UKRAINIAN
JOURNAL OF 2023. Volume 14, No. 4. P. 40-58

VEEIIE;\III(‘;QQY Received: 22.07.2023 Revised: 22.10.2023 Accepted: 22.11.2023

DOI: 10.31548/veterinary4.2023.40

UDC 619:545.424:469:545

Peculiarities of organometry and morphoarchitectonics
of the heart of the Domestic ram (Ovis aries L., 1758)

Leonid Horalskyi
Doctor of Veterinary Sciences, Professor
Zhytomyr Ivan Franko State University
10002, 40 V. Berdychivska Str., Zhytomyr, Ukraine
https://orcid.org/0000-0002-4251-614X
Maksym Ragulya
Postgraduate Student
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0000-0003-2945-9651
Nataliia Kolesnik
PhD in Veterinary Sciences, Associate Professor
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0000-0001-7741-8753
Thor Sokulskyi
PhD in Veterinary Sciences, Associate Professor
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0000-0002-6237-0328

Abstract. Today, cardiovascular diseases are the dominant diseases of animals, which most
often lead to their death both in Ukraine and worldwide. Therefore, morphological studies
of the heart at the cellular, tissue, and organ levels are essential in clinical cardiology for in
vivo ultrasound diagnosis of functional and organic heart lesions. The aim of the study was to
perform a histological and cytomorphometric assessment of the morphological structures of the
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sheep heart using macroscopic, histological, and morphometric methods. Using morphological
methods, the hearts of sexually mature clinically healthy animals (n=5) belonging to the class
Mammalia — Mammals, species Ovis aries L., 1758 — domestic sheep (ram) were studied. The
absolute and relative heart weights of mature sheep were determined, which are, respectively,
208.4%9.82 g and 0.44+0.007%, and the weight without epicardial fat is 175.0£8.17 g. The heart
of sheep, according to the development index (145.5+4.02%), belongs to the expanded-shortened
anatomical type. The most developed components are the ventricles. At the same time, the ratio
of the mass of the heart ventricles to its net mass is 1:0.78, respectively, the ratio of the mass
of the atria is 1:0.22, and the ratio of the mass of the atrial myocardium to the mass of the
ventricular myocardium is 1:0.29. The largest volume was found in the cardiomyocytes of the left
ventricle — 3982.99+423.96 um?, the smaller — in the right ventricle — 2463.02+318.04 pm? and
the smallest - in the atrial cardiomyocytes — 1215.93+176.94 um?®. The volumes of cardiomyocyte
nuclei in the left (53.42%5.18 um?®), right (52.85%4.33 um?®) ventricles and atria (50.16%¥4.57 um?)
were almost identical. Nuclear-cytoplasmic ratio was the lowest in cardiomyocytes of the left
ventricle - 0.0136+0.0062, slightly higher in cardiomyocytes of the right ventricle —0.0219+0.0079
and the highest — 0.0430+0.0096 in atrial cardiomyocytes. The obtained results on the macro-
and microscopic structure of the heart of bighorn sheep (Ovis aries L., 1758) complement the
information on the morphology of the sheep heart in the relevant sections of histology and
comparative anatomy and are necessary for clinical cardiology

Keywords: morphology of organs; domestic animals; histostructure; development index;
myocardium; cardiomyocytes

Introduction

heart drives blood flow in a closed system of
blood vessels (Somberg, 2020). The study of the
structural features of the internal structures

The cardiovascular system is one of the most
important systems of a living organism, which
includes the heart, blood and lymphatic vessels

that are systemically interconnected (Raiola
et al., 2023). It is a system that performs a
number of vital functions, including regulating
blood supply to organs, ensuring blood pres-
sure in the body and the outflow of lymph from
organs and its transport to veins, and contrib-
uting to the functions of the immune defence,
nervous and endocrine systems (Khomych
etal.,2020). Thus, it plays an important role and
participates in the regulation of homeostasis in
the animal body and is one of the integrating
systems of all living organisms. The heart is
the central organ of the cardiovascular system
in humans and animals. Due to the constant
contraction of myocardial cardiomyocytes, the
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of the heart is considered to be a relevant and
essential link for the development of national
morphology (Rykiel et al., 2020). This explains
why veterinary cardiology, which studies dis-
eases of the heart and blood vessels of animals,
as well as cardiovascular surgery, are currently
among the priority areas that are actively devel-
oping in veterinary medicine (Frak et al., 2022;
Pilz et al., 2022).

The sheep, as an experimental animal in
this area of research, is often used as a model
used in biomedical research and is perhaps one
of the most influential models of human organ
systems. At the same time, morphometric stud-
ies of organs and systems in clinically healthy
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animals are a priority for timely and reliable
diagnosis of diseases of various geneses, which
are diagnostic criteria as indicators of normal-
cy for the diagnosis of diseases of contagious
and non-contagious pathology (Hryhorieva &
Cherniavskyi, 2018a; Shevchenko, 2018). The
mathematical analysis of the structures of mor-
phological objects has been recognized as a
modern method that is distinguished by objec-
tivity and reliability, which allows for a deeper
understanding of the development of the
pathological process and logical interpretation
of the results of scientific research D. Baldridge
et al. (2021) and I. Chala et al. (2021). This area
is widely used in modern veterinary cardiology
and provides objective information on the
course of various physiological and patholog-
ical processes that occur in the organs and sys-
tems of the body due to damage to the cardio-
vascular system.

Currently, research of this nature is ex-
tremely relevant and is fundamental for the
development, improvement, and application
of new methods of prevention and treatment
of cardiac diseases, which will be aimed at im-
proving the quality of life of animals, including
humans. The aim of the study was to investi-
gate the morphological parameters of the heart
of domestic sheep (Ovis aries L., 1758) at the
organ, tissue and cellular levels.

Literature Review

Over the past decades, many fundamental works
have been published summarizing modern con-
cepts and achievements of morphological and
functional regularities in the structure and
development of the heart in domestic animals
of the mammalian and bird classes, structural
components of its wall, etc. (Shevchenko, 2018;
Hryhorieva & Cherniavskyi, 2018b), which is
important for clinical cardiology to establish
diagnoses in pets of certain species, including
humans.

The study of the structure of the heart and
its components in the comparative species and
age aspects in different animals is devoted to
the work of D. Solc (2007) and O.B. Slabyi et al.
(2017). However, the literature often contains
information on the structure of the heart mainly
during the period of intrauterine development
of animals or in laboratory, domestic animals
and humans, less in newborn domestic matu-
rational animals (Lelovas et al., 2014; Slabyi,
2017). Thus, recent studies on the cardiovas-
cular system of vertebrates, including domes-
tic animals, have led to the discovery of new,
previously unknown facts that require further
in-depth study of the heart and its structures
in comparative anatomical, species, breed, and
age aspects (Stakhurska & Pryshliak, 2014).

Despite the fact that in domestic animals,
morphological and haemodynamic param-
eters of the normal heart have a fairly wide
range of fluctuations and constitute a certain
number of studies of the cardiovascular sys-
tem (Granger, 1998; Duncker & Bache, 2008;
Hnatiuk & Slabyi, 2016), there are currently no
clear objective morphological characteristics
of structural and functional transformations
obtained by morphological methods in the spe-
cies aspect. There are numerous studies on the
study of certain morphological aspects of the
heart structure and structural features of its
structure in domestic animals that have been
studied by previous researchers (Anderson &
Ho, 2003; Vansiatskaia & Kyrpaneva, 2014). At
the same time, as the analysis of domestic and
foreign scientific literature shows, the compar-
ative and age-related morphology of the inner
surface, its components at the macro- and mi-
croscopic level remain extremely poorly under-
stood, so a significant number of issues remain
unresolved and debatable in the problem of
sheep heart morphology. Particularly poorly
understood issues are the study of morphomet-
ric parameters of contractile muscle cells of the
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heart myocardium (volume of cardiomyocytes,
volume of their nuclei and nuclear-cytoplasmic
ratio (NCR) of the ventricles and atria, which
perform different functions: the atria receive
blood returning to the heart from the body of
animals; ventricles pump blood from the heart
to the body of animals, while performing the
greatest load.

Some authors (Solc, 2007; Sahni et al., 2008)
have shown a certain dynamism of the heart
structure in the prenatal and early stages
of postnatal ontogeny in domestic animals.
For example, in mammals, as in other verte-
brates, the heart has a dilated base and a nar-
rowed apex. In large Mammals, the heart is lo-
cated in the ventral part of the mediastinum
and in most of them, the heart tends to have
an elongated apex, except for sheep, in which
the heart may have a blunted apex (DiVincenti
et al., 2014). In such animals, three types of
hearts are distinguished: elongated-narrowed,
cone-shaped, and dilated-shortened. As for the
structure of the myocardium of domestic ani-
mals, there is a characteristic sharply expressed
reticulation, which is due to the arrangement of
fibres of the myocardium formed by cardiomy-
ocytes, where thick layers of connective tissue
are visible between the intermuscular fibres.
The transverse striation of cardiomyocytes and
insertion discs between myocardial contractile
myocytes in cattle are poorly visible (Emam &
Abugherin, 2020). Such characteristics of the
heart structure, according to the literature
analysis, are ambiguous, especially the dynam-
ics of external parameters of the heart in sheep,
its mass, internal architecture in the species
age, etc. need to be clarified.

Therefore, the studies conducted by the
authors on the structure of the heart and its
morphometric assessment of morphological
structures in sheep are important indicators of
accurate morphological criteria at the macro-
and microscopic levels, which is of exceptional
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interest for biology, medical and veterinary
practice. In particular, such data on the regu-
larities of the structure and formation of the
structural components of the heart in the nor-
mal state can be used in the diagnosis of dis-
eases of various geneses in domestic animals.

Materials and Methods

In this study, sexually mature clinically healthy
animals belonging to the class Mammalia -
Mammals, species Ovis aries L., 1758 — domestic
sheep (ram) were investigated. The experimen-
tal animals were selected according to the prin-
ciple of analogues, weight, breed, and age. Based
on the objectives of the research, the following
stages were performed: anatomical dissection
of the hearts of the studied animals, description
of the shape, structure and topography, deter-
mination of the absolute and relative weight of
the heart, its components, microscopic exam-
ination, organ and cytometric parameters of
the organ. The entire experimental part of the
research was carried out in accordance with the
requirements of the international principles of
the European Convention for the Protection
of Vertebrate Animals Used for Research and
other Scientific Purposes (1986, March) and the
Law of Ukraine No. 3447-1V “On Protection of
Animals from Cruelty” (2006, February).

The sheep were dissected from the thorax
and the hearts (n=5) were taken together with
the pericardium for further macroscopic exam-
ination and organometric analysis, which in-
cluded determination of the heart shape, loca-
tion in the thoracic cavity, absolute and relative
mass, height, width, and circumference. The ab-
solute weight of the heart and its ventricles and
atria was determined by weighing it on a labo-
ratory balance, RADWAG PS 6000/C/2 (Poland).
Relative mass of heart (RM) was calculated by
the formula (1):

AM
RH = ~-100, (D)
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where: AM is the absolute mass of the heart; MA
is the mass of the animal.

Determination of the linear parameters of
the organ (height, width, and circumference)
was carried out by direct measurement. The
heart development index (HDI) was determined
by the ratio of its total height to its width using
the following formula (2):

HDI =22 . 100, )
wo

where: HO is the height of the organ; WO is the
width of the organ.

For histological studies of the heart, gen-
eral methods of fixation and preparation of
histological sections were used (Horalskyi
et al., 2019). For this purpose, the correspond-
ing pieces of longitudinal and transverse sec-
tions of the heart were fixed in a 12% chilled
aqueous solution of neutral formalin for 24
hours or more, after which they were embedded
in paraffin according to the schemes proposed
by L. Horalskyi et al. (2019). Paraffin sections
of the studied material (10-12 pm thick) were
made on a sled microtome MS-2. To study the
histological structure of the heart, such sec-
tions, after deparaffinisation, were stained with
the classical staining method — haematoxylin
and eosin (Diapath, Italy, 2020) and the Heid-
enhain method. The latter staining method al-
lowed for better and clearer differentiation of
cardiomyocytes, as well as detection of cardio-
myocyte junctions (insertion discs).

Stained histological sections were used to
perform histometric studies of the structural
elements of the heart wall, including meas-
urements of cardiomyocyte length and width,
volume of cardiac cells and their nuclei, and,
as a rule, the nuclear-cytoplasmic ratio. These
studies were performed by light microscopy
using Micros (Austria, 2012) and MBS-10 (Mi-
cromed, 1998) microscopes, according to the
recommendations set out in L. Horalskyi et al.
(2019).

The nuclear-cytoplasmic ratio (NCR) of
cardiomyocytes was determined by formula (3):

__Vm
NCR = OV’ 3)

where: NCR — nuclear-cytoplasmic ratio; V(n)
is the volume of the nucleus; V(c) — cardiomy-
ocyte volume.

The following formula (4) was used to de-
termine the volume of cardiomyocytes:

Vc=Px(B/2)?x A, 4)

where: V¢ — cardiomyocyte volume; P - 3.14;
B - width (diameter) of the cardiomyocyte;
B/2 - cardiomyocyte radius; A is the length of
the cardiomyocyte.

Determination of volume of nuclei of car-
diomyocytes were determined by formula (5):

V(i) =P/6 x A x B?, (5)

where: V(n) is the volume of nuclei of cardio-
myocyte; P — 3.14; A is the length of the nuclei
of cardiomyocyte; B is the width of the nuclei of
cardiomyocyte.

The length and width of cardiomyocytes
and their nuclei were measured using a mi-
croscope eyepiece ruler. Histological terms for
structural parts of the organ are given accord-
ing to the International Veterinary Histolog-
ical Nomenclature and the International Vet-
erinary Anatomical Nomenclature (Khomych
et al., 2020).

Histological sections were photographed
using a 5.0 megapixel CAM V-200 video cam-
era (InterMed, China, 2017) mounted in a mi-
croscope using a x10; x40 objective and a x10
eyepiece. The digital material was processed
using variational and statistical methods on a
personal computer using Microsoft Excel. The
arithmetic mean (M) and the statistical error
of the arithmetic mean (m) were determined,
the probability of the difference between the
arithmetic means of two variation series was
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determined by the probability criterion (P) and
Student’s tables. The difference between two
values was considered significant at P<0.05,
P<0.01, P<0.001.

Results and Discussion

The sheep heart is a hollow fibro-muscu-
lar organ that ensures continuous blood flow
through a closed system of vessels. The heart
has a conical shape, with a widened base and a
narrowed apex (Figs. 1, 2). The organ is located
in the mediastinum of the thoracic cavity be-
tween both lungs, in the area from the third to
the sixth rib cranially of the diaphragm: crani-
ally it reaches the third rib, caudally - the sixth
rib. In relation to the median sagittal plane, the
heart is displaced to the left by 5/7, adjacent to
the left chest wall between the third and fourth
ribs. The base of the heart is craniodorsal and is
located at the height of the middle of the first or
second rib. Accordingly, the apex of the heart is
directed caudoventrally and is located opposite
the fifth rib cartilage, or caudally from it, not
reaching the sternum by two cm, and cranially
from the diaphragm - from two to five cm.

The heart is contained in a thin but dense
sac — the heart jacket (pericardium). The latter
surrounds the organ from all sides, thus form-
ing a closed serous sac, which is attached to
the breastbone by two ligaments in the area
of the sixth rib cartilage. Externally, the heart
of mature sheep is divided into left and right
ventricular outer grooves and a septum inside,
which are not connected to each other. From
the outside, each half of the heart is divided
(left and right) into atria and ventricles by a
transverse coronary furrow that runs across the
heart closer to its base. The atria and ventricles
of the same name (right and left) are connected
to each other by the atrial-ventricular orifices.

The right and left atria in experimental an-
imals are located at the very base of the heart,
where they form bag-like protrusions - the

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4

right and left heart ears, which are directed in
the cranial direction and are located to the right
and left, respectively, of the pulmonary arteries
and aorta. The ventricles of the heart occupy
the main part of the heart, externally they are
separated from each other by the interventricu-
lar subaxillary and circumcondylar grooves,
which are combined on the cranial surface of
the heart, not reaching its apex, separating the
right ventricle from the left. The apex of the
heart in sheep refers to the left ventricle, which
is located to the left in the caudal direction. The
right ventricle of the heart, respectively, is lo-
cated to the right in the cranial direction. The
interventricular furrows have a similar location
(subaxillary - in the caudal direction, near-
cone - in the cranial direction) (Figs. 1, 2).

13 14 15 16 1)

Figure 1. Macroscopic structure of a sheep’s
heart (left side)

Notes: Symbols: 1 — apex of the heart; 2 — the base
of the heart; 3 — right ventricle; 4 — left ventricle; 5 —
semi-conical interventricular groove; 6 — subepicardial
fat; 7 — left atrium; 8 — left auricle; 9 — right auricle;
10 — pulmonary trunk; 11 - blood vessels. Photo from
macropreparation

Sourse: author’s development
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Figure 2. Macroscopic structure of a sheep’s
heart (right side)

Notes: 1 — apex of the heart; 2 — the base of the
heart; 3 — right ventricle; 4 — left ventricle; 5 — axillary
interventricular groove; 6 — subepicardial fat; 7 -
left atrium; 8 - right atrium; 9 — right auricle; 10 -
pulmonary trunk. Photo from macropreparation
Sourse: author’s development

The criteria of organ development, which
directly indicate its morphological and func-
tional maturity, are absolute and relative
weight, its linear parameters, etc. Indicators
of morphometric parameters not only indicate

the development and morphological and func-
tional maturity of the organ, but also have cog-
nitive value and are the basis for determining
the shape, establishing comparative anatomical
types of certain organs (Linask, 2003; Belimenko
et al., 2021). According to the current studies,
the absolute heart weight of mature sheep
was 208.4%9.82 g, and the relative weight was
0.44%+0.007%. The net heart weight of the ex-
perimental animals (without epicardial fat) was
175.0+8.17 g. Moreover, the height of the heart
was 13.1%0.4 cm, the width was 9.0+0.3 cm, and
the circumference was 22.2+0.6 cm (Table 1).
Depending on the species, breed, and age
of the animal, the following heart shapes can
be distinguished in domestic mammals: nar-
rowed-elongated (cattle), narrowed-shortened
(rabbit), expanded-shortened (horse), and
round-oval (dog). In dogs, it can be ellipsoidal
(43%), cone-ellipsoidal (24%), ellipsoidal-spher-
ical (26%) and spherical (7%), in cattle it can
be elongated-narrowed, cone-shaped and ex-
panded-shortened. Pigs have three main types
of hearts: elongated-narrowed, conical; short-
ened, relatively narrowed; expanded-shortened,
triangular (Rudyk, 2004; Demus, 2015). Ac-
cording to the analysis of the morphometry, in
terms of linear parameters, the index of sheep
heart development was 145.5+4.02%, so the
heart of this species of animals is of the ex-
panded-shortened type (Table 1).

Table 1. Linear parameters of the heart of sheep, M*m, n=5

Indicator
The height of the heart, cm
The width of the heart, cm
Circumference of the heart, see
Heart development index, %

The average value of the thickness of the wall of the ventricles, mm
The thickness of the wall of the left ventricle, mm
The thickness of the wall of the right ventricle, mm
The average value of the thickness of the atrial wall, mm

Numeric values
13.1¥0.4
9.0+0.3
22.2%0.6

145.5+4.02
12.42+0.17
16.2%0.22
8.04%0.11
6.62+0.43

?V/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4
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Indicator

The thickness of the wall of the left atrium, mm
The thickness of the wall of the right atrium, mm

Source: author’s development

The most developed anatomical struc-
tures of the heart are its left and right ven-
tricles, then the left and right atrium, which

correlates with linear indicators of the

Table 1. Continued
Numeric values
7.05%0.09
5.06+0.07

thickness of their walls and their absolute
and relative mass, in relation to the net
mass of the heart (without epicardial fat)
(Table 1, 2).

Table 2. Morphometry of the heart, ventricles, and atria of sheep, M*m, n=5

Indicator

Left atrium
Right atrium

Right and left atrium (together)

Left ventricle
Right ventricle

Left and right ventricles (together)
Heart weight (without apical fat)
The coefficient of the ratio of the mass of the ventricles to the mass of the heart
The coefficient of the ratio of the mass of the atria to the mass of the heart

The coefficient of the ratio of the mass of the myocardium of the atria to the
mass of the myocardium of the ventricles

Source: author’s development

Thus, the wall thickness of the left ven-
tricle was significantly greater than that of
the right ventricle, respectively, by 2.01 times
(P<0.01) and was equal to 16.2+0.22 mm,
and the right ventricle was 8.04%0.11 mm.
At the same time, the thickness of the atri-
al wall was 6.62%+0.43 mm, respectively, of the
left atrium - 7.05+0.09 mm, and of the right
atrium - 5.06£0.07 mm (Table 1). With such
linear parameters of the heart components, the
average mass of the left atrium was 27.9+3.31 g
(15.94%£1.49%), the average mass of the right
atrium relative to the left atrium was signif-
icantly (P<0.01) 2.5 times less and equalled
11.2+2.02 g (6.4%0.82%). The average weight
of the atria of the sheep heart is 39.1¥4.64 g
(22.34%+2.02%). The mass of the left ventricle is
the largest and was 90.3%5.21 g (51.6*3.06%),
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Absolute Relative
mass, g mass, %
27.9+3.31 15.94+1.49
11.2+2.02 6.4+0.82
39.1+4.64 22.34+2.02
90.3+5.21 51.6%3.06
45.6%3.04 26.06+1.32
135.9+7.16  77.66%4.36
175.0+8.17 100

1:0.78
1:0.22
1:0.29

the weight of the right ventricle was interme-
diate and equalled 45.6%3.04 g (26.06+1.32%),
the average weight of both ventricles was
135.9£7.16 g (77.66*4.36%). Consequently, the
mass of the ventricles of the sheep heart was
significantly (P<0.001) 3.5 times higher than the
mass of the atria. Accordingly, the ratio of the
mass of the ventricles of the heart of a mature
sheep to its net mass (without epicardial fat) was
1:0.78, the ratio of the mass of the atria to its net
mass was 1:0.22, and the ratio of the mass of the
atrial myocardium to the mass of the ventricular
myocardium was 1:0.29 (Table 2).

The wall of the sheep heart is formed by the
respective membranes: endocardium - inner, my-
ocardium — middle and epicardium — outer. The
main structural component of the ventricular and
atrial heart wall is the myocardium, a muscular
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membrane consisting of cardiac myocytes (cardi-
omyocytes). Histological analysis of myocardial
sections of the ventricular wall of the heart (left
and right) stained with haematoxylin and eosin
reveals five gradual layers: the outer and inner
layers (their muscle fibres have an oblique lon-
gitudinal direction), then the outer and inner
deeper layers and the deepest layer, whose fibres
have a figure-eight direction (Fig. 3).

Figure 3. Microscopic structure of the
myocardium of the left ventricle

of a heart of a sheep
1 - muscle fibres (longitudinal section);

Notes:
2 - nuclei; 3 - intermuscular connective tissue; 4 —
microcirculatory vessel. Haematoxylin and eosin. x120
Source: author’s development

The myocardium of the atrial wall is formed
by only two layers of muscle membrane — the
outer (common to both atria) and the deep. The
muscle fibres of the outer layer of the myocar-
dium are located in a transverse direction from
the right to the left ear. The muscle fibres of
the deep myocardial layer of the right and left
atria are located in the longitudinal direction.
However, in the area of the myocardial venous
orifices, circular bundles of muscle fibres are
found. Due to the more intensive development
of the ventricular myocardium relative to the
atria, the ventricular walls are much thicker
relative to the atrial wall, which is associated
with their morphological and functional ac-
tivity. The histoarchitecture of the ventricular

and atrial myocardial walls is formed by cardiac
striated muscle tissue, which is represented by
cardiomyocytes that form muscle fibres and in-
termuscular layers of loose fibrous connective
tissue with the presence of blood and lymphatic
vessels and nerves (Figs. 3, 4).

Figure 4. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep
Notes: 1 - muscle fibres (transverse section); 2 — nuclei;

3 — intermuscular connective tissue; 4 — microcirculatory
vessel. Haematoxylin and eosin. x280
Source: author’s development

Cross-striated muscle fibres, built from
cardiac myocytes (cardiomyocytes), which per-
ceive colour in different ways (Fig. 5).

- - ——

Figure 5. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep

Notes: 1 - cardiomyocytes; 2 — nuclei of cardiomyocytes;
3 - insert disks; 4 — intermuscular connective tissue.
Dyeing according to the Heidenhain method. x600
Source: author’s development

?& Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4
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Cardiac myocytes in the myocardium form
a network of thin and thicker, porosely striated
muscle fibres, between which there is a gap space
filled with intermuscular connective tissue. The
parallel myocardial muscle fibres, formed by
cardiomyocytes, are interconnected by anasto-
moses and form a mesh-like structure, forming
a single contractile system of the heart. The
central part of the cardiomyocyte sarcoplasm
contains one, rarely two nuclei, which are oval
or elongated and unevenly spaced. Their nuclear
chromatin in the form of small or large grains is
located around the perimeter of the caryoplasm
(Fig. 5). Cardiomyocytes in the fibre structure,
when staining histological specimens using the
Heidenhain method, are arranged in a chain,
interconnected by insertion discs (Fig. 6). When
histological sections are stained with hematox-
ylin and eosin, cardiomyocytes in the cardiac
muscle tissue form histological structures simi-
lar to the muscle fibres of somatic muscle tissue.

Figure 6. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep
Notes: 1- cardiomyocytes; 2 — nuclei of cardiomyocytes;

3 - insert discs; 4 — intermuscular connective tissue.
Dyeing according to the Heidenhain method. x280
Source: author’s development

This connection of cardiomyocytes with
each other by insertion discs, forming mus-
cle fibres, provides a support function for the
contractile elements of cardiac cells (myofila-
ments) and ensures a single contraction of the
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myocardium and thus forms a functional syncy-
tium. In light microscopy of histological speci-
mens stained by the Heidenhain method, car-
diomyocytes in the longitudinal section appear
as dark stripes, rectangular (Fig. 7), and in the
transverse section — rounded (Fig. 8), so their
shape is cylindrical.

Figure 7. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep
Notes: 1 - cardiomyocytes; 2 — nuclei of cardiomyocytes;
3 — insert discs; 4 — intermuscular connective tissue.
Dyeing according to the Heidenhain method. 600
Source: author’s development

Figure 8. Microscopic structure of the
myocardium of the right ventricle
of a heart of a sheep
Notes: 1
2 — sarcolemma; 3 - sarcoplasm; 4 - nuclei of

- cardiomyocytes (transverse section);

cardiomyocytes; 5 — intermuscular connective tissue.
Hematoxylin and eosin. x400

Source: author’s development
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In cardiomyocytes with such a histological
structure, their sarcolemma, sarcoplasm, nu-
clei, and myofibrils are distinctly differentiated.
They have clearly defined transverse (due to the
presence of myofibrils) and longitudinal (due to
the presence of actin and myosin proteins) stri-
ations (Fig. 9).

Figure 9. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep
Notes: 1 - cardiomyocytes; 2 - nuclei of cardiomyocytes;

3—insertdisks; 4—transverse striation; 5 — longitudinal
striation. Dyeing according to the Heidenhain method.
x600

Source: author’s development

Myofibrils (special-purpose organelles) on
the longitudinal section of cardiomyocytes, un-
der a light microscope, look like thin filaments
running longitudinally, parallel to each other,
and having the length of the cardiomyocytes
themselves (muscle fibres) (Fig. 9). In most cas-
es, myofibrils are located along the entire pe-
rimeter of the sarcoplasm, which is visible in
a cross-section of cardiomyocytes, where they
appear as dots of several dozen in one cardio-
myocyte (Fig. 10). Special-purpose organelles,
often via anastomoses, pass from one fibre to
another, thus ensuring the joint contractile
function of the cardiac myocardium.
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Figure 10. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep
Notes: 1 - cardiomyocytes (transverse section);
2 - sarcolemma; 3 - sarcoplasm; 4 - nuclei of
cardiomyocytes; 5 - intermuscular connective tissue.
Haematoxylin and eosin. x600

Source: author’s development

Myofibrils that are densely packed in the
fibre structure and are located closer to its
periphery are connected to other fibres by
anastomoses. With a low density of myofibrils,
the longitudinal striation of muscle fibres is
clearly expressed, and the transverse stria-
tion is relatively weak. Thicker muscle fibres
are much less susceptible to colour, so their
transverse striation is weakly expressed, and
myofibrils have a more elegant appearance. In
muscle fibres of small thickness, myofibrils are
more densely arranged.

In modern morphology, morphometric re-
search methods are widely used, which make
it possible to establish the relationship and
interdependence of quantitative changes in
individual structures of the animal body, quan-
titative and relative characteristics of certain
morphological components at different stages
of ontological and phylogenetic development
of animals and different functional states of
a particular animal body system, depending
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on their species characteristics, etc. According
to the analysis of literature sources (Demus,
2015; Slabyi et al., 2017) and the results of the
author’s research, the microscopic structure of
the sheep heart, its histoarchitectonics of the
atria and ventricles have a similar structure,
but differ in histo- and cytometric parameters,
which make it possible to establish even minor

changes in the microscopic structure at the
tissue and cellular levels, depending on their
functional load and haemodynamics. Thus,
according to the results of histometry, cardi-
omyocytes forming layered muscle fibres, de-
pending on their morphotopography (left, right
ventricles, atria), are characterized by ambigu-
ous cytometric parameters (Table 3).

Table 3. Histometric indicators of cardiomyocytes sheep, M*m, n=5

Length of Width of
Indexes cardiomyocytes cardiomyocytes
(um) (pm)
Left ventricle 62.92+1.84 8.98+0.64
Right ventricle 49.52+1.62* 7.96+0.56*
Auricle 42.04%1.27** 6.07+0.38*

Volume of Volume of nuclei Nuclear-
cardiomyocytes of cardiomyocytes  cytoplasmic
(um?) (um?) ratio
3982.99%423.96 53.42+5.18 0.0136*0.0062
2463.02+318.04* 52.85+4.33 0.0219+0.0079**
1215.93%176.94** 50.16%+4.57 0.0430+0.0096***

Note: *P<0.05; **P<0.01; ***P<0.001 compared to the left ventricle

Source: author’s development

At the same time, the quantitative in-
dicators of contractile myocytes of the left
ventricle of the sheep heart myocardium are
greater than those in the right: the average
length of cardiomyocytes of the left ventricle
is significantly (P<0.05) is 1.27 times greater
than that of the right ventricle and is equal to
62.92%1.84 pm, the width of cardiomyocytes,
respectively (P<0.05) is 1.13 times greater and
is 8.98+0.64 yum (Table 3). Similar morphomet-
ric characteristics were found in the calcula-
tion of cardiomyocyte volumes: the largest

3982.99

4000
3500
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1500
1000
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0

Left ventricle

B Cardiomyocyte volume (um?®)

2463.99

Right ventricle

volume of cardiomyocytes is characteristic of
the left ventricle (3982.99%£423.96 um?3), the
volume of cardiomyocytes of the right ven-
tricle, compared with the left, is significantly
(P<0.05) less by 1.62 times and is equal to
2463.02£318.04 um3. Similar changes in cyto-
metric parameters were found in determining
the volume of cardiomyocyte nuclei: a larger
volume of cardiomyocyte nuclei was charac-
teristic of the left ventricle (53.42%5.18 um?),
slightly smaller for the right ventricle
(52.85%4.33 uym?) (Table 3; Fig. 11).

1215.93

Atrium

Volume of cardiomyocyte nuclei (um®)

Figure 11. Histometric parameters of cardiomyocytes of heart myocardium of sheep

Source: author’s development
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The revealed ambiguous morphometric
parameters of the volumes of cardiomyocytes
and their nuclei in the right and left ventricles
of the heart lead to different nuclear-cytoplas-
mic ratios: the lowest nuclear-cytoplasmic ra-
tio is characteristic of cardiomyocytes of the

0.045
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0.035
0.03
0.025
0.02

0.0136
0.015
0.01

0 -

0.005

left ventricle (0.0136%0.0062) and significantly
(P<0.01) 1.61 times higher for cardiomyocytes
of the right ventricle (0.0219+0.0079), which
indicates the morphological and functional
activity of cardiomyocytes of the left ventricle
(Fig. 12).

0.043

0.0219

Left ventricle

m Left ventricle

Right ventricle

Right ventricle

Atrium

B Atrium

Figure 12. Nuclear-cytoplasmic ratio of cardiomyocytes of heart myocardium of sheep

Source: author’s development

This should not be considered a coinci-
dence, but an objective and realistic character-
istic associated with differences in the activity
of the heart ventricles, since the left ventri-
cle functions mainly as a pump, and the right
ventricle — as a volume ventricle (Haliglir &
Dursun, 2009). Therefore, an increase in cyto-
metric parameters (length, width, volume) and
a decrease in the nuclear-cytoplasmic ratio of
cardiac cardiomyocytes in the left ventricle my-
ocardium, compared to the right ventricle, are
associated with the functional characteristics
of the myocardial muscle tissue, which is ca-
pable of spontaneous rhythmic contractions,
facilitating the movement of blood through
the vessels. Accordingly, the cardiac contrac-
tile myocytes of the left ventricle of the heart
myocardium provide a much higher load, thus
promoting blood flow in the vessels of the large
(somatic) circulation, and, accordingly, the car-
diomyocytes of the right ventricle provide a

lower load, supporting blood flow in the vessels
of the small (pulmonary) circulation.

The smallest cytometric parameters of the
heart structure (length, width, volume) were
characteristic of atrial cardiomyocytes, in which
the nuclear-cytoplasmic ratio relative to that
of the left and right ventricles was significant-
ly (P<0.001) 3.16 and 1.96 times (P<0.01) higher
and equalled 0.0430+0.0096 (Table 3; Fig. 12).
These cytometric parameters of cardiomyocytes
indicated a significantly lower functional load
of atrial contractile myocytes compared with
ventricular cardiomyocytes. It is known that
the most morphologically and functionally ac-
tive and mature somatic cells in humans and
animals are those characterized by a low nu-
clear-cytoplasmic ratio index and, conversely,
cells with a high nuclear-cytoplasmic ratio are
less functionally active (Anderson & Ho, 2002).
Different cytometric and karyometric parame-
ters of ventricular and atrial cardiomyocytes are
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primarily associated with the functional activ-
ity of the heart: the atria receive blood returning
to the heart from the body of animals, and the
ventricles, respectively, pump blood from the
heart to the body, performing a significant load.

At the same time, certain characteristics of
cardiomyocytes and their nuclei have different
meanings, depending on the morphological
and functional activity of the myocardial tissue
of the ventricles and atria. For example, mor-
phometric parameters (thickness, length, aver-
age volume of sarcoplasm and cardiomyocyte
nuclei) are larger in the left ventricle than in
the right ventricle. Such ambiguous cytometric
parameters of the left ventricular myocardium
in experimental animals, relative to the right
ventricle, are probably related to the activity
of the ventricles themselves: the left ventricle
functions, in most cases, as a pump, and the
right ventricle functions as a volumetric com-
partment with morphological and functional
features of myocardial tissue capable of spon-
taneous rhythmic contractions, which result
in blood flow in the vessels. At the same time,
the cardiomyocytes of the left ventricle provide
a greater load, promoting blood flow through
the vessels of the corporal (large) circulation,
and the cardiomyocytes of the right ventricle,
respectively, have a much lower load, ensur-
ing blood flow through the vessels of the small
circulation (Haliglir et al., 2009; Braile, 2013).
Thus, the studies have shown that the morpho-
logical structure of the sheep heart myocardi-
um has similar macro- and histoarchitecton-
ics to other species of mammals, but differs in
morphometric parameters.

Conclusions

A comprehensive morphological study of the
heart of the domestic sheep was carried out,
and new data on the morphological features
and structural organization of the heart in the
normal state were obtained. The morphological
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analysis allowed systematizing, deepening and
significantly supplementing the information
about the microscopic structure and morpho-
metric parameters of the heart structures of the
normal bovine heart and can serve as a basis
for further experimental studies of the heart in
sheep and humans with various pathological
conditions.

The absolute weight of the sheep heart
was 208.4%9.82 g, the relative weight was
0.44%+0.007%, and the net weight of the heart
(without epicardial fat) was 175.0+8.17 g. Ac-
cording to the linear parameters of the heart
(height - 13.1£0.4 cm, width - 9.0£0.3 c¢m, cir-
cumference — 22.2+0.6 cm), the index of its de-
velopment is 145.5+4.02%, so the heart is of the
dilated-shortened type. The more developed
components of the heart are the ventricles (left
and right), then the atria (left and right):

e The mass of the left ventricle is the larg-
est and was equal to 90.3%5.21 g (51.6+3.06%),
the mass of the right ventricle was 45.6+3.04 g
(26.06%1.32%), the average mass of both ventri-
cles was 135.9£7.16 g (77.66%4.36%);

* The average weight of the left atrium
was 27.9%£3.31 g (15.94%1.49%), the average
weight of the right atrium relative to the left
atrium was significantly (P<0.01) 2.5 times less
and amounted to 11.2+2.02 g (6.4%0.82%), the
average weight of both atria was 39.1¥4.64 g
(22.34+2.02%).

* The ratio of the mass of the ventricles of
the sheep heart to its net mass was 1:0.78, the
ratio of the mass of the atria was 1:0.22, the ra-
tio of the mass of the atrial myocardium to the
mass of the ventricular myocardium was 1:0.29.

The cardiomyocytes of the left ventri-
cle had a larger volume (3982.99+423.96 um>),
the right ventricle - 2463.02+318.04 pm3,
and the smallest — atrial cardiomyocytes
(1215.93£176.94 um?®). The volumes of cardi-
omyocyte nuclei in the left (53.42%5.18 um?),
right (52.85%4.33 um?®) ventricles and atria
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(50.16%4.57 ym?®) of the heart were characterized
by almost the same values. The nuclear-cyto-
plasmic ratio was the lowest in cardiomyocytes
of the left ventricle — 0.0136%0.0062, signifi-
cantly (P<0.01) higher in cardiomyocytes of the

contractions. In the future, it is planned to con-
duct comprehensive morphological studies of
the heart of domestic animals of the class Mam-
malia — Mammals in a comparative aspect.

right ventricle — 0.0219+0.0079) and signifi- Acknowledgements
cantly (P<0.001) the highest in atrial cardiomy-  None.
ocytes — 0.0430%0.0096, which is associated with
the physiological characteristics of myocardial Conflict of Interest
muscle tissue capable of spontaneous rhythmic ~ None.
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AHoranis. Ha cborogHi JOMiHyI0UMMM XBOPO6aMM TBAPUH € CepPLIeBO-CyAMHHI 3aXBOPIOBAHHS, SIKi
HajfuacTinie Mpu3BOIATH N0 iX 3aruberni sik B YkpaiHi, Tak i B ycboMy cBiTi. Tomy mopdonoriuni
IOCTi[IKEHHS] Ceplsd Ha KITMHHOMY, TKAHMHHOMY Ta OPraHHOMY DiBHSIX € HEOOXiTHUMU Y
KJIiHIUHI Kapmionorii O TPYDKATTEBOI YIbTPAa3BYKOBOI [iarHOCTMKM (YHKI[IOHATbHMUX Ta
OpraHiuHux ypaskeHb cepiisi. MeTa po6OTM — 3a JOMOMOTrOI0 MaKPOCKOMIUHMX, TiCTOMOTiUYHUXK,
MOpPGOMETPUUHMX METOAIB IOOCTiIkKeHb 3AIMCHUTU TiCTO- Ta LUTOMOP(OMETPUUYHY OLIHKY
MOpP(dOIOTiUHUX CTPYKTYP CEPIS OBellb. 3 BUKOPUCTAHHIM MOPQOIOTiYHMUX METO/IiB AOCTiIKEHO
cepie CTaTeBO3PiMX KIIHIYHO 370poBUX TBapuH (N=5), IKi HajexkaTb O0 kinacy Mammalia -
Ccauii, Bumy Ovis aries L., 1758 — 6apaH (BiB11s) cBiiichbKuii. OGIpyHTOBAHO a6COMIOTHY Ta BiITHOCHY
Macy cepiisi CTaTeBO3PiuX OBellb, 110 CTAHOBUTD, BifnoBigHo, 208,4+9,82 r i 0,440,007 %, macy
6e3 emikapmiasbHOTO XMpYy — 175,048,17 1. Cepiie OBellb BiAMOBiMHO 3a iHAEKCOM PO3BUTKY
(145,5%4,02 %) BimHOCUTBCS IO PO3IMIMPEHO-BKOPOUYEHOTO0 aHATOMIUHOTO TUITY. PO3BUHYTIIMMMU
CKJIAJOBMMU € NUTYHOUKU. [Tpu 11boMy, KoedillieHT BiIHOUIEHHS Macy IUTYHOUKIB cepiist 70 110To
yucToi macu gopiBHIoe 1:0,78, BianoBigHo KoedilieHT BimHOLIEHHS MacK TIepeicepab CTAHOBUTD —
1:0,22, a xoedinieHT BimHOIIEHHS Macu Miokapny IepencepAb OO Macu MiOKapAy IUTYHOUKIB
mopiBHoe 1:0,29. Haiibinbinmii 06’eM BCTAHOBJAEHO Y KapAiOMiOLUTIB JIiBOro IITIYHOYKA —
3982,99+423,96 MKM®, MeHIIMIi — TpaBoro 2463,02+318,04 MKM® i HaliMeHIIN — Y KapioOMiOLUTiB
nepencepab — 1215,93+176,94 mrm®. O6’eMu siiep KapAioMioIuTiB y JiBoMy (53,42+5,18 MKMS),
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npaBomy (52,85%4,33 MKM®) NUTyHOUYKax cepus Ta iioro rmnepexacepasx (50,16%4,57 Mkm®)
Maiike OJHAKOBi. SImepHO-IMTOIUIA3MATMYHE BiIHOLIEHHS HaliMeHIle Yy KapAioMioluTiB
niBoro nuryHouka — 0,0136%0,0062, memio 6inbire y KapmiomiouuTiB mpasoro — 0,0219+0,0079 i
Hait6inbire — 0,0430+0,0096 y kapmiomionnTax nepencepab. OTpuMaHi pe3ynbTaTH MIOA0 MaKpo-
Ta MiKpOCKOTiYyHOi 6ymoBu cepiist 6apaHa cBilicbkoro (Ovis aries L., 1758) MOMOBHIOIOTH BiTOMOCTI
3 Mopdortorii ceplist oBellb Y BiMOBiMHMX pO3[isax ricronorii Ta MOpiBHSUIbHOI aHAaTOMii i €
HeOoOXigHMMU [JIs1 KIiHIYHOI Kapaionorii

KniouoBi ciioBa: mopdosnoris opraHiB; CBiliCbKi TBapMHM; TiCTOCTPYKTYpPA; iHIEKC PO3BUTKY;
MioKapp,; Kap4ioMioluTu
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