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I t  has been described th a t  beside miogeneicity the  heart of the  snail 
Helix pomatia is controlled also by  ex tracard ia l innervation  ( K r i j g s m a n  an d  
D i v a r i s , 1955). On th e  o ther hand, well defined impulses evoked by the  ta c 
tile, pressure, osm otic and  chemical stim ulation  of the heart are running to  
the  CNS th rough the  in testinal nerve (S .- R ó z s a , 1972). We found th a t tac tile  
stim ulation of th e  h eart can modify the  ac tiv ity  of some central neurones 
by causing acceleration in some cases while inhibition in others, and  also th e  
efferent connection betw een some o f the  m odulated  neurones and  the  h ea rt 
has been proved (S.- R ó z s a  and  S a l á n k i , 1973).

In  our present work we w anted to  elucidate w hether there  are special 
neurones in the  central nervous system  responding to  chemical stim uli applied 
to  the  heart or not, and  further, if th ey  are present, w hat is their reaction 
a t  d ifferent modes of stim ulation. Also the character of the  respond evoked 
by  the  chemical stim ulation  of the  heart was determ ined, and  the  reactions 
of neurones belonging to  th e  h ea rt-h ea rt reflex were investigated.

Material and methods

E xperim ents were carried out on b ra in -heart p reparation  o f Helix 
pomatia L. Snails kep t in h ibernation during w inter were waken and  ac tiva ted  
by keeping them  a t room  tem peratu re  and  a t  increased hum id ity  while th ey  
were fed. The heart ra te  o f the  anim als ac tiva ted  by th is way was regular and  
could be kep t functioning in half-isolated conditions for long tim e (24 hours).

The shell o f the  anim als was rem oved and  the  cen tral nervous system  
was exposed. The circum oesophageal ganglionic ring was separated  from  th e  
surroundings, and  w ith the  exception of the  in testina l nerve all of the  neural 
connections of the  ganglia were cut. The in testina l nerve was cleared from  
the  connective tissue and  the  blood vessels and  side branches were transsected  
only the  fine nerve running  to  th e  h eart rem ained in tac t (Fig. 1).

The h eart was freed by  opening the  pericard. C annula were inserted  
into the pulm onal vein and  in to  the  ao rta  near to  the ventricle for perfusion. 
The conditions of the  perfusion, assuring constan t pressure, were described 
in details previously (S.- R ó z s a  and  G r a t jl , 1964).
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Fig. 1. E x p e rim e n ta l a rran g em en t. SOG —  suboesophageal ganglionic m ass; ni —  n. 
in testin a lis ; nc  — h e a r t nerve ; a  — a tr iu m ; v  — ven tric le ; M E — m icroelec trode; DC A — 
DC am plifier; B E  — b ipo la r e lec trodes; АСА — AC am plifier; О — oscilloscope; p  — 

perfusion  cham ber for physio logical so lu tion ; S — cham ber for substance  (5H T)

The prepara tion  consisting of th e  brain , in testina l nerve and  h ea rt was 
placed in a special cham ber and  th e  connection betw een the  ganglia and  the  
h ea rt was m ain tained  only th rough  th e  nerve. The distance from  th e  brain  
to  th e  heart m easured abou t 2 cm. B oth  h eart and  brain  was p ro tec ted  from 
dry ing  by  physiological saline. F o r keeping th e  tissues wet and  for solving 
substances Meng-soIútion (Meng, 1958) was used. The p repara tion  and  the 
experim ental circum stances are given in Fig. 1.

F or stim ulating  th e  h eart chem oreceptors 5-hydroxytryptam ine (5HT) 
was used. 5HT was perfused in  10-e —10~3 mol concentration in tracaridally  
w ith  a pressure identical to  th e  norm al perfusion, using a tu rn ing  cock. Tactile 
stim ulation  was perform ed a t  th e  a trio -ventricu lar area, w ith  a fine brush.

The electrical ac tiv ity  of th e  in testinal nerve was recorded b y  bipolar 
Ag-AgCl electrodes, extracellularly . A fter heart stim ulation  th e  im pulsation 
increases bo th  in frequency and  am plitude (S.-Rózsa, 1972). The m em brane 
an d  action poten tials of th e  central neurones were recorded w ith  conventional 
glass microelectrodes filled w ith  KC1, and  having resistance from  5 to  15 
MOhms. In  th e  experim ents high in p u t im pedance am plifier (Vé r ó , 1971) 
was used, and  polarization could be perform ed w ith appropriate  bridge circuit. 
F or am plification and  recording the  po tentials ALVAR instrum ents were used'
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Neurones responding to  th e  stim ulation  o f th e  chem oreceptors o f th e  
h ea rt were m apped using th e  m ethod w orked o u t previously on Helix b ra in  
(Sa k h a r o v  an d  S a l á n k i , 1969). P a r t  o f these neurones were identical w ith  
cells responding to  tactile  stim ulation  (S .- R ó zsa  an d  S a l a n k i , 1973).

E xperim ents were perform ed in  au tu m n  and  w inter a t  room  tem peratu re  
(20°—22 °C).

Results

A ltogether 31 neurones from  th e  visceral an d  righ t parie ta l gangha 
of 19 preparations were investigated . Some of th e  cells could be identified  in 
d ifferent preparations due to  th e ir constan t localization. The num bering and  
location of th e  d ifferent neurones responding to  th e  stim ulation  o f th e  h eart 
chem oreceptors w ith  5H T are shown in Fig. 2.

Most of th e  cells perform ed spontaneous ac tiv ity  during experim ents, 
being th e  generation o f action po ten tials endogenous (pacem aker cells) or 
evoked by  synaptic  po ten tials (driven cells). Several “silent neurones” were 
also investigated.

F ig . 2. L ocaliza tion  an d  reac tio n  ty p e  o f neurones respond ing  to  th e  s tim u la tio n  o f th e
h e a r t  w ith  5H T.

(5) — increase o f a c tiv ity ,

Q  — decrease o f  a c tiv ity ,

Q ) — b iphasica l reac tion ,

О — no reac tio n

7
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The characteristics of th e  afferent im p u ta tio n  running  from  th e  h ea rt 
to  th e  CNS th rough  th e  in testina l nerve were described previously (S.- R ó z s a , 
1972). In  th e  p resen t experim ents bo th  th e  stim ulation  an d  th e  recorded 
ex tracellu lar po ten tials were iden tical to  th a t  w hat was found earlier. All th e  
neurones responding to  th e  chemical stim ulation  of th e  h ea rt were tes ted  
w hether th ey  give a  response to  th e  tac tile  stim ulation  of th e  h ea rt or no t.

1. Central neurones responding to the stimulation of the heart chemoreceptors

a) N e u r o n e s  r e s p o n d i n g  w i t h  t h e  d e c r e a s e  o f  t h e  
a c t i v i t y

F ive neurones have been found whose ac tiv ity  decreased due to  th e  
in tracard ia lly  adm inistered 5HT. These were V7, V14, У18, V19 an d  R Pa8 
neurones. The increased afferent im pulsation recorded from  th e  in testina l 
nerve was followed by  th e  frequency decrease and  fu rth e r b y  elim ination of 
th e  spike generation o f th e  neurone recorded w ith  in tracellu lar electrode. 
As a  rule, IP S P -s could n o t be recorded from  th e  cell, an d  release from  in 
hib ition  was n o t followed b y  increased ac tiv ity . As it  is shown in  Fig. 3 
th e  perfusion of th e  h eart w ith  5HT caused inhibition in  th e  ac tiv ity  o f neurone 
V7, an d  a f te r  wash ou t th e  control frequency re tu rn ed  only gradually. No 
IP S P -s were registered from  cell V7 during h ea rt stim ulation, however, 
following tw o or th ree  depolarizations and  hyperpolarizations characteristic 
inh ib ito ry  po tentials appeared, referring to  th e  presence of synaptic influences 
on th e  cell. This fact gives a  basis to  suppose th a t  inhibition  occurring a fte r 
increased afferent im p u ta tio n  could be also the  resu lt o f synaptic  bom bard 
m ent, however, for some reason th is could no t be recorded from  the  soma.

A

В

|200uV 

130 mV

1sec
F ig . 3. R eac tio n  o f  neurone V7 to  th e  chem ical s tim u la tio n  o f  th e  h e a rt . A  — con tro l; 
В  a n d  C — effec t o f  stim u la tio n . H ere  an d  in  th e  follow ing F igs: u p p e r — ex trace llu la r  
reco rd ing  from  th e  h e a r t ne rv e ; low er: in trace llu la r reco rd ing  from  th e  som a of th e

neurone
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Ъ) N e u r o n e s  r e s p o n d i n g  w i t h  t h e  i n c r e a s e  o f  t h e  
a c t i v i t y

D ue to  5HT stim ulation of th e  h ea rt th e  ac tiv ity  of th e  neurones V13, 
V16 an d  R Pa9  increased. This was preceded b y  th e  increased afferen t im puls- 
ation  recorded from  th e  in testina l nerve (Fig. 4). The increased ac tiv ity  of 
th e  neurones was observed u n til th e  elim ination o f th e  serotonin from  th e  h eart 
an d  th e  re tu rn ing  o f th e  control ac tiv ity  o f th e  in testina l nerve.

1200jliV 

|30mV

1sec

F ig . 4. R esponse o f neurone V16 to  th e  chem ical s t im u la tio n  o f  th e  h e a rt . A  — control; 
В an d  C — effect o f  con tinuous s tim u la tio n

F urtherm ore th e  ac tiv ity  of cell Y13 was in close correlation w ith  one 
o f th e  com ponents recorded from  th e  h ea rt nerve ( Fig. 5). As th e  in tracellu lar 
spikes preceded th e  ex tracellu lar po tentials, these la tte r  can be considered 
as efferent im pulses originating from  th e  neurone an d  running tow ards th e  
heart. This supposition is supported  by  th e  findings th a t  th e  close correlation 
o f th e  tw o signals could be observed also a t  th e  depolarization o f th e  neurone 
(Fig. 6).

Figure 5 shows th a t  th e  chem oreceptors of th e  h eart become active 
to  5H T n o t instan taneously , b u t there  is a t  th e  beginning only a  week sig- 
nalization (Fig. 5B ). Also th e  elim ination of th e  effect of th e  5H T an d  th e  
decrease of th e  ac tiv ity  of th e  in testina l nerve tak e  place gradually. The ac tiv ity  
o f cell У13 rem ains enhanced u n til th e  ac tiv ity  of th e  in testina l nerve is higher 
th a n  th a t  o f th e  control (Fig. 5E, F ).

No E PSP-s could be registered from  neurones responding to  th e  h eart 
stim ulation  w ith  th e  increase of th e  spike generation.

7*
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F ig . 5. R esponse o f  cell V 13 to  th e  chem ical s tim u la tio n  o f th e  h e a rt . A  an d  В  — con tro l 
an d  beg inn ing  o f  s tim u la tio n ; C — an d  D — during  s tim u la tio n  a f te r  1 m in ; E  an d  F  — 
end  o f  w ash  o u t a f te r  3 m in . I t  can  be seen th a t  th e  in trace llu la r sp ike is follow ed b y  an

ex trace llu la r one in  each  case

F ig . 6. R esponse o f  cell 13 to  d ep o la riza tion  o f th e  som a m em brane . N o te  th e  co rre la tion  
betw een  th e  in tra -  an d  ex trace llu la r com ponents
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c) N e u r o n e s  w i t h  b i p h a s i c a l  r e s p o n s e

There were cells responding biphasically  to  th e  chem o-stim ulation of 
th e  heart. The frequency o f th e  ac tiv ity  o f cells У12, У17 and  R P a6  increased 
a t  th e  beginning, th an  it  decreased. The reaction o f neurone V17 is dem onstr
a ted  in  Fig. 7. I t  can be seen th a t  a f te r  perfusing th e  h eart w ith  5HT bo th  
th e  am plitude and  th e  frequency of th e  afferent im pulsation increased and  
following th is, th e  frequency o f th e  action poten tials recorded from  neurone 
V17 was nearly  doubled (Fig. 7B ). However, a fte r 2 min. th e  ac tiv ity  of the

A

В
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D
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|100uV 
140 mV

1sec
F ig . 7. R esponse o f cell V17 to  th e  s tim u la tio n  o f  th e  h e a r t  w ith  5H T. A  — co n tro l; 

В , C a n d  D  — con tinuous s tim u la tio n  o f th e  chem oreceptors; E  — a f te r  w ashing

neurone was inh ib ited  while firs t depolarization, th an  hyperpolarization 
occurred, an d  a t  th e  sam e tim e th e  frequency o f th e  ex tracellu lar po tentials 
w ith  high am plitude was decreased (F ig. 7C). Recovering from  th e  phase of 
inhibition  th e  cell is more active th a n  was in  th e  control s ta te  (F ig. 7D), 
while a fte r elim ination of th e  5HT it  produced a lower ac tiv ity  com pared 
to  th e  control ( Fig. 7E). This ty p e  of reaction was very  characteristic to  th is 
neurone and  could be evoked repeated ly  w ith  very  sim ilar tim e curves in  each 
case.

Cell V I2 responds sim ilarly to  V I7 (Fig. 8), however, in  th is  case the  
increase of th e  ac tiv ity  is only of sho rt dura tion  a fte r h eart stim ulation  ( Fig. 
8B ), and  a lte ra tion  of frequency increase and  decrease was observed. This 
ty p e  of po ten tia l generation, resem bling to  a bim odal, bursting  ac tiv ity  was 
observed also during th e  w ash ou t o f serotonin (Fig. 8E ,F ). In  some cases 
during th e  inh ib itory  phase IP S P-s were observed causing probab ly  th e  in-



1 0 2

F ig . 8. R esponse o f neurone V12 to  h e a r t  s tim u la tio n . A  — co n tro l; В , C an d  D  — effec t 
o f  s tim u la tio n ; E  — d u ring  w ash  o u t a f te r  2 m in ; F  — a f te r  6 m in . N o te  th e  synchronous 

ex trace llu la r  p o te n tia l follow ing th e  in trace llu la r  sp ikes

hib ition  o f th e  spike generation. In  case o f cell V12 also a close correlation 
was found betw een th e  in tracellu lar spikes an d  a  given ex tracellu lar p o ten tia l 
type.

The in itia l increase of ac tiv ity  was followed by  inh ibition  o f th e  p o ten tia l 
generation in  case o f th e  R Pa6  neurone, too. The spikes o f th e  cell could n o t be 
recorded in  th e  ex tracellu lar reg istra tion  from  th e  h ea rt nerve, nevertheless, 
th e  general im pulzation of th is  nerve was lowered during  th e  phase o f inhib iton  
o f th e  cell ac tiv ity . This m eans th a t  th e  R P a6  neurone is connected n o t to  a 
particu la r axon in  th e  h ea rt nerve, b u t w ith  several o ther neurones, sending 
th e ir axon in to  th is nerve. The generation  o f po ten tials in  th is  neurone was 
clearly o f synap tic  origin driven b y  E PSP-s.

d) E f f e c t  o f  t a c t i l e  s t i m u l a t i o n  o f  t h e  h e a r t  o n  
n e u r o n e s  g i v i n g  r e a c t i o n  t o  c h e m о - s  t  i m u 1 a t  i о n

T he reactions of neurones to  chemical an d  tac tile  stim ulation  of th e  h eart 
were com pared in  order to  clear up th e  specificity of th e  cen tral rep resen ta tion  
of th e  effect evoked w ith  stim ulation  o f d ifferent types. Table I  sum m arizes 
th e  results.
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T A B L E  I

Response of identified central neurones to the chemical and 
tactile stimulation of the heart

Neurone Reaction to chemical 
stimulus

Reaction to tactile 
stimulus

V7
V8 0 —

V12 + »— +
V13 + —
v u — 0
V16 + +
V17 + »— + » ~
V18 — +
V I9 — —

R Pa6 +>— —

R Pa8 —

R Pa9 + —

-f-: increase of activ ity  
—: decrease of activ ity  

0: no effect

As can be seen, there  were only tw o neurones responding only to  one so rt 
o f stim ulation. Cell V8 gave reaction only to  tactile , while cell V14 to  chemical 
stim ulation  o f th e  heart. Cells Y13, У18 an d  R P a9  gave antagonistic reaction 
to  th e  chemical an d  tactile  stim ulation  o f th e  h ea rt: V13 and  R Pa9  neurones 
becam e stim ulated  a t  chemical, an d  were inh ib ited  a t  tac tile  stim ulation . 
Cell У 18 gave reversed response. B iphasic reaction was observed in  th e  case 
o f cell V17 to  b o th  types o f stim ulation , while cell V12 and  R P a6  responded 
biphasically  to  chem o-stim ulation o f th e  heart. In  these cases acceleration 
was th e  firs t phase, followed by  a  decrease and  again b y  an  increase of th e  spike 
generation.

Tactile stim ulation  caused on cell V12 only stim ulation  while on cell 
R P a6  only inhibition , however, one m ust tak e  in to  consideration th a t  th e  
du ra tion  o f th e  tac tile  stim ulus is com paratively  short, while chemical s ti
m ulation is long. Cells V7, V19 an d  R P a8  were inh ib ited  an d  cell V16 was 
stim u la ted  b o th  a t  tac tile  an d  chemical stim ulation  of th e  heart.

e) P o s t s y n a p t i c  p o t e n t i a l s  o n  t h e  c e n t r a l  n e u r o n e s  
a t  t h e  s t i m u l a t i o n  o f  h e a r t  r e c e p t o r s

F rom  th e  som a of neurones connected w ith  h ea rt receptors postsynaptic  
po ten tials could be registered only rarely . Cell R P a6  was th e  single neurone 
where E P S P -s were recorded in  control conditions an d  from  cell V7 could 
be recorded IP S P -s  a f te r  repeated  de- an d  hyperpolarization.

In  tw o cells, however, where th e  effects of tac tile  and  chemical stim ulation  
were antagonistic, PSP-s occurred, an d  th e  effect was realized clearly th rough  
PSP-s. In  cell V12 a fte r chem o-stim ulation o f th e  h ea rt depolarization took  
place a t  th e  beginning, w ithou t noticeable PSP-s. However, in  th e  second 
phase th e  inhibition  took  place w ith th e  appearance o f IP S P -s  ( Fig. 9) .  On
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F ig . 9. Tw o phases o f  th e  response o f  neurone V 12 in  a  case, w hen  a f te r  th e  chem ical 
s t im u la tio n  o f th e  h e a r t  IS P S -s w ere reco rded . A  — co n tro l an d  th e  effect o f ta c tile  
s tim u la tio n  o f  th e  h e a r t;  В  — e x c ita to ry  phase  follow ing th e  chem ical s tim u la tio n  of 

th e  h e a r t;  C — in h ib ito ry  phase  d u ring  s t im u la tio n

F ig . 10. R esponse o f  cell VT8 to  h e a r t  s tim u la tio n . A  — con tro l; В  — effec t o f ta c tile  
s t im u la tio n  o f th e  h e a r t . N o te  th e  increase o f  E P S P -s . C — effec t o f  chem ical s tim u la tio n

o f th e  h e a r t

cell Y12 th e  increase of ac tiv ity  appeared  w ithou t E PSP-s also in case of tac tile  
stim ulation. On cell V18 th e  tac tile  stim ulation  o f th e  h ea rt resu lted  in  th e  
increase of E P SP -s and  enhanced spike ac tiv ity . On th is  cell th e  inhibition  
evoked b y  chem o-stim ulation of th e  h ea rt appeared  w ithou t IP S P-s, however, 
th e  am plitude o f th e  E P SP -s was d rastically  reduced, an d  m em brane hyper
polarization was observed (F ig. 10). In  con trary  to  th e  fact th a t  PSP-s were 
recorded only ra re ly  these cases show th a t  signalization arriv ing from  th e
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h ea rt can cause strong synap tic  influence on th e  neurones. I t  seems probable 
th a t  th e  m odification o f th e  cell ac tiv ity  occurs m uch more frequen tly  th rough  
synaptic  po ten tia l th a n  we could observed, however, being th e  synapses far 
from  th e  som a when recording w ith  in tracellu lar electrodes, these po ten tials 
do n o t become visible.

Discussion

I t  was shown earlier th a t  th e  tac tile  stim ulation  of th e  h ea rt modifies 
th e  ac tiv ity  o f a num ber o f cen tral neurones (S.-Rózsa an d  Salánki, 1973). 
The present results give evidence th a t  th e  chem oreceptors o f th e  h eart also 
have a  sim ilar cen tral rep resen ta tion  a t  cellular level. Our experim ents were 
conducted on th e  visceral an d  rig h t p a rie ta l ganglia, and  these neurones were 
found n o t in  groups, b u t in dispersed localization. I t  can be supposed, th a t  
neurones connected w ith  h ea rt chem oreceptors could be found in o ther p a rts  
o f th e  ganglionic mass too.

According to  these d a ta  neurones receiving signals from  th e  h ea rt a t  
different modes o f stim ulation  are m ixed in th e  snail bra in  sim ilarly  to  th e  
cen tral neurones o f h ea rt chemo- an d  baroreceptors in  th e  brainstem  o f ver
teb ra tes  (Miura and  R eis , 1972; Spyer , 1972). Our earlier histological d a ta  
also proved th a t  th e  neurones innerva ting  th e  h ea rt of G astropoda are in th e  
ganglia sca tte red  and  do n o t form  any  defin ite group (Gxjbicza and  S.-Rózsa,
1969).

E xam ining th e  neurones w hether th ey  can be influenced b o th  from  the  
chem oreceptors an d  tac tile  receptors we found th a t  there  is only a  few o f them  
responding only to  one o f th e  stim ulus types. There were a  few more cells 
responding an tagonistically  to  th e  tw o different stim uli. The identical re 
p resen tation  o f d ifferent stim uli show th a t  p rim ary  sensory neurones respond
ing directly  to  stim u lation  can be p resen t am ong th e  investigated  cells only 
in  a  lim ited  num ber. Such p rim ary  sensory neurones are th e  m echano- and  
s tre tch  receptors o f crabs, th e  chordotonal organ o f arth ropods, th e  muscle 
proprioceptors, while th e  cen tral ligh t sensisitive system  o f th e  arthropods 
an d  m ost o f o ther sensory system s are composed o f secondary sensory neurones 
(Grundfest, 1971). M ost p robab ly  such secondary sensory neurones take  
p a r t  in  th e  cen tral rep resen ta tion  of sensory areas o f th e  Helix  hea rt. The 
sensory character could explain th a t  postsynap tic  poten tials were n o t re 
gistered from  m ost of th e  neurones b o th  a t  rest an d  a fte r chemical or tac tile  
stim ulation  of th e  h ea rt. However, to  explain th e  lack o f PSP-s one can 
suppose too th a t  the  place o f th e  synap tic  influence and  th e  location o f th e  
recording electrode are s itu a ted  to  a  distance, an d  so th e  synap tic  po ten tials 
can influence th e  spike generation, b u t cannot be recorded from  th e  soma. 
I f  th is supposition is true , one could record a  more violent sy n ap tic  bom bard
m ent from  th e  synap tic  region th an  from  th e  soma.

In  case o f b iphasical responses som etim es PSP-s appeared  clearly. 
This ty p e  o f ac tiv ity  is based p robably  in  each case upon  synap tic  influences, 
when th e  com petition o f ex c ita to ry  and  inh ib ito ry  in p u ts  cause a ltera tion  
in th e  cell ac tiv ity . I t  can be supposed th a t  th e  occurrence o f b iphasical re 
sponses w ould be m ore frequen t a f te r  tac tile  stim ulation  if  we apply  th is 
stim ulus for m inutes in stead  of seconds.
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The occurrence o f neurones responding differently  to  d ifferen t modes 
o f stim ulation  is an  ind irect p roof showing th a t  am ong receptors special 
chemo- an d  tac tile  receptors m ust exist, however, we are lack o f any  infor
m ation  ab o u t th e ir morphological s truc tu re . As b o th  ty p e  of stim ulus cause 
an  increase in  th e  electrical a c tiv ity  o f th e  in testina l nerve, th e  d ifferent 
neuronal reactions refer to  th e  fact th a t  specificity m ust exist also a t  neuronal 
level according to  th e  sensory area. I t  cannot be excluded th a t  th is specificity 
is m anifested in  th e  form  o f th e  presence o f p rim ary  sensory neurones. I t  can 
be supposed too th a t  neurones influenced by  h ea rt receptors form  a  coupled 
system  sim ilarly to  th a t  described for th e  touch  receptors o f Hirudo (B a y l e r  
an d  N ic h o l l s , 1 9 69 ). Such a  coupling can give a  basis n o t only for d ifferenti
ation  o f various signals, b u t also for in tegra tion  of different inpu ts  an d  for 
th e  d iscrim ination o f th e  place o f stim ulus.

The functional role o f some g ian t neurones is well know n in th e  control 
o f cen trally  triggered  m otor functions (W il l o w s  an d  H o y l e , 1968 ) an d  in  
some reflex responses (K u p f e r m a n n  an d  K a n d e l , 1969 ; P e r e t z , 1969;  
W e e v e r s , 1971 ) in  G astropoda. In  th e  visceral ganglion o f Lim ax  a  neurone 
was described causing increase in  th e  h ea rt ra te  (M cK a y  an d  G e l p e r i n , 
1 9 7 2 ). W e have repo rted  also ab o u t some neurones in  th e  CNS of Helix  tak ing  
p a r t  in the  h ea rt-h ea rt reflex evoked b y  tactile  h ea rt stim ulation  (S .-R ó zsa  
an d  S a l á n k i , 1 9 7 3 ). According to  our p resen t resu lts th e  reflex responds 
occurring a t  th e  stim ulation  o f chemo- an d  tac tile  receptors are very  sim ilar, 
an d  in  some cases th ey  are realized w ith  th e  p artic ipa tion  o f th e  sam e neurones 
(cells V 1 2  an d  V 1 3 ). Sim ilar com m on represen ta tion  was described for th e  
cen tral neurones o f th e  chemo- an d  baroreceptors in  verteb rates (M i u r a  and  
R e i s , 1 9 72 ). Obviously, cen tral neurones influenced by  h ea rt stim ulation  
can tak e  p a r t in  th e  functioning o f o ther reflex pathw ays, too.

O ur resu lts give evidence for th e  central rep resen ta tion  of th e  h eart 
chem o-receptors a t  cellular level an d  prove on its  basis th e  existence of such 
a  h ea rt-h ea rt reflex which can tak e  p a r t  in  th e  ex tracard ia l regulation o f the  
h ea rt. T he fact, th a t  th e  ac tiv ity  of m ost of th e  neurones can be m odulated  
by  different types o f stim uli calls th e  a tten tio n  to  th e  existence and  functioning 
o f regu la to ry  system s d is trib u ted  diffusely in  th e  ganglia.

Summary

The responses o f cen tral neurones to  chemical stim ulation  o f the  h ea rt 
were exam ined in th e  visceral and  rig h t parie ta l ganglia o f th e  snail Helix 
pomatia L. These responses were com pared w ith  reactions evoked b y  s ti
m ulation  o f th e  m echanoreceptors of th e  heart. The following resu lts were 
ob tained:

Twelve neurones were identified  in  th e  visceral an d  parie ta l ganglia 
responding to  th e  stim ulation  o f th e  h ea rt w ith  5HT. T he response was either 
an  increase or a  decrease in  activ ity .

F our neurones, th ree  from  th e  visceral (V12, V13 an d  У 17) an d  one 
from  th e  rig h t parie ta l ganglion (RPa9) gave biphasic reaction a t  chemical 
stim ulation  o f th e  heart: th e  in itia l exc ita to ry  phase was followed by  th e  
inh ib ition  of spike generation. In  case of long lasting stim ulation  th e  altera tion  
o f th e  tw o phases was observed.
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Cells V12 and  У 13 belong defin itely  to  cen tral neurones o f th e  h eart 
reflex. A t stim ulation  o f th e  chem oreceptors a  close correlation was found 
betw een th e  spikes of these neurones an d  a p articu la r com ponent of th e  h ea rt 
nerve ac tiv ity . These neurones can be considered as cen tral neurones o f th e  
ex tracard ia l h ea rt regulation.

Most o f th e  neurones investigated  responded bo th  to  th e  chemical and  
tactile  stim ulation  o f th e  heart, however, in  some cases th e  reaction was 
different to  different modes o f stim ulation. Neurones, responding only to  one 
ty p e  of stim ulus can be considered as p rim ary  sensory neurones.
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K Ö Z P O N T I ID E G R E N D S Z E R I N E U R O N O K  V Á L A S Z R E A K C IÓ I 
A  SZ ÍV  K E M O R E C E P T O R A IN A K  IN G E R L É S É R E  H E L I X  P O M A T I Á N

S .-R ó zsa  K a ta lin  és Sálánlci János  

összefoglalás
T an u lm án y o z ták  a  k özpon ti n eu ronok  v álaszreakció it a  szív  k em o recep to ra inak  

ingerlésére H elix  pom atia  L . v iscerális és pe rie tá lis  gang lion ja iban . A  kem orecep to rok  
ingerlésekor m eg figye lt k özpon ti e ffek tu so k a t ö sszev e te tték  a  szív  m ech an o recep to ra in ak  
ingerlésekor le ír t  reako ió típusokkal. A z e red m én y ek  szerin t:

1. A  szív  kem o recep to ra in ak  ingerlésére 12 s e jt re a g á lt a  v iscerális és jo b b  parie- 
tá l is  gang lionokban ; a  válaszreakció  a  sp o n tá n  a k tív  se jtek en  g á tlá s  v ag y  serken tés  vo lt.

2. A  viscerális gang lion  tö b b  se jtje  (V12, V 13, V17), v a la m in t a  jo b b  p a rie tá lis  
gang lion  egy ik  se jtje  (R P a9 ) k e ttő se n  re a g á lt a  szív  kem o recep to ra in ak  ingerlésére: 
a  k ezd e ti se rken tő  h a tá s t  g á tló  fázis k ö v e tte . T a rtó s  ingerlés e se tén  a  k é t fázis v á ltak o z 
h a t  is.

3. A  v izsgált se jtek  közü l a  V 12 és V13 b iz o n y íto tta n  szív-szívreflex  közpon ti 
neu ro n ja , m ive l a  kem orecep to rok  ingerlésekor szoros korre lác ió  m u ta th a tó  k i a  se jt 
a k tiv itá sa , v a la m in t a  szív idegről e lv e z e te tt a k tiv itá s  kom ponensei k ö zö tt. E  korreláció  
tö rv én y sze rű en  m in d en  p re p a rá tu m o n  k im u ta th a tó . E  se jtek  a  szív  ex trak a rd iá lis  szab á 
lyo zásán ak  kö zp o n ti n eu ro n ja i.

4. A  v izsgált k ö zp o n ti neu ro n o k  többsége e g y a rá n t re a g á lt a  szív ta k til is  és kém iai 
ingerlésére, azo n b an  az e se tek  egy  részében  a  válasz  a  k é t ingerfélesógre e llen té te s  vo lt. 
A  k izáró lag  egy ik  ingerre  reagáló  se jtek  elsődleges érző n eu ro n o k  lehetnek .
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