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It is known that the heart of molluscs responds specifically to a series
of biologically active agents. The type of the effect produced by the same agent
on various representatives of Mollusca may often be different. Thus, for in-
stance, the catecholamines are recorded to have inhibitory, stimulatory and
mixed effects as well (Prosser 1940, Welsh 1953, K rijgsman and Divaris
1955, Greenberg 1960, Jaeger 1965). Adrenaline was inhibitory or without
effect on the hearts of Helix and Anodonta (Jititien and Ripplinger 1936,
Erspamer and Ghiretti 1951, F ange 1955).

5-hydroxytryptamine was recorded (Weish 1957, Kerkut and Cott-
rell 1963, Loveland 1963, S.-R6zsa and Graul 1964) to be stimulatory on
various representatives of the Mollusca. Data concerning other biologically
active amines are either contradictory or insufficient (Pitgrim 1954, Green-
berg 1960).

A review of the effects produced by acetylcholine on the molluscan hearts
was given by Greenberg (1965). The effect of this agent on different species
is fairly varying it may be both inhibitory and stimulatory. In the majority
of cases it may function as an inhibitory transmitter.

Previous data proved that the type of the effect produced by these agents
on the hearts of different mollusc species are not comparable, for in many
instances, the same species may respond differently depending on its habitat.

In view of this, it was considered, therefore, necessary to examine in detail
the effect produced by these biologically active amines and amino acids on
the hearts of Helix and Anodonta, since these animals were used for many
years by us, as widely distributed species in Hungary, for purposes of biolog-
ical testing because of the suitability of their size for physiological and phar-
macological examinations.

Methods

The investigations were conducted on the isolated hearts of Helix po-
matia L. and Anodonta cygnea L. Isolated snail heart preparations were made
of unhibernating specimens. Before experimental use the fresh-water mussels
were kept in an aquarium filled with Lake Balaton water.
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Isolated snail heart 'preparation

The shell of the animal was removed, the visceral sac was opened along
the helix and the heart exposed. Following this the pericardium was removed
and a thin cannula was introduced into the auricle and ligated above the
boundary of the auriculoventricle. Another ligation was made on the aorta
and subsequent to this the heart was suspended by the cannula on a frame
and cardiac action was registered on a kymograph. The level of the solution
was kept constant in the cannula during the experiment.

In case of snail heart Meng’s (1958) solution was used as a biological one
and the agents investigated were also dissolved in the same.

Isolated mussel heart preparation

The valve on the dorsal side of the animal was removed and the heart
was exposed by cutting open both the mantle and the pericardium. The two
aortas and the left auricle were ligated and a cannula was introduced into
the right side auriculoventricular opening. The ventricle was excised and
suspended by the cannula on a frame and fastened by the binding at the left
auricle to a light lever and cardiac action was registered on a kymograph.

To set isolated mussel’s heart in action the physiological solution recom-
mended by Marczynski (1959) was used.

The experiments were performed in spring months at room temperature
(20-22 °C).

In the course of these experiments the following agents were used:
acetylcholine, dopamine, adrenaline, noradrenaline, 5-hydroxytryptamine,
5-methoxytryptamine, tryptamine, tryptophan, L-tyrosine, tyramine, gluta-
mine, y-aminobutyric-acid (GABA), histamine, histidine, a-methyl-DOPA,
DOPA, DL-phenylalanine, DL-serine, benzoquinonium chloride (mytolon)
and 2-bromo-d-lysergic acid diethylamide (BOL).

Results

1 The effect of biologically active amines and amino acids

Acetylcholine (ACh) proved to be inhibitory on both the hearts of
Anodonta and Helix. The heart of Helix was more sensitive to acetylcholine,
at 10~9M concentration and above the agent produced complete arrest of
cardiac action. In case of lower concentrations this inhibition was eliminable
after repeated washing out of the agent, at 10-3 M concentration, however,
the inhibition was irreversible.

The threshold concentration of acetylcholine (KG6M) for the heart of
Anodonta produced a slight decrease of amplitude. Contrary to findings ob-
tained by us previously (Nistratova and Pécsi 1966) the increase in con-
centration produced diastolic arrest. At 10”5M and 10~4M concentrations
diastolic arrest lasted for 20 seconds and 1.5 mins, respectively, whereas in
case of 10-3 M concentration for 4,5 mins. In these cases, however, the heart
is delivered from inhibition by itself after a longer—shorter period and starts
pulsating spontaneously. At high concentrations of ACh the amplitude of
cardiac action decreased subsequent to the recovery of the heart from inhibi-
tion. ACh at 10-2 M concentration arrested cardiac action and the heart was
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not delivered from this arrest of itself even after passing of 13 mins, and its
activity was restored only by repeated washings with Ringer solution.
Acetylcholine solutions near the threshold were not stimulatory either
on Helix or Anodonta hearts. It happened also that the irregular cardiac action
of Anodonta registered before ACh treatment became regular after treatment
in case the agent was removed by washings, and in some instances the ampli-

tude increased, too. In the case of Helix heart no stimulation was noted follow-
ing washing out.

The effect of catecholamines on Helix and Anodonta hearts is of opposite
direction. On Helix heart, namely, dopamine (DA), adrenaline (A) and noradre-
naline (NA) produced stimulatory effect, but on the heart of Anodonta these
agents proved to be inhibitory.

Dopamine solutions at 10~9M and higher concentrations produce posi-
tive inotropic and chronotropic effects on snail heart. At higher concentra-
tions up to 10~3M this agent is stimulatory. Its effect might be discontinued
by repeated washings.

Helix heart responded with an increase of amplitude to 10-9 M and higher
concentrations of adrenaline and noradrenaline. The degree of the increase of
amplitude varied between 20—40% and was not dependent on concentration,
but might much rather be depending on the individuum. The effect produced
by adrenaline and noradrenaline might also be discontinued by reﬁeated wash-
ings, and following this, the heart starts to respond again to these amines.
In case of Helix heart no difference in effect between adrenaline and norad-
renaline was observed. Both agents were stimulatory. In case of dopamine,
however, not only an increase of amplitude was observable as compared with
these agents, but that of frequency was observed, too.

The sensibility threshold of dopamine on the heart of Anodonta was
about 10-7 M. This and 10_e M concentrations of this drug produced an about
20% decrease of amplitude. To higher concentrations up to 10-4 M the heart
responded with a sharp increase of tonicity. On the effect of concentration
increase the inhibitory effect increased. After cessation of treatment with
dopamine cardiac action is restored by itself and after some minutes the orig-
inal ground level and amplitude characterized the pulsation of the heart.
Following inhibition cardiac action was more regular and of a much greater
amplitude than after application of either adrenaline or noradrenaline. Dop-
amine washed out easily and the heart responded again to further applica-
tions of dopamine, the reaction produced, however, was less intensive. On
repeated application of this concentration the heart became adapted to dop-
amine and responded either with a very small decrease of amplitude only
or did not respond at all. Following washing out of 10-4 M dopamine solution,
the 10“5M solution of this agent was practically without effect.

The threshold concentration of adrenaline on the heart of Anodonta
proved to be 10~6—5X10-6 M. At 5x10-5M concentration a short systolic
arrest took place, and after increasing the concentration further (10-4—10-3 M)
a sharp rise in tonicity was registrable and the heart was arrested in systole
and after the lapse of some time cardiac action recovered itself without washing
out the drug (Fig. la). The reaction observed resembles strikingly that observed
previously In the case of ACh (Nistratova and P écsi 1966).

It is to be noted that in one single instance an increase of amplitude as
compared to the control was observed after spontaneous restitution from in-
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hibition caused by 10-4 M adrenaline solution (positive inotropic after-effect).

The effect produced by noradrenaline was similar to that of adrenaline
and dopamine. In case of the heart of Anodonta, however, a 10—50 times
greater concentration of the drug was necessary for producing the same effect.
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jWig. 1. — Effect of 10~4 M adrenaline on the isolated heart of Anodonta before (a) and
b—after pretreatment with mytolon (10~3M)

1. dbra. — Adrenalin hatdsa izolalt Anodonta sziven 10~4 M koncentraciéban (a) és
b—ugyanaz 10-3M mytolon el6kezelés utan

5-hydroxytryptamine (5-HT) was stimulatory on both Helix and
Anodonta hearts. In case of both experimental objects the threshold concentra-
tion was the same (10~10—5x 10~10 M) and this produced positive inotropic
and chronotropic effects. At 5x 10-9 M and 5x 10*8M concentrations the in-
crease of amplitude registered was 20% and 60%, respectively. The maximum
stimulatory effect produced by 5-HT on Helix heart was not higher than 90%,
whereas on Anodonta an increase of amplitude by more than 200% could
often be observed depending on the initial amplitude. In agreement with data
obtained previously by us neither Helix heart (S.-Rézsa and Gratti 1964) nor
Anodonta heart (PECSI 1965) was arrested by high concentrations, and a slight
increase in tonicity was observable, at most, when applying 10~3—10 2M
concentrations.

Stimulatory effects produced on Helix heart by high concentrations
(10-4—10_3M) of catecholamines and 5-HT are easily distinguishable on
basis of the type of stimulation. The effect produced by 5-HT is characterized
by an initial sharp increase of amplitude which is followed by a more stabile
increase of amplitude. This initial effect is lacking from the stimulatory effect
produced by catecholamines.

5-methoxytryptamine (5-MT) solutions of 10~10M concentration and
above produced on Helix heart positive inotropic and chronotropic effects
but the amplitude never increased by more than 20%. This stimulation chang-
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ed into inhibition at 10-e M concentration and above, and the effect was
easily discontinued by washing even at fairly high concentration (10-3 M).
The effect produced by this agent on Helix heart is clearly discernible from
that produced by 5-HT on basis of the characteristic two phases of its.

The threshold concentration of 5-methoxytryptamine on the heart of
Anodonta was 10~9—5xI0_9M. At this concentration both the amplitude
and frequency of cardiac activity considerably increased. The effect produced
by this drug on Anodonta heart is similar to that produced by 5-HT, namely,
this drug does not inhibit cardiac action even at high concentrations. At
10-6 M concentration and above an increase in tonicity was produced. In
case of this animal, too, the produced effect was easily washed out.

Tryptamine (TA) was stimulatory on both objects. At 10“10M and high-
er concentrations it increased both amplitude and frequency of cardiac activ-
ity, in case of Helix heart. The effect of this drug resembles the reactions
produced by 5-HT, but it is more easily discontinued by washings and the
Increase of amplitude is also smaller (Table 1). In the majority of cases in-
hibitory effect was observed by repeated application of high concentrations
(10-3M).

On the heart of Anodonta tryptamine is less effectual than 5-HT. The
threshold concentration of this drug varied between 5x f0~8—10~7M. Car-

Table 1. — 1. Tablazat

Type of effect, threshold concentration and maximum effect produced by biologically
active amines and amino acids on isolated heart preparations of Helix and Anodonta

Bioldgiailag aktiv aminok és amindsavak hatastipusa, kiiszébkoncentracioja és maximalis
effektusa izolalt Helix és Anodonta sziven

On heart of Helix On heart of Anodonta
Helix sziven Anodonta sziven
Agent
thres-  Percent thres-  Percent
type of effect hold Ofmnt]J?nXI- type of effect hold Ofmmu?:\“-
in M effect in M effect
Kisz6b-  Maxi- Kuszob-  NMaxi-
Anyag Hatés tipus CE:{}&_ efTeékliis Hatas tipus Cekr%r;é_ efTeéI!LSJs
Mc-lk;)en %-ban Mc-lboen %-ban
Acetylcholine ...........ccc...... inhibition io-9 100 inhibition 10-6 100
Dopaming .........ccceeeeeenea stimulation 10-9 40 inhibition io-7 100
Adrenaline............occoociiennn stimulation 10-9 40 inhibition 10-6 100
Noradrenaline...................... stimulation lo—0 40 inhibition ig-g 100
5-hydroxytryptamine  ......... stimulation 10-10 90 stimulation 1010 100
5-methoxytryptamine......... stimulation to-io 20  stimulation 10-» 100
) inhibition 18 20

Tryptaming ......ccocevieenne stimulation -0 30  stimulation io-s 100

Tryptophan.......cccoeeene. stimulation io-9 15 ineffectual —
Tyramine.........cocoeeene, stimulation io-9 10  stimulation 10-8 100

. inhibition io-4 50
Glutamine......c.ccooeoeuennnee, stimulation io-9 10 ineffectual - -
GABA ..o stimulation io-9 10 ineffectual - -

Histaming ........cccoeeeviiiinns stimulation io-7 8 ineffectual — —
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diac action was not arrested even on the application of high concentrations
(10-5—10~4M) of this drug, but responded with an increase of tonicity. Ar-
rhythm was produced occasionally by tryptamine. This was never observed
when using 5-HT. The effect produced by tryptamine is more easily discon-
tinued by washing out than the effect produced by 5-HT.

Tryptophan (TRP) solutions at 10~9M and higher concentrations pro-
duced a weak stimulation (10—15%) in case of Helix heart. Stimulation did
not increase upon rising the concentration and ended, too, without washing
out of the agent. Tryptophan proved to be ineffective on the heart of Anodonta.

The stimulatory effect produced on Helix heart by 10-9—10 s M con-
centrations of tyramine (TIR) was insignificant (5—10%), at higher concen-
trations (10-4—10-3 M) this agent produced an about 50% inhibition. The
effect of this drug is easily washed out and very often ceases by itself.

On the heart of Anodonta 10-8 M and higher concentrations of tyramine
had positive inotropic and chronotropic effect. An increase in tonicity was
observable also at concentrations beyond 10-5 M. The drug did not produce
inhibition even at higher concentrations. The stimulatory effect may surpass
even more than 100%.

Helix heart responds with a weak (10%) stimulation to low concentra-
tions (10-9—10_6M) of glutamine (GLA). At higher concentrations (10_4M)
this drug is inhibitory or without effect. On the heart of Anodonta it is ineffec-
tive at every concentration.

GABA produced on Helix heart a nonspecific, small (10%) stimulation
at 10-9 M and higher concentrations and was ineffective on Anodonta heart.

Histamine (HA) solutions at 10-7 M and above produced small stimula-
tion (5—8%) in case of Helix heart, and were ineffective on Anodonta heart.

Histidine, tyrosine, a-methyl-DOPA, DL-phenylalanine and DL-se-
rine proved to be ineffective on both Anodonta and Helix hearts.

Table 1. summarizes data on the type of effect, on sensitivity threshold
and on the degree of effectiveness of biologically active agents investigated.

2. Influencing of the effects of biologically active amines by ACh and
5-HT antagonists

In the following we shall discuss the examinations performed on the
mechanism of effect of agents that proved to be previously effective on both
test objects and which interfere in neurohumoral regulation. Thus at first
we attempted to obtain data on the susceptibility of the effects of acetyl-
choline, catecholamines, 5-hydroxytryptamine, tryptamine and tyramine to
ACh and 5-HT antagonist, with the aim of discriminating the possible place
of effect.

Pretreatment with mytolon and BOL was made at 10~5—10~4M and
10-4 M concentrations, respectively. These concentrations did not produce in
themselves noteworthy effects either on Helix or on Anodonta hearts. A 30
mins pretreatment with 10-5 M mytolon solution resulted in a complete elim-
ination of the inhibition produced by KO-8 M and 10-7 M acetylcholine so-
lutions. The same pretreatment with mytolon, likewise, eliminates the stim-
ulation caused by dopamine (10-7 M), adrenaline (10-7 M) and noradrena-
line (10~7M?. The effect of these two latter agents may turn inhibitory on the
heart of Helix pretreated with mytolon, and in particular following pretreat-
ment of long duration (1—1.5 hour).
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Table 2. — 2. Tablazat

Influence of mytolon and BOL on the effect produced by biologically active amines
on the hearts of Helix and Anodonta

Mytolon és BOL hatésa Helix és Anodonta sziven bioldgiailag aktiv aminok effektusara

On heart of Helix

Agent
Helix sziven
normal effect after mytolon after BOL
Anyag
norméal hatéas mytolon utan BOL utan
ACh s inhibition  elimination unchanged =
Dopaminge .................. stimulation elimination partial elimination
Adrenaline.................. stimulation  elimination or inhibition  partial elimination
Noradrenaline............. stimulation  elimination or inhibition  partial elimination
5-HT s stimulation  unchanged elimination
Tryptamine ............. stimulation  unchanged elimination
Tyramine................... stimulation  unchanged stimulation is eliminated
inhibition
On heart of Anodonta
Agent p
Anodonta sziven
normal effect after mytolon after BOL
Anyag , . ) .
normal hatas mytolon utan BOL utéan
ACh i inhibition  elimination unchanged or partial
. - o elimination ~
Dopaming ................. inhibition  elimination ) ~ elimination or stimulation
Adrenaline.................. inhibition  elimination or stimulation elimination or stimulation
Noradrenaline............. inhibition  elimination elimination
S-HT stimulation  unchanged elimination
Tryptamine ............. stimulation - -
Tyramine......cccoeeveneas stimulation  elimination elimination

Preincubation of Helix heart with mytolon, even if it lasted as long as
1.5—2 hours, did not influence the stimulatory effect of 5-HT, tryptamine
and tyramine.

A pretreatment of 10—20 mins of Anodonta heart with mytolon (10~4M)
eliminated the inhibition produced by ACh, dopamine, noradrenaline and
adrenaline. The inhibitory effect produced by 10~4—10~3M adrenaline solu-
tions turned into definite stimulatory effect (Fig. Ib). The positive inotropic
and chronotropic effect produced by adrenaline after mytolon treatment was
long-lasting without washing.

Mytolon did not influence the stimulatory effect produced by 5-HT on
Anodonta heart, whereas it completely ceased the stimulatory effect of tyra-
mine.

On Helix heart preincubated with BOL (10-4 M) a complete cessation
of the stimulatory effect produced by 5-HT, tryptamine and tyramine solu-
tions (10“6M) occurred 20 mins following application. BOL decreased the stim-

o Tihanyi Evkényv
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ulatory effect of dopamine, adrenaline and noradrenaline (10-6 M) by approx.
50—60%, it did not affect, however, the inhibitory effect of ACh (10-8 M).

BOL (10-4 M) eliminated in case of Anodonta heart, too, the stimulatory
effect caused by 5-HT and tyramine and also the inhibitory effect produced
by dopamine, adrenaline and noradrenaline. Following pretreatment with
BOL dopamine and adrenaline became slightly stimulatory.

BOL did not eliminate the effect produced by ACh on the heart of Ano-
donta, in some instances, however, decreased the degree of the effect produced.

To learn when the stimulatory effect produced by 5-HT and that obtain-
ed following mytolon treatment onthe application of adrenaline is realized
by the participation of the same receptors, we examined the effect produced
by these two agents on the heart of Anodonta after pretreatment with mytolon
and BOL. The effect of 5-HT remained invariably stimulatory also after pre-
treatment with mytolon, this effect could be stopped, however, completely by
BOL. The effect of adrenaline, however, which was normally inhibitory turned
strongly stimulatory following pretreatment with mytolon, but this stimula-
tion was not influenced by BOL.

Table 2. summarizes the susceptibility of the investigated agents to

various antagonists.

Discussion

The effect produced on Helix heart by the various amines investigated
manifested itself, in general, in the increase or decrease of amplitude and fre-
guency. Differences existed primarily not in the threshold concentrations,
which was, in general, 10-10—10~9M in case of most agents but in the maxi-
mum effects produced. From among the amines only histamine had a higher
sensitivity threshold (10-7 M). The sensitivity threshold of amines on the heart
of Anodonta was, with the exception of 5-HT, higher by 2—3 order of magni-
tude than on Helix heart.

From among the factors examined only ACh was inhibitory on Helix
heart at every concentration. ACh was found to be stimulatory on some Gas-
tropoda, thus on the isolated heart of Strophocheilos (Jaeger 1961). The stim-
ulatory effect of low concentrations of ACh was registered by Corda (1955)
on the heart of Helix aspersa, whereas the observations of Jttitien et al.
(1954) showed, as it was confirmed by our own findings, that on Helix pomatia
ACh was never stimulatory whatever concentration it was used in. Concerning
the lamellibranchs in the majority of cases ACh had a two-phase effect, it
was partly stimulatory, partly inhigitory, depending on concentration (Green-
berg 1965). In our case the heart of Anodonta responded to ACh concentra-
tions by 3times greater order than Helix heart. ACh was found, however, in
this case, too, definitely inhibitory at every concentration. In this respect a
difference exist between the heart of Anodonta cygnea and the hearts of Ano-
donta cataracta and Anodonta grandis, namely, in the case of these two latter
species ACh produced a two-phase reaction (inhibition and stimulation)
(Greenberg 1965). Data concerning other lamellibranchs are most varying
and the comparison of theirs seems to be of no use (Greenberg, 1965).

With respect to catecholamines Helix and Anodonta hearts behave dif-
ferently. A positive inotropic and chronotropic effect was produced on Helix
heart by 10-9 M and higher concentration, whereas, Anodonta heart respond-
ed in all instances with inhibition to all catecholamines examined by us.
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The degree of the inhibition may, depending on concentration, range from a
decrease of amplitude up to a complete arrest. In this respect, our data on the
effect of adrenaline confirm those obtained by Fange (1955).

Dopamine was found to have a two-phase effect on Tapes heart (Chong
and Phinris, 1965) and on Mercenaria heart (Spirtes and J acobowitz, 1966).
This two-phase effect was not demonstrable by us on the heart of Anodonta.
The degree and form of stimulation produced by each catecholamine applied
on Helix heart was the same. It was not demonstrable, however, that stimula-
tion was dependent on concentration. This finding of ours may be of some in-
terest, for the catecholamines were regarded previously as either ineffective
(Erspamer and Ghiretti 1951) or inhibitory (Ostiund 1954) factors on
Helix heart.

Though several authors were (Dan1 et al. 1966, Phittis, 1966) of the
opinion that from among the catecholamines a special role is attributable to
dopamine in the mediation of molluscs, in course of analysing the effect of
adrenaline, noradrenaline and dopamine no data were obtained by us which
would support the above suggestion. The effects produced by the three cat-
echolamines did not differe considerably as regards the threshold concentra-
tion or the maximum effect produced.

Out of the amines investigated 5-hydroxytryptamine was the only that
produced at the same threshold concentration (10~10M) stimulation on both
experimental objects. The only difference was that the maximum effect on
Anodonta heart was greater (Table 1). Contrary to data obtained by Yosni-
hara and Kuriaki (1957) and to those obtained by Greenberg (1960) 5-HT
did not produce inhibition even at very high concentrations. The type of the
effect produced resembles that discribed by Hirr (1958) and Kuziemski
(1962).

5-methoxytryptamine, tryptamine and tyramine have, too, produced
stimulatory effect on both Helix and Anodonta heart. Threshold concentration
on Helix heart was lower in case of these agents, too. Higher concentrations of
bgth 5-methoxytryptamine and tyramine, however, were inhibitory on this
object.

The effect of tryptophan, glutamine, GABA and histamine is stimulatory
on Helix heart but does not produce, even at high concentrations a more than
5—15% increase of amplitude (Table 1).

The order of the stimulatory agents on basis of the maximum effect
produced is

on the heart of Helix: 5-HT >DA cA*NA>TA > 5-MT >TR >

TIR, GABA > GLA > HA,
on the heart of Anodonta: 5-HT > 5-MT > TA, TIR.

Much fewer amines produce stimulatory effect on Anodonta heart, than
on Helix heart, and glutamine and histamine may be regarded as completely
ineffectual, though 10-5 M glutamine solution was found stimulatory on
Tapes heart (Phinris, 1966). GABA was ineffectual on Tapes heart, too. Accord-
ing to Phirtis (1966) and Pitgrim (1954) histamine in high concentrations is
unspecific agent on the hearts of other molluscs, too.

B«
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None of the amino acids investigated influenced cardiac action of the
heart of Anodonta, and only tryptophan and GABA produced but negligible,
nonspecific increase of amplitude on Helix heart.

Summing up, it may be concluded that amines can he taken for physio-
logically effective agents, and even the precursors of the effective amines,
i.e. phenylalanine are insignificant in producing physiological effect. Helix
heart is more sensitive to the agents investigated than Anodonta heart, conse-
quently, it is more suitable for purposes of pharmacological investigations
and biological testing. In view of the fact that in case of every agent but ACh
stimulatory effects dominated, it is emphasized that in the realization of this
effect identical mechanisms are involved, which produce on the effect of the
various agents activity increases of different degree in the muscles. The uni-
formizing of responses to this degree is by all means indicative of the identity
of the ground-mechanism.

On the other hand, the observation that the effect of catecholamines
manifests itself in physiological effects of opposite direction on Helix and
Anodonta hearts suggests that there is a great possibility for individual differ-
ences in case of different representatives. This may be elucidated only by
detailed investigation of the properties of the receptors. It is not considered
probable that in case of the two objects the catecholamines are interacting
with different receptors, and it is thought much more possible that alterations
taking place in other factors (receptor configuration, pattern of loading) are
determining the different physiological effects. In case of some molluscs the
accessibility of receptors may also influence the type of the response produced
(Jaeger 1966). The fact that in some instances a stimulatory effect was ob-
served on Anodonta heart following washing out of the agent indicates that
the stimulatory effect of catecholamines is masked.

Data obtained with antagonist show that the effect produced by ACh
takes place in case of Helix and Anodonta hearts in the same way as described
previously on molluscs, namely, it was eliminated by mytolon, and not elim-
inated by BOL, or it was only slightly influenced by it (Welsh and Taub
1951, Welsh and Stocombe 1952, Luduena and Brown 1952, Chong and
Phittis 1965). On the basis of our data it is inferred that the acetylcholine-
receptors in these representatives of molluscs, too, are very similar.

Mytolon which inhibited the ACh receptors in molluscs eliminated also
in both cases the effect of catecholamines. This agent decreases or discontin-
ues the effect of dopamine, adrenaline and noradren line even if the effect
produced is stimulatory on Helix heart, or inhibitory on the heart of Anodonta
(Table 2). Responses of opposite sign are produced in the majoritP/ of cases by
catecholamines in hearts treated with mytolon, and accordingly, inhibition
is produced on Helix heart and stimulation on the heart of Anodonta.

A reversion of response takes place in case of Anodonta heart on the
application of adrenaline and in that of Helix heart on the application of adre-
naline and noradrenaline. These facts suggest that the effect produced by
catecholamine might be related to structures that are inhibitable by mytolon,
they do not imply, however, that the effect takes place exclusively on these
receptors. This latter statement is supported by the fact that BOL also in-
fluenced the effect of catecholamines, when, namely, this agent completely
or partially eliminates it. BOL influenced the effect of catecholamines on Helix
heart in a much less extent and never eliminated it completely. These facts
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allow the supposition that there may exist another place of reaction for cate-
cholamines the nature of which, however, needs further investigations.

The effect produced on Helix heart by 5-HT, tryptamine, and tyramine,
and that produced by 5-HT on the heart of Anodonta were not influenced by
mytolon. The effect of tryptamine on Anodonta heart is, however, inhibited by
this agent. This involves, that the effect of 5-HT and tryptamine takes place
on separate receptors and is completely eliminable by BOL in case of our two
test objects. We have no exact knowledge as yet of the mechanism by which
the effect of tyramine is realized on molluscs. In case of the vertebrates it is
assumably connected to a-receptors (Farmer 1966).

It may be said on the basis of data obtained that the places of reaction
suggested for ACh and 5-HT are isolated from each other, and the structure
of the receptors of the other agents necessitates further studies.

Summary

1 Examining the effect of various amino acids and amines on the iso-
lated hearts of Helix and Anodonta it was established that only amines are
involved in the production of physiological effects. It was observed that the
sensitivity of Helix heart on the agents tested was greater by 2—3 orders.

2. ACh produced on both Helix (10-9 M) and Anodonta (10~6M) hearts
negative inotropic and chronotropic effects.

3. Catecholamines (dopamine, noradrenaline, adrenaline) produced stim-
ulation on Helix heart, and inhibition on the heart of Anodonta.

4. 5-HT produced on both objects stimulatory effect at the same thresh-
old concentration (10~10M) and inhibitory effect was not produceable even
on the application of high concentrations.

5. Besides 5-HT other agents as tryptamine, 5-methoxytryptamine
and tyramine were also stimulatory factors, the two latter, however, were in-
hibitory on Helix heart when applied at high concentrations. Tryptophan,
glutamine, GABA and histamine produced an increase of amplitude on Helix
heart, and were ineffectual on the heart of Anodonta.

6. The effect of ACh was inhibited on both objects by mytolon, and the
effect of catecholamines was eliminated or was changed into the opposite
effect by this agent. Mytolon does not influence the effect produced by 5-HT
and tryptamine. It inhibits the effect of tyramine on the heart of Anodonta,
but does not inhibit it on the heart of Helix.

7. BOL ceased the effect produced on the heart of Anodonta by the
amines investigated except for ACh. On Helix heart it also did not influence
the response produced by ACh, but eliminated the stimulatory effect of 5-HT,
trﬁ/pltamine and tyramine, and decreased to a small extent the effect of cate-
cholamines.
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BIOLOGIAILAG AKTIV ANYAGOK HATASANAK OSSZEHASONLITO
VIZSGALATA HELIX POMATIA L. ES ANODONTA CYGNEA L. IZOLALT SZIVEN

S.-Rézsa Katalin és Pécsi Tibor

osszefoglalas

1. Amingsavak és aminok hatdséanak vizsgélata alapjan izolalt Helix és Anodonta
sziven megallapitast nyert, hogy fiziologiai effektus Iétrehozasaban elsésorban az aminok
vesznek reszt. A Helix sziv két-harom nagységrenddel érzékenyebb a tesztelt agensekre.

2. Az ACh mind Helix (1 » 10_3 M), mind Anodonta (1 « 10~6 M) sziven negativ
inotrop és kronotrop effektust valt ki.

3. Catecholaminok (do%amin, noradrenalin, adrenalin) Helix sziven serkentést,
Anodonta sziven pedig_gatlast hoznak létre. ]

4. Az 5-HT mindkét obljektumon azonos kiiszobkoncentracioban (1 ¢ 10~10 M)
Roz Iélétre serkent6 hatast, s gatlé effektus nagy koncentraciok applikalasaval sem valt-

atoé ki.

5. Az 5-HT-n kivil a triptamin, 5-methoxytriptamin és tiramin ugyancsak
stimulalo faktorok, de a két utobbi nagy koncentracioban Helix sziven gatol. A triptofan,
glutamin, GABA és hisztamin Helix sziven amplitudondévekedést hoznak létre, Anodonta
sziven hatéastalanok, ) ) ) o

6. Mytolon blokkolja az ACh hatast mindkét objektumon, ezenkivil Kkivédi
vagy ellenkez6 elGjellivé valtoztatja a catecholaminok hatasat. Nem befolyasolja az
5-HT és a triptamin hatast. A tiramin effektust blokkolja Anodonta sziven, de Helix
sziven nem.

7. BOL Anodonta sziven az ACh kivételével valamenn&/i vizsgélt amin hatasat
teljesen kivédi, Helix sziven nem befolyasolja az ACh hatast, de kivédi az 5-HT, triptamin
serkent6 hatdsat, mig a catecholaminok hatasat kis mértékben csékkenti.

CPABHUTE/IbHbIA AHANN3 OENCTBUA HEKOTOPbIX BMONOIMMNYECKW
AKTUBHbIX BEWECTB HA M30/IMPOBAHHOM CEPALIE BUHOIPAOHOU
YINTKN N BE33YBKWN

KaTanmH LU.-Po>ka n Tubop Meun

1 — B xogg vccnefoBaHys a(ieKTa amMHOB M aMMHOKMC/IOT Ha M30/IMPOBAHHOM
cepaue BMHOTPaAHOW YIUTKM M 6e33yOKM ObUI0 YCTaHOBNEHO, YTO aMUHbI ABASIOTCA 6ofee
aKTVBHbIMKW. Cepaue BUHOTPaAHOW YNMTKM Ha 2—3 nopsgka YyBCTBUTENbHee cepaua 6es-
3y6KM K W3YYeHHbIM areHTam.

2. — AUETWIXOMMH BbI3bIBAET OTPULIATENbHbLIA MHOTPOMHbBIA U XPOHOTPOMHLIA 3qdeKT
Ha ceppue y BuHorpagHoin ynutkn (1.10~9M) n 6e33y6kmn (1.10~6M).

3. — KarexonamuHbl (LOnamuH, HOpajpeHavH, afpeHanvH) OKasblBaeT YCUMBatoLLee
[eficTBMe Ha CepALe BMHOrPafHOWM YNWUTKKM, a Ha cepfue 6e33y6KM — TOPMO3siLLee.

4. — CepOTOHVH BbI3bIBAET CTUMYNALMIO HA 000X 06BEKTAX B OAMHAKOBLIX MOPOroBbIX
KOHUeHTpaumax (1.10_10M) u B 60MbLUMX KOHLEHTPaUMsAX TOXE HUKOrJa He BbI3bIBAET TOp-
MOXEHVE.

5. — TNoMUMO CepoTOHMHA CTUMYNATOPHbLIA 3GEKT OKasbIBalOT TPUNTaMUH, 5-MeTOK-
CUTPUNTaMUH W TUPAMUH, HO U3 HKX MOCNEAHUX ABa B 6O/bLIMX KOHLEHTPaUMAX Bbi3blBatOT
TOPMOXEHME Ha cepAue BWMHOMPagHON ynuTKW. TpunTtodaH, ratotamvH, TABA 1 ructammH
BbI3bIBAIOT YBE/IMYEHUE aMMINTYAbl Ha CepAue BMHOTPagHOM YNWUTKM, a Ha ceppue 6e33y6Kku
OHU  HE3M(EKTHBHBI.
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6. — MUTOMOH CHVMaET ahheKT aLeTUIXONMHa Ha 060MX cepAlax M MpedoTepallaeT
[JeiiCTBME KaTeXONaMVHOB WM )Ke MpeBpallaeT ero B MpOTMBOMOMOXKHbIA 3HaK. MUTOMOH He
BANAET Ha 3(PeKT CePOTOHMHA M TPUMTaMUHa, HO GMIOKMPYET [eliCTBYE TUpaMuHa Ha cepaLie
6e33y6kM HO He Ha Cepfue BWHOrPafHON YAWUTKW.

7. — BOJ1 Ha cepaue 6e33y6KM 3a UCKHOUEHMEM aLETUAXONMHA CHUMAET 3eKT BCex
M3YYeHHbIX areHTOB, a Ha Cepfue BUHOTPaAHOW YNUTKM GNOKMpYeT 3eKT CepoTOHMHA, TpWM-
TaMUHAa W TUPaMUHA, HO He BAIMSIET Ha (KT aLeTUNIXOMMHA U CHIDKAET HE3HAUMTENbHO [eit-
CTBUE KaTEXO/TaMUHOB.
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