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Neurones responding to the stimulation of the chemoreceptors of the
heart were mapped using the method worked out previously on Heliz brain
(SAkHAROV and SALANKI, 1969). Part of these neurones were identical with
cells responding to tactile stimulation (S.-R6zsA and SALANKI, 1973).

Experiments were performed in autumn and winter at room temperature
(20°—22 °C).

Results

Altogether 31 neurones from the visceral and right parietal ganglia
of 19 preparations were investigated. Some of the cells could be identified in
different preparations due to their constant localization. The numbering and
location of the different neurones responding to the stimulation of the heart
chemoreceptors with 5HT are shown in Fig. 2.

Most of the cells performed spontaneous activity during experiments,
being the generation of action potentials endogenous (pacemaker cells) or
evoked by synaptic potentials (driven cells). Several ‘“‘silent neurones” were
also investigated.

Fig. 2. Localization and reaction type of neurones responding to the stimulation of the
heart with 56HT.

— increase of activity,
— decrease of activity,

— biphasical reaction,

Q0 ®

— no reaction
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The characteristics of the afferent impulsation running from the heart
to the CNS through the intestinal nerve were described previously (S.-R6zsa,
1972). In the present experiments both the stimulation and the recorded
extracellular potentials were identical to that what was found earlier. All the
neurones responding to the chemical stimulation of the heart were tested
whether they give a response to the tactile stimulation of the heart or not.

1. Central neurones responding to the stimulation of the heart chemoreceptors

a) Neurones responding with the decrease of the
activity

Five neurones have been found whose activity decreased due to the
intracardially administered 5HT. These were V7, V14, V18, V19 and RPa8
neurones. The increased afferent impulsation recorded from the intestinal
nerve was followed by the frequency decrease and further by elimination of
the spike generation of the neurone recorded with intracellular electrode.
As a rule, IPSP-s could not be recorded from the cell, and release from in-
hibition was not followed by increased activity. As it is shown in Fig. 3
the perfusion of the heart with 5HT caused inhibition in the activity of neurone
V17, and after wash out the control frequency returned only gradually. No
IPSP-s were registered from cell V7 during heart stimulation, however,
following two or three depolarizations and hyperpolarizations characteristic
inhibitory potentials appeared, referring to the presence of synaptic influences
on the cell. This fact gives a basis to suppose that inhibition occurring after
increased afferent impulzation could be also the result of synaptic bombard-
ment, however, for some reason this could not be recorded from the soma.

|200uv

[30mv

1sec

Fig. 3. Reaction of neurone V7 to the chemical stimulation of the heart. A — control;

B and C — effect of stimulation. Here and in the following Figs: upper — extracellular

recording from the heart nerve; lower: intracellular recording from the soma of the
neurone
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b) Neurones responding with the increase of the
activity

Due to 5HT stimulation of the heart the activity of the neurones V183,
V16 and RPa9 increased. This was preceded by the increased afferent impuls-
ation recorded from the intestinal nerve (Fig. 4). The increased activity of
the neurones was observed until the elimination of the serotonin from the heart
and the returning of the control activity of the intestinal nerve.

| 200.v
|30mV

1sec

Fig. 4. Response of neurone V16 to the chemical stimulation of the heart. A — control;
B and C — effect of continuous stimulation

Furthermore the activity of cell V13 was in close correlation with one

of the components recorded from the heart nerve (Fig. 5). As the intracellular
spikes preceded the extracellular potentials, these latter can be considered
as efferent impulses originating from the neurone and running towards the
heart. This supposition is supported by the findings that the close correlation
of the two signals could be observed also at the depolarization of the neurone
(Fig. 6). :
Figure 5 shows that the chemoreceptors of the heart become active
to 5HT not instantaneously, but there is at the beginning only a week sig-
nalization (Fig. 6B). Also the elimination of the effect of the 5HT and the
decrease of the activity of the intestinal nerve take place gradually. The activity
of cell V13 remains enhanced until the activity of the intestinal nerve is higher
than that of the control (Fig. 5E, F).

No EPSP-s could be registered from neurones responding to the heart
stimulation with the increase of the spike generation.

7*
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Fig. 5. Response of cell V13 to the chemical stimulation of the heart. A and B — control

and beginning of stimulation; C — and D — during stimulation after 1 min; E and F —

end of wash out after 3 min. It can be seen that the intracellular spike is followed by an
extracellular one in each case

Fig. 6. Response of cell 13 to depolarization of the soma membrane. Note the correlatlon
between the intra- and extracellular components
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¢) Neurones with biphasical response

There were cells responding biphasically to the chemo-stimulation of
the heart. The frequency of the activity of cells V12, V17 and RPa6 increased
at the beginning, than it decreased. The reaction of neurone V17 is demonstr-
ated in Fig. 7. It can be seen that after perfusing the heart with 5HT both
the amplitude and the frequency of the afferent impulsation increased and
following this, the frequency of the action potentials recorded from neurone
V17 was nearly doubled (Fig. 7B). However, after 2 min. the activity of the

Al

ST RS RTOTIB R YT W W P
B
e
D
100V
E Y
1sec

Fig. 7. Response of cell V17 to the stimulation of the heart with 5HT. A — control;
B, C and D — continuous stimulation of the chemoreceptors; E — after washing

neurone was inhibited while first depolarization, than hyperpolarization
occurred, and at the same time the frequency of the extracellular potentials
with high amplitude was decreased (Fig. 7C'). Recovering from the phase of
inhibition the cell is more active than was in the control state (Fig. 7D),
while after elimination of the 5HT it produced a lower activity compared
to the control (Fig. 7E ). This type of reaction was very characteristic to this
neurone and could be evoked repeatedly with very similar time curves in each
case. -

Cell V12 responds similarly to V17 (Fig. 8§), however, in this case the
increase of the activity is only of short duration after heart stimulation (Fig.
8B), and alteration of frequency increase and decrease was observed. This
type of potential generation, resembling to a bimodal, bursting activity was
observed also during the wash out of serotonin (Fig. 8£,F). In some cases
during the inhibitory phase IPSP-s were observed causing probably the in-
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Fig. 8. Response of neurone V12 to heart stimulation. A — control; B, C and D — effect
of stimulation; E — during wash out after 2 min; F — after 5 min. Note the synchronous
extracellular potential following the intracellular spikes

hibition of the spike generation. In case of cell V12 also a close correlation
was found between the intracellular spikes and a given extracellular potential
type.

The initial increase of activity was followed by inhibition of the potential
generation in case of the RPa6 neurone, too. The spikes of the cell could not be
recorded in the extracellular registration from the heart nerve, nevertheless,
the general impulzation of this nerve was lowered during the phase of inhibiton
of the cell activity. This means that the RPa6 neurone is connected not to a
particular axon in the heart nerve, but with several other neurones, sending
their axon into this nerve. The generation of potentials in this neurone was
clearly of synaptic origin driven by EPSP-s.

d) Effect of tactile stimulation of the heart on
neurones giving reaction to chemo-stimulation

The reactions of neurones to chemical and tactile stimulation of the heart
were compared in order to clear up the specificity of the central representation
of the effect evoked with stimulation of different types. Table I summarizes
the results.
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TABLE I

Response of identified central neurones to the chemical and
tactile stimulation of the heart

Reaction to chemical | Reaction to tactile
Neurone stimulus stimulus
V7 — —_
V8 0 —
vi2 +— +
V13 -+ —
Vi4 — 0
V16 -+ -
V17 + e + g
V18 - +
V19 — —
RPab +,— —
RPa8 —_ L
RPa9 - —

-}-: increase of activity
—: decrease of activity
0: no effect

As can be seen, there were only two neurones responding only to one sort
of stimulation. Cell V8 gave reaction only to tactile, while cell V14 to chemical
stimulation of the heart. Cells V13, V18 and RPa9 gave antagonistic reaction
to the chemical and tactile stimulation of the heart: V13 and RPa9 neurones
became stimulated at chemical, and were inhibited at tactile stimulation.
Cell V18 gave reversed response. Biphasic reaction was observed in the case
of cell V17 to both types of stimulation, while cell V12 and RPa6 responded
biphasically to chemo-stimulation of the heart. In these cases acceleration
was the first phase, followed by a decrease and again by an increase of the spike
generation.

Tactile stimulation caused on cell V12 only stimulation while on cell
RPa6 only inhibition, however, one must take into consideration that the
duration of the tactile stimulus is comparatively short, while chemical sti-
mulation is long. Cells V7, V19 and RPa8 were inhibited and cell V16 was
stimulated both at tactile and chemical stimulation of the heart.

e) Postsynaptic potentials on the central neurones
at the stimulation of heart receptors

From the soma of neurones connected with heart receptors postsynaptic
potentials could be registered only rarely. Cell RPa6 was the single neurone
where EPSP-s were recorded in control conditions and from cell V7 could
be recorded IPSP-s after repeated de- and hyperpolarization.

In two cells, however, where the effects of tactile and chemical stimulation
were antagonistic, PSP-s occurred, and the effect was realized clearly through
PSP-s. In cell V12 after chemo-stimulation of the heart depolarization took
place at the beginning, without noticeable PSP-s. However, in the second
phase the inhibition took place with the appearance of TPSP-s (Fig. 9). On
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