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In  our earlier papers (Sa l á n k i  an d  K iss , 1969; K iss  and  Sa l á n k i , 1971) 
a  num ber of identifiable neurones were described, which exhibited  a m arked 
varia tion  in  ac tiv ity , b u t th e  ty p e  of ac tiv ity  was always characteristic of 
a  given neurone. Then th e  question arose, w hat delicate m echanism s are 
responsible for th e  differences in th e  generation o f th e  pacem aker ac tiv ity  
o f individual neurones? In  exam ining th is  question it  has to  be considered 
th a t  th e  pacem aker ac tiv ity  o f g ian t neurones is generated  b y  a  d ifferent 
m echanism  (W a z ir i  e t al., 1965) and  in  a  different p a r t o f th e  m em brane 
(T attc, 1962) th an  th e  ac tiv ity  evoked either b y  n a tu ra l or artific ial s tim ul­
ation. On th e  o ther hand , th ere  are some differences in th e  special ionic con­
ductances underlying th e  pacem aker generation o f th e  spike in the  nervous 
system  of various species (K o s t y u k , 1968), fu rtherm ore th e  individual neurones 
o f th e  sam e anim al can also have different properties in th is respect. As the  
m aintenance of th e  m em brane po ten tia l as well as th e  generation o f th e  action 
po ten tia l can be explained on th e  basis o f th e  concentration gradients and  con­
ductances for N a+ , Ca+ + , K + and  Cl-  ions (H o d g k in  an d  H u x l e y , 1952), 
i t  m ight be supposed th a t  different ionic processes underlie th e  v arie ty  of 
th e  spontaneous generation of ac tiv ity . In  close re lation to  th is  th e  possibility 
o f electrogenic ion-currents has to  be considered, too  (T h o m a s , 1972).

Concerning th e  CNS o f Lymnaea stagndlis only a  few con trad icto ry  d a ta  
have been reported  on th is  problem  (Ma g u b a  e t al., 1971; J e r e l o v a  e t al., 
1972; Sa t e l l e  an d  L a n e , 1972). In  th e  presen t paper experim ents were p e r­
form ed in  order to  s tu d y  th e  effect o f N a+-, Ca+ + -, K + - and  C l- -free solutions 
on  some identified neurones o f Lymnaea stagndlis. In  th e  firs t place we wished 
to  elucidate w hether th e  ionic requirem ents for th e  po ten tia l generation of 
d ifferent neurones are different, and  to  ob tain  convincing d a ta  referring to  
some questions like the  problem  of ions involved in  th e  generation o f m em brane 
and  action poten tials an d  th e  problem  of th e  ionic dependence of spontaneous 
and  synaptically  driven activ ity .

M a ter ia l a n d  m e th o d s

E xam inations were conducted on th e  abdom inal an d  rig h t parie ta l 
ganglia o f isolated CNS o f Lymnaea stagnalis using th e  identifiable g ian t 
neurones dem onstrated  in Fig. 1. All th e  experim ents were perform ed a t  room
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tem peratu re. The exam ined neurones are located on the  dorsal surface of gang­
lia, whose m ost im p o rtan t electrophysiological param eters have already been 
described (Sa l á n k i  and  K iss , 1969; K is s  and  Sa l a n k i , 1971).

M em brane an d  action poten tials were recorded b y  glass microelectrodes 
filled w ith  2.5 M KC1. The curren t for polarizing th e  m em brane was tran sm itted  
th rough  th e  sam e electrode. The m em brane po ten tia l and  its  changes were 
m easured a fte r th e  com pensation of tip  po ten tia l of th e  electrode using a 
d igital voltm eter. For recording we used an  am plifier w ith  F E T  in p u t (K iss 
e t  ah, 1972).

F ig . 1. L ocaliza tion  of th e  iden tified  neurones. GP1 — ganglion  p leu ra le ; L G P a  — le f t 
ganglion  p a rie ta le ; R G P a  — r ig h t ganglion  p a rie ta le ; GA — ganglion abdom inale ; n s — 

nervus sp lanchn icus; n p  — nerv u s pallia lis

The isolated ganglion ring, from  which th e  th ick  connective tissue was 
rem oved was placed in  a  cham ber containing 3 ml physiological saline. The 
com position o f th is saline was: NaCl 46.2 mM; KC1 4 mM; CaCl2 5.6 mM 
( J u l l ie n  and  R ip p l in g e r , 1948).

Test solutions w ith  no conten t of a  given ion were m ade as follows:
NaCl was replaced in 3 d ifferent ways: by  osm otically equivalen t qu an ­

t i ty  o f cholin-Cl, Tris-Cl or saccharose alternatively . No significant differences 
could be found betw een these solutions so th ey  are to  be described collectively.

CaCl2 was replaced b y  osm otically equivalent q u an tity  of saccharose.
In  th e  K + -free solution equivalen t concentration o f NaCl was used 

in stead  of KC1.
F o r m aking a  Cl ""-free solution various com binations of th e  following 

com pounds were used: Na-, K -, and  Ca-propionate, N a- an d  K -aceta te , Na- 
an d  K -su lphate . As to  replace CaCl2, Ca-propionate was used in every case 
th e  effect o f Ca-propionate was separately  tes ted  under norm al conditions 
a t  norm al Cl "-concentration .

A fter recording th e  control ac tiv ity  in physiological solution th e  whole 
volum e of th is  solution was exchanged for a given ion-free one. Following
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th is th e  cham ber was continuously perfused w ith th e  la tte r  solution a t  least 
for 5 min.

In  some of the  K + -free solution experim ents th e  microelectrodes were 
filled w ith 3 M NaCl instead  of KC1.

F or exam ining th e  excitab ility  of th e  som a depolarizing curren t or chem ­
ical stim ulation  was applied  to  th e  m em brane. F o r th e  chemical stim ulation  
ACh was added  to  th e  b a th  a t  a  sim ilar concentration an d  in  sim ilar w ay to  
th a t  described in  one of our earlier papers (K iss and  Sa l á n k i , 1971).

D uring recording th e  bioelectric signals were fixed on a  m agnetic tape 
an d  th e  desired portions were photographed  la te r b y  m eans of an  EM G os­
cilloscope an d  M F 1— 1 photorecorder.

R e su lts

On th e  basis of th e  reaction to  th e  rem oval o f N a+ th e  neurones can be 
classified in to  th e  following categories: The spontaneous ac tiv ity  of th e  cells 
belonging to  the  firs t category is abolished w ithin 2 —3 min. in Na-free solution 
I t  is m ost frequen tly  preceded by  a  continuous reduction of th e  spike am plitude 
and  sim ultaneously th e  firing  ra te  decreases, too  (Figs 2 and  3). This ty p e  
of reaction was shown b y  A l, A5 an d  P5 neurones, whose ac tiv ity  seemed 
to  be under com pound synap tic  control.

The neurones included in ano ther category cease th e ir ac tiv ity  w ithin 
6 — 8 min. ( Fig. 4), e.g. th e  P12 pacem aker an d  th e  A l l  driven neurone belong 
in to  th is  group. In  add ition  tw o pacem aker neurones were found, which 
continued to  generate action po ten tia l more th an  10 min. (A10 and  P I  cell). 
F rom  th e  la tte r  cell som etimes pacem aker ac tiv ity  can be registered even 
30—40 m in. a fte r th e  rem oval of N a+ . The neurones included in  th e  la tte r  tw o 
categories are less sensitive to  th e  absence of N a+ , their action po ten tia l is 
characterized b y  only a  slight reduction  o f am plitude, furtherm ore a fte r a 
transitional decline i t  frequen tly  tends to  be norm alized (Fig. 5).

Im m ediately  a fte r th e  application of th e  N a+ -free solution a transitional 
hyperpolarization o f th e  m em brane of 8 —10 mV can be registered an d  during 
th is  period th e  spontaneous ac tiv ity  is o ften  com pletely blocked, b u t it  
re tu rns again in  4 —5 min. (Fig. 6). H ow ever th e  final disappearance of 
ac tiv ity  does no t y e t occur in th is  period, on th e  contrary , som etimes i t  is 
preceded by  a depolarization o f th e  m em brane.

A fter th e  spontaneous ac tiv ity  ceased in th e  N a+ -free solution all th e  
exam ined neurones can be ac tiv a ted  b y  depolarization indicating th a t  th e  
excitab ility  o f th e  som a m em brane is m ain tained  (Fig. 7). However, a fte r 
prolonged trea tm e n t w ith  the  N a+ -free solution also th e  electric excitab ility  
of m em brane disappears. T he tim e required  for th is  is only shghtly  variable 
ranging betw een 18 and  20 min. except P I  cell, which can be ac tiv a ted  by  
depolarization for undefined tim e w ithin  th e  period of th e  investigation.

The question raised, w hether a  neurone of such condition is able to  react 
to  electric stim ulation  only. As th e  m ajority  of th e  identified neurones can be 
excited by  ACh, th is substance seemed to  be suitable for try ing  to  ac tiva te  
th e  neurones becam e silent in th e  absence o f N a+ . Some of th e  cells — for 
exam ple A10 — are depolarized an d  generate a sho rt tra in  o f spikes following
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F ig . 2. Course o f  th e  abo litio n  o f  sp o n tan eo u s a c tiv ity  in  th e  N a-free so lu tio n  o n  P 5  
neurone. A rrow  m a rk s  th e  exchange o f  physio log ical so lu tion

M1 -  Free solution 
a Spike overshoot 
д Membrane potential 
* Firing rate

F ig . 3. C hanges in  th e  p a ra m e te rs  o f  spon taneous a c tiv ity  o f A1 cell as a  fu n c tio n  o f tim e
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Na-  Free solution
о Spike amplitude 
д Membrane potential 
x Firing rate

F ig . 4. C hanges in  th e  p a ra m e te rs  o f sp o n taneous a c tiv ity  o f A 10 cell as a  fu n c tio n
o f tim e

th e  application of ACh even in  N a+ -free solution ( Fig. 8). B u t th e  o ther 
neurones cannot he ac tiv a ted  b y  ACh.

On th e  cell A10 m entioned above a  special effect o f Na+ -free solution 
was occasionally found. I ts  firing ra te  — diverging from  norm al — increased 
in  th e  early  period. I t  can be a ttr ib u te d  to  an  early  abolition of ILD -s d e te r­
m ining th e  general character of th e  ac tiv ity  when th e  firing ra te  o f rhy thm ic 
pacem aker ac tiv ity  does n o t y e t significantly  declined ( Fig. 9).

Effect of the removal of Ga+ +

In  Ca+ + -free solution th e  spontaneous ac tiv ity  generally disappears 
in  5 —10 min. The changes in  th e  m em brane po ten tia l are n o t unequivocal, 
a lthough in  m ost of th e  cases a tran sitio n a l depolarization can be observed 
in  th e  early  phase. I t  is accom panied by  a m arked  increase in  th e  firing ra te  
giving place to  a  decreased frequency a  few m inutes before th e  ac tiv ity  is 
abolished. There is a continuous m arked reduction in  the  am plitude of th e  action
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F ig . 5. A lte ra tio n  o f  th e  sp o n tan eo u s firing  ra te  (— x  —) a n d  am p litu d e  o f  th e  spike 
p roduced  b y  A l l  cell in  th e  N a +-free so lu tion . T he v e rtica l b ro k en  line m ark s  th e  tim e

o f th e  cessa tion  o f  a c tiv ity

po ten tia l ( Fig. 10). A fter th e  cessation of th e  spontaneous ac tiv ity  i t  cannot 
be restored either spontaneously or b y  depolarization.

Ca+ + -free solution is able to  ac tiv a te  th e  silent neurones, a lthough for 
only a  sho rt tim e, because la te r there  is a  dam age o f th e  m echanism  involved 
in th e  generation o f th e  spike ( Fig. 11). There was only two neurones (A5 and  
P12) whose spontaneous ac tiv ity  was m ain tained  in  Ca+ + -free solution for 
as long as 15 — 20 min. or even longer (Fig. 12).

On an  ind ividual neurone we failed to  dem onstrate  any  defin ite correl­
ation  betw een tim e courses o f th e  capability  for producing spikes in  N a+ - 
an d  Ca+ + -free solution.

Effect of the removal of K +

In  К -free solution th e  m em brane po ten tia l o f th e  neurones increases 
b y  5 —10 mV. I t  is to  be expected because of th e  increased K + -concentration 
g rad ien t between th e  tw o sides o f th e  m em brane. This hyperpolarization is 
accom panied b y  an  increase in th e  am plitude o f action po ten tia l and  a decrease 
in th e  frequency of spontaneous ac tiv ity  (Fig. 13). The ra te  of decrease in 
th e  frequency is ra th e r variable, in m ost o f th e  cases it  is below 50 %, in some 
o ther cases, i t  can be m uch g reater un til the  ac tiv ity  is elim inated. Sometimes 
th is elim ination occurs in such a w ay th a t  th e  spontaneous, continuous ac tiv ity  
is broken off b y  a hyperpolarization o f 10—20 mV (F ig. 14).

In  a  general given identified  neurone cannot be characterized by  any  
defin ite ty p e  or degree of th e  above changes, as there  is a g reat variab ility
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Na -  Free solution 
о Spike amplitude
л Membrane potential spike/sec

F ig . 6. A10 cell; tim e  re la tions o f  th e  tem p o ra ry  cessation  an d  recovery  o f th e  sp o n tan e ­
ous a c tiv ity  in  th e  N a+ -free  so lu tion . D uring  th e  in te rv a l m ark ed  b y  b ro k en  line th e  
neurone is silen t. N o tice , th a t  th is  in te rv a l coincides w ith  a  tra n s itio n a l hyp erp o la riza tio n

o f th e  m em brane

F ig . 7. A c tiv a tio n  o f P 6  neurone b y  a n  a rtific ia l d epo la riza tion  in  th e  N a +-free so lu tion  
a f te r  th e  com plete  cessa tion  o f  th e  spon tan eo u s a c tiv ity . A rrow s m a rk  th e  o n se t a n d  
in te rru p tio n  o f  depolariz ing  DC in  o rder a t  6; 10; 14; 18 an d  22 m in . fro m  th e  ap p lica tio n  
o f  th e  N a  + -free so lu tion . N o tice , th a t  in  th e  6 th  m in. on ly  local p o ten tia ls  a re  p roduced  
in  ad d itio n  to  a  single spike, a f te r  th is  th e re  is a  con tinuous recovery  o f th e  g en era tio n  

o f  sp ike, b u t la te r  i t  is b locked  again
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F ig . 8. A lO  cell lo s t th e  spon taneous a c tiv ity  in  th e  N a+ -free  so lu tion  is a c tiv a te d  b y  
A Ch in  th e  10 th  m in . a f te r  th e  app lica tio n  o f  th e  ion-free so lu tion . N o te : th e  sh if t in  DC 
leve l p reced ing  th e  arrow  is a n  a r t ifa c t re su lted  from  a n  e rro r in  th e  fu n c tio n  o f th e

m ag n e tic  tape -reco rd e r

F ig . 9. T ran sitio n a l effec t o f  th e  N a +-free so lu tion  on  A 10 cell realized  in  a n  increased  
firin g  ra te , a )  co n tro l a c tiv ity ; b) in  th e  3rd  m in . a f te r  th e  app lica tio n  o f  th e  N a  + -free 
so lu tion  i t  is fa irly  visible th a t  th e  increase in  freq u en cy  observed  sim u ltaneously  w ith  

a  red u c tio n  in  th e  am p litu d e  is re su lted  from  th e  e lim in a tio n  o f  IL D

even on th e  sam e cell. AlO cell is an  exception as on th is cell th e  sudden h yper­
polarization breaking off th e  continuous spontaneous ac tiv ity  can m ost 
frequen tly  be observed. Occasionally i t  results in  a  perm anen t cessation o f 
firing, on ano ther occasion th e  silence appears to  be tran sitio n a l w ith  a tim e 
course quite sim ilar to  th a t  of IL D  (Fig. 15).

A series o f th e  m easurem ents was done b y  m eans of m icroelectrodes 
filled  w ith  NaCl. U nder these conditions th e  K + -free solution caused m uch 
g reater hyperpolarization ( Fig. 16). A t th e  sam e tim e no significant difference 
was found in  th e  changes observed in th e  am plitude and  frequency of th e  spikes 
com pared w ith  th a t  m easured b y  m eans o f th e  KCl-filled microelectrodes.

Effect of the removal of Cl~

Cl “ -free solution results in  characteristic changes in  th e  ty p e  o f ac tiv ity  
w ith in  a few m inutes. The discharge p a tte rn  becomes irregular, th e  continuous 
ac tiv ity  tends to  be replaced b y  groups of th e  spikes (Fig. 17 a, b). F u rth e r­
more, in  some m easurem ents perform ed in  th e  absence o f C1“ th e  ac tiv ity  
assum ed a  bursting  charac ter (Fig. 17 c), where th e  du ra tion  o f th e  con­
secutive spikes also showed peculiar changes (Figs 17 d, e). Changes o f th is  
n a tu re  were produced for exam ple on AlO cell. On th is  cell a  burst-like grouping 
o f spikes had  been observed also in  th e  control s ta te  (Fig. 18 a), an d  th is  
character becam e more pronounced upon th e  rem oval o f C1“ (Fig. 18 b). 
I t  can frequen tly  be observed th a t  th e  po ten tia l generation during a b u rs t 
is in ac tiv a ted  for a  sho rt tim e a t  a depolarized level (Fig. 19).
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F ig . 10. T he  m o s t freq u en tly  observab le  in fluence o f  th e  C a + + -free so lu tion  on  th e  
spon taneous a c tiv ity : a  fa s t red u c tio n  th e  firin g  ra te  show s a  b iphas ic  change

50mV
L

t

F ig . 11. A c tiv a tio n  o f a  silen t neurone b y  C a+ +-free so lu tion . A rrow  m ark s  th e  exchange 
o f  physio logical so lu tion . N o tice , th a t  a f te r  a  te m p o ra ry  ac tiv a tio n  th e  firing  ra te  an d  
th e  am p litu d e  ra p id ly  decrease, follow ing th is  th e  a c tiv ity  d isappears  a t  a  depolarized

level

In  th e  absence of C l" all th e  neurones are characterized b y  a decrease 
in  th e  spike am plitude and  an  increase in  th e  im pulse duration.

I f  ACh was applied to  th e  p repara tion  in  a solution containing no C l" 
th e  burst-like sequence o f th e  poten tials was considerably prolonged (Fig. 
18 c).
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Ca - Free solution

Fig. 12. Changes in  the param eters o f spontaneous ac tiv ity  in  the C a++-free solution 
on P I 2 neurone, which continues to  produce spikes more th a n  16 min. a fte r  exchanging

the  physiological solution

D isc u ss io n

I t  has been described b y  a  num ber of investigators th a t  th e  ac tiv ity  
o f some g ian t neurones is m ain tained  in  N a+ -free solution for quite a  long 
tim e. In  these cases it  was supposed th a t  th e  rising phase of th e  spike is p ro ­
duced by  a Ca++ curren t (Gerasim ov  e t a l., 1965; Oom ura  e t al., 1961; 
J er elo v a  e t al., 1972). In  some o f th e  cases th e  “ calcium -spike” hypothesis 
was reconsidered and  e ither a contribu tion  of b o th  N a+ and  Ca++ to  the  
generation of action po ten tia l was suggested, (Me v e s , 1968; G e d u l d ig  and  
J u n g e , 1968; Ch a m b e r l a in  and  K e r k u t , 1969), or a  passive re ten tion  or 
active depot of N a+ was conceived, which m ight be able to  assure th e  N a+ - 
requirem ent for th e  spike generation even if  th e  extracellu lar space is ap p a r­
en tly  free from  N a+ . (K ra sts  and  V e p r in t z e v , 1972; M o r e t o n , 1972). 
In  our exam inations th e  spontaneous ac tiv ity  of m ost neurones ceased in  
th e  N a+ -free solution w ith in  several m inutes suggesting th a t  Na+ appears 
to  be th e  m ain carrier of th e  curren t involved in  th e  generation o f action
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F ig . 13. In fluence  o f th e  К  + -free so lu tion  on  th e  p a ram e te rs  o f spon taneous a c tiv ity
o f  P I neurone

F ig . 15. E ffec t o f  th e  K +-free so lu tion  on  A 10 cell, a)  con tro l a c tiv ity  w hich  is n o t in te r­
ru p te d  b y  IL D -s; b) an d  c )  in  th e  4 th  m in . a f te r  th e  app lica tio n  o f  th e  K +-free so lu tion , 
th e  con tinuous spon taneous a c tiv ity  is b ro k en  o ff b y  a  hyperpo lariz ing  phase  sim ilar

to  IL D

5

F ig . 14. S udden  hy p erp o la riza tio n  u n d e r  th e  influence o f  th e  K +-free so lu tion  in  th e  
6 th  m in . a f te r  exchang ing  th e  physio log ical so lu tion  on  P I  neurone
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Fig. 16. D evelopm ent o f the hyperpolarizing effect o f th e  K +-free solution in the case 
o f recording w ith a  KCl-filled (—x —) and a  NaCl-filled ( —o —) electrode. B o th  curves 

show an  average of values obtained on the  exam ined neurones

po ten tial. Generally, considering especially th e  case, when th e  spike generation 
in  th e  N a+ -free solution is abolished a fte r a  considerable tim e only, some con­
siderations con trad ict th e  presum ption o f a  “ calcium -spike” :

1. I f  Ca++ were th e  m ain carrier o f curren t, one would expect th e  re ­
m oval o f Ca++ to  block th e  generation o f th e  spike m ost rap id ly  on those 
cells whose ac tiv ity  is less sensitive to  th e  rem oval o f N a+ , e.g. P I  neurone. 
However, th is is n o t supported  b y  th e  experim ental results.

2. A ctivation  o f th e  silent neurones by  exposure to  th e  Ca+ + -free 
solution is hard ly  com patible w ith  a  “ Ca-spike” hypothesis.

3. I t  was previously shown, th a t  th e  inw ard cu rren t which had  dis­
appeared  in  N a+ -free solution d id  n o t reappear b y  raising th e  Ca+ + concentr­
ation.

T he question arose, w ha t causes th e  d ifferent sensitiv ity  o f d ifferent 
iden tified  neurones to  th e  rem oval o f N a+ ? In  our earlier papers (S a l a n k i  
an d  K iss , 1969; K is s  an d  S a l á n k i , 1971) i t  was described th a t  th e  m em brane 
po ten tia l, rhy thm ic  ac tiv ity  an d  chem ical sensitiv ity  are  specific to  an  iden­
tified  neurone, th u s it  is conceivable th a t  th e  ionic m echanism s underly ing 
all these phenom ena m ay also be characteristic o f a  given cell. Nevertheless, 
m ost likely a re ten tion  o f N a+ near th e  m em brane has to  be considered, too  
— sim ilarly to  o ther objects. M o r e t o n  (1972) a ttr ib u te d  th e  re ten tion  o f 
N a+ to  th e  function o f an  active pum p, which requires some tim e to  tu rn  
in to  an  active s ta te  under N a+ -free conditions. This suggestion is based on 
th e  observation th a t  a f te r  an  early  transitional decrease in  th e  am plitude 
th e  spike can be restored. In  th a t  cases, when th e  spontaneous ac tiv ity  of th e
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Fig. 17. Effect of the C l“ -free solution, a)  control ac tiv ity  of A l l  neurone; b)  ac tiv ity  
o f the  same neurone in the 3rd m in. following the  application of Cl “ -free solution, c) in  
th e  16th min. the ac tiv ity  assumes a  bursting  character d) and e)  (continuously) changes 

in  the shape of the action potentials during a burst

|50mV
1sec

Fig. 18. E ffect o f the Cl- -free solution on A10 neurone, a) control ac tiv ity  dem onstrating 
well the  burst-like grouping of the spikes; b) in  the Cl “ -free solution th e  bursting  ac tiv ity  
becomes m ore pronounced; c) in the Cl “ -free solution ACh applied a t  the  arrow  prolongs

th e  tim e course of the hu rst

5*
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F i g .  1 9 . Effect of the Cl “-free solution on A10 cell. It is fairly visible that the potential 
generation is inactivated within a burst at a depolarized level

cells exam ined in  th e  presen t experim ents ceased w ith in  10 m in., we found 
no sign of th is  phenom enon thus, in  th is  case one can consider a passive 
re ten tion  o f N a+ a t  th e  m ost, varia tions of which depending on th e  ana tom y 
of cells m ay account for th e  variab ility  of th e  tim e required  for th e  abolition 
o f the  ac tiv ity  o f d ifferent identified  neurones. However, on th e  cells firing 
more th a n  6 8 m in. in  absence of N a+ one can frequen tly  observe a  recovery
a f te r  an  early  decrease in  th e  spike am plitude and  in  th e  firing ra te  consequent­
ly  if  an  active depot exists, i t  requires a t  least 6—8 min. to  tu rn  in to  an  active 
sta te .

I t  appeared  to  be characteristic of all th e  neurones th a t  th e  spontaneous 
ac tiv ity  ceased earlier th a n  th e  excitab ility  o f th e  soma. As on th e  g ian t 
neurones th e  spontaneous ac tiv ity  is generated  in a d is tan t p a r t  o f the  axon 
(Tatjc, 1962), th e  present observation has from  a  new side confirm ed the  
resu lts ob tained  ind irectly  b y  voltage clam p technic (Magúra e t ah, 1971) 
showing th a t  i t  is th e  som a which reacts la te r to  th e  rem oval o f N a+ . H ow ­
ever, p resen t investigations do n o t allow to  form ulate a defin ite decision, 
w hether th is fac t shows an  ac tu a l difference in  the  ionic mechanisms, or there 
is a  m ore efficient re ten tion  o f N a+ near to  th e  som a m em brane. The la tte r  
assum ption can be supported  b y  th e  finding th a t  th e  tim e required  for th e  
abolition  o f th e  excitab ility  o f th e  som a does n o t considerably v ary  from  
neurone to  neurone, i t  is 18—20 m in. a f te r  rem oving th e  ex ternal N a+ . On 
th e  basis of th e  la tte r  assum ption it  m eans th e  tim e required  for a  to ta l ru n ­
n ing  o u t of N a+ -depot.

T he difference in  th e  N a+ requirem ent for spontaneous and  evoked 
ac tiv ity  observed in  our experim ents is in  con trast w ith  th e  d a ta  ob tained  
b y  Carpenter an d  Gunn (1970).

T he ionic perm eability  o f th e  m em brane is an  im p o rtan t facto r of the  
generation o f spontaneous ac tiv ity . In  th e  regulation o f th is  Ca++ plays a 
well-known role. A fter th e  elim ination o f th e  m em brane-stabilizing action 
o f Ca++ th e  a lte ra tio n  o f N a+ - and  К + -perm eability  can account for the  
transitiona l depolarization, increased firing ra te  an d  finally  a  com plete d is­
appearance o f th e  excitab ility  o f th e  m em brane in  th e  Ca+ -free solution. 
The ind ividual identified  neurones show d ifferen tiated  behaviour also in  th is 
respect, however, th e  tim e requ ired  for th e  abolition of spontaneous ac tiv ity  
varies w ithin a  more lim ited  in terva l com pared w ith  th e  N a+ -free solution. 
F o r th e  exp lanation  of th e  observed deviation of d a ta  concerning Ca++ it  is 
even m ore obvious to  suppose a  certain  degree of re ten tion , because a f te r  
rem oving th e  Ca++ from  th e  solution some m em brane-bound Ca++ rem ains.

R ecen tly  a num ber o f au thors have proved th e  role o f an  electrogenic 
N a+ -pum p in addition  to  the  unequal d istribu tion  of th e  ions in th e  m ain ten ­
ance o f th e  m em brane po ten tia l o f g ian t neurones (Kerkut and  Thomas,
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1965; Carpenter and  Alving, 1968; K ostyuk e t al., 1972; Christoffersen, 
1972). On th e  basis o f our results there  is a  reason to  suppose a  contribu tion  
of electrogenic N a+ -pum p to  th e  m em brane po ten tia l also o f th e  exam ined 
neurones of Lymnaea. This is ind icated  by  the  fact th a t  in  th e  K + -free solution 
there  is only a  slight increase in  th e  resting m em brane po ten tia l although th e  
[K ]0~ [K]j concentration g rad ien t has increased considerably. I t  can be ex­
plained if th e  resting po ten tia l m easured under physiological conditions is n o t 
a  pure K + -poten tial b u t it  is resu lted  also from  th e  sim ultaneous function 
of an  electrogenic N a+ -pum p. The la tte r  can be blocked b y  th e  rem oval of 
ex ternal K + , th u s in th e  K + -free solution th e  increase in th e  resting  po ten tia l 
cannot reach th e  theoretically  expected value. On Aplysia  neurones Car­
penter (1970) obtained  a pronounced depolarization under K + -free conditions 
a t  25° C and  explained th is  phenom enon in  a sim ilar way.

The above explanation  is confirm ed b y  our exam inations w ith  NaCl- 
filled electrodes. The microelectrodes w ith  tip -d iam eter of ab o u t 1 у  had  been 
kep t in th e  cell for 5 — 10 m in. before th e  K + -free solution was applied. D uring 
this tim e some spontaneous outflow  of N a+ probab ly  occurred, which m ight 
have been of extrem ely  sm all am ount though, nevertheless, sufficient to  s ti­
m ulate th e  N a+ -pum p. The fact th a t  on increasing th e  in tracellu lar con­
centration  o f N a+ th is stim ulating  effect can be ob ta ined  has been described 
b y  several au tho rs (Kerkttt and  Thomas, 1965; Thomas, 1969; Christoffer- 
sen, 1972).

One possible explanation  of th e  transitiona l hyperpolarization observed 
in  th e  N a+ -free solution is a high resting N a+ -perm eability  o f th e  m em brane. 
In  consequence of th e  rem oval o f N a+ th e  voltage opposed to  K + -potential 
resu lted  from  th e  N a+ -gradient is elim inated, th u s th e  m em brane po ten tia l 
can m uch b e tte r  approxim ate th e  value to  be expected on th e  basis o f th e  
concentration g rad ien t o f K + .

The reason o f th e  burst-like ac tiv ity  developed in th e  Cl “ -free solution 
m ay be approx im ated  b y  th e  following assum ption: In  th e  Cl “ -free solution 
H odgkin and  H orowitz (1959) dem onstra ted  an  ab o u t 20 mV transitional 
depolarization o f th e  m em brane, which lasted  for 15 — 20 min. This coexisted 
w ith  an  increased outflow  of K + . The decrease in resting po ten tia l m ay 
tem porary  ac tiv a te  th e  po ten tia l generation. I t  m ight be supposed, th a t  the  
K + -conductance of th e  m em brane is also dam aged resulting in  a  delayed re ­
polarization phase and  an  inactivation  of generation o f the  spike a t  a depolar­
ized level as th e  increased N a+ -influx during a  b u rst cannot be balanced 
b y  th e  ou tw ard  K + -current. Besides, a f te r  a certain  tim e a  hyperpolarizing 
phase is resu lted  b y  s tim u la ting  th e  ac tiv ity  o f th e  electrogenic N a+ -pum p.

Concerning th e  ab e rran t behaviour o f some neurones obviously i t  has 
to  be considered th a t  th e  m ajo rity  o f th e  exam ined neurones has synaptic  
inputs. On th e  cell A10 an d  on several o th er cells som etimes i t  can fairly  be 
observed th a t  th e  b u rsts  produced in  th e  Cl “ -free solution are preceded b y  
E PSP-s. The possibility cannot be disregarded th a t  on th e  cells having ex ­
c ita to ry  synaptic in p u t the  effect o f th e  absence of C1“ m ay be realized th rough  
th e  postsynaptic  m em brane, too.

The reactions given to  depolarization an d  ACh in d ifferent ion-free 
solutions generally did  no t differ from  th e  control. However, in  th e  N a+ -free 
solution there  were some cells which could be ac tiv a ted  only b y  depolarization 
b u t were uneffected b y  ACh. In  these cases th e  m ediator effect p robab ly  is
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realized b y  changing th e  N a+ -perm eability. Chiarandini e ta l. (1967) suggested 
th e  existence o f such a m echanism  on a  cell o f CILDA type. In  our ear her 
experim ents (K iss an d  Salánki, 1971) perform ed on CNS of L ym naea one 
of th e  neurones — m arked A10 — was identified  as a  cell o f CILDA type. 
However, th e  absence of N a+ has no influence on th e  reaction to  ACh on th is 
neurone, consequently, th e  above suggestion cannot be generalized.

Sum m ary

On changing th e  ionic environm ent of CNS of Lymnaea stagnalis i t  has 
been established th a t

1. On rem oving the  N a+ th e  ac tiv ity  o f several neurones ceased w ithin 
a  sh o rt tim e, while th a t  of th e  o ther neurones ceased later. E ven  such a neuron 
was found, which continued to  generate action poten tials for as long as 30 min. 
in  th e  absence of N a+ .

A fter th e  ac tiv ity  stopped  th e  cells could be ac tiva ted  by  depolarization, 
while only a p a r t  o f th e  neurones was affected b y  ACh under such conditions.

2. In  Ca+ + -free solution th e  spontaneous ac tiv ity  of th e  cells was 
abolished w ithin a  re la tively  sho rt tim e, b u t th e  ac tiv ity  o f several cells was 
m ain tained  for 15—20 min.

3. In  th e  absence of K + a  re la tively  sm all hyperpolarization was accom ­
panied  b y  a  decrease in  th e  firing ra te .

4. In  th e  absence o f C l-  the  rh y th m  of ac tiv ity  o f the  cells becam e ir­
regular, som etim es i t  assum ed a bursting  character.

T he ob ta ined  d a ta  can be accounted for p a r tly  b y  different changes in  
th e  ionic concentration gradients and  in  th e  perm eability  o f th e  m em brane, 
p a r tly  by  an  influence on th e  electrogenic N a+ -pump.
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AZ IO N M IL IŐ  S Z E R E P E  L Y M N A E A  S T A G N A L I S  L . Ó R IÁ S 
N EU TR O N JA IN A K  P O T E N C IÁ L  G E N E R Á L Á S Á B A N

K iss  István  és Salánki János  

Ö ssze fo g la lá s

Az ionm iliő  v á lto z ta tá sa  so rán  m eg á llap ítá s t n y e rt:
1. N a + m egvonás e se tén  egyes n eu ronok  a k tiv itá sa  h am arab b , m ásoké később 

szűn ik  m eg. T a lá lta k  o lyan  id eg se jte t is, am ely  N a +-h ián y b an  30 p erc  m ú lv a  is generá l 
akciós p o ten c iá lt.

Ä  se jtek  leállás u tá n  is a k tiv á lh a to k  v o lta k  depolarizációval, m íg  A C h-ra  ilyenkor 
c sak  a  neu ro n o k  egy  része válaszo lt.

2. Ca + +-m en tes o ld a tb a n  a  se jtek  sp o n tá n  a k tiv itá sa  v iszonylag  rö v id  időn  
be lü l m egszűn t, de n éh án y  se jt ilyenko r is 15 — 20 percen  á t  a k tív  m a ra d t.

3. К +-h ián y  ese tén  v iszonylag  k ism érték ű  h iperpo larizáció  m e lle tt  az  a k tiv itá s  
frek v en c iá ja  csökkent.

4. Ö l'-h iá n y b a n  a  se jtek  a k tiv itá s i r i tm u sa  szab á ly ta lan n á  v á lt ,  egyes ese tekben  
b u rs t-ö lő  je lleget v e t t  fel.

A  k a p o tt  e redm ények  részben  az ion  koncen trác ióg rad iensek  és a  m em b rán  
p erm eab ilitás  m egváltozásáva l, részben  az e lek trogén  N a +-p u m p a  befo lyáso lásával 
m a g y a rá z h a tó k .
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