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The periodic activity of the fresh water mussel in connected with the 
tonic function of the adductors (Barnes 1955) while the control of the active 
and rest periods lasting both of them for several hours and alternating with 
a comparatively high grade of regularity is a function of the central nervous 
system (Salánki 1963). The periodic activity can be readily influenced with 
various chemical agents as well as with the change of the oxygen supply 
(Koshtoyants and Salánki 1958, Salánki 1960, 1965), but also these effects 
bring about the periodical tonus changes of the adductors only through the 
central nervous system (Minker and Ábrahám 1959). Therefore it seems 
evident that the periodic activity must be in correlation with the change of 
the activity condition and/or of the amount of enzymes and biologically active 
substances of the central nervous system.

Histochemical and biochemical examinations conducted on various 
tissues point to the fact that numerous synthetizing enzymes of the cyto­
plasm are found in the ergastoplasm (microsomatic fraction) (Caspersson 
1941, which has been identified with the basophilic component of the cell 
and with the electron microscopically well identifiable endoplasmic reticulum 
(Claude 1946, Weiss 1953,. I t has been established earlier that 
the affinity of the submicroscopic substance of the cytoplasm to basic 
stains is connected with the presence of RNS (Brachet 1940, Land­
ström, Caspersson and Wohlfahrt 1941, E dström and Hyden 1954). 
In nerve cells it is the Nissl-substance or tigroid (Lenhossék 1896) which 
corresponds to the basophilic component (Brachet 1940, Palay and Palade 
1953, Hess 1955), the presence of which has been demonstrated also in the 
central nervous system of Lamellibranchiates (Nagy 1962).

Departing from the above data in the course of our experiments we 
wanted to examine the connection of the basophilic substance of the cytoplasm 
with the periodical activity, namely whether in the active and rest phases 
of the periodic activity it is possible to find a difference in the neurons con­
cerning the amount of the Nissl-substance or not.

Material and method

Examinations were conducted on adult specimens of Anodonta cygnea L. 
The animals were kept separated from each other in aquaria in running Bala-
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ton-water and their activity was recorded during several days on mussel- 
actograph (Salánki and Balla 1964).

For histological examination of the ganglions we killed animals at the 
beginning of the two opposite phases of the periodic activity, i.e.

a) at the beginning of the active period,
b) at the beginning of the period of rest (Fig. 1).
The cerebral, visceral and pedal pairs of ganglia were prepared out which 

took at most 2 — 3 minutes.
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F ig . 1. D eta il o f  tw o ac tog ram s: n) beg inn ing  o f  th e  ac tiv e  period ; b) beg inn ing  o f  th e
re s t period

1. ábra. K é t ak to g ram m  részlete: a )  a k tív  periódus kezdete ; b) nyugalm i periódus kéz"
dete .

Histological methods: The ganglia prepared out were fixed in S u s a I, 
than carried out subsequently through alcohol, methyl benzoate and benzo 
they were embedded in to paraffin. 5// series sections were made and stained 
with gallocyanin (Fixarson 1932), with tionin (Spielmeyer 1930), and 
kresylviolet (Kiszely—Barka 1958). (The original Nissl-staining is impractic­
able owing to the dimensions of the ganglions.)

Statistical evaluation of the staining of the Nissl-substance in the cells 
was carried out by counting the cells from each ganglion in the microphoto­
gram of a whole section (1600 to 2500 cells per ganglion) and ranging them 
in three groups. We considered as empty those cells in which no Nissl-substance 
could be seen at all and as full those, the whole cytoplasm of which was stained, 
while as transitory those in the cytoplasm of which both stained and empty 
portions occurred.

Results

The Nissl-substance can be demonstrated in the nerve cells of Anodonta 
cygnea with each of the methods employed. The best results were obtained, 
however, with the kresyl-violet method. The Nissl-substance is stained the 
least intensively with gallocyanin, even when the period of staining was 
increased to double of the originally described. Therefore the statistical 
evaluation was carried out on preparations obtained with kresyl-violet. I t 
should be noted that the general picture of the sections stained with thionin
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and gallocyanin is perfectly similar to the preparations stained with kresyl- 
violet.

Considering the staining of the Nissl-substance significant differences 
were found between the ganglions of animals killed at the beginning of the 
active and rest period.

a) At the beginning of active period: The overwhelming majority of the 
cells in all three pairs of ganglia is almost completely full with Nissl-substance. 
Entirely empty cells hardly, only sporadically occur. Also the number of cells 
only partly containing Nissl-substance is low (Fig. 2). It is to be noted that 
in the pedal ganglion the proportion of the empty cells is somewhat higher
(Table 1). In some cells the Nissl-substance is conspicuously granulated.

b) At the beginning of the period of rest. In all three pairs of ganglia 
the cells with empty, not stained cytoplasm preponderate (Fig. 3). The 
distribution of the cells according to Nissl-substance shows the opposite 
picture as against the beginning of the active period, although the numerical 
difference is not so large (Table 1). At the same time in some cells the strongly 
granulated Nissl-substance readily staining with kresyl violet remains (Fig. 4).

Table 1

D istrib u tio n  o f  neurons accord ing  to  N issl-substance  co n ten ts

Gangl i on
Beginning of the activ period Beginning of the rest period

cell
number

full
%

transit.
%

empty
%

cell
number

full
%

transit.
%

empty
%

cerebral .............................. 604 83.12 10.59 6.29 659 11.38 23.06 65.56
v iscera l................................ 2540 86.82 9.17 4.01 1115 6.22 13.88 79.90
pedal .................................. 1410 72.41 15.88 11.71 1376 6.51 18.22 75.27

Discussion
I t is well known that the basophilic component of the cytoplasm, exactly 

as the electron-microscopically examinable endoplasmic reticulum which is 
considered as adequate with it, shows varied forms even in the same kind of 
cells, which is generally explained with the different functional condition 
( P a l a d e  and P o r t e r  1954). The change of cytoplasmatic elements resulting 
in basophily can be brought about also with an external impact, under ex­
perimental conditions (S h a b a d a s h  and Z e l i n k a  1961, A g h a .j a n ia n  1963). 
N a g y  (1962) regards the differences in Nissl-substance among the gang­
lions of different individuals of lamellibranchiates as a phenomenon con­
nected with senescence.

Our examinations demonstrate that the differences of Nissl-substance 
in the neurons of the fresh water mussel are in close connection with the 
physiological condition of the animal. Selecting adequately the moment of the 
killing of the animal we can arbitrarily demonstrate much or little Nissl- 
substance in the ganglions. This points also to the fact that the change of the 
Nissl-substance can be hardly connected with the age of the mussels.

It is remarkable that, depending on the actual frequency of the period­
ical activity, the basophily of the cytoplasm is able to almost completely dis-

8  Tihanyi Évkönyv
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appear comparatively rapidly, within a few hours and then again to appear 
in a short time. This agrees with the observation of Selmán and J urand 
(1964) who after an ultrasound treatment of short duration demonstrated 
rapid destruction then restitution in the endoplasmic reticulum of Triturus 
an i -,,.th the isouxts c2 Konbcki and KozubgAA (1961) who described tue 
diurnal changes of the Mssl-substance in the motoric cells of the mouse’s 
spinal marrow. I t is possible, however, that the point in question is not about 
the disappearance and appearance of the Mssl-substance but only about such 
change of the structure of the substance responsible for basophily which in­
fluences the intensity of staining.

On the basis of examinations which identified the Mssl-substance of the 
neuron with ribonucleoprotein and attributed to it a significant enzymatic 
role (H y d e n  1960) it may be assumed that the change in the staining of the 
Mssl-substance is not only accompanying the periodic activity closely con­
nected with the vital function of Anodonta, but it is in relation with tho specific 
metabolic processes involved in the central control of the periodic activity. 
In this respect our earlier observation see;": t ; сэ remarkable, according to 
which serotonin which presumably has an important function in the nervous 
system of molluscs is localised for the run ; ornt in the endoplasmic reticulum 
of the neurons of the mussel (H j . - H a g a : a  a : .  955).

SuKtmrny

It has been established that in the cerebri-.., Timers! and pedal ganglia 
of the fresh water mussel (AnodorAa nn n« L.) the demonstrability of the 
Mssl-substance shows a change connected with the periodic activity of the 
animal; at the beginning of activity the overwhelming majority of cells exhibit 
a massive basophily, while at the beginning of the period of rest neurons con­
taining Mssl-substance can be found comparatively rarely.

I t is assumed that the change of the basophily of the ceil connected 
with the periods activity and rest is not an accompanying phenomenon but it 
is in direct connection with the central control of the periodic activity.
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A N ISSL-A N Y A G  M E N N Y IS É G É N E K  V ÁLTOZÁSA A P E R IO D IK U S  
A K TIV ITÁ SSA L Ö SSZ E FÜ G G É SB E N  A N O D O N T A  C Y G N E A  L .

K Ö Z P O N T I ID E G R E N D S Z E R É B E N

Összefoglalás
S a lá n k i János, Z s.-N a g y  Im re  és H . V as É va

M egállap ítást n y e rt , ho g y  ta v i kagyló  ( A nodonta  cygnea  L .)  cerebrális, v iscerátis 
és pedális ganglionja ib a n  a  N issl-anyag  k im u ta th a tó sá g a  az á lla t period ikus a k tiv itá sá v a l 
összefüggő v á lto zá s t m u ta t:  a k tiv itá s  k ezd e tén  a  se jtek  d ö n tő  többsége  m asszív  bazo- 
f i liá t m u ta t, nyuga lm i á lla p o t kezd e tén  v iszon t csak  v iszonylag  r i tk á n  ta lá lh a tó k  
N issl-anyago t ta r ta lm azó  idegsejtek .

F e lté te lezzük , hogy  a  se jt b azo filiá jának  az a k tiv itá s i á lla p o tta l összefüggő 
v á lto zása  nem  kísérőjelenség, h an em  d ire k t összefüggésben v an  a  period ikus ak tiv itás: 
k ö zpon ti szabályozásával.

8*
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ИЗМЕНЕНИЕ ВЕЩЕСТВА НИССЛЯ В ЦЕНТРАЛЬНОЙ НЕРВНОЙ СИСТЕМЕ 
БЕЗЗУ БКИ  В СВЯЗИ С ПЕРИОДИЧЕСКОЙ АКТИВНОСТЬЮ

Я. Ш аланки, И. Ж .-Н адь, Ева Г.-Ваш

Было установлено, что выявляемость вещества Ниссля в центральном, висцераль­
ном и педальном ганглиях беззубки зависит от периодической активности животного; 
в начале активности большинство клеток обладает интенсивной базофилией, а в начале 
состояния покоя относительно редко встречаются нервные клетки, содержащие вещество 
Ниссля.

Предпологается, что изменение базофилии клеток, которое идет паралеллно рит­
мической активности, не является сопутствующим явлением, а находится в прямой взаи- 
мовсязи с центральной регуляцией периодической активности.



F ig . 2. D e ta il o f  cereb ra l ganglion a t  th e  beg inn ing  o f  th e  ac tiv e  s ta te , w ith  neurons 
fu ll o f  N issl su b stan ce . Susa, K resy l v io let, 252 X

2. ábra. C erebrális ganglion  részlete, a k tív  á llap o t kezdetén , a  N issl-anyaggal te le  levő 
idegsejtekkel. Susa, k resy lv io le t, 252 X n ag y ítá s

F ig . 3. D e ta il o f  cerebral ganglion a t  th e  beg inn ing  o f  th e  re s t period  w ith  neurons o f  no 
s ta in ed  cy top lasm . Susa, k resy l v io le t, 252 X

3. ábra. C erebrális ganglion részlete, n y uga lm i á lla p o t kezdetén , a  nem  fe s tő d ö tt cito- 
p lazm ájú  idegsejtekkel. Susa, k resy lv io le tt, 252 X n ag y ítá s

F ig . 4. D e ta il o f  cereb ra l ganglion a t  th e  beg inn ing  o f  th e  re s t period . Cells co n ta in in g  
consp icuously  g ran u la ted  N issl substance . Susa, k resy l v io let, 554 X

4. ábra. C erebrális ganglion részlete  a  nyuga lm i á lla p o t kezdetén . F e ltű n ő en  szem csézett. 
N issl-anyago t ta r ta lm azó  se jtek . Susa, k resy lv io le tt 554 X n ag y ítá s
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