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According to  th e  lite ra tu re  th e  effect of local anaesthetics can be a t t r i ­
b u ted  a t  least to  tw o different m echanism s. On th e  one han d  th ey  can stabilize 
th e  m em brane sim ilarly to  Ca++ preventing  th e  changes in  N a+ an d  K + 
perm eability  involved in th e  spike generation. On th e  o ther hand, their chem ­
ical s tru c tu re  is sim ilar to  th a t  o f ACh, so th ey  can cause a com petitive in ­
hibition  o f th e  cholinergic transm ission sim ilarly to  d-TC (Аш е NS, 1964). 
According to  Nachmansson’s (1961) theo ry  th e  m em brane receptor pro tein  
tak ing  p a r t  in  th e  axonal spike propagation  appears to  be th e  sam e, th a t  is 
involved in  th e  cholinergic transm ission, th u s th e  site of th e  tw o actions 
essentially is th e  same. R ecen tly  Mautner e t al. (1972) have a  sim ilar con­
ception. H ow ever th e  exam inations of some o ther au thors have shown th a t  
sites, where th e  inhibition  o f neural ac tiv ity  and  th e  blockade of synaptic  
transm ission are produced are independent (Bryant, 1958; U subiaga and  
Standaert, 1967), b u t th ey  are dependent on th e  concentration o f drugs 
(Riker an d  K osay, 1970).

F or th e  pharm acological investigations o f localanaesthetics procain and  
various derivatives o f lidocain were m ost frequently  used. U nder th e  influence 
of these drugs th e  abolition o f spike generation on th e  g ian t axon o f squid  
has been dem onstra ted  (Shanes e t al., 1959). This resu lt has been in terp re ted  
as a consequence o f a  decrease in  potassium  an d  sodium  conductances, which 
has been supported  b y  some o ther works (Blaustein and  Goldman, 1966; 
Narahashi e t al., 1967). T he block o f transm ission has been investigated  in 
particu la r on th e  end-plate p o ten tia l an d  i t  has been shown, th a t  procain 
influences m ainly th e  K + -chanel independently  o f th e  N a+ -chanel, while b o th  
are sim ilarly affected by  lidocain (Maeno e t al., 1971).

I t  is known, th a t  th e  m echanism  as well as th e  conditions for generation 
of th e  spontaneous pacem aker ac tiv ity  are som ew hat different from  those of 
th e  evoked ac tiv ity  (Alving, 1968; Waziri e t al., 1965). Only a  few investig ­
ations have been reported  so far w ith  respect to  th e  effect of local anaesthetics 
on th e  pacem aker ac tiv ity . On th e  P urk in je  fibers of h ea rt muscle lidocain 
inhibits th e  spontaneous p o ten tia l generation (Bigger and  Mandel, 1970). 
On spinal neurones procain blocks th e  generation of all kinds of action  p o ­
ten tia l, while in  th e  sam e concentration it  does n o t affect th e  appearance 
o f E P SP -s (Curtis and  Phillis, 1961.) Wood (1972) proved in  an  ind irect
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m anner, th a t  some bursting  neurons sending inh ib ito ry  im pulses to  th e  in ­
te s tin a l sm ooth m uscle o f th e  ca t stopped  generating ac tiv ity  in  th e  presence 
o f lidocain.

As far as we know th e  effect o f local anaesthetics have n o t y e t been 
exam ined on th e  g ian t neurones o f G astropods. As th e  neurones o f Lymnaea 
stagnalis are suitable objects for study ing  the  pacem aker ac tiv ity  generation 
an d  th e  chemical sensitiv ity  o f th e  som a sim ultaneously (Sa l á n k i  an d  K iss , 
1969; K iss  an d  S a l á n k t , 1971), i t  appeared  to  be reasonable to  investigate 
th e  effect o f local anaesthetics on these cells. Beside th e  lidocain a  com pound 
m arked  as RG-1812 (l-piperidinopropanol,3-m ethoxybenzoate,hydrochloride) 
(K á r p á t i  an d  S z p o r n y , 1971; S z p o r n y  an d  K á r p á t i , 1972) was also tested . 
T he m ain questions we wished to  elucidate were as follows:

a)  Are th e  effects sim ilar to  those described on o ther objects?
b) W hether th e  drugs exert th e ir actions b o th  on th e  spontaneous 

ac tiv ity  an d  on th e  chemical sensitiv ity  b y  affecting th e  sam e m em brane site 
or a re  there  independent sites?

c) W h a t are th e  qualita tive  an d  q u an tita tiv e  differences betw een th e  
tw o local anaesthetics on th e  basis o f th e  tes ts  perform ed?

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

E xam inations were conducted on th e  g ian t neurones o f abdom inal an d  
rig h t parie ta l ganglia o f Lymnaea stagnalis. T he th ick  connective tissue was 
rem oved from  th e  dorsal surface o f th e  ganglia, th u s th e  cells becam e fairly  
visible th rough  th e  th in  tissue located under th e  th ick  one. The p repara tion  
was placed in  a  cham ber ( Fig. 1) containing 3 ml physiological saline (J u l l i e n  
a n d  K ip p l in g e r , 1948). F o r changing th e  solutions a  perfusion vessel an d  a 
pum p were used. T he cham ber was fixed to  th e  basis o f a  m icrom anipulator. 
A glass m icroelectrode filled w ith  2.5 M KC1 was fixed to  one arm  o f th e  m icro­
m anipulator, while an  o ther arm  was used for holding a  capillar filled w ith  
ACh or 5H T solution, which could be placed instan taneously  in to  th e  solution 
to  th e  v icin ity  o f th e  ganglionic surface.

Fig. 1. Scheme o f experim ental arrangem ent 
1 — physiological solution; 2 — experim ental cham ber ; 3 — preparation; 4 — micro- 
electrode; 6 — reference electrode; 6 — capillar for the  application of substances
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D uring recording th e  glass m icroelectrode was connected w ith  a  F E T  
negative capacitance high in p u t im pedance am plifier (Vé r ó , 1971). In  th e  
course o f th e  experim ents th e  biological signals were fixed on a  m agnetic 
tap e  and  th e  desired portions were registered la te r b y  m eans of a  D ISA  U n i­
versal In d ica to r an d  photorecorder. The effects o f lidocain an d  RG-1812 on 
th e  spontaneous ac tiv ity  were te s ted  in  such a  way, th a t  a f te r  recording th e  
control ac tiv ity  th e  whole volum e o f th e  R inger solution filling th e  experi­
m ental cham ber was exchanged for a  drug  solution o f app ropria te  concent­
ra tion . F o r exam ining th e  chem ical sensitiv ity  firs t th e  control effects o f ACh 
an d  5HT were registered a t  concentration proved to  be effective in  our earlier 
work (K iss an d  Salánki, 1971). Following th is th e  p repara tion  was incubated  
in  drug solution for an  appropria te  tim e, th en  th e  effects o f ACh an d  5H T 
were tes ted  again.

R e su lts

Effects of lidocain and RG-1812 on the spontaneous activity of the neurones

2X 10-3 —5 x  10-4 g/m l concentrations o f drugs were used. In  several 
m inutes m arked changes occur becoming m ore pronounced in  tim e an d  finally  
th e  spike generation ceases. This changes does n o t refer to  th e  m em brane 
poten tial, which was reduced b y  several mV-s a t  th e  m ost. T he m ost p ro ­
nounced effects have been shown on th e  following param eters:

A
20mV 
I__
1sec

C
20mV
1 _
2 sec

Fig. 2. E ffect o f lidocain and RG-1812 on the  shape of the  action po ten tia l 
a )  arrow  m arks th e  application of 10-3 g/ml lidocain; b) 7th m in. a f te r  the  application 
o f  lidocain; c)  effect o f 10~3 g/ml RG-1812 showing the  p la teau  form ation very  well
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1. There is a 2 —3-fold gradual increase in th e  spike du ra tion  (Fig. 2). 
This increase appears to  be th e  sum  o f tw o factors: an  increased tim e course 
o f th e  rising phase and  a delayed repolarization. T he la tte r  tends to  be sim ilar 
to  th e  falling phase of th e  action po ten tia l o f h ea rt muscle cells, in some cases 
a  pronounced p la teau  is form ed or during th e  delayed repolarization the  
m em brane comes to  be excited  again resulting in  a second or th ird  peak 
(F ig. 2.c).

2. The spike am plitude decreases. A t a  given concentration th is reduction 
is proportional to  th e  tim e, b u t th e  tim e-dependence is n o t linear, following 
abolition o f th e  overshoot th e  curve becomes steeper (Fig. 3). The m ost p ro ­
nounced inflexion can be found in  th e  case of RG-1812 o f 5 x  10 ~4 g/ml con­
centration .

3. H iperpolarizing afte rpo ten tia ls ten d  to  be reduced, a t  th e  sam e tim e, 
generally th e  ra te  o f pacem aker depolarization decreases (Fig. 4.b). Afte r 
th e  action po ten tia l ceased, som etim es local po ten tials rem ain for a  long tim e 
(F ig. 4.c).

4. The spontaneous firing  ra te  does no t show any  unequivocal change. 
G enerally th e  effect of b o th  drugs resu lted  in  an  increased frequency in  the  
early  period lasting for several m inutes, b u t a fte r 3—4 m inutes th ere  was a 
resto ration  o f th e  control value, or a  decrease to  50 %  o f control level. In  th e  
la tte r  case there  is neither an y  excessive concentration-dependence nor p ro ­
nounced difference betw een th e  tw o drugs ( Fig. 5). A  com plete abolition of 
spontaneous ac tiv ity  is caused in  5 —21 m in. b y  lidocain and  in  5.7—27 min. 
by  RG-1812. (F ig. 6).

I t  m ust be noticed, th a t  th e  stan d ard  deviation o f d a ta  is large enough, 
which m ay be a ttr ib u te d  to  th e  existence o f tw o groups o f cell having different 
sensitiv ity  to  th e  drugs. The m ost sensitive neurones whose action po ten tial

Fig. 3. Time dependence of the reduction of spike am plitude afte r th e  application of 
different concentrations of lidocain and RG-1812. O rdinate: diminished am plitudes

as per cent o f the  control
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F i g .  4 . Marked drug effect (RG-1812, 10-3 g/ml) causing a strong damage of the gener­
ation of action potential

a )  control; b )  15th min. after the application of lidocain; c )  in 20th min. only local po­
tentials remain

F i g .  5 . Decrease in the firing rate of spontaneous activity vs. drug concentration
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Fig. 6. Time of the  com plete inhibition of spontaneous ac tiv ity  vs. drug concentration

20mY
L

Isec

20mV
L

lsec

Fig. 7. E ffect o f lidocain on th e  ac tiv ity  and ACh-sensitivity of the  neurons driven
synaptically.

a)  and c) control ac tiv ity  and ACh-effect; b)  and d)  effect o f lidocain during which 
E P S P -s rem ain unchanged and the reactions given to  ACh are influenced by  the drugs 

in  different ways. Arrow m arks the application of ACh
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can be m ost rap id ly  blocked appear to  belong to  th e  pure pacem aker cells 
discharging m ost regularly .

F o r m aking a  com parison th e  behaviour o f several synaptically  driven  
neurones was exam ined. A fte r th e  action po ten tia l was blocked by  th e  drugs 
E P S P -s were found to  rem ain  unchanged (F ig. 7).

Influence on the chemical sensitivity

F o r these exam inations 10-3 an d  5 X Ю -4 g/m l lidocain an d  RG-1812 
solutions were used.

a) I n h i b i t i o n  o f  t h e  A C h - e f f e c t

T he exc ita to ry  effect o f ACh on D-cells is reduced b y  b o th  drugs and  
i t  is com pletely p reven ted  w ith in  10 min. The effectiveness o f lidocain and  
RG-1812 has been com pared in  tw o ways. On th e  one hand , th e  degree o f 
inhibition  has been calculated  tak ing  th e  increase in  th e  firing  ra te  caused 
b y  ACh under norm al conditions as 100%. This degree is given b y  th e  m ean 
value o f d a ta  obtained  w ith in  th e  f irs t 9 min. following th e  drug application. 
10-3  g/m l lidocain caused 56% , while th e  sam e concentration of RG-1812 
96%  inhibition.

On th e  o ther hand , th e  m ean tim es required  to  p reven t com pletely th e  
exc ita to ry  effect of ACh b y  each o f th e  drugs have been com pared. In  th e  
case o f RG-1812 th is  tim e is 8 — 9 m in. ( Fig. 8 c, d), a t  th e  sam e tim e lidocain 
does n o t y e t cause a  com plete d isappearance of sensitiv ity  to  ACh ( Fig. 8 а, Ъ).

As i t  has been m entioned, sim ultaneously w ith  th e  inh ibition  o f th e  
spontaneous ac tiv ity  th e  exam ined drugs does n o t affect th e  E P SP -s. Con­
sequently , th e  changes in  th e  A C h-sensitivity cannot be so unequivocal on th e  
driven neurones as th ey  can be on th e  pacem aker ones. Figure 7 shows tw o 
d ifferent effects o f  drugs on th e  neurones affected b y  ACh m ainly th rough  
th e  postsynaptic  m em brane. In  th e  “a —b ” case there  was a  high frequency 
E P S P  in p u t to  th e  postsynaptic  neurone in th e  control s ta te , an d  th ere  is 
no significant reduction in th e  exc ita to ry  effect of ACh when lidocain is p re­
sen t. The figures “ c —d ” dem onstrate  th e  ac tiv ity  o f a  cell having a low fre­
quency E P S P  in p u t in  th e  control s ta te . Following th e  application of lidocain 
th e  exc ita to ry  reaction o f th is cell given to  ACh is g reatly  reduced.

b j E f f e c t  o f  5 H T  i n  t h e  p r e s e n c e  o f  l o c a l  a n a e s t h e t i c s

U n til th e  9 th  min. a f te r  th e  application o f th e  exam ined drugs th e re  is 
no significant change in  th e  sensitiv ity  to  5H T ( Fig. 9.). However, from  th e  
9 —10th min. 5H T is ineffective on th e  preparations incubated  either in lido­
cain or in RG-1812 solution.

W ith  respect to  th e  influence on th e  serotonin-sensitivity  there  is no 
significant difference betw een th e  tw o drugs.
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Fig. 8. E ffects o f drugs on the  ACh-sensitivity o f pacem aker neurones. 
a) and o) control ac tiv ity  and ACh-effect; b) in  8th m in. a f te r  the  application lidocain 
causes a  decrease in  the excita tory  effect of ACh, b u t cannot com pletely prevent it; 
d)  a t  the same tim e and concentration RG-1812 prevents com pletely th e  effect of ACh. 

Arrow m arks the application of ACh

Fig. 9. a ) Control effect of 5HT; b) Following the application of 10-3 g/ml lidocain there 
is no significant change in  the  effect of 5HT
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Discussion

Our results show th a t  the  spontaneous firing of g ian t neurones reacts 
to  lidocain and  RG-1812 sim ilarly to  o ther excitable structures: a blockade 
of action po ten tial and  of the  ACh-receptors of m em brane is induced. There is 
a  reason to  suppose th a t  inhibition of th e  spontaneous ac tiv ity  is resulted  
b y  a  d irect influence on th e  som a m em brane, as if  an  inhibition of th e  axonal 
pacem aker locus occurred the  som atic spike would no t fall gradually , b u t it 
would be expected to  d isappear according to  the  “all or no th ing” law. I t  is 
presum able again th a t  the  effect is no t specific to  th e  fundam ental processes 
o f pacem aker generation of po ten tia l as th e  spikes evoked synaptically  are 
abolished too, on th e  o ther hand, th e  firing ra te  — a basic p aram eter of 
pacem aker ac tiv ity  — rem ains uneffected in a num ber of cases, as long as 
ac tiv ity  lasts. The oscillation in m em brane po ten tial underlining th e  spontane­
ous ac tiv ity  m ay also be m ain tained  quite a long tim e a fte r the  cessation o f 
th e  spike generation. I t  becam e clear th a t  an  inhibition  bo th  o f th e  fast rising 
and  the  falling phase of an  action po ten tia l occured. The decrease in  am plitude 
as well as in steepness of the  rising phase and  th e  prolongation o f repolarization 
tak e  place a t  th e  sam e tim e, which indicate a sim ultaneous blockade of N a+ 
an d  K + channels. This conclusion is in good agreem ent w ith  th e  observations 
o f Ma eno  e t al. (1971) concerning lidocain.

In  the  present work th e  spontaneous ac tiv ity  of the  som a was investig­
ated , which was affected by  ACh m ainly through the  receptors located on the  
som a m em brane. Besides — as ACh was no t applied by  m icroiontophoresis -  
evidently  th e  effects on th e  postsynaptic  m em brane m ay also be considered, 
b u t in th e  present case it  is no t th e  p rim ary  process, which becomes clear 
m aking a com parison w ith  th e  cells driven synaptically  — beside some other 
consideration. Nam ely on these driven cells one can continue to  dem onstrate 
E PSP-s of cholinergic origin a f te r  cessation of th e  spontaneous ac tiv ity  and  
ACh can cause an  excitation  sim ilar to  th a t  obtained  in th e  control s ta te  in 
sp ite of the  presence of lidocain. This case is dem onstrated  in Fig. 7a—Ъ, 
while in Fig. 7c d the  difference between th e  control ACh-effect and  th a t  
dim inished by  lidocain m ay be explained by a  selective blockade of the  som a 
receptors. Persistence of th e  synaptic in p u t a fte r the  inhibition of spike 
generation can be explained b y  different pharm acological sensitiv ity  of the  
som atic and  synaptic regions. I t  is no t surprising when one m akes a com parison 
w ith  some d a ta  in literatu re , which suggest th a t  th e  N a+ -requirem ent for the  
production o f axonal an d  som atic action po ten tial is different (Magtjra e t al.,
1970), as well as th a t  there  are pharm acologically different ACh-receptors on 
th e  same individual neurone (K e h o e , 1972). In  th e  investigations on some 
o ther objects R ik e r  and  K osay  (1970), Cu r t is  and  P h il l is  (1961) and 
U subia g a  and  Sta n d a er t  (1967) also found th a t  th e  synaptic transm ission 
sustained  a  loss la te r in com parison to  th e  action potential.

I f  i t  is accepted th a t  under the  given experim ental conditions the  site 
o f  th e  action of drugs is located on the  soma, th e  question a t  issue here is 
w hether there  is a common locus or there  are separated  loci for inhibition of 
th e  action po ten tial and  th e  ACh-sensitivity. Our results have dem onstrated  
a  reduction of ACh-effect, furtherm ore, even its  com plete prevention by  RG- 
1812 occured when there  was only an  insignificant dam age to  the  spike ge­
neration. These d a ta  showing th e  two kinds of effects to  be realised a t  different

6
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times support the  idea of the  existence of separate  loci a lthough does no t verify 
it in se. I t  is ra th e r confirm ed by the  results th a t  the  blockade of spontaneous 
ac tiv ity  by th e  drugs was more considerable a t  a  concentration of 10 ~3 g/ml 
th an  a t  5 X 10 _4 g/ml, while th e  above difference has been failed to  dem onstrate  
for the  inhibition  o f th e  ACh-sensitivity. Thus, an  earlier appearance o f the  
reduction of A Ch-sensitivity m ight be explained as follows: A fter th e  applic­
ation of the  drugs more and  more molecules in te rac t w ith th e  given sites in 
the  course of tim e. The ACh-receptors are sensitive even to  a lower concentra­
tion, while for th e  receptors involved in th e  generation of action po ten tia l a  
higher concentration being reached la te r is required  to  cause a  considerable 
inhibition. R ik e r  and  K osay  (1970) suggested a sim ilar in te rp re ta tio n  of 
tw o separated  sites o f lidocain action, however in th e ir experim ents th e  
blockade of the  ACh-receptors required  a  higher lidocain concentration because 
these investigations dealt w ith the  synaptic transm ission.

The prevention of 5HT-effect in 9-10th min. a fte r the  application of 
drugs cannot be unequivocally a ttr ib u te d  to  a  specific blockade of th e  sero- 
tonine-receptors, since before it  there  was no significant inhibition, on th e  
o ther hand, th e  spike generation is likewise considerably dam aged by  th is 
tim e. Nevertheless, some kind of th e  drog-receptor in teraction  cannot be 
disregarded even so it is lower in ex ten t com pared to  th e  inhibition of ACh. 
To clear up the  question fu rther investigations are required.

Com paring th e  effects o f two exam ined drugs i t  can be established th a t  
th e  inhibitory  effect of RG-1812 on th e  spike generation differs only q u an ti­
ta tive ly  from  th a t of lidocain which is shown by  the  dosage-effect curves, 
b u t there  is qualita tively  no difference, so th is d rug appears to  be sim ilar 
ra th e r to  lidocain, th an  to  procain, regarded by  Ma en o  e t al. (1971) as a  
m a tte r blocking th e  K + -channel selectively.

The com parison has led to  a surprising result. Lidocain, which has 
proved to  be a  stronger inh ib itor of th e  spontaneous spike generation, is less 
effective on the  A Ch-sensitivity com pared w ith RG-1812 having less influence 
on the  spike generation. This fact can also be regarded, as an  indirect evidence 
o f th e  existence o f separate  sites of th e  action on th e  spontaneous ac tiv ity  
and  ACh sensitivity . Resides it is of in terest to  m ake a com parison w ith 
Va r a n k a ’s unpublished d a ta  showing on th e  CVC of Anodonta th a t  th e  RG- 
1812 has the  stronger anaesthetic effect.

Summary

E ffects of lidocain and  RG-1812 on th e  spontaneous ac tiv ity  and  chem ­
ical sensitiv ity  of th e  g ian t neurones of Lymnaea stagnalis were studied. B oth  
drugs were found to  inh ib it th e  generation of action po ten tial as well as to  
p reven t th e  exc ita to ry  effect o f ACh. I t  m ay be supposed th a t  these two kinds 
o f effect occur on separate receptors as th e ir tim e- and  concentration-depend­
ence were no t similar.

D uring th e  inhibition of action po ten tia l th e  rising phase an d  th e  re- 
polarization were sim ultaneously dam aged, which indicated  a blockade o f 
bo th  N a + and  K + -channel.



83

The effect of RG-1812 differs from  th a t  of lidocain only quan tita tively , 
it causes a sm aller inhibition of the  spontaneous spike generation, b u t has a 
more considerable effect on the  ACh-sensitivity.

The effects of th e  drugs on th e  sensitiv ity  to  serotonin have no t proved 
to  be unequivocally specific.
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H E L Y I É R Z É S T E L E N ÍT Ő K  H A TÁ SA  AZ Ó R IÁ S  N E U R O N O K  
A K T IV IT Á S G E N E R Á L Á S Á R A  É S  K É M IA I É R Z É K E N Y S É G É R E

K is s  Is tvá n  és Vadász Is tv á n  

összefoglalás
A  lidocain  és az R G -1812 jelzésű  an y ag  h a tá s á t  v izsg á lták  L ym naea  stagnalis 

óriás n eu ro n ja in ak  sp o n tá n  a k tiv itá sá ra  és kém iai érzékenységére. M indkét d rog ra  
jellem ző, hogy  g á to lja  az akciós po ten c iá l g en e rá lá sá t és k ivéd i az ACh serk en tő  h a tá s á t. 
F e lté te lezh e tő , hogy  a  kétféle  h a tá s  kü lönálló  recep to rokon  érvényesü l, m ivel idő és 
koncen trác ió függésük  nem  egyezik m eg.

A z akciós p o tenc iá l b lokko lása  fo lyam án  a  fel- és leszálló szár e g y a rá n t sérül, 
am ely  a  N a- és К -csa to rn a  eg y id e jű  b lo k k já ra  enged  k ö v e tk ez te tn i.

Az R G -1812 je lzésű  an y ag  h a tá s a  csak  m ennyiségileg  té r  el a  lidocainétó l: g y en ­
gébben  g á to lja  a  sp o n tá n  po ten c iá l képzést, u g y an ak k o r erősebben  h a t  az A C h-érzékeny- 
ségre.

A  d rogok  h a tá s a  a  szerotonin-órzékenységre nem  egyérte lm ű en  specifikus.
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