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Sucrose gap longevity is markedly improved by addition of lanthanum to the sucrose 
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Summary. The  add i t ion  of  low concent ra t ions  of  l a n t h a n u m  to the sucrose in the double  sucrose gap t echn ique  for the 
study Of giant  axons s ignif icant ly prolongs  p repa ra t ion  longevi ty  and  decreases drift. 

The  sucrose gap t echn ique  for the assessment  of  m e m b r a n e  
potent ia ls  on  small  nerve  cells w i thou t  in t racel lu lar  elec- 
trodes was in t roduced  by St/impfli  ] and  deve loped  for 
voltage Clamping of  lobster  g iant  axons by  Ju l ian  et al. 2,3. 
Despi te  the  usefulness of  the technique  it suffers f rom the 
drawback  of  shor t  p repa ra t ion  viabil i ty and  high drift. This  
report  describes a d ramat i c  i m p r o v e m e n t  in bo th  longevity 
and  reduct ion o f  drif t  by the s imple expedient  o f  dop ing  
the sucrose wi th  low concent ra t ions  of  l an thanum.  
In the double  sucrose gap t echn ique  as appl ied to giant  
nerve axons an  artificial node  is fo rmed  by the pa tch  o f  
m e m b r a n e  be tween  the sucrose streams. M a n y  such nodes  
may  be  s tudied on  jus t  one  axon by  t ranslat ing the whole  
axon th rough  the expe r imen t  c h a m b e r  in shor t  steps, there-  
by br ing ing  successive fresh areas of  m e m b r a n e  into the 

region be tween  the sucrose streams. The  longevity of  any  
one node  is of ten 0niy a few minu tes  and  rarely exceeds 30 
min.  Dur ing  this t ime the rest ing potent ia l  tends to meand-  
er and  of ten  falls by  tens of  m V  in abrup t  steps, There  is 
usually a cor responding  rise in  leakage current ,  Fur ther -  
more,  the kinetics and  magn i tude  of  active sodium and  
potass ium currents  s tudied in voltage c lamp usually drift  
dur ing  the life o f  any one  node .  I f  a node  deter iorates  too 
much  dur ing  an  exper imen t  one  s imply translates the axon 
to form a new node  and  begins  the exper iment  al l  over, bu t  
i t  is difficult  to do exper iments  which  require  compara t ive  
measu remen t s  spaced more  t han  a few minutes  apart .  
In  1972 New and  Trau twe in  4 suggested that  low concentra-  
tions of  calc ium in the sucrose improved  the stability of  
muscle p repara t ions  in  sucrose gap and  this was soon found  
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to improve giant axon stability also 5. In the present work 
the longevity of lobster axon nodes has been studied as a 
function of sucrose solution composition. Normal isosmotic 
sucrose or isosmotic sucrose doped with the chloride salts of 
sodium, calcium or lanthanum, all matched for equal 
solution resistivity, were employed. Normal de-ionized 
sucrose had a resistivity of 1.5 x 106 s cm and gave a gap 
resistance in the absence of an axon of 2 • 108 s Doped 
sucrose had a resistivity of 6.5 x 104 s cm and gave a gap 
resistance of 107 s The doping concentrations were NaC1 
2.1 • 10 -4 M; CaC12 1 • 10 -4 M; LaC13 6.7x 10 -s M. Axons 
were the medial giants from the circumesophageal connec- 
tive nerve in lobster (Homarus americanus). 
The results with sodium-doped sucrose show no improve- 
ment over unmodified sucrose and perhaps an exacerbation 
in the rate of rundown. With calcium there is a significant 
increase in longevity and a decrease in variation of resting 
potential. With lanthanum the improvement is even more 
dramatic. In 15 experiments employing lanthanum as the 
doping ion no node which was originally viable had to be 
terminated because of deterioration. This includes several 
experiments which ran for 60 min and one for 80 rain. All 
were in good condition at the end. In addition, the stability 
during the experiments was significantly better than in 
normal sucrose. The figure shows 16 min records of peak 
sodium current at - 1 5  mV and resting potential for 
6 nodes from 2 axons in normal sucrose (panels a and c) 
and another 6 nodes from the same axons in lanthanum- 
doped sucrose (panels b and d). The smallest decline in 
resting potential with normal sucrose exceeded the largest 
decline with lanthanum-doped sucrose and only 1 of the 
nodes in normal sucrose survived the 16 min. 
Lanthanum exerts strong pharmacological effects on active 
sodium and potassium conductances 6,7 but at the low 
concentrations used here there is no observable influence. 
When the artificial sea water bathing the node was switch- 
ed to one containing 6.7 • 10 -5 M lanthanum, using normal 
sucrose in the gaps, no visual change in the pattern of 
clamp currents at 0 mV could be detected. Lanthanum has 
been described as a 'super calcium '6, being about 20 times 
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more effective in shifting the voltage dependence of active 
conductances than calcium. The artificial sea water con- 
tained 25x 10-3 M calcium and the addition of 
6.7• 10 -5 M lanthanum would be equivalent to raising 
calcium to 26.3 x 10 _3 M, a change which would be unde- 
tectable in terms of conductance vs voltage plots. On the 
other hand the addition of 6.7 • 10 -5 M lanthanum to the 
low ionic strength sucrose could bring about a major 
reduction in surface potential at the membrane under 
sucrose. To account for the influence of lanthanum I 
postulate that the membrane resistance under normal 
sucrose is very low, because the low ionic strength bathing 
medium and the absence of  multivalent cations allow the 
existence of a large negative surface potential. According to 
this hypothesis the influence of lanthanum is to lower the 
surface potential and thereby raise the resistance back 
toward the nodal membrane resistance. This, in turn, 
decreases the perturbations in measured potential associat- 
ed with changing properties of  membrane under sucrose. 
The findings reported here make the double sucrose gap 
technique much more attractive as a means to study phar- 
macological modifications of channel properties because of 
the improvement in longevity and decrease in drift. 
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Demonstration of vascular redistribution after carotid clamping in rats 
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Summary. In Long Evans rats, the vertebral arteries supply only the brain stem. Simultaneous application of  clamps to 
both carotid arteries results in a considerable fall of cerebral blood flow and eventually death. If an interval of about 
4 days is allowed between the clamping of the 2 carotids, redistribution of  blood flow takes place. Owing to this mecha- 
nism, 50% of the rats survive with a satisfactory restoration of  cerebral blood flow. 

In many species the ponto-medullary areas are supplied 
with blood by the vertebral arteries, whereas the rest of the 
brain is supplied by the carotid arteries. However, in the rat 
there is evidence that the vertebral arteries do not supply 
the brain 2 or that they only supply the spinal bulb-pons 
area 3. The latter was demonstrated indirectly by the injec- 
tion of radioactive microspheres by heart puncture into the 
left ventricle or into the carotids and by comparing their 
distribution in the brain: these studies were carried out in 
healthy animals and it was therefore possible to show any 
redistribution of cerebral blood flow, which occurs in 

certain disease states. In our study a direct method was used 
to investigate the changes of cerebral blood flow after 
simultaneous clamping of both internal carotids. The redis- 
tribution of cerebral blood flow was analyzed allowing a 
time interval between the ligation of the 2 vessels. 
Material and methods. 1. Ligation of  the carotids. Male 
Long Evans rats weighing 200_+ 20 g were anesthetized with 
chloral hydrate (300 mg/kg i.p.). After careful dissection 
the internal carotid arteries were ligated just above the 
bifurcation. The ligation of the 2 arteries were performed 
simultaneously or at an interval of 15 min, 24 h, 48 h, 72 h, 


