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I t has been demonstrated in earlier investigations (K och 1917, W oort- 
mann 1926, B uddenbrook  1960, P écsi and Salánki 1964) that a correla
tion exists between the open or closed condition of valves and the frequency 
of heartbeat, which may be of importance in the regulation of the circulation 
of haemolymph (K oshtoyants 1957a). Several factors as the periodic and 
rhythmic movement of valves (Ziks and B ogdanov 1956) and the hydro- 
statical pressure of mantle cavity which is related to the former (Trueman  
1954), the haemolymph movement produced by the movement of foot (Brücke 
1925) and various extero- and interoceptive stimuli are of importance in 
the frequency changes of cardiac action. I t has been established in previous 
studies that the relationship between the condition of the valves and the 
frequency of heartbeat cannot be explained by mechanical stimuli only. I t was 
assumed that the adductors may in the course of periodic activity influence 
cardiac action also by reflexes i.e. the visceral ganglion may when regulating 
the activity of posterior adductor also inhibit or accelerate simultaneously 
cardiac action (P écsi and Salánki 1964).

In cognizance of the relationship existing between cardiac action and 
the conditions of valves whether open or closed i.e. the functional condition 
of adductors, further on basis of the assumption that there may exist a reflex 
connection between the adductors and the heart, the question arises whether 
the stimulation of the heart by various (chemical, mechanical and electric) 
stimuli may react on the functional condition and activity (tonic contraction, 
rhythmic activity) of adductors.

The anterior adductor receives its nerves from the cerebral ganglion, 
the posterior one from the visceral ganglion and the heart also is innervated 
by the visceral ganglion (Splittstösser  1913). This fact poses the interesting 
problem, whether the reflex responses of adductors that may perhaps be 
produced by the stimulation of the heart will take place simultaneously in 
both adductors, or perhaps there is a phase shift between the activity of the 
two adductors just because they are innervated by two different ganglia. 
To obtain answer to this question investigations were performed not only on 
animals with intact valves but also on animals whose valves were completely 
intersected whereby the activity of the two adductors was made mechanically 
completely independent from each other.
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Methods

The experiments were performed in situ in the winter months (January— 
February) on 13 — 14 cm long specimensof freshwater mussel (AnocLonta cygnea 
L.) originating from the back-water of river Rábca. Previous to experimental 
use the animals were kept in aquarium in streaming Balaton-water at a room 
temperature of 18—20°C. The preparation of animals for the examination 
was made as follows. The part over the heart of one valve — on an area cor
responding to the size of the heart — was removed with a tooth-drill. The other 
valve of the animal was fastened into the trough placed into a vessel contain
ing about 1 litre Balaton-water. Care was taken that the water should not 
reach the aperture above the heart. The heart was set free by cutting up the 
mantle and pericardium along the longitudinal axis of the heart and the 
ventricle of the heart was connected with a lever.

Because the contraction and relaxation of adductors result in closures 
and openings of valves respectively it is possible to record the activity of the 
adductors by reproducing the movement ofthe valve in such a manner that the 
valve is connected with a lever.

If the experiments are conducted on animals with intact valves it is 
not possible to determine whether the two adductors take part with simultane
ous action (contraction and relaxation) in the movement of valves or perhaps 
there is a time shift between the activity of the two adductors. To elucidate 
this question experiments were performed on animals the one valve of which 
was sawed across along the dorso-ventral axis of the animal whereby 
the activity of anterior and posterior adductor was by mechanical means 
rendered completely independent.

In this intersection of valve and ligamentum care was taken that possibly 
both adductors should dispose of equal portion of ligamentum.

Connecting the heart and the two valves separately with a lever it was 
possible to record simultaneously but independently the movements of the 
two halves of the shell and cardiac action (Fig. 1). The levers were adjusted 
in such a way that their readings should fall exactly under each other on the 
smoked paper of the kymograph.

In order to estimate correctly the kymograms it is important to note 
that in case of systole the corresponding lever moved upwards whereas in 
case of contraction of adductor the levers recording the activity of muscles 
moved downwards.

In the course of experiments chemical stimuli were produced by the. 
following substances: 5-hydroxytryptamine creatinine sulphate (5-HT) ^Fluka), 
acetylcholine bromate (ACh) (Chinoin), tryptamine-HCl (T. Schuchardt) and 
KC1 (Reanal). These agents were added in physiological solution for mussels 
(M a r c z v n s k i  1959). 5-HT was applied in 10~4 M , tryptamine and acetyl
choline in 10-4—10~2 M  and KC1 in 0.5—4 M concentrations. The agents were 
applied to the heart and into the pericardial fluid in 0.2 ml quantities by means 
of a syringe. In the latter case it became about tenfold diluted. In some experi
ments a piece of filter paper soaked in the above substances was placed on the 
heart in such a way that these should act only on the wall of the ventricle. 
Mechanical stimuli were produced with a soft cotton-puff. Electric stimulation 
was made by means of a series of impulses (20 У, 1 msec, 100 Hz, 30 sec 
duration) provided by a square valve generator through a pair of silver electrodes.
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Results
The functional condition of adductors may be
a) lasting tonic contraction,
b) period of relaxation, ready for quick phasic activity, when periods of 

contractions and relaxations are alternating rhythmically. When recording the

F igure 1. M ethod fo r s im u ltaneous reg is tra tio n  th e  a c tiv ity  o f ad d u c to rs  an d  o f  th e  in  
situ  h e a rt . 1 =  v en tricu lu s. T he o rd e r o f  levers dow nw ards: h e a rt, an te r io r  ad d u c to r ,

p o s te rio r a d d u c to r
1. ábra. I n  s itu  kagylószív  és a  hé jm űködés egyidejű  reg isz trá ló d ásán ak  m ódszere. 
1 =  ven tricu lu s. Az írókarok  so rrend je  fe lü lrő l lefelé: szív, elülső záróizom , h á tsó  zá ró 

izom

activity of adductors separately it was observed occasionally that the posterior 
muscle displayed rhythmic activity whereas the anterior one was in the state 
of tonic contraction. In the course of investigations stimulation of the heart 
(pericardium and ventricle respectively) was carried out in both conditions of 
adductors for it was suggested that the heart would react differently in the 
two different functional conditions. 5-HT deserved special attention because 
a specific role is attributed in literature to this substance which is demonstrable 
in a considerable quantity in the heart tissue (W elsh  and Moorhead 1959).

Influence of 5-HT applied to the heart on the activity of adductors
When 5-HT in 10~4 M concentration was applied to the heart or peri

cardium respectively during the state of relaxation of adductors performing 
rhythmic activity, changes were observable both in the rhythm of valve action 
and in the degree of contractions. The effect produced on the adductors sub
sequently to the application of 5-HT took place quickly and in certain cases 
after some minutes an increase in rhythmic activity was observable (Fig. 2A ). 
This effect manifested itself in rapid contractions becoming gradually more 
pronounced and taking place in quick succession without considerable relax
ation between the single contractions. This increase in tonicity lasted until 
the adductors became contracted to such a degree which corresponds to closure.
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Subsequently t( this, gradually increasing relaxationswere observable between 
the single contractions and the adductors became in a relatively short time 
(some minutes) as relaxed as previously to the application of 5-HT, or in the 
majority of cases even more. Thus the application of 5-HT to the heart pro
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Fic/ure 2. T he  influence o f  5-H T  applied  to  th e  h e a r t  on th e  reflex  a c tiv ity  o f  an im als 
w ith  in ta c t valves. A  =  w hen app lied  th e  f irs t tim e; f i  =  th e  sam e specim en 24 hou rs 
a f te r  th e  f irs t app lica tion . 1 — reg is tra tio n  o f  card iac  ac tio n ; 2 =  reg is tra tio n  o f  th e  
a c tiv ity  o f  valve
2. ábra. A szívre a p p lik á lt 5 -H T  h a tá s a  a  záróizm ok reflexes m űködésére  ép h é jú  á lla t 
esetén . A  =  először app lik á lv a ; f i  =  ugvanaz  a  p re p a rá tu m  24 ó ra  m ú lv a  ism éte lt 
app liká lásko r; 1 =  szívm űködés reg isz trá lása ; 2 =  héjm ozgás reg isz trá lása

duced an initial increase in the tonicity of adductor which was followed by 
a considerable decrease thereof. It is most remarkable that in no occasion 
was it possible to produce the same observed effect on the same animal, not 
even in the case when the stimulus produced by 5-HT was applied again 
repeatedly after 12—24 hours subsequently to the first effect (Fig. 2B).
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Since 5-HT was applied to the heart and into the pericardial fluid, its 
direct influence on the heart manifested itself also immediately. The applied 
concentrations of 5-HT produced positive inotropic and chronotropic effects 
and increased also in most cases the tonicity of the heart. Under the given 
experimental conditions the heart — in contrast to the adductors — reacted 
to the introduction of new 5-HT solution in the same manner in all cases 
provided that sufficient time was left between the single applications for 
restoration to the previous level of activity.

When the experiments were conducted on animals with adductors isol
ated mechanically from each other and 5-HT was applied to the heart or to 
the pericardium, both adductors reacted with quick contraction to the stimu
lus produced on the heart in case the animals were in active condition i.e. in 
the state of lasting activity. Thereafter the tonicity and frequency of the pos
terior adductor increased as in the case of animals with intact valves and 
increased relaxation occurred only after 5 -  6 minutes, whereas the anterior 
adductor became to a great extent relaxed within the first minute (Fig. 3). 
I t  could be well observed that the increasing rhythmic action of the anterior 
half was always a little behind in time to the movement of the posterior 
half, i.e. the contractions and relaxations of posterior adductor preceded those 
of the anterior one.

If both adductors were in the state of tonic contraction at the applica
tion of 5-HT the first thing observed was a further increase in the tonicity 
of posterior adductor and the posterior halves became more linked up than 
usual i.e. they slid side by side in consequence to the increased abbreviation 
of muscle. Subsequently a relaxation took place followed by rhythmic activity 
of fairly high frequency and of great amplitude (Fig. 4).

Within some minutes after the moment that the posterior adductor 
began to relax the anterior adductor started also to relax. This relaxation was 
considerable and completely parallel with that of the posterior adductor, also 
on the anterior one rhythmic activity was observed. Thus, on the application 
of 5-HT to the heart the condition of tonic contraction of adductors ceased 
and a period of longer-shorter (occasionally several hours long) relaxed active 
condition took place.

In case the anterior half valve was closed completely whereas the poste
rior performed normal rhythmic activity the application of 10-4 M 5-HT to 
the heart produced an increase of rhythm in the posterior half and in 80% of 
cases opening of the anterior half occured which displayed further on a rhythmic 
activity parallel with the posterior half (Fig. 5). The moment in which the 
anterior half opened did not coincide with the change in activity of the poste
rior half occurring just after the application of 5-HT but lagged some minu
tes behind.

The effect produced on the heart directly by 5-HT well conforms to the 
results obtained in previous experiments on intact valves. The computation 
of the averages of all experimental data shows that 5-HT in the concentration 
used produced a 15.7% and/or 35.0% increase in the frequency of heartbeat and 
in amplitude respectively.

7 Tihanyi Évkönyv



F igure 3. T he  in fluence  o f  5-H T  in  case o f  la s tin g  a c t iv i ty .  A  — physio log ica l solution; В  =  5-H T . The o rd e r  o f  reco rd ings in  
th is  an d  in  th e  o th e r  figu res: 1 =  c a rd ia c  ac tion ; 2 =  a n te r io r  adductor; 3 — p o ste rio r a d d u c to r  

3, ábra, 5 -H T  h a tá s a  ta r tó s  a k tiv itá s  esetén . A  — kagylófizio lógiás o ld a t ;  В  =  б-НТ. A reg isz trá tu m o k  so rre n d je  i t t  és a  k ö v e t
kező áb rá k o n : 1 =  sz ív m ű k ö d és , 2 =  elülső záró izom , 3 =  h á tsó  záróizom
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F igure  4. T he  in fluence  o f  5 -H T  in case o f  to n ic  c o n tra c tio n  o f  the  a d d u c to r s  
4. ábra. 5-H T  h a tá s a  a  záróizm ok ta r tó s  tó nusos k o n trak c ió ja  e se tén
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F igure 5. The influence o f  5-H T  in  case o f  las tin g  to n ic  co n trac tio n  o f  th e  an te r io r
a d d u c to r

5. ábra. 5-H T  h a tá s a  az elülső záróizom  ta r tó s  tónusos k o n trak c ió ja  esetén

Influence of other chemical agents (tryptamine, acetylcholine, KCl)

With regard to the fact that tryptamine related to 5-HT chemic
ally influenced heartbeat in in vitro experiments in a similar way but to a 
lesser degree than 5-HT (Greenberg 1960), further because this agent is able 
to influence also the activity of adductors centrally (Salánki 1963) it was 
thought interesting to investigate whether it will be able when applied to 
the heart to produce by means of reflexes similar effects as 5-HT. I t was found 
that in either case, when the shell of the animal was left intact or when the 
adductors were isolated from each other tryptamine produced similar to 
5-HT an initial contraction of posterior adductor, and subsequently 
the relaxing of both posterior and anterior adductors. Nevertheless, to reach 
the same effect which was obtained by 5-HT, tryptamine had to be used at 
hundred times greater concentration, and it did not produce even then very 
explicit influence on the heart (Fig. 6).

According to published data ( P t jp p i  1963) the adductors are susceptible 
to ACh if this agent is applied to the ganglion. This agent has an inhibitory 
effect on the heart of Anodonta cygnea (Ten Cate and R eesinck 1954) and 
may presumably have, as an inhibitory mediator, an important role also 
physiologically (Sakharov and Nistratova 1963).
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F igure в. T he  influence o f  try p ta m in e  on  ad d u c to rs  be ing  in  th e  cond ition  o f  las ting
a c tiv ity

6. ábra. T ry p ta m in  h a tá s a  a  záróizm ok ta r tó s  a k tiv itá sa  esetén

If 10-4~10~2 M ACh solutions were applied to the heart or into the 
pericardiam no changes were observable in the activity or condition of the 
adductors whether they were in the state of rhythmic activity or in tonic 
contraction. I t  should be noted that the effect produced by the applied con
centrations of ACh on the heart was not remarkable either, and only a small 
decrease in amplitude was observable occasionally.

The application of KC1 to the heart produced reflex changes in the 
activity of adductors. If this agent was applied to the heart in the period 
of relaxation of adductors both the anterior and the posterior adductors 
reacted with very quick and strong contractions. The response of the posterior 
adductor was more pronounced. Lasting closure of valves (lasting tonic con
traction), however, did not take place, and after an initial increase in tonicity 
the adductors began to relax and displayed rhythmic activity. Occasionally 
the previous level of relaxation was exceeded. If  KC1 was applied in the con
dition of tonic contraction to the heart relaxation took place as on the applic
ation of 5-HT ( F ig .  7). KC1 in 0,5—4 M concentrations (highly concentrated) 
yielded strong negative inotropic and chronotropic influences on the heart and 
increased, besides, the tonicity thereof almost to a maximum level. On occa-



F igure 7. T he  e ffec t o f  KC1 in  case  o f lasting to n ic  contrac tion  o f a d d u c to r s  
7. ábra. K C l h a tá s a  a  zá ró izm o k  ta r tó s  tó n u s o s  kon trakció ja  e se tén
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sión even a systolic arrest was observed. In agreement with published data 
( J u llien  Acolat, Cardot , J oly and B r id e  1960) in situ heart was blocked 
by KC1, depending upon concentration.

Influences on the activity of adductors produced by mechanical and 
electrical stimulation of the heart

In connection with the chemical agents applied to the heart the question 
arises whether the changes in the activity of adductors are produced indeed 
only through the receptors of the heart and the pericardium, i.e. by means 
of reflexes, or one has to reckon also with the possibility that these agents may 
reach the adductors themselves by way of circulation or diffusion and influence 
them directly. For this reason it seemed important to attempt to excite the 
receptors of the heart with local stimuli as the mechanical and the 
electric one and to examine the responses of the adductors. The results 
obtained show, that if the adductors were in the condition of tonic contraction 
then the mechanical stimulation of the ventricle of the heart resulted in the 
majority of cases in relaxation after which a rhythmic activity of adductors 
followed for a longer period (Fig. 8). The tonicity of the heart increased also 
simultaneously, and occasionally the magnitude of amplitude decreased from 
time to time to the half or to one third of the original without considerable 
changes taking place in frequency. The influence of a stimulation of 10—20 sec 
duration on the heart lasted for 4—5 minutes. Relaxation of adductors was 
well discernible only after some minutes subsequently to stimulation and the 
relaxation of the posterior adductor preceded in general by some minutes 
the relaxation of the anterior one.

I t was possible to produce in many cases with the electric stimulation 
of the ventricle the opening of closed shells, i.e. the relaxation of tonically 
contracted adductors, after which their rhythmic activity was observable 
(Fig. 9). If, however, in the moment of the application of mechanical and 
electrical stimuli to the heart the adductors were in the condition of relaxation, 
a rapid contraction occurred, which was followed by other 2—3 deep con
tractions of the posterior adductor. This effect, however, was over within 
1—2 minutes and thereafter the adductors continued their previous rhythmic 
activity.

Discussion
The possibility of influencing the activity of the adductors of various 

lamellibranchiates by reflexes has been evidenced in many respects. I t is 
generally known that the exteroceptive stimuli, as the mechanical stimulation 
(touching) of mantle, of the area around the sipho and the foot results in 
the closure of valves (Pawlow 1885, Woortmann 1926, Nádort 1943). Open
ing of the valves and changes in rhythmic activity were produced by Ziks 
and Bogdanov (1956) with the mechanical stimulation of the area around 
the heart. Opposed responses of adductors were described by Woortmann 
(1926) in the course of stimulating the mantle by 0 2-rich or 0 2-deficient water 
respectively. Characteristic muscle responses were registered by Salánki 
(1961a, b) on the application of KC1 and SH-inhibitors to the margin of the 
mantle, and he succeeded to produce specific changes in the rhythmic and



F igure  8. T he  in fluence  o f th e  m echan ica l s t im u la t io n  o f the h e a r t  o n  adductors be ing  in  las tin g  to n ic  co n trac tio n  
8. ábra. A  szív m ech an ik u s^ in g erlé sén ek  h a tá s a  a ta r tó s  tó n u s o s  kon trakcióban  levő  zá ró izm o k ra
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F igure 9. T h e  in fluence  o f  e lec tric  e x c ita tio n  o f  th e  h e a r t  on  ad d u c to rs  b e in g  in  la s tin g  to n ic  con trac tion  
9. ábra. A  sz ív  e lek tro m o s ingerlésének h a tá s a  a  ta r tó s  tó n u so s k o n tra k c ió b a n  levő  záró izm okra
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periodic activity of Anodonta by various interoceptive stimuli (Salánki 1962). 
Upon the evidence of the present investigations there exists a direct, reflex 
connection between the heart as a zone of receptors and the adductors, and 
it is possible to influence the activity of the posterior and anterior adductors 
with stimuli applied to the heart.

As the results show, stimuli of relatively short duration (0.5—3 minutes) 
may produce most marked effects in the case, when the adductors are in tonic 
contraction. In the great majority of these cases the stimulation of the heart 
produces the relaxation of the adductors (opening of the valves) i.e. it induces 
the excitation of the mechanism of relaxation. If at the moment of the stimul
ation of the heart the adductors of the animal were in relaxation performing 
rhythmic activity, then on the effect of the stimulus some quick con
tractions were observable, and subsequently the adductors relaxed again. 
In some cases the degree of this relaxation was even higher (especially on the 
application of 5-HT) than previously to the stimulation, namely the mechanism 
of relaxation was more activated. In no occasion was it possible to produce 
tonic contraction by means of reflexes is, however, not out of question 
that stimuli of sufficient strength and duration applied to the heart would 
result in lasting tonic state of the adductors.

The influence produced by 5-HT is especially noteworthy, because one 
may reckon with the appearance of varying quantities of this substance in 
the heart also under physiological conditions (Welsh 1957, K oshtoyants 
1957b). This implies, that if cardiac action becomes subject to increased 5-HT 
effect in the course of its activity, it may induce by means of reflexes also the 
adductors to increased relaxation and activity. Similar influence produced 
by tryptamine is most probably attributable to the relationship between the 
chemical structures of the two agents and not to the influence of 5-HT 
metabolism, since the effect occurs shortly after the application.

The strong effect produced by KC1 might be due to the depolarization 
role of this substance in general, and is indicative of the fact that reflexes 
originating from the receptors of the heart may well be activated also by such 
non-mediator type substance.

5-HT and KC1 influenced also the rhythm of cardiac action simultaneously, 
namely exactly in the same way as in isolated preparations of the heart of 
mussels, whereas ACh which was inhibitory on isolated heart, was practically 
ineffective on the rhythm of cardiac action and in producing reflex effects 
on the adductor. I t is difficult to explain this latter, but one may refer to data 
showing that the exterior wall of the ventricle full of fluid is also in vitro 
relatively less sensitive to ACh (Floeey and Meewin 1961).

Data obtained by mechanical and electrical stimulation prove that the 
responses of the adductors are exclusively due to the excitation of the heart 
and it is beside the question that the stimulating agent may by penetrating 
through the wall of the heart reach by circulation the adductor itself and in
fluence it directly. Though the possibility for this is small even because of the 
small amounts of substances applied, nevertheless, the mechanical and electric
al stimuli applied strictly to the heart may produce further evidences for the 
assumption that the direct and local stimulation of the receptors of the heart 
are completely sufficient to induce the observed responses of adductors.

Special attention is due to the fact that whenever, almost without 
exception, it was attempted to produce by reflexes relaxation of tonically
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contracted adductors, the posterior adductor relaxed earlier than the anterior 
one. According to the assumptions in literature (Pawlow 1885) the centre 
of relaxation is located in the cerebral ganglia and the cessation of tonicity 
of both adductors is regulated from there simultaneously. This implies further 
that the relaxation of adductors should be simultaneous or rather the relaxation 
of the anterior adductor should preced that of the posterior one. The data 
obtained contradict to this assumption, and it seems more likely that the 
relaxation of posterior adductor is the function of the visceral ganglion which 
innervates also the heart. On the other hand, the late relaxation of the anterior 
adductor is explainable by the assumption that the relaxing effect arising 
from the visceral ganglion towards the posterior adductor runs simultane
ously also in the direction of the cerebral ganglia, where after proper summa
tion of stimuli it produces the delayed relaxation of the anterior adductor. 
This fact naturally does not contradict the theory that the cerebral ganglia 
may under physiological conditions play an important role in the simulta
neous, coordinated relaxation of anterior and posterior adductors. The idea, 
however, that the relaxing effect originates in case of both muscles exclusi
vely from the cerebral ganglia should be rejected.

Summary

The responses of the anterior and posterior adductors of fresh water 
mussel to various stimuli were investigated. In the course of the experiment 
chemical (5-HT,tryptamine, ACh and KC1) mechanical and electric stimuli were 
applied.

The followings were established:
1. The local stimulation of the heart produces reactions not only on the 

heart itself, but influences also simultaneously the activity of the adductors. 
The effect on the adductors manifests itself in the activation of the mechanism 
of relaxation if the adductors are in tonic contraction. If, however, the adduc
tors are in the condition of relaxation and show rhythmic activity at the applic
ation of the stimulus, then after some initial contraction' increased relaxation 
takes place or there is a return to the original rhythm. Most pronounced 
relaxing effect was observable on the application of 5-HT to the heart.

2. When the activities of the two adductors were recorded separately 
it was observed, that the relaxation of the posterior adductor took place in ge
neral earlier than that of the anterior one. This implies, in contradiction to 
published data, that the central nervous elements responsible for the relaxation 
of adductors are not exclusively located in the cerebral ganglia.

3. The area of the heart is the receptor zone of the adductors and a close 
reflex relationship exists between the heart and the adductors.
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A T A V IK A G Y L Ó  (A N O D O N T A  C Y G N E A  L .) Z Á R Ó IZ O M M Ű K Ö D É SÉ N E K  
R E F L E X E S  B EFO L Y Á SO L Á SA  S Z ÍV R E  H A TÓ  IN G E R E K K E L

összefoglalás
S a lá n k i János és P écsi T ibor

V izsgáltuk  kü lönböző ingerek  szíven való  a lka lm azása  ese tén  az elülső és há tsó  
záróizom  v álaszreakció it ta v i  kagylón . A  k ísérle tek  so rán  kém iai (5-H T, try p ta m in , ACh, 
és KC1), m echan ikai és e lek trom os ingereke t a lk a lm az tu n k . M egállap ítást n y e rt , hogy

1. A  szív lokális ingerlése nem csak  m ag án  a  szíven v á lt k i reakc ió t, h an em  eg y 
idejű leg  a  záró izom m űködést is befolyáso lja . A  záró izm okon a  h a tá s  a  relaxációs m ech a 
n izm us ak tiv á lá sáb an  ju t  kifejezésre akko r, h a  az izm ok tónusos k o n trak c ió b an  v o ltak . 
H a  az inger a lka lm azásako r a  záróizm ok e rn y ed t, r itm u so san  m űködő  á lla p o tb a n  v o ltak , 
a k k o r kezde ti n éh án y  ko n trak c ió  u tá n  ugyancsak  fo k o zo tt re lax ác ió t v ag y  az erede ti 
r itm u sra  való  v issza té rést észleltük . L egk ife jezettebb  re laxációs h a tá s  az 5-H T  szívre 
való  ap p liká lásako r v o lt m egfigyelhető .

2. A  k é t záróizom  m űködésének  egym ástó l független  reg isz trá lásak o r az v o lt 
m egfigyelhető , hogy  a  h á tsó  záróizom  ernyedése ren d sze rin t h a m a ra b b  k ezd ő d ö tt, m in t 
az  elülső záróizom é. E z  irodalm i ad a to k k a l e llen té tb en  a rra  u ta l, hogy  a  záróizm ok rela- 
x ác ió jáé rt felelős k özpon ti idegi elem ek n em  k izáró lag  a  cerebrális gang lionokban  helyez
kednek  el.

3. A  szív te rü le te  a  záróizm ok recep to rzónája , s a  k e ttő  k ö z ö tt szoros reflexes 
kapcso la t á ll fenn.

РЕФЛЕКТОРНЫЕ ИЗМЕНЕНИЯ ДЕЯТЕЛЬНОСТИ ЗАПИРАТЕЛЬНЫХ  
МЫШЦ БЕЗЗУБКИ (ANODONTA CYGNEA L.) ПРИ РАЗДРАЖ ЕНИИ СЕРДЦА

Я. Шаланки и Т. Печи

Изучались ответные реакции передней и задней запирательных мышц беззубки в 
зависимости от применения разных стимулов на её сердце. В ходе экспериментов были 
применены химические (серотонин, триптамин, ацетилхолин, хлористый калий), меха
нические и электрические раздражения. Было установлено, что

1. Местное раздражение сердца вызывает реакцию не только на самом сердце, 
но одновременно влияет и на деятельность запирательной мышцы. Эффект на запира
тельных мышцах выражается в активизации механизма расслабления, если мышцы были 
в состоянии тонического сокращения. Если в моменте раздражения запирательные мыш
цы находились в расслабленном, ритмически работающем состоянии, тогда через нес
колько начальных сокращений наблюдалось также повышение расслабления, или возоб
новление исходного ритма. Самым сильным расслабляющим эффектом обладал серотонин 
при его применении на сердце.

2. При регистрации деятельности двух запирательных мышц независимо друг от 
друга, было установлено, что расслабление задней запирательной мышцы наступает рань
ше расслабления передней запирательной мышцы. В отличии от литературных данных 
это факт указывает на то, что нервные элементы, ответствующие за расслабление запира
тельных мышц локализируются не только в церебральных ганглиях.

3. Область сердца является рецепторной зоной запирательных мышц, и между 
сердцем и запирательными мышцами существует тесная рефлекторная взаимосвязь.
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