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Introduction
The fresh water mussel takes up the attention both of physiologists 

( P a w l o w  1885) and morphologists (Hanström 1928) for a long time past. 
From more recent works those of Ábrahám and Minker (1959), Nagy(1962) 
Baranyi and Salánki (1963), Zs.-Nagy (1964), Salánki (1965) should be 
named who investigated morphology and physiology of the nervous system 
of Anodonta from different viewpoints. Histological description of the ganglions 
in Anodonta cygnea however is not sufficiently disclosed neither in foreign nor 
in Hungarian literature. Hanström (1928) in his book characterized the nerv­
ous system of the Lamellibranchiates on the grounds of the Unio pictorum. 
Nagy (1962) described a gold-yellow pigment in the ganglions but gives only 
outlines of their general histology. I t  should be noted that a more exact 
description of the nervous tissue of the mussel was hindered by the fact that 
up to now impregnation of the nervous system of lower animals encountered 
difficulties. The classic methods did not supply satisfactory results to obtain 
a knowledge of these. In our earlier work (G u b ic z a  and Zs.-Nagy 1964) we 
discussed modified methods which are suitable for the impregnation of the 
neurons and fibres of Anodonta cygnea. In the present study the results of the 
histological examination of the fresh water mussel obtained with these methods 
are described.

Material and method
Our experimental animal was Anodonta cygnea L. originating from a 

branch of the Danube. Several wall proved methods were employed for the 
histological examination of the ganglion cerebrale, ggl. pedale and ggl. viscerale 
of fresh water mussel.

1. Modified C a j a l  I. proceeding. This block impregnation method is 
mainly suited to indicate the cells (G u b ic z a — Z s .-N a g y  1964).

2 . Impregnation of C a u n a ’s frozen sections worked well in investigation 
of the fibres but no serial sections can be produced with this method.

3. The paraffin section impregnation method of R o w e l l  (1963) has been 
employed for the demonstration of thin fibres.

Beside the impregnation methods the ganglions embedded in paraffin 
were also stained with V a n -G i e s o n . The application of this method became 
necessary for the examination of the connective tissue surrounding the 
ganglions.
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Results

I t is characteristic of the ganglions (ggl. cerebrale, ggl. pedale and ggl. 
viscerale) of fresh water mussels that the neurons and the fibre stock readily 
separate from each other. The cells are located at the edge of the ganglion as 
if forming a cortex in which a further arrangement, stratification can not be 
recognized. The thickness of the cell laver is varying but generally about 
200 to 250 p.

The cells are oval or pyriform and rather varying as to their longitudinal 
dimension, all measures occurring from 5 to 50 p. Most frequent are the cells 
of 5 to 15 p  which mostly occur in groups (Fig. 1). The longitudinal dimension 
of the largest neurons is 3.5 to 40 p but sometimes 50 to 55 p are measured. 
I t can be observed that large cells generally occur next to areas where nerve 
fibres are entering or leaving the ganglion. These large size cells are surrounded 
by glia cells readily visible also under the light microscope ( Fig. 2 ).

As to their processes the majority of the cells are unipolar. Very 
seldom also bipolar and multipolar cells occur (Fig. 3 ). In the evalua­
tion of serial sections in several cases pyramidoidal cells were observed 
(F ig . 4 ).

The neurons differ also from the point of view of impregnation. 
In the large size cells often an area seeming void appears in the 
cytoplasm (F ig . 5 ). In other cases the plasma is impregnated uniformly 
(F ig . 1 - 2 ) .

In the central part of the ganglions the neuropile is located which con­
sists almost exclusively of fibres. In it, on the strength of preparations obtained 
with theFeS04-method,two fibre types can be distinguished which are readily 
separable from each other. Most frequent are the thin, less impregnated, so- 
called fine fibres which mostly appear in bundles. The other type is the thick 
axon impregnated to a dark colour, the diameter of which ranges from 2 to 
4 p. They occur on the pathways entering the ganglion and in the neighbour­
hood of the large cells. The thick fibres have many forms. Most frequent is 
the fibre of straight shape which can be also branching (F ig . 6 ). In the ggl. 
viscerale even threefold branching was found (F ig . 7 ). Such, however, could 
be observed only in one case out of several hundred of sections carefully check­
ed. The continuation of this threefold branching could not be followed in the 
serial sections. The thick fibres are sometimes undulating (F ig . 8 ). A  form 
of the thick fibre, the varicose fibre, deserves to be especially mentioned. The 
thickening of these fibres shows the most diversified picture ( Fig. 9). In some 
cases they are even branching (F ig . 10). Origin and ending of the straight 
shaped and undulating thick fibres and of the varicose fibres could not be 
demonstrated.

In the neuropile beside fibres of various types the glia nuclei impregnat­
ing to a dark colour are frequent (F ig . 11). In the neuropile neurons seldom 
occur. The medium-size (20 to 25 p) neurons located here appear, according 
to our observations, singly or in groups (F igs. 12 to 13). In the nerve branches 
leaving the ganglions beside the fibres these are glia. The ganglions are covered 
by 5 to 7 p  thick connective tissue.

Evaluating the general histological picture of the ggl. cerebrale, ggl. 
viscerale and ggl. pedale of Anodonta cygnea L. as compared with each other 
certain differences can be observed. These are the following:
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The histological picture of the neuropile in the ggl. viscerale shows a 
higher number of more manyfold nerve elements than that of the two other 
pairs of ganglions. Whereas in the ggl. cerebrale and ggl. pedale the presence 
of thick fibres is unfrequent, in the ggl. viscerale they often occur. The double 
and threefold branching of the thick fibres was only found in the ggl. viscerale. 
The same applies to the varicose fibres. Comparative examination of the gang­
lions of mussels of identical dimensions revealed further differences concerning 
distribution of the cells of different dimensions. Most so-called large neurons 
occur in the ggl. viscerale. From the three ganglions in ggl. viscerale the lowest 
number of darkly impregnated glia nuclei were found.

Discussion

On the strength of the general histological examination of the ganglions 
in Anodonta cygnea L. it may be established that all three ggl. are divided into 
a well separated exterior cellular layer and a neuropile consisting of fibres, as 
in lower animals generally. No such type of layers of the neurons in the mussel’s 
ganglions can be demonstrated as have been described by H a n s t r ö m  (1928) 
and M. N a g y  (1952). Small and large size cells are mixed together. The nerve 
fibre bundles leaving the ggl. are the axons of the unipolar and multipolar 
cells of larger dimensions, presumably centrifugal fibres.

In the cellular layer of the ganglions the fibres running parallel with 
the surface are probably processes of the associative cells. The location of 
these axons is such that there is a possibility for the formation of axo-somatic 
synapses as they could be also demonstrated in the cerebral ggl. with the elec­
tron microscope (Zs.-Nagy 1964).

The peculiar structure of glia cells surrounding a single ganglion cell or 
cell group appears already under the light microscope. Earlier electron micro­
scopic examinations (Z s .-N a g y  1964) revealed that the glia cells of several 
layers are arranged around the neuron or neurons thus, that there are inter­
cellular gaps among them and the haemolymph may freely circulate. This 
makes it probable that the glia cells have a trophic importance in connexion 
with the neurocyte.

In the ganglions of Anodonta cygnea L. no synapses are found as recently 
demonstrated on the large cells and on the bases of their processes in the 
A plysia  ggl. viscerale by A. A bra h I m (1963).

General histological examination of the ganglia in Anodonta cygnea L. 
revealed that ggl. viscerale contains the most complicated and at the same time 
more diversified nerve elements. From this fact it may be concluded that the 
basic life-processes of the fresh water mussel are bound to the ggl. viscerale so 
diversified from the morphological point of view.

Summary

1. It is characteristic of the ganglions of fresh water mussels that the 
neurons and the fibrous stock are separating from each other.

2. No separation into layers according to the dimensions of cells forming 
a cortex at the edge of the ganglions can be observed.

3. Longitudinal dimension of the cells ranges from 5 to 50 p.
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4. As to their processes the neurons are unipolar. Bi- and multipolar 
cells seldom occur.

5. Two further types of neurons can be distinguished according to whether 
areas seeming void appear in the cytoplasm or they are uniformly impregnated.

6. Some large size neurons are surrounded by glia arranged in layers.
7. In the ganglions there are two types of fibres:
a) thin, palely impregnated and
b) thick, darkly impregnated fibres which may be of a straight shape, 

undulating and varicose.
8. The sraight shaped and varicose fibres show branchings.
9. In the neuropile, glia nuclei and few neurons occur.

10. Out of the ganglions of the fresh water mussels from the morpho­
logical point of view ggl. viscerale is the most diversified.
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AZ É D E S V ÍZ I K A G Y L Ó  (A N O D O N T A  C Y G N E A  L .) G A N G L IO N JA IN A K  SZÖ V ET- 
T A N I V IZSGÁ LA TA  IM PR E G N Á C IÓ S M Ó D S Z E R E K  A L A P JÁ N

összefoglalás
Gubicza A ndrás és Z s . N a g y  Im re

A  szerzők m u n k á ju k b a n  az A nodonta  cygnea  L . ganglion cerebrale, ggl. pedale 
és ggl. viscerale á lta lán o s  szö v e ttan i szerkeze té t ír já k  le. A z idegdúcok v izsg á la tá ra  a  m ódo­
s í to t t  Ca ja l  I . ,  Ca u n a  és RowELL-féle im pregnációs m ódszereke t a lk a lm az ták . E re d ­
m ényeik  az a láb b iak b an  fog la lhatók  össze:

Az édesvízi kagy lók  idegdúca ira  jellem ző, hogy  a  se jtes  és rostos á llom ány  egy ­
m ás tó l jó l elkü lönül. A  ganglionok  széli részén ké rg e t a lko tó  idegsejtek  m ére tü k  szerin ti 
rétegződése nem  figyelhető  m eg. A  se jtek  hosszm érete  5 — 50 fi k ö zö tt v á ltoz ik . N y ú lv á ­
n y a ik a t te k in tv e  un ipo lá risak  (5 . kép ), de kevés bi- és m u ltipo lá ris  s e jt  (3  — 4. kép )  is 
e lőfordul. Az idegsejtek  k é t t íp u s á t  k ü lö n b ö z te tték  m eg aszerin t, hogy  a  c itop lazm ában  
ü resnek  tű n ő  te rü le te k  m u ta tk o z ta k  (5 . k ép ), av ag y  azok egyenle tesen  im p reg n á ló d tak  
(6 . k ép ). N éh án y  n ag y m ére tű  id eg se jte t ré tegesen  elhelyezkedő g lia  vesz k ö rü l (2 . k ép ).
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A dú co k b an  k é t, egym ástó l jó l e lk ü lö n íth e tő  ro s ttíp u s t ta lá lta k . L eggyakoribb  
a  vékony , h a lv á n y a n  im p reg n á ló d o tt ro s t. A  m ásik  ro s ttíp u s  v a s tag  sö té t színre im preg- 
n á ló d o tt. A  v a s ta g  ro s to k  k e ttő s  és h á rm as  e lágazást is m u ta tn a k  ( 7 — 8. kép )  le fu tá su k  
le h e t egyenes v ag y  hu llám os (9 . k ép ), leg ritk áb b  a  v arixos ro s t (9 . kép ), am elyek  
sz in tén  e lág azh a tn ak  (1 0 . k ép ). A  neu rop il ro s tja i k ö z ö tt sok g liam ag (11. kép )  és kevés 
idegsejt fo rdu l elő (1 2 — 13. kép ).

V égül m eg á llap íto tták , ho g y  az édesvízi kagyló  idegdúcai közül m orfológiai szem ­
p o n tb ó l a  ggl. viscerale a  legváltozato sabb .

ГИСТОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ ГА Н ГЛ И ЕВ Б Е З З У Б К И  (A nodonta 
cygnea L .) П РИ  ПОМОЩИ ИМ ПРЕГНА ЦИ И

А. Губица, И. Ж.-Надь

1. Ганглии беззубки характеризуются тем, что нервные клетки и волокнистый 
состав отделены друг от друга.

2. Распределение клеток составляющих корковую часть ганглиев, по размеру, 
не наблюдается.

3. Длина клеток варьирует от 5 до 50 м.
4. Нервные клетки в большинстве случаев являются униполярными. Редко встре­

чаются и би-, и мультиполярные клетки.
5. Можно различать два разных типа нервных клеток в зависимости от того, вы­

являются ли при инпрегнации в цитоплазме пустые места или же нервная клетка импрег- 
нируется равномерно.

6. Вокруг некоторых нервных клеток большого размера обнаруживается глия, 
расположенная слоями.

7. В ганглиях наблюдается два типа волокон:
а) тонкие волокна, импрегнированные слабо,
б) толстые волокна, импрегнированные сильно, которые могут быть прямыми, 

волнообразными или варикозными.
8. Прямые и варикозные волокна разветвляются.
9. В невропиле обнаруживаются ядра глии и небольшого числа нервных клеток.
10. Среди ганглиев беззубки самым разнообразным является висцеральный ганг­

лий по своим морфологическим свойствам.





F ig . 1. Sm all an d  m ed ium  size neurons in  th e  co rtica l p a r t  o f ganglion  viscerale (820 X ) 

1. ábra. K is és középm éretű  idegsejtek  a  ganglion viscerale kérgi részében (820 X nagy ítás)



F ig . 2. L arge  size (35 — 40 fi) n eu rons w ith  g lia  cells a rran g ed  a ro u n d  th e m  in layers
(500 X )

2. ábra. A  n ag y m ére tű  (35—40 /г) idegsejtek  a  k ö rü lö ttü k  rétegesen  elhelyezkedő glia-
se jtekke l (500 X nagy ítás)

F ig . 3. M u ltipo la r n eu ron  from  th e  co rtica l p a r t  o f  th e  ggl. viscerale (500 X ) 
3. ábra. M u ltipo lá ris  id egse jt a  ggl. viscerale kérgi részéből (500 X nagy ítás)



F ig . 4. P y ram id o id a l n eu ron  — p resu m ab ly  w ith  several appendages — a t  th e  b o u n d ary
o f co rtex  an d  neurop ile  (500 X )

l . ábra. P iram is a lak ú  — fe ltehetően  tö b b  n y ú lv án y ú  — idegsejt a  kéreg  és a  neurop il
h a tá rá n  (500 X n agy ítás)

F ig . 5. T he  cy top lasm  o f  th e  large size n eu rons o ften  does n o t g e t im pregna ted  u n i­
fo rm ly  (510 X).

5. ábra. A n ag y o b b m ére tű  idegsejtek  c ito p lazm ája  g y ak ran  nem  egyenle tesen  im preg-
nálód ik  (510 X nagy ítás)



F ig . 6. S tra ig h t shaped  and  b ran ch in g  th ic k  fib re  visible in  th e  neuropile  o f  th e  ggl.
viscerale (510 X )

6. ábra. A  ggl. viscerale n eu rop iljében  lá th a tó  egyenes le fu tású  és elágazó v as tag  ro s t
(б IО x nagy ítás)

F ig . 7. T hreefold  b ranch ing  o f  th e  th ick  fib re  o f ggl. viscerale. T he  b ran ch in g  fib re  is a t  
th e  b o u n d ary  o f  co rtex  an d  neurop ile  (510 X)

7. ábra. A ggl. viscerale v a s tag  ro s tjá n a k  h á rm as elágazása. Az elágazó ro s t a  kéreg  és a 
neurop il h a tá rá n  van  (510 X nagy ítás)



F ig . 8. U n d u la tin g  fib res from  th e  ggl. viscerale (500 X )
8. ábra. H u llám os le fu tású  ro s to k  a  ggl. viscerale bői (500 X nagy ítás)

F ig . 9. V aricose fib res in  th e  ggl. viscerale (500 X)

9. ábra. V arixos ro s tok  a  ggl. viscerale b a n  (500 X nagy ítás)



F ig . 10. B ranch ing  varicose fib re  (500 X)  

10. ábra. E lágazó  varixos ro s t (500 X nagy ítás)

F ig . 11. D e ta il o f th e  neuropile  w here on ly  n eu rons an d  glia  nuclei a re  found (500 X )
11. ábra. A neurop il egy részlete, aho l csak idegrostok  és a  g liam agvak  ta lá lh a tó k

(500 X nagy ítás)



F ig . 12. N europile  w ith  one n eu ron  (500 x )
12. ábra. N europ il egy ideg se jtte l (500 X nagy ítás)



F ig . 13. N europile  w ith  several neurons (500 X)  
13. ábra. N europ il tö b b  idegse jtte l (500 X nagy ítás)
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