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Serotonin has been identified in the different tissues in many classes of
molluscs and especially high concentrations were found to be present in the
nervous system of Gastropoda and Pelecypoda (Welsh and Moorhead,
1960; Kerkut and Cottrell, 1963; Dahi et al. 1966; Hiripi, 1968).

The considerable amount of data obtained by various methods supports
the hypothesis that serotonin has transmitter role in the neural regulation in
molluscs (Kosthoyants and Roézsa, 1961; Keretit and Walker, 1962;
Salanki, 1963; Chase et al. 1968; Gerschenfeld and Stefant, 1968; Salanki
et al., 1968). The investigations unambiguously subscribe to the hypothesis
that serotonin may function in the cardioregulatory system (Weish, 1957;
Loveland, 1963; S. R é6zsa and Gratil, 1964; S. Rézsa and Perényi, 1966;
Peécsi, 1968) as well as in the regulation of muscle activity in molluscs (Twa-
rog, 1966; Sartanki and Labos, 1969; Satanki and Hiripi, 1970).

By investigating the nervous system and other tissues of some molluscan
species it was clearly demonstrated that the serotonin is synthetized from
5-hydroxytryptophan by its decarboxylization (Weilsh and Moorhead, 1959;
Cardot, 1963, 1966; Hiripi and Saranki, 1969; Hiripi, 1970).

However, the problem of the inactivation of serotonin is not fully eluci-
dated in molluscs, particularly in Gastropoda and Pelecypoda although sero-
tonin concentration is the highest and its function is widely examined. B1asch-
ko and Hope (1957) demonstrated the presence of the monoamino oxidase
(MAOQ) in different tissues of some molluscan species, however they used the
serotonin as a substrate only in the experiments performed with the retractor
muscle of Mytilus edulis. In the kidney of the Helix aspersa Kerkttt and
Cottrell (1963) demonstrated by a chromatographic method the breakdown
of serotonin to 5-hydroxyindole acetic acid (5HIAA) supporting the presence
of the monoamino oxidase. Monoamino oxidase has been found also by Cardot
(1964) in the nervous system of Helix pomatia, but this enzyme was not
active on the serotonin substrate. According to our investigations monoamino
oxidase is responsible for the enzymatic inactivation of serotonin in the ner-
vous system and in the kidney of the Lymnaea stagnalis 1. (Hiripi, 1970).

The aim of the present study was the examination of the presence and
activity level of the monoamino oxidase in the nervous system and other
tissues of Anodonta cygnea L.
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Material and methods

For the experiments the fresh-water mussel, Anodonta cygnea 1. was
used. The 5-hydroxyindole acetic acid was measured in the ganglia by fluoro-
metric method and was identified by its emission spectra. About 0.5—1.2 g
tissue (all the ganglia of 30—50 animals) was homogenized in 5 ml 0.01 n
HC1 than the protein was precipitated by ZnS04 (Udenfriend and Weiss-
bach, 1963). The 5-hydroxyindole acetic acid was isolated and measured by
the methods of Ashcroft et al. (1968) using an Aminco Bowman spectro-
photofluorometer. The emission spectra was recorded by Cimographe GZ
30/40 recorder.

The enzyme activity was investigated in the homogenates of the follow-
ing tissues: ganglia (cerebral, visceral and pedal ganglia together), cerebro
visceral connective (CVc,) kidney, heart, intestine, mantle, gill, adductor muscle
and lymph. The tissues were freshly dissected and they were stored during the
dissection in ice-cold physiological saline (Marczynski, 1959). The tissues were
measured after drving on filter paper and homogenized in phosphate-buffer
01 M, pH 7,4).

The enzyme activity was assayed by fluorometrical measuring of the
rate of substrate disappearance. The serotonin content of the incubation mix-
ture was assayed by the method of Bogdanski et al. (1956). The composition
and concentration of the incubation mixture was as follows: 1. homogenate
(50 mg/ml for CVc and adductor muscle, and 200 mg/ml for the other tissues.
In the case of the lymph 2.5 ml incubation mixture contained 2.0 ml lymph);
2. phosphate-buffer (0.1 M pH 7.4); 3. serotonin 1.14 X 10-4 M

After 15 minutes preincubation period the incubation were carried out
for 60 minutes. During this period the enzyme activity was linear. For sub-
strate serotonin creatinin sulphate was used. The mixture was shaken through-
out the incubation period at 2570.1 °C. In the control experiments the
homogenate was replaced by water.

N Lisonicotinoyl-N2isopropylhydrazine-phosphate (iproniazid) and alpha-
methyl-benzylhydrazine oxalate (actomol) were tested for the inhibition of
the enzyme activity. The enzyme activity are expressed in mpmole serotonin
disappeared/g wet tissue/hour.

From the incubation mixture the formed 5-hydroxyindole acetic acid
was isolated and identified after protein precipitation by thin-layer chromato-
graphic and fluorometric methods (Ashcroft et al. 1968).

Results

It is generally accepted that the main pathway for the serotonin inactiva-
tion is the breakdown to 5-hydroxyindole acetic acid by monoamino oxidase.
In the ganglia the physiological concentration of this metabolite was 3.5
fig/lg wet tissue. The metabolite was identified fluorometrically and its identity
with the authentic 5-hydroxyindole acetic acid was supported by the same
emission spectra (Fig. 1.).

The activity of the MAO enzyme was measured by the rate of serotonin
disappearance, however, in the case of the ganglia and kidney the metabolite
was identified, too. Among the examined tissues the ganglia, cerebro-visceral
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Fig. 1. The emission spectra of the ganglion extract and authentic 5-hydroxyindole
acetic acid

connective, kidney, heart, intestine and gill showed activity, on the other
hand, the lymph, mantle and the adductor muscle did not break down the
serotonin (Table 1.).

Investigation of the metabolic product both by chromatographic and
fluorometric methods resulted in that serotonin breaks down to 5-hydroxy-
indole acetic acid. The R( value and the colour the chromatographic spots
originated from the extracts of the incubation mixture of the ganglia and
I((idney v;/ere identical with that of the authentic 5-hydroxyindole acetic acid

Fig.'2.).

In the incubation mixture of the ganglia and kidney, the 5-hydroxyin-
dole acetic acid could be identified also by its emission spectra.

The inhibition of monoamino oxidase was tested only for the homogenate
of the ganglia. It was found that the enzymatic breakdown of serotonin could

3 Tihanyi Kvkriny
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Fig. 2. Thin-layer chromatogram of ethyl acetate extracts of the incubation mixture in
the case of ganglia and kidney of Anodonta cygnea L. Development with n-butanol:
acetic acid: water solvent and spraying with EHRLICH’S reagent.

I, III, extracts of ganglia and kidney at the beginning of the incubation

II, 1V, extracts of ganglia and kidney after 120 min incubation

V, authentic 5-hydroxyindole acetic acid

TABLE 1.

Monoamino oxidase enzyme activity in various tissues of Anodonta eygnea L.
The enzyme activities are expressed as mumole serotonin disappeared/g wet

tissue/hour

Tissue Activity
ganglia 170
kidney 91
heart 57
CVe 45
intestine 28
gill 23
adductor musce 2.0
lymph 0.0
mantle 0.0
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be inhibited by actomol: using concentrations of 4.4x10~4and 7.7 X10-4 M
the inhibition was 50 per cent and nearly 100 per cent, respectively (Fig. 3).

Iproniazide did not inhibit the enzyme activity up to 5xI10~3M con-
centration. At the same time, it was found that 5X 10~4 Miproniazid decreased
the concentration of the serotonin in the incubation mixture at the very be-
ginning of the incubation period by 10 per cent both in the sample and in the
control. The decrease of the serotonin level was 30 pe cent at 5x 10_3 M con-
centration of the iproniazid.
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Fig. 3. Inhibition of the enzyme activity by actomol in the ganglion homogenate of
Anodonta cygnea L.

Discussion

It is clearly demonstrated by the experimental data, that the monoamino
oxidase plays an active role in the enzymatic inactivation of serotonin in the
nervous system of Anodonta cygnea L The metabolite of the serotonin break-
down, the 5-hydroxyindole acetic acid, formed in vivo, could be demonstrated
in the ganglia. The in vitro action of the enzyme was demonstrated by chro-
matographic and fluorometric identification of the 5-hydroxyindole acetic
acid from the incubation mixture, as well as throughout the inhibition of the
enzyme activity by actomol. In the ganglia of Anodonta piscinalis (Dan1 et al.
1962) and Lymnaea stagnalis (Sakharov and Zs. Nagy, 1968) it was demon-
strated histochemically that the specific fluorescency of monoamines can be
increased with nialamid suggesting the presence of the monoamino oxidase.
However, iproniazid, an other inhibitor of the monoamino oxidase did not
prevent the in vitro breakdown of serotonin. This is in agreement with Ker-
kut’s finding (Kerkut et al., 1966) stating that iproniazid did not cause in
vivo the increase of the monoamine level in Helix aspersa. At the same time
the serotonin level decreased in the incubation mixture by 30 per cent immedi-
ately after adding iproniazid in a concentration of 5x 10~3M. It may be sug-
gested that the iproniazid in such a concentration influences the fluorometric
assay of serotonin.
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Among the examined tissues the highest enzyme activity was measured
in the ganglia. The activity was comparatively high in the kidney, while in the
heart, intestin e and mantle the enzyme activity was lower. Nevertheless, taking
into consideration the larger mass of these organs, it may be suggested that a
larger amount of serotonin breaks down in these organs than in the nervous
system.

) Investigating the 5-hydroxytryptophan decarboxylase enzyme it was
found that serotonin is synthetized only in the nervous system of Anodonta,
and the rate of the synthesis is 300 mumole/g wet tissue per hour (Hirrer
and SALANKI, 1969). Comparing the rate of the serotonin synthesis and sero-
tonin breakdown in the nervous system it appears that the rate of the synthe-
sis is higher than that of the breakdown. This finding can be connected with
the fact, that only a part of the serotonin synthetized in vivo in the nervous
system breaks down here while the other part is transported to the periphery.
It is further supported by the fact, that the synthetizing capacity of the CVe
is 10—12 times greater than its ability to inactivate serotonin. According to
physiological investigations serotonin plays an important role both in the
central and peripheral neural regulation of mussels (SALANKI, 1963; A1ELLO
and GUIDERT, 1966; PRcst, 1968). According to this the serotonin formed in
the nervous system but acting peripherically breaks down at the place of
action, in the tissues. In the adductor muscle, mantle and lymph there was no
monoamino oxidase enzyme activity, though serotonin has a direct role in the
muscle regulation (SALANKI and LABos, 1969). It is very probable that sero-
tonin released in the adductor muscle is removed by circulation and transport-
ed into the kidney where its inactivation takes place. It is probabe that the
monoamino oxidase of the kidney breaks down all the serotonin present in the
Ilymph independent of the fact whether it was released in organs without own
MAO activity or was removed from the direct active sites by diffusion (GEr
SCHENFELD and STEFANI, 1968).

The role of the monoamino oxidase in the inactivation of the serotonin
has been shown also in the nervous system of Lymnaea stagnalis L. (Hirrer,
1970). However Carpotr (1964) found that serotonin was not inactivated by
the nervous system of Helix pomatia and this observation was also supported-
by our preliminary investigations. This means that in spite of the presence of
serotonin the monoamino oxidase may not be present in the nervous system
or other tissues of all the molluscan species. Presumably, the breakdown by
monoamino oxidase is not the only pathway for the inactivation of serotonin.
The pigment formation demonstrated by Brascako and Minron (1960) and
other elimination mechanisms may also function as physiological metabolic
pathways for the elimination of serotonin.

Summary

In the different tissues of Anodonta cygnea L. the serotonin inactivation
was investigated by chromatographic and fluorometric methods and the
following was found:

1. The monoamino oxidase is present in most of the examined tissues.
2. The ganglia contain the breakdown product of serotonin, i.e. the 5-hydroxy-
indole acetic acid, in an amount of 3.5 ug/g wet tissue.
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3. The enzymatic activity of the ganglia, kidney, heart, CVe, intestine and gill
homogenates was 170—23 mumole serotonin disappeared/g wet tissue/hour.
There is no activity in the adductor muscle, lymph and mantle.

4. In the homogenate of the ganglia the activity can be inhibited by actomol,
but there is no inhibition by iproniazid.
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MONOAMINO OXIDAZ SZEREPE A SZEROTONIN INAKTIYALODASABAN
ANODONTA CYGNEA L. KOZPONTI IDEGRENDSZEREBEN ES
EGYEB SZOVETEIBEN

Hiripi Laszl6 és Salanki Janos

osszefoglalas

Fluorimetridsan és vékonyrétegkromatografiasan vizsgalva a szerotonin inakti-

1. A monoamino oxiddz (MAO) jelen van a vizsgalt szovetek tobbségében.

2. A ganglionokban 3.5 fig/g mennyiségben van jelen a szerotonin lebontéasi terméke az
nagy A. alatt kezdve 5HIAA.

3. A ganglion, vese, sziv, CVc, bél és kopoltyl homogenizdtum szerotoninbonté aktivi-
tdsa 170—23 m”mol bontott szerotonin/g nedves suly/éra. lzom, limpha és kdpeny
nem bontja a szerototnint.

4. A ganglionhomogenizatum aktivitasat az actomol 7,7 « 10~4M-os koncentraciéban
teljesen gatolta, mig iproniazid nem okoz gatlast.
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