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The aim of research—to study the histological structure of the heart of a white rat in health

for a comparative analysis of possible changes during further experimental interventions.

Material and methods. The material for the study was heart biopsies of male rats with
a body weight of 200+30 g. For the production of histological preparations, heart samples
were taken randomly from different parts at least of 5 fragments. The thickness of samples

for histological preparations was no more than 4 mm. For morphometry, the sections

were stained with hematoxylin-eosin, azan and fuxilin and picrofuxin.

The results. Myocardial muscle fibers are formed by mono- and binucleate cells of
rectangular shape in cross-section, which contact with each other in the form of chains
and provide a contractile function. The myocardium of the ventricles is three-layered:
it has superficial, middle and deep layers. The fibers of the superficial layer are located
longitudinally. Bundles of the middle layer envelop each ventricle separately. The
muscle bundles of the inner layer form the trabeculae of the ventricles of the heart. The
atrial myocardium consists of two muscle layers —superficial and deep. The superficial
layer is made of oblique-circular muscle bundles that continuously cover the two atria.
The deep layer is made of longitudinal muscle bundles, and is separate for each atrium.
Conclusions. The histological structure of the white rat’s heart in health has been
specified, as a basis for a comparative analysis of possible changes during experimental
interventions, accompanied by morphofunctional changes of the myocardium.
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Mema Oocnidscenns — eusuumu 2icmonoeiuny 6y008y cepys 0inoeo wypa 6 HOpMi OJis
NOPIBHANBHO20 AHAIZY MONCIUBUX 3MIH NPU NOOATLULUX EKCHEPUMEHMATLHUX BMPYYAHHSIX.
Mamepian ma memoou. Mamepianom ons 0ocuiodicenns Oyau bionmamu cepys wypis
camyis i3 macoio mina 200+30 ep. [{na éucomosaenus 2icmono2ivnux npenapamis 3a0ip
3pasKie cepyst 8i00y8aABCs GUNAOKOBUM YUHOM i3 PI3HUX YACTMUH He MeHule 5 (hpacmenmis.
Toswuna 3paskie 0151 cicmonoiunux npenapamie oyna ve 6inoute 4 mm. [{ns mopgomempii
3pi3uU 3a6apen6aIU 2eMAMOKCUNIH-€03UHOM, A3AHOM MA QYKCUTIHOM i NIKDOMYKCUHOM.

Pezynomamu. M’s306i 6on10kHa MiokapOa Ymeopewi 00HO- mMa 0800ePHUMU
KATMUHAMU NPAMOKYMHOL ghopmu Ha 3pi3i, AKI KOHMAKMYIOMb Midc cobol0 y ueisioi
JIGHYI0JICKIG T 3a0e3neuyroms cKopomaugy Qyrkyito. Miokapo WiiyHOUKI6 mpuiiaposuil:
Mae noseepxnesuil, cepeoHii ma 2nuboxkuti wapu. BonokHa nosepxmegoco wapy
PO3MAUL08YIOMbCs NO3008X#CHLO. TIyuKU cepednbo2o uapy okpemo 020pmarms KOHCHUU
winynouox. M’A306i nyuKu 6HYMPIWHbO20 WApy YMEOPIomMs Mpabexyiu ULTYHOUKIE
cepys. Miokapo nepedceplb cknadaemvcsi 3 080X M SA308UX WAPI6 — NOBEPXHEBO20
i enuboxozo. Ilosepxuesuil wap noOYO08aHULl 3 KOCO-YUPKVIAPHUX M SA306UX NYUKIE, WO
CYYITbHO NOKpUBAIoms 08a nepedceposi. I iuboxuil wiap — 3 n030082ICHIX M A308UX NYYKIE,
i € OKpeMum 0151 KOHCHO20 nepeocepost.

Bucnoeku. Ymouneno cicmonociuny 6y0os8y cepys 6inoco wypa 6 HopMmi, K nioZpyHms
0151 NOPIBHATLHO20 AHANIZY MOJICTUBUX 3MIH NPU eKCNEPUMEHMATLHUX 6MPYYAHHSX, WO
CYNPOBOOACYIOMBCS MOPPOPYHKYIOHATbHUMU 3MIHAMU MIOKAPOA.

Introduction

for about 40% of all deaths in persons under the age of

According to the WHO, the cardiovascular system
diseases are one of the defining problems of modern
medicine. Cardiovascular diseases (CVD) are the main
cause of mortality and disability of population in most
countries of the world [1-3]. It is expected that more
than 23 million people will die from these diseases by
2030. In Europe, cardiovascular pathology accounts
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75, including more than 60% of sudden cardiac death.
Ukraine occupies one of the first places in Europe in terms
of mortality rates due to diseases of the cardiovascular
system (459.48 per 100,000 population) [1-4].

The property of the structure of the rat heart is that
5-6 pulmonary veins end into the left atrium. One vein,
sometimes two of veins arise from the left lung, and four
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veins arise from the right one. The rat heart resembles the
shape of a cone, the apex of which is directed downward
towards the diaphragm, the heart is slightly shifted to
the left relative to the midline, and is located almost in
a horizontal plane. The property of the rat heart includes
the presence of the left cranial vena cava and sinus valves.
The cone of the right ventricle extends significantly
upward. The parictal leaflets of the atrioventricular
valves are, in most cases, not clearly distinguished. The
aortic arch is very steep, 2-3 trunks arise from it [5].

There are 9 pairs of ribs attached to the sternum in the
rat. Skeleton topically, the rat heart is located between
the third and the seventh ribs. Cardiac-diaphragmatic
ligament extends from the apex of the rat heart [4].

Wall of the rat heart consists of three layers:
epicardium — the outer layer, myocardium — the middle
layer, and endocardium —the inner layer. The heart itself is
located in the fibrous pericardium. Endocardium overlays
the heart chambers from the inside, and forms the leaflets
and semilunar valves of the heart. The atrial endocardium
is thicker than that of the ventricles, but is thickest in the
left heart chambers. Myocardium is the thickest layer of
the heart wall, and consists of striated cardiac muscle
tissue. The rat myocardium consists of two types of muscle
cells — cardiomyocytes: typical contractile and conducting
ones. Cardiac myofibers are formed by uninuclear and
binuclear muscle cells, the contractile cardiomyocytes.
These cells are rectangular with lateral processes, their
length is 50-120 pm, and diameter is 15-20 um. The
nucleus is located in the center of the cell. Cardiomyocytes
are connected to one another, forming intercalated discs.
The atrial myocardium consists of two muscle layers, the
outer layer, which consists of circular muscle bundles, and
the deep layer, which has longitudinally oriented muscle
bundles. Myocardium of the ventricles consists of three
layers: outer, middle and deep (inner) ones. The outer
layer is thin, and its fibers are longitudinally oriented. Its
muscle bundles originate from fibrous rings. At the apex
of the heart, these bundles twist and extend into the inner
longitudinal layer. The middle layer is located between
the longitudinal outer and inner muscle layers. The rat
epicardium is formed by a serous membrane [6,7].

Aim of the study

To study the histological structure of a white rat heart
in health for a comparative analysis of possible changes
during further experimental interventions.

Materials and methods

Rats were kept on a standard vivarium diet with free
and unrestricted access to water. All animals were kept
in the conditions of the vivarium of Danylo Halytskyi
Lviv National Medical University, the experiments
were conducted in accordance with the provisions of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and other Scientific
Purposes (Strasbourg, 1986), Council of Europe Directive
86/609/EEC (1986), Law of Ukraine No. 3447-1V «On the
Protection of Animals from Cruelty». The experiments
were conducted in accordance with Minutes No. 7 dated
29.08.2022 of the Commission on the ethics of scientific
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research, experimental developments and scientific papers
of Danylo Halytskyi Lviv National Medical University.
Material for research was collected after decapitation of
animals under ether anesthesia. Heart biopsy specimens
of male rats weighing 180-230 g were the material for the
study. Since heart is a large organ, tissue samples from
each animal were collected simultaneously for histological
examination, which allowed optimization of the use
of biological material and reduction in the number of
animals required for the study. Heart samples were taken
randomly, at least 5 fragments from different parts for
making histological preparations. Thickness of samples for
histological preparations did not exceed 4 mm. Samples for
making histological preparations were fixed in 10% buffered
formalin. Afterwards, these samples were dehydrated by
processing in increasing concentration of ethyl alcohol
(60%, 70%, 80%, 90%, 95%, for 2 hours, and twice 100%
for 30 minutes), and embedded in paraffin in a thermostat at
a temperature of 60 °C with an intermediate processing in
alcohol-xylene (50 to 50) and 100% xylene, 30 minutes in
each solution. For morphometry, sections with a thickness
of 3 um were stained with hematoxylin-eosin.

Research results and their discussion

Heart muscle of the rat consists of branching and
overlapping myofibers, forming a peculiar kind of a mesh.
Fissures between myofibers are filled with loose connective
tissue (nuclei of fibrocytes are clearly seen) with blood
vessels and nerves. Connective tissue in health is poorly
pronounced. Myofibers of the myocardium are formed by
cardiomyocytes that are rectangular in cross-section (Fig. 1).

The atrial myocardium consists of two muscle layers,
the outer and deep ones. The outer layer consists of
circular transverse muscle bundles that continuously
cover the two atria. The deep layer consists of
longitudinal muscle bundles, and is separate for each
atrium. Myocardium of the ventricles consists of three
layers: outer, middle and deep ones. Fibers of the outer
layer are located longitudinally. There is a middle layer
between the outer and inner muscle layers, the bundles
of which wrap around each ventricle separately. Muscle
bundles of the inner layer form trabeculae carneae of the
ventricles of the heart. Myocardial myofibers are formed
by uninuclear or binuclear muscle cells communicating
with one another in the form of chains, and are called
cardiomyocytes providing a contractile function (Fig. 2).
Ventricular cardiomyocytes are cylindrical in shape, and
atrial cardiomyocytes have processes.

Layers of the connective tissue were observed between
cardiomyocytes, in the depth of which vessels of various
diameters with a small number of erythrocytes were seen.
The intima of arterial vessels is tortuous in some places,
and is represented by thinned endotheliocytes with
elongated hyperchromic nuclei (Fig. 3, 4).

The nuclei of cardiomyocytes are ovoid or spindle-
shaped, and are usually located in the center of the
cell. Ventricular cardiomyocytes contain fair amount of
sarcoplasm, and a small amount of myofibrils.

The inside diameter of the myocardial arterioles in
the white rat is 12.95 (9.49; 15.03) pm, the thickness of
the arteriolar wall is 2.77 (2.45; 3.20) um, the diameter of
the capillaries is 4.34 (3.84; 5.41) um.
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Fig. 1. Region of myocar&iu
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Fig. 2. Left ventricular region of myocardium in intact rat. Micrograph. Fuchsilin and picrofuchsin staining.

Magnification: x 400. Legend: 1 — uninuclear cardiomyocyte; 2 — binuclear cardiomyocyte; 3 — nucleus of
endotheliocyte; 4 — wall of arteriole.
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Fig. 3. Region of myocardium in intact rat. Micrograph. Hematoxylin and eosin staining. Magnification: x 200.
Legend: 1 — layers of the connective tissue; 2 — arteriole; 3 — arteriolar capillary; 4 — cardiomyocytes.

Myofibrils on cross-section of muscular tissue are localized in a thin layer of the connective tissue between
arranged in radial layers, the perinuclear spaces are free  cardiomyocytes (Fig. 5).
of fibrils, and are filled with sarcoplasm. Slightly stained In addition to contractile (typical) cardiomyocytes,
nuclei located in the center of the cell were observed we also distinguished another type of myocardial cells,
in the myocardial cells. Fibrocytes and capillaries were  conducting (atypical) cardiomyocytes, which formed cardiac
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conducting system, and were divided into 3 types. The first
type, P-cells (pacemaker cells) of small size, polygonal

elongated cells, smaller in diameter than typical contractile
cardiomyocytes. Cells of the third type, the Purkinje fibers are

large cells with peripheral location of myofibrils in the form
of light cords, which contained fair amount of sarcoplasm,
small amount of myofibrils, and much glycogen (Fig. 6).

shape, had many pinocytotic vesicles and caveolae, they did
not have a T-system, the sarcoplasmic reticulum was poorly
developed. The second type, transitional cells are small

Fig. 4. Region of the myocardium in intact rat. Micrograph. Hematoxylin and eosin staining. Magnification: x 400.
Legend: 1 — arterial lumen with blood corpuscles; 2 — interstitial connective tissue.

Fig. 5. Region of interatrial septum. Micrograph. Hematoxylin and eosin staining. Magnification: x 200. Legend: 1 —
nucleus of cardiomyocyte; 2 — capillary.
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Fig. 6. Cells of A-V node. M1crograph Azan saining. Magmﬁcatlon % 400. Legend: 1— atypical cardiomyocytes;

2 —nucleus of conducting cardiomyocyte; 3 — nuclei of fibroblasts.
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Conclusions

1. Heart muscle of the white rat consists of branching
and overlapping myofibers, forming a peculiar kind of
a mesh.

2. Fissures between myofibers are filled with loose
connective tissue with blood vessels and nerves.

3. Thenuclei of cardiomyocytes are ovoid or spindle-
shaped, and are usually located in the center of the cell.

4. Ventricular cardiomyocytes contain fair amount of
sarcoplasm, and a small amount of myofibrils.

Directions for future research
Materials of our research will serve a morphological
basis for further experimental studies.
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