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Abstract
Introduction: Cardiac pacing is indicated for sick sinus syndrome. It is performed with a pacemaker via electrodes 
implanted in the heart. This technique has several disadvantages. The search for alternative methods of cardiac pacing 
is underway. One of them is control of heart rhythm through stimulation of the tragus.

Objective: To perform the reflex stimulation of the sinoatrial node and to study the influence of the SS-68 substance on it.

Materials and methods: Two electrodes were fixed in the reflexogenic zone of rabbits’ auricles, volleys of electrical 
impulses from an electrical stimulator were applied to the electrodes, and the synchronization range of volley frequency 
and cardiac contractions was recorded. This range was re-recorded again after injecting the SS-68 substance (2-phe-
nyl-1-(3-pyrrolidine-1-cyclopropyl)-1H-indole hydrochloride) intravenously at a dose of 50 µg/kg. In other experi-
ments on frogs in a high-frequency electromagnetic field, the process of excitation of the area of the medulla oblongata 
associated with the heart rhythm was visualized. After the application of SS-68 (50 μM) to the surface of this zone, the 
process of its excitation was recorded.

Results and discussion: Stimulation of the auricular reflexogenic zone of rabbits produced a synchronization of volley 
frequency and heart rate in the range from 173.5 ± 2.0 to 214.0 ± 1.8 per minute. SS-68 extended this range from 168.2 
± 1.9 to 219.4 ± 1.5 per minute. In the frog’s medulla oblongata, an area synchronous to the heart rhythm glowed in the 
high-frequency electromagnetic field. SS-68 increased the area of glow by 131.0%.

Conclusion: The substance SS-68 increases the frequency range of heart rhythm control by activating reflex stimulation of 
the sinoatrial node. The main point of application of SS-68 is the medulla oblongata. Glow in the high-frequency electro-
magnetic field reflects the process of neuron excitation. The increase in the glow zone under the influence of SS-68 indicates 
synchronously excited neurons, which leads to the assimilation of the central heart rhythm generation by the sinoatrial node.
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Introduction

One of the problems of modern cardiology is cardiac pacing, 
which becomes necessary in case of sinus node dysfuncti-
on, or sick sinus syndrome, often resulting in alternating pa-
roxysms of atrial fibrillation. The latter can be complicated 
by cardiogenic thromboembolism, stroke (Gardarsdottir et 
al. 2018; Nechepurenko et al. 2020), and sinus bradycar-
dia – “brady-tachy syndrome” (Bektas and Soyuncu 2016; 
Brandt et al. 2017; Bougioukas et al. 2017; Jackson et al. 
2017; Zhou et al. 2017). The generally accepted technique 
of cardiac pacing, along with the advantages, has several 
disadvantages, particularly, pacing ventricular premature 
beats, supraventricular tachycardia, endless loop tachycar-
dia, and pacemaker syndrome in case of certain myocardial 
functional conditions, and the use of dual-chamber pace-
maker. In addition, the widespread use of modern pacema-
kers in cardiology practice – dual-chamber, biventricular, 
frequency-adaptive, and anti-tachycardia – causes difficul-
ties for attending physicians in interpreting electrocardio-
graphic parameters and programming these devices when 
implanting them in patients with sick sinus syndrome. Alt-
hough sick sinus syndrome is often a reason for installing a 
pacemaker, constant stimulation of the sinoatrial node in the 
corresponding category of patients does not continuously 
improve their survival rate, even though bradycardic mani-
festations are not detected (Revishvili et al. 2017).

Another way to stop cardiac rhythm disturbance in 
sick sinus syndrome is vagus nerve stimulation. Detec-
tion of volleys of electrical impulses in the efferent car-
diac neurons of the medulla oblongata, synchronous with 
the heart rhythm, and in the efferent cardiac fibers of the 
vagus nerve prompted the development of the method of 
heart rhythm control by stimulation of the peripheral end 
of the cut vagus nerve by volleys of electrical impulses. 
As a result, the phenomenon of heart rhythm control was 
discovered, manifested by bradycardia, vagus-cardiac 
synchronization in a specific frequency range, and a par-
adoxical increase in the heart rhythm, when a higher fre-
quency of volleys applied to the nerve, i.e. more intensive 
stimulation, causes a relative increase in the heart rhythm, 
rather than its fall (Pokrovsky 2007; Sitdikov et al. 2016).

Vagus-cardiac synchronization involves the applica-
tion of a volley of electrical impulses to the peripheral 
end of the cut vagus nerve of the animal, which causes a 
cardiac contraction. Changing the frequency of volleys in 
a specific frequency range induces synchronous chang-
es in the heart rate, which allows the control of the heart 
rhythm. However, due to the transection of the vagus 
nerve and irritation of all its fibers, this technique is not 
acceptable for humans.

To reduce the time of atrial fibrillation paroxysms in pa-
tients, percutaneous stimulation of the vagus nerve branch 
in the region of the tragus can be used (Syrovnev et al. 
2017). This was confirmed by the marker of sympathetic 
nervous system activity – neuropeptide Y (Stavrakis et al. 
2020a, 2020b).

The outer ear is the only place where the vagus nerve 
has its peripheral branch, which forms a cutaneous receptor 
field in the auricle. This field is receptive to external stim-
uli in terms of peripheral nerve stimulation; in particular, it 
provides easy external access through electrical stimulation 
of the auricular branch, and directly connects the applied 
stimuli to the brain stem. The latter mediates entry to high-
er brain regions through extensive projections to second- 
and third-order neurons in the brain. The auricle, especially 
its nerve endings, is a robust direct gateway for modulating 
various brain functions, offering the most accessible non-
invasive manipulations of the central nervous system. The 
auricular branch leaves the cervical vagus nerve at the level 
of the jugular ganglion, where the sensory ganglion neu-
rons have their bodies, just outside the skull. The endings 
of the auricular branch of the vagus nerve (ramus auricula-
ris nervi vagi) provide sensory innervation of some regions 
of the outer ear. In addition to these, the ear contains the 
endings of non-vagal cervical and cranial nerves, such as 
the great auricular nerve – nervus auricularis magnus, lo-
cated in the earlobe, the auriculotemporal nerve (a branch 
of the trigeminal nerve located in the spinal column), and 
the lesser occipital nerve – nervus occipitalis minor. An-
atomically, all nerve fibers in the auricle lie between the 
auricular cartilage and the skin at a depth of 1–1.5 mm. 
Stimulation of the auricular branch of the vagus nerve en-
gages the sensory fibers and thus projects the sensory input 
into the brainstem in terms of neuromodulation, forming 
the so-called auriculovagal afferent pathway.

Consequently, since the autonomic nervous system, 
consisting of sympathetic and parasympathetic branches, 
regulates the systemic parameters of cardiovascular, res-
piratory, and immunological functions to remain within 
their homeostatic limits, the auricular branch of the vagus 
nerve modulates the parasympathetic atrial branch, the 
effects of which may be of a systemic nature. Systemic 
effects affect several physiological functions and do not 
target a specific organ or isolated function. So, various 
physiological effects can be expected with stimulation of 
the auricular branch of the vagus nerve. Stimulation of 
this branch can be considered a peripheral, non-pharma-
cological, and least invasive neuromodulation method, 
changing the perception of signals in the central nervous 
system, activating reflex pathways, using brain plastici-
ty for various therapeutic purposes, and, thus, affecting 
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a variety of brain areas. Functional magnetic resonance 
imaging has shown specific modulation of different brain 
structures, including its trunk and nuclei, the spinal nucle-
us of the trigeminal nerve, which are mainly connected 
with higher-order relays, afferent (visceral and somatic) 
pathways and networks, after stimulation of the auricu-
lar branch of the vagus nerve. However, the latter only 
produces a heart rhythm decrease (Kaniusas et al. 2019).

Objective of the study: to carry out reflex stimulation 
of the sinoatrial node and reveal the influence of SS-68 
substance on it.

Materials and methods
Animals and experimental design

When conducting the experiments, the requirements of the 
Russian Federation Law “On the Protection of Animals 
From Cruel Treatment: of 24.06.1998, Rules of Laborato-
ry Practice for Preclinical Studies in the Russian Federa-
tion (GOST 3 51000.3-96 and GOST R 53434-2009), the 
provisions of the Helsinki Declaration of the World Medi-
cal Association on the Humane Treatment of Laboratory 
Animals (Report of the AVMA Panel on Euthanasia JAV-
MA 2001), the European Society Directive (86/609 EC), 
the rules of International Recommendations of the Euro-
pean Convention for the Protection of Vertebrate Animals 
Used in Experimental Research (1997), and the rules of 
Laboratory Practice adopted in Russia (MHRP Order № 
708 of 29.08.2010) were taken into account. Permission 
to perform the experiments was obtained from the Ethical 
Committee of Kuban State Medical University.

The first series of experiments was performed on 
non-narcotized 15 male chinchilla rabbits weighing 2.5–
2.7 kg. The animals were fixed in a machine in a head-
down position. An electrocardiogram in standard lead I 
was recorded on a computer cardiograph, and the initial 
heart rate was determined. Two-needle hook electrodes 
were fixed in the reflexogenic zone of the right auricle. 
The marked area was stimulated by volleys of 4 electric 
impulses of 2 ms duration and 80 Hz frequency by a uni-
versal electro stimulator (ESU-1, Russia) and an insu-
lating block, after which synchronization of stimulation 
frequency and heart rate was determined in a specific 
frequency range of heart contractions per minute. After 
recording the initial synchronization parameters, the ani-
mals were injected intravenously (into the marginal vein 
of the left ear) with the SS-68 substance (hydrochloride 
2-phenyl-1-(3-pyrrolidine-1-cyclopropyl)-1H-indole) 
synthesized in the Southern Federal University, Rostov-
on-Don, in a dose of 50 µg/kg. In the control experiments, 
we used intravenous injection water in volumes equiva-
lent to SS-68, 0.25% lidocaine solution (0.5 ml intrader-
mally in the reflexogenic zone of the auricle), and sodium 
thiopental (40 mg/kg intraperitoneally).

The second series of experiments was performed on 30 
lake frogs, Rana ridibunda, which were immobilized by 

destroying the spinal cord with a metal probe inserted into 
the spinal canal. The frogs were fixed with their abdo-
mens downward. A trapezoidal skin incision was made on 
the head, and the cranium was opened. Above the medulla 
oblongata, the scanner of the KELSI device (ELSIS, St. 
Petersburg) was placed over the frog’s medulla, creating a 
high-frequency electric field (1024 Hz). A 64-second vid-
eo film was shot with a scanner TV camera, during which 
the area of luminescence in the area of the medulla oblon-
gata associated with the heart rhythm was visualized. The 
flow-chart of the setup is shown in Fig. 1.

The video film was divided into frames by a computer 
program, in which the areas of luminescence zones of dif-
ferent brightness and wavelengths were determined. After 
recording the areas of luminescence in the initial state, 
SS-68 (50 μM) was applied to the surface of the medul-
la oblongata, and the area of luminescence was recorded 
again 15 minutes later. Injection water in volumes equiv-
alent to those of SS-68 was used as a control.

Statistical analysis

A statistical analysis of the results was performed using 
STATISTICA 10 software, using Student’s t-test. The dif-
ference between the mean values was considered reliable 
at p < 0.05.

Results and discussion

The initial heart rate in rabbits was 201.2 ± 3.3 per minu-
te. When the reflexogenic zone of the auricle was stimu-
lated with volleys of electrical impulses in the frequency 

Figure 1. Flow-chart of the setup for registration of the glow 
focus in the frog medulla. Note: 1 – KELSI device; 2 – electrode 
for electrocardiogram; 3 – KELSI control unit; 4 – monitor; 5 – 
frog medulla; 6 – computer electrocardiograph.

https://pubchem.ncbi.nlm.nih.gov/compound/Lidocaine
https://pubchem.ncbi.nlm.nih.gov/compound/Thiopental-sodium
https://pubchem.ncbi.nlm.nih.gov/compound/Thiopental-sodium
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range of 173.5 ± 2.0 to 214.0 ± 1.8 of heart contractions 
per minute, synchronization of stimulation frequency 
and heart contractions was observed. For each volley 
of impulses applied to the reflexogenic zone, the heart 
responded with one contraction. Variation of stimula-
tion frequency led to the synchronous change of heart 
contractions, thus creating an opportunity to control the 
heart rhythm.

In the control studies, moving the stimulating elec-
trodes outside the reflexogenic zone of the auricle result-
ed in the disappearance of synchronization. The latter 
also disappeared during infiltration of the skin of the re-
flexogenic zone with lidocaine. In addition, the range of 
synchronization sharply decreased in anesthetized (with 
thiopental sodium) animals. These facts indicate the re-
flexogenic nature of synchronization.

Intravenous administration of SS-68 resulted in a wid-
ening of the synchronization range, from 168.2 ± 1.9 to 
219.4 ± 1.5 heartbeats per minute, whereas in the control 
studies, injected water did not cause this phenomenon.

Since the synchronization effect in the experiments 
on rabbits was reflexive, and SS-68 substance increased 
the synchronization range of stimulation frequency of the 
auricular reflexogenic zone and heart contractions, the 
experiments were performed on frogs to visualize neural 
activity in the areas of the medulla oblongata, the activity 
of which is associated with the heart rhythm (Fig. 2).

The focus of glow periodically appeared and disap-
peared before the V wave, which reflected the excitation 
of the venous sinus. Such dynamics served as a basis for 
the assumption that the glow focus in the frog’s medul-
la oblongata reflected excitation of the cardiovascular 
center. The observed focus of luminescence included 
zones of the most intensive and less intensive lumines-
cence (Figs 2, 3).

The dynamics of the luminescence area on the scano-
gram before and after SS-68 injection is shown in Figures 
4, 5, and the Table 1.

After applying SS-68, the 1st zone of the glow area in-
creased by 131.0%, and the glow areas of the 2nd, 3rd, 4th, 
5th, 6th, and 7th zones decreased by 38.9, 14.3, 53.3, 63.6, 
20.0, and 33.3%, respectively.

Since the control of the heart rhythm occurred in a re-
flex way, and the SS-68 substance increased this effect, the 
point of application of this substance is the medulla oblon-
gata. It had been previously shown that the glow in the 
high-frequency electromagnetic field reflects the process 
of neuronal excitation (Bogus et al. 2018). Consequent-
ly, the observed expansion of the area of the 1st zone of 
the glow focus under the influence of SS-68 indicates an 
increase in the synchronously excited neuronal networks.

The study of brain rhythms and synchronization of os-
cillatory activity is currently one of the most discussed 

Table 1. Luminescence Areas in the Frog’s Medulla Oblongata 
Before and After SS-68 Application (M ± m, n = 30)

Glow 
zones

Dimensions of the areas of the glow zones in mm2

Before SS-68 application After SS-68 application
1 zone 0.29 ± 0.05 0.670 ± 0.002

р < 0.001
2 zone 0.36 ± 0.04 0.220 ± 0.002

р < 0.001
3 zone 0.14 ± 0.01 0.120 ± 0.001

р > 0.05
4 zone 0.15 ± 0.2 0.070 ± 0.001

р < 0.001
5 zone 0.11 ± 0.04 0.040 ± 0.001

р < 0.001
6 zone 0.10 ± 0.02 0.080 ± 0.001

р > 0.05
7 zone 0.15 ± 0.02 0.100 ± 0.001

р < 0.001

Figure 2. The luminescent focus in the frog medulla in a 
high-frequency electromagnetic field before SS-68 application. 
Note: 1 – zone of the most intensive glow; 2–7 – zones of less 
intensive glow.

Figure 3. Fragments of the luminescent focus in the frog’s me-
dulla oblongata in a high-frequency electromagnetic field before 
SS-68 application. Note: 1 – zone of the most intensive glow; 
2–7 – zones of less intensive glow.

https://pubchem.ncbi.nlm.nih.gov/compound/Lidocaine
https://pubchem.ncbi.nlm.nih.gov/compound/Thiopental-sodium
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topics in neurobiology. Experimental studies of brain 
rhythms and neuronal synchronization have been accom-
panied by intensive efforts to understand rhythm genera-
tion and mechanisms of neuronal synchronization using 
computer modeling and nonlinear dynamics.

The oscillatory activity of the central nervous system 
manifests itself at different spatial and temporal scales, in-
cluding spike sequences, local field potentials, and large-
scale oscillations. Individual neurons exhibiting rhythmic 
pulse or burst activity can often be considered self-sus-
taining oscillators (Ermentrout and Terman 2010).

The term “neural synchronization” is widely used in the 
neurobiology literature. In its most common meaning, it re-
fers to the temporal correlation between brain signals. It is 
an operational and statistical definition based on how syn-
chrony between brain signals is measured. For this reason, 
neurogenic synchronization depends on scale and space.

At the cellular level, synchronization is measured by 
cross-correlograms of spike chains, usually correlating 
with local field potential fluctuations. The implication is 
that neurons are synchronized if they burst at the same 
time. On the other hand, the physical definition of syn-
chronization is more general, given the possibility of a 
phase shift between synchronized signals.

Synchrony can also be measured between spatially 
separated brain regions – the so-called large-scale neu-
ronal synchronization, which in principle is phase syn-
chronization (measuring phase correlation, but not ampli-
tude correlation).

Synchronization as ”endogenous neural oscillations” 
in neurobiology represents rhythmic oscillations in the 
excitation-inhibition cycle of neuronal populations.

We may be based on V.M. Pokrovsky’s concept of 
cardiac rhythm initiation in the central nervous sys-
tem (Pokrovskii 2003, 2005, 2006; Pokrovsky 2007; 

Pokrovskii and Polischuk 2016), particularly in the me-
dulla oblongata, in the form of volleys of nerve impulses 
that reach the sinoatrial node via vagus nerves and are 
digested there. In that case, SS-68 seems to enhance the 
process of central generation of the heart rhythm.

Serotonin (5-hydroxytryptamine - 5 NT) is one of the 
phylogenetically older molecules used in cell commu-
nication. It is present in the central nervous system and 
plays the role of a neurotransmitter/neuromodulator. In 
the brain, the serotoninergic system is involved in many 
functions due to its wide distribution in the neuraxis. Ax-
ons of serotonergic neurons of the midbrain suture nuclei 
reach almost all the brain structures. Action potentials 
travel along these axons to release 5-NT, which can act 
on pre- and post-synaptic receptors associated with vari-
ous signal transduction mechanisms. To date, 14 different 
subtypes of 5-HT receptors have been identified, corre-
sponding to 7 different families. Except for the 5-HT3 
receptor and the pentameric ion channel, the remaining 
5-HT receptors belong to the G-protein-coupled receptor 
superfamily. Their activation leads mainly to modulatory 
effects in neurons expressing these receptors (Celada et 
al. 2013).

Given the richness of 5-HT-induced signals, it is not 
surprising that the serotonin system is the target of action 
of many drugs.

Among the various 5-HT receptors, the 5-HT1 family 
has probably attracted the most attention because of its 
high expression density in limbic (5-HT1A) and motor 
(5-HT1B) brain regions and their various functions. In 
addition to their post-synaptic localization, 5-HT1A and 

Figure 4. Luminescent focus in the frog’s medulla oblongata in 
a high-frequency electromagnetic field after application of SS-
68. Note: 1 – zone of the most intensive glow; 2–7 – zones of 
less intensive glow.

Figure 5. Fragments of the luminescent focus in the frog’s me-
dulla oblongata in a high-frequency electromagnetic field after 
application of SS-68. Note: 1 – zone of the most intensive glow; 
2–7 – zones of less intensive glow.

https://pubchem.ncbi.nlm.nih.gov/compound/Serotonin
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5-HT1B receptors are autoreceptors in serotonergic neu-
rons and therefore control overall (5-HT1A) and local (5-
HT1B) activities of the system. 5-HT1B receptors are also 
terminal heteroreceptors and modulate the release of var-
ious transmitters, including dopamine, glutamate, GABA, 
and acetylcholine. Moreover, 5-HT1A receptors are highly 
expressed by different types of neurons, mainly pyramidal, 
and GABAergic in the prefrontal cortex (Artigas 2013). 
These facts indicate the involvement of various kinds of re-
ceptors belonging to different families of membrane recep-
tors, the neurotransmitters of the central nervous system.

Steriade (2006) described in detail the involvement of 
5-HT in the modulation of cellular mechanisms underly-
ing spontaneous slow rhythms of neurons. Slow waves 
reflect unexpected changes in membrane potential and 
synchronous activation of ensembles of neurons coordi-
nated by underlying slow oscillations. They reflect peri-
ods of membrane depolarization and hyperpolarization at 
the cellular level, respectively, within large neuronal net-
works (Mukovski et al. 2007). 5-HT appears to have an 
excitatory effect on cortical networks due to synchronous 
depolarization of large ensembles of cortical structures. 
Balanced stimulation of 5-HT2A receptors is crucial for 
stable synchronization of slow cortical waves.

Along with slow waves, fast waves (gamma oscilla-
tions) are present in the cortex (Massi et al. 2012). The 
synchronous triggering of interneuron networks gener-
ates gamma oscillations. 5-HT1A receptors exacerbate 
the synchronization of interneurons with gamma cycles. 
In contrast, blocking 5-HT2A receptors reduces cortical 
gamma oscillations and desynchronizes 5-HT2A-ex-
pressing interneurons. Endogenous 5-HT can attenuate 
or enhance gamma oscillations, decreasing or increasing 
activity and synchronization of expressing 5-HT1A and 
5-HT2A interneurons.

According to our earlier studies, SS-68 (50 μM) 
in the experiments on synaptosomes obtained from 
the ventrolateral surface of the cat medulla oblongata 
does not affect the functional activity of 5-NT3, GABA 
and NMDA receptor types conjugated to ion channels 
(1st and 3rd receptors to calcium channels, 2nd recep-
tors to chloride ionophores), and acts antagonistically 
on NMDA receptors connected to sodium channels. 
The SS-68 substance shows no significant effect on 
5-HT1, 5-HT2, and Met-Glu receptors associated with 
G-proteins, whereas it has a marked blocking effect on 
β-adrenoreceptors. These data indicate the involvement 
of two types of receptors (NMDA and β-adrenore-
ceptors) representing different families of these mem-
brane structures of the central nervous system in the 
implementation of the neurotropic action of SS-68. At 
the same time, it is difficult to believe that the observed 
effects of SS-68 are related to its direct impact on the 
receptors. It is possible that SS-68, while not showing 
direct affinity to NMDA glutamate receptors and vari-
ous types of serotonin receptors, can have a modifying/
allosteric effect on them by activating or inhibiting their 

ability to enhance or weaken the molecular signal to the 
transducer or effector (Bogus et al. 2012).

SS-68 can arrest cardiac rhythm disturbances of cen-
tral genesis: when administered intravenously in a wide 
range of doses against the background of intracisternal 
(into the fourth ventricle of the brain) injections of ac-
onitine (disrupts sodium channels), strophanthin K (in-
hibits membrane Na+K+-ATPase, and thus changes 
neurotransmitter activity) and cesium chloride (blocks 
transmembrane potassium channels) in microdoses of 
2–6 µg/kg, 0. 01–0.05 and 0.5–1.5 mg/kg in cats (Bogus 
et al. 2018), and micro application of SS-68 to cortical 
neurons in the right and left regions of rat somatosensory 
cortex eliminates the arrhythmogenic effects of the M- 
and H-cholinomimetic carbachol (12.5 mM). This fact is 
noteworthy because it sheds light on some features and 
mechanisms of SS-68 action on the functional organiza-
tion of brain cholinergic neurons. In particular, the cho-
linergic regulation of heart rhythm by the vagus nerve, 
the nuclei of which are located in the medulla oblongata, 
is well known. Somewhat higher up in the brain stem, 
the primary nuclei of the cholinergic neurons regulating 
rhythmogenesis of the hippocampus and the new cortex 
are located. In the cortex itself, only some of the neurons 
respond with excitation to direct application of acetyl-
choline. It is conceivable that SS-68 also acts on these 
neurons, which are included in the pathways of choliner-
gic influences along the corticobulbar pathways to the nu-
clei of the vagus nerves containing cholinergic neurons, 
which explains the facts of changes in the heart rhythm. 
It is possible that the changes in the heart rhythmic ac-
tivity under the influence of SS-68 are related to its ac-
tion on various microsystems of neuronal populations of 
different mediator affiliation, the sequential activation of 
which in different combinations is carried out following 
the genetic programs of maintaining the standard resting 
potential of individual neurons and the homeostasis of the 
brain activity as a whole.

Moreover, it was found that in experiments on isolat-
ed unidentified neurons of the great pond snail (Lymnae 
stagnalis) and ramshorn snail (Planorbarius corneus), 
SS-68 at concentrations of 1 and 10 µM induced acti-
vation of sodium and potassium slow currents, accel-
erated inactivation of potassium currents and slightly 
pronounced hyperpolarization of these neurons. With an 
increase in the SS-68 concentration up to 100 and 1000 
μM, blocking off the marked ionic currents was observed 
(Vislobokov et al. 2012). In the experiments on rat hip-
pocampal neuron culture, SS-68 at concentrations of 
1.3 and 5 μM inhibited delayed rectifier potassium cur-
rents and, as a consequence, caused prolongation of the 
action potential and reduction of its impulse generation 
(Zinchenko et al. 2013).

Based on the current concepts of new-type biologi-
cally active substances that are not direct agonists of re-
ceptor structures, the molecular mechanism of action of 
SS-68 on reflex stimulation of the sinoatrial node can be 

https://pubchem.ncbi.nlm.nih.gov/compound/Aconitine
https://pubchem.ncbi.nlm.nih.gov/compound/Aconitine
https://pubchem.ncbi.nlm.nih.gov/compound/Strophanthin-K
https://pubchem.ncbi.nlm.nih.gov/compound/Cesium-chloride
https://pubchem.ncbi.nlm.nih.gov/compound/Carbachol
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represented as the effect of a modulator that allosterically 
potentiates the receptor-ligand and activates various ion 
channels or as the result of new binding options of endog-
enous ligands to the most optimal receptor subtypes that 
model the secondary intracellular mediators under the in-
fluence of SS-68.

Conclusion

The SS-68 substance increases the frequency range of 
heart rhythm control by activating reflex stimulation of 
the sinoatrial node. The main point of application of SS-
68 is the medulla oblongata. Glow in the high-frequency 
electromagnetic field reflects the process of neuron exci-
tation. The increase in the glow zone under the influence 
of SS-68 indicates synchronously excited neurons, which 
leads to the assimilation of the central heart rhythm gene-
ration by the sinoatrial node.

SS-68 exhibits the multitarget action against central 
neurochemical structures that may be involved in the reg-
ulation of heart rhythm. Apparently, under the influence 
of SS-68, conformational changes take place in the mem-
brane receptors of neurotransmitters,, conjugated with ion 
channels in the medulla oblongata and other parts of the 
central nervous system, in particular, in the cerebral cor-
tex and hippocampus. The activation of the central heart 
rhythm regulation by SS-68 is also possible due to new 
variants of binding the endogenous ligands to the most 
optimal receptor subtypes, improvement of conjugation 
of membrane receptors, and G-proteins, which affects 
receptor structures that change the system of secondary 
intracellular mediators.
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