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larger animals,  wel l -d i f ferent ia ted  results  can p robab l y  
be ob ta ined  by  th is  method ,  whereas  an ex tens ive  
ch romato lys i s  can of ten  only  be observed  when  a nerve  is 
severed d o s e  to  t he  Spinal cord, mak ing  a h igh  resolut ion 
ha rd ly  possible.  As a car tographica l  me thod ,  re t rograde  
t r a n s p o r t  seems to offer several  advan tages ,  including the  
poss ibi l i ty  of a combina t ion  wi th  o ther  histological  
methods .  

Zusammenfassung. Der re t rograde  axonale  T ranspo r t  
wurde  als Methode  zur K a r t o g r a p h i e  yon  Neuronen  bet 

der R a t t e  verwendet .  Mit  Evansb l au  gekuppe l t em Albu- 
min  k o n n t e n  K a r t e n  der  Per ikar ia  yon  Neuronen,  welche 
Muskeln der  Vorde rex t r emi tE t  tier R a t t e  innervieren,  
angefer t ig t  werden.  Die Ergebnisse  s t i m m e n  mi t  denen  
aus Chromato lyse -Versuchen  e rha l t enen  fiberein. 
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A bteilung Neurochemie, Neurologische Universitiitshlinik, 
Socinstrasse 55,  CH-d051 Basel (Switzerland), 
7 September 1973. 

Effec t  of L a n t h a n u m  at  the  N o d a l  M e m b r a n e  

Voltage c lamp expe r imen t s  were done  on mye l ina t ed  
nerve  f ibres of the  toad,  Xenopus laevis. The normal  
Ringer  solut ion con ta ined  2 m M  Ca++. The 3 tes t  solut ions 
were:  Ringer  solut ion wi th  10 m M  Ca++, Ca-free Ringer  
w i th  0.1 m M  La+++, or Ca-free Ringer  w i th  0.5 m M  
La +++. The no rma l  leakage conduc tance  was  r educed  to  
91% in 10 m M  Ca ++ and  to  73% in 0.5 m M  La+++; th is  
r educ t ion  was no t  comple te ly  reversible.  In  t he  sodium 
cur ren t -vo l t age  curves, the  negat ive  res is tance  b ranches  
were shi f ted  towards  more  posi t ive  in te rna l  po ten t ia l s  
and the  m a x i m u m  inward  cur ren ts  were reduced  in t he  
sequence (in m M ) :  0,1 La+++-10 Ca++-0.5 La+++. In  
seven exper iments ,  t he  m a x i m u m  sod imn pe rmeab i l i t y  
was reduced  to  80% in 10 m M  Ca++ and  to  54% in 
0.5 m M  La+++. The sod ium equi l ibr ium po ten t i a l  was no t  
affected.  

The s t eady  s t a te  values  of t he  ac t iva t ion  (m~) and the  
inac t iva t ion  t e r m  (h~) of the  sod ium permeabi l i ty ,  
according to  t he  HODGKIN-HUXLEY model~, were 
calcula ted f rom the  cur ren t  records  and  p lo t t ed  as a 
func t ion  of t he  m e m b r a n e  potent ia l ,  V. These curves 
were shif ted in the  t e s t  solut ions by  AV in the  depolar iz ing 
d i rec t ion;  the  shif t  was comple te ly  revers ible  on re tu rn-  
ing to  normal  Ringer  solut ion (2 m2VI Ca++). Cooling f rom 
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Voltage shift as a function of Ca ++ and La +++ concentration. Ordinate : 
voltage shift, AV, of the moo or hoe-curves. Abcissa: Ca++ and La +++ 
concentration on logarithmic scales. The lanthanum abcissa has been 
displaced by a factor of 55 relative to the Ca scale. Open circle: AV~ 
in 10 mM Ca ++ (16.8 ~= 0.7 mY, n = 8), filled circles: Z]V~ in 0.i mM 
La +++ (9.2 =L 0.5 mV, n = 5), and in 0.5 mM La +++ (31.2 -t- 1.8 mV, 
n = 5), open triangle: ztVh in 10 mM Ca ++ (13.1 q_ 0.5 mV, n = 12), 
filled triangles: AVh in 0.1 mM La +++ (8.1 2< 0.5 mV, n = 10), and 
in 0.5 mM La +++ (21.2 -E 1.3 mV, n = 11), mean values of 19 ~ and 
8 ~ The vertical bars give -4- S.E.M. The slopes drawn by eye to fit 
the measuring points are 11.0 mV and 8.3 mV per e-fold change in 
concentration. 

19 to  8~ did no t  s ignif icant ly  inf luence dV.  In  the  
Figure the  shif ts  of the  ac t iva t ion  and  the  inac t iva t ion  
are p lo t t ed  versus the  loga r i thm of t he  Ca ++ and  La +++ 
concent ra t ions .  In  the  range of t he  t e s t ed  concent ra t ions ,  
the  expe r imen ta l  po in t s  can be reasonably  f i t t ed  by  
s t r a igh t  l ines under  t he  a s sumpt ion  that 1 m M  La+++ be 
equ iva len t  to  55 m M  Ca++. In  lobs ter  axons  the  ra t io  
1:20 has  been  found 2. I t  should be no ted  t h a t  l a n t h a n u m ,  
like calc ium 3, causes t he  h~-curve  to  shi f t  less t h a n  the  
re la t ion m~ (V). 

Shif ts  of the  pe rmeab i l i t y  p a r a m e t e r s  have  been  
in t e rp re t ed  as changes  in the  surface po ten t i a l  of the  
exci table  m e m b r a n e  due to  the  screening effect  of cat ions  
on nega t ive  surface charges 4-6. The expe r imen ta l  po in t s  
of AVm, excep t  t h a t  for 0.5 m M  La+++, which  is 10 m V  
off, can be f i t t ed  by  curves as calcula ted for screening 
f rom the  GRAHAME 7 equat ion,  assuming  1 electronic 
charge per  70 ~2, approx ima te ly .  Addi t iona l  b ind ing  of 
Ca ++ or La+++ would require  an even  larger charge 
densi ty .  For  crayf ish  axons  - 1 / 4 3  ~-2  has  recent ly  
been found  s . The  ac t iva t ion  curve of t he  po ta s s ium 
permeabi l i ty ,  n o  (V), was shi f ted  by  10 • 1.1 m V  
(n = 4) in 10 m M  Ca ++, cor responding  to an a p p r o x i m a t e  
charge dens i ty  of only -1/200 ~-= near  the  p o tass iun  
channel .  Similar  values, -1/6006 and  -1/3006 A -~ have  
been repor ted ,  suggest ing the  effect ive charge dens i ty  
near  t he  po tas s ium channels  to  be lower t han  in t he  vicin- 
i ty  of t he  sod ium channels .  

Zusammen/assung. An der  Schnf i r r ingmembran  s ind 
L a n t h a n i o n e n  e twa  55mal wi rksamer  als Calciumionen.  
Die Ergebnisse  lassen ve rmuten ,  dass  die Dich te  nega t ive r  
Fes t l adungen  in der  N/the des Na t r i umkana l s  gr6sser als 
am Ka l iumkana l  ist. 
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Physiologisches Institut der Universitdt, 
Olshausenstrasse 40-60, D-2300 Kiel (Germany), 
7 June 1973. 
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