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THE isolated atrium and ventricle of the Helix heart arc each able to func-
tion separately, that is thev possess the ability to generate independent spon-
taneous electrical activity. In spite of this the literature data to date refer to 
the description of the ECG of only the whole heart and to the observed varia-
tions of this under different experimental conditions ( E V A N S , 1 9 1 2 ; A R V A N I -
TAKI a n d C A R D O T , 1 9 3 3 ; SMIRNOV a n d T U R P A Y E V , 1 9 4 8 ) . 

More recent experiments carricd out with suction electrodes and micro-
electrodes were limited mainly only to the isolated ventricle, or to the study 
of the action potential of the in situ heart (Kiss, and S , - R Ó Z S A , 1971; S.-RÓZSA 
a n d V E R Ó , 1 9 7 1 ) . 

The present paper presents results obtained on the basis of the different 
effects exerted on the generation of the atrial and ventricular action potentials 
by various ions and drugs. 

Materials and Methods 

R e c o r d i n g o f t b e s p o n t a n e o u s e l e c t r i c a l a c t i v i t y : In one of the 
experimental series the action potentials were led off from the isolated atrium and ventricle 
of the Helix hcrat. In the other series the lead-off was from the atrial end of the isolated 
whole heart. In all cases the lead-off was unipolar and extracellular. The lead-off electrodes 
were Ag/AgCt non-polarizablc electrodes. A DISA Universal Indicator D C amplifier was used 
to observe the biopotentials, and the photographs were taken with a COSSÖR camera. The 
different electrode was always attached to the appropriate heart-part (pulmonary vein or 
aorta), while the indifferent electrode was immersed in the bath-fluid and was connected to 
a common earth point. During the lead-off the intact hearts and heart-parts were stretched 
with a 0.5 g weight (isolated ventricle or whole heart) or with a 0.1 g weight (isolated at-
rium) at the end opposite to the clectrodc. During the recording the hearts or heart-parts 
were raised a little above the liquid level at the attachment of the electrode. 

M a t e r i a l s : After preparation the isolated hearts or heart-parts were 
made to function for 20 minutes in physiological solution (at 20—22 °C, under 
oxygenated conditions), and the effects of various ions and drugs were then 
investigated. 

The cffcct of the barium ion was examined, partly independently in a 
physiological solution of defective composition (112.4 mM NaCl, 4 mM BaCL), 
and partly af ter prctrcatment with the studied drugs, but always in an identical 
dose and in a solution of the given composition. 
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The effect of the lanthanum ion was studied only independently, in the 
following solution: 114,4 mM NaCl, 2 inM LaCh,. 

The following drugs were examined in physiological solution: ouabain (1Q~J 

M), cocaine-HCI (10 - : l M), procaine-HCl (10—a M) and tetraethv¡ammonium 
iodide (TEA—I) (10~ s M). 

The Helix pomatia L. hearts used in the studies were prepared from active 
animals collected during the summer and early autumn. 

Results 

In all lead-offs, monophase action potentials were recorded, similarly to 
those reported by H I L L and IRISAWA ( 1 9 6 7 ) for the Rapana heart, and to those 
obtained with suction electrodes by S.-RÓZSA and V E R Ó ( 1 9 7 1 ) for the in situ 
Helix heart. 

In the case of the isolated atrium the lead-off was from the pulmonary 
vein and the heart was stretched with a 0.1 g weight. The atrium and the atrio-
ventricular junction were intact, and the weight was attached to a small ventri-
cular piece cut into the atrium. The fixing of the lead-off electrode was similarly 
assisted by a small piece of tissue cut into the pulmonary vein. The action 
potentials obtained are shown in Plate I, Figure 1. The protracted, slow depola-
rization is striking in the appearance of the action potential; this attains the level 
of the peak potential only in several steps. Meanwhile, the slow depolarization 
increases up to 1—2 mV, and the spike amplitude maximum to 5 mV. At 20 °C 
the total duration of the spike potential is 2—3 sec. 

Characteristic pacemaker potentials of completely uniform appearance can 
be led off from the aortic ends of the isolated whole heart and the isolated 
ventricle. The pacemaker nature of this region is dealt with in the review by 
K R I J G S M A N and D I V A R I S (1955). The action potentials obtained are shown in 
Plate I, Figures 2 and 3, recorded at two different film-speeds. The prepotential, 
the spike and the repolarization stage on the action potentials exhibit completely 
regular appearances. The duration of the spike potential was found to be 1 sec 
(20 °C), while the depolarization of the prepotential was 2—4 mV, and the 
amplitude of the peak potential was 12—20 mV. 

If the lead-off is performed from the atrial end (pulmonary vein) of the 
isolated whole heart, then, depending on how high the heart is raised above 
the fluid level, recordings can be made of the atrial action potentials, or of the 
ventricular and atrial action potentials together. This is shown in Plate I, Fi-
gures 4—7. In Figure 4 only the atrial action potential can be seen, since the 
lead-off here wras performed on the atrium just as it left the solution. If the 
preparation is lifted above the liquid level to the height of the atrio-ventricular 
junction, then the more rapid ventricular action potentials are superimposed on 
the atrial action potentials (Figure 5). If the raising is continued further, then 
the size and width of the ventricular action potentials increase, while the size of 
the atrial action potential decreases somewhat. If a ligature is placed on the 
lower third of the ventricle, the ventricular action potential becomes split and 
appears as shown in Figure 6, but the atrial action potential does not change 
substantially. If the atrium is isolated completely from the ventricle by a new 
ligature on the atrio-ventricular junction, again only the atrial action potentials 
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arc apparent (Figure 7). Thus, this lead-off method also provides a possibility 
for the observation of the joint changes of the two potentials. 

Plate I, 1. Spontaneous action potential of the isolated atrium. 
2 and 3. Spontaneous pacemaker potential of the ventricle recorded at two different 

film speeds. 145 sec m and 33 sec m. 
4. Atrial ECG on a photograph prepared from the atrial end of the isolated whole 

heart. 
5- Atrial and ventricular action potentials in a common lead-off. 
6. Change observed after ligation of the lower third of the ventricle. The ven-

tricular action potential changes its course, becomes split and is synchronized. 
7. A new ligature on the acrio-vcntricular junction completely separates the ven-

tricular potentials. 
Calibration: 1 . : 1 mV, 1 sec: 2., 3.: 5 mV, 1 sec; 4 . - 7 . : 2 mV, I sec. 

On the basts of lead-offs prepared from the hearts of many individual snails 
it proved possible to establish that under isolated conditions the snail-hearts 
function in three types of rhythm. The term „synchronized rhythm" can be 
applied in the case of those hearts in which the two significant phenomena 
(atria! and ventricular action potenial generation) always appear simultaneously. 
Plate II, Figure 1 shows the rhythm pattern of a heart functioning in synchro-
nization, where the atrial and ventricular action potentials arc formed simul-
taneously in a I : 1 ratio. The characteristic of a heart with „harmonized rhythm" 
is that a definite period (Tj) for one of the related phenomena corresponds to 
a certain number of periods (T2) for the other phenomenon. Plate II, Figure 2 
was prepared from a heart functioning in harmonized rhythm. The atrial and 
ventricular action potential generation ratios here were 1 : 2 and I : 3, but only 
every fifth atrial action potential is repeated with an identical ventricular po-
tential pattern. Finally, Plate II, Figure 3 shows an „asynchronized rhythm" 
pattern. Here no regularly repeating or coinciding periods can be recognized at 
all in the appearances of the atrial and ventricular action potentials. 

Following this, experiments were carried out both on isolated heart-parts 
and on the whole heart by the joint study of the two types of action potential. 

16* 
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Plate II, Rhythm patterns in a lead-off prepared from the atrium of the whole heart. The 
prominent spikes correspond to the ventricular action potentials. 

1. EGG of a heart functioning In synchronized rhythm by repeating ventricular and 
atrial action potential generation. 

2. ECG of a heart functioning in harmonized rhythm. Every fifth atrial action 
potential repeats with the same ventricular potential pattern. 

3. ECG of a heart funcioning desynchronizedly. 

Calibration: 5 mV. 1 sec. 
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Plate III, Effect of 4 m M FlaCli on atrial and ventricular action potentials. 
I. Centről prepared from .he isolated atrium in physiological íalutíün. 
2—4. Changes of the atrial action potential [in the action of the barium ion in the 

3rd. 6th and 9th minutes. 
Control prepared from the ventricular potentials in physiological solution. 

6—-8. Changes of the ventricular action potentials on the action of the barium ion in 
the 3rd, 6th and 9th minutes. 

Calibration: 1 ,—4.: 2 mV. 1 sec; 5.—3.: 10 mV. 1 sec. 
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Plate I t l , Figures 1—8 show the changcs of the atria! and the ventricular action 
potentials on the action of 4 mM BaCL, It can readily be seen from the Figures 
that the barium ion increases the duration of the spike potential for both action 
potentials, while it decreases the peak potential, and generates a strongly ne-
gative after-potential or after-potential scries. At the same time, the effects 
of the barium ion on the slow depolarization stages of the two action potentials 
differ strikingly. In a barium-containing medium the prepotential of the ventri-
cular action potential does not appear, but the slow depolarization of the atrial 
action potential does not changc substantially. A further conspicuous difference 
can be seen in Plate IV, Figures 1—4, where the two types of action potential 
were recorded in a common lead-off from the pulmonary vein of an isolated 
whole heart. Figure 1 shows the control action potentials in physiological solu-
tion. Figures 2, 3 and 4 depict the effects of 4 mM BaCl2 in the 3rd, 6th and 
9th minutes, respectively. The individual action potentials in the Figures com-
pare well in form with the action potentials to be seen in Plate III. It is strik-
ing that as a result of the barium treatment the frequencies of the ventricular 
action potentials (the larger prominent potentials in the Figure), which are 
otherwise generated at a much faster rate, arc strongly decreased, while the 
generation of the atrial action potential is slowed down to only an extremely 
small extent. In the end, therefore, a reversal ensues. The originally slower 
atrial action potential generation becomes the faster as a result of the effect 
of the barium. 

Plate IV. Effects of barium and lanthanum iuns on the atrial and the ventricular action po-
tentials, 

I. Control prepared in physiological solution. The two types of action potential appear 
in a common lead-off. 

2—4. Effects of 4 m M BaClî on the atrial and ventricular action potentials in a joint 
lead-off in the 4th, 8th and 15th minutes. 

5. Control prepared in physiological solution. 
6 and 7. Effects of 2 mM LaCI, in the 4th and 8th minutes, leading to the suipension 

of the ventricular action potential generation. 

Calibration: 5 mV. 1 sec. 
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The other ion studied was lanthanum. Plate IV, Figures 5—7 show the 
effects of 2 mM LaCl s on the two action potentials. The control action poten-
tials are seen here too, in Figure 5, while Figures 6 and 7 show the changes 
due to the lanthanum ion which occur in the 4th and 8th minutes, respectively. 
The striking change here is the blocking of the ventricular action potential gene-
ration, while the atrial action potential generation remains practically comple-
tely unchanged in the lanthanum-containing medium. The potential-change to be 
seen in the Figures can not be regarded as a specific effect of the lanthanum ion, 
because it can also be observed sometimes after the ligation of a part of the 
ventricle and in potentials led off in physiological solution. It appears from these 
investigations that together with the lead-off methods described the lanthanum 
ion too is suitable for the distinguishing of the two types of action potential. 

In more recent experiments a study was made of the effects of the cardiac 
glycoside ouabain, the local anaesthetics cocaine and procaine, and T E A — I 
which blocks the K-channels; these were used either independently, or in con-
junction with the barium ion. 

Plate V, Figures 1—4 show recordings obtained after pretreatment with 
ouabain. Figure 1 gives the control here. The lower recording in the Figure de-
picts the atrial potentials, and the upper one the common atrio-ventricular lead-
off. Figure 2 is a recording prepared in the first minute of the effect of 10—1 

M ouabain; the atrial and ventricular action potentials can be seen in a common 
lead-off. Figure 3 shows that M ouabain totally suspends the atrial action 

1 • s • , 1 . . 
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Plate V, Effects of ouabain (10—* M) and cocaine- MCI (10—5 M) on the atrial and ventricular 
action potential formations. 

1 and 5. Controls prepared in physiological solution. Upper recording: atrial and ventri-
cular potentials in a common lead-off. Lower recording: atrial action potentials. 

2 and 3. Effects of ouabain in the 1st and lOrh minutes. 
4. A rhythmic potential series is generated from the 4th minute in the ventricle on the 

action of 4 mM BaCli after ouabain pretreatment. 
fi Change observed in the 8th minute on the action of 1 0 ~ 5 M cocaine-HCl. 
7. The atrial action potential formation is completely eliminated on the action of 4 mM 

BaCli following cocaine pretreatment (lower recording). 

Calibration: 5 mV. 1 sec. 
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potential generation (lower line) from the 10th minute, and the ventricular one 
too is reduced almost to zero. Figure 4 shows the effect of 4 mM BaCI.> follow-
ing the exchange of the ouabain medium in the 4th minute. It can be well seen 
that the complete inhibition of the atrial action potentials further continues even 
under such conditions. In the ventricle, on the other hand, similarly to the results 
described by SPERELAKIS and L E H M K U H I . (1968) for chicken embryo myocardial 
cells kept in tissue culture, a series of rhythmic action potentials consisting of 
8—10 individual potentials is generated on the action of the barium ion. The 
barium potentials after the ouabain pretrcatmcnt differ essentially in form from 
that produced by the action of the barium ion alone. The absence of the after-
potential and the presence of the prcpotential arc apparent in the excited action 
potentials in question. At the same time, the duration of the spike potential is 
also smaller, and the size of the peak potential too is decreased. 

The heart did not prove very sensitive to cocaine applied in a concentration 
of 10"11 M. Plate V, Figures 5—7 show the observed changes, Figure 5 being 
the control. The atrial and the atrio-ventricular action potentials are cach dcpicted 
separately. Figure 6 shows the effect of cocaine in the 8th minute, as a result 
of which the cells have not substantially lost their sensitivity and potential gene-
ration. Figure 7 shows the effect of 4 mM BaCL in the 8th minute. It can readily 
be seen from the Figure that the atrial action potential generation does not occur 
on barium treatment, while the ventricular action potential exhibits a regular 
appearance. The duration of the spike potential may perhaps be a little longer, 
and the size of the after-potential may be less than when the barium ion acts 
without a cocaine pretrcatmcnt. Cocaine in the applied concentration, combined 
with the BaCL, treatment, likewise proved suitable for the confirmation of the 
different susceptibilities of the two heart-parts. 

TEA—1 in the applied concentration of 10 - : ! M proved to be very effec-
tive towards snail hearts. These changes are depicted in the Figures of Plate 
VI. Figure 1 shows the usual control lead-offs. Figure 2 gives the effect of 
10 - 3 M TEA—1 in the 5th minute. The action potentials can be seen in the 
Figure in a common lead-off, in such a way that the consecutive stages of the 
continuous recording are photographed one under the other. It can be well 
seen that the original rhythm pattern changes on the action of the TEA—I, and 
the individual ventricular action potentials too arc modified. The changes are 
repeated with a certain regular periodicity. This can be seen from a comparison 
of the two stages photographed one under the other. If, as a result of the 
repeating succession in the regular changcs, the original signal is considered to be 
oscillating, then according to the irregularly repeating stages the new signal has 
become fluctuating. Figure 3 shows the atrial action potentials ,and reflects 
the fact that the change in this initial stage affects primarily the ventricular 
action potentials. Later, however, the atrial action potential generation too 
is modified. This can be seen in the photographs prepared in the 10th mi-
nute (Figure 4), weherc the synchronization of the spike generation can be 
observed in a slow ventricular rhythm. The atrial-ventricular action potential 
generation ratio is 2 : 1 . The ventricular action potentials always appear at 
the end of the second atrial potential. On the action of 4 mM BaCl2, from 
the 6th minute the atrial action potential generation can be observed with 
a strongly decreasing amplitude, but there is no striking change in the rhythm. 
The ventricular action potentials, on the other hand, very striking and known 
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action potential forms are obtained (Figure 5), which are quite characteristic 
of the vertebrate myocardium. This means that the original pacemaker po-
tentials can be transformed by TEA—I treatment and subsequent barium ion 
treatment into the action potential form characteristic of the vertebrate mechanical 
heart musculature. 

L 
Plate VI. Effect of 1 0 - 3 M TEA—I on the action potential formation. 

1. Control prepared in physiological solution. Upper recording; the action potentials 
in a common lead-off. Lower recording: atrial action potentials. 

2. Change in the 5th minute on the ac;ion of 1 M TEA—I. Two consecutive stages 
of the recording are shown one under the other. 

3. Up to the 5th minute the atrial action potentials are little changed. 
4. Effect of 10—3 M TEA—I in the 10th minute. In the heart with synchronized 

rhythm the ventricular action potentials always appear at the end of the second 
atrial action potential. 

5. From the 6th minute during the after-treatment with 4 mM BaCii the characteristic 
formation of potentials reminiscent of action potentials of the vertebrate myocardium 
can he observed. 

Calibration: 5 mV. 1 sec. 

The effect of procaine applied in a concentration of 10~3 M is very similar 
to that of TEA—1. In spite of this, the same changes could not be produced in 
the form of the action potential with the barium treatment, as those following 



S P O N T A N E O U S ELECTRICAL A C T I V I T Y 2 4 ? 

the T E A — I p retreat ment, and this indicates the specificity of the phenomenon. 
After procaine pretreatment the full after-potential generating ability of the 
barium ion always remains. 

D i s c u s s i o n o f t h e resu l t s 

The heart of the edible snail generates two types of action potential. The 
spontaneous activity of the ventricle is maintained by true pacemaker potentials, 
and that of the atrium by somewhat modified pacemaker potentials. Our 
experiments reveal that the different changes of the two types of action po-
tential on the action of various ions and drugs arc very striking. From this 
point of view the effect of the barium ion, which had already been studied 
earlier ( E R D É L Y I , 1 9 7 1 ) , is primarily considered to be of importance; this was 
now studied partly independently, and partly in conjunction with various drugs 
possessing a membrane-effect. 

One of the reasons why the barium ion is worthy of attention and has 
been extensively studied is that some of its physical constants, for example the 
radius of the non-hydrated ion (1,35 A), are very close to those of the 
potassium ion (1.33 A). In addition, its chemical properties, such as its bonding 
to oxygen ligands and its coordination number of 8, make it similar to the Ca 
ion. Indeed, it is a physiological fact that some of the known and general 
effects of the barium ion have been related with K- or Ca-dependent processes. 
Among these, its effects increasing the duration of the action potential and 
delaying the repolarization in the atrial and ventricular action potentials of 
the edible snail heart arc very striking. In their experiments on chicken embryo 
myocardial cells among others, SPEKELAKIS and L E H M K U H L (1968) succeeded 
in connecting this property with the effect of the barium ion in decreasing the 
K-conductivity (g * ). It is probable that an essentially similar effect also takes 
place, on the basis of the same mcchanism, in the snail heart. 

Another known effect of the barium ion on various biological objects is 
its potential-generating ability. This property can also be observed with snail 
hearts. The barium ion is capable of restoring the ventricular action potentials 
even after the ouabain inhibition. Probably the same ability is reflected in 
the after-potential generation too. The increase of the susceptibility is in part 
explained here too by the dccrcasc of the K-conductivity (gk) . Besides this, 
however, the phenomenon may be understood best if a charge-carrying role 
is attributed to it, and in this respect it is likened at least in part to Ca. The 
studies of W E R M A N , M C C A N N and G R U N D F E S T ( 1 9 6 1 ) on the neuromuscular 
system of Romalea, and of K O K E T S U and N I S H I ( 1 9 6 9 ) on the sympathetic 
ganglion cells of the frog, confirm the participation of the barium ion in such 
a charge-carrying function. These results at the same time show that the barium 
ion can exert its potential-generating effect on the object in this case too on 
the basis of the same mcchanism. 

The question of why the barium ion affects the action potentials of the 
two heart-parts, and the frequencies of formation of the action potentials, in 
different ways, is at present not understood. It is hoped that newer studies in 
this field too will provide more profound results. 

The experiments with the local anaesthetics similarly indicate that the 
barium ion exerts its effect in part according to the Ca and perhaps the K-Na 
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pump-mechanism. The different changes of the action potentials of the two 
heart-parts here can be explained by the differing sensitivities of the Ca 
binding-sites. The change itself may be brought about by the complicated in-
teraction of the Ca-binding site and the local anaesthetic, as well as of the 
barium ion, which possesses a higher bonding-strength than the Ca. According 
to the studies of B L A U S T E I N and G O L D M A N ( 1 9 6 6 ) and K W A N T and S E E M A N 
( 1 9 6 9 ) , the local anaesthetics can compete with calcium, or can replace it at 
the membrane binding-sites. 

The results obtained with the lanthanum ion also indicate the different 
sensitivities of the muscular systems of the two heart-parts with respect to the 
ion regarded as replacing calcium in the individual processes. 

The must interesting change was obtained after TEA—I treatment and 
subsequent barium treatment. In this case the original ventricular pacemaker 
potentials were transformed into the action potential form characteristic of the 
mechanical muculaturc of the vertebrate heart. It seems that a decisive role 
is played in this change by the effect of the TEA—I in blocking the K-channels. 
The role of the TEA ion in this respect is confirmed by the examinations of 
many authors on numerous objects ( H I L L E , 1 9 6 7 ; and others). One of the 
essential processes of the transformation, the development of the plateau stage, 
may be a result of the properties of the barium ion in decreasing the K-con-
ductivity and of the TEA—I in blocking the K-channels, because of the delayed 
repolarization. The negative after-potential generation characteristic of the barium 
ion does not occur as a result of TEA—I prctreatmcnt. The decisive part in 
this is probably not played by the permeability of the K-channcls. This is shown 
by the procaine prctreatmcnt: this drug also has an effect on the conductivity of 
the membrane connected to the K-channels, as proved by the studies of N A R A -
HASHI and M O O R E ( 1 9 6 8 ) , and othets. Even so the procaine is not able to 
eliminate the after-potential generating effect of the barium ion. In this respect 
the TEA undoubtedly may interact as a charge-carrying ion with the barium ion 
and mav bring about the disappearance of the after-potential by preventing the 
charge-transfer. Finally, in repressing the prepotential and in the establishment of 
the frequency of the action potential, a primary role may presumably be attributed 
t o the barium ion, by means of some unknown mechanism. This transformabilitv 
of the original pacemaker potentials is also considered interesting from the point 
of view that in such a model-like system a possibility is provided for the systematic 
and evolutionary elucidation of functional connections on objects remote from 
cach other, by the recognition of interconnected mechanisms. 

Summary 

The spontaneous electrical activities of the atrium and ventriclc of the 
heart of the edible snail (Helix pomatia L.) were studied on two types of 
preparation, in an extracellular, unipolar lead-off. In one of the preparations 
the ECG's of the isolated heart-parts were examined separately, while the 
atrial and ventricular electrical activities could be studied jointly in a lead-off 
from the pulmonary vein of the isolated intact heart. The use of this latter 
lead-off method also offered a possibility for the analysis of the rhythm 
patterns of the isolated hearts. 
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In the further experiments the effects of barium and lanthanum ions, and 
of ouabain, cocaine, procaine and T E A — I on the two types of action potential 
.generation were studied, These experiments provide data on the different 
natures and different susceptibilities of the two types of action potential, 
which may be explained in all porbability by the different sensitivities of the 
muscular structures of the two heart-parts. The different changes of the action 
potentials could be observed in among others the combination of the barium 
-effect with ouabain, which inhibits the K-Na pump-mechanism, with the local 
anaesthetics cocaine and procaine, and with the T E A ion, which blocks the 
K-channels. 

The spontaneous electrical activity suspended with ouabain could be re-
established with the barium ion in the ventricle, hut not in the atrium. The 
pretreatment completely eliminated the effects of the barium ion repressing 
the prepotential and generating the after-potential, while its effect increasing 
the duration of the spike potential was considerably reduced. 

The effects of the barium ion increasing the duration of the spike poten-
tial and generating the after-potential were only slightly modified in hearts 
pretreated with cocaine and procaine. The different susceptibilities of the two 
types of action potential could be observed however. 

Pretreatment with T E A — I completely suspended the after-potential ge-
nerating ability of the barium ion in the ventricular action potentials, but the 
prepotential-eliminating effect remained, while the effect increasing the dura-
tion of the spike potential was moderated. By this means the original pacemaker 
potential changed to an action potential form characteristic of the mechanical 
musculature of the vertebrate heart. 
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