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The synthesis, storage, depletion, inactivation and the pharmacological
effects of the monoamines in the central nervous system indicate that these
substances perform a complex function in the brain. During the last decade
an attempt has been made to reveal the connection between the changes of
the monoaminergic systems and the behavioural responses. One of the most
useful ways for this work proved to be the alteration of the monoaminergic
systems by different pharmacons and the analysis of changes ofthe behavioural
responses. Nevertheless, the quantitative evaluation of these responses en-
counters significant difficulties and only the general aspects could be followed
such as the increase or decrease of responsiveness. The situation has become
more complicated due to some recent observations according to which many
pharmacons are able to induce significant changes without affecting the
monoamine level, only altering their turnover. The results, however, called
attention to the role of monoamines, first of all, to that of serotonin (5HT)
in the regulation of the activity. Thus e.g. seasonal changes of adrenaline,
noradrenaline (NA) and 5HT parallel with the EEG activity have been de-
scribed in frog by Segura et al. (1967). On the basis of experiments carried
out also on frogs, the role of 5HT in activity regulation and temperature
acclimatization processes has been emphasized in amphibia (Harri,
1972).

Significant, however not unequivocal changes were found in the brain
5HT level during hibernation (Uuspaa, 1963; Spafford and Pengelley,
1971; Draskoczy and Lyman, 1967). At the same time, seasonal changes
were detected in mice kept under the same conditions (Valzelli and Garat-
tini, 1968).

The daily change of acitivity is followed by a significant change of
5HT level in rat and turtle (Friedmann and Walker, 1968; Quay, 1963;
1967) connected with the conditions of illumination. The most convincing
evidence for the regulatory role of 5HT in the activity has been presented
by Jouvet (1968; 1969) who demonstrated a higher 5HT level of the brain
during sleep than wakefulness.

The nervous systems of invertebrates contain a significant amount of
monoamines (Welsh and Moorehead, 1960; Dahl et al.,, 1966; Sweeney,
1963), and although the stimulatory transmitter function of 5HT has long
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been accepted, unfortunately its role in the activity regulation has hardly
been investigated.

Cardot (1971) described the seasonal change of 5HT level in Helix po-
rndlia, whereas our investigations proved that the seasonal change of 5HT
level regulates the initiation and maintenance of hibernation (Hiripi and
Salanki, 1972).

The activity of the fresh water mussel (Anodonta cygnea) is characterized
by a distinct periodicity. This involves a regular alternation of active and rest
phases realized in different functioning of the adductor muscles and other
organs (Salanki and Lukacsovics, 1967; Morton, 1969). The period of rest
is characterized by a prolonged tonic contraction of the adductors, whereas
during the active period the adductors are relaxed and perform quick, rhythmic
contractions. According to previous investigations, 5HT plays a significant
role in the relaxation of the adductors (Satanki, 1963; Salanki and Labos,
1969), and one can assume that the regulation of the mechanisms maintaining
the activity takes place through the serotoninergic system.

It has been shown during our previous investigations that the central
nervous system of fresh water mussel contains 40—70 yug/g wet weight of
5HT (Hiripi, 1968), 10—20 /ig/g wet weight of dopamine (DA) and 1 -2
/lgl'g wet weight of NA (Hiripi, 1972). It has also been proved that 5SHT may
have connection with the regulation of the periodic activity (Satanki, 1963).
Further evidences were given by our earlier investigations for that role of 5SHT.
It is known that the stimulation of the cerebro-visceral connective (CVc)
using suitable parameters is of relaxing effect on the adductors in the majority
of cases, and the relaxation is especially of expressed degree upon the influence
of repeated stimulation (Saranki and Labos, 1963). We determined the 5HT
content in both adductors during relaxed state. After two hr of stimulation,
the 5HT content of the anterior and posterior adductors was higher than
that of the control muscles. The stimulation induced an increase of 33 percent
in the anterior and 25 percent in the posterior adductor in the 5HT content,
being significant in both cases.

The 5HT content was analyzed in the ganglia and the adductors at the
beginning of the active and rest periods, i.e. in the opposite phases of the
spontaneous periodic activity.

When measuring the 5HT content of the ganglia, only that of the vis-
ceral one changed at the beginning of the active and rest periods. It was 23
percent lower at the beginning of the active period in the visceral
ganglion.

Measurements of 5HT content in the anterior and posterior adductors
separatedly, revealed that the S5HT level is twice as high in the former than
in the latter one. The 5HT contents were higher in both adductors at the
beginning of the active state than those in the period of rest. The increase
amounted to 30 percent in the anterior adductor and 25 percent in the posterior
one, being significant only in the former.

Since the activity of this bivalve can quantitatively be followed on the
basis of the characteristic periodicity, it represents a good object for in-
vestigating of the connections between the changes of the monoamine level
and the activity pattern. The fact that the activity can be recorded not only
under laboratory but also under natural conditions, represents a significant
contribution to the analyses of the behavioural responses. This way one can
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control the effects of the laboratory circumstances on the natural environ-
mental conditions.

The present investigations were intended at answering the question,
how far the pharmacons affecting the monoamine metabolism do alter the
monoamine level and the activity, and how can we interpret those alterations
from the point of view of regulatory mechanisms of the periodic activity?

Methods
Determination of 5HT

The 5HT content of 100—200 mg ganglion tissue was measured after
homogenization in 0.1 n HC1 using the method of K ttntzman et al. (1961).

Determination of catecholamines (CA)

About 200 mg of ganglion tissue was homogenized in acidified buthanol
(Chang, 1964), then centrifuged (5 min, 2000 rpm). The CA content of the
supernatant was transferred to 1 ml of 0.1 n HC1 in the presence of heptane
by shaking (Maickel et al., 1968). The pH of this acidic phase was modified
to 8.5 by addition of 10 vol Tris-HCI buffer (0.5 M, pH 8.5), whereas the
isolation of CA using A12 3and determination was carried out by the method
of Anton and Sayre (1962; 1964).

Treatments with pharmacons

Mussels of 150 g body weight were used. Their activity was recorded on
actographs (Satanki and Balla, 1964).

The acitivity had been recorded for 3—5 weeks before the treatment
took place, and for 2—5 weeks subsequent to the treatment depending on the
effect. The treatments were carried out as follows: the pharmacons were dis-
solved in filtered Balaton-water, then 4 mussels were placed in 2 1 of water
containing the pharmacons: the animals were kept in the solutions for 24 hr,
except that of tranylcypromine, where the treatment had only a 10 hr duration.
After the treatment, the solutions were changed to normal running water.
In the cases of control animals the running of the Balaton-water was stopped
for the same period of time as that of the treatments. At different points of
time, the 5HT and CA contents of the nervous systems of the animals were
measured. The pharmacons used were as follows:

5HT-creatinine sulphate 10 /onole/1
NA-bitartarate 10
DA-HOI 10
p-Chlorphenylalanine (pCPA) 250
a-methyl-metathyrosine (a-MMT) 512
Reserpine (Inj. Rausedyl) 2.05
Trans-2-phenyl-cyclopropylamine

(tranylcypromine) 188

Para-bromo-melamphetamine (V-I11) 19
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Evaluation of parameters of the activity

The duration (TAand TR) as well as number (nAand nR) of active and
rest (A and R) periods were measured in each case before and after the treat-
ments (Fig. 1). The sums of durations of active and rest periods were cal-
culated (ATa and 2Tr) and so was the total duration of the investigation
(ATa + 2°Tr). The total duration of active and rest periods was expressed
as a percentage of the total duration of investigations:

AT,
X 100 and AT, X 100.
ATA+A TR AT.+AT,

The frequency of periodicity was:

NI ATa+ ATr
The average length of active and rest periods:
Alﬁ and ATR
«a nR
Rest period Tr Aktive period TA
TT

s

Hours

Fig. 1. The periodicity of the activity, a: beginning of the period of rest; b: beginning
of the active period
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Fig. 2. The frequency distribution of the periods before the treatments
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Considering the activity of all mussels before the treatment, we cal-
culated the frequency distribution of the active and rest periods (Fig. 2), and
on the basis of activities of mussels after the treatment, the same parameter
was determined.

The investigations were carried out in the months of April, May and
June. The frequency distributions of the active and rest periods were cal-
culated from 1400 periods before the treatment and from 300—350 periods
after the treatment. The thin lineson the figures indicate this parameter before
the treatment, whereas the thick ones do the same after the treatment.

Results
The effect of pharmacons affecting the monoamine level

In the first step we investigated whether the activity and monoamine
level of the mussels are influenced by stopping of water current for 24 hr.
The effect is shown in Table | based on the examination of 5 mussels. The para-
meters of the activity were calculated on the basis of 15 days before and 15
days after the stopping of water current, and the differences are expressed
as percentages.

The results show unanimously that the stopping of water current in-
duced no change in the periodic activity. The only change apparently signi-
ficant (-j-18 percent) occurred in the average length of the periods of rest.
However, this change can be explained by the wide dispersion of the average

TABLE |

The changes of the parameters of the periodic activity.
The changes are expressed in percent of the average values before treatment

(+ ) = increase (—) = decrease
Frequency of - Average length  Average length
the periodicyt Active time  of active peﬁod of rest period

Control — 0.7 — 4.2 — 15 + 18.0
pCPA + 125 —125 —30.8 + 26.9
a-MMT + 713 —124 —20.4 + 515
Reserpine + 17.9 —30.3 —42.9 + 147.9
Tranylcypromine + 56.0 - 23 —30.7 — 273
v-lh + 36.3 + 2.7 —20.9 — 117
5HT — 47 + 6.6 81.2 — 182
DA + 1145 - 01 —27.1 — 376
NA + 44.0 — 4.2 —43.8 + 50.7

lengths of the periods (the S.D. value amounts to 100—150 percent of the
average), and extreme values occurring in certain cases may distort unreally
the average length. This was the situation in this case, too, since the change
was not reflected in the other parameters of the activity.

The analysis of monoamine concentrations revealed the same result.
The concentrations of 5HT, DA and NA showed only less than 10 percent
change as compared to the animals kept in running water. In the case of 5HT
even 3 -5 days of anoxia induces no higher alteration.
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Effects of 5SHT, NA and DA

The animals become active within a few minutes after the administration
of 5HT. If the adductor muscles are in tonic contraction, the 5HT relaxes
them, and the frequency as well as amplitude of the quick, rhythmic contract-
ions increase. This activity pattern persists during the treatment, then after
the change of the water, the original level of activity is only slowly restored.
The treatment and the slow cessation of the effect result in an active period
of 20—60 hr. The rest periods following this long active one are of short
duration. Already before the first period of rest one can observe short rest
states when the tonic contraction of the adductors is of lower level than
before the treatment and even later. This effect is more expressed when the
monoamino-oxidase is inhibited by tranylcypromine (Fig. 3). The increase
of the frequency of rhythmic contractions is also of considerable extent during
the active period. The change of distribution of active and rest periods (Fig. 4)
indicates a decrease in the percentual rate of the short, active periods of 2—4 hr
duration in favour of the longer ones. In the case of the rest periods the situation
is reversed, namely the percentual rate ofthe periods of rest shorter than 2 hr
significantly increases and the longer ones become considerably less frequent.
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Fig. 3. Effect of tranylcypromine on the activity. Continuous recording. | beginning
of the treatment; f end of the treatment; level of tonic contraction before the treat-

ment
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Fig. 4. The frequency distribution of the periods after 5HT treatment

.

Hours

Fig. 5. The effect of DA treatment on the activity. Continuous recorping. DA beginning
of the treatment; | end of the treatment

The effects of NA and DA can be observed practically only during the
treatments. Both monoamines seem to interrupt the prolonged active periods
by inducing short rest ones of 1—2 hr duration (Figs. 5 and 6 ). This way the
frequency of periodicity significantly increases, nevertheless the percentual
rate of the rest time remains unchanged (7'able I.). This effect manifests itself
in the percentual distribution of the active and rest periods (Figs. 7 and §8),
in the increase of rate of the short active periods and decrease of that of the
longer ones. At the same time, the rate of the rest periods shorter than 2 hr
increases to a significant extent and that of the longer ones decreases.

It is of interest that while the DA decreases the average lengths of both

active and rest periods, the NA does only that of the active ones, and increases
that of the rest periods (7'able I.).
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Fig. 6. The effect of NA treatment on the activity. Continuous recording. NA beginning
of the treatment; | end of the treatment i1

Fig. 7. The frequency distribution of periods after DA treatment

Effect of parachlorphenylalanine (pCPA)

The frequency of the periodicity, the average length of the rest periods
as well as their total duration increase, whereas the total time of the active
periods as well as the average lengths of them decrease (Z'able 1.) upon the
effect of the treatment.

The distribution of the active periods after the treatment shows a slight
increase of active periods of mean duration (8—10 hr), while both the shorter
and longer ones display a lower percentual rate. At the same time, the rate
of rest periods shorter than 6 hr decreases, whereas that of the rest periods
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Fig. 8. The frequency distribution of periods after NA treatment

Fig. 9. The frequency distribution of the periods after pCPA treatment

of 10—40 hr duration significantly increases (Fig. 9). The decrease of the
average length of the active periods apparently can be attributed to the total
disappearance of the active periods longer than 40 hr. At the same time, the
increase of the average length of the rest periods originates in the extension
of the short periods up to 10—20 hr. The activity of the animals gradually
decreases upon the influence of the treatment (Fig. 10). The 5HT content of
the ganglia also shows a gradual diminution (Fig. 11).

3*
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Fig. 10. The gradual decrease of the activity after pCPA treatment. The treatment took
place on the 1st day

F1ig. 11. The decrease of 5HT after pCPA treatment. The 5HT content of the treated
animals is shown as a percentage of the control ones
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The effect of o-methyl-meta-tyrosine (o-MMT')

The frequency of periodicity and the total duration of the rest periods
slightly increased after the treatment, while the average length of the rest
periods was 50 percent longer and the total active time and the average length
of the active periods decreased (7'able I.). The rate of the active periods

Fig. 12. The frequency distribution of periods after «-MMT treatment
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Fig. 13. The effect of a-MMT on the periodic activity. 1—34 days: activity before the
treatment; 35th day: treatment; 35— 68th days: activity after the treatment
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shorter than 10 hr decreases, that of the longer ones (10—30 hr) increases.
The distribution of the rest periods shows a more significant change. The rest
periods shorter than 8 hr extend and result in a significant increase of the rate
of rest periods of 10—30 hr (Fig. 12). The effect of this treatment on the
periodic activity is shown by Fig. 13. The alteration of CA is presented in

Fig. 14. At the concentration of «-MMT used, the CA level decreased about
50 percent.

Fig. 14. The decrease of DA and NA after the «a-MMT treatment. The concentrations of
monoamines are given as percentages of the normal values. The treatment took place
on the lst day

Effect of reserpine

The changes induced by reserpine are more significant than those ob-
served after pCPA and «-MMT treatments. The frequency of periodicity in-
creases almost 20 percent during and after the reserpine treatment of 24 hr.
The total active time decreases about 30 percent, while the total rest time
increases to the same extent. The decrease of the average lengths of the active
periods originates in the significant decrease of the active periods longer than
25 hr (Fig. 15). Active periods longer than 25 hr occur mainly during and
after the treatment, and in some cases the prolonged rest state is interrupted
by an activity of 1—2 days 3—4 weeks after the treatment (Fig. 16, 63—
64—65th days). The average length of the rest periods increases nearly 150
percent. This should be attributed to the increase of rate of periods longer
than 15 hr as well as to the decrease of rate of the periods of short duration
(Fig. 15). The appearance of rest periods of 40—60 hr is of significance, this
has never been observed in the controls.

The reserpine treatment causes significant and quick changes in the
ganglionic concentrations of all the three monoamines (Fig. 17). The depletion
of DA and 5HT is of the highest speed. By the end of the treatment, the
concentrations of both amines decrease to about 50 percent. Ninety percent
of DA becomes depleted by the 4th day, whereas the same rate of depletion
is reached by the 6th day in the case of 5HT. The depletion of NA is slower.
Fifty percent depletion is to be measured after 3.5 days, while 90 percent is
reached only after 15 days. The concentrations of monoamines remain per-
manently low after the treatment and neither the monoamine level nor the
activity seem to be restored during the first month subsequent to the treat-
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Fig. 15. The frequency distribution of periods after reserpine treatment

ment. What is more, the activity of the animal demonstrated in Fig. 16
remained at a low level even 2.5 months after the treatment.

Although systematic investigations concerning the quick, rhythmic
adductor functions within the active periods have not been carried out, it
deserves interest that the frequency of the quick, rhythmic activity increases
to a high extent during the treatment as it was observed in the case of 5HT
treatment, too. This frequency, however, strongly decreases during the 2nd
and 3rd weeks following the treatment and is of lower value than before the
treatment.

The effect of tranylcypromine

This treatment induces a very significant alteration of the activity of
the animals resembling the effect of 5HT during the initial phase. This phar-
macon increases the frequency of the periodicity to a very high extent, by
56 percent, whereas the rates of total active and rest times remain unchanged.
The average lengths of both the active and rest periods decrease uniformly
about 30 percent. The percentual distributions of both periods significantly
change. The rates of short active and rest periods (less than 2 hr) markedly
increase, while the rates of those longer than 6 hr become minimal (Fig. 18).
The response of the animals resembles to the effect of 5HT even from the
point of view that during the treatment and cessation of the effect, prolonged
active periods appear (between 30— 70 hr), representing, however, only 0.1—0.2
percent of the number of periods. Similarly as after the administration of
5HT, the frequency of quick, rhythmic contractions greatly increases during
the active periods appearing in the course of the treatment (Fig. 3). The 5HT
concentration of the nervous system is altered only to a low extent by the
treatment (Fig. 19).
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Fig. 16. The effect of reserpine on the periodic activity. 1—35th days: activity before

the treatment; 36th day: treatment; 36—116th days: activity after the treatment.

The lines following each other indicate the duration of the active periods, the inter-
ruptions do that of the passive ones

Fig. 17. The decrease of 6HT, DA and NA after reserpine treatment. The treatments
took place on the 1st day. The concentrations of monoamines are expressed as percentages
of those of normal ones
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Fig. 18. The frequency distribution of periods after tranylcypromine treatment

Fig. 19. The decrease of 56HT after tranyleypromine and V-111 treatments. The treat-
ment took place on the first day. The concentrations of monoamines are given as percen-
tages of those of the control animals

Para-bromo-metamphetamine treatment

The frequency of periodicity increases 36 percent after the treatment,
the average lengths of both periods decrease, whereas the percentual rates
of total active and rest times show only a minimal alteration (7'able 1). The
percentual distribution of duration of both the active and rest periods displays
a considerable change. The rate of active periods shorter than 8 hr increases,
while that of the longer ones decreases. The rate of the rest periods shorter
than 4 hr also increases, whereas that of the longer ones significantly decreases
(Fig. 20). The 5HT level shows an unequivocal decrease (maximally 18 per-
cent), restored by the 8th day (Fig. 19)
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Fig. 20. The frequency distribution of periods after V -11l treatment

Discussion

The analysis of the possible mechanism of rhythm regulation revealed,
that centres of “activity” and “rest” localized in the central nervous system
are responsible for its determination and maintenance (Satanki, 1970). These
centres function through the transmitter system or systems.

Earher investigations have rendered probable that in the fresh water
mussel the transmitter system of the centre of “activity” is of serotoninergic
nature, since 5HT relaxes the adductor muscles on both ganghonic (Saranki,
1963) and muscular (Saranki and Labos, 1969) levels, furthermore, significant
concentrations of it are present in both the nervous system and the adductors
(Hiripi, 1968).

The functional presence of this system in the relaxation of the adductors
from the tonic contraction is supported by the earlier findings when stimulating
the CVc (Satanki and Hiripi, 1970). The hypothesis was obvious that if the
5HT caused relaxation not only applied to the ganglia but also at the level
of the adductors (Sartanki and Labos, 1969), the stimulation of the CVc
resulting in the relaxation, too, (Saranki and Labos, 1963) should influence
the 5HT level of the adductors. The increase of 33 and 25 percent in the 5HT
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concentration of the adductors upon the influence of the stimulation proved
the correctness of that hypothesis. Since the adductors do not synthesize
5HT, this process takes place only in the nervous system (Hirrer and SALANKI,
1969) and mainly so does the storage of it (Hirrer, 1968; HiripI et al., 1972),
the 5HT demand of the relaxation of the adductors as well as the increase
of the 5HT level should originate in the ganglia. The 5HT from the ganglia
reaches the adductors probably by means of an active transport independent
from the concentration, where it takes part in the relaxation of the adductors
depleting at the neuromuscular level.

Since the periodic activity of the mussel consists of an alternation of
tonic contraction and relaxation of the adductors, it seemed to be reasonable
to investigate, whether any change of the 5HT level can be observed in the
adductors during the spontaneous, physiological active and passive periods,
being in accordance with those observed after the stimulation of the CVe.
According to our results, the 5HT level was higher in the adductors at the
beginning of the active period, i.e. at the spontaneous relaxation of the adduc-
tors, than at the beginning of the rest state (SALANKI and Himrei, 1970).
The increase of 5HT level (30 percent in the anterior and 25 percent in the
posterior adductor) is practically identical with the values observed after the
stimulation of the CVe, although this increase was not significant statistically
in the posterior adductor at the beginning of the spontaneous relaxation.
The increase of 5HT level of the adductors was followed by a change of 5HT
level only in the visceral ganglion among the three ganglia. Nevertheless, the
change amounting to 23 percent in the visceral ganglion was of opposite di-
rection as compared to that of the adductors. If according to the chain of
ideas mentioned above, the 5HT content of the adductors originates in the
ganglia, a significant difference should exist between the cerebral and visceral
ganglia as regards their regulatory mechanism toward the anterior and pos-
terior adductors, respectively, connected with the alteration of 5HT level.
Namely, the decrease of 5HT level of the visceral ganglion at the beginning
of the activity can be interpreted in the way that the higher 5HT demand
of the adductor relaxation is satisfied from the visceral ganglion at an un-
changed rate of synthesis even during the active transport, resulting in a
decrease of the ganglionic 5HT level. At the same time, in the cerebral ganglion
a periodic change of the synthetic speed may assure a constant 56HT level
independently from the periodic activity. This way the cerebral ganglion
possesses a primary role in the regulation of the periodicity of the activity,
which is in accordance with the conclusions drawn from other experiments
that the cerebral ganglion regulates primarily the relaxation of both adductors
(PavLov, 1885; VERESCHAGIN, 1960; SALANKI et al., 1968).

Our results prove the hypothesis with a high probability that the sero-
toninerg system functions as a chemical regulatory system of the centre of
“activity”.

The question arises what system regulates the centre of “‘rest”’? The
results of the pharmacological analysis of the serotoninergic system as well
as the independence of the 5HT level from the state of activity in the cerebral
ganglion exclude the possibility that the decrease of 5HT in itself can induce
the appearance of rest ‘period. Pharmacological data show that among the
CA NA and adrenaline are able to induce tonic contraction of the adductors
at the muscle level of Anodonta (SALANKI and LABOS, 1969), however, at the
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ganglionic level they induce the relaxation of the adductors similarly to the
effect of 5HT (SALANKI, 1963). Nevertheless, this effect is produced by con-
centrations of them an order of magnitude higher than that of 5HT. At the
same time electrophysiological results revealed that both DA and NA cause
prolonged inhibition of certain nerve cells of Gastropoda (GERSCHENFELD and
TAvc, 1964; GLAIZNER, 1968; K1ss and SALANKI, 1971; WALKER et al., 1971),
and what is more, the NA blocks the activity of the Br-cell showing a charac-
teristic rhythm in the nervous system of Aplysia (BoissoN and CHALAZONITIS,
1972). The different chemical sensitivity as well as the different effects of the
same transmitter on various neural pathways have also been demonstrated in
the ganglia of Anodonta (SALANKI and VARANKA, 1971). In the light of these
pharmacological results one cannot exclude the catecholaminergic system as
being the transmitter system of the centre of “rest”’, so much the more as
significant concentrations of DA and NA are present in the nervous system
of the fresh water mussel (Hirrrr, 1972).

The pharmacological investigations influencing the function of the above
transmitter systems proved to be suitable to draw further conclusions con-
cerning the existence and function of the centres of “activity” and “rest”.

The prolonged active state, induced by exogenous 5HT can be inter-
preted that the increase of 5HT level significantly altered the dynamic
balance of centres of “activity’” and “rest’’ and the effect of the former became
realized. The 5HT acts probably both periphperically at the level of the adduct-
ors and centrally on the ganglia. The effect manifests itself even after the
treatment when the 5HT acting peripherically is not present any more. We
assume that the effect is prolonged by the part of 5HT picked up and stored
by the nervous elements. The subcellular localization of 5HT showed that a
significant part of the endogeneous 5HT is bound to synaptosomes (Hirrer
et al., 1972). It has also been shown by our earlier investigations that 5HT
injected into the foot musculature is taken up by the nervous system, and
apart from the increase of activity, this 5HT maintains a higher 5HT level
of the ganglia for several days (Hirrer and SALANKI, 1971). The exogeneous
5HT is distributed among the subcellular fractions to the rates identical with
those of the endogeneous one (unpublished observations). This way the exo-
geneous 5HT taken up mainly by the synaptosomes shifts the balance toward
the centre of “activity” for several days. The effect of the centre of “rest”
becomes limited in time so that it can maintain only short periods of rest
besides the long active periods. This is also indicated by the change of distrib-
ution of durations of the active and rest periods, namely by the increase of
the rate of the short, rest periods of 2 hr as well as that of the more prolonged
active ones.

The serotoninergic system is probably one of the regulatory factors
of the quick, rhythmic contraction activity, too. Namely, all pharmacological
treatments flooding the neuromuscular and ganglionic serotoninergic receptors
with 5HT, increased the frequency of the quick rhythm to a high extent. This
effect appeared during the treatment with 5HT, the MAO-inhibitor tranyl-
cypromine and the reserpine.

The results of DA and NA treatments indicate that the dopaminergic
and noradrenergic systems functioning in the centre of “rest’” are not able
to overcompensate the serotoninergic one permanently to such a degree that
the rest period would be able to get a significant predominance. The DA can
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activate the function of the centre of ‘“rest’’ by inducing short rest periods
interrupting this way the function of the centre of “‘activity’’. This results
in the shortening of both the active and rest periods as well as the 100 percent
increase of the frequency demonstrated well by the change of distribution
of the periods.

The NA stimulates the “rest centre’”” by interrupting the prolonged active
periods with more prolonged rest ones than existed before, increasing this way
the frequency and, as against to the DA, also the average length of the rest
periods. This difference in the effects indicates that DA acts not only as a
precursor increasing the concentration of NA, but also as an independent
dopaminergic component. The justification of this assumption is supported
by the pharmacological investigations cited formerly, evidencing the specific,
prolonged inhibitory effect of DA on certain neurons. Notwithstanding, the
two systems cannot be completely separated, since DA as the precursor of
NA may also act through the alteration of concentration of NA. Since there
are no data at our disposal concerning the change of the CA level at the spon-
taneous change of periods, any further analysis of the mechanism would only
be mere speculation. However, on the basis of our results one can assume that
the catecholaminergic system is able to function as a transmitter system of
the centre of rest.

In the further experiments we attempted to reveal the mechnaisms of
the two systems mentioned above by means of pharmacological influences.
The function of the centre of “activity’” was attempted to be inhibited through
the blocking of synthesis of its transmitter.

It has been evidenced by Kor and WEIssMANN (1968) that pCPA in-
hibits specifically the synthesis of 5HT in vertebrates without any considerable
influence on the catecholamines. The slow but significant decrease of 5HT
appears even in the fresh water mussel. The interpretation of the alterations
of activity fits well the model constructed for the explanation of regula-
tions.

The analysis of the pCPA effects leads also to the former conclusion
that 5HT plays a decisive role in the function of the centre of “activity”.
However, it is conspicuous that even in spite of the considerable decrease
of 5HT level, the centre of “rest’” does not reach that degree of predominance
which could be expected on the basis of the decrease of 5HT level. This may
be explained by assuming that 5HT is present in two pools in the nervous
system. One of them is an active pool stored mainly in the synapses and easily
mobilized, the other one is of inactive state and forms a reserve. The balance
of them assures the level of the active pool even in cases of wide variations
of the reserved 5HT. Probably, the ganglionic 5HT is stored in the reserve pool
in a greater concentration where the decrease of 5HT level does not alter the
function of the active pool. Of course, this is true only for a critical level.

The decrease of synthesis distorts the balance of the active and reserve
pools to such a degree that the alteration of the active pool will damage the
serotoninergic mechanism. This way the centre of activity seems to be ex-
hausted and the effect of centre of rest becomes predominant. This is why
the average length of the active periods decreases and that of the passive ones
increases.

The p-brom-metamphetamine, as KNoLL and MAGYAR (1971) described,
specifically affects the serotoninergic system so that it does not inhibit the
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synthesis but does the uptake of 5HT and causes 5HT liberation. The con-
centration used altered the 5HT level only to a slight extent, namely decreased
it. Notwithstanding, a characteristic change appeared in the activity. The
increase of the frequency and decrease of the active and rest periods are re-
flected even in the significant change of the percentual distribution of the
periods. This effect of V-111 differs from that of pCPA and the difference can
be explained just by the various mechanisms of effect. While the effect of
pCPA inhibiting the synthesis is prolonged and appears to be considerable
at the critical level of the reserve pool, that of V-111 appears quickly. The
inhibition of incorporation into the synaptosomes may result in the damage
of both pools, thus the active transport may be influenced through the stabile
pool. The effect of V-111, however, induces no prolonged passive period, since
both pools quickly regenerate during the rest, resulting in the disconnection
of the effect of the centre of rest.

It is of interest that the alteration of the catecholaminergic system
assumed to be the transmitter system of the centre of “rest’” by «-MMT
induces an effect like the pCPA. However, it increases the frequency only to
a lower extent, the decrease of the average length of the active periods is
smaller, but the increase of average length of the rest periods is far more
significant. While in the case of pCPA treatment the rest periods being shorter
than 8 hr are extended to 15—20 hr at the expense of the active ones longer
than 15 hr, in the case of «-MMT treatment the rest periods shorter than 8 hr
increase to 15—25 hr so that the duration of the active periods hardly changes.
This effect of «-MMT supports further the hypothesis that the catecholamin-
ergic system might be the transmitter of the centre of rest. CArRLSsoN and his
group demonstrated (CARLssON, 1964) in vertebrates that the depletion of
NA caused by «-MMT is mediated by a corresponding decarboxylated com-
pound of this pharmacon. Namely, after «-MMT treatment one can measure
both the a-methyl-metatyramine formed by decarboxylation and metaraminol
formed by dopamine f-hydroxylase from the latter compound. The binding
of these compounds is stronger than that of NA in the brain.

The competition plays important role in the depletion mechanism of
NA caused by «-MMT, since the appearance of the x-methylated amine is of
the same order of magnitude as that of the disappearing NA. However, the
inhibition of the synthesis may also contribute to this process.

The effect of «-MMT in Anodonta may well be interpreted in the light
of the data obtained in vertebrates and fits well the basic hypothesis.

The catecholaminergic system assures the predominance of the centre
of rest so that the depleted NA stimulates the inhibitory neurons. The decrease
of concentration caused by the depletion, however, results in no damage of
the centre of rest, since the methylated products substitute the NA and are
able to maintain the noradrenergic transmission (CARLSSON, 1964 ; SHORE et al.,
1966).

Comparing the effects of «-MMT and the two catecholamines investig-
ated, the extension of the rest periods caused by «-MMT seems to be realized
through the effect of endogeneous NA, which may be modulated by the
decrease of dopamine level by means of a yet unknown mechanism. It is of
interest to compare the effect of chlorpromazine observed in vertebrates and
mussels from the view-point of the role of catecholamines. Besides other
effects, it induces a supersensitivity toward CA in vertebrates by blocking
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the inactivation performed by binding, therefore, a higher concentration of
the free CA is present at the receptor sites (AXELROD, 1964).

If the mechanism of the effect is the same even in the nervous system
of Anodonta, the prolonged tonic contraction induced by chlorpromazine
(SALANKI, 1963) and the effects of CA, mainly the extension of the passive
periods caused by NA may be the consequences of increase of CA-saturation
of the inhibitory neurons.

When analyzing the effects of reserpine, the conclusion can be drawn
that the effects are brought about by common influences of both serotoninergic
and catecholaminergic systems, however, the change of the former is of de-
cisive role. Upon the influence of reserpine the depletion of 5HT and DA is
quick and nearly exponential, whereas that of NA is much more prolonged.
Comparison of the effects and the depletion shows that during the treatment
the prolonged active periods and the quick rhythmic activity are caused first
of all by the quick depletion of 5HT. This effect predominates so that the
centre of rest is only rarely able to sustain the activity during the treatment.
The reserpine causes depletion of the labile 5HT pool with the inhibition of
incorporation in that pool (Costa and BrODIE, 1964; CARLSSON, 1964). How-
ever, the depletion is so quick during the treatment that the liberated 5HT
cannot be inactivated by MAO completely, therefore the ganglionic level of
free 5HT increases. This may stimulate the neuronal activity inducing the
active transport and may increase even the speed of the passive diffusion
toward the effector organs. Because of the short distance between the ganglia
and the adductor muscles, the diffusion of 5HT can be so intense that it may
substitute even the active transport. The receptors of the adductors become
greatly saturated the effect of which resembles that caused by 5HT and
tranylcypromine. After the quick depletion of 5HT, the activity of the centre
of rest is induced not only by the significant concentration of NA but also
by the exhaustion of the centre of activity. After the extensive decrease of
5HT level, the labile pool drops below the critical level and becomes unable
to maintain the function of the stabile pool. The prolonged rest periods appear
and at minimal levels of the amine concentration and not infrequently periods
of rest occur of even several days, duration. This is indicated by a 150 percent
increase of length of rest periods and by the change of the percentual distrib-
ution of the periods. In this state the limiting factor of appearance of an active
period is the speed of recovery of the stabile pool. This way from the point
of view of reserpine effects not the level of depletion but the speed of it is of
decisive role, which has been evidenced in vertebrates by BroDIE and RAID
(1968).

This is indicated also by our observations that two different doses may
induce the same level of depletion at different points of time, and the larger
one causing a much quicker depletion increases the frequency of the quick
rhythm to a high extent, whereas the smaller one shows only minimal effect
of this type. It has earlier been mentioned that the MAO-inhibiting tranyl-
cypromine induces an effect resembling those of 5HT and reserpine. The ad-
ministration of it causes a prolonged active period during which even the
rhythmic activity increases, meanwhile the 5HT level of the ganglion remains
practically unchanged. It has been shown in vertebrates that the inhibition
of MAO increases the 5HT level (FARATTINI and VALzELLI, 1965). The presence
of MAO has been demonstrated in the nervous system of Anodonta and it
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takes part in the inactivation of 5HT (Hirrer and SALANKI, 1971). However
the investigations of different tissues of Anodonta led to the conclusion that
most part of 5HT is not inactivated in the ganglia but in the kidney. The first
step of this way of inactivation is the depletion of 5HT from the ganglia
toward the kidney taking place through diffusion and the participation of
the circulatory system. This agrees with the results obtained on other objects
(GERSCHENFELD and STEFANI, 1968; CARDOT, 1964; MIROLLI, 1968), indicating
at the same time that in some species the MAO does not take part in the in-
activation of 5HT in the ganglia at all. This has also been evidenced by the
investigations demonstrating that MAO-inhibition induces no increase in the
ganglionic 5HT level (KERKUT and COTTRELL, 1963).

The inhibition of the enzymatic inactivation, however, results in the
increase of the 5HT level only in the case if that is the single way of elimination.
The inhibition of MAO in Anodonta resulted in the increase of 5HT content
in the peripheral organs. The 5HT content of the ganglia does not increase,
since the 5HT uninactivated by MAO is eliminated by diffusion and circulation.
The rate of increase may be much more higher in the adductors and the sa-
turation of 5HT receptors of adductors may come into being. Reaching the
critical level, the adductors relax. However, the 5HT not inactivated in the
ganglia may increase also the active axonal transport by stimulating the
neurons and this further increases the 5HT concentration of the adductors.
The restitution, i.e. the appearance of periods of rest depends on the rate of
regeneration of MAO. The 5HT inactivation increases depending on the speed
of regeneration of the enzyme molecules and below a critical 5HT level, the
adductors may again show a tonic contraction.

The administration and effect of MAO-inhibitors can be interpreted in
a different way in case of CA as in that of 5HT. Since the catechol-o-methyl-
transferase is able to inactivate the CA not inactivated by MAO, the unchanged
CA level indicates that the centre of rest is not affected by the MAO-inhibition.

The pharmacological investigations revealed at the same time that
apart from the change of ganglionic 5HT level, first of all, the 5HT transport
toward the adductors plays a decisive role in the activity.

According to our assumption, the fast axonal transport existing in
the nerves of Anodonta (HesLop and Howes, 1972) may represent the active
transport. According to the data of the above authors the axonal transport
slightly differs from that of vertebrates. This transport is controlled and
independent from the pressure and concentration gradients. It is inhibited
by much lower concentrations of dinitrophenol and cianid, indicating its
metabolic dependence. The most striking difference manifests itself in the
effect of temperature, since it is independent from the temperature between
4 and 12° C, and linearly increases with the further increase of the temperature.
The temperature dependence of the axonal transport agrees with that of the
activity of the fresh water mussel. The investigation of seasonality and tem-
perature dependence of the activity as well as of 5HT level (unpublished
results) indicates that under natural circumstances the activity observed
at low temperatures, begins to be normalized at 8 —10° C, after which the
axonal transport linearly increases with the temperature.
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Summary

On the basis of an earlier working hypothesis we investigated whether
the pharmacological influences on the transmitter systems of the assumed
centres of “activity’’ and “‘rest’ responsible for the regulation of the rhythm
of fresh water mussel (Anodonta cygnea L.) act on the monoamine levels and
the periodicity of the activity. The serotoninergic system of the centre of
activity was influenced by inhibition of synthesis (pCPA) and the inactivating
enzyme (tranylecypromine) by depletion of 5HT (Reserpine, V-111) as well as
by exogeneous 5HT.

The catecholaminergic system of the centre of rest was altered by exo-
geneous dopamine and noradrenaline, xz-methyl-metatyrosine, reserpine and
tranylcypromine.

Investigating the periodic activity and the monoamine levels, it was
found:

1. The 5HT level plays a decisive role in the function of the centre of
activity. The prolonged activity caused by exogeneous 5HT is a consequence
of prolonged increase of 5HT level, manifesting itself primarily in the increase
of the average length of active periods.

2. The ganglionic 5HT level was not increased by the MAO-inhibiting
tranylcypromine, however, prolonged active periods and great increase of
rhythmic contractions were induced by this drug through the absence of
the peripheric inactivation. After the treatment the frequency of rhythmicity
was increased by decreasing the average lengths of active and rest periods.

3. The decrease of 5HT level caused by pCPA and reserpine, resulted
in the decrease of average length of active periods and the increase of that of
the rest ones. The p-brom-metamphetamine increases mainly the frequency
of rhythmicity through a slight decrease of 5HT level.

4. The dopamine decreases the average length of both the active and
rest periods, whereas the noradrenaline increases that of the inactive ones.
The effect of «-MMT is probably realized through the effect of NA and the
significant increase of the rest periods is caused by the liberation of NA.

5. After reserpine treatment the predominance of the centre of rest
is induced partly by the significant decrease of 5HT level and partly by the
considerable NA level persisting because of the slower depletion of NA.

6. The 5HT level in itself cannot determine the function of the centre
of activity. The active transport toward the adductors takes also part in the
relaxation of the adductors, i.e. in the regulation of the active period. The
decrease of 5HT level influences the active transport only below a certain
critical level.

REFERENCES

Axton, A. H., SAYRE, D. F. (1962): A study of factors affecting the aluminium oxide-
trihydroxyindoie procedure for analysis of catecholamines. — J. Pharmacol. Exp.
Ther. 138, 360—372.

Axton, A. H., Savre, D. R. (1964): The distribution of dopamine and DOPA in various
animals and a method for their determination in diverse biological material. —
J. Pharmacol. BExp. Ther. 145, 326—336. .

AXELROD, J. (1964): The uptake and release of catecholamines and the effect of drugs. —



50

In: Progress in brain research (Eds.: Hmmwice, H. E., Hmwicr, W. A.) Hlsevier
8, 81—=89.

Boisson, M., CEALAZONITIS, N. (1972): Abolition by noradrenaline of the waving burst-
ing neuronal activity (Br neuron of Aplysia fasciata). — Comp. Biochem. Physiol.
41A, 883—886.

Bropig, B. B., Remp, W. D. (1968): Serotonin in brain: Functional Consideration. —
Adv. Pharmac. 6B, 97—113.

Carpor, J. (1964): Considérations sur le métabolisme de la 5-hydroxytryptamine et de
la tryptamine chez le Mollusque Helixz pomatia. — C. R. Acad. Sci. Paris 258,

1103—1105.
Carpor, J. (1971): Variations saisonniéres de la 5-hydroxytryptamine dans les tissus
nerveux et cardiaque chez le Mollusque Helixz pomatia. — C. R. Soc. Biol. Paris

165, 338—341.

CarLssoN, A. (1964): Functional significance of drug-induced changes in brain mono-
amine levels. — In: Progress in brain research (Eds.: Hmwich, H. E., HiMwicH,
W. A.) Elsevier 8, 9—27.

CHANG, C. C. (1964): A sensitive method for spectrophotofluorometric assays of catechol-
amines. — Int. J. Neuropharmac. 3, 643—649.

Cosrta, E., BroDIE, B. B. (1964): Concept of the neurochemical transducer as an organized
molecular unit at sympathetic nerve endings. — In: Progress in brain research
(Eds.: Himwion, H. E., Himwice, W. A.) Elsevier 8, 168—185.

Daxy, E., FALck, B., von MEKLENBURG, C., MYERBERG, H., ROSENGREEN, E. (1966):
Neuronal localization of dopamine and 5-hydroxytryptamine in some Mollusca. —
Z. Zellforsch. 71, 489—498.

Draskoczy, P. R., Lyman, C. P. (1967): Turnover of catecholamines in active and
hibernating ground squirrels. — J. Pharmac. exp. Ther. 155, 101—111.

Friepman, A. H., WALKER, % A. (1968): Circadian rhythms in rat mid-brain and caudate
nucleus biogenic amine levels. — J. Physiol. 197, 77—85.

GARATTINT, S. L., VArzELLI, L. (1965): Serotonin. — Kisevier, Amsterdam.

GERSCHENFELD, H. M., TAavuoc, L. (1964): Differentes aspects de la pharmacologie des
synapses dans le systéme nerveux central des Mollusques. — J. Physiol. Paris

56, 360—361.
GEBSCEE]’NFELD, H. M., Sterani, E. (1968): Evidence for an excitatory transmitter role
of serotonin in molluscan central synapses. — Adv. Pharmac. 6A, 369—392.

GraizNer, B. (1968): Pharmacological mapping of cells in the suboesophageal ganglia
of Helix aspersa. — In: Neurobiology of Invertebrates. (Ed.: J. SALANKI) Akadémiai
Kiadé, Budapest 1968, pp. 267—284.

Harrr, M. (1972): Effect of season and temperature acclimation on the 5-hydroxy-
tryptamine level and utilization in the brain and intestine of the frog, Rana
temporaria. — Comp. gen. Pharmac: 3, 11—18.

Hesrop, J. P., Howss, E. A. (1972): Temperature and inhibitor effects on fast axonal
transport in a molluscan nerve. — J. Neurochem. 19, 1709—1716.

Hirrrer, L. (1968): Paper chromatographic and fluorimetric examination of the serotonin
content in the nervous system and other tissues of fresh-water molluscs. — Annal.
Biol. Tihany 35, 3—11.

Hirrer, L. (1972): Catecholamines in the different tissues of fresh-water mussel (Ano-
donta cygnea L., Pelecypoda) analysed by thin-layer chromatographic and fluori-
metric methods. — Annal. Biol. Tihany 39, 13—20.

Hirrer, L., SALANKI, J. (1969): 5HTP-DOPA decarboxylase in the nervous system and
ogher tissues of Anodonta cygnea L. (Pelecypoda). — Annal. Biol. Tihany 36,
19—24.

Hmrer, L., SALANKT, J. (1971): The role of monoamino oxidase in the inactivation of
serotonin in the nervous system and other tissues of Anodonta cygnea L. — Annal.
Biol. Tihany 38, 31—38.

Hirrer, L., SALANKT, J. (1971): Role of monoamines in the central regulation of periodic
activity in Anodonta cygnea L. (Pelecypoda). — Symposium on Invertebrate Neuro-
biology, Mechanisms of Rhythm Regulation (Ed. J. SALANKI) Akad. Kiadé, Buda-
pest pp. 391—401. .

Hirrer, L., SALANKI, J. (1972): Szezondlis és aktivitdsfiigg6 szerotonin szint véltozdsok
molluskék kdzponti idegrendszerében. — X. Bioldgus Vdndorgydlés, Szeged, 1972,

Hirrer, L., SALANkT, J., Zs.-Nagy, 1., B.-Musko, I. (1972): Biogen monoaminok szub-
celluléris lokalizécibéja Anodonta cygnea L. kdzponti idegrendszerében. — MET
XXXVIII. Vandorgytilése, Budapest, 1972.



51

JouvET, M. (1968): Insomnia and decrease of cerebral 5-hydroxytryptamine after de-
struction of the raphe system in the cat. — Adv. Pharmac. 6B, 2656—279.
Jouver, M. (1969): Pharmacological and neurophysiological studies suggest a relation-

ship between brain serotonin and sleep. — Science 163, 32—41.

Kerxkur, G. A., CortrELL, G. A, (1963): Acetylcholine and 5-hydroxytryptamine in the
snail brain. — Comp. Biochem. Physiol. 8, 53—63.

Kiss, I., SALANKI, J. (1971): The heterogenic chemical sensitivity of the central neurones
of Lymnaea stagnalis L. — Annal. Biol. Tihany 38, 39—52.

Kworr, J., MAGYAR, K. (1971): p-bromo-methamphetamine (V-111) a strong inhibitor
of H3-5HT uptake in the synaptosomes. — Proc. 3rd Internat. Meeting, Internat.
Soc. Neurochem. pp. 231, Akadémiai Kiadé, Budapest.

Kog, B. K., WEissMAN, A. (1968): The pharmacology of para-chlorophenylalanine
a selective depletor of serotonine stores. — Adv. Pharmac. 6B, 29—47.

KuntzMaN, R., SHORE, P. A., BoapaNnskl, D. F., Bropir, B. B. (1961): Microanalitical
procedures for fluorimetric assay of brain DOPA-56HTP decarboxilase, norepine-
phrine and serotonin and a detailed mapping of decarboxylase activity in brain. —
J. Neurochem. 6, 226—232. .

MaickerL, R., Cox, R. H., SArttaNT, J., MiLLER, F. P. (1968): A method for the determi-
nation of serotonin and norepinephrine in discrete areas of rat brain. — Int. J.
Neuropharmac. 7, 276—281.

Mirorrr, M. (1968): Discussion of evidence for an excitatory transmitter role of sero-
tonin in molluscan central synapses. — Adv. Pharmac. 6A, 393—394.

MorToN, B. (1969): Studies on the biology of Dreissena polymorpha. II. Correlations of
the rhythms of adductor activity, feeding, digestion and excretion. — Proc.
Malac. Soc. London, 38, 401.

Pavrov, J. (1886): Wie die Muschel ihre Schaale 6ffnet. — Pfliigers Arch. ges. Physiol.
37, 6—31.

Quay, W. B. (1963): Circadian rhythm in rat pineal serotonin and its modifications by
estrous cycle and photoperiod. — Gen. Comp. Endocrinol. 3, 473—479.

Quay, W. B. (1967): Twenty-four-hour rhythms in cerebral and brainstem contents of
5-hydroxytryptamine in a turtle, Pseudemys scripta elegans. — Comp. Biochem.
Physiol. 20, 217—221. :

SALANKI, J. (1963): The effect of serotonin and catecholamines on the nervous control
of periodic activity in fresh-water mussel (Anodonta cygnea). — Comp. Biochem.
Physiol. 8, 163—171.

SALANET J. (1970): Endogén ritmusok szabdlyozésa. Doktori értekezés.

SavAnkl, J., LABos, E. (1963): Studies of the double innervation of adductor muscle
tone in the clam Anodonta cygnea L. — Acta Physiol. Acad. Sci. Hung. 24, 56—66.

SALANKI, J., BALLA, L. (1964): Ink-lever equipment for continuous recording of activity
in musgels (mussel-actograph). — Annal. Biol. Tihany 31, 117—121.

SavAnxkr, J., Lukacsovics, F. (1967): Filtration and O, consumption related to the

eriodic activity of fresh-water mussel (Anodonia cygnea L.). — Annal. Biol.
g‘ihany 34, 85—98.

SALANKI, J., PEost, T., LABos, E. (1968): On the role of ganglia in regulation of the
activity of tonic molluscan (Anodonta cygnea L.) muscle. — Acta Biol. Acad. Sci.
Hung. 19, 391—406.

SALANEKI, J., LABOS, E. (1969): On the role of cholinergic, adrenargic and tryptaminergic
mechanism in the regulation of a ‘“catch’ muscle (Anodonta cygnea L.). — Annal.
Biol. Tihany 36, T7—93.

SATANKI, J., Hirrpr, L. (1970): Increase of serotonin in the adductor of Anodonta cygnea
L. (Pelecypoda) relaxed by nerve stimulation and relation to the periodic activ-
ity. — Comp. Biochem. Physiol. 32, 629—636.

SALANKI, J., VARANKA, I. (1971): Differences in the chemical sensitivity-of nerve path-
ways in the central nervous system of fresh-water mussel (Anodonta cygnea L.). —
Annal. Biol. Tihany 38, 87—96.

Secura, E. T., Brscarpr, A. M., ApELBAUM, J. (1967): Seasonal variations of brain
epinephrine, norepinephrine and b6-hydroxytryptamine associated with changes
in the EEG of the toad, Bufo arenarum HENSEL. — Comp. Biochem. Physiol.
22, 843—850.

SHORE, D. A., ALrERs, H. S., BusrierLp, D. (1966): On the mechanism of norepinephrine
depletion by reserpine, metaraminol and related compounds and antagonism by
monoamine oxidase inhibition. — In: Mechanisms of release of biogenic amines.
(Eds.: von EviEer, U. 8., RoseEryr, S., URNAs, B.) Pergamon Press.

4%



52

Sparrorp, D. C., PENGELLEY, E. T. (1971): The influence of the neurohumor serotonin
on hibernation in the golden-manteled ground squirrel, Citellus lateralis. — Comp.
Biochem. Physiol. 38A, 239—250.

SWEENEY5, D. (1963): Dopamine: its occurrence in molluscan ganglia. — Science 139,
10561.

Uvuspii, V. J. (1963): The 5-hydroxytryptamine content of the brain and some other
organs of the hedgehog (Erinaceus europaeus) during activity and hibernation. —
Ezperientia, 19, 156—158.

Varzerur, L., GARATTINT, S. (1968): Behavioral changes and 5-hydroxytryptamine turn-
over in animals. — Adv. Pharmac. 6B, 249—260. .

VERESCHAGIN, S. M. (1960) Bepemarua C. M. K Bonpocy 0 poJu 1epe6panbHbiX TAHTIHEB B
COKPATUTEJIbHOK JEsTeIbHOCTH 3aIHero MYCKyJia y aHOOHTHL. — Hepenaa Cucmema
L 68—7—2.

VERS, M., SALANKI, J. (1969): Inductive attenuator for continuous registration of rhythm-
ic and periodic activity of mussels in their natural environment. — Med. Biol.
Engng. 7, 2356—2317.

Warker, R. J., Rater, K. L., Woopru¥r, G. N., Kerrur, G. A. (1971): Evidence for
a dopamine inhibitory post-synaptic potential in the brain of Heliz aspersa. —
Comp. gen. Pharmac. 2, 16—26.

WeLsH, J. H., MoorRHEAD, M. (1960): The quantitative distribution of 5-hydroxytrypta-
mine in the invertebrates, especially in the nervous system. — J. Neurochem.
6, 146—169.

A PERIODIKUS AKTIVITAS SZABALYOZASI MECHANIZMUSANAK —
FARMAKOLOGTAT VIZSGALATA TAVI KAGYLON
(ANODONT A CYGNEA L.)

Hiripi Ladszlé

Osszefoglalas

Egy kordbbi munkahipotézisiinkb6l kiindulva vizsgdltuk, hogy a tavikagyld
(Anodonta cygnea L.) ritmusdnak szabdlyozdsdért felelés ,,aktivitdsi’ és ,,nyugalmi’
kozpontok feltételezett transzmitter rendszerének farmakolégiai befolydsoldsa hogyan
hat a monoamin szintre és az aktivitéds periodicitdséra. Az aktivitési kozpont szerotoninerg
rendszerét a szerotonin szintézis gatlasdval (pCPA), a lebont6é enzim gétldsdval (tranil-
cipromin), a szerotonin Kiiiritésével (reserpin, V-111) és exogén szerotoninnal befolyésol-
tuk.

A nyugalmi koézpont katecholaminerg rendszerét exogén dopaminnal és nor-
adrenalinnal, «-metil-meta-tirozinnal, reserpinnel és tranilciprominnal befolydsoltuk.
A periodikus aktivitdst és monoamin szintet vizsgdlva azt taldltuk, hogy:

1. A szerotonin szint meghatdrozé szerepet jatszik az aktivitdsi kozpont mf{iko-
désében. Az exogén szerotonin &ltal okozott tartés aktivités a szerotonin szint noveke-
désének kovetkezménye, mely els6sorban az aktiv periédusok dtlaghosszénak novekedé-
sében jelentkezik.

2. A monoamino-oxidéz gétlészer tranilcipromin nem néveli a gangliondris szero-
tonin szintet, de a periférids inaktivdcié hidnyan keresztiil tartés aktiv periédust és a
ritmikus kontrakciék nagymértékii névekedését eredményezi. A kezelés utédn pedig a
ritmicitds frekvencidjat noveli az aktiv és nyugalmi periédusok dtlaghosszédnak csékken-
tésén keresztiil.

3. A szerotonin szint csékkenése pCPA és reserpin hatdsdra az aktiv periédusok
atlaghosszdnak csokkenését és a nyugalmi periédusok hosszénak novekedését eredményezi
A p-brém-methamphetamin a szerotonin szint kismértékii esokkentésén keresztiil elsé-
sorban a ritmicitds frekvencidjat noveli.

4. Mig a dopamin mind az aktiv, mind a nyugalmi periédusok dtlaghosszat
csdkkenti, addig a noradrenalin a nyugalmi periédust noveli. Az o-MMT hatdsa valészinf-
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leg a NA hatdsén keresztiil realizdlédik és a felszabadulé NA okozza a nyugalmi periédus
jelent6s novekedését.

5. A reserpin kezelés alkalméval a nyugalmi kozpont tulsilydt a szerotonin szint
jelentés csokkenésén tul a NA lassibb kiiirilése folytdn még meglevé jelentés NA szint
is okozza.

6. A szerotonin szint 6nmagdban nem meghatdrozdja az aktivitdsi kézpont mfi-
kodésének. Elsésorban a zéréizom irdnyédba torténé aktiv transzport az a folyamat,
amely a zdréizom relaxdcidjdban, azaz az aktiv peri6dus szabdlyozdsdban részt vesz.

Az 5HT szint csokkenése csak bizonyos kritikus szint alatt befolyésolja az aktiv transz-
portot.
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