
A N N A L . B IO L . T IH A N Y 39 3 9 — 4 8 H U N G Á R I A  1 972

CHARACTERIZATION OF THE FEED-BACK SYSTEM IN THE 
HEART OF HELIX POM ATIA  L.

K A T A L IN  S .-RÓ ZSA

Biological Research In s titu te  of the H ungarian  A cadem y of Sciences, T ih a n y , H ungary

R eceived: 6 th  D ecem ber, 1971

The heart activity is controlled by the regulatory influences of the 
central nervous system as a result of connections existing between the extra- 
cardial innervation and heart automatism. In the higher animal phyla both 
the central and peripheral parts of this reflex chain is well known. In Gastro
poda mainly the efferent relations of the extracardial nerve were studied 
(C a r d o t , 1909; R a f f o , 1929; S u z u k i , 1935; K r i j g s m a n , 1941; S c h l o t e , 
1954; R i p p l i n g e r , 1957; S .-R ó z s a  and G r a u l , 1964), however, the nature 
of the information originating from the reflex-areas of the heart and running 
to the nerve centre has not yet been cleared up. The sensitivity of the Helix 
heart muscle to tactile, pressure, osmotic and chemical stimuli was described 
on isolated hearts ( K r i j g s m a n , 1955). The presence of a reflex arc was suggested 
only on the basis of coordination realized in the ganglia (Z u b k o v , 1935). In 
other Gastropoda species attempts were made to separate the afferent and 
efferent signals of extracardial nerve, in these studies mainly tactile receptor 
areas (N i s b e t , 1961; B a x t e r  and N i s b e t , 1963; d e V l i e g e r , 1970), and the 
central representation of receptor areas were studied.

The aim of our present investigations was to determine the reflex areas 
of the Helix heart and to elucide the kind of environment factors which can 
evoke starting signals from the heart toward the central nervous system and 
the characteristic features of the feed-back signals.

Materials and methods

The experiments were carried out on the hearts of active snails, Helix 
pomatia L. in September-October at room temperature (20—22°C).

The heart was isolated together with the intestinal nerve as reported 
earlier (S .- R ó z s a  and G r a u l , 1964). In some cases the connection of the 
intestinal nerve with the central nervous system was preserved. A thin glass 
cannula was introduced into the vena pulmonalis and into the aorta, then the 
heart was perfused by frog Ringer solution adapted for snail heart (T u r p a e v  
et al., 1967). The substances studied were given to the perfusion fluid under 
constant pressure. In the course of experiments tactile, pressure, chemical and 
osmotic stimuli were applied. The tactile stimulus was produced by touching
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the heart surface with thin paint-brush while the pressure stimulus was applied 
by varying the level of the perfusion fluid. For the stimulation of osmoreceptors 
5% NaCl and glucose, while for that of the chemoreceptors 5-hydroxytrypta- 
mine (5HT) was given onto the inner surface of the heart.

The electrical activity of the intestinal nerve was registered with bi
polar Ag-AgCl electrodes. In the experiments ALVAR amplyfier, oscilloscope 
and fotorecorder were used.

Results

1. Spontaneous electrical activity of the intestinal nerve

On preparations containing also the central nervous system the electrical 
activity of the intestinal nerve is complex regarding its freuuency as well as 
the amplitude (Fig. 1). The greatest variation in frequency and amplitude 
in the intestinal nerve was observed near to its origin, close to the abdominal 
ganglia, where all afferent and efferent signals are present. At the place of 
origin of the intestinal nerve 7 -8  types of impulsations differing in amplitude 
can be distinguished. Here the value of the frequency varies between 12—21 
imp/sec.

Following the exstirpation of cerebral and suboesophageal ganglia the 
pattern of the electrical activity turned more simple and simultaneously the 
150—300 gV value of amplitude became dominant (Fig. IB ). Removing the
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F ig . 1. P a t te rn  o f  e lec trica l a c tiv ity  o f th e  in te s tin a l n e rv e  w ith  in ta c t  connection  
betw een  nerve  an d  CNS as w ell as a f te r  d isco n tin u ity  o f  CNS an d  h e a rt .

A . —  e lec trica l a c tiv ity  o f  th e  n e rv e  on its  o rig in  ju s t  a f te r  th e  ganglia
B . —  th e  a c tiv ity  o f  th e  nerv e  a f te r  rem ov ing  th e  tw o  cereb ra l ganglia

C. —  th e  a c tiv ity  o f  th e  in te s tin a l nerve  a f te r  com plete  d issection  o f  th e  w hole CNS 
D . —  th e  a c tiv ity  o f  th e  b ran ch  o f th e  in te s tin a l nerv e  in n e rv a tin g  th e  h e a r t
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proximal part of the intestinal nerve the frequency of the potentials decreases. 
Just before the origin of the heart branch of intestinal nerve the electrical 
activity is less complex and the registered potentials according to their ampli
tudes can be divided into three groups: 1. the values of the amplitudes reach 
450—500 p V; 2. it corresponds to 300 pV; 3. the amplitude was only about 
50 pV ( Fig. 1C). At this latter part of the nerve and nearer to the ganglia 
potentials originating from characteristic, simultaneously discharging neurons 
were registered, especially in the second type of potentials (Fig. \A,B,C). In 
some cases the distance between two spikes suggests that there is a delay cor
responding to the transmission through only one synapse so that these poten
tials can originate from two coupled neurons. Such simultaneous activity 
cannot be registered when only the heart branch of the intestinal nerve is 
intact (Fig. 10).

When the potentials were registered from the heart branch of the in
testinal nerve after losing its connections with the central nervous system the 
pattern of the activity showed further simplification. In this case we have a 
special preparation containing the heart and the extracardial nerve where all 
the effects influencing the afferent system of the heart can be traced on its 
afferent pathway. Under control conditions from the heart branch of the in
testinal nerve three types of action potentials differing in amplitude can be 
registered (Fig. 2B), among them the third type has much lower amplitude 
than the first and second one. In other cases action potentials were running 
to nerve center in the form of bursts ( Fig. 2C). Sometimes the bursts were

F ig . 2. T he e lec trica l a c tiv ity  o f th e  in te s tin a l nerve
A. —  reg is tra tio n  from  th e  com m on ro o t o f  th e  in te s tin a l n erv e  n ea r to  th e  v isceral

ganglion
B. an d  C. —  a c tiv ity  o f  th e  b ran ch  o f  th e  in te s tin a l nerv e  in n e rv a tin g  th e  h e a r t
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surrounded by action potentials of different amplitude (Fig. ЗА). I t  seems 
that the third type of the potentials (~  50 /Л7) corresponds to the activity 
originating from the remains of the pericardium.

2. Electrical activity of the intestinal nerve evoked by stimuli applied to the heart

a) The effect of tactile stimulus and that of the change in pressure.
I t was found that the heart of Helix has high sensitivity to the tactile sti

mulus applied on its surface. Under the influence of tactile stimulus an affer
ent signalization started towards the central nervous system. The most effective 
afferent imputation was evoked in response to the stimulation of the border 
between the ventricle and auricle as well as that of the top of ventricle. As an 
answer to tactile stimulation the amplitude and frequency of the medium and 
the large type action potentials were increased (Fig. 3). The imputation 
upon tactile stimulation and the running to the nerve centre were present with 
unaltered intensity throughout the stimulation, moreover, the bursts accom
panying the heart activity remained more frequent even after the stimulation 
compared to the control (Fig. 3C).

Contrary to this, the changes in the pressure of the perfusion fluid lead 
only to changes in the pattern of the potentials appearing in the control with 
large amplitudes and showing the form of bursts (Fig. 4). In this case no 
alteration was observed in the frequency and amplitude of the potentials of 
medium and low amplitudes. The burst form of potentials with large amplitude 
was eliminated under the influence of increased pressure, however, the fre
quency of electrical activity was increased and became more uniform (Fig. 4).

<--------------------- 1I tec

F ig . 3. A ffe ren t re ac tio n  in  in te s tin a l nerve  to  ta c tile  s tim u la tio n
A . —  co n tro l a c tiv ity
B . —  beg inn ing  o f  ta c tile  s tim u lu s  f
C. —  end  o f  ap p ly in g  ta c tile  s tim u lu s | ,  th e n  th e  a c tiv ity

a f te r  s tim u la tio n
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F ig . 4. E ffec t o f  changes in  th e  p ressu re  o f perfusion  flu id  

A. —  con tro l, th a n  a t  f  increase o f  th e  p ressu re  o f  h e a r t  perfu sion  flu id
tw o  tim es

B . —  c o n tin u a tio n  o f A

Nevertheless this increase in frequency was not long-lasting for apparently 
the heart adapted quickly to the increased pressure and the activity was 
stabilized at a new level similar to te control.

b) The effects of osmotic and chemical stimulations.
The Helix heart showed high sensitivity to the osmotic changes in the 

perfusion fluid. The feed-back signalization became permanent and more 
intensive under the influence of increased osmotic pressure. The action poten
tials of nerve showed higher variation of amplitude (Fig. 5B), while the in
crease in frequency was lower then after tactile stimulation. The changes 
accompanying osmotic effect were steady, and after stopping the stimulation 
they declined only slowly what could correspond to the course of recovering 
of normal osmotic conditions inside the heart. The presence of the osmorecep
tors could be proved by NaCl as well as by glucose, and the feed-back Signali
sation was the same in both cases.

5-hydroxytryptamine (5HT), the most effective excitatory substance 
of the Helix heart, beginning from the concentration of 10-9 M evoked an 
intensive afferent impulsation of the branch of intestinal nerve innervating 
the heart. 5HT increased both the amplitude and frequency of the high and 
medium sized action potentials (Fig. 6B). The effect of 5HT proved to be 
long-lasting and the afferent signalization remained higher for a long time 
even after washing out the 5HT compared to the control level (Fig. 6D).

The time relations of the effects of tactile, osmotic and 5HT stimulations 
are demonstrated in Fig. 7. I t  can be seen that these three cases belong to the 
slowly adapting type of responds. The maximal increase in frequency was ob
served under the influence of tactile stimulus then according to their efficacy 
the chemical and osmotic stimuli followed. In these cases the afferent signali
zation running to the nerve centre had a character of “all-or-nothing” and the 
intensity of the reactions practically was not decreased in the first five sec
onds ( Fig. 7).
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F ig . 5. E ffec t o f 5%  N a d  on th e  a ffe ren t signalization  o f in te s tin a l nerve

A. —  con tro l 
B . —  effec t o f  5%  N aC l

1 sec
F ig . 6. E ffec t o f  5H T  on th e  h e a r t  a t  co n cen tra tio n  10-7 M

A. —  con tro l a c tiv ity
B . —  beg inn ing  o f  th e  effec t o f  5H T  a t  co n cen tra tio n  10 ~7 M
C. —  th e  sam e as in  A  a f te r  2 m in u tes

D . a n d  E . —  a c tiv ity  o f  th e  in te s tin a l n e rv e  a f te r  long-lasting  w ash  o u t o f  5H T
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F ig . 7. T he course o f  a d a p ta tio n  a f te r  th e  s tim u la tio n  o f  ta c tile , chem ical an d  osm otic  
recep to rs. T he d iag ram s co rrespond  to  th e  m ean  value  +  S.D . o f  five  ex p erim en ts

Then, according to the degree of adaptation, the intensity of the reaction 
decreased for mechano- and osmoreceptors comparatively quickly, while the 
sensitivity of chemoreceptors declined slowly. Using 5HT the increased afferent 
impulsation was registered even in 3 — 5 minutes after application and it could 
be eliminated only by repeated washing out.

I t can be seen in all demonstrated Figures, that the electrical activity 
having irregular frequency and variable low amplitude hardly rising above 
the base line was not influenced by above effects. On the basis of this, it can 
be stated that this type of electrical activity originates not from the heart but 
belongs to the pericardium giving afferent fibres into the same branch of 
intestinal nerve as does the heart. This type of electrical activity was not 
changed under the influence of different stimuli applied to the heart.

Discussion

The results prove that the heart of Helix having diffuse myogenic pace
maker possesses the same receptor zones as the heart of higher animal phyla. 
I t was found that the Helix heart contains receptors (end-organs) perceiving 
tactile, pressure, osmotic and chemical stimuli reacting to the changes of 
environmental factors. The reaction depends on the intensity and kind of sti
mulus. In our cases the type of reaction emphasized the presence of the pri
marily sensory neurons (Gr u n d f k s t , 1971) and showed all-or-nothing char
acter.

The amplitude and frequency of the afferent signalization were increased 
under the influences of all applied stimuli. The character of the changes in 
amplitude proved to be similar applying tactile and osmotic or pressure and 
chemical stimuli. The increase in the amplitude was higher and more uniform 
when tactile or osmotic stimuli were amplied. The highest increase in frequency 
was observed with tactile stimulus, then chemical and osmotic stimulus 
followed according to the intensity of reaction elicited. The smallest increase 
in frequency was caused by changes in pressure. All investigated receptors
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except the pressure end-organ belong to the group showing a slow rate of 
adaptation. Among them the chemo-receptors showed the lowest degree of 
adaptation ( Fig. 7). The heart adapted to changes in pressure within 1 — 5 sec 
and then the increased afferent signalization finished (Fig. 4), while the 
reaction of tactile and osmotic receptors prolonged during their application 
and the answer of chemoreceptors continued even during the washing out of 
the stimulatory agent. In these cases no decrease in amplitude and frequency 
depending on the adaptation was seen in the first 5 sec of application and it 
was negligible at the next 5 sec, too ( Fig. 7). Consequently, the tactile, osmotic 
and chemical receptors can be regarded as slowly adapting receptors on Helix 
heart. However on the basis of the above experiments it cannot be decided 
whether separated or common end-organs send the afferent signalization as a 
respond to different periferal signals. According to some suggestions there are 
not specialized receptor zones in the invertebrate hearts (see: K o s h t o y a n t s , 
1955), nevertheless, taking into account the different amplitude of the electrical 
activity of the intestinal nerve at least two different types of end-organ can 
be suggested. In the intestinal nerve the two types of action potentials differ
ent in magnitude show the presence of two different receptor zones in the 
Helix heart.

The results emphasize that the regulation of Gastropoda hearts is based 
upon a well developed afferent signalization which informs the central nervous 
system about the changes occurring in the environment of the heart, and sub
sequent to this the CNS modulates heart activity. In other molluscan species 
it was proved that “excitatory junctional potentials (EJPs)” take part in 
the modulation of heart activity and that of the generation of AP ( K t jw a - 
s a v a  and M atstjx , 1970). On the Helix heart also the co-ordinated action of 
efferent and afferent components of extracardial innervation provides basis 
for this regulation. The peripheral part of this regulation circuit containes the 
same functional units for receiving and transmitting information similar to 
higher animal phyla. The comparatively simple structural organization of 
Helix CNS as well as a previous localization of central neurones giving direct 
branches to the heart (G u b ic z a  and S.- R ó z s a , 1969; 1971) could offer possi
bility to study also the central part of this regulatory circuit and in this way 
to contribute to the understanding of the regulation of heart activity.

Summary

The nature of the afferent signalization was studied in Helix ротайаЪ. 
on the preparation containing the heart and the extracardial nerve. I t was 
found that under control conditions three types of afferent signalization differ
ing in amplitude are running to the central nervous system through the branch 
of intestinal nerve innervating the heart among which two could be considered 
as having heart origin. If the heart is affected by tactile, pressure, osmotic or 
chemical stimulus afferent imputation of all-or-nothing character starts on 
the intestinal nerve and runs to CNS. The highest increase in frequency was 
observed after stimulation of tactile receptors 500 %) then according to the 
intensity of reactions the excitation of chemoreceptors (~  400%), osmorecep
tors 300%) and presso-receptors 200%) followed. The tactile, chemical
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and osmoreceptors can be categorized as slowly adapting receptors while the 
presso-receptors belong to those showing fast rate of adaptation. At least the 
presence of two different end-organs is suggested in Helix heart. The reflex 
areas of this heart are considered to be the analogue structures to that of the 
higher animal phyla.
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A  V IS S Z A JE L Z É S E K  T E R M É S Z E T É R Ő L  H E L I X  P O M A T I A  SZ IV É B E N

ti.-R ózsa  K a ta lin  

Ö sszefo g la lás

H e lix  sz ív -ex trak a rd iá lis  idegkészítm ényen  v izsg á lták  az  afferens jelzések  te rm é 
sze té t. M egá llap íto tták , hogy  k o n tro ll kö rü lm én y ek  k ö zö tt három fé le  a m p litú d ó jú  a ffe 
ren s  jelzés h a la d  a  kö zp o n ti idegrendszer felé az  in te s tin á lis  ideg  szívhez m enő ágán , 
m elyek  közül k e ttő  sz íveredetű . H a  a  sz ive t ta k til is , nyom ás, ozm o tikus v ag y  kém iai 
inger éri, az  in te s tin á lis  idegen m in d en  v ag y  sem m i jellegű akciós p o tene iá lso rok  in d u ln ak  
a  CNS felé. L egnagyobbm érvű  frek v en c ian ö v ek ed ést a  ta k til is  re cep to ro k  ingerlése ese
té n  f ig y e ltek  m eg 500% ), ez t k ö v e tté k  a  kem orecep to rok  ( ~  400% ), az  ozm orecep- 
to ro k  300% ), m a jd  a  nyom ásrecep to ro k  ( ~  200% ). A  ta k til is , kem o- és ozm orecep- 
to ro k a t a  lassan  ad ap tá ló d ó , a  n y o m ásrecep to ro k a t a  gyo rsan  ad ap tá ló d ó  recep to ro k  
c so p o rtjáb a  so ro lják . L egalább  k é t e lté rő  felvevő  végkészülék  je len lé té t té te lez ik  fel 
H e lix  p o m a tia  szivében. E  szív  re flexogén  zó n á it m ag asab b ren d ű ek  hason ló  képződm é
nye ive l an a ló g n ak  ta r t já k .


	1. ÁLLATTAN������������������
	S. Rózsa Katalin: Characterization of the feed-back system in the heart of Helix pomatia L. = A visszajelzések természetéről Helix pomatia szívében����������������������������������������������������������������������������������������������������������������������������������������������������������

	Oldalszámok������������������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������


