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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 (Salanki 1963). The periodic activity can be readily influenced with
various chemical agents as well as with the change of the oxygen supply
(Koshtoyants and Salanki 1958, Salanki 1960, 1965), but also these effects
bring about the periodical tonus changes of the adductors only through the
central nervous system (Minker and Abraham 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 microscogically well identifiable endoEIasmic reticulum
(Craude 1946, Weiss 1953, It 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-
strom, Caspersson and Wohlfahrt 1941, Edstrom 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 (Salanki 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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Fig. 1 Detail of two actograms: n) beginning of the active period; b) beginning of the
rest period

1. &bra. Két aktogramm részlete: a) aktiv periddus kezdete; b) nyugalmi periédus kéz"
dete.

Histological methods: The ganglia prepared out were fixed in susal,
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 Freparations obtained with kresyl-violet. It
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 (#ig. 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 (7T'able 1). At the same time in some cells the strongly
granulated Nissl-substance readily staining with kresyl violet remains (Fig. 4).

Table 1

Distribution of neurons according to Nissl-substance contents

Beginning of the activ period Beginning of the rest period
Ganglion o cell full tmnsit.‘ empty cell | full transit. | empty :
number % % % number % % | 9%
GOrebIal i 5 e osieets slaitine 604 83.12 10.59 6.29 659 11.38 23.06 65.56
VISCOrak: i son A ARk 2540 86.82 9.17 4.01 1115 6.22 13.88 79.90
pedal L e 1410 | 72.41 15.88 11.71 1376 I 6.51 18.22 | 75.27
1 | |

Discussion

It 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
(PALADE and PorTER 1954). The change of cytoplasmatic elements resulting
in basophily can be brought about also with an external impact, under ex-
perimental conditions (SHABADASH and ZELINKA 1961, AGHAJANIAN 1963).
Nacy (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
pbysiological 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-
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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 SELMAN and JURAND
(1964) who after an ultrasound treatment of short duration demonstrated
rapid destruction then restitution in the endoplasmic reticulum of Triturus
ani ..th ¢ie resuits ¢ KoNECKI and KozususaA (1961) who described tiic
diurnal changes of the Nissl-substance in the motoric cells of the mouse’s
spinal marrow. It is possible, however, that the point in question is not about
the disappearance and appearance of the Nissl-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 Nissl-substance of the
neuron with ribonucleoprotein and attributed to il a significant enzymatic
role (HypEw 1960) it may be assumed that the change in the staining of 'i;he
Nissl-substance is not only accompa=ying the pericdio ‘\otiv*'tv I'W\Iy co
nected with the vital function of Anodonia, but it is in relation with t1o svoemhc
metabolic processes involved in the central now‘ rol of the periodic act1v1tv
In this ree w‘ct our earlier observaticn seerx U 23 remarkable, according to
which serotonin which pmsummblv s an i. 1vant function in the nervous
system of molluses is localised for the moch n the endoplasmic reticulum
of the neurons of the mussel (% 55

Summery

It has been established that i ’ cerebre., v.zoeral and pedal ganglia
of the fresh water mussel (dnodonic oy jce L.) the demons’mablhty of the
Nissi-substance shows a change connected writh the periodic activity of the
animal; at the beginning of activity the ove:i7helming majority of cells exhibit
a massive basophily, while at the beginni: gj of the period of rest neurons con-
taining Nissl-substance can be found com ‘“atively rarely.

It is assumed that the change of ..o besophily of the cell connected
with the periods activity and rest is not ¢ accompanying phenomenon but it
is in direct connection with the central control of the periodic activity.
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A NISSL-ANYAG MENNYISEGENEK VALTOZASA A PERIODIKUS
AKTIVITASSAL OSSZEFUGGESBEN ANODONTA CYGNEA L.
KOZPONTI IDEGRENDSZEREBEN

Osszefoglalas
Saldnki Jdnos, Zs.-Nagy Imre és H. Vas Bva

Megéllapitdst nyert, hogy tavi kagylé (Anodonta cygnea 1.) cerebralis, viscerdlis
és peddlis ganglionjaiban a Nissl-anyag kimutathatésdga az dllat periodikus aktivitdsdval
osszefiiggb valtozédst mutat: aktivitds kezdetén a sejtek dontd tobbsége massziv bazo-
filidt mutat, nyugalmi dllapot kezdetén viszont csak viszonylag ritkén taldlhatok
Nissl-anyagot tartalmazé idegsejtek.

Feltételezziik, hogy a sejt bazofilidjdnak az aktivitdsi dllapottal Osszefiiggs:
véltozdsa nem kisérSjelenség, hanem direkt Osszefiiggésben van a periodikus aktivitds:
kozponti szabédlyozdsaval.
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M3MEHEHWE BELLECTBA HWCCNA B LEHTPA/IbHOW HEPBHOW CWCTEME
BE33YBEKW B CBHA3UN C MEPUNOAMYECKOWN AKTMBHOCTbLIO

A. Wanankun, N. X.-Haab, EBa IN.-Baw

Bbifo ycTaHOB/IEHO, YTO BbISABASAEMOCTb BellecTBa Huccnsa B LeHTpanbHOM, BUcLepanb-
HOM W1 nefasibHOM raHrnamax 6933y6KM 3aBUCUT OT nepmo,qmquKOﬁ AKTUBHOCTWN XWBOTHOTO;
B Hayane aKTUBHOCTU BOMbLUMHCTBO K/eTOK oGna,qaeT WHTEHCUBHOWA 6a30¢)|/|m4e17|, a B Ha4ane
COCTOAHMA NMOKOA OTHOCUTE/IbHO peAKOo BCTPeYakTCA HepBHble KNETKU, cofdepiKaline BelecTBo

Hwccens.

Mpegnonoraetcs, 4TO0 U3MeHeHWe 6a30(UNUKN KNEeTOK, KOTOpOoe WAeT napaneniHo put-
MUWYECKOW aKTUBHOCTMW, HE SIBASIETCA COMYTCTBYHLLIMM SIBIEHWEM, @ HAXO4WUTCA B NPAMOi B3au-
MOBCSI3¥ C LEHTpPaibHON perynauueii nepuofmnyeckoli akTUBHOCTHU.



Fig. 2. Detail of cerebral ganglion at the beginning of the active state, with neurons
full of Nissl substance. Susa, Kresyl violet, 252 X

2. d&bra. Cerebralis ganglion részlete, aktiv allapot kezdetén, a Nissl-anyaggal tele levé
idegsejtekkel. Susa, kresylviolet, 252 X nagyitas

Fig. 3. Detail of cerebral ganglion at the beginning of the rest period with neurons of no
stained cytoplasm. Susa, kresyl violet, 252 X

3. &bra. Cerebralis ganglion részlete, nyugalmi allapot kezdetén, a nem fest6dott cito-
plazmaja idegsejtekkel. Susa, kresylviolett, 252 X nagyités

Fig. 4. Detail of cerebral ganglion at the beginning of the rest period. Cells containing
conspicuously granulated Nissl substance. Susa, kresyl violet, 554 X

4. 4abra. Cerebralis ganglion részlete a nyugalmi allapot kezdetén. Feltlin6en szemcsézett.
Nissl-anyagot tartalmazé sejtek. Susa, kresylviolett 554 X nagyitas
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