen.  Los efectos de la oci tocina y la h iper tonfa  
serosa sobre la respues ta  h idrosm6t ica  de la vej iga 
ur inar ia  del sapo pueden  ser disociados empleando  colchi- 
cina, y mas  ev iden t emen te  cuando  el alcaloide es colocado 
jun to  con Cu++. 
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Evo lu t ion  of the G e n o m e  and Cell S i z e s  in S a l a m a n d e r s  

The ques t ion  of the  mean ing  of the  increases in t he  
genome size, which  seem to have  charac ter ized  the  
phy logeny  of Eucaryo tes ,  has  given rise to  various hypo-  
theses  which  a l t e rna t ive ly  p l a c e  greater  weight  on the  
evolu t ionary  1 or func t iona l  aspects  of th is  p rob lem 2. In  
some groups of organisms displaying b road  var ia t ions  a t  
t he  interspecif ic  level, the re  is some correla t ion be tween  
the  genome size and  several  cytological,  physiological  or 
ecological factors  sub jec ted  to  na tura l  selection; hence in 
var ious  cases the  genome size is l ikely to  take  on an  
adap t ive  mean ing  8. 

A m o n g  ver tebra tes ,  the  h ighes t  interspecif ic  D N A  
differences are found in the  Caudates  (Amphibia)  in 
which t h e y  range f rom 30 to over  160 (or 200, according 
to  some authors)  p icograms  per  nucleus (pg/N). As in t he  
lungfish, some species in th is  order  possess the  h ighes t  
DNA amoun t s  in the  s u b p h y l u m  4-s. Hence,  these  Am-  
ph ib ians  are sui table  for the  s tudy  of the  p a t t e r n  of 
correla t ion be tween  the  D N A  a m o u n t  and cell size, the  
la t t e r  being more  mani fes t ly  var iable  according to its 
adap t ive  func t ion  (some workers  ma in ta in  t h a t  the  gen- 
ome size m a y  depend  upon  the  cell size 7, bu t  there  is 
evidence t h a t  the  reverse is p robab ly  trueS). 

In  the  p resen t  work  we have  compared  the  nuclear  
D N A  con ten t  wi th  the  main  morphomet r i c  pa rame te r s  of 
the  cell in 39 species, belonging to all the  8 families of 
Caudates  and possessing D N A  amoun t s  which cover  
prac t ica l ly  the  whole range of genome var ia t ions  in th is  
order.  

One of us s had  a l ready measured  h i s topho tomet r i ca l ly  
the  e ry th rocy t e  nuclear  D N A  (blocked in G19). In  smears,  
e ry th rocy tes  take  on the  shape  of a cyl inder  wi th  an 
el lypt ical  base 10. We have  measured  the  d iameters  of the  
ellypse by  means  of a Lei tz  screw mic romete r  eyepiece 
(15 cells for each species) and  the  cyl inder  th ickness  
(which was seen to  be c o n s t a n t  in each smear) by  means  
of a Horn -Gren  (Leitz) mic ro in t e rphe rome te r  in mono-  
chromat ic  l ight  a t  546 nm,  according to  the  ' two em- 
bedd ing  media '  me t h o d  n (10 measu remen t s  per  cell, 6 
cells per  species). 
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