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Abstract

The scientific article presents the results of investigating the spinal cord's morphology of a domestic bull (Bos
Taurus). Data on the histo- and cytostructure of the spinal cord are given according to the results of histological,
neurohistological, and morphometric studies. For their implementation, the selected material (spinal cord n = 8)
was subjected to fixation in 10-12 % neutral formalin solution, followed by pouring into paraffin. Histological
sections were made from paraffin blocks on a sliding microtome MS-2 with a thickness of not more than ten um.
Staining of sections with hematoxylin and eosin, according to Van Gieson's methods, as well as neuro-histological
methods of impregnation of nerve tissue with silver nitrate according to the Bilshovskym-Gross method, was used
for the morphometric studies, investigating the morphology of the cell, conducting and obtaining the review histo-
logical preparations. The histostructure of the spinal cord, the localization of neurons in the gray matter, and mor-
phometric studies of structural elements were examined on histological specimens by light microscopy. The entire
experimental part of the research was conducted following the requirements of the international principles of the
"European Convention for the Protection of Vertebrate Animals for Experimental and Other Scientific Purposes"
(Strasbourg, 1986). The spinal cord, medulla spinalis, an organ of the central nervous system of vertebrates, is
located in the spinal canal. The spinal cord is protected externally by soft, arachnoid, and hard meninges. The
space between the membranes and the spinal canal is filled with cerebrospinal fluid. It is well known that groups
of multipolar nerve cells with the same functional value form the nuclei of the gray matter of the spinal cord.
According to the results of our histological studies, a pronounced differentiation of nerve cells, which have differ-
ent shapes and sizes. Among them are large, medium, and small nerve cells. The shape of nerve cells is different,
which, in turn, depends on their location in certain areas of the gray matter of the spinal cord and the size of the
cell. In general, there are multifaceted, stellate, spindle-shaped, elongated, rounded, and oval neurons. Small nerve
cells have an oval or round, less often — irregularly rounded shape, medium — round, oval, spindle-shaped. Large
nerve cells are dominated by a multifaceted shape with distinct processes. The nuclei of large nerve cells, in most
cases, have a rounded shape, less often — oval, mostly in the center of the cells, seldom — eccentrically. According
to the results of morphological studies, it is noted that the neurons of the gray matter of the spinal cord have differ-
ent shapes and sizes. Consequently, in the gray matter, small cells are the highest quantity (47.91 &+ 0.32 %) of the
total number of nerve cells. The second place is occupied by average neurons (33.70 + 0.46 %). The large cells are
detected in the smallest amount (18.37 + 0.50 %).

Keywords: animals, cattle, morphology, histological structure, spinal cord, nervous system, neuron, cytoplasm,
neurocytic organization.
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1. Introduction

Intensive cattle’ dairy and beef breeding in Ukraine and
countries far and near abroad takes a significant priority
(Patel & DuPont, 2015; Bomko et al., 2018; Sachuk et al.,
2019; Sidashova et al., 2020) and requires from a veterinari-
an professional knowledge of the norms and pathology of
systems and their organs in the body as a whole, which will
make an objective conclusion about the health of the animal
(Gutyj et al., 2017; Kulyaba et al., 2019; Stravsky et al.,
2020). Increasing the productivity of animals, namely in-
creasing the quantity and quality of products, preserving
their genetic potential by preventing the emergence and
spread of cattle’ diseases, depends on a set of preventive

measures and examination of morphological parameters at
the macro-and microscopic level at a normal level (Klosova
et al., 2019; Borshch et al., 2020).

An important role in the body's functioning is the nerv-
ous system, which is constantly subject to the influence of
internal and external conditions in which the body is
(Sysyuk et al., 2017; Zhurenko et al., 2018).

The actuality of theme. Many issues related to the devel-
opment of species, comparative morphology of vertebrates
remain at the level of accumulation of factual materials
despite the significant achievements of domestic and foreign
researchers in vertebrate morphology (Freire et al., 2008).
This is especially true of the morphology of the nervous
system of domestic animals, in particular, the central nerv-
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ous system (Danchuk et al., 2017). Adaptation of the organ-
ism to changes in these living conditions occurs primarily
with the participation of the nervous system. The doctrine of
the structural and functional organization of the spinal cord
is constantly supplemented by new data that help to under-
stand the patterns of its neural structure and function as an
organ of the central nervous system. The spinal cord is a
complex and highly organized structure in functional terms,
which can play a significant role in the sensory-motor inte-
gration of the organism (Popele & Bosco, 2003; Shkolnikov
et al., 2018). The structure of each of the departments of the
central nervous system, obeying the general laws, has fea-
tures, knowledge of which is necessary for the clinical prac-
tice of neurologists, neurosurgeons, and more.

Thus, given the importance of the functioning of the spi-
nal cord of domestic animals, it is relevant in the study of its
morphological structure, which can be used as a criterion for
physiological norms in various diseases of infectious and
non-infectious pathology.

2. Materials and methods

Morphological studies were performed at the Depart-
ment of Anatomy and Histology, Faculty of Veterinary
Medicine, Polissya National University.

The research work is a fragment of the complex scien-
tific program of the relevant department on the topic:
“Marker signs of development of immunogenetic and nerv-
ous system of vertebrates in onto- and phylogeny” (state
registration number — Ne 0120U102370).

During the research, the basic rules of good laboratory
practice GLP (1981), the provisions of the “General ethical
principles of animal experiments”, adopted by the First
National Congress of Bioethics (Kyiv, 2001), were fol-
lowed. The entire experimental part of the study was con-
ducted following the requirements of the international prin-
ciples of the “European Convention for the protection of
vertebrate animals used in experiments and other scientific
purposes” (Strasbourg, 1986). “On measures to further im-
prove the organizational forms of work with the use of ex-
perimental animals” and the relevant law “On protection of
animals from cruel treatment” (Ne 3447-IV of 21.02.2006,
Kyiv) (Yablonska, 2019).

For histological and neurohistological examinations of
cattle, immediately after the death of animals, the spinal
cord of the thoracic segments was prepared at the level of
Th4-Th6 at the slaughterhouse in Zhytomyr. Adult animals
were slaughtered. The material was fixed in 10 % neutral
formalin solution, Carnois solutions, and 96 ° ethyl alcohol.
Then the recorded material was subjected to dehydration
and paraffin infiltration according to the scheme proposed in
the manual of L. P. Goralsky (Horalskyi et al., 2019). Histo-
sections were made with a thickness of not more than ten
pm from paraffin blocks.

The staining of sections with hematoxylin and eosin and
Van Gieson 's methods was used to study the microscopic
structure, cell morphology, morphometric study and to ob-
tain review preparations.

The neurofibrillary apparatus in nerve cells was detected
using neurohistological research methods (silver impregna-
tion according to the Bilshovskym-Gross method, total im-
pregnation according to Ramon-y-Cajal).

To detect basophilic granularity (basophilic substance,
chromatophilic substance, Nissl substance) in neuroplasm,
nuclei of nerve cells, and neuroglia cells, Nissl's staining
was used.

Histometric studies of histological specimens were per-
formed using microscopes “Micros” and MBS-10 under the
recommendations for morphometric studies (Horalskyi et
al., 2019).

Microphotography of histological specimens was per-
formed using a Micros MC50 microscope with a built-in
video camera CAM V200 connected to a personal computer
and an MBS-10 microscope with a Canon digital camera.

3. Results and discussion

Analysis of the results of our research and their compari-
son with the literature indicates that the histological struc-
ture of the spinal cord of the studied animals is similar to
other species of mammals. It has the form of a cylindrical
cord compressed dorsoventrally. It is the basis of a segmen-
tal structure characterized by a metameric distribution of its
gray matter, which is associated with certain areas of the
skin — dermatomes, internal organs — splanchnotoms and
muscles — myotomes. Thus, the segmental structure of the
gray matter provides morphological data on the lamellar
structure of the spinal cord and morphofunctional character-
istics of the cell structure (Porseva & Shilkin, 2016). The
gray matter of the spinal cord is localized in the center and
in the section that resembles the letter “H." The gray matter
is divided into paired dorsal and ventral horns, which are
connected by a gray adhesive. The lateral horn is located
between the dorsal and ventral horns in the thoracolumbar
regions (Fig. 1). Gray matter is represented by the bodies of
nerve cells and their processes, nerve endings with synaptic
apparatus, macro-and microglia, and vessels. White matter
surrounds the gray matter and is formed by bundles of pulp
nerve fibers that form conductive pathways throughout the
spinal cord.

In recent years, much attention has been paid to identify-
ing the structural and functional characteristics of neurons of
the gray matter of the spinal cord, the heterogeneity of
which goes far beyond the existing ideas about their division
into appropriate topographic zones (Stepien et al., 2010;
Porseva & Shilkin, 2016). However, throughout the spinal
cord, the specific structure of the gray matter is visible,
which also depends on the department and segment of the
spinal cord (Tang et al., 2003).

Our studies of the microscopic structure of the gray mat-
ter of the spinal cord of cattle have shown a pronounced
differentiation of nerve cells that have different shapes and
sizes. The large, medium, and small neurons are located
among them (Fig. 2). The shape of nerve cells is different,
which depends on their topographic location in certain areas
of the gray matter of the spinal cord and the morpho-
functional state of cells and their size.
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Fig. 1. A fragment of the microscopic structure of the
spinal cord of mature cattle: 1 — white matter; 2 — gray
matter; 3 — dorsal horn; 4 — lateral horn; 5 — ventral horn;

6 —nerve cells. Ramon-y-Cajal. x 120

The spinal cord's dorsal horns in cattle are represented,
for the most part, by small neurons with barely visible pro-
cesses. There are also single nerve cells of large size with
pronounced processes and the presence of rounded nuclei,
which are located eccentrically.

Dorsolaterally from the central canal at the base of the
dorsal horn is the thoracic, or dorsal, Clarke's nucleus of
oval shape. However, there is no consensus on its topogra-
phy (Nogradi & Vrbova, 2006). In large animals, the dorsal
nucleus is located dorsolaterally from the central canal at the
level of segments Cs-L3 (Eustachiewicz et al., 1980). Nuclei
have a variety of shapes: pear-shaped, star-shaped, oval, etc.
and different sizes: medium neurons 20-30 pm in diameter,
large — respectively 30—40 pum in some vertebrates (Mann,
1973). The diversity of the cell composition of the dorsal
nucleus in animals is due to the multifunctionality of its
neurons, which provide convergence of sensory pathways.
The Clarke's dorsal nucleus of gray matter in cattle is
formed by single large neurons of irregular, multifaceted
shape, with distinctly long processes and eccentrically
placed nuclei. It also detects middle neurons, which are
located close to large neurons. They have an elongated
shape with pronounced processes. The nuclei of such nerve
cells are located eccentrically. At the same time, small round
neurons with distinct large round and irregularly rounded
nuclei, which are located eccentrically, are isolated.

The structural organization of Clarke's dorsal nucleus
neurocytes is characterized by a light neuroplasm and a
dense network of neurofibrils, which are located in the neu-
roplasm of cells and the processes. The nucleoli of such
neurons, which have different sizes, have a weak pro-
nounced color. Single neurons of medium size with clear
processes are situated closer to the gray commissure and the
central canal.

Glial cells of the gray matter are unevenly distributed
uniformly near the nerve cells.

Fig. 2. A fragment of the microscopic structure of the gray
matter of the spinal cord of mature cattle: 1 — the body of
the neuron; 2 — cell nucleus; 3 — a process of nerve cell;
4 —nuclei of glial cells. Bilshovskym-Gross. x 400

The intermediate-lateral nucleus is located in the inter-
mediate zone of the thoracolumbar spinal cord (Fig. 3),
which includes morphologically different groups of cells
that combine into nuclei (Clarke et al., 1998; Deuchars et
al., 2005). Our studies show that single diffusely scattered
small neurons represent nerve cells of the intermediate zone
of the lateral horn. Medium and large nerve cells are often
located together and form groups in most of the three neu-
rons. Such cells have an elongated or star-shaped shape,
mostly with eccentrically placed nuclei. Their processes are
expressed at the base of the neuron. Glial cells rarely come
into contact with cell neurolemma.

The localization of neurons in the ventral horns is repre-
sented by motoneurons, located near the horn's lateral and
ventromedial surface. Motoneurons differ from other neu-
rons in size, the multipolar shape of cell bodies (Molander et
al., 1989). The ventral horns of the gray matter of the spinal
cord of cattle are represented by extremely large nerve cells,
the volume of which is from 21455.78 to 39788.58 um?.

Large motoneurons, which have mainly a multifaceted,
star-shaped shape and a pronounced large nucleus, are locat-
ed in groups of 4 to 8 neurons in the central zone of the
ventral horn. Neurons of medium size, oval, oblong, are
often located singly in the central zone and near large neu-
rons. Small nerve cells of round and oval shape are scattered
throughout the central zone. Such neurons in lateral and
medial areas are placed in groups of 2 — 3 cells.

Ventral glial cells are unevenly spaced uniformly near
nerve cells. The highest density of such cells is characteris-
tic of medium-sized neurons. The density of glial and nerve
cells and their relationship characterize the dynamics of
brain development and is a morphological sign of physio-
logical and pathological changes in the nervous system.

On sections of the spinal cord stained with toluidine
bruise, in the cytoplasm of nerve cells, there is a uniformly
distributed basophilic granularity, which is significantly
larger in the nuclei of the ventral horns (Fig. 4).
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Fig. 3. A fragment of the microscopic structure of the gray
area of mature cattle: 1 — gray matter; 2 — lateral horn;

3 —nucleus of a lateral horn. Ramon-y-Cajal. x 120

According to the results of studies of the microscopic
structure of the gray matter of the thoracic spinal cord of the
studied animals, a pronounced differentiation of nerve cells
of different shapes and sizes was established. Among them
are small, medium, and large nerve cells, the ratio of which
in the gray matter of the spinal cord of the studied animals is
different. Thus, the percentage of small neurons in cattle is
the most common — 47.91 + 0.32 %. Medium and large
neurons account for 33.70 = 0.46 % and 18.37 + 0.50 %.

The results of morphometric studies indicate that the aver-
age volume of small nerve cells in the thoracic spinal cord of
cattle is 632.366 £ 47.166 um*; medium — 4155.599 =+
209.354 um3; large — 20384.769 + 1302.752 um?. The mean
volume of nerve cells is 9981.042 + 778.754 um?. The vol-
ume of the nuclei is, respectively, 61.696 £ 6.551 um?;
287.221 +24.393 pum?; 920.498 + 60.471 um?, and 503.970 +
35.377 wm?. The nuclear-cytoplasmic ratio is different and
depends on the size of the cells and their nuclei. Thus, the
highest rate of nuclear-cytoplasmic ratio in all cases is found
in small neurons — 0.107 &+ 0.008, then in medium — 0.071 +
0.005, and the lowest — in large nerve cells — 0.054 + 0.003.

4. Conclusions

The research allows defining the morphofunctional char-
acteristic of neurons of the gray matter of a spinal cord of
mature cattle. Neurocytic organization of the corresponding
structures is characterized by the presence of the large, me-
dium, and small nerve cells with different nuclear-
cytoplasmic ratios: the highest rate of nuclear-cytoplasmic
ratio in all cases is found in small nerve cells — 0.107 +
0.008, the smallest — in large cells — 0.054 + 0.003. Such
morphological parameters of neurons serve as a criterion for
determining the morphofunctional state of cells.

Prospects for further research aimed at conducting the
ultramicroscopic examination of the nervous system, in
particular the spinal cord of a domestic bull.

Fig. 4. Fragment of the microscopic structure of the gray
matter of the spinal cord of mature cattle: 1 —nerve cell;
2 — the nucleus of the nerve cell; 3 — nucleolus; 4 — nerve
cell process; 5 — basophilic granularity; 6 — neuroglia
cells. Nissl. x 400
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