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THE EFFECT OF 5-HYDROXYTRYPTAMINE ON THE HEART
OF FRESH WATER MUSSEL (ANODONTA CYGNEA L.)
IN THE CASE OF DIFFERENT MODES OF APPLICATION

TIBOR PECSI
Received: March 5th 1965

A number of studies are known concerning the effect of 5-hydroxy-
tryptamine (5-HT) on the molluscan heart. Within molluscs the lamelli-
branchiates occupy a significant position because their isolated heart serves
as a suitable test object for the bioassay of 5-HT. In the experiments known
up to now mainly the isolated heart of the marine lamellibranchiates was
used (WELsH 1953, 1956; GADDUM—PAASONEN 1955; YOSHIHARA —KURIAKI
1957; GREENBERG 1960a, b; LovELAND 1963), while from the fresh water
mussel species few were examined.

FANGE (1955) was the first to suggest 5-HT bioassay using the heart
of Anodonta cygnea L. on which the effect of 5-HT and its related compounds
was examined in some detail by MARCzZYNSKI (1959). More recently Kuziem-
SKI (1962) made use of fresh water mussel species (Unio pictorum and Anodonta
cygnea) for the examination of 5-HT effect on the heart of the mussel.

In literature two methods of the preparation and use of the isolated
mussel’s heart (ventriculus) are known. According to the first method a cannula
was inserted in the heart and thus the 5-HT injected into the cannula influenced
directly the inner wall of the heart. According to the other method the heart
was placed into a bath full of physiological liquid and the 5-HT solution given
into the latter acted on the external wall of the heart.

Concerning the comparison of the sensitivity of the external and internal
wall of isolated mussel’s heart up to now some data are known mainly in con-
nection with acetylcholine (ACh). According to the examinations conducted
by WELsH and TauB (1948) the external wall of the heart of Mercenaria
( Venus) mercenaria is as sensitive to ACh as the inner wall. Other authors
(TEN CATE—REESINCK 1954; FLOREY —MERWIN 1961) demonstrated a differ-
ence in the sensitivity to ACh of the interior and exterior sides of the isolated
mussel’s hearts. Similarly a difference was demonstrated in the effect of some
alkaloids (Carrson 1922) and salts (MoTrLeEY 1934) on the mussel’s heart
according to whether they were introduced into the bath liquid or through
a cannula in the interior of the heart. Therefore the question of the dependence
on the locus of the sensitivity effect may well arise also in connection with
the 5-HT. To be able to make consistent the 5-HT sensitivity data referred to
in literature — which were obtained in mussel beart prepared with the above
method — with each other, comparative examination of the sensitivity of the
two methods became necessary. As a further comparison also the 5-HT
sensitivity of the in situ mussel heart was investigated. Thus in the course
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of our experiments the 5-HT effect on the heart of Anodonta was examined
in the case of four different methods of application:

a) into the interior of the isolated heart,

b) into the bath liquid of.the isolated heart,

c) to the in situ heart or pericardial liquid respectively and

d) into the auricle of the in situ heart.

Method

The experiments were conducted on Anodonta cygnea L. hearts in the
winter months at 20—22° C room temperature. Isolation and suspension of
mussel’s hearts placed into bath liquid was carried out with slight modification
according to the method of Wait (1943) and/or Weish and Stocombe (1952)
described in a previous paper (Pécsi—Salanki 1964). In a perfectly similar
way were prepared the isolated hearts provided with a cannula with the only
difference that their suspension and the recording of the cardiac action was
carried out in the air. The latter fact of course rather restricted the period
of usability of the thus prepared hearts for testing. The method of obtaining
in situ preparations was also described earlier (Pécsi—Satanki 1964).

To be able to obtain normal or nearly normal cardiac action immediately
after preparation in the case of isolated heart preparations, attention had to he
paid to the blood volume of the hearts. Methods used by us made it possible
to change the pressure within the heart and to adjust it to a value at which
the heart was enabled to normal activity. Thus, in contrast to published data
(Fange 1955, Marczynski 1959, Kuziemski 1962, Sakharov—Nistratova
1963) we never experienced a shorter or longer standstill of the hearts sub-
sequently to preparation.

Recording of cardiac action was carried out with the aid of a light lever
on a smoked drum.

To set in action the isolated hearts, as a bath liquid and for the pre-
paration of the 5-HT creatinine sulphate solutions a mussel physiological
solution (Marczynski 1959) was used.

In the case of isolated hearts placed into a bath the whole heart was in
the 5-HT solution of adequate concentration while in the three other cases
the 5-HT solutions were added to the heart in an amount of 0.2 ml with the
aid of asyringe. In these latter cases we always had to reckon with a consider-
able (minimum 10 fold) dilution.

Results
A) Isolated heart preparations

To 5-HT applied in two different ways the isolated hearts did not respond
with the same sensitivity. The more sensitive method proved to be that in
which the 5-HT solution was injected into the cannula i.e. the interior of the
heart (Fig. 1). In this case the 5-HT sensitivity threshold of the heart was
observed at the dosage of 0.2 ml 10~9M solution (Fig. la) to which the heart
responded with increased amplitude and frequency. Since the amount of
5-T introduced into the heart was diluted to about its 10-fold by the liquid
within the heart, the threshold of these hearts can be determined around
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Fig. 1. The effect of 5-hydroxytryptamine in case of administering into the cannula of the isolated heart
1. &bra. Az 5-hydroxytryptamin hatdsa az izolalt sziv kaniiljébe adasa esetén
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10-1% M. With the increase of the amplitude was always more manifest than
that of frequency (Fig. 1 b, c).

The sensitivity to 5-HT of the hearts placed into the bath was lesser than
in the former case. The minimum 5-HT concentration resulting in an increase
of amplitude which could be just noticed was 10=8 M (Fig. 2a ). With increased
5-HT concentration the increase in amplitude and frequency of the pulsation
of the heart became more and more explicit (Fig. 2 b, ¢, d, e, f). 5x107¢ M
5-HT solution already resulted in such increase of amplitude and frequency
(Fig. 2 f) which could be no more enhanced with the further increase of the
5-HT concentration (Fig. 2 g, k). On the other hand, in the case of the use
of 10=% M 5-HT solution the 5-HT brought about also an increase in the tonus
(Fig.2h).

Since in these experiments an ever increasing 5-HT concentration acted
on the isolated hearts and thus the possibility of a 5-HT adaptation was
present, we performed also experiments in which we acted immediately with
very high (1075—10~* M) 5-HT concentrations (Fig. 3). In the case of both
concentrations a very significant increase of amplitude (about 200 per cent on
the average) and of frequency (about 25 per cent on the average) could be
observed and in no case was a standstill of the heart found to occur.

On Fig. 3 it can be seen in all four pictures that after having administered
a great concentration of 5-H'T the basic line of the heart beat became undulat-
ing, that is the small waves which could be observed already before and which
followed each other in regular intervals, intensified. This rhythmic fluctuation
of the basic line appeared in many cases also in hearts where it could not be
observed before (Fig. 3b). After the washing out of the heart these waves
either diminished to the original size or even disappeared.

A phenomenon up to a certain degree similar was observed also in isolat-
ed hearts where 107* M 5-HT was administered to the interior of the heart
(Fig. 1d). As it appears from the Figure, the basic line of the cardiac action
after the administration of 5-HT considerably rose and on the rising shaft here
too smaller waves could be observed. Besides, amplitude and frequency of the
heart very considerably increased and it has not been found in this experiment
either that the heart had responded to the high 5-HT concentrations with
a standstill.

B) In situ heart preparations

The effect on the heart of high 5-HT concentrations (10-* M) admini-
stered to in situ mussel’s heart or into the pericardial liquid has been already
described in an other paper (SALANKI-—Pgcst 1965). In this concentration
5-HT had a positive inotropic and chronotropic effect and as a rule also
increased the tonus of the heart (Fig. 4 ¢). The minimum concentration to
which the heart responded with an increase of amplitude and frequency was
0.2 ml 107%-5x10=% M 5-HT (Fig. 4a). Since the 5-HT solution admini-
stered to the heart and/or the pericardial liquid became diluted to more than
10-fold, the threshold of the 5-HT thus applied was around 10~7—-5x10-7 M.
A drawback of the method is that the exact place of the 5-HT effect can not
be controlled and delimited because there is a possibility for the 5-HT solution
given to the in situ heart to spread.
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Fig. 2. The action of 5-HT solutions applied as bath liquids on the heart
2. &dbra. Furd6éfolyadékként alkalmazott 5-HT oldatok hatdsa a sziven
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Fig. 3. The effect of high 5-HT concentrations on the isolated heart
3. &bra. Nagy 5-HT koncentraciok hatédsa az izolalt szivre

Better results were obtained with those in situ preparations where the
5-HT has been injected into the auricle. In these experiments already 0.2 ml
10-7 M but especially 5X 10~7M 5-HT resulted in an explicitely positive effect
(Fig. 5a). Since also here it must be reckoned with a minimum 10-fold
dilution of the 5-HT solution, the threshold was around 10~8—5x 10-8 M.
With the increase of the 5-HT concentration amplitude frequency and tonus
increased (Fig. 5 b, ¢, d, €). Those hearts which were immediately exposed
to the effect of high (10-4—10~3 M) 5-HT concentrations responded in the
first place with the increase of the tonus but within a few minutes also the
positive inotropic effect of 5-HT manifested itself (Fig. 5d, e).

Difference in the sensitivity of the in situ heart preparations to the
5-HT applied in two different ways is shown in Fig. 6. The deficiency
of such preparations — although they are giving good results —is that after
the various 5-HT concentrations the heart can not be washed out, that is
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Fig. 4. The effect of 5-HT given to the in situ heart
4. &bra. Az in situ szivre adott 6-HT hatasa
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Fig. 5. The effect of 5-HT in case of injecting into the auricle of the in situ heart
5. &bra. Az 5-HT hatésa az in situ sziv pitvardba vald injekcidzas esetén
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Fig. 6. Comparison of the sensitivity to 5-HT given on and/or into the heart on in situ
preparation

6. abra. A szivre, illetve a szivbe adott 5-HT-re val6 érzékenység tsszehasonlitdsa in situ
prepardtumon

the 5-HT from the heart with the haemolymph spreads in the whole organism
and on the effect of 5-HT such reactions appeared (contraction of the adduc-
tors, then relaxation, stretching of the foot etc.) which as mechanical excita-
tions adversely influenced the reaction of the hearts to further 5-HT.

Discussion

As well known from earlier works (FANGE 1955; MarczyNsKI 1959) and
corroborated by our own data the isolated Anodonta heart prepathtions may
serve as suitable test objects for the determination of low 5-HT concentrations.
However the response of isolated hearts to 5-HT was obviously influenced by
whether 5-HT was given into the cannula or the bath liquid, that is whether
5-HT acted on the interior or exterior wall of the ventricle. The fact found
during the experiments that in case 5-HT was given into the cannula the
threshold was around 10~1° M while in the case of 5-HT acting as bath liquid
the heart responded perceptibly only to the 10=% M solution, permitted to
conclude that the mussel’s heart is more sensitive to 5-HT acting in the interior
of the heart. Since this finding was supported also by our experiments con-
ducted in mussel’s hearts in situ, we concluded from our data that the 5-HT
sensitivity of the inner wall of the ventricle is greater than that of the
external wall.

Our results show a close agreement with the thresholds observed up to
now in Anodonta (FANGE 1955; MARCZYNSKI 1959), Unio (KUzZIEMSKI 1962),
Venus (WELsH 1953, WELsE—McCoy 1957) and Cyprina (WELsH 1956) hearts.
Newer data were obtained on the isolated heart of Unio by Kuziemskr (1962)
when using parallel with the kymographic examinations also photoelectric
recording method finding thresholds of 10712—10-1 M 5-HT depending on
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experimental temperature. In these investigations Kuziemskr employed the
5-HT solutions as bath liquid that is he acted on the external wall of the heart.

Insufficient studies are known up to now in connection with the effect
of high 5-HT concentrations on the molluscan hearts. The results found in
literature are contradictory which may be explained by the fact that the
examinations were conducted on the hearts of different Mollusca species. The
examinations of JAEGER (1962) resulted at the 5-HT 106 g/ml concentration
in a systolic standstill on the heart of the snail Strophocheilos oblongus. Similar
results were obtained in the case of 1075—10-% M solutions by GREENBERG
(1960a) and of 5x1076—103 M 5-HT solutions by LOVELAND (1963) acting
on the hearts of Mercenaria (Venus) mercenaria, by YosHiHARA and KURIAKI
(1957) in the case of 10~*—10~5 M 5-HT solutions acting on the hearts of the
clam Meretriz lusoria. In contrast to these data Kuziemskr (1962) and
GREENBERG (1965) did not observe the standstill of pulsation of the heart the
former in the case of 1075 M 5-HT on the heart of Unio pictorum and the
latter in the case of 10~* M 5-HT on the heart of Anodonta grandis and accor-
ding to the investigations of HiLL (1958) the ventricle of the snail Busycon
canaliculatum does not show systolic standstill even on the action of 10-2 M
5-HT. Both in the isolated and in situ Anodonta hearts our experience was
that the hearts did not come to a standstill in any case upon the action of
1075—10~% M 5-HT. Thus the isolated hearts of the marine Venus and of the
fresh water Anodonta although they responded similarly to low 5-HT con-
centrations gave different responses to high (1075—10~% M) concentrations.

Since in the course of our experiments the hearts were hung up by bind-
ings made on the aorta, for the undulation of the basic line of the heart’s
activity which can be observed in some cases, the intestine located in the axis
of suspension should be considered responsible. As it appears from Fig. 3 the
spontaneous rhythmic activity of the intestine became manifest in the form
of small and comparatively infrequent waves which at the use of the high
(107*—10—* M) 5-HT doses as bath liquids increased and in cases when the
activity of the intestine could not be observed earlier even rhythmic activity
was induced upon these doses (Fig. 3 b). Therefore several authors, to avoid
the interaction between the heart and the intestine proceeding in the longi-
tudinal axis of the heart either hung up the ventricle by bindings applied at
the auricles (Warr 1943; WeLsH—TAur 1948; WELSH—SLOCOMBE 1952;
Kuziemskr 1962; LOVELAND 1963; SAKHAROV—NISTRATOVA 1963) or had
removed the intestine from the heart (TEx CATE—REESINCK 1954; YosHI-
HARA — KURIAKI 1957; SAKHAROV —NISTRATOVA 1963).

According to examinations conducted by Nystrom (1963) on Spisula
solidissima and GREENBERG and JEGLA (1963) on Mercenaria (Venus) merce-
naria the 5-HT up to 1076 M resulted in a stimulating effect on the rectum
while the higher concentrations (5x107¢—10-% M) inhibited the rhythmic
activity of the intestine and considerably increased the tonus of the intestine
(GREENBERG —JEGLA 1963). Taking these results into consideration we can
conclude from our data that from the 1075—10—* M bath liquid 5-HT diffuses
into the interior of the heart and the 5-HT concentration within the heart
attains such value which beside increasing the rhythmic activity of the in-
testine probably enhances the tonus of the intestine too. When we administer-
ed 0.2 ml 10~¢ M 5-HT this meant even after dilution in the liquid within
the heart such concentration resulted in increase of tonus in the intestine
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stretch within the heart (Fig. 1 d). Thus in our opinion the intestine passing
through the heart although it is by the binding applied on the two aortas in
close interaction with the ventricle does not specially disturb the response
of the heart to 5-HT doses around the threshold; its role becomes manifest
more in the case of high 5-HT dosage rates. This of course excludes in no way
the possibility that under physiological conditions the sensitive intestine move-
ment of the 5-HT may influence the activity of the heart also in the case of
low concentrations.

Summary

The effect on the heart of the fresh water mussel (Anodonta cygnea L.)

of 5-hydroxytryptamine (5-HT) was examined with four modalities of applic-
ation:

a) given into the interior of the isolated heart,
b) given into the bath liquid of the isolated heart,

¢) administered to the in situ heart or the pericardial liquid respectively
and

d) into the auricle of the in situ heart.

It has been established that both in the case of isolated and in situ heart
preparations the interior wall of the ventricle is more sensitive to 5-HT than
the outer wall which must be absolutely taken into consideration when titrat-

ing 5-HT on the heart of lamellibranchiates and/or comparing data obtained
with different methods.

Under the experimental conditions, examining the interaction of the
heart and of the rectum passing through it we demonstrated that the rectum

does not disturb the response of the heart to low 5-HT concentrations, its
effect appeared in high concentrations.
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AZ 5-HYDROXYTRYPTAMIN HATASA A TAVIKAGYLO (ANODONTA CYGNEA
L) SZIVEN KULONBOZO ALKALMAZASI MODOK ESETEN

osszefoglalas

Pécsi Tibor

Az 5-hydroxytryptaminnak (5-HT) a tavi kagyl6 (Anodonta cygnea L.) szivén
valé hatasat vizsgaltuk négyféle applikalasi méd mellett:

a) izolalt sziv belsejébe adva,

b) izolalt sziv furdéfolyadékaba adva,

c) in situ szivre, illetve a pericardialis folyadékba adva, és

d) in situ sziv pitvaraba adva.

Megallapitottuk, hogy mind az izolalt, mind az in situ szivprepardtumok esetén
a ventriculus belsé fala érzékenyebb az 5-HT-ra mint a kilsé fal, amit az 5-HT Lamelli-
branchiata sziven valg titralasakor ill. kiilonb6z6 maédszerrel nyert adatok 6sszehasonli-
tasakor feltétlenul figyelembe kell venni.

Kisérleti korilményeink k6zott a sziv és a rajta athalad6 rectum egymasrahatasat
vizsgalva kimutattuk, hogy a rectum nem zavarja a szivnek a kis 5-HT koncentracidkra
val6 reagalasat; hatdsa a nagy koncentraciokndal jelentkezett.
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3OOEKT CEPOTOHWUHA HA CEPALE BE33YBKW (Anodonta cygnea L.)
B 3ABWCMMOCTU OT CMOCOBA EF0 MPUMEHEHMWSA

T. Meun

M3yyancs aththeKT cepoTOHUHA Ha ceppue 6e33y6KM B 3aBMCUMMOCTU OT pasHbIX Croco6os
ero MPUMEHEHUS: CEePOTOHWH [aBancs

a) BHYTPW M30/IMPOBAHHOM0 cepaua,

6) B pacTBOpP, OTMbIBAIOLLEr0 M30/IMPOBAHHOIO cepaua,

ej Ha cepgue in situ T. e. B nepuKapiuanbHyl0 >XWAKOCTb,

r) B npeacepgave cepgua in situ.

BblN0 yCTaHOBNEHO, YTO BHYTPEHHSAA CTeHKa >XenyAouyka M301MPOBAHHOrO cepaua u
TakXe cepaua in situ YyBCTBUTeNbHEE K CEPOTOHWMHY YeM €ero BHELIHAA CTeHKa, M 3T0 Heob-
XOAWMO MPUHUMAaTb BO BHWMaHWe NpU TUTPUPOBAHUU CEPOTOHMHA Ha cepAuax NnacTuHYaTo-
XabepHbIX W MpU COMNOCTaBNEHWW [AaHHbIX MOMYYEHHbIX PasHbIMU MeTofaMu.

M3yyas B3aumogeicTBue cepaLa M MPOXOAsLLeiica Yepe3 Hero NPsSIMOMA KWULLKKW, 6bIN0
YCTaHOB/IEHO, YTO MpAMas KULIKa He NPenAaTCTBYeT peakuuio cepfua K ManbiM fo3am CepoTo-
HUHa, HO OKa3blBaeT CBOEe [eiiCTBME MpU MPUMMeHeHWM 60MbLUMX KOHLEHTpauuii 3TOro areHTa.
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