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The intensity of function of several internal organs is largely determined by interaction
between the sympathetic and parasympathetic nervous system, Stimulation of the sympathetic
ganglion reduces the inhibitory effect of the vagus on the heart [1, 8]. However, during weak
stimulation of the stellate ganglion accompanied by stimulation of the vagus nerve, potentia-
tion of vagus inhibition of the cardiac rhythm is observed [1, 7, 9]. Similar data also were
obtained during an investigation of the effect of different concentrations of catecholamines
and acetylcholine when applied simultaneously to the isolated frog's heart [2, 6]. The aim of
this investigation was to study the mediator nature of structures involved in the realization
of this effect.

EXPERIMENTAL METHOD

Experiments were carried out on chinchilla rabbits weighing 2.5-3 kg anesthetized with
hexobarbital (100 mg/kg, intraperitoneally) using artificial ventilation of the lungs by the
AID-3 apparatus. Altogether 40 experiments were carried out, in which separate and combined
stimulation of the right stellate ganglion and the peripheral end of the divided left vagus
nerve were applied (in all series of experiments). During combined stimulation of the nerves,
stimulation of the sympathetic ganglion began 7-15 sec after vagus nerve stimulation began,
when a stable decrease in the heart rate was established. The parameters of vagus nerve stim-
ulation were near-threshold strength, causing slowing of the heart rate by 20-30% of the spon-
taneous rhythm. The duration of vagus nerve stimulation was 40-60 sec. The stellate ganglion
was stimulated from 10-20 sec by means of an ESU-1 stimulator. The absolute arterial pressure
(in mm Hg) and the pulse pressure were recorded, so that changes in heart rate and systemic
arterial pressure could be judged. Arterial pressure was recorded in the right carotid artery
by means of an EMT-35 pressure transducer and UBP2-03 biopotentials amplifier. To evaluate
the contractile properties of the heart muscle, the impedance of the myocardium also was re-
corded by means of electrodes connected to an RG 4-01 rheograph. The recording was made on an
N3020-5 automatic ink-writing recorder., To test the mediator nature of the chronotropic ef-
fect, trimeperidine (1-2 mg/kg), promethazine (1-2 mg/kg), and chlorpromazine (0.1-1 mg/kg)
were used. All drugs were injected intravenously. The investigation comprised 10 acute ex-
periments and 30 chronic experiments. In the latter, the right vagus nerve was divided in the
neck under sterile conditions 2-3 weeks before the main part of the experiment, in order to
cause its degeneration and to prevent the action of loops of current on parasympathetic fibers
during stimulation of the right stellate ganglion.
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Fig. 1. Negative chronotropic effect during stimulation of vagus nerve (a) and
its potentiation on stimulation of right stellate ganglion (b): 1) impedance of
anterior wall of left ventricle (calibration 10 Q); 2) blood pressure (scale 1-
100 mm Hg); 3) zero line with marker of vagus nerve stimulation; 4) time marker
(1 sec) with marker of stimulation of stellate ganglion.

Fig. 2. Heart rate before beginning of nerve stimulation (1), during stimula-
tion of vagus nerve (2), and on switching on stimulation of stellate ganglion

(3) before (a) and after (b) injection of trimeperidine (1 mg/kg, intravenously),
ordinate, heart rate, beats/min.

EXPERIMENTAL RESULTS

Activation of the B-adrenoreceptors of the heart with propranolol led to the development
of the phenomenon chosen for study. In each experiment on 10 rabbits, the vagus nerve and
stellate ganglion were first stimulated separately, in order to test their functional state.
Slowing or quickening of the heart developed respectively. Propranolol was then injected and
the above nerves again stimulated in turn. The vagus nerve under these circumstances as a
rule inhibited the work of the heart, whereas the sympathetic ganglion had no effect. Com-
bined stimulation was then applied to both nerves. Initially weak stimulation was applied to
the left vagus nerve, causing a small decrease in heart rate from 166 + 8 to 130 + 4 (22%, P«<
0.05), after which stimulation was applied to the right stellate ganglion, and this caused
further slowing of the heart to 117 * 3 (10%, P < 0.05). Fragments of one experiment are il-
lustrated in Fig. 1.

It can be tentatively suggested that the probable mechanisms of this inhibitory phenome-
non are excitation of o-adrenoreceptors, which have an inhibitory influence on the heart [10],
or activation of hypothetical cholinergic neurons, connected synaptically with the pregangli-
onic sympathetic fibers of the stellate ganglion [11], or excitation of other structures, se-
rotoninergic for example.

However, the results of this series of experiments also showed that sympathetic nerve fi-
bers do not relay to intracardiac cholinergic neurons in rabbits. This is shown by the ab-
sence of inhibition of the work of the heart during isolated stimulation of the stellate gan-
glion against the background of blocking of the B-adrenoreceptors of the heart (the develop-
ment of an inhibitory effect through the spreading of loops of stimulating current to the va-
gus nerve was ruled out under these comnditions).

The view of possible participation of cardiac a-adrenoreceptors in the mechanism of this
inhibitory effect likewise was not confirmed. In experiments on 10 rabbits using dihydroergo-
toxin (0.1 mg/kg, intravenously) as a rule vagus inhibition of the cardiac rhythm was poten-
tiated initially by the sympathetic nerve against the background of the action of propranolol.
The animal was then given dihydroergotoxin, which blocks a-adrenoreceptors and, against this
background, the left vagus nerve was again stimulated, evoking slowing of the heart rate (in this
series from 98 + 2 to 65 + 1; 33%; P < 0.05), and the right stellate ganglion also was stimu-
lated. As a2 rule this led to additional slowing of the heart to 59 + 1 (9%; P < 0.05). Dur-
ing blockage of B- and a-adrenoreceptors potentiation of the inhibitory effect of the vagus
by the sympathetic nerve was thus also observed.
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The possibility that serotoninergic structures may participate in the mechanism of the
inhibitory phenomenon was studied in the experiments of series III, on 10 rabbits, using tri-
meperidine, which blocks M-serotonin receptors of ganglionic structures [4, 5], Potentiation
of vagus inhibition of the work of the heart by the sympathetic nerve under these conditions
was not observed. These facts are evidence of the participation of M-serotoninergic receptors
of intracardiac ganglia in the mechanism of the inhibitory phenomenon (Fig. 2).

The serotoninergic nature of potentiation of vagus inhibition of the work of the heart by
the sympathetic nerve was confirmed, in our opinion, by the results of the last series (IV) of
experiments, undertaken on 20 rabbits with the use of chlorpromazine (10 experiments) and pro-
methazine (pipolfen) (10 experiments), which are known to block D-serotoninergic tissue recep-
tors [3-5]. 1In the present series of experiments, addition of stimulation of the stellate gan-
glion to vagus nerve stimulation, against the background of injection of propranclol, as a
rule caused additional slowing of the heart from 91 +'1 to 81 + 2 (11%; P < 0.01), which was
blocked by administration of chlorpromazine or promethazine to the experimental animal.

It can be postulated on the basis of the results of these experiments that serotoninergic
intramural neurons with specific M-serotonin receptors and D-serotoninergic receptors on myo-
cardiocyte membranes participate in the mechanism of potentiation of vagus inhibition of the
cardiac rhythm by the sympathetic nerve. The presence of this serotoninergic link, which the
writers postulate, in the chain of interactions between sympathetic and parasympathetic nerves
expands the functional possibilities for realization of their effects on the animal heart.
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