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In the molluscan hearts the transmitter role of 5-hydroxytryptamine
(5HT) was verified by morphological, physiological and biochemical data
(WELsH, 1957; WELSH and MOORHEAD, 1960; DAHL et al., 1962; KERKUT
and CoTTRELL, 1963; S.-R6zsA and GRAUL, 1964). In Gastropods the liberation
and reaccumulation of 5HT in the heart nerve (S.-R6zsA and PERENYI, 1966;
Tax1 and GAUTRON, 1969) were also proved.

Investigations concerning the membrane effect of 5HT were started only
in recent years (Kiss and S.-Roézsa, 1972; S.-Rézsa et al.,, 1973; WILKENS
and GREENBERG, 1973; HiLL, 1974), and the data refer to varying effects in
the heart of the different species of Molluscs. In the central nervous system
of Gastropoda no less than six sites of action are known for 5HT (GERSCHEN-
FeLp and PavuparpiN-TrITsCH, 1974 a, b), connected with the regulation
of permeability for different ions. On the heart membrane of Heliz pomatia
our earlier results proved the biphasic action of 5HT (Kiss and S.-R6zsa, 1972)
and called attention to the possibility of different ion-dependence of this effect
(S.-Rézsa et al., 1973). The present investigations aimed at further analyzing
the ion-dependence of the membrane effect of 5HT and the pharmacological
description of the sites of its action. The investigations also included the anal-
ysis of the evoked potentials besides the previously studied spontaneous action
potentials.

Material and method

The experiments were carried out on the isolated ventricle of Helix
pomatia L. The spontaneous electrical activity was registered by using micro-
electrodes filled with 3 M KCl, their resistance being 5—15 MOhm.

The electrotonic potentials were produced by extracellular stimulation
of the heart by using suction electrodes and applying square wave impulses
of 1078 A amplitude and 1 sec duration. The way of stimulation was described
in detail elsewhere (K1ss and S.-Rézsa, 1975).

The isolated heart was kept in a chamber of 0.5 ¢cm?® under permanent
perfusion with physiological solution. The perfusion was stopped when the
investigated substances were applied. The drugs were dissolved in physio-
logical solutions or in the required ion-free medium. The components of the
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of the electrotonic potentials by 5—10 per cent, so that 5HT caused biphasic
effect on the electrotonic potentials, too. The demonstrated relation was dose-

dependent.
2. The ion-dependence of the effect of SHT

Both Ca?* and Na* dependences were found in the effect of 5HT in our
earlier experiments (S.-R6zsa et al., 1973). This ion-dependence was studied
in detail and the participation of Cl~ ions in the effect of 5HT was ascertained.

Cl--free solution:Theamplitude and frequency of the spontane-
ous activity was not influenced in Cl-free medium substituted by propionate,
however, the duration of the action potentials was slightly shortened (Fig.
3B, B’). The spontaneous activity was not eliminated in Cl-free solution but
the amplitude of the electrotonic potentials rose indicating a decrease in
membrane conductance. The membrane was hyperpolarized by several milli-
volts. In Cl-free solution 5HT increased the amplitude and the duration of
the retarded repolarization, while the frequency of the spontaneous action
potentials was decreased. However, the decrease in frequency (Fig. 3C ) under
the influence of 5HT in Cl-solution was lower than the same in the control
medium. In Cl-free solution the rate of rise of the action potentials remained
unchanged compared to the control (Fig. 3C’), nevertheless, the positive
afterpotential disappeared. In Cl-free solution 5HT increased the amplitude
of the electrotonic potentials to a greater degree than the same in the normal
physiological solution (Fig. 4B). The average value of decrease in the con-
ductivity of the surface membrane was 64 per cent.

Comparing the second and fourth photographs in Fig. 44, it becomes
evident that the positive afterpotential on electrotonic potentials is elimina-
ted in the Cl-free solution. It means that this hyperpolarization wave is di-
rectly connected with the Cl-ions.

Na-free solution: It has been published previously that in
choline chloride substituted Na-free solution the spontaneous activity was
inhibited a few minutes after the exchange of the physiological solution
(S.-R6zsA et al., 1973). The membrane is hyperpolarized by approximately
20 per cent in Na-free medium. In Na-deprivation 5HT renewed the generation
of the potential. In Na-free solution 5HT failed to form the characteristic
retarded repolarization but the positive afterpotential was present. The
amplitude and the frequency of the action potentials were lower than the
control value.

In Na-free solution the conductivity of the membrane lowered simultane-
ously with the stopping of the spontaneous activity, but upon stimulation
AP was elicited, though its amplitude was lower than the control (Fig. 54,
2nd photo). In Na-free solution 5HT reduced by 25 per cent the conductivity
of the membrane. In this case the 5HT effect in normal physiological solution
was taken as control. In Fig. 5B one of the typical experiments can be seen
where at control conditions 5HT (10~% M) increased, while at Na-free solution
decreased the conductivity of the membrane. This effect emphasizes the
necessity of Na-ions for 5HT action on the surface membrane of heart muscle
cells. In Na-deprivation only a gradual rise in the action potentials was observed
and it was not compensated by 5HT (Fig. 54 ). On the evoked action poten-
tials it can also be seen that in Na-free medium the characteristic retarded
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J(1084) -5 -4 -3 =2 )
1-control
2-Na-free
3-5-HT 108M

4-Na-frees5-HT 10-6M

Fig. 5. A — changes in the electrotonic potentials and evoked action potentials in
Na-free solution containing 5HT. B — changes in the conductivity of the membrane

1-control
2-Ca-free+EDTA
3-Ca-free+EDTA+5-HT 10-5M

Fig. 6. A — changes in the electrotonic potentials and evoked action potentials in
Ca-free medium containing 56HT. B — changes in the conductivity of the membranes
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repolarization produced by 5HT is submitted to changes compared to the
control (Fig. 54, 4).

Cafree solution: According to our earlier data (Kiss and
S.-Roézsa, 1972), the generation of the spontaneous action potentials was
stopped at 30 —100 min in Ca-free solution, the process was accelerated by
EDTA. In Ca-free medium 5HT caused temporal potential generation (S.-
Roézsa et al., 1973). Detailed analysis of this phenomenon showed that in
Ca-deprivation, in the presence of EDTA, the potentials were only local with-
out a steeply rising phase. The retarded oscillatory fluctuation may be regarded
as a repolarization phase. In Ca-free solution the stimulation led, though not
in all the cases, to the potential generation and the same is true when adding
5HT (Fig. 6, photographs 2 and 3). In Ca-free solution with 3mM EDTA
the inward resistance of the membrane was decreased then after adding 5HT
it increased compared to the control. In this case also the effect of 5HT was
taken in normal physiological solution as control (Fig. 6B).

3. The membrane effect of BOL-148 and methysergide and their influences on
the action of SHT

BOL-148 from the beginning of concentration 10=% M influenced the
surface membrane of the heart. At low concentrations it increased the fre-
quency, amplitude and rate of rise of the spontaneous action potentials, but
from 10~¢ M it began to inhibit these parameters (Fig. 7D, F). At a high
concentration (10~* M) it mostly stopped the generation of the spontaneous
action potentials.

The membrane potential was affected by BOL-148 similarly to 5HT
but with an oposite sign (Fig. 1C'). At low concentrations (10~8-10-7 M)
BOL-148 caused hyperpolarization, while in high concentrations (10-5—
10-3 M) it depolarized the membrane. The turning-point was around 106 M.

The effect of 5HT was well antagonized by BOL-148. In Fig. 9 the
control (photograph D) and the simultaneous effect of 5HT and BOL-148 at
a concentration of 10=¢ M (E and F photographs) are demonstrated. The
mutual effect of 5HT and BOL-148 is shown by two (Fig. 9E) and five
(Fig. 9F) minutes after their application. In comparison with the control
neither the amplitude nor the frequency of the spontaneous action potentials
were changed. The shape of the action potentials has altered to a certain
degree. During a simultaneous application of 5HT and BOL-148 (1.5 x 10~ M)
the membrane was hyperpolarized by 6-8 mV.

Methysergide from 10-% M increased the frequency of spontaneous
activity. From 10~% M it altered the shape of the spontaneous action potentials
without influencing the amplitude, then at high concentrations it evoked the
postsynaptic potentials (Fig. 8G). It hyperpolarized the membrane in a dose-
dependent manner (Fig. 1B). Methysergide did not stop the spontaneous
activity, on the contrary, from time to time, it made beat the quiescent
hearts.

The simultaneous effect of 5HT and methysergide at 10=¢ M is shown
in Fig. 94, B, C. Disregarding the slight increase in frequency no significant
changes were observed as compared to the control. The 5HT effect was elimi-
nated by methysergide. In this case too the postsynaptic potentials appeared
upon the influence of methysergide (Fig. 9B). The simultaneous effect of

5*
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Fig. 8. A—control. B — and C — effect of methylsergide (10~ 8M) at S8th and 14th

min of its application. D, E and F — effect of methylsergide at 4th, 10th and 21st min of

its application. G and H — effect of methylsergide (10~4 M) at 9th and 15th min of its
application. Horizontal mark is 5 sec, vertical mark is 20 mV

and Ca-dependence on the Helix heart, too. Studying the 5HT effect on electro-
tonic potentials, its definite influence on the membrane resistance was proved
which appeared as an increase or a decrease in the conductivity for one or
several ions. The decrease in membrane resistance under the influence of 5HT
was also found on the retractor and heart muscles of Modiolus (HIDAKA et
al., 1967; IrisawA et al., 1973), while on the Mytilus heart, the membrane
resistance was not affected by 5HT. Using ion-free solutions, the role of Na-,
Ca- and Cl-ions was verified in the realization of 5HT effect. The positive
afterpotentials appearing under 5HT application proved to be Cl-dependent.
The membrane hyperpolarization elicited by 5HT can also be regarded as
a result of the increase in Cl-conductivity similarly to one of the 5HT effects
found in Gastropod neurones (GERSCHENFELD, 1971). On the hearts of dif-
ferent Mytilus species in the 5HT effect a K-dependent phase was also found
participating in the hyperpolarization (Irisawa et al., 1973).

The depolarization caused by 5HT may be explained with an increased
conductivity for the Na-ions in the membrane like in the A-response of 5HT
at the neurones (GERSCHENFELD, 1973), but the role of Ca- and K-permeability
changes should not be excluded either.

In the plateau phase formed by 5HT, both Na- and Ca-ions may par-
ticipate. In Na-deprivation the shortening of the retarded repolarization period
by 5HT may be related not only to the retarded inactivation of Na-permeability
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