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It has been demonstrated in earlier investigations (Kocu 1917, Woort-
MANN 1926, BUDDENBROCK 1960, PXcst and SALANKI 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 (KosaTovanTts 1957a). Several factors as the periodic and
rhythmic movement of valves (Ziks and Boepanov 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 (BRUCKE
1925) and various extero- and interoceptive stimuli are of importance in
the frequency changes of cardiac action. It 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. It was
assumed that the adductors may in the course of periodic activity influence
cardiac action also by reflexes 7.e. the visceral ganglion may when regulating
the activity of posterior adductor also inbibit or accelerate simultaneously
cardiac action (PEcst and SALANKI 1964).

In cognizance of the relationship existing between cardiac action and
the conditions of valves whether open or closed ¢.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 (SPLITTSTOSSER 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 Rabca. 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 movementofthe 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-HCI (T. Schuchardt) and
KC1 (Reanal). These agents were added in physiological solution for mussels
(Marczvnski 1959). 5-HT was applied in 10~4 m, tryptamine and acetyl-
choline in 10-4—10~2m 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 ¥, 1 msec, 100 Hz, 30 sec
duration) provided by a square valve generator through a pair ofsilver 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

Figure 1. Method for simultaneous registration the activity of adductors and of the in
situ heart. 1 = ventriculus. The order of levers downwards: heart, anterior adductor,
posterior adductor
1. abra. In situ kagyl6sziv és a héjm(ikdodés egyidejl regisztralédasanak maddszere.
1 = ventriculus. Az ir6karok sorrendje feltlrgl lefelé: sziv, elils6 zardéizom, hatsé zaré-
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 (Welsh 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. The influence of 5-HT applied to the heart on the reflex activity of animals
with intact valves. A = when applied the first time; fi = the same specimen 24 hours
after the first application. 1 — registration of cardiac action; 2 = registration of the
activity of valve

2. dbra. A szivre applikalt 5-HT hatésa a zar6izmok reflexes miikddésére ép héja allat
esetén. A = el6szor applikalva; fi = ugvanaz a preparatum 24 6ra mualva ismételt
applikalaskor; 1 = szivm(kodés regisztralasa; 2 = héjmozgéas regisztralasa

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 2.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).
It 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, 7.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 7.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~ M 5-HT to
the heart produced an increase of rhythm in the posterior half and in 809, 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 Byvkényv



Figure 3. The influence of 5-HT in case of lasting activity. A — physiological solution; B = 5-HT. The order of recordings in
this and in the other figures: 1 = cardiac action; 2 = anterior adductor; 3 — posterior adductor
3, &bra, 5-HT hatasa tartds aktivitds esetén. A — kagyléfiziolégids oldat; B = 6-HT. A regisztratumok sorrendje itt ésa kovet-
kez6 abradkon: 1 = szivmiikoédés, 2 = elilsd zaréizom, 3 = héatsé zardizom



Figure 4. The influence of 5-HT in case of tonic contraction of the adductors
4. 4dbra. 5-HT hatdsa a zardizmok tartés ténusos kontrakcidja esetén
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Figure 5. The influence of 5-HT in case of lasting tonic contraction of the anterior
adductor

5. @bra. 5-HT hatasa az eliilsé zardizom tartés ténusos kontrakci6ja esetén

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

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 (Satlanki 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. It 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 (Ptjppi 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 Reesinck 1954) and
may presumably have, as an inhibitory mediator, an important role also
physiologically (Sakharov and Nistratova 1963).
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Figure B. The influence of tryptamine on adductors being in the condition of lasting
activity

6. dbra. Tryptamin hatdsa a zar6izmok tartds aktivitdsa 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. It 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 a%ent was applied to the heart in the period
of relaxation of adductors both the anterlor 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 (Fig. 7). KClin 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-



Figure 7. The effect of KC1 in case of lasting tonic contraction of adductors
7. dbra. KCIl hatasa a zardizmok tartds tonusos kontrakci6ja esetén
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sion even a systolic arrest was observed. In agreement with published data
(Jullien Acolat, Cardot, Joly and Bride 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.

It 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. It 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, Nadort 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 2rich or 0 2deficient water
respectively. Characteristic muscle responses were registered by Salanki
(19614, 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



Figure 8. The influence of the mechanical stimulation of the heart on adductors being in lasting tonic contraction
8. dbra. A sziv mechanikus®ingerlésének hatdsa a tartés ténusos kontrakciéban levé zarb6izmokra
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Figure 9. The influence of electric excitation of the heart on adductors being in lasting tonic contraction
9. dbra. A sziv elektromos ingerlésének hatdsa a tartdés ténusos kontrakciéban levé zaréizmokra

S0T
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periodic activity of Anodonta by various interoceptive stimuli (SALANKI 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) 7.c. 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 alse under physiological conditions (WeLse 1957, KosHTOYANTS
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 KCI 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 KClinfluenced 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. It 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 (FLOREY and MERWIN 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 he 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 KCIl) 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 TAVIKAGYLO (ANODONTA CYGNEA L.) ZAROIZOMMUKODESENEK
REFLEXES BEFOLYASOLASA SZIVRE HATO INGEREKKEL

Osszefoglalas
Salanki Janos és Péesi Tibor

Vizsgaltuk kiilénbozé ingerek sziven valé alkalmazdsa esetén az eliils6 és hatsé
zdréizom vdlaszreakei6it tavi kagyléon. A kisérletek sordn kémiai (5-HT, tryptamin, ACh,
és KCI), mechanikai és elektromos ingereket alkalmaztunk. Megdallapitdst nyert, hogy

1. A sziv lokélis ingerlése nemesak magén a sziven védlt ki reakciét, hanem egy-
idejiileg a zdr6izommiikédést is befolydsolja. A zdrdizmokon a hatds a relaxdciés mecha-
nizmus aktivdldsdban jut kifejezésre akkor, ha az izmok ténusos kontrakciéban voltak.
Ha az inger alkalmazésakor a zdr6éizmok ernyedt, ritmusosan miikéd6 dllapotban voltak,
akkor kezdeti néhdny kontrakei6 utdn ugyancsak fokozott relaxdciét vagy az eredeti
ritmusra valo visszatérést észleltiikk. Legkifejezettebb relaxéciés hatds az 5-HT szivre
valé applikdldsakor volt megfigyelhetd.

2. A két zdrdizom miikodésének egymdstél fliggetlen regisztréldsakor az volt
megfigyelhetd, hogy a héts6 zdrdizom ernyedése rendszerint hamarabb kezd6dott, mint
az eliils6 zaréizomé. Ez irodalmi adatokkal ellentétben arra utal, hogy a zaréizmok rela-
ﬁégiéjééril; felel6s kozponti idegi elemek nem kizérélag a cerebrélis ganglionokban helyez-

ednek el.

3. A sziv teriilete a zédréizmok receptorzoéndja, s a kettd kozott szoros reflexes
kapesolat all fenn.

PE®JIEKTOPHBLIE UBMEHEHHWA OESATEJIbHOCTH 3AINMWPATEJIbHBIX
MBI BE33YBKM (ANODONTA CYGNEA L.) ITPM PA3JIPAYKEHWMMN CEPJILIA

1. Manauku u T. Ileun

W3yuannch OTBETHbIE PeaKUMW NepeHell M 3ajHell 3anupaTes]bHbIX Mbiul 0e33y0KH B
3aBUCUMOCTY OT TPUMEHEHUsT Pa3HBIX CTUMYJIOB Ha eé cepaue. B Xoze aKcrnepumeHTOB ObLIH
MPUMEHeHbl XUMHUUecKHe (CepOTOHHMH, TPUNTAMMH, ALETUIIXOJMH, XJIOPUCTBIA Kanuil), mexa-
HUYECKHE M AJICKTPUYCCKHE pasaparkeHHsi. BoLino ycraHoBieHo, 4to

1. MectHoe pasaparkeHue cep/iila BbI3bIBA€T peaKiMi0 HE TOJIbKO Ha CamMOM cepaue,
HO O/IHOBPEMEHHO BIIMSIET M Ha JIesITeJbHOCTb 3amMpaTesbHOH Mblmbl. d{dexT Ha sanupa-
TeJbHBIX MBILIIAX BbIPAYKAETCsl B AKTUBU3ALIMM MEXaHM3Ma paccaabJieHust, e MbIllbl ObLIM
B COCTOSIHMU TOHMUECKOTO0 cokpatienusi. Ecim B MoMeHTe pasaparkeHHsl 3anuparesibHble Mblill-
bl HAXOAWJINCH B paccialsieHHOM, PUTMHUYecKH paboTalomem COCTOSIHMM, TOT/a uepes Hec-
KOJIbKO HAauyaJbHBIX COKpalieHnil Ha0/01a10Ch TaKyKe TOBbIIeHHe pacciabiaeHns, ni Bo300-
HOBJICHUE HCXOJIHOI'0 pUT™Ma. CaMbIM CHIIbHBIM pacciadisiomum addexTom o0aia cepoTOHHH
NPU ero MpUMeHeHUH Ha cepjlle.

2. Ilpu perucrpanyu AesiTeILHOCTH JIBYX 3aNMPATEIbHBIX MBILILL HE3aBUCHMO JIPYT OT
apyra, ObljI0 YCTAHOBJIEHO, UTO paccnaﬁneﬂvfe 3a/iHell 3anupaTesbHOM MBIl HACTYTIAeT PaHb-
we pacciabiienust nepeaHed sanupaTeabHOH Mbiullbl. B OTIHYMHM OT JIMTEPATYPHBIX JAHHBIX
1O QJaKT YKasblBa€T Ha TO, YTO HEPBHBIE 3JIEMEHTBI, OTBETCTBYIOIIHE 3a paccnaﬁneﬂue 3anupa-
TEJIbHBIX MBIIIIL JIOKAJU3UPYIOTCSl HE TOJIbKO B 11epedpasibHbIX raHrJINsX.

3. Obnacrtb cepaua sIBNsieTcsl PeLENTOPHOH 30HON 3amMpaTesibHBIX MBIIIL, M MEXIY
CepJIlieM 1 3aTMpaTesIbHBIMH MBILILAMU CYIIECTBYeT TecHasl pedieKTopHAasi B3aUMOCBSI3b.
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