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Abstract

Scientific studies that reflect the evolutionary morphology of the nervous system, namely the spinal nodes of homoeo-
thermic vertebrates, allow us to identify specific patterns, trends, and criteria that relate to the structural organization
of the organ at the population and cellular levels of their organization. The evolutionary direction of research into the
macro- and microstructure of spinal cord nodes provides an opportunity to investigate the patterns of formation of
optimal relationships of their structural components: nerve and glial cells, capillaries concerning the level of devel-
opment of the organism, and their motor activity. The article contains the results of the morphometric characteristics
of the spinal nodes of warm-blooded vertebrates in a comparative aspect: class Aves — Birds (Gallus gallus, forma
domestica L., 1758 — domestic chicken); class Mammalia — Mammals (Oryctolagus cuniculus L., 1758 — European
krill, Canis lupus familiaris L., 1758 — domestic dog, Sus scrofa, forma domestica L., 1758 — domestic pig, Bos taurus
taurus L., 1758 — domestic bull). When performing this work, complex research methods were used: anatomical,
neurohistological, morphometric, and statistical. The morphological study of the structural components of the organs
of the nervous system was studied on histological sections by the method of light microscopy following the require-
ments of the international principles of the “European Convention for the Protection of Vertebrate Animals Used in
Experiments and for Other Scientific Purposes” (Strasbourg, 1986), a decision of the First National Congress on
Bioethics (Kyiv, 2001), Law of Ukraine No. 692 “On the Protection of Animals from Cruel Treatment” (3447-1V)
dated February 21, 2006. For histological examination, the newly selected material was immediately fixed in a 10%
aqueous neutral formalin solution, with a fixation period of 30 days, followed by step-by-step embedding in paraffin.
Using a sled microtome, histological sections with a thickness of 6-10 um were obtained. The general histological
structure and microstructural changes in histological preparations were studied under a light microscope MC (Micros
Austria) at magnifications from 70 to 600 times. Photomicrographs of histological preparations were carried out using
a CAM V200 video camera mounted in a Micros MC microscope. The work aims to conduct a complex morpho-
functional study of spinal nodes in a comparative anatomical series of representatives of higher vertebrates. It was
investigated that in phylogenesis, a particular structural and morphofunctional rearrangement of the central and pe-
ripheral nervous system organs, namely the spinal nodes, takes place. They differ in shape and size. It was established
that the neurocytic organization of the spinal cord nodes of all species of animals studied is characterized by the
presence of large, medium, and small nerve cells. Adaptation to various living conditions of animals was formed
based on morphometric indicators (the volume of neurocytes and their nuclei), their morphological structures, the
density of nerve cells per 0.1 mm?, the number of glial cells per 0.1 mm?, an indicator of nuclear-cytoplasmic ratio,
degree of polymorphism chromatophilia. Nissl staining of histopreparations of spinal nodes of homoothermic animals
showed that the neuroplasm of nerve cells contains well-defined depths of basophilic substance, compared with lower
animals, as evidence of a higher degree of development in nerve cells of the protein-synthesizing apparatus. Accord-
ing to the method of impregnation of spinal cord nodes with silver nitrate in all studied animals, a different intensity
of coloring of nerve cells is revealed: dark, light-dark, light, which is related to the peculiarities of species and age
neuromorphology, the morphofunctional state of the nervous system and the type of higher nervous activity. The
obtained morpho-functional features of the organs of the nervous system are essential not only for evolutionary and
comparative morphology but also for developing issues of physiology, pathology, and treatment of peripheral nervous
system diseases.

Keywords: evolutionary anatomy; micromorphology; organs of the nervous system; morphological studies; baso-
philic substance; nuclear-cytoplasmic relationship.
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1. Introduction

The nervous system is a highly complex structural and
functional system of the body, which plays the most im-
portant role in the regulation of all processes occurring in it
(Karpovskiy et al., 2016; Ladle & Hippenmeyer, 2023). It
ensures interconnection and coordinated work of tissues,
organs, and their systems, thanks to which the animal and
human body functions as a single entity (Grechukha &
Otych, 2020). In addition, with the help of the nervous sys-
tem, the body communicates with the external environment
(Zhurenko et al., 2018). Its activity is the basis of the pro-
cesses of adaptation, behavior, feelings, and other mental
processes that allow higher vertebrates and humans not only
to learn about the environment but also to actively change it
(Dehtyarenko, 2018). The integrating system allows animals
to perceive external and internal stimuli and quickly react to
them (Garman, 2011; Shnurenko et al., 2020).

The cellular organization of nervous tissue and the nerv-
ous system as a whole is a crucial established experimental
fact already within the last hundred years (Gage, 2015).
However, the final ordering of ideas about the types and
properties of nerve cells, their structures and connections,
evolutionary development, the creation of a peculiar period-
ic system of neurocytes, their interconnections, and the
density of glial cells, continues to be relevant for evolution-
ary morphology and neurophysiology.

The nervous system of living organisms in the process of
evolution has come a long way from a set of primitive re-
flexes in the simplest to a complex system of information
analysis and synthesis in higher vertebrates (Budd, 2015).
At the same time, the restructuring of neural networks took
place as a result of the formation of new sensory connec-
tions (Monk, & Paulin, 2014). In the course of evolution, an
even more complex behavior emerged, characteristic only of
higher mammals and humans. This was associated with
further complications of the senses, motor activity, and
nervous and muscular systems.

The primary type of behavior of lower and higher verte-
brates consists of elementary nervous reactions called un-
conditioned reflexes. These are innate reactions to vital
stimuli (Holland et al., 2015; Holland, 2016). Such reactions
have been preserved and are essential for the behavior of
higher animals, including humans. Such reactions are con-
trolled by the lower, oldest parts of the nervous system
(Popele & Bosco, 2003). In vertebrates, such a department is
the spinal cord with spinal nodes (Horalskyi et al., 2020;
Sokulskyi et al., 2021).

The nervous system, together with the integrating or-
gans, controls the life processes of the organism as a whole
and its parts, in particular, the motor activity of animals
(Wisniewski, 1983). Control, regulation, and coordination of
the morpho-functional states of the body are carried out by
neurohumoral means (Grechukha & Otych, 2020). The
nervous system ensures the relationship between the body
and the environment (Sokulskyi et al., 2021). In terms of
adaptive and compensatory transformations of the structural
components of organs and their systems in the conditions of
the transition from an aquatic to a terrestrial environment, in
the macroevolutionary plan, the study of the nervous system
of vertebrates is of considerable interest: domestic chicken,
European krill, domestic dog, domestic pig, domestic bull.

For a long time, spinal cord nodes (SCN) have been par-
ticularly interested in neuromorphology (Starchenko et al.,

2018; Horalskyi et al., 2020), which are afferent structures
of reflex arcs and are the basis of primary centers on the
way to transmit sensory information to the central system
(Ernsberger, 2009), providing appropriate reactions to the
action of specific factors (Medici & Shortland, 2015).

One of the primary manifestations of the functioning of
the nervous system is afferent impulse (Snider & Silos-
Santiago, 1996; De Moraes et al., 2017). Therefore, the
study of spinal nodes in a comparative anatomical series of
vertebrates allows us to follow the historical process of their
morphofunctional formation, which reflects the degree and
nature of the animal's motor activity, habitat, and lifestyle.
At the same time, the study of sensory neurons, which are
the initial link of the reflex arc, will allow the establishment
of the relationship between the organism and the environ-
ment, as well as the patterns of combining segments and
different parts of the organism into a single system (Meltzer
et al., 2021; Ribeiro & Xapelli, 2021).

Attempts by scientists to find out the etiology and patho-
genesis of diseases of the nervous system require in-depth
knowledge of the structure of the regulatory systems of the
entire organism. Peculiarities of spinal cord nodes' morphol-
ogy and chemical architecture are still poorly understood,
especially in domestic animals. Evolutionary development,
species, age of vertebrates, type and functional state of the
neuron, phase of neurogenesis, degree of reflex activity, and
localization in the body determine these features. However,
these data are very important not only for age-related mor-
phology but also for developing issues of physiology, pa-
thology, and treatment of peripheral nervous system diseas-
es. Therefore, a critical moment is the morphological study
of the macro- and micromorphology of the organ, and the
rearrangements of their structures in the evolutionary series
of vertebrates, which served as the goal and task of our
research.

2. Materials and methods

Neurohistological studies were carried out in the condi-
tions of the pathomorphology laboratory of the Department
of Normal and Pathological Morphology, Hygiene, and
Expertise of the Polissia National University. The conducted
research is part of the scientific subject of the corresponding
department on the topic “Development, morphology and
histochemistry of animal organs in normal and pathological
conditions”, state registration number 0120U100796.

The object of the study was the bilateral spinal cord
nodes of the thoracic section of vertebrates (n = 6), which
belonged to two classes of the subtype class Aves — Birds —
Gallus gallus, forma domestica L., 1758 — domestic chicken;
class Mammalia — Mammals — Oryctolagus cuniculus L.,
1758 — European krill, Canis lupus familiaris L., 1758 —
domestic dog, Sus scrofa, forma domestica L., 1758 — do-
mestic pig, Bos taurus taurus L., 1758 — domestic bull. Fol-
lowing the tasks set for the study of the histomorphology of
spinal cord nodes in the comparative-anatomical series,
studies were conducted, which were based on the use of a
complex of anatomical, neurohistological, morphological,
and statistical research methods (Horalskyi et al., 2019).

For histological examination, pieces of nervous system
organ material were fixed in a 10 % aqueous solution of
neutral formalin and Carnois fluid, dehydrated in alcohols of
increasing strength, and embedded in melted paraffin. Histo-
logical sections with a thickness of 6-10 um were made
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from paraffin blocks on a sled microtome MC-2. To study
the general histological structure of the spinal cord nodes,
the state of their histo- and cytostructures, and perform mor-
phometry, serial paraffin sections were made with their
subsequent staining, after deparaffinization, with hematoxy-
lin and eosin.

Processing of the results of the study of histological sec-
tions in the amount of 38 histopreparations was carried out
using a light microscope “Micros” (Austria) with a digital
camera at a magnification of x 100-600, according to the
recommendations for morphometric studies in the author's
modification (Horalskyi et al., 2019).

Counting the number of nerve cells and gliocytes of spi-
nal cord nodes was performed on the cross-sectional area of
the sections using a morphometric grid on a conventional
unit of area (based on 0.1 mm?) in 45 fields of view for each
animal.

The cytostructure of spinal cord nodes, their shape and
cellular typing of nerve cells, nerve fibers, and the character-
istics of the neurofibrillary apparatus were studied on histo-
preparations impregnated with silver nitrate according to
Ramon-y-Cajal and Bilshovsky-Gros.

To determine the localization and distribution of the ba-
sophilic substance in the neuroplasm, the study of glial cells,
the tissue preparations were stained with toluidine blue -
according to the Nissl method. To obtain and compare the
quantitative characteristics of the structural organization of
the spinal cord nodes of the studied animals in the species
aspect, morphometric research methods were used
(Horalskyi et al., 2019). Statistical processing of digital data
was carried out according to the Montsevichyute-Eringene
method. The Student determined the value of the probability
criterion and the level of significance (P) (Horalskyi et al.,
2019).

During the research, the basic rules of good laboratory
practice GLP (1981) and the provisions of the “General
Ethical Principles of Animal Experiments” adopted by the
First National Congress of Bioethics (Kyiv, 2001) were
followed. The entire experimental part of the study was
carried out following the requirements of the international
principles of the “European Convention for the Protection of
Vertebrate Animals Used in Experiments and for Other
Scientific Purposes” (Strasbourg, 1986), “Rules for Con-
ducting Works Using Experimental Animals”, approved by
Order of the Ministry of Health No. 281 dated November 1,
2000 “On measures to further improve organizational forms
of work with the use of experimental animals” and the cor-
responding Law of Ukraine “On the Protection of Animals
from Cruelty” (No. 3447-1V dated February 21, 2006, Kyiv)
(Nichiporuk et al., 2022).

3. Results and discussion

The behavior of a living organism as a complete system
of functionally adapted and coordinated body movements
necessary for the implementation of biologically essential
functions in its formation and development in vertebrates
reveals regularities, a correct understanding, and an evolu-
tionary explanation that is possible only with a comprehen-
sive study of both the physiological mechanism of phenom-
ena and morphological studies.

A topical issue of animal neuromorphology is the study
of spinal cord nodes, which play the role of primary centers
on the way to transmit sensory information from receptors to

the central nervous system, ensuring appropriate reactions to
the action of certain factors (Hanani, 2005; Kirkpatrick,
2014).

Morpho-functional features and chemical architecture of
spinal nodes remain poorly understood. The type and age of
vertebrates determine them, the degree of reflex activity, the
type and functional state of nerve cells, the phase of neuro-
genesis, and the degree of chromatophilia. Such data are
very important not only for neuromorphology but also for
developing issues of physiology, pathology, and treatment
of peripheral nervous system diseases.

From the results of our research and publications
(Gilmore, 1972; Nazarchuk, 2008) was established that the
neurocytes, which are part of the nervous, sensory nodes of
animals and humans, are heterogeneous in their structure
and function (Pannese, 1960; Vitko, 2016). Modern mor-
phological methods of research have made it possible to
establish that the neurons of sensitive nodes differ in the size
and shape of the perikaryon, the size of the nucleus, nucleo-
lus, and the ultrastructural organization of structural compo-
nents (Krastev, 2007; Krastev et al., 2007). Analyzing liter-
ary sources, it was established that during the life of an
animal and a person, the number of nerve cells that make up
nerve nodes changes (Bortolami et al., 1990; Morrison &
Hof, 1997). There is information about age-related degener-
ation of nerve cells of sensitive nodes in humans and exper-
imental animals (Dayan, 1971; Vukojevic et al., 2016). At
the same time, in the available literature, insufficient atten-
tion is paid to the dynamics of changes in the qualitative
composition of neurocytes in the spinal cord nodes of ani-
mals during development.

Birds are among the most numerous classes of higher
vertebrates regarding species. Birds are homoeothermic
organisms that received the ability to fly due to the trans-
formation of their front limbs into wings. The adaptation of
birds to flight greatly impacted the structure of the body and
vital systems of the bird's body. In the evolutionary plan,
significant changes have occurred, particularly in the struc-
ture of integrating organs. In birds, the nervous system
reaches a significantly high degree of development and
differentiation (Kang, 2021). Representatives of the bird
class have several biological features: the development of
the embryo outside the mother's body, physiological preco-
ciousness, rapid growth, high body temperature (+40-
42 °C), the peculiarity of the structure of the skin and its
derivatives. Therefore, the histocytoarchitectonics of the
spinal nodes in chickens is significantly different from that
in poikilothermic animals and is characterized by a higher
level of their development.

Spinal nodes of chickens have a similar structural organ-
ization characteristic of sensor nodes. They are located in
the intervertebral openings and appear like small thicken-
ings, are oval, and are located on the dorsal root of the spi-
nal nerves. The area of nodes is 0.5 £ 0.04 mm?. From the
outside, the nodes are covered with a well-defined connec-
tive tissue capsule (15.2 £ 0.84 pm), from which numerous
trabeculae extend into the parenchyma of the organ.

From the well-developed connective tissue membrane,
which covers the spinal nodes, numerous partitions pene-
trate the thickness of the organ, between which groups of
nerve cells are located (Fig. 1). A variable feature in birds,
in contrast to cold-blooded animals, is the presence of a
well-defined mantle around neurocytes, which consists of
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perineuronal glial cells, nerve fibers and layers of connec-
tive tissue.

In contrast to the spinal cord nodes of lower vertebrates
(river carp, pond frogs), in chickens, the differentiation of
neurocytes, which are divided into small, medium, and
large, is already clearly defined, which is confirmed by the
morphological studies of the authors (Nazarchuk, 2008).
They are more rounded with a centrally located core
(Fig. 2). Such research results obtained by us on these issues
are consistent with the data (Huang et al., 2021; Zdora, et
al., 2022), according to this, depending on the diameter, the
neurons of the spinal nodes are classified into three classes:
small ones, the diameter of which is 29-50 microns, and
medium ones from 51 to 79 microns. and large (from 80 to
129 microns).

The nervous system of warm-blooded animals is compli-
cated. It has a formed brain and spinal cord, spinal cord
nodes, and somatic nerves departing from them. Birds have
already developed conditioned reflexes. Individual experi-

Fig. 1. Fragment of the histological structure of the spinal
node of a domestic chicken: 1 — connective tissue capsule
of the node; 2 — nerve fibers; 3 — groups of neurocytes;
4 — nuclei of neurocytes. Bilshovsky-Gros. x 280
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ence in the life of these animals plays a significant role in
the evolutionary restructuring of the spinal nodes.

In representatives of higher vertebrates, birds, and
mammals, as is known from the literature (Severtsov, 1990;
Khorooshi et al., 2001) and according to the results of our
research, there is a significant similarity in the histological
structure of the spinal nodes. However, we have established
that the variability of the sizes of nerve cells in the spinal
cord nodes of birds fluctuates within much narrower limits
than in the nodes of mammals. The density of placement of
neurocytes and glial cells is much higher. Thus, the average
volume of neurocytes in the spinal cord of chickens is 1.8
times smaller than that of representatives of the class of
Mammals, and the density of their placement is 2.2 times
greater. That is, the density of their placement compensates
for the smaller volume of neurocytes. The number of glial
cells in the spinal cord nodes of the domestic chicken ex-
ceeds the number in the spinal cord nodes of mammals by
only 1.2 times (Fig. 3).

—

. Y P i . u
Fig. 2. Fragment of the histological structure of the spinal
node of a domestic chicken: 1 — connective tissue capsule
of the node; 2 — nerve cell; 3 — the nucleus of a nerve cell;
4 — cell nucleus; 5 — nuclei of neurocytes; 6 — nerve fibers.
Bilshovsky-Gros. x 400
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Fig. 3. Morphometric indicators of spinal nodes in a comparative anatomical series of studied vertebrates
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Normochromic cells predominate over hyperchromic
cells in the spinal nodes of the domestic chicken, and their
neuroplasm contains well-defined pockets of fine-grained
chromatophilic substance. There are also neurocytes with
localization of chromatophilic substances on the periphery
of the neuroplasm. The nuclear chromatin is clearly ex-
pressed and evenly fills the karyoplasm. The nuclei of glial
cells were stained most intensively.

Representatives of the Mammal class are characterized
by complex behavior — complex conditioned and uncondi-
tioned reflexes. At the same time, the level of development
of the nervous system as a whole and the spinal cord, partic-
ularly in different species of mammals, is not the same and
depends on the conditions of existence.

Thus, the spinal cord nodes of the studied animals of the
class Mammals (European krill, domestic dog, domestic pig,
domestic bull) are located outside the intervertebral foramina.
However, the dorsal and ventral roots of the domestic pig and
cattle's spinal ganglia are formed by several unrelated nerve
fibers. The spinal nodes of the European rabbit and domestic
dog are rounded, while those of the pig and cow are spindle-
shaped and flattened in the dorsoventral direction.

Elastic and collagen fibers of different spatial orienta-
tions form the connective tissue capsule of the spinal nodes.
A unique morphological feature of the spinal nodes of high-
er vertebrates is the orderly arrangement of nerve cells and
their processes. The neurocytes are located on the periphery
of the spinal nodes under the capsule as rollers. In the thick-
ness of the organ, nerve cells are grouped between bundles
of nerve fibers, where a significant number of hemomicro-
circulatory vessels are found. The spinal nodes of cattle are
characterized by their lobulation.

During a review histological study of the spinal cord
nodes of mammals on histological preparations — total im-

Fig. 4 A fragment of the hlstologlcal structure of the
spinal node of the European rabbit. 1 — nerve fibers;
2 — groups of nerve cells; 3 — cell neuroplasm; 4 — nuclei
of neurocytes; 5 — nerve fibers. Ramon y Cajal. x 120

As the phylogenetic age of animals increases, the num-
ber of nerve cells per unit area of the SCN decreases
(Table 1). The low density of their placement in the studied
representatives of the Mammal class with high locomotor
function is primarily due to a high level of differentiation of
cellular components and an increase in their functional role.
The number of gliocytes ranges from 1291.57 + 34.56 in a

pregnation with silver nitrate according to the Ramon-y-
Cajal method, light nerve cells of small sizes were found,
which are placed in small groups, next to which there are
significant, more intensively impregnated neurocytes
(Fig. 4). A mantle shell is visible around the latter, which
consists of satellite cells, nerve fibers and layers of connec-
tive tissue (Fig. 5). It was established that the presence of
large, medium and small neurocytes characterizes the neu-
ronal organization of the spinal nodes.

The neurocytes of the spinal nodes of rabbits have a
rounded shape with precise contours of the cytoplasm. They
are placed in groups under the connective tissue capsule and
singly between nerve fibers in the thickness of the organ
(Fig. 4). During the total impregnation of the spinal nodes
with silver nitrate according to the Ramon-y-Cajal method,
light nerve cells of small sizes are found, which are placed
in small groups, next to which there are significant, more
intensively impregnated neurocytes (Fig. 5). Around the
latter, a mantle shell is visible, which consists of satellite
cells, nerve fibers and layers of connective tissue.

When staining the histological sections of the spinal
nodes of mammals with hematoxylin and eosin, particularly
in sexually mature dogs, a coarse granularity of the cyto-
plasm of large nerve cells was revealed. The most intensive-
ly adsorbed dyes were the nuclei of glial cells and the nuclei
of neurocytes. Small-sized neurons were stained more inten-
sively than large ones, with the noticeable fine-grained
granularity of the neuroplasm (Fig. 6). The neurocytes of the
spinal nodes of domestic bulls are round with a large light
nucleus, which is located mainly in the center or shifted to
one of the poles of the nerve cell body. Such cells have a
well-defined mantle shell, represented by satellite cells and
fibrous components of nervous tissue (Fig. 7).
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Fig. 5. A fragment of the h1stologlcal structure of the
spinal node of the European rabbit: 1 — bright neurocytes;
2 — dark neurocytes; 3 — nuclei of mantle gliocytes;

4 — nerve fibers. Ramon y Cajal. x 280.

domestic pig to 1782.65 + 41.81 in a European rabbit
(Table 1).

The neurocytes of the spinal nodes of mammals have
different sizes in the comparative anatomical series of the
studied vertebrates. The neuronal population is characterized
by high heterogeneity and an extensive range of variants.
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The neuroglial supply of the neurocyte is also complicat-
ed. The analysis obtained from morphological studies shows
that the number of satellites is the largest in the domestic

Fig. 6. A fragment of the histological structure of the
spinal node of a domestic dog: 1 — neuron body;
2 — neurocyte cytoplasm; 2 — cell nucleus; 4 — cell nucleus;
5 —nuclei of glial cells. Hematoxylin and eosin. x 640

Table 1

dog, as the most active representative of the Mammal class,
and is 32.64 £ 1.96 (Table 1).

nal node of a domestic bull: 1 — neurocytes; 2 — nuclei of
glial cells; 3 — nerve fibers. Hematoxylin and eosin. x 280

Morphometric indicators of spinal nodes in a comparative anatomical series of studied vertebrates of the Mammal class

(M £m,n=06)

The volume of Nuclear- Density of Number
. . Nucleus volume, . Number of .
Animal species a neurocyte, m? cytoplasmic satellites. unit nerve cells glial cells
thousand pm’® K ratio ! by 0.1 mm? by 0.1 mm?
European rabbit ~ 31.022 £7.215 1429.6 + 352.77 0.072+0.002 14.38 +1.32 32.88+1.61 1782.65 £41.81
Domestic dog 54.232+7.007* 1720.77 £ 180.75 0.069 £ 0.005 32.64 + 1.96%** 22,54 1.59%**  1294.05 + 34.44%**
Domestic pig 76.61 £1.21*  2559.15+£162.75** 0.072+0.01  21.04 £ 1.55%*%* 19.55+1.02 1291.57 £ 34.56

Domestic bull 77.84+9.28 2452.4 + 181.07

0.043 +£0.003* 28.77 + 1.91*

13.98 + 1.27** 1466.23 +£49.84*

Note: * —P <0.05, ** — P <0.01, *** — P <0.001 in relation to the previous animal representative

According to the results of morphometric studies, it was
established that the average value of the density of nerve
cells in the spinal nodes of a domestic dog is low and is
22.5 £ 1.59 units, which is 1.5 times less than that of the
European rabbit.

The average number of glial cells per unit area of the
dog's spinal nodes was 1294.05 + 34.44 units, 1.4 times less
than in the rabbit. But due to the larger neurocytes in the
dog, the average number of mantle cells around one nerve
cell was 32.64 £ 1.96 units, which is 2.3 times more com-
pared to this figure in the European rabbit (Table 1).

According to the results of morphometric studies, it was
established that the density of placement of neurocytes in a
domestic pig is 19.55 + 1.02, and glial cells are 1291.57 £
34.56 units.

The average number of domestic pig satellite cells
around one neurocyte was 21.04 = 1.55 units. Small neuro-
cytes are equipped with a more significant number of satel-
lite cells per unit area.

According to the results of morphometric studies, the
spinal nodes of domestic bulls had a lower density of neuron
distribution compared to the nodes of pigs, amounting to
13.98 + 1.27 units per unit area (0.1 mm?), which is 1.4
times lower than the average values of the compared group.
Our research has shown that the number of glial cells per

unit area of bull spinal nodes is 1.1 times greater than that of
pigs (Table 1).

The mantle of neurocytes in domestic bulls is represent-
ed by more satellite cells than in pigs. Thus, the average
number of satellites around one nerve cell in a bull was
28.77 £ 1.91, while in a pig, it was 21.04 £ 1.55 units
(Table 1).

Among the complex morphological research methods, a
special place belongs to morphometrics. This method is
widely used in modern neuromorphology (Larnicol et al.,
1998). Its high accuracy for assessing the structural and
functional state of the animal organism at the organ, tissue,
and cellular levels in normal conditions, at various stages of
development, and under pathology has been proven.

The average indicators of the volume of the perikaryon
of a neuron in a domestic dog were 54.232 + 7.007 thousand
um3, 1.7 times larger than the indicator of the same name in
a rabbit. The larger size of their nuclei also characterizes the
neurocytes of the spinal nodes of domestic dogs. Thus, the
average value of the nucleus volume in a dog is 1720.77 +
180.75 um?, and in a rabbit, it is 1429.64 £ 352.77 um?,
respectively. As a result, the average nuclear-cytoplasmic
ratio of both species of the studied animals was almost ap-
proximate (Table 1).
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The average volume of the nucleus of nerve cells in a
domestic pig is 2559.15 + 162.75 pm?®, which is 1.5 times
larger than in a dog. Accordingly, the width of the distribu-
tion of values for this indicator is much broader in pigs than
in dogs and ranges from 701.97 to 7643.7 um? (Table 1).

The average volume of the perikaryon of the nerve cells
of the spinal nodes of domestic bulls is 77.84 + 9.28 thou-
sand pm3, which is close to that of pig nodes. The indicators
of the volume of the nucleus of neurocytes of spinal cord
nodes of a bull and a pig have close values of 2452.4 +
181.07 and 2559.15 + 162.74 um?, respectively. Based on
the average indicators of the volume of the perikaryon of
nerve cells and their nuclei, it was established that the aver-
age nuclear-cytoplasmic ratio in a pig is 1.7 times higher
than in a bull (Table 1).

It is a well-known fact that the size of neurons depends
on the taxonomic status of the mammalian level (the higher
the species in the systematic relationship, the larger the
volume of the nerve cell body), as well as on the size and
weight of the animal's body (Liebeskind et al., 2016;
Kverkova et al., 2022).

Our morphometric analysis of neurocytes of spinal cord
nodes in experimental vertebrate animals confirmed the
point of view regarding the dependence between linear pa-
rameters of nerve cells, taxonomic status, and body size and
weight of the animal within the class. Thus, representatives
of cattle had the most considerable body weight among the
animals we studied — 590.49 + 15.64 kg. According to the
results of morphometric studies, in the spinal nodes of such
animals, the average volume of neurocytes was the highest
(77.84 + 9.28 thousand um3). Still, it did not significantly
differ from that in domestic pigs (76.61 + 1.21 thousand
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Fig. 8. Fragment of the histological structure of the

spinal node of the European rabbit: 1 — cytoplasm of a

neurocyte; 2 — nucleus and nucleolus; 3 — cytoplasmic

chromatophilic substance; 3 — nuclei of glial cells.
Nissl. x 280

Neurocytes of the spinal nodes of domestic bulls, the cy-
toplasm of the nerve cells contains well-defined and evenly
spaced pits of fine or coarse-grained basophilic substance.
The nuclei of neurocytes and glial cells were most intensely
stained. In these structures, the depths of the chromatophilic

um?), whose body mass is almost 1.8 times less than that of
cattle (Table 1).

The leading morphometric indicator of the level of me-
tabolism and differentiation of cells under different condi-
tions of their existence is the nuclear-cytoplasmic ratio,
thanks to which it is possible to assess the level of morpho-
functional maturity in species and age aspects (Svahn et al.,
2018; Moore et al., 2019).

Therefore, in a series of studies of representatives of ver-
tebrate animals, the nerve cells of the spinal cord nodes of
mammals have the largest sizes in the comparative anatomi-
cal series of studied vertebrates and, accordingly, the small-
est nuclear-cytoplasmic ratio, the indicator of which tends to
decrease during the phylogeny of vertebrate animals
(Table 1). This is argumentative evidence of a higher level
of morphofunctional maturity of neurocytes in representa-
tives of the class of Birds and Mammals.

There are several signs, according to which it is possible
to judge the morphological maturation of neurocytes, name-
ly the appearance and accumulation of a basophilic sub-
stance, the content and placement of chromatin in the nucle-
us, the ratio of the sizes of the perikaryon and the nucleus,
the formation and subsequent reduction of nucleoli, the
development of axons and dendrites, as well as their branch-
ing (Stoyanova, 2004; Tongtako et al., 2017).

On the histopreparations of nerve cells of the spinal cord
nodes of rabbits, the basophilic substance is unevenly dis-
tributed in the neuroplasm in the form of grain-like pits of
small sizes. In some cells, Nissl's substance is concentrated
on the periphery of the neuroplasm. The nuclei of neuro-
cytes, the nucleolus, and nuclear chromatin are visible in
fine granularity. The nuclei of glial cells are stained most
intensively (Fig. 8).

T
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Fig. 9. A fragment of the histological structure of the spinal

node of a domestic bull: 1 —neurocyte body; 2 — neurocyte
cytoplasm; 3 — cytoplasmic chromatophilic substance;

3 —nuclei of glial cells. Nissl. x 640

substance are coarser-grained and do not have a precise,
ordered arrangement (Fig. 9).

Thus, the most characteristic variable feature in the or-
ganization of the spinal cord nodes of warm-blooded ani-
mals in the process of evolution is the structural rearrange-
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ment of their histo- and cytoarchitectonics, which is mani-
fested by an increase in their area, a more straightforward
expression of the differentiation of the neuronal composi-
tion, an increase in the number and size of neurocytes, etc.
In addition, a morphological feature of the spinal nodes of
higher vertebrates is the orderly arrangement of nerve cells
and their processes: neurocytes are located on the periphery
under the capsule, and nerve processes — are mainly in the
central part of the node. Moreover, the nerve fibers of the
cells are more developed and branch out in the thickness of
the spinal cord nodes of mammals.

4. Conclusions

Our research from the point of view of assessing the
plasticity of the spinal cord nodes of vertebrate animals of
different levels of structural organization, with different
ecological and functional organization, which differ in the
degree of motor activity, the environment allowed us to
identify specific patterns, trends, and criteria that relate to
the structural organization of the spinal cord nodes on a
macro- and microscopic level. levels of their organization.
Spinal nodes in the comparative anatomical series of verte-
brates differ in topography and shape: in warm-blooded
animals (chickens, rabbits, dogs), they are dorsoventrally
flattened; in pigs and cattle, they are irregularly rounded.

Different sizes of nerve cells were found in the phyloge-
netic series of experimental vertebrates. At the same time,
the density of the distribution of neurocytes in the cell popu-
lation of spinal cord nodes of vertebrate animals decreases
in historical development. A comparison of the histomor-
phology and morphometric parameters of the spinal cord
nodes in different representatives of vertebrates is reflected
within a separate class of animals, clearly revealing reliable
differences in the cytometric parameters of neuronal popula-
tions, which can be considered idioadaptation — a progres-
sive phylogenetic development accompanied by specific
changes in the structure of the nervous system of research
animals; as a result their adaptation to the specific condi-
tions of being in a particular habitat.

Perspectives of further research. Further research is de-
voted to studying histochemical studies of spinal nodes in a
comparative anatomical series of homoeothermic verte-
brates.
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