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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 (B o w d en  and L o w y , 1955; Bo w d e n , 1958; Á brahám  and 
M in k e r , 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 (Z s .-N a g y , 1964a). Therefore, the 
histological investigations could only evidence that the adductors contain 
nerve fibres. According to B o w d en  (1958) neuromuscular end plates are 
present; others could not confirm his findings (Ábrahám  and M in k e r , 1957, 
1959); B o w d en  (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 cm long specimens 
of Anodonta cygnea L. The adductors were fixed as follows:

a )  2 %  O s ( ) 4 b u f f e r e d  w i t h  s - c o l l i d i n e  a t  pH 7 .2  ( B e n n e t t  a n d  L u f t , 
1959) f o r  2  h o u r s  a t  0 °C.

b) 2.5% glutaraldehyde in tap water at pH 7.0 for 1 6  — 20 hours at 
room temperature. The glutaraldehyde was purified by ion-exchange accord­
ing to V a d á s z  (1 9 6 6 ) .  After the glutaraldehyde fixation we washed the material 
in tap water for 2 hours than it was postfixed in 2% 0 s0 4 for 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 H I and contrasted with uranylacetate and lead citrate 
( R e y n o l d s , 1963). The micrographs were taken with a TESLA BS 41 ЗА 
electron microscope.
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F ig . 1. N erve  fib res (Ax) in  th e  w h ite  p a r t  o f  th e  po ste rio r a d d u c to r . G r — large g ranu les 
in  th e  cy to p lasm  o f th e  special cell ad jo in ing  th e  axons. I  — in te rs t it ia l connective tissue; 

M — d e ta il o f a  m uscle  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 Ä. 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



F ig . 2. S tru c tu re  o f th e  axop lasm  in  th e  w h ite  p a r t  o f th e  po ste rio r ad d u c to r . MT — 
m icro tubu li, DCV — dense-cored vesicles. X  58,500

F ig . 3. N eu rom uscu la r ju n c tio n  in  th e  an te r io r  ad d u c to r. N E  — nerve end ing ; V  — 
sy n ap tic  vesicles; M — m uscle cell; P  — p aram y o sin  filam en t. The a rro w  ind ica tes a  

possible p lace u f  fusion o f vesicles in to  th e  p re sy n ap tic  m em brane . X  58,500
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F ig . 4. D eta il o f  a  nerve cell in  th e  p o ste rio r a d d u c to r  (NC). N C N  — nerve  cell nucleus; 
Cy — sm all cytosom e; A X  — axons co n tac tin g  w ith  th e  nerve  cell; M — m uscle  cell;

I  — in te rs titiu m . X 35,000



136

F ig . 5. D ense-cored vesicles (DCV) in  th e  neurones o f th e  po ste rio r ad d u c to r . T heir 
d iam ete r is a b o u t 2000 Á. x  35,000
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F ig  в. a) D esm osom e betw een  tw o m uscle  cells (arrow s) in  th e  w h ite  p a r t  o f  th e  po ste rio r 
ad d u c to r . M y — m yofilam en ts, X 30,000. b) H alf-desm osom es from  th e  sam e m uscle 
(arrow s). On th e  rig h t side o f  th e  p ic tu re  p a rtia l ly  connected  half-desm osom es a re  to  be

seen. X 30,000
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F ig . 8. N exus be tw een  tw o  m uscle cells (arrow ). M y — m yofilam en ts. X 78,000

F ig . 7. M em brane appositions betw een  tw o  m uscle cells (arrow s). X 58,500
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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 Á 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 .-N a g y , 1964b, 
1968a). The structure of neuromuscular contacts is generally identical with 
that of the neuromuscular (Sc h l o t e , 1962, 1963; Gr a z ia d é i, 1966; K er k u t  
and cow. 1966; R o g er s , 1968; Be n ja m in  and P e a t , 1968; Z s .-N agy  and 
L á bo s , 1969) and neuro-interstitial (N ic a is e , 1967; N ic a ise  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 .-N a g y , 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 .-N a g y , 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 (B o w d e n , 
1958; Zs .-N a g y , 1964a; Sa lá n k i and cow. 1967). It is extremely difficult 
to interpret the significance of this enzyme taking into consideration that 
its general sarcolemmar localization (Zs .-N a g y , 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 (Sa lá n k i and 
L á bo s , 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 (Sa l á n k i and H i r i p i , 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 morphological 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 (P avlov , 1885; Sa lá n k i and Z s .-N a g y , 1970). It is 
curious that they were not seen in silver impregnated sections (Ábrahám  and 
M in k e r , 1957, 1959). We do not know wether the cholinesterase-positive 
structures described by B o w d en  (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 F oh  and B ogusch  (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. H anson  and L ow y  (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 (F a w cett  and Se l b y , 1958; Sh o e n b e r g , 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. It should be noted, 
however, that F b a r a  (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 (D e w e y  
and B a r r , 1962) or “gap junction” (R e v e l  and K a r n o v sk y , 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 —1200 Á 
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 N E U R O -M U SZ K U L Á R 1S É S  IN T E R M U S Z K U L Á R IS  K A PC SO L A TO K  
F IN O M  S Z E R K E Z E T E  AZ A N O D O N TA  C Y G N E A  L. (M OLLUSCA, P E L E C Y P O D A )

Z Á R Ó IZ M A IB A N

Z s.-N agy  Im re  és S a lá n k i János

Összefoglalás

V izsg á lta to tt az A nodonta  cygnea elülső és h á tsó  záró izm ának  beidegzése szokásos 
elek tronm ikroszkópos te ch n ik a  segítségével. M egállap ítást n y e rt , hogy  az  izom sejtek  
k ö zö tt ta lá lh a tó  axonok  velő tlenek  és Schw ann-hüvellyel sem  rendelkeznek , m orfo lóg ia­
ilag  h a so n lítan ak  a  k ö zpon ti idegrendszer ax o n ja ira . B en n ü k  400— 1200 Á á tm é rő jű  
ü res v ag y  dense-core veziku lák  lá th a tó k . Az axonok  tá g u l t  végződései kü lönsen  sok 
vez ik u lá t ta r ta lm a z n a k . E  végződések h e ly en k én t hozzáfekszenek az izom sejtekhez, 
azok  m em b rán ja iv a l appozíciós k o n ta k tu so k a t képeznek, am elyek  specializáció t nem  
m u ta tn a k . E zek  felelnek m eg a  neu rom uszku lá ris  szinapszisoknak . E  helyeken  g y ak o ri 
a  veziku láris á llom ány  töm örülése az idegvégződésekben. N eu rom uszku láris  vég lem ezt 
nem  ta lá ltu n k  a  záró izom ban . S ikerü lt m egfigyelni az izom sejtek  k ö zö tt k ism ére tű  
idegsejtek  je len lé té t is.

M em bránappozíciók  az izom sejtek  k ö z ö tt is ta lá lh a tó k , ső t r i tk á n  ug y an , de 
nexusok , ille tve ,,gap  ju n c tio n ” -ok is e lő fordulnak . E zen  in te rsza rk o lem m áris  érin tkezés i 
fo rm ák n ak  je len tőségük  lehe t a  záró izom m űködés sz ink ron izásának  b iz to s ítá sáb an  
in g e rü le ti fo ly am ato k  kém iai vagy  e lek trom os á ta d á sa  révén . D esm osom ák és féldesm o- 
som ák  nagy  szám ban  lá th a tó k  az izom sejteken .
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ТОН КАЯ СТРУКТУРА Н ЕРВ Н О -М Ы Ш ЕЧН Ы Х  И М ЕЖ М Ы Ш ЕЧН Ы Х  С В Я ЗЕЙ  
В А ДДУКТО РА Х  A N O D O N T A  C Y G N EA

И . Ж .-  Надь и Я .  Шаланки

Былы исследованы  передние и задн и е аддукторы  A n o d o n ta  e y g n e a  методом  обы чной  
электрон нойм икроск опи и. У стан овлено, что аксоны  среди мыш ечных клеток безм иэлин- 
овые и не обладаю т д а ж е  Ш ванновской оболочкой , м орф ологически они сходны  с аксонам и  
центральной нервной системы. В нутр и  ни х видны пусты е или dense-core  везикулы  д и а ­
метром 4 0 0 — 1200 Á . О собенно м ного вези к ул  со дер ж и тся  в расш иренны х к он ц ах  аксонов. 
Эти окончания в некоторы х уч астк ах  п рилегаю т к мышечным клеткам , и х  мембраны  о б р а ­
зу ю т  аппозиционны е контакты , которы е не показы ваю т специализации . Эти контакты  
соответствую т нервно-мы ш ечны м синапсам . В эт и х  м естах  часто наблю дается  скопление  
в ези к ул  в нервны х окон чан иях. В аддук тор е  не наш ли концевую  п л астин ку. У далось  
наблю дать наличие м ельких нейронов среди мыш ечных клеток. И зредка наблю дали сь .мем­
бранны е апп ози ции м е ж д у  мышечными волокнам и, n ex u s или «gap junction» т о ж е  м огут  
встречатся. Эти интерсерколем м арны е формы связей , м о ж ет  быть, играю т значительную  
роль в синхр они заци и  аддук торов , помощ ью  хим ич еской  или электри ческ ой  передачи  
в о зб у ж д ен и я . Д есм осом ы  и полу-десм осом ы  в больш ом  количестве видны в мыш ечных 
кл етках .
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