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A character is t ic  feature of the giant nerve cel ls  of the edible  snail is its abi l i ty  to mainta in  normal exc i t ab i l -  

i ty in sodium-free  solutions [1]. We found that most cells  continued to produce act ion potent ials  in isotonic solutions 
of ca lc ium or bar ium chloride.  Furthermore the ampl i tude  of these act ion potentials  was di rect ly  proportional to 
the logari thm of the external  concentrat ion of these ions. We therefore concluded that the ca lc ium or barium ions 
take over the role normal ly  played by sodium ions. It is known that  the concentrat ion of ca lc ium ions in the hemo-  
lymph of the edib le  snail  reaches quite high values at cer ta in  periods [3]. 

The object  of the present work has been to make a compara t ive  study of the exc i t ab i l i ty  of the giant  nerve 

cells of the edib le  snail (Hel ix  pomat ia) ,  of the planorbis mollusc (Planorbis corneus), and of Limnea  stagnaiis in 
s imilar  sodium-free  soIutions. The last two species were chosen because despite their  close systematic  relat ionship 
the concentrat ion of ca lc ium in their  hemolymph does not undergo any great  seasonal var ia t ion,  and is several  t imes  
less than the edib le  snails.  

E X P E R I M E N T A L  M E T H O D  

St imulae  were appl ied and potentials  led off by means of two separate mic ro-e lec t rodes  introduced into the 
neurone. We studied chief ly  the giant  cei ls  of the par ie ta l  gangl ia .  The or iginal  standard solution for Hanorbis and 

Limnea contained 50 mM NaC1, 1.6 mM KC1, and 4 mM CaCiz; the concentrat ion of these salts corresponded to the 
hemolymph.  The standard solution for edible  snails contained 75 mM NaC1, 5 mM KC1, and 10 mM CaC12. The 
sodium-free  soht ions  were prepared from a standard by replac ing in it the whole of the sodium with isomotic sucrose 
or with chloride solutions of bivalent  ions (manganese ,  ca lc ium,  strontium, or bar ium).  The method has been de-  
scribed in more de ta i l  in our previous works [2, 4]. The investigations were carried out in summer on newly hatched 
snails.  

E X P E R I M E N T A L  R E S U L T S  

There was a marked resemblance  in the ampl i tude  and the duration of the act ion potentials  and in the f re-  

quency of the discharges [2]. However, in sodium-free  solutions (in the isotonic solutions of the chlorides of ca lc ium,  
manganese,  strontium, or barium, or in solutions in which sodium chloride had been replaced  by isosmotic sucrose) 
there were def ini te  differences.  The nerve ceils of the edib le  snail continued to give a comple te  act ion potent ia l  for 

many hours. There was a considerable increase in the membrane  resistance.  Figure 1 shows oscil lograms which r e -  
present the responses of the giant cel ls  of the edible  snail  in isotonic ca lc ium chioride.  By the end of the third min -  
ute in the solution (Fig.  1, 4) the  anelect ronic  response of the ce l l  increased by 15 mV, and the resting potent ia l  by 
7 mV, while the ampli tude of  the act ion potent ials  increased by 18-20 mV; these changes were wel l  main ta ined  
subsequently, but disappeared comple te ly  when the cei ls  were washed with a solution containing the normal  amount 
of ca lc ium (Fig.  1, 5-8).  
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Fig. 1. Reaction of a giant nerve ce l l  of the edib le  snail  (Hel ix  pomatia)  

in response to ca te lec t ronic  or anelectronic  polar izat ion in isotonic ca lc ium 
chloride,  1) In sodium-free  solution with a normal concentrat ion of ca lc ium 
ions; 2, 3, 4) in isotonic ca lc ium chloride solution after 1, 2, and 3 rain re -  

spect ively;  5, 6, 7, 8) ceils  once more p laced  in a sodium-free  (sucrose) so- 

lution containing a normal concentrat ion of ca lc ium ions, after 1, 2, 3, and 

4 min (sweep speed reduced).  Strength of depolar iz ing current equals 
0.3 �9 10 -8 A, depolar iz ing current 1 �9 10-8 A. Cai ibrat ion pulse included at 
start of scan. 0) Zero level  of resting potent ia l .  

 eom sec  
Fig. 2. Reaction of a giant  neurone of Limnea stagnalis in an isotonic so- 
lution of ca lc ium chloride.  1) Action potent ia l  and aneleet ronic  response 
in physiological  saline; 2, 3, 4) in an isotonic solution of ca lc ium chloride,  
after 1, 2, and 3 min (strength of depolar iz ing current pulse increased); 5, 

6, 7, 8) after washing in physiological  saline after 1, 2, 3, and 4 min.  2) 
strength of hyperpolar izing current pulse 1 .10  -8 A. 

Quite a different state of affairs was found under s imilar  conditions in nerve cells of Planorbis and Limnea.  
The ampl i tude  of action potentials in these ceils was reduced in sodium-free  solutions; the number of spikes in 
the discharge was also reduced,  and at the same t ime  their duration increased.  By the 3-Sth min the act ion poten-  
t ials had disappeared,  and al l  that remained was a low-ampl i tude  loca l  response, Figure 2 shows osci l lograms of the 

responses of the edib le  snail  in isotonic ca lc ium chloride,  and after the cells had been washed in physiological  sa-  

l ine.  After r emova l  of sodium ions from the surrounding solution the nerve cei ls  of this an imal ,  just l ike those of the 
edib le  snail,  were hyperpolar ized and their absolute threshold of exci ta t ion  was increased.  After 3 min (Fig.  2, 4) 
the ce l l  lost a l l  exc i tab i l i ty ,  despite the high leve l  of the resting potent ia l ,  and the maintenance  Of the in i t ia l  value of 
the anelect~onic response ( in i t i a l  resistance of membrane) .  When the cells were first washed there was quite a 
marked depolar iza t ion ,  after which there was a gradual recovery of the resting and action potentials  to their original  

values (Fig.  2, 5-8).  

The disappearance of the action potentials in Planorbis took p lace  rather differently.  Figure 3, 1-4 shows the 
responses of a giant  ce l l  of this an imal  to direct  s t imulat ion in isotonic ca lc ium chloride.  Hyperpolar izat ion of the 
cel ls  was brief,  and was followed by quite a rapid depolar iza t ion,  which was associated with a reduction of m e m -  
brane resistance.  At this t ime there was a sudden drop in the act ion potent ial ;  the ampli tude fe l l  until  it had dis- 
appeared comple te ly .  Despite the great  reduction in the ampli tude of the resting potent ia l  and of the membrane  
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Fig. 3. Reaction of a giant  nerve ce l l  of Planorbis corneus in iso- 
tonic ca lc ium chlor ide.  1) In physiological  sal ine (during the an-  
e lec t ron ic  response spontaneous exci ta tory  postsynaptic potentials  
were observed); 2, 3, 4) in isotonic ca lc ium chloride after t ,  2, 

and 3 min (strength of depolar iz ing current pulse increased);  5, 
6, 7, 8) cel ls  were washed in physiological  saline after 1, 2, 3, and 
4 min.  Strength of hyperpolar iz ing current pulse 1 .10  -8 A. 

resistance this process was reversible ,  and the cel ls  comple t e ly  recovered their  normal  funct ional  properties after 
they had been washed (Fig.  3, 8-8).  The giant  nerve cel ls  lost their exc i t ab i l i ty  not only in isotonic ca lc ium ch lo-  

r ide but also in isotonic manganese, strontium, or barium chloride, or in solutions in which sodium had been replaced 
by sucrose. 

We must note that in many experiments the nerve cells of Planorbis lost their excitability and ceased to gen- 

erate act ion potentials  in the sodium-free  solutions without any not iceable  depolar iza t ion .  On the other hand, in 

some cases the cei ls  of Limnea showed a loss of resting potent ia l  after they had been in the solutions for a long t ime .  

Removal of the sodium ions from the solution during the first few minutes produced a s imilar  hyperpolar iz ing 
act ion on the nerve cel ls  of each  of the animals  studied. Apparent ly under natural  conditions the membranes of the 

giant  cel ls  are par t ia l ly  permeable  to sodium ions, a c i rcumstance which leads to a reduction of the t r a n s - m e m -  
brahe potent ia l  difference in re la t ion  to the equi l ibr ium for potassium ions. When sodium ions are removed from 

the surrounding solution the t rans-membrane  potent ia l  difference shifts towards the la t ter  va lue .  When the sodium- 

free solution is washed away with normal Ringer in many cases (Fig.  2, 3) there is a considerable influx of sodium 
ions into the cei ls ,  which leads to a marked depolar iza t ion  of the membrane  at this t ime .  

In most cei ls  of the edib le  snail the generat ion of act ion potentials  must occur without sodium ions, whereas 
the cel ls  of the other two species of lunged molluscs lose their exc i t ab i l i t y  in the absence of these ions. This dif fer-  
ence is apparent ly  not associated d i rec t ly  with the fact  that  the edib le  snails tead a terrestr ial  l i fe ,  while  Planorbis 

and Limnea are aqueous species.  The giant  nerve cells of such aqueous molluscs as Onchidium verrucula tum are also 
able to main ta in  their exc i t ab i l i t y  in sodium-free  solutions [7]. There is no doubt that  the r e l a t ive ly  high concen-  

t.ration of b iva lent  ions in the hemolymph of the ed ib le  snails, which is also subjected to great seasonal variat ions 
[6], is of far greater impor tance  in this respect .  The concentrat ion of ca lc ium ions, for example ,  increases in the 
hemolymph during the t ime  that  these animals  are building up quite a strong shell; the ca lc ium stores in the l iver 
and kidneys in the form of ca lc ium phosphates fa l l  considerably at this t ime  [8]. We may suppose that i t  is for this 
reason that  the nerve cei ls  of the edibIe  snail  are able to u t i l i ze  the a lka l i ne -ea r th  meta ls  as carriers of charge as- 
sociated with the generat ion of act ion potent ia ls .  

The cel ls  of Planorbis and Limnea,  whose hemolymph contains a low and quite stable concentrat ion of b iva -  
lent  atoms,possess no such propert ies.  The surface membranes  of these cel ls  have other dis t inct ive features.  As the 
results of our investigations have shown, the curves re la t ing the membrane  resistance and resting poten t ia l  to the 
logari thm of the external  ca l c ium ion concentrat ion indicate  that they are more sensitive to this ion than are the 
nerve cei ls  of the ed ib le  snaiI.  This c i rcumstance is probably re la ted  to the different potassium concentrat ion in the 
hemolymph ( 1-2 mM in Planorbis and Limnea,  and 4-8 mM in the ed ib le  snai l ) .  
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The frequently observed reduction in the action potentials of the giant ceils  of Planorbis in sodium-free  so- 

lutions (a reduction which is considerable but reversible) indicates a marked increase of permeabi l i ty  of the ce l t  
membrane under these circumstances.  This depolar iza t ion  does not occur in the nerve cei ls  of the ed ib le  snail,  

although it  usually develops in them in isotonic sucrose ( ca l c ium- f r ee ) .  The marked depolar iza t ion  in c a l c i u m -  
free (sucrose) solutions is also found in the giant nerve cel ls  of Onchidium verruculatum,  where it is associated with 
structural disturbance of the membrane  [7]. Thus in this respect  there is a Considerable difference in the m e m -  
branes of neurones which re ta in  or do not re ta in  their exc i t ab i l i ty  in sodium-free  solutions. 

The reason for the disturbance of  the barrier function of the membrane  in sodium-free  solutions is not d e a r .  

Possibly, as has been shown in many investigations, the absence of sodium ions may result in inact ivat ion of cer-  
ta in enzymat i c  systems of the ce l l  membranes  on which depend the maintenance  of the normal pe rmeabi l i ty  and 
e l ec t r i ca I  polar izat ion [5 ,9]. We must note that the presence of sodium ions in the solution used to wash the cei ls  

i s  necessary for recovery of the normal funct ionalpropert ies  of the nerve cei ls  of the edib le  snail  kept for a certain 

period in isotonic sucrose; if  the cei ls  are washed with isotonic Calcium chloride,  no such resutt is obtained,  Sub- 
sequently the ce l l  may  again  re ta in  exc i t ab i l i ty  for a tong t ime  in isotonic solutions of b iva lent  ions of the a lka -  

l i ne -ea r th  meta ls .  
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