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The significance of serotonin as a mediator in molluscs is generally
known. Many facts seem to point out that beside the mediator function this
substance plays an important part also as a local hormone which is necessary
for the endogenous excitation of the corresponding cells. Thus referring
to the effect of serotonin exciting the cilia there is ample evidence that this
substance is involved in the regulation of the automatic ciliary activity in
lamellibranchiates (A1eLro 1960, GosseLIN 1961, GOSSELIN —MOORE— MIL-
ToN 1962). The localization of serotonin in the neurons of Anodonta on the
other hand points to its possible role in the process of excitation induced
by neurons (Zs.-Nacy-—S.-RézsA—FOLDES-- PERENYI—SALANKI—DEMETER
1965).

In the present study we attempted to clarify the significance of the endo-
genous serotonin in the automatism of the cardiac muscle in the mussel. As
experimentally demonstrated, the heart subjected to the effect of high tem-
perature which thus has stopped automatic pulsation repeatedly regained this
capacity when treated with serotonin.

Method

To the experiments isolated hearts of the fresh water mussel (Anodonta
cygnea 1..) were used for whose activation and as a bath fluid a proper physio-
logical solution was utilized (MarRczyNsKI 1959). The method of preparation
has been described earlier (PEcsI—SALANKI 1964). For the heat treatment
of the heart hot physiological solutions were used the temperature of which
was measured both before and during use. In this paper double temperature
values were given: the first value indicates the temperature of the liquid at
the moment of introducing into the ventricle containing the heart while the
second (in parenthesis) shows the temperature to which the liquid cooled
down while acting on the heart.

The period of application of the hot liquid depended on the temperature.
In the case of 50 (44)—55 (47) °C the heart was kept under heat treatment
for 1 minute while in the case of 70 (59) °C for 15 sec only. The hot liquid after
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its effect was over has been always changed for a solution of room temperature
(20—22 °C).

In the course of experiments the following agents were used: serotonin
creatinine sulphate, serotonin hydrogen oxalate, 5-hydroxy-N’-dimethyl-
tryptamine (bufotenin), 5-methoxytryptamine oxalate, 5-methoxy-N’-acetyl-
tryptamine (melatonin), tryptamine hydrochloride, 1-tryptophan, 5-hydroxy-
di-tryptophan, tyramine hydrochloride, 1-noradrenaline, histamine. The
solutions made of the individual agents were applied as bath liquids.

Experiments were carried out in the months of October to January at
room temperature.

Results

When the bath liquid of the isolated mussel’s heart was changed for hot
physiological solution a characteristic reaction appeared in the cardiac activ-
ity: frequency and tonus of pulsation increased in each case rapidly and strong-
ly, while the amplitude as a rule decreased. With the increase of the temper-
ature of the hot solution and of the period during which it acted on the heart
the effect increased. In a liquid of 40 (36) °C the heart still could be kept
without major thermal damages. The liquid of 50 (44) °Cin most cases resulted
already in systolic standstill of the heart which only ceased after a shorter
or longer period (Fig. 1). The liquid of 55 (47)—57.5 (49.5) °C still more rapid-
ly and intensively damaged cardiac activity. When the heart’s activity was
restored, amplitude and frequency of pulsation considerably decreased as
compared to the condition previous to the heat treatment (Fig. 1).

Fig. 1. Effect of 50° C physiological liquid applied for 1 minute on cardiac action
1. dbra. Az 1 perces 50 C°-os fiziolégias folyadék hatasa a szivmiikddésre

Treatment of the heart for 1 minute with 50 (44) °C hot physiological
solution led to the reduction of the amplitude of cardiac action by 50 per cent,
of the frequency by 30 per cent. At treatment for 1 minute with 55 (47) °C
solution the amplitude of pulsation decreased by 65 per cent, the frequency
by 30 per cent. When temperature was further increased, both the reduction
of amplitude and frequency was still more explicit, until at a certain tempera-
ture maximum final standstill of the heart was obtained. The maximum
temperature action after which the cardiac activity was still spontaneously
;estgged was 67 (56) °C solution applied for 30 sec or 70 (59) °C solution applied
or 15 sec.
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Serotonin restored the original amplitude and frequency of the cardiac
action weakened by heat treatment. Furthermore in thoe cases when the
hearts did not begin to beat from themseives, in the case of definite tempera-
ture limits serotonin was able to induce pulsation. Serotonin concentration
» coessary to restore cardiac action depended on temperature and period of
application of the solution used for heat t-eatment. The threshold of sensi-
tivity to serotonin of the hearts was normally around 5x107?—1078 M.
After heat treatment for 1 minute with 50 (44) °C bath liquid 10-7 M while
after 55 (44)—57.5 (49.5) °C liquid application 5x10~7 M serotonin was
needed to start again the cardiac action that came to a standstill as a con-
sequence of the heat treatment. After a heat treatment for 15 sec with 67
(56)—70 (59) °C the heart responded with a start of pulsation to 10~¢ M sero-
tonin only.

During these experiments the interesting phenomenon was observed
that if before the application of the hot physiological solution the heart was
treated with serotonin, depending on temperature and period of application
amplitude and frequency of pulsation increased, did not change or hardly,
or at least suffered less damage than in the cases when the same heat treat-
ment was applied without giving serotonin previously. Thus, when prior to
the treatment with 50 (44) °C solution for 1 minute the heart was kept for
a few minutes in 5x 1077 M serotonin solution the heat treatment except for
an initial transitory phase did not stop the pulsation and in such cases even
frequency and in some cases also amplitude of pulsation increased (Fig. 2).
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Fiy. 2. Bffoct of 5% 10-7 M serotonin given before the application of 1 minute 50° C
physiological liquid

2. dbra. Az 1 perces 50 C°-os fiziolégids folyadék applikdldsa el6tt adott 5x10-7 M.
serotonin hatésa

Such protection from heat treatment of the cardiac action was in the
overwhelming majority of cases not afforded by 1078—10-7 M serotonin
where as pretreatment with 5x1077—107% M serotonin already resulted in
tho above mentioned protective effect.

Parallel with the investigation of the specificity of the above serotonin
offects we examined also the effect of other biologically active substances.
These experiments were of an informatory character.

An effect similar to the above action of serotonin was found in the case
of two related compounds: tryptamine and 5-methoxytryptamine. From the
point of view of effectivity, however, both compounds were about 10 times less
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active than serotonin. At the same time noradrenaline, tyramine, histamine,
tryptophan, 5-hydroxytryptophan, 5-hydroxy-N’-dimethyltryptamine and
5-methoxy-N’-acetyltryptamine were found to be completely ineffective even
in high —10=* M- concentration.

Discussion

The results obtained indicate that the pulsation of the mussel’s heart
brought to a standstill with proper heat treatment can be started with the
application of serotonin as a bath liquid. It is evident that the action of high
temperature damages the contractile apparatus of the heart muscle and the
serotonin receptors to a lesser degree than the generation of rhythmic excit-
ations. Since the latter mechanism is restored by serotonin it may be concluded
that in natural generation of rhythmic impulses endogenous serotonin is
deeply involved and that the standstill of the heart induced by heat treat-
ment may be engendered among others by the disturbance of the biochemical
system responsible for serotonin synthesis. On the basis of this conception
the significance of the serotonin pretreatment of the heart becomes com-
prehensible which leads to the accumulation of serotonin in the cardiac tissue
and as a result to the resistance of the heart to high temperature effects.

It may be assumed that the known effect of serotonin as a mediator
of the stimulatory nervous actions exercised on the heart of molluses (WELSH
1957, KosHTOYANTS 1957, LOVELAND 1963, S.-R6zsA —GRAUL 1964) is in
a close connection with the function of this substance as a local hormone, since
in both cases serotonin, acts on the same system, the excitable structure of
the cardiac tissue.

Summary

Serotonin within certain limits restores the pulsation of the isolated
mussel’s heart that came to a standstill upon the action of high temperature.
Heat treatment resulting in the standstill of the heart becomes ineffective
if the heart is kept previously in serotonin solution. These facts seem to point
out that endogenous serotonin which acts here as a local hormone may have
an important part in the automatism of the mussel’s heart.

Tryptamine and 5-methoxytryptamine have a similar protective effect
from the heat inactivation of the heart which is, however, about 10 times less
active than that of serotonin. On the other hand no such effect was observed,
even in the case of high concentrations, when noradrenaline, tyramine, his-
tamine, tryptophan, 5-hydroxytryptophan, 5-hydroxy-N’-dimethyltryptamine
and 5-methoxy-N’-acetyltryptamine were applied.
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A SEROTONIN VEDO ES REAKTIVALO HATASA AZ EDESVIZI KAGYLO
HOINAKTIVALT SZIVEN

Osszefoglalas
Dimitrij A. Szaharov— Péesi Tibor

A serotonin bizonyos hatdrokon beliil helyredllitja a magas hémérséklet hatdsa
révén megdllt izolalt kagyld sziv verését. A sziv ledllasdat eredményezs hékezelés hatds-
talanng valik, ha a szivet el6zetesen serotoninoldatban tartjuk. Ezen tények arra mutat-
nak rd, hogy az endogén serotoninnak, amely itt mint lokdlis hormon szerepel, 1ényeges
szerepe lehet a kagylé sziv automatizmusdban.

A sziv héinaktivacidjaval szemben hasonld, de a serotoninéndl kb. 10-szer kevéshé
aktiv védohatdssal rendelkezik a tryptamin és az 5-methoxytryptamin. Viszont nem
tapasztaltunk ilyen hatédst még nagy koncentrdcidk esetén sem a noradrenalin, tyramin.
histamin, tryptophan, 5-hydroxytryptophan, 5-hydroxy-N’-dimethyltryptamin és az
5-methoxy-N’-acetyltryptamin alkalmazéasakor.

3AIUTHOE U BOCCTAHOBUTEJIbHOE JEWCTBUE CEPOTOHMHA
[TPU TEMIEPATYPHON MHAKTUBALIMM CEPJILIEBUEHUI BE33VBKMU

A. A. Caxapos n T. Ileuu

CepoToOHMH BOCCTaHABJIMBAeT OMeHUs M30JIMPOBAHHOrO cepjia 0e33y0KM, 0CTAHOBJIEH-
HOro JieficTBHeM BHICOKOM Temriepatypel. TemrnepaTypHasi 00paboTka, npuBo/sIasi K 0CTAHOBKE
cepaua, CTaHOBUTCSI Hed(P(EeKTHBHOH mocie mpeaBapUTesIbHOI0 BbIIEP)KUBAHMSI Cepjlia B
pacTBoOpe CepOTOHMHA. JTH (AKThl PACCMATPHBAIOTCS KAK YKa3aHWe HA TO, YTO JHAOTEHHbIi
CEPOTOHMH MMeET CYLIECTBEHHOE 3HA4YeHHWe B aBTOMATH3Me cepjua 0e33yOKM, BHICTYNasi 371eCh
B POJIM JIOKAJIbHOI0 TOPMOHA.

CXO/IHBIM 3AIUTHBIM JefICTBHEM MPOTHB TeMIepaTypHOil MHAKTUBALMN 00J1a/a10T TPUIITA-
MHH U 5-METOKCHTPHUIITAMHH, HO OHHM MpuUMepHO B 10 pa3 mMeHee aKTHBHbI, YeM cepoToOHHMH. He
00J1a1al0T 3aIMTHBIM JIefiCTBHEM, Jla)Ke B BBICOKOI KOHIIEHTpalMH, HOpaJpEeHAJIMH, TUPAMHH,
TUCTAMUH, TPUOTO(QAH, S5-OKCUTPUNTO(AH, S5-OKCH-N’-AUMETUJITPUNTAMHUH U  5-METOKCH-N'-
ALCTUITPUNITAMUH.
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