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Only little information is available on the ultrastructure of the neurons
of Pelecypoda. Electron microscopic studies on the neurosecretion of Unio
tumidus have been performed by F ahrman (1961), he has given, however, only
a general description of the ultrastructural features of the nerve cells. In earlier
investigations on the cerebral ganglia of Anodonta cygnea (Zs.-Nagy 1964) we
examined the fundamental structure of the cytoplasm, the vesicular compo-
nents of the axons and further the special glial structures. In some previous
papers of ours some submicroscopic data (Zs.-Nagy 1967, 1968, Zs.-Nagy et al.
1965) on these structures have been presented, a comprehensive description
of results obtained during these electron microscopic investigations, however,
has not been given. In the course of examinations performed lately on the
visceral and pedal ganglia, numerous newer details that may command
interest were revealed; on the other hand, the interpretation of certain struc-
tural elements described formerly changed in the light of recent literature,
thus it became actual to touch upon these questions anew.

The objective of the present study was to describe by electron micro-
scopic methods the structure of the neurons in all three ganglia of Anodonta
cygnea and to form a basis on cytological level for examining the functional
organization of the ganglia.

Material and method

For experimental purpose 12 -18 cm long specimens of Anodonta cygnea
L. were used. The animals were obtained from fish ponds, and were kept pre-
vious to experiment in aquaria containing Balaton-lake water. The preparations
of the cerebral, visceral and pedal ganglia were made as follows:

1.5 percent 0s04 solution buffered with e-collidine (Pease 1964) was
used as fixative. Fixation was made at first at 0 °C for 0.5 — hours, and
subsequently at room temperature for 10—15 mins. Dehydration in graded
series of alcohol solutions and later with propylene oxide. Following this the
ganglia were embedded into araldite (Durcupan ACM, Fluka). Serial sec-
tions were made on LKB Ultrotome Ill, and the micrographs were taken
with TESLA BS413A electron microscope. Contrasting with saturated

3*



36

uranyl acetate solution in 70 percent alcohol during dehydration (Pease 1964).
Lead citrate staining according to Reynolds (1963).

Experimental results
1. Nerve cells

Nerve cells though different in size, bear resemblance to each other as
regards their submicroscopic constituents. Structural elements characterizing
explicitly either large or small sized cells were not demonstrable. The larger
cells, of course, exhibit a more rich structure than the smaller ones, and the
single cell constituents also show a much greater variety. In the following a
survey on the most important ultrastructural features of the single cell compo-
nents observed in the three ganglia examined will be given.

a. Nucleus

The nuclei are either round or ovoid. Their location inside the cytoplasm
is usually excentric. On occasion this eccentricity may be of such an extent
that one side of the nucleus is bordered only by a very narrow rim of cyto-
plasm. The nucleus has an even surface and on it regular nuclear pores are
observable. Occasionally nuclei with lobulated, uneven surface were also

Fig. 1. Invagination of the nuclear membrane. Cerebral ganglion, x 22 500

1. 4bra. Maghartyabetiiremkedés képe. Cerebrélis ganglion. Nagyitas: 22 500 X



observable, and in some instances there were also membrane invaginations
seen almost all around the whole nucleus (Fig. 1), and dividing it into parti-
tions. Images illustrating two completely isolated nuclei inside one single nerve

Fig. 2. A section of the cytoplasm. Cerebral ganglion
Er —endoplasmic reticulum; G — Golgi apparatus, C — cytosomes; M — mitochondria;
DCV —dense-core vesicles. (Abbreviations are the same in every figure). x 25 000

2. &bra. Citoplazmarészlet. Cerebrélis ganglion. Er — endoplazmas reticulum; G — Golgi
apparatus, C— cytosomak; M — mitochondriumok; DCV — dense-core vezikulumok.
(A roviditések a tovabbi abrakon is ugyanazt jelentik.) Nagyitas: 25 000 x

cell originate, most probably, from transversal sectioning of such invaginations.
The nuclear membréan is mostly complete on the whole surface of the nuc-
leus but sometimes a certain loosening up is observable on it. The nuclear
substance is of varying density. Beside one or more nucleoli a narrow rim
of granular substance of higher electron density than the nucleus itself is seen
attached to the internal surface of the nuclear membrane, whilst on other
occasion, and this is more frequent, the nuclear substance is homogeneous.

b. Cytoplasm

The endoplasmic reticulum of vesicular type forms the ground substance
of the cytoplasm (Fig. 2). The external wall of the vesicles is smooth-surfaced,
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very often, however, ribosomes, too, are observable on them. Their internal
surface is always smooth. The vesicles are either translucent or contain a sub-
stance of very fine distribution and of low electron density. Their diameter
is of varying length, and they appear occasionally, especially in the large
cells as 1 Llgreat, wide cysternae, and on other occasions as flattened or bifur-

Fig. 3. Lamellar formation consisting of 5 cysternae (LB). Visceral ganglion. X 20 000

3. abra. 5 ciszternabol allé lemezes képlet (LB). Visceralis ganglion. Nagyitas: 20 000 X

eating vesicular elements. They are to be found everywhere inside the cyto-
plasm amidst the other cell constituents.

There is in the endoplasmic reticulum a peculiar formation which is
constituted of two or more flattened, parallelly arranged cysternae (Fig. 3).
The gap between the opposite surfaces of the cysternae is 100—150 A wide,
whilst the width of the cysternae proper is about 2—3 times as great. The inner
part of the cysternae is less dense than the zone between them, and this pro-
duces a pattern of alternate dark and light lamellae. The fact, that ribosomes
are frequently observed on the outer membrane of cysternae indicates that
the cysternae belong to the endoplasmic reticulum. Cysternae are arranged
generally side by side 2—8 in number, resulting in 1—7 dark bands. These
formations might extend in the plain with a maximum length of 6 /5 and
maximum thickness of 0.4 u depending on the number of lamellae. The fre-
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quency of their occurrence suggests that they are most possibly present in
many cells, only they may be absent from the plain of section. Occasionally
even 2 or 3 such formations were observable within one single cell.

The Golgi apparatus is located in general, but not explicitly, near the
nucleus (Fig. 4). It appears in the form of kidney-shaped formations, the

Fig. 4. Golgi apparatus and its surroundings. Cerebral ganglion. X58 500

4. 4bra. Gougi apparatus és kornyezetének képe. Cerebralis ganglion. Nagyitas: 58 500 x

middle part of which is made up by several parallelly arranged lamellae
(Golgi cysternae), and at its two poles there are several translucent vesicles
mostly about 1000 A or sometimes even much greater in diameter. There is a
substance of high electron density inside certain vesicles which are very similar
to dense-core vesicles (DCV). Golgi areas in which the lamellae were not parallelly
but irregularly arranged were also noticed, and in such cases the whole lamellar
system much rather resembled a pile of vesicles.

Obligate constituents of the ctyoplasm are the microtubuli (Fig. 5).
These generally range from 100 to 150 A in thickness, and the average thickness
of their wall ranges from 25 to 30 A. Inside they seem to be translucent. It is
not possible to determine their length exactly; sometimes, namely, they may
be trailed in some microns length, another time, however, they are leaving
soon, after a short run, the plain of section. A characteristic feature of their
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location inside the cytoplasm is that they show a tendency to converge towards
the area where the axons are originating from.

As already reported in our previous publication (Zs.-Nagy 1967) there
are to be found in the cytoplasm two different types of mitochondria (mito-
chondria with dark or light matrix). Also certain ultrastructural features of the

Fig. 5. Section of the cytoplasm with numerous microtubuli (Mt). Cerebral ganglion.
X 30 000

J. &bra. Sok mikrotubulust (Mt) tartalmazé citoplazmarészlet. Cerebrélis ganglion.
Nagyitas: 30 000 X

cvtosomes were described in the same paper. These, however, must be comple-
mented by the following data: the mitochondria are most variable components
of the cytoplasm. They are generally 0.3 1.0 u in length. Greater ones are
very seldom found. They exhibit a large variety of shape from simple ovoid or
rod shape to bizarre, bended forms with invaginations and protrusions on their
surface. Mitochondria with typical cristae were not observed, their majority
being much rather of tubular character.

The cvtosomes (Fig. 6) are round-shaped or ovoid formations, their
size ranging from 0.3 to 12 /i. Those of 1—3 u in size are of more frequent
occurrence. They are identical with the yellow pigment granules observed in
the cells in native condition. They are ,unite membrane” bound which at
certain places is not continuous. Their internal substance exhibits great variety.
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Very dark homogeneous areas are alternating with similarly homogeneous
spots of less electron density located inside them. Besides these a lamellar
system similarly of ,,unite membrane” construction and resembling very fine
myelin figures, further a granular substance and vesicles too might also be
located inside the cytosomes. The varying ratio of occurrence of these con-

Fig. 6. Typical cytosome. Arrow indicating areas where eytosome-membrane cannot be
recognized. Cerebral ganglion. X62 400

6. (‘(bra. Tipusos cytosoma képe. A nyil olyan helyekre mutat, ahol a citoszoma-membran
nem ismerhet6é fel. Cerebrélis ganglion. Nagyitas: 62 400 X

stituents results in an almost untipifiable richness of forms. Great sized cyto-
somes very often exhibit irregular, complex forms. They are demonstrable
usually arranged in groups in most diverse areas of the cytoplasm even in the
place of origin of the axons.

Formations also occur which so to say represent transitions between
mitochondria and cytosomes. On basis of their outer membrane and tubuli
they might be taken for mitochondria, their internal substance, however,
exhibits the characteristics of cytosomes: they contain substance of granular
and lamellar structure (Fig. 7).

Permanent constituents of the cytoplasm (Fig. 8) are also the multi-
vesicular bodies (Soteto and Porter 1959). These are 0.2 —0.5 Ksized mem-
brane bound formations with numerous vesicles ranging from 200 to 400 A in
diameter inside them.
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Besides the above organella the cytoplasm contains numerous ribosomes,
vesicles and other granules too, the amount of which varies in nearly every
single cell. These organella as a whole can be ranged into the group of micro-
somes. Large masses of ribosomes occur free in the cytoplasm, a number of
them, however, is connected to the vesicles of the endoplasmic reticulum.

5 ’? b ‘ '

Fig. 7. Mitochondrium in the condition of transformation, in its inner part accumulation
of granular substance (EC). Beside it an ,emptying” cytosome (TM). Cerebral gang-
lion. x 62.400

7. &bra. Atalakuloban levé mitochondrium, amelynek belsejében szemcsés allomany
halmozdédott fel (EC). Mellette kilril6ben levd citoszoma (TM). Cerebralis ganglion.
Nagyitds: 62 400 x

There are also polyribosomes observable in the cytoplasm. Special granules
(Fig. 9) may also occur in certain cells. They are of high electron density
and range from 200 to 500 A in size, and their surface is irregular. They appear
in certain cells only following contrasting with uranyl acetate and lead citrate.
It is most practical to call them simply dark granules. They are usually located
in areas in which the cytosomes also occur. On occasions they might be observed
arranged in regular rows around the cytosomes.

In some rather rarely occurring cells DCVs are also to be found in large
numbers. Their sporadic occurrence in few numbers in the cytoplasm is not
uncommon (Figs 2,4), their mass appearance, however, was noted only in few
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cells. They are membrane bound with a substance of high electron density in
their middle part, and range from 1000 to 2000 A in size. Morphologically
they appear to be identical to the DCVs seen in the axons, but in the cyto-
plasm their average size is greater. A more detailed description of them will
be given in connection with the axons, it is tobe remarked, however, right here
that the DCVs of the cytoplasm do not exhibit depletion phenomena.

Fig. 8. Multivesicular bodies (MV). Cerebral ganglion. X45 000
8. dbra. Multivezikularis testek (MV). Cerebralis ganglion. Nagyitas: 45 000 x

2. Processes
a. AXxons

The axons constitute the bulk of the ganglia. The whole neuropil is made
up of numbers of axons and glial elements, lots of axons were, however, found
also among the nerve cells in the cortical area. The axons are naked, in general,
and unsheathed. The free surfaces of the parallelly running axons are conti-
guous with each other, and the processes of glial cells are located only around
bundles of several hundred or thousand axons, and are forming there a thin
layer. Regular round cross sections of axons are seldom observable, because
the axons passing side by side in large numbers comidetely fill the area at
their disposal, and this results inagreatvariety of cross section images (Fig. 10).
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The axons are of most varying thickness. The thinner ones are 0.3 u in
diameter, but every size up to 4 u might occur, but axons greater than 2 u in
thickness are relatively rare. With the rise in diameter certain structural
differences appear in the substance of axo-plasm. It is most practical, there-
fore, to divide the axons into two groups:those below 1y inthickness are termed
thin (Fig. 11), those of greater diameter are called thick ( Fig. 12).

Fig. 9. IDark granules (DG). Pedal ganglion. X 30 000
9. dbra. A sotét granulumok képe (DG). Pedalis ganglion. Nagyitas: 30 000 X

The thick axons are originating from large-sized cells. The axolemma is a
direct continuation of the cell-membrane. The axons are considered to originate
in that place where the normal cytoplasmic structure terminates and continues
in the axoplasm of more pure content. This transition is more distal in the
initial part of the process.

The thin axons are partly the processes of smaller nerve cells, or partly
afferent fibres originating obviously from other ganglia or from the periphery.
Thin fibres originating from the branching-off of thick axons were also observ-
able.

Microtubuli that might sometimes be thicker than those of the cyto-
plasm are constant components of the axoplasm. They are occurring generally
in masses in parallel orientation to the longitudinal axis of axons (Fig. 11).
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The measurements show that they may range up to 6 p in length, but, obviously,
there may be longer ones, too. There are places where microtubuli are not
observable, instead of them, however, a very fine network consisting of fibres
much thinner than the tubuli were demonstrable. This is mainly characteristic
of thick axons (Fig. 12).

£ R

Fig. 10. Transverse section of grouped axons. Ax — axons; Gl —processes of glial cells.
Pedal ganglion. X30 000

10. 4bra. Axoncsoport keresztmetszeti képe. Ax — axonok; Gl — gliasejtnyulvéany. Peda-
lis ganglion. Nagyitas: 30 000 x

In the axoplasm there are very tiny vesicle-like formations too, occurring
sporadically in the cytoplasm. They bear resemblance to the endoplasmic reti-
culum, on basis of the irregularity of their shape, however, they may be defi-
nitely distinguished from other vesicular components of the cytoplasm, which
will be discussed in the following.

The mitochondria of the axons exhibit a tubular character, their matrix
is always dense and they contain tubuli in relatively large numbers. They are
small in general, they may, however, range up to 2 p in length in certain thick
axons. There are relatively few mitochondria present in the axons.

The most conspicuous structural element of the axons is constituted by
the vesicles. They range from 700 to 1400 A in diameter, the most frequent
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are, however, those of 1000 A in size. Exceptionally forms 2000 A in diameter
might also be found among smaller ones; this occurs, however, very seldom,
in about 0.25 percent of the cases. 26 percent of them are empty inside, and
in the others a ,,nucleus” of varying diameter and high density is to be found
(Fig. 13). Their membrane, which is thinner than the axolemma, has a ,,unite

Fig. 11. Longitudinal section of thin axons. Visceral ganglion. x30 000

11. abra. Vékony axonok hosszmetszeti képe. Viscerélis ganglion. Nagyitas: 30 000 x

membrane” construction. It is mostly continuous, there may be, however,
openings visible on it too. A light halo of varying thickness is located beneath
the membrane surrounding the dark nucleus. In about one half of cases (46
percent) its greatest diameter comes to two thirds of the outer diameter of the
vesicles. In other instances, however, the middle part is smaller (28 percent).
Inside one axon several variaties may also occur, but only one form dominates
in general, thus resulting in characteristic axon-petterns. In case of some DCVs,

Fig. 12. A detail of a thick axon presented in longitudinal section. Visceral ganglion.
X 32 500

12. abra. Vastag axon részlete hosszmetszetben. Visceralis ganglion. Nagyitas: 32 500 X
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a loosening of the dark inner part is observable, which may often become so
expressed that the whole vesicle appears to be made up of two concentric
rings. It is distinctly to be seen at higher resolution, that the ,nuclei” of the
DCVs are not homogeneous but have a granular structure. Fig. 14 illustrates
the distribution in size of vesicles in the axons. The DCVs may occur, in general,
everywhere along the axons, in more dilated areas, however, they may be
observed also in groups of several 100. These places are most obviously forma-
tions identical to nerve terminations. In such places mitochondria, microtubuli
and more seldom cytosomes too were encountered. These latter do not occur
in general in the axoplasm, and are encountered only exceptionally.

In some thick axons a ,limiting membrane”, consisting of a row of
vesicles is observable in general near the contact line between cortex and neuro-
pil, which separates certain areas from one another inside the axons (Fig.
15). This row of vesicles is built up of round or elongated vesicles, and appears
to form a porous membrane. It also happens, that this porous membrane pro-
ceeds directly as a regular axolemma, and the two parts of axons bound only
by a porous membrane are passing on henceforth as two axons separated from
each other by a regular axolemma. It has been also observed that on both sides
of the porous membrane the axoplasm was of different character.

b. Dendrites

Besides the axons there are also other processes which originate from
the surface of the nerve cells. They are of varying thickness, they are generally
short, some-times branching off, and inside them a structure similar to the
cytoplasm of nerve cells is observable. These processes are identical to the
dendrites and, in conformity to the fact that the majority of cells is unipolar,
they are rather seldom encountered. They usually have contact with the
axons (Fig. 13).

3. Interneuronal connections

a. Soma-soma

A close contact may exist between nerve cells lying side by side, when,
namely, only a narrow intercellular space exists between the cell membranes.
On occasion this space becomes dilated and forms lymphatic channels. Direct
cytoplasmic connections were not observed between adjoining cell bodies.
In certain places glial cells forming layers of 1—2 are located between the
soma of two nerve cells.

Fig. 13. DCVs of different type in the axons of the cerebral ganglion. D — dendrite.
X 25 000

IS. abra. DCV-ok kilénb6z8 tipusai a cerebralis ganglion axonjaban. D — dendrit.
Nagyitas: 25 000 X
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b. Axon-soma and axon-dendrite

Similar to that described in connection with the cerebral ganglion (Zs.-
Nagy 1964), in the visceral and pedal ganglia too, the axons are very often
contiguous with the body of the nerve cells. A contact may be formed on the
surface of the soma (Fig. 16), when the dilated part, most probably the
termination of the axon, which is filled with DCVs, fits closely on the cell

Fir/. 14. Distribution according to the size of the vesicular substance of the axons as expres-
sed in the average of measurements on 3000 vesicles

14. dbra. Az axonok vezikularis alloméanyanak nagysag szerinti megoszlasa mintegy 3000
vezikulum mérésének atlagaban

membrane. On the surface of contact the membranes may be thickened and
sometimes blurred. The massing of DCVs in the axons is observable near the
place of contact, and close to this there are very often DCVs seen, which are
either in the process of depletion or empty. The grouping of an electron dense
substance on the soma side of the contact may also be observed, this is, howev-
er, mostly lacking. A certain type of axo-somatic connection may also come
about, when, namely, one or more axons are deeply invaginating into the
substance of the soma and are forming there a close contact with the cell
membrane.

Axo-somatic connections were demonstrable mostly near the place of
origin of the axons; they may, however, occur at any place on the surface
of the soma.

The structure of axo-dendritic connections resembles that of the axo-
somatic ones. Rather seldom do we find, however, connections that might be
identified as such with certainty. This is attributable to the smaller number
of dendrites.
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c. AXon-axon

AXxo0-axonic connections represent enormous surfaces, because practically
every axon is contiguous in its whole course with the other ones, and the
axons are separated only by interaxonal spaces from each other. Areas in

Fig. 15. Limiting membrane-like formation of vesicles in the longitudinal section of
axons. Visceral ganglion, x 25 000

15. abra. Vezikulumokbolallé valasztéfal axonok hosszmetszeti képén. Visceralis ganglion.
Nagyitas: 25 000 x

which the grouping of DCVs occur on the one side (presynapsis) along certain
places of the contiguous axolemmae, may most obviously be of distinguished
importance. In such places the axolemma is somewhat thickened on botli
sides, and the interaxonal space is slightly broader than elsewhere, and inside
it very thin, fine transverse bridges appear. One axon may form several such
contacts with neighbouring axons. DCYs may occur on both sides of such
contacts, but on the one side there is always the grouping of DCVs observable
and depletion phenomena also frequently occur.

Such contacts may often be found in the initial section of thick axons,
where, namely, the thick axons assumably represent the postsynaptic side.
Such connections may, nevertheless, exist also between axons running parallel,
where that part of axon which might be considered as presynaptic is evidently
not a nerve termination (Fig. 17).
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In the course of this study we observed only very seldom, not more than
only in some instances such axo-axonic connections in which formations closely
resembling synaptic vesicles characteristic of nerve terminations of higher
animals were seen on the presynaptic side, and a subsynaptic specialization
on the other side.

Fig. 16. Structure of axo-somatie synapses (arrow) N — nucleus. Cerebral ganglion.
X 48 750

16. &bra. Axon-somatikus synapsis szerkezete (nyil). N — sejtmag. Cerebralis ganglion.
Nagyitas: 48 750 X4

4. Glial tissue

Two forms of glial cells may be distinguished. One is located in the
cortical part, and is thus nominated cortical glia as opposed to the medullary
glia located in the neuropil. The cortical glial cells which are identical to the
lamellar glial cells described previously (Zs.-Nagy 1964) in the cerebral
ganglia, are demonstrable in all three pairs of ganglia. Most surprisingly, the
DCVs were also found to occur occasionally in the cortical glial cells. Glial
cells do not form trophospongium.

The medullary glial cells are of much more complicated structure, as
their shape is not flattened but extends in every direction in space. A narrow
rim of plasm is seen near their nucleus, and from there processes are passing
in every direction into the axons of the neuropil (Fig. 10) and appearing to



furnish with a sheath the greater groups of axons. This sheath is, however,
not closed in the least. In the medullary glia the structure of the plasm is
similar to that observed in the cortical glial cell, inside it, however, DCV was
never observed, whereas a very fine fibrillar substance was demonstrable in
its plasm, which, in turn, is not the property of the cortical glia.

Fig. 17. Axoaxonic synapses between parallelly running axons (arrow). Cerebral ganglion
X 30 000

17. &bra. Axo-axonikus synapsisok parhuzamosan futé axonok kozétt (nyilak). Cerebralis
ganglion. 30 000 x nagyitas

Discussion

The fact that the nuclear membrane might become loosened up in some
cases, indicates that under certain conditions the nucleo-cytoplasmic connec-
tion might become more intensive. This and the differences observed in the
nuclear substance necessitate the supposition of functional changes. The
invaginations of the nuclear membrane, which increase the surface considerably
for the metabolic activity of the nucleoplasm, might be considered analogous
to similar phenomena observed in the nerve cells of higher animals (Tschentzov
et al. 1961). As demonstrated by Brodsky (1961) nuclei of similar morpho-
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logical appearance might intensively participate in the protein synthesis of
cells. This is in complete accordance with the experimental observation, that
in the Anodonta cygnea, in the course of restitution processess following the
depletion of the monoamines by reserpine, when, namely, there is a very
vigorous catecholamine production, and thus obviously an enhanced metabolic
activity too in nearly every nerve cell of the CG, the loosening up of the nuclei
and their invaginations are more frequently noticed, than under normal con-
ditions, and the nucleus itself also appears to be more active (Zs.-Nagy 1988).

The peculiar lamellar formations of the endoplasmic reticulum may be
parallelled to those formations described by Fernandez—Moran (1957) in
the Purkinje-cells of the rat, which were further examined by H erndon (1964)
and termed by him as ,lamellar bodies”. Similar formations were described by
K asa and Jo6 (1965) in the Purkinje cells of the guinea-pig. A parallel arran-
gement similar to that of the endoplasmic reticulum but of different type
was observed by Lemos and pick (1966) in the sympathetic trunk of the rat.
To our knowledge, such formations were not described heretofore in the nerve
cells of the molluscs. It is suggested that this lamellar formation may be
identical with a certain form of the endoplasmic reticulum which differen-
tiated to perform a special function.

The fact that the Golgi apparatus is rich in structural elements, that it
has connections with the DCVs, and that its activity increases following reser-
pine treatment (zs.-Nagy 1968), suggests that it may have an important role
in the formation of DCVs. Similar phenomena were reported by others
(Amoroso et al. 1964, Lane 1964, Simpson €t al. 1964, Norte et al. 1965) in
the nerve cells of molluscs.

The importance of the microtubules is unknown as yet. As suggested by
Tokin (1966) the microtubules may be considered as generally occurring cell
organella, which most probably form a cytoskeleton, and this may be of
importance not only mechanically in the orientation of the cell organella, but
may have an active role as well.

The mitochondria exhibit a characteristic structure. The variety with
light matrix is identical to that one described by Noi1te et al. (1965) in the
ganglion cells of Gastropods, and the variety with dark matrix is completely
similar to the mitochondria described by Fahrmann (1961) in the nerve cells
of Unio tumidus. Nevertheless, the latter author refers in the text to mito-
chondria of the crista type. This appears to be a mistake, because it is
not the dark but the light matrix variety that does not show the typical morpho-
logical characteristics of the crista type mitochondria, and though they differ
in some sense also from tubular mitochondria still they are standing much
closer to them.

Considering, that on the effect of reserpine treatment the majority of
mitochondria appear in the form of the dark matrix variety (zs.-Nagy 1968),
whilst under normal conditions the light matrix variety prevails, further that
both may occur inside the very same cell, it seems to be justified to suggest
that the two forms represent varieties with different functions, and that in the
course of intracellular changes they may be transformed into each other.

The cytosomes are very conspicuous formations of the cytoplasm. This
term was firstly used by Noirte et al. (1965) for designating those special
formations in the nerve cells of molluscs, which were already known to previous
authors as pigment granules (Schuittze 1879, R awitz 1887, Bochenek 1905)
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The progress made in the field of ultrastructural researches has led to the
accumulation of data evidencing that formations similar to the cytosomes occur
widely in the kingdom of invertebrates, and are not absent from certain tissues
of higher animals either. Though the term ,,cytosome” has not been adopted by
every author, the situation remains the same, namely, the formations described
are morphologically identical to the cytosomes. The most important works on
molluscs were collected and reviewed on by Noi1te et al. (1965). Formations
identical to cytosomes were described in the nerve cells of the Annelida by
Rohtich et al. (1962), Coggeshatt and Fawcett (1963) and in the corpus
cardiacum of the Insects by scharrer (1963). Cytosomes occur also in certain
nerve cells of the vertebrates and even in other tissues of them (Lemos and
Pick 1966).

Cytosomes are normal constituents of the nerve cells in the molluscs.
Their relationship to other well defined cell organella is not clear, it is worth
to note, however, that even F ahrmann (1961) considered it possible that they
might take their origin from mitochondria. Mitochondria that might be taken
as transitional forms to the cytosomes were observed by Scharrer (1963)
in the corpus cardiacum of the Insects. A transition of similar nature of the
mitochondria was reported by Gaudecker (1963) in the larvae of Drosophila.
It is assumed that those forms of mitochondria which we have observed in the
nerve cells of Anodonta cygnea and in which the appearance of granular or
lamellar substance was observable, also speak in favour of the suggestion that
the cytosomes may originate from the mitochondria by way of a special trans-
formation. The fact that the membrane of the mitochondria is thinner than
that of the cytosomes, and that the latter has the construction of the ,unite
membrane”, seems to contradict, in some respect, to this hypothesis. Consider-
ing, however, that the membranes of the cytosomes are most variable, and
may open up or disappear even under normal conditions, it is thought not
improbable that at a certain stage of the process of cytosome formation the
membranes are also rebuilt, and this may be the explanation to the above
contradiction.

The lysosomes are in some respect similar to the cytosomes morphologi-
cally. Questions pertaining to this and to the relationship between cytosomes
and neurosecreta are discussed in our previous paper (Zs.-Nagy 1967).

The origin of the dark granules in the cytoplasm has not been explained
as yet. It seems probable that they may originate from the polyribosomes,
respecting, however, their close topographic connection with the cytosomes,
it is assumable that the substance of the cytosomes is also implicated in their
formation. They somewhat resemble morphologically glycogen granules that
are observable in other cells; on the basis of the observation, however, that
they appear only following contrasting with uranyl acetate and lead citrate,
and that subsequent to contrasting with lead citrate, the glycogen granules
are of low electron density, whereas the ribosomes of a high one (Reynotds
1963), their identity is considered disputable.

A small proportion of nerve cells and an overwhelming majority of the
axons contain DCVs. The DCVs appear to be identical morphologically to
formations in the sympathetic nervous system of higher animals. At present
there are numerous data evidencing that noradrenaline is localized in the
DCVs of the vertebrates. The literature on this subject has been thoroughly
reviewed by Hockrert (1967).
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The DCVs are common in the nerve fibres of other molluscs, t00 (Schiote
1957, Fahrmann 1961, Gerschenfeld 1963, R osenbluth 1963, Baxter and
Nisbet 1963, Schilote aNnd Hanneforth 1963, R 6hnisch 1964, Nolte 1964,
Sakharov et al. 1965 etc.). Gerschenfetd (1963) believes them to be non-
cholinergic synaptic vesicles in case of Gastropoda, and suggests that they
might contain catecholamines and perhaps serotonin as well. F ahrmann (1961),
Schiote and Hanneforth (1963) are of the opinion that the DCVs of the
Gastropoda are comparable to primary neurosecretory granules. Several types
of these granules were described on basis of their size and the state of the middle
part by the latter authors. Gerschenferd (1963) also adopted tipification
according to size. We have already called attention (zs.-Nagy 1964) to the
risk involved in tipifying according to size, and our recent experimental
evidences speak also in favour of this. A significant decrease in diameter of
granules and a considerable loosening up of their inner substance was demon-
strated by Rinne and Arstirta (1966) in the rat following reserpine treatment.
Evidences to the same effect were obtained by our own experiments with
reserpine (zs.-Nagy 1968). All these seem to support the suggestion proposed
by us that both in the cells and in the axons the DCVs of different size corres-
pond to representants of the same organellum being in different state.

According to the above the empty vesicles may be the representants of
completely depleted forms of the DCVs. This suggestion is supported by the
fact that the empty vesicles are very often observable close by the synaptic
connection, where the consumption of the substance of the DCV may be
maximal. It is also likely that the empty vesicles are of other nature than the
depleted DCV. Neither can the suggestion be rejected that those empty vesicles
which occur seldom and alone without DCVs in the very small-sized nerve
terminations, and which never range beyond 4—500 A in diameter are such
that differ from the DCV and perhaps correspond to the synaptic vesicles of
the vertebrates.

In another paper of ours (Zs.-Nagy 1968) we deal with the origin of the
DCVs and with their relation to the catecholamines.

Besides the presence of DCVs, the axons may be also characterized by
the absence of sheath and branching tendency. The conduction of stimuli with
high decrement might be explained, at least partly, by these morphological
features (Labos et al. 1963).

A most peculiar phenomenon observed is the porous membrane in certain
axons. Our present knowledge does not allow to interpret it functionally.
Even if it is a fixation by-product, it may indicate a special state in certain
places of the axolemma. It is assumable that the separation into two areas
of the axon by this porous membrane may be of functional importance; this
is indicated, at least, by the fact that there are often observable on both sides
of the porous membrane parts of axons which have different structures. The
question, however, remains open, i.e. do the two separated areas correspond
to processes of two different nerve cells, or do they respresent two parts of the
same axon? In view of the branching property of axons it is difficult to decide.
It still remains to be answered, whether the porous membrane may be con-
sidered an axolemma either in the making or decomposing, or is it always
functioning in this jiorous form.

It has been found, on the one hand, when examining the structure of
interneuronal connections that similar to the observation of Lamparter (1966)



in the prothoracal ganglia of the ant, in the Anodonta cygnea there is no direct
cytoplasmic connection between the soma of the nerve cells. On the other hand,
a variety of interneuronal connections may occur (Axon-soma, axon-dendrite,
axon-axon) in all three ganglia, which constitutes an essential difference as
compared to the Gastropoda in which the existence of axo-somatic synapses is
disclaimed in general (Burttock and Horridge 11)65). Naturally, as long as
there are no direct physiological data available evidencing that the axo-
somatic places of contact observed by us are functioning really as true synapses,
we may only hypothetically speak of the existence of an axo-somatic synapsis
in fresh water mussel. The probability of the existence of such synapses is,
nevertheless, suggested by the structure of axo-somatic contacts observed.

In this respect it is most decisive that depletion phenomena observed
in the DCVs are most expressed in the vicinity of such places, and that just
the same unloading phenomena occur when the catecholamine content of the
axons is depleted with reserpine (zs.-Nagy 1968), and this is accompanied by a
decisive change in the activity of the whole nervous system of the animal, i.e.
the animal is incapable of tonic contraction of its adductors (Saranki 1963)
and its other muscles are relaxing too. Chemical transfer of stimuli may most
obviously be expected to occur in areas of the membrane in which the structural
conditions for such a transfer are given. In the light of the above it is thought
that the special places of axo-somatic, axo-dendritic and axo-axonic contacts
where accumulation of DCV, depletion phenomena, membrane thickening and
perhaps also subsvnaptic massing, further the fillingup of the intermembraneous
spaces with special bridges occur, may be considered as synapses with con-
sideration for analogues existing in other animals (Lemos and Pick 1966,
Castejon and Villegas 1964)

Summary

Author describes the general submicroscopic structure of the neurons
in the three pairs of ganglia of Anodonta cygnea. He describes the different
forms of appearance of the nuclei. The special lamellar structure of the endo-
plasmic reticulum is also discussed. He gives a detailed description of the
structural characteristics of other cytoplasmic components (Golgi apparatus,
microtubuli, cytosomes, dense-core vesicles) and describes the structure of
axo-somatic and axo-axonic synapses. Data on the two types of glial cells are
also presented.
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UJABB ADATOK AZ ANODONTA CYGNEA L.
(PELEOCNPODA) NEURONSAINAK SZUBMIKROSZKOPOS
SZERKEZETEHEZ

Zs.-Nagy Imre

osszefoglalas

Szerzd leirja a neuronok altalanos szubmikroszképos szerkezetét az Anodonta
cygnea mindharom ganglionjaban. Ismerteti a sejtmagok kiilonb6z6 megjelenési formait.
Beszamol az endoplazmas retikulum kilonleges lemezes képz6dményeir6l. Részletesen
taglalja az egyéb citoplazmatikus komponensek (Golgi apparatus, mikrotubulusok,
cytosomak, dense-core vesiculumok) szerkezeti sajatsagait, s ismerteti az axo- -somatikus
és axo-axonikus synapsisok szerkezetét. Adatokat k6zol tovabba a gliasejtek két tipusarol.

HOBbLIE OAHHbBIE O CYBMWKPOCKOMWYECKOM CTPOEHWWN HEWPOHOB
BE33YBKW

. >x-Hagb

OnuncaHo Cy6GMUKPOCKOMWUYECKOE CTPOEHWEe HeMpoHOB BO BCEX TpeX mapax raHrnues
6e33y6ku. OTMeueHbl CyLLECTBYIOLME Pa3nnums B (opMe KNeTouHoro siapa. OnucaHbl 0cobble
NNacTMHYaTO06pa3Hble CTPYKTYPbl 9HAOMNA3MaTUYecKoi ceTw. [laeTcs noapo6Hoe onucaHue
APYTUX CTPYKTYp UMTONNa3Mbl (annapat [oNbAXu, MUKPOTYGY/bl, LMTOCOMbI, BE3WUKY/bl C
3M1EKTPOHHOMNOTHLIM LeHTPabHbIM 3ePHOM), @ TakKXXe CTPOEHMs aKCO-COMATUYeCKUX W aKCo-
aKCO MHbIX CUHaNcoB. OBHapYXeHbl Ba TUMNA INMaNbHbIX KNEeToK.



	1. ÁLLATTAN������������������
	Zs. Nagy Imre: Fine structural analysis of the neurons of Anodonta cygnea L. (Pelecypoda) = Újabb adatok az Anodonta cygnea L. (Pelecypoda) neuronjainak szubmikroszkópos szerkezetéhez����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

	Oldalszámok������������������
	35���������
	36���������
	37���������
	38���������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������
	57���������
	58���������
	59���������


