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I t 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. I t  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 (K illam  1960, K oella 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 (K oshtoyants & R ózsa 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 
(K oshtoyants & R ózsa 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 the 
bioelectric activity of the nervous centers (K oshtoyants & R ózsa 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 bkri 
electric activity occurring in the pedal ganglion was registered simultaneously. 
Then the water was removed from the chamber and the chemical agfents 
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 the 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 & Rózsa 1961 a, R ózsa 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. 1 A ), 
later the increase in activity after the peripheric stimulation (Fig. I B ,  G) 
was registered. After this serotonin in 1 • 1О“11 M concentration was applied 
on the pedal ganglion and the peripheric osmoreceptors were repeatedly 
stimulated (Fig. IE ,  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. I I ) .

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% 
took 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. 2 a). 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 is well 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.

F igure  1. T he m o d u la tin g  in fluence  o f  se ro ton in  on  th e  cen tra l e ffect p roduced  b y  th e  
ex c ita tio n  o f  osm orecep tors. A  — g round  a c tiv ity  o f  ped a l ganglion. В  — th e  a c tiv ity  
o f  ganglion a f te r  th e  f i r s t  m in u te  o f  th e  e x c ita tio n  o f  th e  osm oreceptors b y  w ate r. G — th e  
sam e a f te r  tw o  m inu tes . D  — th e  a c tiv ity  o f  ped a l ganglion  a f te r  th e  s tim u la tio n  o f  th e  
osm oreceptors an d  a f te r  th e  ap p lica tion  o f  1 • 10-11 M sero ton in  so lu tion  on  ped a l ganglion. 
E  — a c tiv ity  o f  ganglion a f te r  th e  f irs t  m in u te  o f  th e  rep ea ted  ex c ita tio n  o f  osm oreceptors. 
F  — th e  sam e a f te r  2 m in u tes . G —- a c tiv ity  o f  ganglion a f te r  th e  cessation  o f s tim u la tio n  
o f  osm orecep tors an d  th e  rem oval an d  w ash ing  o u t o f  sero ton in . H  — a c tiv ity  o f  ganglion 
a f te r  th e  f i rs t  m in u te  o f  th e  rep ea ted  s tim u la tio n  o f  osm oreceptors. I  — th e  sam e a f te r  
2 m in u tes . J  — a c tiv ity  o f  ganglion a f te r  th e  cessation  o f  s tim u la tio n  o f  osm oreceptors

T im e: in  0.05 sec.
1. ábra. A  se ro ton in  m odu lá ló  h a tá s a  az  osm orecep to rok  ingerlésére fellépő k ö zpon ti 
e ffek tusra . A  —- a  pedális  ganglion a la p a k tiv itá sa . В  — a  ganglion  a k tiv itá sa  1 perccel 
az  osm oreceptorok  vízzel tö r té n ő  ingerlése u tá n . C  — ugyanaz  2 perc  m ú lva . D  — a  p e d á ­
lis ganglion a k tiv itá sa  az osm orecep to rok  ingerlése u tá n  és a  se ro ton in  1 • 10~u  M k o n ­
cen trác ió ján ak  a  pedális gang lion ra  való  ap p lik á lása  u tá n . E  — a  ganglion a k tiv itá sa  
az  osm orecep to rok  ism é te lt ingerlése u tá n  1 perccel. F  — ugy an az  2 p erc  m ú lv a . G —a  
ganglion a k tiv itá sa  az  osm oreceptorok  ingerlésének m egszűn te  és a  sero ton in  e ltáv o lítá sa  
és k im osása  u tá n . H  —- a  ganglion a k tiv itá sa  az  osm oreceptorok  ism é te lt ingerlése u tá n  
1 perccel. I  — ugyanaz  2 p erc  m ú lva . J  — a  ganglion a k tiv itá sa  az  osm orecep torok  in g e r­

lésének m egszűnése u tá n . Idő je lzés: 0,05 sec.
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Chlor promazine
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

F igure 2. M odulating  in fluence o f  no rad rena line  on th e  cen tra l effect p roduced  by th e  
exc ita tio n  o f  osm oreceptors. A  — g round  a c tiv ity  o f  ped a l ganglion. В  — a c tiv ity  o f  
ganglion  a f te r  th e  f irs t  m in u te  o f  th e  exc ita tio n  o f  osm oreceptors b y  w ate r. C  — th e  sam e 
a f te r  tw o  m inu tes . D  — a c tiv ity  o f peda l ganglion a f te r  th e  exc ita tio n  o f  osm orecep tors 
an d  a f te r  th e  app lica tio n  o f  1 • 10-13M n o rad rena line  so lu tion  on peda l ganglion. E  — 
a c tiv ity  o f  ganglion a f te r  th e  f i rs t  m in u te  o f  th e  rep ea ted  exc ita tio n  o f  osm oreceptors. 
F  — th e  sam e a f te r  2 m inu tes . G — a c tiv ity  o f  ganglion a f te r  th e  cessation  o f exc ita tio n  
o f  osm oreceptors a n d  th e  rem oval an d  w ash ing  o u t o f no rad rena line . T im e: 0.06 sec.

2. ábra. A  n o rad ren a lin  m oduláló  h a tá s a  az osm oreceptorok  ingerlésére fellépő közpon ti 
e ffek tu sra . A  — a  pedális ganglion a lap a k tiv itá sa . В  — a  ganglion a k tiv itá sa  1 perccel 
az  osm oreceptorok  vízzel tö r té n ő  ingerlése u tá n . G — ugyanaz  2 perc  m ú lva . D — a  p ed á ­
lis ganglion a k tiv itá sa  az  osm oreceptorok  ingerlése és no rad ren a lin  1 • 10-13 M k o n cen trá ­
c ió ján ak  a  pedális gang lion ra  tö r té n ő  ap p lik á lása  u tá n . E  — a  ganglion a k tiv itá sa  az 
osm orecep torok  ism é te lt ingerlése u tá n  1 perccel. F  — ugyanaz  2 perc  m ú lv a . О — a  gang ­
lion  a k tiv itá sa  az  osm oreceptorok  ingerlésének m egszűnése és a  n o rad ren a lin  e ltáv o lítá sa  
és k im osása  u tá n . Időjelzés: 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 (K oshtoyants & R ózsa 1961a, R ózsa 1964a) it may be 
said that the same agent may serve in the molluscs as mediator and modulator



73

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 concentrations above threshold (K osh­
toyants & R ózsa 1961a, R ózsa 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. 
I t is assumable that the modulators are interfering into processes involved in 
electrogenesis under normal circumstances. I t 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 molluscs. 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 uridinediphosphate in a con­
centration below threshold and inhibited by noradrenaline and chlorpromazine.

3. In the nervous sys+em 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 Helix pomatia. The bioelectric activity of the pedal ganglion was 
registered; the agents were applied to the same ganglion at a concentration 
below threshold, the 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 ■ 10“11 M) and uridinediphosphate (1 • 1 0 '10 M) 
and depressed by noradrenaline (1 • 10~13 M) and chlorpromazine (1 • 10 '9 M). 
Coclusions are drown as to the identity of mediators and modulators.
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N É H Á N Y  B IO L Ó G IA IL A G  A K T ÍV  A N Y A G  K Ö Z PO N T I M O D U LÁ LÓ  H A TÁ SÁ R Ó L 
P U H A T E S T Ű E K  ID E G R E N D S Z E R É B E N

Összefoglalás
S .  Rózsa K a ta lin

A  szerző v izsg á lta  n éh án y  bio lógiailag  a k tív  an y ag  (sero ton in , u rid ind ifoszfá t, 
n o rad rena lin , k ló rp rom azin ) m oduláló  h a tá s á t  m olluszkák  k ö zpon ti idegrendszerében  
a  perifériáró l b e fu tó  ingerek  rea lizá lódására . R e g isz trá lta  a  pedális  ganglion b ioelek trom os 
a k tiv itá sá t ;  a  v izsgá lt ágensek k ü szö b a la tti k o n cen trác ió inak  ap p lik á lása  ugyanerre  
a  gang lion ra  tö r té n t .  P erifériás in g e rk én t a  ta lp  fe lü letén  elhelyezkedő osm oreceptorok  
vízzel tö r tén ő  ingerlése szo lgált. M egállap ítást n y e rt , hogy  a  se ro ton in  (1 • 10“ 11 M) 
és az  u rid in fo szfá t (1 • 10-1 0 M) m egkönny ítik , m íg  a  no rad ren a lin  (1 • 10-13M) és 
k ló rp rom azin  (1 • 10-9 M) m egnehezítik  a  perifériáró l az idegközpon tba  b e fu tó  ingerek  
rea lizá lódásá t. K ö v e tk e z te té s t von  le a  m ed iá to r és m o d u lá to r anyagok  azonosságára 
vona tkozóan  m olluszkákon . A  m oduláló  any ag o k  h a tá s á t  összefüggésbe hozza az ideg­
se jtek  m em b rán p o ten c iá lján ak  vá ltozása iva l, ezen ágensek  ap p lik á lásán ak  h a tá s á ra .

О Ц ЕН ТРА Л ЬН О М  М ОДУЛЯТОРНОМ  В Л И Я Н И И  Н ЕК О ТО РЫ Х  БИ О ЛО ГИЧЕСКИ  
А К ТИ В Н Ы Х  АГЕНТОВ В Н ЕРВ Н О Й  СИСТЕМЕ МОЛЛЮСКОВ

Каталин 111.-Рож а

Автором было изучено модуляторное влияние в центральной нервной системе 
моллюсков некоторых биологически активных агентов (серотонин, уридиндифосфат, 
норадреналин, хлорпромазин) в реализации импульсов, приходящ их с периферии. Ре­
гистрировалась биоэлектрическая активность педального ганглия виноградной улитки;
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аппликация исследованных веществ в подпороговых концентрациях произошла на этот 
ж е ганглий. Периферическим возбуждением служило раздражение водой осморецеп­
торов, расположенных на поверхности подошвы. Было установлено, что серотонин 
(1 .10~11М) и уридиндифосфат (1.10- 10 М) облегчают, а  норадреналин (1.10-13 М) и хлор- 
промазин (1.10_ 9 М) затрудняют реализацию импульсов, идущих с периферии в нервный 
центр. Высказывается предположение об идентичности медиаторов и модуляторов у 
моллюсков. Автор связывает модуляторное влияние изученных агентов изменением мем­
бранного потенциала нервных клеток, наступающим после аппликации перечисленных 
выше химических веществ.
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