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The nervous system of molluscs is in recent years much dealt with by
physiologists (TAvc and GERSCHENFELD 1960, 1961, 1962). Besides a great
number of physiological work comparatively few communications appeared
on the ultrastructure of the nervous system of various mollusc species (SCHLOTE
1957, FAERMANN 1961, BatHAaM 1961, ROSENBLUTH 1963, (GERSCHENFELD
1963). No data are found in literature on the ultrastructure of the ganglions
of Anodonta cygnea and from the results of electron-microscopic investiga-
tions on the ganglions of the related Unio tumidus mainly the data connected
with neurosecretion were published by FAHRMANN (1961).

The central nervous system of Lamellibranchiata consists of three pairs
of ganglions arranged far from each other among which the connection is
assured by the cerebrovisceral and cerebropedal pairs of connectives. This
peculiar, only partly centralized construction of the nervous system is unique
in molluses and exhibits a similarity with the nervous system of phylogenetic-
ally more primitive animals. This peculiarity of the microscopic structure raises
the question whether there are no differences also in the ultrastructure of the
nervous system of mussels as compared with the nervous system of other
molluscs.

Departing from these, we started investigations for the electronmicro-
scopic study of the nervous system of Anodonta cygnea. In the present comm-
unication we report on the data obtained so far in the investigation of the
cerebral ganglion. :

Material and method

.The cerebral ganglions of 12 to 18 em specimens of ancvdonta cygnea were
observed in the September to January period. The animals were kept in an
aquarium, in streaming Lake Balaton water. Since the structure of materials
fixed in 1 per cent OsO, solution buffered with veronal acetate was injured
even after repeated attempts, presumably by anisotonia, we applied the fol-
lowing fixation process.

: From the pericardium cavity of large mussels the blood was sucked off.
This is a colourless water-clear liquid the pH of which is according to data of
literature (ProsSER and BrowN 1962) and our own observations 7.2 on the
average. The blood was filtered and mixed with the same amount of 2 per cent
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0s0,. The osmotic conditions of this mixture provided for optimum fixation
results. Fixation lasted for 2 hours on 4° C. The pH of the fixation mixture
was 6.9 to 7.2 and did not substantially change during fixation. The fixation-
process was followed by alcoholic or acetonic dehydration and subsequently
the material was embedded in araldite in the usual way. Contrasting was per-
formed after 70 per cent alcohol for 1 hour with uranyl acetate respectively
after sectioning with lead citrate (REYNOLDS 1963) for 15 to 20 minutes. The
sections were prepared with REICHERT’s ultramicrotome and the photographs
with JEM 6C electron microscope using 4500 to 25 000 % direct enlargement.

Results

The nerve cells are found on the peripheral part of the cerebral ganglion
(CG) while the interior of the ganglion is occupied by the neuropile.

The neurons are mostly unipolar, without dendrites. Frequently two or
more neurons contact each other and their cell membranes are often closely
adjacent, while in other cases separated by a narrow intercellular gap. The
nucleus is in most cases of excentric arrangement with fine chromatine struc-
ture. The nerve cells contain a rich endoplasmatic reticulum and Gorar appa-
ratus can be often observed in them ( Fig. 1.).

In the cells frequently 0.2 to 2 u neurosecretory granules are seen which
have their proper membrane. Part of the granules contain a homogeneous sub-
stance of great density while in others the dark substance is of inhomogeneous
distribution (Fig. 2.) and again in others beside the inhomogeneous distrib-
ution a fine lamellar design appears (Fig. 3.). Also such formations were ob-
served in which the lamellar design was predominant. These “myeline figures”’
in some cases contained dense-core vesicles (Fig. 4). Around the granules of
inhomogeneous density masses of hyperdens granules of a size of 300 to 500 A
appear, some of which are surrounded by a separate membrane. These small
granules often in a regular row are adjacent to the membrane of the large
granule. In the vicinity of these large granules we regularly observed mito-
chondria (Fig. 2.).

The axon departing from the cell contains neuroprotofibrils and some-
times a small number of dense-core vesiculum appears in it.

In the surroundings of the nerve cells nerve endings are found which
contain 500 to 700 A synaptic vesicles and 500 to 1500 A sized dense-core
vesicles (Fig. 5.). Some terminal nerves join the surface of the nerve cells
with a structure that can be regarded as a synapsis (Fig. 6.). On sections
contacting the cell tangentially it occurs that within the cell nerve endings
forming axo-somatic synapses are seen. These endings probably invaginated
in the surface part of the cell (Fig. 7.).

In the vicinity of some neurons special lamellar glia cells are found
(Fig. 5.). Around each cell or cell group the glia lamellae can be observed
in 8 to 14 layers; their thickness amounts to 0.1 to 0.6 micron but at places
they broaden and there high density granules of 1 to 1.5 u and stretched nuclei
are arranged. The longer diameter of the nuclei is 5 to 7 u. In the plasma of
the glia cells an endoplasmatic reticulum of fine vesicular structure was ob-
served. In the gaps between the lamellae a small amount of medium density
substance of fine pubescent structure is found which does not entirely fill out
the gaps (Fig. §8.).
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In the vicinity of some nerve cells a 4 to 6 u large formation of unusual
structure limited by a membrane is arranged, the interior of which is filled out
by a labyrinth of intricate linear design. In the labyrinth there is a part which
is apparently empty and a substance of quite loose structure containing a few
vesicles. The exterior surface of this structure is contiguous both with nerve cell
membranes and membranes of terminal nerves (Fig. 9.).

The picture of the neuropile is rather diversified. The axons have neither
myeline sheath nor neurilemma, the axolemmae touch each other and there is
only a 200 to 250 A wide gap between them. Greater axon-groups are surro-
unded by glia cell appendices. _

In some axon sections a great number of synaptic vesicles and dense-core
vesicles are seen, often separated, often the two mixed in a diversified way.
According to the size of the dark centre and the external diameter (500 to 1500
A) several variants of the dense-core vesicles are found ( Fig. 10.). In the neuro-
pile frequently axo-axonic synapses are observed ((Fig. 10.). Also mitochondria
are found in the axons, mostly 3 to 5 in a group.

Discussion

Evaluation of the structures found in the CG encounters great difficulties
and can largely rely on assumptions only. The difficulty consists mainly in
that on the nervous system of the Lamellibranchiata in general few data of
structural relationship are available in literature and on the other hand such
structural elements are found in this material which can be fitted in with
difficulties into the general picture developed hitherto on the construction
of the nervous system of the higher animals. For these reasons the evaluation
of our material at present can only offer a hypothesis with the did of which
further examinations can help us to get nearer to the solution of these issues.

The various types of the high density neurosecretory granules seen in
the nerve cells suggest that the hyperdens substance from these large granules
gets evacuated in the form of tiny (300 to 500 A) granules and hereby the
“myeline figure”’ like skeleton of the large granule becomes visible. It can not
be decided whether between the small granules and the dense-core vesicles
visible in the nerve endings there is a connection, but it is remarkable that
also in the resulting axons dense-core vesicles are seen. Thus it is not impossible
that they wander from the cell towards the nerve endings and that there is
a certain connection between them and the large neurosecretory granules. Also
the possibility arises that the “myeline figures’” correspond to degeneration
products. , '

In the terminal nerves such vesicles are seen that correspond in shape
and size to the classic synaptic vesicles (PALADE 1954, DE RoBERTIS and
BENNETT 1955). Since it has been demonstrated by De RoBErTIS and co-
workers (1962 and 1963) that these vesicles contain acetylcholine and in the
ganglions of molluscs acetylcholine is present (BAcqQ 1946), presumably also in
Anodonta, not only in Pulmonata (GERSCHENFELD 1963) there are constituents
of cholinergous synapsis.

Among the dense-core vesicles GERSCHENFELD (1963) in Pulmonates
distinguished a smaller group named by him DSV (Dense Synaptic Vesicles)
and a group of larger size called NSV (‘*‘Neurosecretory’’ Synaptic Vesicles.)
According to this author DSV might correspond to the catecholamine granules
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but it is not excluded that these vesicles contain serotonin. As to NSV it is
involved in a way not cleared up as yet in the nervous activity. These assump-
tions are manifest also in our case; we merely raise the question whether it is
justified to separate the dense-core vesicles according to size if we consider
the following. : :

The diameter of the larger group is 1000 to 1400 A, about one third of
which finds place in the section of 400 to 500 A thickness, thus if the plane of
intersection attains the presumably globe-shaped granule not equatorially,
then also segments with diameters less than the greatest diameter originate.
Besides, also the possibility arises that the dense-core vesicles change their
gize in function and this is another reason why there can be a group of smaller
and larger diameter among them.

It appears that the conclusion drawn from the observations conducted
on- Pulmonata according to which there are no axo-somatic synapses in mol-
luses (BurLnock 1961, TAuc 1960, GERSCHENFELD 1963) does not hold, since
in CG pertaining to Lamellibranchiata we could observe structures that can be
regarded as axo-somatic synapsis. Besides a great number of axo-axonic
synapses too can be found in the neuropile. It is interesting to note that some
terminal nerves call forth axo-somatic synapses invaginated in the nerve cell.

Also the glia elements observed around the neurons are unusual form-
ations. They are evidently involved in the nutrition of the nerve cell since
there is no other structure in the vicinity of the neuron that would perform
satellite-cell function. In the gap between the glia lamellae probably a bodily
fluid flows the organic matters of which were precipitated in the gaps on the
action of fixation. This lamellar glia is not the only kind of glia in the ganglion.

Thanks are due to the Histological Laboratory of the National KorRANYI
TBC Institute and to the Electron Microscopic Laboratory of the Research
Institute of Oncopathology which have kindly provided the <chnical possi-
bilities for this research work.

Sunimary

In the cerebral ganglion of Anodonta cygnea unipolar neurons without
dendrite are arranged in the peripherial part while in the interior of the gang-
lion the neuropile is seen. In the plasma of the nerve cells several transitory
forms of the neurosecretory granules can be observed. On the surface of the
nerve cells structures are found which can be regarded as axo-somatic synapses,
but axo-axonic synapses also occur in a great number. The terminal nerves
contain synaptic vesicles and dense-core vesicles, often separated but frequently.
mixed to a diversified proportion. Around certain neurons special glia cells
of lamellar structure are arranged in 8 to 14 layers, between which there are
gaps containing a substance of fine pubescent structure.
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ELEKTRONMIKROSZKOPOS VIZSGALATOK AZ EDESVIZI K;AGYL(')
(ANODONTA CYGNEA L.  CEREBRALIS GANGLIONJAN

Zs.- Nagy Imre

Osszefoglalas

Az Anodon! . cygnea cerebralis ganglionjdban unipoldris, dendrit nelkiili idegsejtek
foglalnak helyet a periférids részen, a ganglion belsejében a neuropil ldthaté. Az ideg-
sejtek plazméjdban a neuroszekrétum granuldk t6bb étmeneti alakja figyelhet6 meg.
Az idegsejtek felszinén axo-szomatikus szinapszisnak tarthaté strukturdk helyezkednek
el, de axo-axonikus szinapszisok is b6ségesen el6fordulnak. Az idegvégzédések szinaptikus
vesiculdkat és dense-core vesiculdkat tartalmaznak, sokszor szepardltan, sokszor valtoza-
tos ardnyban keveredve. Bizonyos idegsejtek koriil specidlis, lemezes szerkezetii gliasejtek
helyezkednek el 8 —14 rétegben, koztiik finom pelyhes szerkezet(i anyagot tartalmazo6
rés van.
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3JIEKTPO HHOMUKPOCKOITMUECKHME WCCJIENOBAHUS LIEPEEPAJIbHOIO
'AHTJIMS BE33YBKW (Anodonta cygnea L.)

W. )X.- Hage

Ha noBepxHOCTH 1epedpajbHOI0 TaHIJIMS 0e33y0KM PACIOJIO)KEHBl YHHIT0JISIPHBIE,
JIMILIEHHDIE IEHAPUTOB HEPBHBIE KJIETKH, & BHYTPH I'aHIVIUSI PACIOJIO KeH Helpomuiib. B miasme
HEPBHBIX KJIETOK BHUJHBI MHOI'OUMCJIEHHBIE IEPeXo/bl HeHpocekpeTopHoro depHa. Ha mosepx-
HOCTH HEPBHBIX KJIETOK PACMOJIO)KEHBI CTPYKTYPhI, KOTOPbIE MOYKHO NMPHUHSTH 3a aKCO-COMATH-
YeCKHe C HaIChl, HO BUHO M J0BOJIbHO MHOI'0 aKCO-aKCOHBIX CHHAINCOB. HepBHble OKOHYAHMS
COAep)KAT CHHANTHYECKHE BE3MKYJIBI U T. H. JIEHCKOP-BE3UKYJIbI, KOTOPbIE PACIOJIOXKEHBI HJIU
pasfesbHO MM CMelaHo. BOKpyr onpe/iesieHHBIX HEPBHBIX KJIETOK PACIIOJIONEHBI CIIeNUaIbHbIe
KJIETKU TJIMM, uMelomue 8— 14 cyioeB, a MeX1y OTAJIbHBIMU CIIOSIMH 00HAPY>KUBAKOTCS LIEJIH,
cofiepyKallHe BEIIeCTBO TOHKOH (JIOKKYJIAPHOH CTPYKTYPbI.



Fig. 1. Golgi complex in a neuron. Lead-citrate after-contrasting
1. 4bra. GoLGl-komplex egy idegsejtben. Olomnitrat utékontrasztositas

Fig. 2. Detail of a neuron. Neurosecretory granules of inhomogeneous density around
which 300 to 500 A small granules are seen. M-mitochondrium. The arrows point to small
granules surrounded by membrane. Lead-citrate after-contrasting
2. abra. ldegsejt részlete. Inhomogén denzitasi neuroszekrétum granulak, melyek kéril
300—500 A nagysagl apré szemcsék lathatok. M — mitochondrium. A nyilak membréan-
nal kérilvett apré szemcsékre mutatnak. Olomcitrat utékontrasztositas



Fig. 3. Detail of a neuron. Neurosecretory granule of inhomogeneous density in which
also the lamellar design appears. Lead-citrate after-contrasting.
3. &bra. ldegsejt részlete. Inhomogén denzitdsi neuroszekrétum szemcse, melyben a
lemezes rajzolat is megjelenik. Olomcitrat utékontrasztositas

Fig. 4. Detail of a neuron. “Myeline figures” in which there is no more a substance of high

density. Arrow: dense-core vesicles in the myeline figure. Uranyl acetate contrasting

4. dbra. Idegsejt részlete. ,Myelinfigurak”, amelyekben nagydenzitdsi anyag mar nincs.
Nyil: denso-core vesiculdk a myelinfiguraban. Uranilacetat kontrasztositéas



Fig. 5. Detail of a neuron surrounded by lamellar glia cells. Two encircled details of the
cell are seen enlarged in Figs. 6 and 7. Uranyl acetate contrasting
5. dbra. Idegsejt részlete, melyet lemezes gliasejtek vesznek koriil. A sejt két bekeretezett
részletét latjuk a 6. és 7. &bran nagyitva. Uranilacetat kontrasztositas

Fig. 6. Detail marked A of Fig. 5, enlarged. Nerve endings join the surface of the neuron.

Arrow 1: axosomatic synapsis. Arrow 2: axo-axonic synapsis. Uranyl acetate contrasting

6. abra. Az 5. abra A-val jeldlt részlete nagyitva. Az idegsejt felszinéhez idegvégzédések

csatlakoznak. 1. nyil: axo-szomatikus szinapszis. 2. nyil: axo-axonikus szinapszis. Uranil-
acetdt kontrasztositas



Fig. 7. Detail marked B of Fig. 5in greater enlargement. One of the nerve endings inva-

ginated into the cell form an axo-somatic synapsis (arrow). Uranyl acetate contrasting

7. dbra. Az 5. abra B-vel jeldlt részlete nagyobb nagyitdsban. A sejtbe invaginalédott

idegvégzdédések egyike axo-szomatikus szinapszist képez (nyil). Uranilacetat kontraszto-
sitas



Fig. 8. Details of Lamellar glia cells arranged around the neurons. N.- edge of neuron.
GG — glia granules

8. dbra. Az idegsejtek koril elhelyezkedd lemezes gliasejtek részletei. N - idegsejt széle,
GO — gliagranulumok



Fig. 9. Labyrinth-like structure in vicinity of a neuron. Lead-citrate after-contrasting

9. &bra. Labirintusszerli képlet az egyik idegsejt szomszédsdgaban. Olomcitrat ut6-
kontrasztositas

Fig. 10. Detail of neuropile. Dense-core vesicles of various size in the nerve ending.
Arrow: axo-axonic, presumably cholinergous synapsis. Uranyl acetate contrasting
10. dbra. Neuropil részlete. Kiillénb6z6 nagysagu dense-core vesiculdk az idegvégz6désben.
Nyil: axo-axonikus, feltehet6éen cholinerg szinapszis. Uranilacetat kontrasztositas



	1. ÁLLATTAN
	Zs. Nagy Imre: Electron-microscopic observations on the cerebral ganglion of the fresh water mussel (Anodonta cygnea L.) = Elektronmikroszkópos vizsgálatok az édesvízi kagyló (Anodonta cygnea L.) cerebrális ganglionján���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

	Oldalszámok������������������
	147����������
	148����������
	149����������
	150����������
	151����������
	152����������
	152_1������������
	152_2������������
	152_3������������
	152_4������������
	152_5������������
	152_6������������


