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Abstract Keywords

It was found that in “natural neural networks”, ganglia “Natural neural networks”,
of the nervous system of a leech, the frequency of rhyth- leech, ganglion, action poten-
mic excitation (a series of nerve impulses, RE) of one tial, rhythmic exitation
neuron is modulated upon activation of other neurons.

Changes in the electrophysiological characteristics of the

leech Retzius cell in response to electrical stimulation

of one of the sensory neurons (P-cells) were revealed.

Registration of changes in the membrane potential

of neurons, as well as electrical stimulation of the P-cell

was carried out using microelectrodes introduced into

the cells. It was found that during electrical stimulation,

P-cells increase the frequency of spontaneous RE

of Retzius cells, the membrane potential of P-cells

increases, but Retzius cells do not change. With an in-

crease in the duration of stimulation, the RE frequency

increases in both the P-cell and the Retzius cell. It has

been found that RE Retzius cells, upon stimulation

of P-cells, arise against the background of RE of the

Retzius cell. Thus, during RE of sensory neurons and

synaptic transmission to the Retzius cell, RE frequency

modulation occurs. According to the authors, changes in

the frequency of spontaneous RE of the Retzius neuron in

the “natural neural network” are associated not only with

a change in the RE frequency during excitation along

nerve fibers from skin receptors, but also with the trans- Received 18.08.2020
formation of RE both between cells of one ganglion and  Accepted 08.10.2020
between cells in different ganglia leech nerve chain © Author(s), 2020
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Introduction. The realization of the functions of the nerve cell is associated with
rhythmic changes in the membrane potential (action potential, AP), namely, the
frequency of repetition and duration of the procedure [1-4]. It is obvious that
the formation of interactions between individual neurons in the network play a
major role change in the electrical properties (the level of membrane potential,
rhythm AP, trace phenomena, etc.), so the physical and chemical state
neurolemma, intracellular organelles and cytoplasm [5-10]. This problem is not
only fundamental, but also of great practical importance, since it is disorders
of the regulation of membrane and subcellular processes that cause pathology
both at the level of an individual neuron and neuronal networks [11-13].
For example, the Retzius cell (R-cell) is able to “analyze” and transmit RE to
several motor neurons, so that the animal makes complex movements, and in
the case of thermal stimulation, food reflexes are triggered [10—12]. It has been
proved that there are no insertions neurons between some sensory and motor
neurons, i.e., the excitation is directly transmitted to the motor neuron and
causes a reflex response [2—4]. The development of bioelectronics interfaces
is an urgent task for the study of neuronal networks both for fundamental areas
of science and in biomedicine. To develop a neural network model that can be
controlled using interfaces, we proposed using leech ganglia and identified
changes in the membrane potential, AP amplitude, and frequency of sponta-
neous rhythmic excitation of Retzius neurons during thermal stimulation (TS)
of the animal’s skin [2-4] Note that similar changes in the frequency of spon-
taneous RA in skin TS are also observed for interneurons with neuromodulator
function (L-cells). These neurons are involved in regulating a number of leech
motor reflexes, including contractions of the body wall. It is possible that in TS,
an increase in the frequency of spontaneous RE of Rz neurons is accompanied
by activation of L-neurons. All this indicates that in order to form the final
model of a neural network, it is necessary to take into account specific electrical
interactions between individual neurons [13—-15].

The purpose of this work was to study the process of transformation
of rhythmic activity between individual neurons of the leech ganglion.

Methods. The object of the study was identified leech segmental ganglia
(Hirudo medicinalis) with afferent fibers extending from them, innervating
areas of the animal’s skin. Before the experiment, the animal was anesthe-
tized with a 10 % ethanol solution [2, 3]. To isolate the ganglia, the leech was
opened from the abdominal side and the selected ganglion was cleared of the
vascular membrane. During the experiment, the ganglion was in a medium

containing: 115 mM NaCl, 4 mM KCl, 1.8 mM CaClz, 1 mM MgCl, 5.4 mM
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Fig. 1. Image of the segmental ganglion
of a medicinal leech.
The letters indicate R- (R) and P- (P) cells

Tris (pH 7.4). Neurons were visualized
by inserting a carbocyanin probe Dil
(Molecular Samples, Junction City, OR)
dissolved in dimethylsulfoxide or ethanol
(1-10 mg/ml) into the cell, and fluores-
cence was recorded using a confocal mi-
croscope (Biorad 1000/Nicon) (Fig. 1).
Registration of the membrane poten-
tial (MP) and action potential (AP) of Rz
neurons was performed using microelec-
trode technology [2, 3]. The introduction of the microelectrode was carried out

under visual control. The recording microelectrode was filled with 4M potassium
acetate or 3M KCl. The microelectrode and comparison electrode (Ag—AgCl)
were connected to an amplifier (Axoclamp-2A; Axon Instruments). Changes
in MP and PD were analyzed using the Axon Instruments computer prog-
ram [8, 12].

GraphPad Prism, version 8.02 (GraphPad Software, La Jolla California USA)
was used for statistical analysis of the results. The study used 12 animals. All data
were normally distributed (according to the generalized d’Agostino — Pearson
normality test, p < 0.05).

Results and discussion. In connection with the assumption that Retzius
cell RE can change due to activation of other ganglion neurons (in particular
sensory neurons), changes in the membrane potential and frequency of Retzius
cell AP in response to electrical stimulation of one of the sensory neurons —
the P-cell were investigated. It was found that when the “silent” P-cell is
stimulated, RE occurs both in the P-cell itself and in the Retzius cell (Fig. 2 a).
At the same time, the membrane potential of the P cell and Retzius cell did not
change, and the duration and amplitude of AP was greater in the P cell than
in the Retzius cell. It was found that the duration of Retzius cell AP depends
on the duration of P-cell AP (Fig. 2 b): as the duration of P-cell electro-
stimulation increased, the duration of Retzius cell RE increased, and the
number of Retzius cell AP correlates with the number of P-cell AP. It was
found that Retzius cell RE occurs against the background of the Retzius cell’s
own RA when P-cell is electro stimulated (Fig. 2 ¢).
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Fig. 2. Change of membrane potential and frequency of RE series of Retzius cells
during electrical stimulation of P-cells; a rhythmic excitation of Retzius cells;
b rhythmic excitation of the Retzius cell upon stimulation of the P-cell;
¢ changes in the number of PDs in Retzius cells depending on the number
of PDs in P-cells

Thus, the increase in the frequency of spontaneous RE of the Rz neuron is
associated not only with the activation of skin cell receptors and, accordingly,
additional modulation of RE in nerve fibers directly in contact with the Rz
neuron, but also with the inclusion of additional (intermediate) intraneuronal
connections, for example, between pressure-sensitive P-cells and the Rz neu-
ron. It is obvious that in the leech’s neural network, the Retzius cell compares
the RE of sensory neurons with the RE of the Retzius cell [16, 17-19].
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It was found that even before the generation of AP, R-cells are preceded by
characteristic regular changes in the membrane potential (MP) (see Fig. 2 b).
In this regard, we investigated the relationship between P- and R-cells, both in
the formation of AP and duration of generation of the “pack” of RE. In these
experiments, the following parameters were controlled: the number of APs
and duration of generation of the “pack” of RE, as well as the dependence of the
R-cell's AP and “pack” of RE generation time on the amplitude and duration
of P-cell stimulation. It was found that when the duration of electrostimulation
in the P-cell increases, both the interval between the AP of the P-cell and the AP
of the R-cell decreases. In the next series of experiments, it was found that the
number of AP R-cell correlated with the number of P-cell AP, as with increasing
the duration of the stimulating pulse (Fig. 2 and 3), and the amplitude of the
stimulating pulse. It was found that the duration of the Retzius cell RE depends
on the duration of the P-cell RE: as the P-cell stimulation time increases, the
duration of the Retzius cell RE response increases [4, 5].
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Fig. 3. The relationship between the rhythmic activity of P- and Retzius cells
in the segmental ganglia of the medicinal leech; a the dependence of the duration
of rhythmic excitation of the Retzius cell on the duration of stimulation of the P-cell;
b dependence of the number of APs in the Retzius cell on the number
of APs in the P-cells

So, the transformation of RE in the synapse from P- to R-cell and the gen-
eration of AP depend on the type of RE P-cell, and the generation of the first in
this pack of AP is faster with an increase in the number of AP P-cells. Similar
effects were found in the registration of R-cell AP, although no correlation was

ISSN 1812-3368. Bectuux MI'TY um. H.9. baymana. Cep. EctecTBennble Haykn. 2020. Ne 6 141



T.A. Kazakova, A.IL Yusipovich, G.V. Maksimov

found between the number of R-cell AP and R-cells. Thus, changes in the fre-
quency of spontaneous RE Rz neuron in various ganglia of the nervous chain
in skin TS can be associated not only with the activation of the entire conduct-
ing system (nerve fibers directly associated with receptors in the skin), but also
other cells (L-cells) or “silent” neurons (P-cells) [3, 11, 17-19].

Translated by Authors
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B Usparensctee MI'TY nm. H.O. baymana
BBIIIJIA B CBET Monorpa(l)uﬂ aBTOpOB
ML.IIL. T'ananuna, E.B. CaBenkoBa

«MCTO,T.[])I YMCICHHOI'O aHa/In3a
MaTeMaTU4€CKuX MOI{CIICfI»

M.M. FfanaunuH, E.B.

V3/105KeHbI METOfIbI PelLieHNs 3afiay JIVHEITHON a/reOpbl,
CIUCTEM HeTMHEHbIX anre6pamqec1<mx YPaBHEHWIA, WH-
M ETO,D, bl TepronAnyA (QYHKLVIL, METOIbI YMCIEHHOTO MHTEIPUPO-
l-'l M C _rl E H H O ro BauysA ¥ MQepeHIpOBaHNs, YNCIeHHbIE METOLBI pe-
AHAN M3 A 1meHns 3aaun Komm u KpaeBbIX 3ajiad IS CUCTEM OOBIK-

MATEMATUUYECKIX HOBEHHBIX M depeHIaNTbHbIX ypaBHeHuit. [IpuBeeHb!

M O ﬂ E n E M OCHOBbBI 06Hlel71 TEOpUN Pa3HOCTHBIX CXEM U €€ IIpMIMEHEe-
HUE K IIOCTPOEHUIO M aHA/IN3Y METOJOB YMC/IEHHOIO pe-

LIeHUA SJUINIITUYECKUX, napa60m/1qec1<nx u erIep601m-
YECKIX ypaBHeHm?[, a TAaK)Ke 4YIMICIEHHbIE METO/IbI pelie-
HMA VIHTErpaZbHbIX ypaBHeHMﬁ. HpeI[CTaB]'leHbI METO/IbI
renepanuy CeTOK [yIsi MHOTOMEPHBIX 3a7jad MaTeMaTn4e-
CKOIT CbI/ISI/IKVI, MHOTOCETOYHbBIE METOJIbI PEIIEeHN, YNC-
JIEHHBIE METOJIbl [I/IA PELIEHNA YPABHEHMA IIE€PEHOCA
u ypaBHeHMVI Ta30BOI IMHAMUKM, AITOPUTMUYIECKNE OC-

HINATENBCTBO

HOBBI METO/TIAa KOHEYHDBIX 9/IEMEHTOB.
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