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dynamic  pe r tuba t ions  by  ac t ing  t h rough  the  renin- 
angiotens in  sys tem.  I t  has  been  repea ted ly  shown t h a t  
increased renal  s y m p a t h e t i c  tone  and /o r  decreased renal  
blood flow are powerful  s t imul i  for increased renal  renin 
production4,8.  Due to  the  long half  life of ren in  (recent 
es t imates  range be tween  2 and 4 h) even occasional,  
t r ans i en t  'puffs '  of renin  could s u m m a t e  to  chronical ly  
e levate  p l a sm a  or cent ra l  ne rvous  sys t em (CNS) levels 
of angio tens in  II.  An e levated  level of angio tens in  I I  could, 
in turn ,  increase arterial  pressure  by  its d i rect  cons t r ic tor  
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effect  on s m o o t h  muscle  9, by  its pressor  effects  oll the  
CNS ~~ or by  po t en t i a t i on  of the  release of catechol-  
amines  11,12. 

The resul ts  of th is  s tudy  suggest  a mechan i sm whereby  
even occasional  aversive s t imul i  migh t  become associated 
wi th  discrete  env i ronmen ta l  cues ; then,  the  mere  exis tence 
of the  cues, only occasional ly reinforced wi th  t he  aversive 
st imuli ,  could elicit t he  comple te  conste l la t ion of cardio- 
vascular  and humora l  responses.  

Rdsumd. Des chiens ont  6t6 conditionn@s 5 a t t end re  un 
choc 61ectrique 10 sec apr~s le dGbut d ' u n  s t imulus  
audit if .  Ils ont  pr@sent6 une consid@rable ~r 
rGnale, t rans i to i re  e t  d 'or ig ine  nerveuse,  fa isant  pa t t i e  
de la rGponse conditionn@e cardiovasculaire.  
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Lanthanides and Amphibian Epithelia: Block of the 
Sodium and Water Transport  

Previous  work  f rom this  l abora to ry  has  shown t h a t  
l an than ides  increase the  pe rmeab i l i t y  to  sod ium of frog 
skin when  added  to the  ex te rna l  sur tace of t he  ep i the l ium 1. 
An in te rac t ion  be tween  La  3+ and Ca 2+, p red ic t ed  by  
I.ETTVlI~ et  al. 2 and  verif ied in m a n y  biological sys tems  3, 
is the  mos t  l ikely exp lana t ion  of the  changes  in perme-  
abi l i ty  observed  in frog skin1. A large body  of evidence 
suggests  t h a t  Ca 2+ plays  a key role in the  cell processes 
t r iggered by  ho rmone  act ion 4. I t  t hus  seemed jus t i f ied  
to  inves t iga te  if l an than ides  a l ter  t he  s t imulus-ef fec t  
coupl ing of ho rmones  act ive  on a m p h i b i a n  epithelia.  
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The resul ts  repor ted  here do show t h a t  lan thanides ,  
added  to  t he  m e d i u m  b a t h i n g  the  in te rna l  surface of frog 
skin, block the  s t imula t ion  of sodium and  wa te r  t r a n s p o r t  
induced by  oxy toc in  and norep inephr ine .  

The bulk  of our s tudies  on sodium t r a n s p o r t  was 
pe r fo rmed  wi th  the  ven t ra l  skin of frogs Rana ridibunda. 
S t a n d a r d  techniques  were uged to measure  shor t  circuit  
cur ren t  (SCC), t aken  as a measure  of ne t  sod ium flux s. 
Since b o t h  basal  wa te r  flows and  hyd rosmot i c  responses  
to  hormones  are qui te  var iable  in frog skin, the  skin of 
toads,  Bu/o bu/o, was used in the  wa te r  f low studies.  
W a t e r  flow measu remen t s  were pe r fo rmed  wi th  an 
au tomat ic ,  opt ical  technique ,  in which  the  m o v e m e n t  of 
the  meniscus  inside a p ipe t t e  a t t a ch ed  to  the  flow 
c h a m b e r  is followed con t inuous ly  ~. 

Add i t ion  of La a+ (5 mM)  to the  in te rna l  side of frog skin 
resul ted  in a ma rk ed  inhib i t ion  of the  increase in SCC 
elicited by  s u p r a m a x i m a l  concen t ra t ions  of oxytocin .  
In  a series of 21 pa i red  exper iments ,  t he  average inc remen t  
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Fig. 1. Inh ib i t ion  of the natr i fer ic  effect of oxy toc in  (50 mU/ml)  by  
Yb 3+ added to the solut ion ba th ing  the i n t e rna l  surface of frog skin.  
Exper imen t s  were performed wi th  a luci te  double  chamber  fil led 
with aerated Tris-Ringer solutions. SCC, short circuit current. O -- O, 
control tissue; 0 - -0 ,  tissue exposed to Yb 3+. To rule out an osmotic 
effect of the lanthanide solution on SCC, the concentration of NaC1 
in the internal medium bathing the control tissue was raised by 10 raM. 
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in SCC induced  b y  oxytoc in  in con t ro l  skins  was 25.2 4- 
2.76 ~A cm -2 (average 4- SEM), whi le  in  t he  skins  exposed  
to La3+ t he  i n c r e m e n t  was 11.2 ~c 1.98 ~ A c m  -2 (p < 0.001). 
S imi la r  resul t s  were o b t a i n e d  w i t h  m u c h  lower concen t ra -  
t ions  of La  3+ (1 mM), ave rage  i n c r e m e n t s  in  SCC be ing  
re spec t ive ly  29.0 4- 5.82 a n d  10.7 4- 3.62 [xA cm -2 
(N = 5, p < 0.01). A d d i t i o n a l  e x p e r i m e n t s  were per-  
fo rmed  w i t h  t he  sk in  of toads ,  Bu/o bu[o, in  o rder  to  
compa re  b o t h  t he  na t r i f e r i c  and  t h e  h y d r o s m o t i c  effects 
of h o r m o n e s  in t he  same tissue. A s imi la r  i n h i b i t i o n  of t h e  
na t r i f e r i c  effect  ot oxy toc in  was obse rved  in t o a d  sk ins  

Effects of La 3+ (5 raM) on the hydrosmotie action of several agents 

N Z] JH~O [zl min -1 c m  - 2  P 

(average 4- SEM) 

O x y t o c i n  (50 mU/ml )  11 0.48 4- 0.067 < 0.001 
L a  s+ + oxy toc in  0.06 4- 0.019 
Norep ineph r ine  (6 • 10 .3  M) 10 0.55 4- 0.082 < 0.01 
L a  3+ + no rep inephr ine  0.13 ~- 0.060 
cAMP (5 mM)  7 0.39 4- 0.063 < 0.005 
L a  3+ § cAMP 0.19 4- 0.034 
Theophy l l ine  (10 mM)  16 0.32 4- 0.026 > 0.95 
L a  3+ -t- theophy l l ine  0.32 4- 0.036 

N, number of paired studies. A JH20-increment in water flux, calcu- 
lated as the difference between the steady state value before the 
agent was added and the peak value obtained during the bydrosmotie 
response. 
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Fig.  2. Compar i son  of the  h y d r o s m o t i c  effects of o x y t o c i n  in  the  
absence and in the presence of La 3+ (LaCla, 5 mM), in 2 pieces of the 
same toad skin. JH~o-transepitbelial water flux, calculated from the 
continuous recording of the displacement of the meniscus in a 
horizontal pipette (6). R/10-RN transepithelial osmotic gradient: 
RN, normal Tris-Ringer solution, bathing the internal side of the 
skin; R/10, the same solution diluted 10 times, bathing the external 
side. 

exposed  to La  3+ (N = 10, p < 0.001).  Ana logous  resu l t s  
were o b t a i n e d  w i t h  o the r  h o r m o n e s  (norep inephr ine ,  
a rg in ine-vasopress in) ,  o the r  l a n t h a n i d e s  (Ce 3+, S m  3+, 
Y b  a+) and  o t h e r  ep i the l i a  ( the b l adde r  a n d  t he  sk in  of 
t oads  Bufo marinus). Figure  1 depic t s  t h e  t i m e  course  of 
an  e x p e r i m e n t  in  wh ich  t he  rise in  SCC induced  b y  oxy-  
toc in  was a l m o s t  t o t a l l y  b locked  a f t e r  exposure  of frog 
skin  to  a h e a v y  l a n t h a n i d e  (Yba+). 

I t  is genera l ly  acknowledged  t h a t  n e u r o h y p o p h y s e a l  
h o r m o n e s  a n d  n o r e p i n e p h r i n e  s t i m u l a t e  sod ium t r a n s p o r t  
in  frog sk in  b y  a c t i v a t i n g  t he  a d e n y l a t e  cyclase 'of t he  
ep i the l ia l  cells 7-9. Severa l  si tes a long t he  s t imulus-ef fec t  
coupl ing  of oxy toc in  a n d  n o r e p i n e p h r i n e  could  be  
cons idered  as poss ible  t a rge t s  of l an than ides ,  t o  exp la in  
t h e  b lock  oi t he  h o r m o n e  ac t ion .  I n  o rder  to  explore  some 
of these  possibi l i t ies ,  two  o the r  i n t e r ac t i ons  were s tud ied  : 
a) be tween  La  a+ and  cyclic A M P  (cAMP) ; b) b e t w e e n  La  a+ 
a n d  theophy l l i ne .  

E x p e r i m e n t s  w i t h  c A M P  (5 raM)  showed an  i n h i b i t i o n  
of t he  na t r i f e r i c  effect  of t he  nucleot ide .  I n  11 pa i red  
e x p e r i m e n t s  w i t h  frog skin, the  ave rage  increase  in SCC 
elici ted w i t h  c A M P  was 16.1 -~ 2.15 aA cm -2, while,  in  
t he  presence  o{ La  ~+, t he  increase  was on ly  5.6 4- 1.21 
aA cm -2 (p < 0.005). F ina l ly ,  a n d  in c o n t r a s t  w i t h  t he  
resul t s  r epo r t ed  so far, t h e  ~a t r i fe r ic  effect  of t h e o p h y l l i n e  
(10 raM)  was n o t  modi f ied  b y  La  3+. S t a t i s t i ca l  ana lyses  
of 14 pa i red  e x p e r i m e n t s  showed no s ign i f ican t  d i f ference 
be tween  t he  resu l t s  o b t a i n e d  b o t h  in t he  absence,  a n d  in 
t he  presence,  of La  3+, t he  va lues  be ing  re spec t ive ly  
20.0 4- 2.48 a n d  18.5 4- 2.83 aA cm -2 (p > 0.50). 

I t  is well  k n o w n  t h a t  n e u r o h y p o p h y s e a l  h o r m o n e s  and  
n o r e p i n e p h r i n e  s t i m u l a t e  n o t  on ly  sod ium t r a n s p o r t  b u t  
also w a t e r  t r a n s p o r t  across a m p h i b i a n  ep i the l i a  ?-9. We  
i n v e s t i g a t e d  the re fo re  t h e  effects  of l a n t h a n i d e s  on  t he  
increase  in w a t e r  f lux  induced  b y  these  h o r m o n e s  to  t e s t  
w h e t h e r  s imi la r  s teps  of t h e  s t imulus -e f fec t  coupl ing  
were af fec ted  b y  t h e  t r i v a l e ~ t  ions. 

The  Water  f lux  s tud ies  were des igned acco rd ing  to t h e  
same  e x p e r i m e n t a l  f r a m e w o r k  p rev ious ly  used in t h e  
sod ium t r a n s p o r t  s tudies .  The  resu l t s  are  s u m m a r i z e d  
in t he  Table .  The  effects of l a n t h a n i d e s  on  t he  h y d r o s m o t i c  
flow show a s t r i k ing  para l l e l i sm w i t h  those  p rev ious ly  
found  w i t h  sod ium t r a n s p o r t .  I n  b o t h  in s t ances  t h e r e  is a 
s ign i f ican t  i n h i b i t i o n  of t h e  ac t ion  of oxytoc in ,  nor-  
ep ineph r ine  a n d  cAMP, whi le  t h e  effect  of t h e o p h y l l i n e  is 
no t  modi f i ed  (Table).  The  b lock  of t he  h o r m o n e  is o f ten  
a l m o s t  complete ,  e i the r  w i t h  oxy toc in  (Figure  2) or w i t h  
n o r e p i n e p h r i n e  (Figure  3). A s l ight  a n d  t r a n s i e n t  s t imu la -  
t i o n  of w a t e r  t r a n s p o r t  can  also be  obse rved  i m m e d i a t e l y  
a f t e r  t h e  a d d i t i o n  of t he  I a n t h a n i d e  (Figures  2 a n d  3). I t  
is i n t e r e s t i ng  t h a t  a s imi la r  effect  was  found  w i t h  SCC 
(Figure  1), t he  s t i m u l a t i o n  be ing  fol lowed m o s t  o f t en  b y  
an  i n h i b i t i o n  of SCC. 

The  l a n t h a n i d e - i n d u c e d  i n h i b i t i o n  of b o t h  t h e  na t r i f e r i c  
a n d  t h e  h y d r o s m o t i c  effects of n e u r o h y p o p h y s e a l  
hormones ,  n o r e p i n e p h r i n e  a n d  c A M P  suggests  a b lock  in 
t he  h o r m o n a l  s t imulus-e f fec t  coup l ing  b e y o n d  the  genera-  
t i o n  of cAMP.  However ,  a c o n c o m i t a n t  effect  in  t h e  ear ly  
p h a s e  of t h i s  coupling,  i.e., b e t w e e n  t h e  r ecep to r  o c c u p a n c y  
b y  t h e  h o r m o n e  a n d  t h e  a c t i v a t i o n  of a d e n y l a t e  cyclase, 
c a n n o t  be  excluded.  I t  is also poss ible  t h a t  t he  b lock  of 
c A M P  m i g h t  be  due  to  a decrease  in t h e  p e r m e a b i l i t y  of 
t he  ep i the l ia l  cells to  t he  nucleot ide ,  in  t he  p resence  of 
La3+. 

7 F.  BASTIDE a n d  S. JARD, Bioehim.  b iophys .  A e t a  750, 113 (1968). 
8 R. M. RAJERISON, M. MONTEGUT, S. JARD a n d  F. MOREL, Pfl t igers  

Arch .  332, 302 (1972). 
'~ R. M. RAJERISON, M. MONTEGUT, S. JARD a n d  F.  MOREL, Pflfigers 

Arch .  332, 313 (1972). 
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Fig. 3. Comparison of the hydrosmotie effects of norepinephrine 
(NE, 6 • 10 .6 M) on 2 pieces of the same toad skin, in the absence, 
and in the presence, of La +++ (LaCla, 5 mM). Technique as described 
in Figure 2. Note the transient stimulation of water flow by La a+ and 
the sustained block of the hormone action. 

In  v iew of the  s t rong in te rac t ion  be tween  Ca 2+ and  La  a+ 
observed  in m a n y  biological sys t ems  a, i t  is reasonable  to  
a s sume  t h a t  l an than ides  affect  Ca ~+ inf lux or some o ther  
cri t ical  ca l c ium-dependen t  s tep  in the  ho rmona l  s t imulus-  
effect  coupl ing 4. The resul ts  observed wi th  theophy l l ine  
do no t  formal ly  con t rad ic t  such a hypothes i s .  There  is 
increasing evidence t h a t  t heophy l l ine  does more  on frog 
skin t h a n  s imply  inh ib i t  phosphod ies te rase  ~~ ~, and,  in 
pancreas ,  an effect  of theophy l l ine  on the  t r ans loca t ion  
of in t racel lular  Ca 2+ has been  pos tu l a t ed  12,13. In  addi t ion ,  
our d a t a  are compa t ib l e  w i th  those  r epo r t ed  by  WEISS ~ 
in frog skeletal  muscle,  which  showed t h a t  La a+ did no t  
inh ib i t  the  effects of caffein on muscle,  in par t i cu la r  those  
concerning calcium movemen t s .  

F u r t h e r  s tudies  are necessary  to  e lucidate  t he  site and  
mode  of ac t ion  of l an than ides  in a m p h i b i a n  epithelia.  I t  is 
appa ren t ,  however ,  t h a t  l an than ides  are useful tools  for 
s tudy ing  the  mode  of ac t ion  of hormones  and  the  role of 
calcium in such biological processes ~5, ~6 

Rdsumd. L ' a d d i t i o n  de l an than ides  au milieu b a i g nan t  
la surface in te rne  (s6reuse) des 6pith@its d ' a m p h i b i e n  
p rovoque  une  inhib i t ion  de l 'effet  h y d r o s m o t i q u e  et  
natr i f6r ique de l 'ocytocine,  de la nor-6pirl6phrine et  de 
I 'AMP eyclique. Le r61e d ' une  p robab le  in te rac t ion  
ca lc ium/ lan than ides  est  discut6. 
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Effect  of  T e m p e r a t u r e  a nd  C o n c e n t r a t i o n  on  t h e  A n o m a l o u s  P o t a s s i u m  
U p t a k e  of  T h e r m o p h i l i c  P l a n t s  

E x p e r i m e n t a l  s tudies  of t e m p e r a t u r e  effects on the  ion 
up t ake  (IU) of p l an t s  are be ing carr ied out  in several  
laborator ies .  The p resen t  general  opinion is t h a t  the  
in t ens i ty  of IU  by  p l an t s  increases cons iderab ly  on the  
rise of t e m p e r a t u r e  ~-3. Con t ra ry  to  this,  it  was es tab l i shed  
t h a t  an anomalous  ini t ial  IK+ up take  (AIPU) and an 
anomalous  K+ efflux occurred in the  roots  of cer ta in  
thermopt l i l ic  p lan t s  a t  chil l ing tempera tures4 .  No 
depa r tu r e  f rom the  regular  IU  was revealed for NH~ + 
and anionsS, 6. The anoma ly  in the  K+ up take  (PU) was 
d imin ished  at  lower pH,  while no or ve ry  small  changes  
could be observed  in t he  A I P U  if uncouplers  were 
employedT, s. In  th is  shor t  paper ,  some proper t ies  of the  
A I P U  of low-sal t  p l an t  roots  will be  br ief ly discussed. 

Material and ,method. Cucumber  (Cucumis sativus 
cul t ivar  Csemege ftirt6s) seedlings were grown in 5 • 10 -~ M 
CaSO 4 solut ion under  wel l -control led condi t ions  as 
descr ibed earl ier  6. 6-7 cm long roots  of 7-day-old p lan t s  
were excised and washed  in dist i l led wa te r  for 10 miI1 a t  
room t empera tu re .  A b o u t  3 g of the  root  mate r ia l  was 

placed in 500 ml  aerated,  isotopical ly- label led up take  
solut ions kep t  a t  d i f ferent  t e m p e r a t u r e s  be tween  0 and  
21~ for given periods of t ime.  The t e m p e r a t u r e  of the  
absorp t ion  solut ion was cons t an t  w i th in  1 ~ dur ing  the  
incuba t ion  process.  The p H  of t he  up take  solut ion was 
ad jus ted  to  6.4-6.5. No not iceable  change  in p H  occurred 
dur ing  the  exper iments .  For  technica l  reasons,  S~Rb was 
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