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It is known that the sensibility of the elements in the central nervous
system to the afferent signalization may play an important role in the reflex
processes and in addition also in the behaviour of the animals. It has been
recently generally considered that the influence of some chemical agents,
primarily that of the so called sedatives is based on the fact that these sub-
stances are able to change, ““to modulate’ the sensitivity of the central nervous
elements to afferent stimuli (Kizram 1960, Korrra and others 1960, ABDU-
LIAN et al. 1960). Thus, in that case one has to recon not with the direct effect
of certain substances, but only with the amplification or reduction of signals
arriving from the periphery. The nervous system of molluscs seems to be espe-
cially suitable for investigating the nature of modulating effects, because it is
of relatively simple organization and the single nerve centers are fairly well
isolated. Just for this reason it was intended by making use of previous studies
on osmoeffect (KosaTOoYANTS & R06z5A 1961 b) to clear up, whether biologic-
ally active agents may produce modulating effects in the central nervous
system of molluscs at concentrations which are ineffective in themselves,
or not.

Material and method

The experiments were conducted on the nervous system of edible snail
(Helix pomatia L.). After removing the calcareous shell and the visceral
organs the suprapharyngeal and subpharyngeal ganglia were exposed and
their bioelectric activity was registered with the method described previously
(KosaTovants & Roézsa 1961 a). Peripheric stimulus was applied by the
excitation of the osmoreceptors located on the surface of the foot. On their
excitation, in agreement with previous data, changes were observable in thé
bloelectrlc activity of the nervous centers (KosaTovyanTs & Rézsa 1961 b).

At the beginning of the experiments the spontaneous bioelectric activity
of the pedal ganglion was registered, thereafter the surface of the foot placed
into a special chamber was moistened with water and the increase in bio*
electric activity occurring in the pedal ganglion was registered simultaneously.
Then the water was removed from the chamber and the chemical agénts
investigated were applied at a concentration below threshold on the pedal
ganglion and the peripheric osmoreceptors were excited again and. the central
effect obtained was registered. The applied chemical agents were removed by
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washing with 0.7% LocKE-solution containing NaCl and thereafter the surface
of thg foot was excited again and the responses of pedal ganglion was regi-
stered.

In the course of these experiments the modulating influence of serotonin,
uridindiphosphate, noradrenaline and chlorpromazine was studied. The
threshold concentration of these substances has been determined previously
(Koshtoyants & Rézsa 1961 a, Rézsa 1964 a). In every case care was taken
that the applied substances should not change the activity of the pedal gang-
lion, but only interfere in the realization of afferent stimuli arriving from the
periphery.

0.7% LocKE-solution was used as physiological solution and the sub-
stances investigated were diluted in the same solution.

Results

The results show that the response of the pedal ganglion to the afferent
stimulus is_modulated by the substances applied at a concentration below
threshold. This modulating effect may either be inhibiting or stimulating
depending on the properties of the chemical agent used.

Serotonin

This substance in concentrations below threshold (1 ¢ 10~n—5 » 10-11)
increases the response on the pedal ganglion evoked by the stimulation of the
peripheric osmoreceptors by water. In this concentration serotonin does not
change the spontaneous activity of the pedal ganglion. Figure 1 illustrates
the responses obtained on the application of serotonin: at the beginning of
the experiment the spontaneous activity of the ganglion pedale (Fig. 1A),
later the increase in activity after the peripheric stimulation (Fig. 1B, G)
was registered. After this serotonin in 1 « 10°11 M concentration was applied
on the pedal ganglion and the peripheric osmoreceptors were repeatedly
stimulated (Fig. 1E, F). In that case the central effect produced by the
excitation of osmoreceptors was more intensive: this consisted of a 25% in-
crease in amplitude. After washing out serotonin the osmoeffect decreased
below the original level, and the response produced by the excitation of osmo-

receptors became gradually reestablished (Fig. I1).

U ridinediphosphate

This substance below threshold concentration increases the stimulating
effect produced in the pedal ganglion by the excitation of the osmoreceptors
without affecting spontaneous activity. Uridinediphosphate was applied in
1+ 10_10 M concentration. On its influence an increase in osmoeffect by 30%
to%k place which lasted for a long period even after the washing out of the
substance.

N oradrenaline

Contrary to the previous two agents this substance reduces the reaction
of pedal ganglion to the previously mentioned peripheric stimulus. In figure 2
the effect produced by 1 ¢ 10“13 M noradrenaline is illustrated. At the start
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of the experiment the spontaneous activity of the ganglion pedale was regi-
stered (Fig. 2a). Later on changes in activity produced by the excitation
of peripheric osmoreceptors were studied (Fig. 2 B,G). After this noradrena-
line in the above concentration was applied to the pedal ganglion and the
peripheric osmoreceptors were repeatedly excited. Comparing to the previous ef-
fect the considerable smaller increase in the response iswell observable (Fig. 2 E,
F). In some cases the stimulating influence of the stimulation of peripheric
osmoreceptors becomes completely omitted under the effect of noradrenaline
and in spite of repeated washings is not completely restored.

Figure 1. The modulating influence of serotonin on the central effect produced by the
excitation of osmoreceptors. A — ground activity of pedal ganglion. B — the activity
of ganglion after the first minute of the excitation ofthe osmoreceptors by water. G — the
same after two minutes. D — the activity of pedal ganglion after the stimulation of the
osmoreceptors and after the application of 1+10-11 M serotonin solution on pedal ganglion.
E —activity ofganglion after the first minute ofthe repeated excitation of osmoreceptors.
F —the same after 2minutes. G — activity of ganglion after the cessation of stimulation
of osmoreceptors and the removal and washing out of serotonin. H — activity of ganglion
after the first minute of the repeated stimulation of osmoreceptors. | — the same after
2 minutes. J — activity of ganglion after the cessation of stimulation of osmoreceptors
Time: in 0.05 sec.
1. &bra. A serotonin moduladlé hatdsa az osmoreceptorok ingerlésére fellépé kdzponti
effektusra. A —a pedalis ganglion alapaktivitisa. B — a ganglion aktivitasa 1 perccel
az osmoreceptorok vizzel torténd ingerlése utan. C — ugyanaz 2 perc mllva. D — a peda-
lis ganglion aktivitdsa az osmoreceptorok ingerlése utan és a serotonin 1 ¢« 10~u M kon-
az osmoreceptorok ismételt ingerlése utan 1 perccel. F — ugyanaz 2 perc mulva. G —a
ganglion aktivitdsa az osmoreceptorok ingerlésének megszilinte és a serotonin eltavolitasa
és kimosasa utdn. H —a ganglion aktivitasa az osmoreceptorok ismételt ingerlése utéan
1perccel. | — ugyanaz 2perc mGlva. J — a ganglion aktivitdsa az osmoreceptorok inger-
lésének megszlinése utan. Id6jelzés: 0,05 sec.
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Chlorpromazine

This agent in a concentration below threshold (1 «10-9 M) reduced
similar to noradrenaline the response of pedal ganglion induced by the stimul-
ation of peripheric osmoreceptors. In single cases the central effect is completely

Figure 2. Modulating influence of noradrenaline on the central effect produced by the
excitation of osmoreceptors. A — ground activity of pedal ganglion. B — activity of
ganglion after the first minute of the excitation of osmoreceptors by water. C — the same
after two minutes. D — activity of pedal ganglion after the excitation of osmoreceptors
and after the application of 1 « 10-13M noradrenaline solution on pedal ganglion. E —
activity of ganglion after the first minute of the repeated excitation of osmoreceptors.
F — the same after 2 minutes. G — activity of ganglion after the cessation of excitation
of osmoreceptors and the removal and washing out of noradrenaline. Time: 0.06 sec.

2. abra. A noradrenalin moduldlé hatasa az osmoreceptorok ingerlésére fellépé kézponti
effektusra. A — a pedéalis ganglion alapaktivitisa. B — a ganglion aktivitdsa 1 perccel
az osmoreceptorok vizzel torténd ingerlése utan. G— ugyanaz 2 perc malva. D — a peda-
lis ganglion aktivitdsa az osmoreceptorok ingerlése és noradrenalin 1 ¢ 10-13 M koncentra-
ci6janak a pedalis ganglionra toértén6é applikdldsa utan. E — a ganglion aktivitdsa az
osmoreceptorok ismételt ingerlése utan lperccel. F —ugyanaz 2 perc mtlva. O — a gang-
lion aktivitdsa az osmoreceptorok ingerlésének megszlinése és a noradrenalin eltavolitdsa
és kimosasa utan. Id6jelzés: 0,05 sec.

omitted, but the process of restoration takes place more quickly than in the
case of noradrenaline.

Discussion

It is evidenced by the results that the realization of stimuli arriving from
the periphery is decidedly dependent on the sensitivity of the nervous cells
of the center: the realization of stimuli arriving from the periphery are facilit-
ated by some agents as in the Present case by serotonin and uridinediphosphate,
or are rendered more difficult by others (noradrenaline, chlorpromazine).

Comparing the results obtained with previous data on the role of sero-
tonin as a mediator (Koshtoyants & Rozsa 1961a, Rozsa 1964a) it may be
said that the same agent may serve in the molluscs as mediator and modulator
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depending on the degree of the concentration used. The modulating influence
produced by these agents is of similar character as that one resulted by their
higher concentrations on the spontaneous activity of the ganglion. According
to data published previously the spontaneous activity of the ganglia of edible
snail is stimulated by serotonin and uridinediphosphate, and inhibited by
noradrenaline and chlorpromazine at concentratiors above threshold (Kosm-
TOYANTS & R6zsA 1961a, Rézsa 1964b). The modulating effect of these sub-
stances is of the same direction (facilitation or depression).

The results show that the modulators may display their effect by way
of changes occurring in the threshold sensitivity of the central nervous system,
whereby the same peripheric stimulus may induce a greater or smaller effect
respectively than that observable in the absence of the modulating agent.
It is assumable that the modulators are interfering into processes involved in
electrogenesis under normal circumstances. It seems probable that the chemical
agents investigated are influencing membrane potential but the changes
induced are only local. The realization of peripheric stimulus on the membrane
thus modified by the modulators depends on the given conditions, namely the
original stimulating effect may increase or decrease. This depends as to which
degree and in which direction was the polarization of cell membrane changed
by the modulating substances. Intracellular registration of biopotencials is
needed to clear up the more intimate mechanism of modulating influences.
Nevertheless, the results obtained show that the nervous system of the mol-
luscs may be successfully used for elucidating the mechanism of modulating
influence.

Conclusions

1. The modulating effect of biologically active agents is demonstrable
in the central nervous system of the molluses. This effect is reflected by changes
in the sensitivity of nerve centers produced by stimuli arriving from the
periphery.

2. The realization of stimuli arriving into the pedal ganglion from the
osmoreceptors are facilitated by serotonin and ur idinediphosphate in a con-
centration below threshold and inhibited by noradrenaline and chlorpromazine.

3. In the nervous system of molluscs the same agent may serve as
mediator and modulator depending upon the concentration applied.

4. The nervous system of edible snail is most suitable medium for in-
vestigating the mechanism of modulating influences. This influence is pre-
sumably closely related to electric phenomena taking place on the surface
of the cell membrane.

Summary

The modulating effect of some biologically active substances (serotonin,
uridinediphosphate, noradrenaline, chlorpromazine) on the realization of
stimuli arriving from the periphery was investigated in the central nervous
system of Helixz pomatia. The bioelectric activity of the pedal ganglion was
registered; the agents were applied to the same ganghon at a concentration
below. threshold. 1he stimulation by water of the osmoreceptors located on
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the surface of the foot served as peripheric stimulus. It was established, that
the realization of stimuli arriving from the periphery to the nerve center was
facilitated by serotonin (1 m10“1l M) and uridinediphosphate (1 «10'10 M)
and depressed by noradrenaline (1 « 10~13M) and chlorpromazine (1 « 10'9M).
Coclusions are drown as to the identity of mediators and modulators.
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NEHANY BIOLOGIAILAG AKTIV ANYAG KOZPONTI MODULALO HATASAROL
PUHATESTUEK IDEGRENDSZEREBEN

Osszefoglalas
S. Ro6zsa Katalin

A szerz6 vizsgalta néhany biolégiailag aktiv anyag (serotonin, uridindifoszfat,
noradrenalin, klérpromazin) moduldlé hatdsat molluszkdk kozponti idegrendszerében
a perifériarél befuté ingerek realizdlédasara. Regisztralta a pedalis ganglion bioelektromos
aktivitdsat; a vizsgalt agensek kiiszobalatti koncentracidinak applikalasa ugyanerre
a ganglionra tortént. Periférids ingerként a talp feliiletén elhelyezkedé osmoreceptorok
vizzel torténdé ingerlése szolgalt. Megallapitast nyert, hogy a serotonin (1 « 10“11 M)
és az uridinfoszfat (1 ¢ 10-10M) megkdnnyitik, mig a noradrenalin (1 ¢ 10-13M) és
klérpromazin (1 ¢ 10-9 M) megnehezitik a perifériarél az idegkdzpontba befutd ingerek
realizdlédasat. Kovetkeztetést von le a mediator és moduldtor anyagok azonossagara
vonatkoz6an molluszkdkon. A modulalé anyagok hatasat 6sszefliggésbe hozza az ideg-
sejtek membréanpotencialjdnak valtozéasaival, ezen adgensek applikdlasanak hatasara.

O ULEHTPA/IBHOM MOAYNATOPHOM BANAHUWN HEKOTOPbLIX BEMONTOTMYECKN
AKTUBHbIX ATEHTOB B HEPBHOW CUCTEME MOJI/IIOCKOB

KaTtanuH 111-Poxa

ABTOpPOM GbI0 M3Y4YeHO MOAYNSTOPHOE BAWSHUE B LEHTPanbHOW HepBHOIW cucTeme
MONMIIOCKOB HEKOTOPbIX 6MOMOTNYECKM aKTUBHbLIX areHTOB (CEPOTOHWH, YypuauHaudgocdar,
HOpaApeHanuH, XJopnpoMasnuH) B peanusauuu MMMyNbCOB, NPUXOAAWMX C nepudepuu. Pe-
rucTpupoBanach 6M03NeKTpUYECKas aKTUBHOCTb MefaNbHOr0 raHriuMs BUHOTPAAHOW YNUTKM;
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annaukKauusa unccnefloBaHHbIX BeLecTs B MOAMNOPOroBblX KOHLEHTpaLMax npousowna Ha aTtoT
Xe raHrnuii. lMepudepnyeckum BO3OYXAEHWEM CNYXWNO pa3fpaxeHune BOAOA oOcmopelen-
TOPOB, PacnofioOXeHHbIX Ha MOBEPXHOCTM MOAOWBLI. BblNI0 YCTAHOBNEHO, YTO CEPOTOHUH
(1.10~11M) n ypuanHandoceat (1.10- 10M) obneryatoT, a HopagpeHanuH (1.10-13 M) un xnop-
npomasuH (1.10_9 M) 3aTpyfHAOT peann3aynio UMNYNbCOB, MAYLWKUX C Nepudepmun B HEpPBHbIN
LeHTp. BbicKasbiBaeTcsa MpefnonoxeHne o6 WMAEHTUYHOCTU MeAMaTOpPOB W MOAYNATOPOB Yy
MONIOCKOB. ABTOpP CBA3bIBAET MOAY/IATOPHOE BAUAHME U3YYEHHbIX areHToB U3MEeHeHueMm MeM-
6paHHOro MoOTeHLMana HEepBHbIX KNETOK, HAcTynawlWWMm nocie annankauum nepevyncneHHblX
Bbllle XUMWUYECKNX BeLLecTs.
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