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Extensive studies were performed concerning the role of serotonin (5HT)
in vertebrates and invertebrates (Garattini 1965, Erspamer 1966). In the
latter group of animals it may function as a stimulating transmitter (Welsh
1957, Koshtoyants 1957). The effect of serotonin has been examined and
described in various organs and representants of Molluscs (Hit1 1958, Koshto-
yants and Roézsa 1961, Aiel16 1957, 1960, Gerschenfeld and Stefani 1962,
1962, Salanki 1963, Twarog 1964, 1966).

That 5HT might have the role of a transmitter was indicated not only
by its occurrence only (Welsh and Moorhead 1960, Dahl et al. 1966), but
also by the fact that the SHTP decarboxylase enzyme which is involved in
synthesis was also demonstrated (Welsh and Moorhead 1959, Kerkut and
Cottrell 1963, Cardot 1966). The monoamino oxidase enzyme, however,
which is responsible for the decomposition of 5HT was not demonstrable in
the nerve, but only in the other tissues (Blaschko and Hope 1957, Kerkut
and Cottrell 1963).

Examinations were performed concerning the SHT content of the nervous
system and other tissues in a number of molluscan species by chromatographic,
fluorometric and histochemical methods (Welsh and Moorhead 1960, Dahl
et al. 1966, Zs.-Nagy 1967, Sakharov and Zs.-Nagy 1967). The results show
that in the stage of development of the two classes of Molluscs the serotonin
content of the tissues was higher in Lamellibranchs than in Gastropods. Only
little data are available concerning the 5SHT content of the tissues in freshwater
molluscan species. The present investigations were made with the objective
to compare the serotonin content of the various tissues in three species.

Method

In the present study the cerebral, visceral and pedal ganglia, the cerebro
visceral connective (CVc), the adductors, the tissue of the mantle, gill and the
Heart in the Anodonta cygnea L.; the cerebral, visceral and pedal ganglia, the
CVc, adductors further the tissues of the mantle and the gill in Unio pictorum
and the pharyngeal ganglia of Lymnaea stagnalis were examined. Tissue samples
were prepared immediately before the experiment and were stored at ice
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temperature for a period not longer than 1 hour before use. The measurements
were conducted in the period between October and January.

Paper chromatographic examination

The ganglia of Anodonta and Lymnaea were examined paper chromato-
graphically.The ganglia were homogenized in 70 percent acetone and centrifuged
(10 000 r. p. m.). The supernatant was decanted and the residue was extracted
again and centrifuged. The two supernatants were collected and concentrated
by evaporation at room temperature to a small volume and dipped onto
WuaTMaN No 1 paper and developed by ascendent technique at room tem-
perature for 4 —12 hours. Solvents of the following composition were used:
butanol-acetic acid-water (4 : 1 :5); 20 percent KCl in water; N-butanol-30
percent methylamine solution (8 :3). The ganglion extract was developed
parallel with the mixture of the extract and authentic substances and with
the authentic substances themselves. To develop the spots EHRLICH-reagent
and ninhydrin-acetic acid fluorescent reagent was used (ERSPAMER 1966).

Fluorometric examination

Two extraction methods were used. The reagents were prepared according
to the method applied by BogpaNskr (1956).

1. In the case of ganglia and CVe the micro analitical method applied
by KuntzMaNN (1961) was used with a few modifications: 550 mg tissue was
homogenized in 1 ml 0.1 N HCI solution and the homogenizate was transferred
into glass-stoppered shaking tube. Thereafter the homogenizator was washed
with 0.5 ml water and the wash was added to the homogenase. The pH was
adjusted approximately to 10 with anhidrous Na,CO,, and 0.5 ml borate buffer
(pH 10) was added. Next, 1 ¢ NaCl and 4 ml butanol were added and the tube
was shaken for 30 min. After centrifuging 3 ml of the butanol phase was
transferred into another test tube containing 6 ml heptane and 1 ml 0.1 N HCL.
The tube was shaken. Centrifugation followed and 0.9 ml of the acid phase
was transferred into a test tube containing 0.27 ml ce HCL. Excited in quartz
cuvette at 300 mu, fluorescence was measured at 540 mu (uncorrected instru-
ment values). Blank reagent (in which the tissue aliquot was replaced by water),
standard (i.e. serotonin) and ,,internal standard” (tissue aliquot + serotonin)
were taken through the same procedure. A recovery of 85102 percent was
obtained by adding serotonin to the tissue aliquot.

2. In the case of muscle, mantle, gill and the Heart the method described
by BogDANSKI (1956) was used. In the case of the muscle and the mantle butanol
extraction was preceded by protein precipitation with ZnSO, (ErRSPAMER 1966).

Reagent blank, standard and ,,internal standard” were simultaneously
also taken through the same procedure as the sample. Measurement was per-
formed at 540 mu with excitation at 300 mu (uncorrected instrument readings).
A recovery of 86 —105 percent was obtained.

The measurements were performed in Aminco—Bowman spectrophoto-
fluorometer. Excitation and emission spectra were taken with Cimagraphe
(Type 30/40 GZ) recorder. When taking the emission spectra GG14 colour
filter was used for filtering out reflection which presented itself at 360 mu
maximum.



Results

Examination by paper chromatography

When examining the ganglion extract of Anodonta two spots could be
discerned on the chromatographic paper, whereas in case of Lymnaea one spot
only (Fig. 1). Rf values of the ganglion extracts and of the authentic substances
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Fig. 1. L Ganglion extract of Anodonta, 2. Ganglion extract of Isymnaea. 3. 56HT and
5HTP chromatograms. Developing by ascending technique. The solvent used: n-butanol:
acetic acid: water (4:1: 5). Development with Enhrlich reagent

1. abra. 1. Anodonta ggl, 2. Lymnaea ggl. extraktum, 3. 5HT és 5HTP kromatogramja
Futtatds felszallo6 kromatogramként n-butanol :ecetsav :viz (4:1: 5), futtatészerben.
El6hivas Enrlich reagenssel

developed simultaneously are illustrated in Table 1. The Rf values of the gang-
lion extract were somewhat lower as compared to the authentic substances,
nevertheless it was possible to identify them as 5HT and 5HTP in case of
Anodonta and as 5UT in case of Lymnaea. If, namely, 5HT and 5HTP was
added to the extracts the intensity of the corresponding spots increased, and
the Rf values were in that case too smaller than those of 5SHT and 5HTP.



Solvents Anodonta
HP,

Butanol:
acetic acid:
water (4:1:5) 0.39—0.47
20 percent KC1
in water 0.33—0.38
Butanol: 30 percent
methylamine (s :3) 0.57—0.60

Table 1.
Rf values of 5HT and 5HTP of the ganglion extracts in Anodonta,
Lymnaea and control

ggl.

rf2

0.17—0.21

0.38—0.42

Lymnaea ggl.
Rf

0.39—0.46
0.32—0.37

0.56—0.60

Examination by fluorometry

Authentic
5HT Rf

0.45—0.47

0.36—0.38

0.59—0.61

Authentic
5HTP Rf

0.20—0.22

0.40—0.44

Besides identifying serotonin by paperchromatography it has been
identified also on basis of its excitation and emission spectrum. In a 3 N HC1
solution serotonin has maximum fluorescence at 550 my when excited at
295 my (Udenfriend, Bogdanski and W eissbach 1955).

Fig. 2. Spectra of the extracts of the ganglia and the CVc of Unio:
1. blank reagent, 2. standard 5HT, 3. cerebral ganglia, 4. pedal ganglia, 5. visceral ganglia,

6.

CVc

2. abra. Unio ggl. és CVc extraktumok spektrumai:
1. reagens blank, 2. standard 5HT, 3. cerebralis ggl., 4. pedalis ggl., 5. visceralis ggl.,
6. CVc



The maxima of both excitation and emission spectra of the tissues
examined by us well corresponded to the maxima of authentic serotonin, and
they were at 298 —300 my and 538 —540 my respectively (all values are uncor-
rected instrument readings). Such a spectrum is presented in Figs. 2 and 3.

Table 2 summarizes concentration values of serotonin in the various
tissues, expressed in yg 5HT/g fresh weight unit. In the case of ganglia and
the CVc the 5HT content of a pair of ganglia and CVc are also given. The
values are the averages of 5—20 measurements.

Fig. 3. Spectra of mantle and muscle extracts of Anodonta:
1. blank reagent, 2. muscle, 3. mantle, 4. muscle + 5HT, 5. standard SHT, 6. mantle
+ SHT

3. abra. Anodonta kdpeny és izom extraktumok spektrumai: 1. reagens blank, 2. izom,
3. kdpeny, 4. izom + 5HT, 5. standard 5HT, 6. kopeny + 5HT

Table 2.
Serotonin concentration in the various tissues (fluorimetric measurement)
ANODONTA UNIO LTMNAEA
(ig6HT/g re SHT/ re SHT/g re SHT/ ggi.re/g wet
wet weight spceimen wet weight specimen weight
Cerebral ganglion 725 0.X9 112 0.19
Visceral ganglion 435 0.23 66 0.20 14
Pedal ganglion 66.5 0.30 108 0.31
CVvc 38.0 0.34 53.5 0.096
Muscle 0.33 0.22
Mantle 0.37 0.33 not
Gills 0.25 0.90 examined

Heart 0.0 not examined not examined



As the results show the 5HT-content of the ganglia of Unio is the highest.
As regards ganglion tissue the values were higher in the case of Unio than in
case of Anodonta. 5HT-content of the muscle and the mantle was nearly the
same in both species, whereas in the gill of Unio almost four times as much
5HT was demonstrable than in the gill of Anodonta.

In the Lymnaea only the ganglia were examined concerning their 5HT
content. The value obtained was considerably lower than in the case of Ano-
donta or Unio. In the heart serotonin was not demonstrable.

Discussion

The paperchromatographic Rf values of the ganglion extracts well con-
form to those of authentic serotonin. The maxima of excitation and emission

spectra similarly well correspond to the maximum of the spectrum of the
authentic serotonin.

As evidenced by quantitative data obtained, out of the species examined
the 5HT content of the ganglia of the Unio was the highest, it was in somewhat
less amount present in the ganglia of 4Anodonta, whereas the 5HT content of
the Lymnaea was approximately by one order lower. The results obtained well
conform to previous literary data (WeELsH and MoorHEAD 1960, DAHL et al.
1966, KERKUT and COTTRELL 1966) indicating that serotonin is of more general
occurrence in the nerve tissues of the mussel, than in those of the snail. 30 60
ug/g 5HT was demonstrated by DAHL (1966) in the ganglia of Anodonta piscina-
lis, whereas in those of Helixz pomatia only 4 ug/g. As examined by KERKUT
and CoTTRELL (1963) the 5H'T content in Helix aspersa was of the same value
(0.5—4 ug/g). Also histochemical examinations confirm this observation.
A fluorescence indicative of the presence of serotonin was observed in nearly
every nerve cell of the mussel, whereas in the nervous system of the snail
only in a few cells (Zs.-NaGcy 1967, SAKHAROV and Zs.-Nacy 1967). Out of the
ganglia of the Lamellibranchs highest 5HT content expressed in wet weight
unit was demonstrable in the cerebral ganglia, lower values were obtained in
case of pedal ganglia, whereas in the visceral ganglia the 5HT concentration
values amounted only to about 60 percent of that of the cerebral ganglia.
As evidenced by DavL (1966) 5HT content (62 ug) was the highest in the
pedal ganglia of Anodonta piscinalis, in comparison to the other ganglia of the
same species, i.e. it was less in the cerebral ganglia (58 ug) and in conformity
to our results by about 50 percent less in the visceral ones (30 ug).

5HT content of CVe is relatively high. Nearly the same 5HT concen-
tration was measured in the CVe and in the ganglia. This is in contradiction
to histochemical data evidencing that the neuropil of the ganglia and the
axons themselves do not contain 5HT (Zs.-Nacy 1967). This suggested, there-
fore, that the high 5HT content of the CVe is the result of the transport of
5HT originating from the ganglia.

The concentration of serotonin is low in the adductors, nevertheless, it
is easily demonstrable. With regard to this it is assumable, that it is involved
in the neuromuscular transport as it has been suggested previously on basis
of physiological examinations (TwArOG 1954, 1966).

In the mantle and the muscle the concentration of 5HT was the same.
The low 5HT content of the latter tissue is ascribed to the presence of nerve
elements, by which it is thought the low concentration might be explained.



Considerable difference in the serotonin content of the gill was found
between Anodonta and Unto. The concentration of serotonin in the gill of the
former was 0.25 pg, while in the latter 0.9 pg. Serotonin concentration of the
same order (0.1 —1.0 pg/g) was demonstrated by Aiello (1962) in the gill of
Mytilus. This agent appears to be involved in the regulation of the movement
of the cilia.

It is only the tissue of the heart, out of the tissues examined in which
serotonin was not demonstrable. Were serotonin present in the heart its con-
centration would possibly fall below 0.02 pg/g. In one instance about 8 g heart
tissue obtained from 120 animals was extracted by the method described. Had
serotonin been present in a concentration of 0.02 pg/g this would have presented
itself in a final concentration of 0.10—0.16 pg/1.5 ml; serotonin is in such
concentration namely demostratable by the applied method. Also the high
activity of monoaminooxidase might explain the absence of serotonin. With
regard to this, however, we have no data at our disposal.

Summary

Examinations on the concentration of serotonin by paper chromato-
graphy and fluorometric method in the central nervous system and other tissues
of Anodonta cygnea L., Unio pictorum and Lymnaea stagnalis L. have led to
the following conclusions:

1. 5HT was demonstrable in the ganglia, the cerebrovisceral connective
(Cve) of the gill, the adductors and the mantle of Anodonta and Unio. In the
heart, however, its presence could not be demonstrated.

The order of 5HT concentration in the case of Anodonta: cerebral ggl.
(72.5 pg/g), pedal ggl. (66.5 pg/g); visceral ggl. (43.5 pg/g); CVc 38 pg/g; mantle
(0.37 pg/g); muscle (0.33 pg/g); gill (0.25 pg/g), in the case of Unio: cerebral
ggl. (112 pg/g); pedal ggl. (108 pg/g); visceral ggl. (66 pg/g); CVc (53.5 pg/qg);
gill (0.9 pg/g); mantle (0.33 pg/g); muscle (0.22 pg/g).

2. The ganglia of the Lymnaea contain less 5HT than those of the Lamelli-
branchs.

3. The high serotonin content of the CVc speaks in favour of the possi-
bility of serotonin transport.

4. The low serotonin-content of the adductor indicates that the presence
of this compound is connected to the nerve elements, and it is suggested that
it might be related to its functioning as a neuromuscular transmitter.
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osszefoglalas

SZEROTONIN PAPJRKROMATOGRAFIAS ES FLUORIMETRIAS
VIZSGALATA HAROM EDESVIiZlI MOLLUSCA (ANODONTA, UNIO,LYMNAEA)
IDEGRENDSZEREBEN ES MAS SZOVETEIBEN

Hiripi Léaszlé
Papirkromatografiasan és fluorimetriasan vizsgalva a szerotoninmegoszlast Ano-

donta cygnea L., Unié pictorum és Lymnaea stagnalis L. kdzponti idegrendszerében és
egyéb szoveteiben azt talaltuk, hogy
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1 Anodonta és Unio6 gan%llonjal a cerebro-visceralis eonnectivum (CVc), a kopol-
tyu, zardizmok és képeny tartalmaznak 5HT-t, a szivben azonban nem sikerilt kimutatni.

Az 5HT koncentracié sorrendje: Anodonta esetében; cerebralis ggl. (72,5 /ig/g);
pedalis ggl. (66,5 fig/g); visceralis ggl. (43,5 (ig/g) CVc (38 fig/g); kopeny (0,37 fig/g);
izom (0,33 fig/g)-, kopoltyu (0,25 fig/g).

Unid esetében: cerebralis ggl. (112 fig/g); pedalis ggl. (108 fig/g); visceralis ggl.
(66 jUgl/g); CVc (53,5 fig/g); kopoltya (0,9 pg/g); képeny (0,33 fig/g); izom (0,22 pg/g).

2. Lymnaea ganglion kevesebb 5HT-t tartalmaz, mint a Lamellibranchiataké.

3. A CVcmagas szerotonin-tartalma szerotonin transzportIehetosegettamasztja ala.

4. A zardizom alacsony szerotonin-tartalma a szerotonin idegelemekhez k&tott
jelenlétére utal, ami feltételezett neuromuscularis transmitter szerepével fligghet Ossze.

WCCNELOBAHWE CEPOTOHWHA MPU MOMOLLY BYMAXHON XPOMATOIPA®UN
N ®IYOPUMETPUMN B HEPBHOW CUCTEME W APYTUX TKAHAX TPEX BUAOB
MPECHOBOAHLIX MOJIFOCKOB (ANODONTA, UNIO, n LYMNAEA).

N. Xuvpunu

Mpu uccnefoBaHMU pacnpefeneHns CepoTOHMHA MeTofamn BYMaXKHOW Xpomatorpaguu
1N (hNyopuMETPMM B HEPBHON CUCTEME WM APYrMX TKaHAX 6e33y6ku, nepnosubl M 601bLIOIO
npyfoBMKa YCTaHOBJ/IEHO, YTO:

1 laHrnum, uepebpo-wreHepanbHble KOHHekTMBLI (LUBK), >kabpbl, 3anupartenbHble
MbILWLbl U MaHTUA 6e33y6KM 1 NepnoBuLLbl COAepXaT CEPOTOHWH, O4HAKO B CEPALEe ero BblABUTb
He yaanocb. o cofepXXaHUto CepoTOHWHA B MT/T TKaHW 6e33y6Ku pacnpefeneHbl CnegyroLwmnm
obpasom: uepebpanbHble raHrAuM 72,5; nefanbHble raHrnMyM 66,5; BucLepasbHble TFaHrIMn
43,5; UBK 38; maHTna 0,37; mbiwubl 0,33; xabpbl 0,25. CogepxxaHne B TKaHAX NepnoBuLbl:
uepebpanbHble raHrnun 112;neganbHble raHrnmm 108; BucuepanbHble raHrnum 66; LLBK 53,5;
abpbl 0,9; maHTus 0,33;Mblwypbl 0,22,

2. laHrnum 60MbLIOr0 NPYAOBUKA COLEPXKAT MeHblle CEepOTOHMHA, YeM FaHrauuM uccne-
[OBaHHbIX NNacTUHYATOXabepHbIX.

3. BbICOKOe cofepxaHune cepoToHuHa B LBK yka3biBaeT Ha BOSMOXHbIV TpaHCNOPT Cepo-
ToHMHa B LUHC.

4. Huskoe cofiep>xaHWe CepOoTOHMHA B 3anupaTenbHOM MblllLEe YKa3blBaeT Ha TO, YTO OH
NOKanun3oBaH 34ecb B HEPBHbIX anemMeHTax. O6CyXaaeTca npeanonaraeMas posb CepoTOHMHA B
HEepPBHO-MbILLEYHON nepefave.



	1. ÁLLATTAN������������������
	Hiripi László: Paper chromatographic and fluorimetric examination of the serotonin content in the nervous system and other tissues of three freshwater molluscs (Anodonta, Unio, Lymnaea) = Szerotonin papírkromatográfiás és fluorimetriás vizsgálata három édesvízi Mollusca (Anodonta, Unio, Lymnaea) idegrendszerében és más szöveteiben���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

	Oldalszámok������������������
	3��������
	4��������
	5��������
	6��������
	7��������
	8��������
	9��������
	10���������
	11���������


