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The innervation of adductors in bivalves has only been studied at light
microscopic level by silver impregnations, methylene blue staining or cholineste-
rase histochemistry (Bowden and Lowy, 1955; Bowden, 1958; Abraham and
Minker, 1957, 1959). The published data are contradictory first of all because
of the irreproducibility of the impregnation and staining methods. On the
other hand, that time the cholinesterase activity was generally believed to
indicate only nervous elements. Later, however, it became clear that in the
adductors of mussels it is not the case (zs.-Nagy, 1964a). Therefore, the
histological investigations could only evidence that the adductors contain
nerve fibres. According t0 Bowden (1958) neuromuscular end plates are
present; others could not confirm his findings (Abraham and Minker, 1957,
1959); Bowden (1958) described also nerve cells in the adductors whereas
the latter authors denied this finding categorically.

Starting from the above mentioned contradictions we wanted to inves-
tigate electron microscopically the structure of axons and neuromuscular junc-
tions as well as the presence or absence of nerve cells. Since, however, during
the investigations light has been thrown to some intermuscular connections
which can be significant in the muscle function, we treat them also here.

Material and method

The investigations were carried out on the 12—20 c¢cm long specimens
of Anodonta cygnea L. The adductors were fixed as follows:

a) 2% Os()4 buffered with s-collidine at pH 7.2 (Bennett and Luft,
1959) for 2 hours at 0 °C.

b) 2.5% glutaraldehyde in tap water at pH 7.0 for 16—20 hours at
room temperature. The glutaraldehyde was purified by ion-exchange accord-
ing to vaaasz (1966). After the glutaraldehyde fixation we washed the material
in tap water for 2 hours than it was postfixed in 2% 0s04for 1—2 hours.

After fixation the material was dehydrated by ethanol and embedded
in Araidite (Durcupan ACM, Fluka) on the usual way. The sections were cut
on an LKB Ultrotome H1 and contrasted with uranylacetate and lead citrate
(Reynotds, 1963). The micrographs were taken with a TESLA BS 413A
electron microscope.
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Fig. 1. Nerve fibres (Ax) in the white part of the posterior adductor. Gr — large granules
in the cytoplasm of the special cell adjoining the axons. | — interstitial connective tissue;
M — detail of a muscle cell. X 30,000
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Results
1. The structure of innervating axons

The nerve branches consist of several axons having neither myelin nor
Schwann sheaths. There frequently occur cells of special structure containing
in their cytoplasm large ovale-shaped granules of high electron density (Fig. 1).
Neither these cells form a closed sheath around the axons, only adjoin them
on certain places. The structure of axoplasm varies. In some places a lot of
parallel arranged microtubuli are to be seen (Fig. 2), however, numerous
dense-cored vesicles (DCV) or empty vesicles also occur among them. The
vesicles are also present in other parts of axons devoid of microtubuli. The
thickness of axons is different; from several tenths of micron it can reach
1 2 micron. The axons of larger diameter have usually a very poor axoplasm.

2. The structure of neuromuscular junction

In some places between the muscle cells solitary axonal enlargements
filled in with vesicles can be observed. They usually adjoin muscle cells and
correspond to the nerve endings (Fig. 3). On the place of contact both the
axolemma and the sarcolemma are intact and of normal thickness. The inter-
membranic cleft is about 200 A in width. In the nerve ending clusters of
vesicles are frequently seen near the point of contact. The vesicles are always
mixed, empty and DCV forms occur together, their diameter is about 400—
1200 A. Sometimes we could observe some morphological characteristics sug-
gesting the fusion of vesicles with the presynaptic membrane (Fig. 3). There
are endings forming contacts with more than one muscle cells. The post-
synaptic part never showed any specialization.

3. The presence of nerve cells

In either adductors both in white and yellow parts we observed cells
(Fig. 4) the cytoplasm of which bears a close resemblance to that of the central
neurones of mussels. These cells occur individually or in small groups usually
together with axons. Sometimes the axons show a neuropile-like gathering
near to these cells (Fig. 4). The cells are rather small, we failed to observe
any larger than 20 n. The low number of cytosomes in these cells represents
a difference as compared to the central neurones. The neurones of the adduc-
tors contain also dense-cored vesicles (Fig. 5). The fibrocytes of the muscular
interstitium can be strictly distinguished from the nerve cells on the basis
of their characteristic rough endoplasmic reticulum being absent in the
nerve cells.

4. The structure of intermuscular connections

Usually between two muscle cells there is a narrow intercellular space
filled in by atypic collagen fibres. This space in some places has dilatations
containing also fibrocytes. The sarcolemma here and there shows some specific
structures resembling desmosomes (Fig. 6). The cell membrane is trilami-
nated, on its internal side there is a dense material and the membrane itself



Fig. 2. Structure of the axoplasm in the white part of the posterior adductor. MT —

microtubuli, DCV — dense-cored vesicles. x 58,500
Fig. 3. Neuromuscular junction in the anterior adductor. NE — nerve ending; V —
synaptic vesicles; M — muscle cell; P — paramyosin filament. The arrow indicates a

possible place uf fusion of vesicles into the presynaptic membrane. x 58,500
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Fig. 4. Detail of a nerve cell in the posterior adductor (NC). NCN — nerve cell nucleus;
Cy — small cytosome; AX — axons contacting with the nerve cell; M — muscle cell;
I — interstitium. X35,000
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Fig. 5. Dense-cored vesicles (DCV) in the neurones of the posterior adductor. Their
diameter is about 2000 A. x 35,000
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adductor. My — myofilaments, X30,000. b) Half-desmosomes from the same muscle
(arrows). On the right side of the picture partially connected half-desmosomes are to be
seen. X30,000
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Fig. 7. Membrane appositions between two muscle cells (arrows). X 58,500

Fig. 8. Nexus between two muscle cells (arrow). My — myofilaments. X 78,000



139

is also thicker than at other places of the sarcolemma. At these desmosomes
the muscle cells come nearer to each other than elsewhere. There occur also
halfdesmosomes where the sarcolemma of the opposite muscle cell shows no
specialization. At such places the intercellular space is also of normal width.
The half-desmosomes can especially frequently be seen on the surface of
muscle cells showing a small diameter in cross sections.

Apart from the desmosomes there are, however, intersarcolemmic con-
tacts between the normal muscle membranes, too. The intercellular cleft is
only 150 200 A width on such places (Fig. 7). We could only rarely observe
nexuses or “gap junctions” between the muscle cells (Fig. 8).

Discussion

There is no doubt that the adductors have no motor end plate. The
innervating axons are similar to those found in the ganglia (Zs.-Nagy, 1964b,
1968a). The structure of neuromuscular contacts is generally identical with
that of the neuromuscular (Schiote, 1962, 1963; Graziadeéi, 1966; K erkut
and cow. 1966; Rogers, 1968, Benjamin and Peat, 1968; Zs.-Nagy and
Labos, 1969) and neuro-interstitial (Nicaise, 1967; Nicaise and cow. 1968)
contacts observed in other Molluscs. In the ganglia of Anodonta cygnea the
DCV and empty vesicles represent the different physiological stages of the
same elements (zs.-Nagy, 1968b). Therefore, we are of the opinion that only
on the basis of the morphological difference they cannot be assumed to con-
tain different transmitter substances either in the adductors. The DCVs con-
tain dopamine in the ganglia (zs.-Nagy, 1968b), thus, also the innervation
of the adductors is most probably monoaminergic. We failed to observe
morphologically neuromuscular junctions of cholinergic character. This con-
trasts with the presence of cholinesterase activity in the adductors (Bowden,
1958; Zs.-Nagy, 1964a; Saranki and cow. 1967). It is extremely difficult
to interpret the significance of this enzyme taking into consideration that
its general sarcolemmar localization (Zs.-Nagy, 1964a) by no means agrees
with the distribution of nervous elements.

On the basis of their physiological behaviour the adductors must be
assumed to have a double innervation, namely the stimulation of the motor
nerves causes either a tonic contraction or relaxation depending on the para-
meters of the stimulation. The former effect can experimentally be brought
about by catecholamines whereas the latter by serotonin (Saranki and
Labos, 1969). As we mentioned above the nerve endings containing DCVs
must function with catecholamines, i.e. they represent the stimulating factor.
Nothing is known, however about the localization of serotonin. Since the sti-
mulation of the cerebro-visceral connectives causes an increase of the serotonin
level in the posterior adductor (Saranki and Hiripi, 1970) meanwhile the
adductor relaxes, one cannot call in question the physiological significance
of serotonin. This is why the innervating axon-endings are to be considered
functionally of two different kinds even despite of the mog)hological identity.
One cannot deny, however, that the catecholamines and the serotonin are
localized together in the same nerve endings, only the character of the nerve
impulse determines their liberation.
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Our investigations show that the adductors contain also nerve cells
which are not negligible in the interpretation of the muscle function. Their
presence in the adductors elucidates the physiological fact, that even after
a total denervation a rhythmic activity of the adductors remains, which is
not a myogen rhythm (Paviov, 1885, Saranki and Zs.-Nagy, 1970). It is
curious that they were not seen in silver impregnated sections (Abraham and
Minker, 1957, 1959). We do not know wether the cholinesterase-positive
structures described by Bowden (1958) as nerve cells are identical or not with
the nerve cells found by us in the electron microscope. Anyway the occurrence
of these nerve cells is not so frequent that it could explain - even if they
contain cholinesterase — the high activity of this enzyme in the adductors.
It should be noted that recently Fon and Bogusch (1969) described light
microscopically nerve cells of the same size in the penis retractor muscle of
Helix pomatia.

The presence of desmosomes and half-desmosomes show that the muscle
cells are connected mechanically to each other and to the interstitial connective
tissue; i.e. they do not extend from shell to shell. Hanson and Lowy (1961)
failed to find desmosomes in the yellow adductor of an oyster. It is possible,
however, that in the glycerinized muscle used mainly by them the desmosomes
are not well preserved. Desmosomes have been found also in smooth muscle
of vertebrates (Fawcett and Setby, 1958; Shoenberg, 1958). The mechanical
connecting function of desmosomes is also indicated by their frequent occur-
rence at the taper ends of the spindle-shaped muscle cell. 1t should be noted,
however, that Foara (1964) holds as possible that the desmosomes take part
in the electric coupling in the heart of the oyster.

The other intersarcolemmic connection corresponds to a usual membrane
apposition and as such it probably does not take part in the electric coupling.
The very infrequent places where the membranes form a nexus (Dewey
and Barr, 1962) or “gap junction” (Revel and Karnovsky, 1967) the
electric coupling can take place since these structures represent a well-
known low electric resistance. Since the neuromuscular connection itself is
not more specialized than the usual membrane apposition and the chemical
impulse-transmission takes place in it, it seems to be possible that also the
intermuscular membrane appositions play some role in a chemical trans-
mission process maintaining the synchronized function of the muscle cells in
the adductors. One may assume that the cholinesterase activity localized
diffusely in the sarcolemma has also some functional significance in such a
process.

Summary

The anterior and posterior adductors of Anodonta cygnea have been
studied by the usual electron microscopic techniques. It was found that the
axons between the muscle cells are unmyelinated and no Schwann sheath
is present. They are morphologically similar to the axons of the central nervous
system. They contain empty or dense-cored vesicles of about 400 —200 A
diameter. The enlarged endings of axons are especially rich in vesicles. The
endings are in connection with the sarcolemma on some places forming un-
specialized membrane appositions representing the neuromuscular synapses.
Near these contacts there often occur clusters of vesicles in the endings.
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We failed to find any specialized neuromuscular end plate in the adductors.
Nerve cells of small size are also present in the adductors.

There are membrane appositions between the muscle cells and rarely
nexuses or “gap junctions” can also be seen. These intersarcolemmic contacts
can have some functional significance in the maintenance of synchronity of
muscle contraction by chemical or electrical transmission of impulses. Des-
mosomes and half-desmosomes occur in great number on the surface of the
muscle cells.
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A NEURO-MUSZKULAR1S ES INTERMUSZKULARIS KAPCSOLATOK
FINOM SZERKEZETE AZ ANODONTA CYGNEA L. (MOLLUSCA, PELECYPODA)
ZAROIZMAIBAN

Zs.-Nagy Imre és Salanki Janos

Osszefoglalas

Vizsgéltatott az Anodonta cygnea eliils6 és hats6 zaréizmanak beidegzése szokasos
elektronmikroszkdpos technika segitségével. Megdallapitast nyert, hogy az izomsejtek
kozott talalhatd axonok velStlenek és Schwann-hiivellyel sem rendelkeznek, morfolégia-
ilag hasonlitanak a kozponti idegrendszer axonjaira. Bennilk 400—1200 A atmérdji
tres vagy dense-core vezikuldk lathaték. Az axonok tadgult végz6dései kilonsen sok
vezikulat tartalmaznak. E végz6dések helyenként hozzéafekszenek az izomsejtekhez,
azok membranjaival appoziciés kontaktusokat képeznek, amelyek specializaciét nem
mutatnak. Ezek felelnek meg a neuromuszkuléris szinapszisoknak. E helyeken gyakori
a vezikularis alloméany tomorilése az idegvégz6désekben. Neuromuszkularis véglemezt
nem taldltunk a zaréizomban. Sikerilt megfigyelni az izomsejtek kdzdtt kisméretd
idegsejtek jelenlétét is.

Membranappoziciok az izomsejtek kozott is taldlhatok, s6t ritkan ugyan, de
nexusok, illetve ,,gap junction”-ok is el6fordulnak. Ezen interszarkolemmaéris érintkezési
forméaknak jelentdségik lehet a zardizommikddés szinkronizdsanak biztositdsaban
ingeriuleti folyamatok kémiai vagy elektromos atadasa révén. Desmosomak és féldesmo-
somak nagy szamban lathaték az izomsejteken.
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TOHKASA CTPYKTYPA HEPBHO-MbIWEUYHbIX W MEXMbIWEYHbIX CBHA3EN
B AOQOYKTOPAX ANODONTA CYGNEA

n. X.- Hagb u 4. LWanaHkn

Bblfibl UcCMefoBaHbl NepefHue M3afjHue agfgyKTopbl Anodonta eygnea MeTo40M 06bIYHOW
3/1EKTPOHHOMMUKPOCKONMUU. Y CTAHOB/IEHO, YTO AKCOHbl CPeAM MbILUEUYHbIX KNETOK 6e3MUINUH-
oBble U He o6nagalT gaxe LI BaHHOBCKOW 060/104KOM, MOPHONOTNYECKN OHW CXOAHbI C aKCOHAMMK
LUeHTPanbHOW HEpPBHOW CUCTEMbl. BHYTPU HWUX BUAHbI MycTble UnuM dense-core Be3UKyNbl Aua-
mMeTpom 400— 1200 A. Oco6eHHO MHOrFO BE3WKYN COAEPXUTCA B PaClUUPEHHbIX KOHLAX aKCOHOB.
3TN OKOHYAHUA B HEKOTOPbIX yyacTKax NpuUaeranT K MblleYHbIM KneTKaM, ux mem6paHbl o6pa-
3yIOT anno3nuyMoHHble KOHTAKTbl, KOTOPble He MOoKa3biBalT creyuMannsayuu. STU KOHTAKTbI
COOTBETCTBYIOT HEPBHO-MbILWEYHbIM CUHancam. B aTWx MecTax 4acTo HabnofaeTcs cKonfeHue
BE3UKY/l B HEPBHbIX OKOHYaHWAX. B afAyKTope He HalWiuM KOHLEBYK MNAacTUHKY. Y aanocb
Ha6n4aTh HaMUYME MeNbKUX HEPOHOB CPeAU MbllleUHbIX KNeToK. M3peska Habnoganucs .Mem-
6paHHble anno3nuUy MexAy MbIledHbIMU BOJOKHAMM, NexXus WAu «gap junction» Toxe MOryT
BCTpeyaTcs. OTW MHTepcepKoneMMapHbie (OpMbl CBs3eil, MOXET 6biTb, UIPaAOT 3HAUUTEIbHYIO
ponb B CUHXPOHM3ALUW afAyKTOPOB, MOMOLbLID XUMWUYECKOW WU 3/1eKTPUYECKO nepegaun
B0O36yXeHUs. [ecMocoMbl U MONY-feCMOCOMbl B 6OMbLIOM KO/MYECTBE BUAHLI B MbILUEUYHbIX
KaeTKax.
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