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The assumption that non-cholinergic mediation plays the primary role 
in the nervous system of Pelecypoda has been supported by numerous ex
perimental data (S a l á n k i , 1963; S a l a in k i et al., 1966; Z s .-N a g y , 1964; Zs.- 
N a g y  and S a l á n k i , 1965). Serotonin (5HT) and catecholamines (CA) have 
been demonstrated by the Falck-fluorescence method in the ganglia of various 
Anodonta species (D a h l  et al., 1962; 1966; Z s .-N a g y , 1967; 1968) and a signi
ficant quantity of dopamine (DA) has been found by spectrofluorimetry 
(S w e e n e y , 1963; H i r i p i , 1972). Investigations have revealed tha t apart 
from 5HT, DA may have an important role as a transmitter, in the central 
nervous system of the fresh-water mussel (Z s .-N a g y , 1967; 1968).

Former investigations indicated that actinomycin D (AD) influenced 
the periodic activity of fresh-water mussel and simultaneously decreased the 
5HT-content of ganglia (S a l á n k i  et al., 1968). Our electronmicroscopic in
vestigations ( E l e k e s  and Z s .-N a g y , 1971) proved that the protein-synthetiz- 
ing system of the nerve cells as well as the formation of dense-core vesicles 
(DCV) are affected by AD.

Therefore, it seemed to be necessary to investigate the effect of AD on 
the central nervous system of fresh-water mussel even by means of fluores
cence microscopic histochemistry, in order to compare the ultrastructural 
alterations with those of the localization of biogenic monoamines.

Material and methods

The investigations were carried out on the ganglia of 18 — 20 cm long 
specimens of Anodonta cygnea L. The experimental animals were injected with 
2 ml AD (100 pg/m 1) into the foot 3 times per day. The controls (9 animals) 
were given the same quantity of Balaton-water. The animals were put into 3 
groups each consisting of four specimens and killed in 8, 24 and 48 hours 
following the treatment. The ganglia were frozen in isopentane cooled by 
liquid nitrogen and subsequently freeze-dried in an apparatus type HVG 1 
(Ilmenau, GDR) cooled by COa-aceton mixture at an end vacuum of 10~5 
Torr. The freeze-drying of 12 pairs of ganglia required approximately 7 hours.
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The freeze-dried ganglia were treated with dry formaldehyde vapours 
(E a l c k , 1962; F a l c k  and O w m a n , 1965). The paraformaldehyde was stored 
at a relative humidity of 60 per cent ( H a m b e r g e r  et al., 1965) and the formal
dehyde treatment lasted 1 hour at 80°C. The material was subsequently placed 
in paraffin for 10 minutes at 56°C, then cooled at room temperature. Serial 
sections of 6 8fj. were cut and examined either uncovered or covered with
Entellan (Merck) +  10% xylene.

Zeiss Nfpk microscope was used as a fluorescence microscope with BG 3 
and OG 1 light filters. H BO 50 mercury-vapour lamp served as a light source.

Results

It is characteristic of the fluorescence picture of the ganglia of normal, 
uninjected animals that the cells displaying a yellow fluorescence (containing 
5HT) predominate in the cortex, while the cells fluorescing green (containing 
CA) occur only rarely. On the other hand, the neuropile shows only green 
fluorescence. During our experiments we failed to find any significant differ
ence between the fluorescence pictures of the ganglia of untreated animals and 
those injected with Balaton-water (Figs 1 and 2).

Eight hours after treatment essential changes occurred first in the 
cortex in comparison to the control ganglia. The cells of green fluorescence 
being otherwise rare even in the control ganglia, wholly disappeared. Also the

Fig. 1. N erve  cells co n ta in in g  5H T  from  th e  peda l ganglion o f  con tro l an im als  (in jected
w ith  B ala to n -w a ter) . X300
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F ig . 2. T he p ic tu re  o f con tro l (in jected  w ith  B ala ton-w ater) neuropile. P ed a l ganglion.
X 300

F ig . 3. D eta il o f  th e  ce llu lar lay e r 8 h o u rs  follow ing A D  in jection . T he d isappearence  
o f cells con ta in ing  5H T  can  be seen. N o te  th e  ab u n d an ce  o f cells show ing au to fluo rescence .

P ed a l ganglion. X 300
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F ig . 4. E ig h t hours a f te r  tre a tm e n t th e  g reen  fluorescence in d ica tin g  D A  becom es 
s tro n g er in  th e  neurop ile  o f  th e  v isceral ganglion. X 220

F ig . 5. G roup  o f “g reen ” cells fluorescing  in tense ly  in  th e  cereb ra l ganglion  24 ho u rs
a f te r  tre a tm e n t. X 300
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F ig . в . R a re ly  occurring  g roup  o f nerve  cells con ta in ing  5H T  and  fluorescing v e ry  
s tro n g ly  in  th e  v isceral ganglion 24 hou rs  a f te r  tre a tm e n t, x  300

F ig . 7. F o u rty -e ig h t h o u rs  follow ing A D  tre a tm e n t, 5H T  con ta in ing  cells show ing y e l
low fluorescence ap p ea r aga in  in  th e  p e rik a ry o n  layer in  g re a t m asses. V isceral ganglion.

X 300
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F ig . 8. Two d ay s a f te r  tr e a tm e n t in tensely  fluorescing  fibers  an d  varicosities can  be 
observed  in th e  neurop ile . V isceral ganglion. X 660

intensity of the yellow fluorescence decreased and the majority of the cells 
showed only autofluorescence, though the intensity of the latter seemed to be 
weaker compared to the control ( Fig. 3). In the neuropile the green fluorescence 
indicating DA decreased to some extent. However, it should be noted, that 
this observation cannot be considered as an unequivocal result, since in some 
places we observed an almost totally empty neuropile, whereas in regions of 
other depth the picture of the neuropile did not differ from that of the control 
animals. Nevertheless, 8 hours following the treatment, the green fluorescence 
was even stronger in the neuropile of the visceral ganglion than in that of the 
control (Fig. 4).

Twenty-four hours after treatment generally groupped nerve cells show
ing an intense green fluorescence appeared in the perikaryon layer ( Fig. 5). A 
certain part of the originally “yellow” cells showed henceforward only a weak 
autofluorescence, while very rarely groups of cells showing strong fluorescence 
were also visible (Fig. 6 ) .  On the other hand, very intense green fluorescence 
and varicosities could be observed in the neuropile. Fourty-eight hours sub
sequent treatment the yellow fluorescence characteristic of 5HT appeared 
again in the nerve cells almost everywhere ( Fig. 7). The picture observed in 
the neuropile was similar to that of the 24 hours treatment ( Fig. 8).

Discussion

Former investigations (D a h l , 1962, 1966) have proved that the yellow 
and green fluorescence revealed by fluorescence histochemical methods in the 
nervous system of Molluscs correspond to the 5HT and DA respectively (nor
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adrenaline represents only a very small part of the whole quantity of the 
CA) (S w e e n e y , 1969; H i r i p i , 1972). Our electron microscopic results ( E l e k e s  
and Z s .-N a g y , 1971) showed that the AD influenced the ultrastructure of 
Anodonta ganglia in a complex way. Among others the changes manifested 
themselves in the alterations of the submicroscopic structure of nucleolus, 
endoplasmic reticulum and G o l g i  apparatus. This indicates first of all that the 
function of the protein-synthetizing system of the nerve cells was damaged 
by AD. The results of our fluorescence histochemical investigations generally 
agree with those reached by electron microscopy.

Eight hours after AD treatment the number of the cells of yellow and 
green fluorescence strongly decreased in the cellular layer and the latter even 
completely disappeared The cells observed this time, showing a very weak auto- 
fluorescence obviously correspond to those possessing ultrastructurally only a 
weakly active cytoplasm.

On the effect of treatment also the 5HT content of nerve cells decreases, 
however, it cannot be established unequivocally the morphological change of 
what subcellular elements is connected directly with this phenomenon. There
fore, on the basis of our investigations the subcellular localization of 5HT can 
even further be regarded as questionable. Nevertheless, the experimental 
results do not contradict the assumption that it is related to the endoplasmic 
reticulum (Z s .-N a g y  et al., 1965).

The diminution of the DA content was indicated by the disappearence of 
green fluorescence in the somas as well as by its decrease in some places of the 
neuropile. The ultrastructural changes of DCV observed at the same time in 
both places ( E l e k e s  and Z s .-N a g y , 1971) indicate, that DA may be stored in 
DCV. At the same time, however, the fact, that much more cells contained 
DCV 24 -48 hours following treatment, than cells of green fluorescence were 
visible, postulates two possibilities: 1. In Anodonta ganglia DCV are not uni
form from the point of view of monoamine content. Since at this time the 
yellow fluorescence characterizing 5HT was already more or less developed, 
it might be assumed, that it is also related to DCV, at least to a certain group 
of them. 2. It can also be supported, that DCV appearing this time are not yet 
quite complete and represent only the synthetizing apparatus which will be 
able to synthetize DA only later.

To reach final decision of the problem further detailed investigations are 
needed.

The investigation of the ganglia of 24 and 48 hours showed that AD caus
ed indeed a reversible alteration in the monoamine content and synthesis in the 
nerve cells, but there is a significant difference between the restoration of 5HT 
and DA dontent of the cells. Large number of green cells appeared again 
already twenty-four hours after treatment, whereas the intense yellow fluores
cence of the cells could be observed only later indicating that the complete 
restoration of 5HT synthesis needs a significantly longer period of time than 
that of DA. In spite of this, the observation that 24 hours following treatment, 
cell groups of very strong yellow fluorescence were rarely visible, suggests 
the possibility that the effect of AD on 5HT containing cells depends on the 
momentarv state of the cells and 5HT synthesis.
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Summary

The effect of AD on the monoamine content of the central nervous 
system of Anodonta cygnea l . was investigated by fluorescence histochemical 
method. Eight hours after treatment the 5HT and DA content of the nerve 
cells strongly decreased. At the same time, the intensity of the fluorescence of 
the neuropile decreased only in some places. The cells showing green fluores
cence appeared again already 24 hours following treatment, while the restora
tion of 5HT synthesis needed more time (48 hours). The reconciliation and 
differences of the results are discussed by the authors in relation to t heir 
former electron microscopic data.
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A CTIN O M Y O IN -D  HATÁSA A T A V I K A G Y LÓ  A N O D O N T A  C Y G N E A  L .
K Ö Z P O N T I ID E G R E N D S Z E R É N E K  M O NO AM IN  T A R T A L M Á R A .

F L U O R E S C E N S  H IS Z T O K É M IA I V IZ SG Á LA T O K

E lekes K áro ly  és Z s.-N a g y  Im re  

Összefoglalás

A ctinorayoin-D  kezelés A nodonta  cygnea  L . k özpon ti ideg rendszerének  m onoam in  
ta r ta lm á ra  való h a tá s á t  v iz sgá ltuk  fluorescens h isz tokém iai m ódszerrel. A  kezelés u tá n  
8 ó rával az idegsejtek  szero ton in , illetve k a tek o lam in  (dopam in) ta r ta lm a  erősen lecsök
ken. U g yanakko r a  neu rop il fluo rescenc iá jának  in ten z itá sa  csak h e ly en k én t m érsék lőd ik . 
A  zöld fluo rescenc iá t m u ta tó  se jtek  a  kezelés u tá n  m á r  24 ó ráv a l ú jr a  m egjelennek , 
m íg  a  szero ton in  szin tézis h e ly reá llása  hosszabb  id ő t (48 óra) vesz igénybe. Szerzők disz- 
k u ttá ljá k  az eredm ények  eg y ez te th e tő ség é t és e lté rése it a  ko rább i e lek tronm ikroszkópos 
ad a ta ik h o z  képest.
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