Ministry of health Republic of Belarus
Establishment of education “Gomel state medical university”

Department of histology, cytology and embryology

MANUAL
for 1-st year students of faculty of foreign students on gynecology

Topic: 15:
HISTOPHYSIOLOGY OF CARDIOVASCULAR SYSTEM

Duration 4 hours

Authors:
Associate Professor Ph.D. Kravtsova I.L.
Associate Professor Ph.D. Solodova E.K.

Gomel 2022
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The cardiovascular system carries out such important functions as carrying out and

distribution of blood in organs, a metabolism between blood, tissues etc. At infringement
of structure and function of different partof cardiovascular system arise heavy diseases in
an organism: heart diseases, myocardium infarction, atherosclerosis, hypertenssion, etc.
All this makes necessary detailed studying of cardiovascular system for the future doctor.

sels.

THE PURPOSE
Studying micro- and a ultramicroscopic structure of heart, blood and lymphatic ves-

PROBLEMS

The students should know:

1) The general plan of a structure and classification of vessels.

2) Features of a structure of vessels microcirculation network

3) Classification and a structure of arteries. Features of a structure of arteries elastic

and muscular types in connection with hemodenamic conditions.

4) Classification and a structure of veins. Features of a structure of veins, in differ-

ent parts of a body.

vessel

5) Characteristic differences of a structure of a wall of a vein from an artery.
6) The Structure of lymphatic vessels.

7) Structure of endocardium, a myocardium and epicardium,

8) The Structure epi-and a pericardium.

The students should be able:

1) To identify various types of arteries.

2) To characterize tissue structure of environments of arteries.

3) To identify on a total preparation of microcerculation.

4) To explain the general principle of interdependence of a structure of a wall of a

5) To characterize representation about blood vessels and their age changes.

REQUIREMENTS TO THE INITIAL LEVEL OF KNOWLEDGE
For full mastering a theme it is necessary for student to repeat questions of an ana-

tomic structure of organs of cardiovascular system from a rate of normal anatomy.

CONTROL QUESTIONS FROM RELATED SUBJECTS
1) The anatomic structure and topography of heart

2) Conducting system of heart

3) Classification of vessels

CONTROL QUESTIONS ON THE THEME

1) Heart. Sources of development. Layers of wall of tye heart, tissues structure.
Valves. Conducting system of heart. Blood supply

2) Blood vessels. Development. Classification. A structure.

3) Arteries. Arteries elastic, the muscular, mixed type.

4) Microcirculation network

5) Veins. Veins of muscular and fibrous type.



6) Lymphatic vessels.
7) Blood supply. Innervations. Age changes. Regeneration.

THE PRACTICAL PART

1) The Scheme of development of heart — to enter designations (Exercise Nel in al-
bum)

2) The Structure of a wall of heart — to fill the table (Exercise Ne2 in album)

3) The Scheme of an ultramicroscopic structure of an inserted disk — to enter desig-
nations (Exercise Ne 3 in album)

4) The Structure of veins — to study and fill the table (Exercise Ne5 in album)

5) The Structure of arteries — to study and fill the table (Exercise Ne6 in album)

6) To list homodynamic the conditions defining morphological attributes of vessels
(Exercise Ne7 in album)

7) The Scheme microcirculation — to enter designations (Exercise Ne9 in album)

8) Classification of capillaries — to enter designations (Exercise Ne 11 in album)

9) The Scheme of an ultramicroscopic structure of a wall of blood and lymphatic
capillaries — to enter designations (Exercise Ne12 in album)

10) Microscopy and a sketch in an album of histological preparations (Exercise No
4,6,7,8 and 10in album)

11) Studying diagrams

SLIDES

1) Artery of elastic type (Aorta)

2) The artery of muscular type (femoral artery)

3) The vein with strong development of muscular elements (the femoral vein)
4) Capillaries, arterioles, venules

5) Heart

QUESTIONS FOR SELF-CHECKING KNOWLEDGE
1) Define cellular elements in structure of arterioles, capillaries and venolis specify
the basic functions of these vessels. Make the table 1.

Table 1 — The cellular elements in structure of arterioles, capillaries and venolis

Vessels Cellular structure Functions

Arterioles
Capillaries
Venules

2) Classification of the basic types of capillaries, specify, for what organs they are
characteristic, and think over their functional value. Make the table 2.
Table 2 — The basic types of capillaries

Type of a capillary Organs Functions

3) Think over, to what type the veins specified in the table 3 concern.




Table 3 — The basic types of veins

Veins of brain Cava superior Cava inferior

4) List tissue elements of valves of heart.

HISTOPHYSIOLOGY OF THE CARDIOVASCULAR SYSTEM

Heart: sources of development.

The cardiovascular system consists of a pump represented by the heart and blood
vessels, which provide the route by which blood circulates to and from all parts of the
body [1, 2].

Heart is produced from two embryonic sources:

1) Myoepicardial plates;

2) Endocardial heart tubes.

Two myoepicardial plates are produced in mesoderm on the visceral layer of its
splanchnotome.

Two accumulations of mesenchyme cells are produced just beneath every myoepi-
cardial plate. These mesenchyme cells form two tubes called endocardial heart tubes.

Formation of lateral body's folds change an embryo body to be the tubular shape. In
this two myoepicardial plates or myoepicardial mantle and two endocardial heart tubes
fuse with each other to begin their differentiation into heart layers.

The heart tubes will became the internal heart endocardium. The myoepicardial
mantle gives rise to the myocardium and epicardium [3].

Question 2. Endocardium, myocardium, epicardium: tissues and structural el-
ements. Valves.

The heart is a muscular organ, containing four chambers — the right and left atria
and right and left ventricles through which blood is pumped. Valves guard the exits of the
chambers, preventing back flow of blood.

Heart valves consist of dense irregular connective tissue covering by endothelium
on both their surfaces [13].

The wall of the heart is composed of three layers:

I. Endocardium:

1) endothelium;

2) subendothelial;

3) middle;

4) subendocardial .

I1. Myocardium;

I11.Epicardium.

The endocardium is inner layer of heart. It consists of 4 sublayers. An inner endo-
thelium lining heart chambers is represented by simple squamous epithelium, developing
from mesenchyme. All other three sublayers of heart endocardium are represented by fi-
brous connective tissue, but the middle contains smooth muscle cells also.




Subendocardial sublayer is continuous with the connective tissue of the myocardi-
um. The conducting system of the heart is located in the subendocardial sublayer of the
endocardium.

The myocardium, consisting of cardiac muscle, is the principal thickest component
of the heart. The detailed histologic structure and function of cardiac muscle is discussed
in teaching manual “Muscle tissue”.

The epicardium is the visceral layer of serous pericardium, covering the outer sur-
face of the heart. It consists of a mesothelium and thin underlying loose connective and ad-
Ipose tissues. Mesothelium is a simple squamous epithelium [3].

Conductive system of the heart. Blood supply and nerves of the heart.

The electrical activity (impulses) that results in the rhythmic pulsations of the heart
IS initiated and propagated by the conducting system of the heart. The detailed histologic
structure and function of conducting system of the heart is discussed in methodic manual
“Muscle tissue”.

The heart beats independently of any nervous stimulation. This spontaneous rhythm
of the heart can be altered by nerve impulses from both sympathetic and parasympathetic
divisions of the autonomic nervous system. The autonomic nerves do not initiate contrac-
tion of the cardiac muscle but rather regulate the heart rate, according to the body’s imme-
diate needs. Stimulation of the parasympathetic nerves decreases the heart rate. Stimula-
tion of the sympathetic nerves increases the heart rate [4].

An interatrial septum and an interventricular septum separate the right and left sides
of the heart. The right side of the heart pumps blood through pulmonary circulation. The
right atrium receives blood returning from the body via the inferior and superior venae ca-
vae. The right ventricle receives blood from the right atrium and pumps it to the lungs for
oxygenation via the pulmonary arteries.

The left side of the heart pumps blood through systemic circulation. The left atrium
receives the oxygenated blood returning from the lungs via the four pulmonary veins. The
left ventricle receives blood from the left atrium and pumps it into the aorta for distribu-
tion into the remainder of the body [3].

Blood vessels: development, layers of vascular wall. Structure of the coats.

In our organism, all vessels are developed from mesenchyme and divided into:

1) Arteries;

2) Veins;

3) Microcirculatory bad.

Avrteries are the vessels that pass blood from the heart to deliver it to the capillaries.

Veins are the vessels that pass blood to the heart from the capillaries. Small vessels
such as arterioles, associated capillary network, and postcapillary venules form a microcir-
culatory bad.

The walls of arteries and veins are composed of three layers called tunics. The three
layers of the vascular wall, from the lumen outward are the following:

I. The tunica intima;

I1. The tunica media;

I11. The tunica adventitia.



The tunica intima is the innermost layer of the vessel, consisting of three compo-
nents: a single layer of squamous epithelial cells called endothelium lying on the basal
lamina and the subendothelial layer, consisting of loose connective tissue.

The tunica media, or middle layer, consists primarily of circumferentially arranged
layers of smooth muscle cells.

The tunica adventitia, or outermost connective tissue layer, is composed primarily
of longitudinally arranged collagenous and elastic fibers. In addition, the tunica adventitia
of large arteries and veins contains a system of vessels called the vasa vasorum that sup-
plies blood to the vascular walls themselves, as well as a network of autonomic nerves
called nervi vascularis that control contraction of the smooth muscle in the vessel walls [4
~7]

Arteries: classifications, structure of the elastic and muscular types arteries.

There are several classifications of arteries. The arteries are classified into large,
medium and small types on the basis of size. They are classified into elastic and muscular
principle types on the characteristics of the tunica media (morphological classification).

Large arteries laying near the heart and their main branches belong to elastic type of
arteries. The elastic arteries contain numerous elastic fiber in all three their tunics. It helps
them to distend for heart systole (the contraction phase of the cardiac cycle) and then come
back to their original size for heart diastole (the relaxation phase of the cardiac cycle) [7].

Muscular arteries

Medium and small arteries belong to the muscular types of arteries. Muscular arter-
ies have more smooth muscle and less elastin in the tunica media than in elastic arteries.
Contraction and relaxation of these smooth muscle cells will change the diameter of medi-
um and small arteries affect blood pressure.

Medium and small arteries are distinguished from one another by the number of
smooth muscle cell layers circular arranged in the tunica media. The tunica media of small
arteries contains 3 to 8 layers of smooth muscle cells in the tunica media. The tunica me-
dia of medium arteries contains more, then 8 layers of smooth muscle cells in the tunica

media [3].
The wall of muscular arteries consists of:
I. Tunica intima;

1. Endothelium;

2. Subendothelial connective tissue;

3. Internal elastic membrane.

I1. Tunica media:

4. Smooth muscle cells, lying circular array; 5. Little collagen and elastic fibers;
6. External elastic membrane.

[11. Tunica adventitia:

6. Collagen and elastic fibers;

7. Vasa vasorum and nerves [1 - 7].

Microcirculatory bed: arterioles, capillaries, venules. Arteriovenous anastomo-
ses.

Microcirculatory bad includes small vessels such as arterioles, associated capillaries
and postcapillary venules.



Arterioles

Avrterioles are the smallest arteries of muscular type. They play an important role in
regulating blood pressure and controlling the blood flow entering capillaries [3].

The wall of arteriole consists of:

I. Tunica intima:

1. Endothelium;

2. Subendothelial sublayer is very thin and often absent;

3. Internal elastic membrane is very thin and often absent;

I1. Tunica media:

4. 1 to 2 layers of smooth muscle cells lying circular array.

I11. Tunica adventitia:

5. Adventitial cells [3].

Capillaries

Capillaries are the smallest diameter blood vessels connecting arterioles to venules.

Capillaries form blood vascular networks, that

Allow, fluids containing gases, metabolites, nutrients and waste products to move
through their thin walls. The very thin walls of capillaries consists of:

1. Endothelium;

2. Basal lamina of endothelial cells;

3. In some capillaries and postcapillary venules there are pericytes (Rouget cells).

Pericytes are loose connective tissue cells, surrounding the capillary, and are en-
closed by a basal lamina that is continuous with that of the endothelium. Pericytes contain
cytoplasmic processes to communicate with endothelium.

Pericytes are contractile cells and they provide vascular support and promote stabil-
ity of capillaries and postcapillary venules through physical and chemical signaling with
vascular endothelial cells [3, 7].

Types of capillaries

On the basis of their morphology there are three types of capillaries:

I. Continuous;

Il. Fenestrated;

I11. Discontinuous.

Continuous capillaries are typically found in muscle, lung, and the CNS. They
have continuous endothelial cells and basal lamina.

Fenestrated capillaries are typically found in endocrine and kidney. They have en-
dothelial cells that are perforated by small pores (fenestrations), often bridged by dia-
phragms and continuous basal lamina.

Discontinuous or sinusoidal capillaries (sinusoids) are typically found in the liver,
spleen, and bone marrow. They are larger in diameter and characterized by discontinuous
endothelium and basal lamina. Endothelium of sinusoids is interrupted by large pores,
which perforate the cytoplasm of endothelial cells [3].

Venules

Venules are the smallest veins, receive blood from the capillary network. They
gradually increased in size and can be categorized as:

1) Postcapillary venules (10-30 um in diameter);

2) Collecting venules (30-50 pm in diameter);



3) Muscular venules (50-100 um in diameter) [2, 3].

Thus, the postcapillary venules are smallest venules collecting blood from the capil-
lary network. Structurally they look like capillaries and are characterized by the presence
of endothelium with its basal lamina and pericytes. The endothelium of postcapillary ven-
ules is the principal site of action of vasoactive agents such as histamine and serotonin.
Response to these agents results in releasing of fluid and emigration of leukocytes from
the vessel during inflammation and allergic reactions

Postcapillary venules drain blood into the collecting venules. The walls of collecting
venules contain endothelium with its basal lamina and a few smooth muscle cells. Usually,
pericytes are not found in collecting venules.

Muscular venules are located distal to the collecting venules. They drain blood into
the small veins. Whereas postcapillary and collecting venules have no tunics, the muscular
venules have three tunics in their walls. The muscular venules have one or two layers of
smooth muscle that constitute a tunica media [7].

Arteriovenous anastomoses

Arteriovenous (AV) anastomoses also called shunts are direct routes between the ar-
teries and veins that divert blood from the capillaries. AV shunts are found in the skin of
the finger tips, nose, lips, in the erectile tissue of the penis and clitoris. The arteriole of AV
shunts is often coiled, has a relatively thick smooth muscle layer to produce the precapil-
lary sphincter. The contraction of the arteriole smooth muscle of the AV shunt sends blood
to a capillary bed; relaxation of the smooth muscle sends blood to a venule, bypassing the
capillary bed [1 - 7].

Veins: muscular type.

Typically, veins have thinner walls than their accompanying arteries, and the lumen
of the veins is larger than that of the arteries. The veins lumen is often collapsed. Many
veins, especially those that convey blood against gravity, contain valves that allow blood
to flow in only one direction, toward the heart.

The valves are projections of veins tunica intima consisting of a thin connective tis-
sue core covered by endothelial cells.

Most veins belong to the muscular type. However, in some organs (retina, bones,
spleen, placenta, pia mater) the veins don’t contain muscles in their walls.

Amount of smooth muscles in walls of veins depends on the diameter (small, medi-
um and large) and localization of veins. So, veins, especially those that convey blood
against gravity (veins of the limbs) have most amount of smooth muscles in the walls [7].

The wall of muscular vein consists of:

I. Tunica intima:

1. Endothelium;

2. Subendothelial connective tissue, containing some longitudinally arranged
smooth muscle cells.

Il. Tunica media:

3. Smooth muscle cells, lying circular array; 4. Little collagen and elastic fibers.

I11. Tunica adventitia

5. Collagen and elastic fibers;

6. Bundles of longitudinally arranged smooth muscle cells;

7. Vasa vasorum [3].



Lymphatic vessels. Lymphatic capillaries.

Lymphatic vessels are vessels, that convey fluids from the tissues to the blood-
stream. Unlike the blood vessels, which convey blood to and from tissues, the lymphatic
vessels are unidirectional, conveying fluid only from tissues. The smallest lymphatic ves-
sels are called lymphatic capillaries. The lymphatic capillaries begin as “blind-ended”
tubes in the microcapillary beds. Lymphatic capillaries converge into larger vessels called
lymphatic vessels. They unite to form two main channels that empty into the blood vascu-
lar system by draining into the large veins in the base of the neck. The largest lymphatic
vessel, draining most of the body and emptying into the veins on the left side, is the tho-
racic duct. The other main channel is the right lymphatic trunk.

Lymphatic capillaries are essentially tubes of endothelium that, lack a basal lamina.
Therefore, they have a high permeability. Anchoring filaments extend between the endo-
thelium and the perivascular collagen [3].

REFERENCES

1. Lowe, J. S. Stevens & Lowe's human histology [Electronic resource] / J. S. Lowe,
P. G. Anderson, S. I. Anderson. — 5th ed. — China : Elsevier, 2020. — VIII, [I], 426 c. : col-
or. il. + Student Consult online. — Mode of access:
https://www.sciencedirect.com/book/9780723435020/stevens-and-lowes-human-histo lo-
gy-fourth-edition — Date of access: 25.01.2022.

2. Solodova, E. K. Histology and cytology: Teaching manual for higher educational
institutions learns enrolled on specialty 1-79 01 01 «General Medicine» / E. K. Solodova.
—  Gomel : GoGMU, 2021. - 204 p. — Mode of access:
https://elib.gsmu.by/handle/GomSMU/9227 — Date of access: 25.01.2022.

3. Singh, 1. Textbook of Human Histology : with Colour Atlas and Practical Guide /
I. Singh ; revised and edit. by N. Vasudeva, S. Mishra. — 8th edition. — New Delhi : Jaypee
Brothers, 2016. — 300 p. — Mode of access:
https://docs.google.com/file/d/0BxvjJ4mG bfYV2ZjSTZzZ3VmVUU/edit?resourceke
y=0-10rcPJIIPE-C8jNx7fsOiA — Date of access: 25.01.2022.

4, Kysnenona, T.I'. ['uctonorusi, uuToa0TUsI U 3MOPUOIIOTHUS © y4e0.-METO/I. MOCO-
oue s ctyneHtoB 1 kypca (ak-Ta Mo MOATOTOBKE CIEIUATMCTOB JJis 3apy0. CTpaH,
o0yu. Ha anri. s3eike = Histology, cytology and embryology in English for 1-st year stu-
dents of Faculty on preparation of experts for foreign countries, studying on speciality of
“General Medicine» of medical higher educational institutions / T.I".Ky3nenosa, E. K. Co-
nonosa, FO.B.bounapesa, T.B.[lotebuikuna ; nep. T.I'.Ky3nenosa, — 'omens : 'oM[' MY,
2016. - Y. 1. - 92 c.

5. Kysnenona, T. I'. ['uctonorus, MuTonoTusi ¥ SMOPHOIOTHSA © y4e0.-METOI. TIOCO-
Ooue s CTyneHTOB 2 Kypca ¢ak-Ta MO TOATOTOBKE CIIEIUATUCTOB IS 3apy0. CTpaH,
o0yu4. Ha aHrI. si3eike = Histology, cytology and embryology in English for 2-nd year stu-
dents of Faculty on preparation of experts for foreign countries, studying on speciality of
“General Medicine» of medical higher educational institutions / T.I".Ky3nenona, E. K. Co-
noxaosa ; nep. T.I'.Ky3nenona, — ['omens : 'oMI'MY, 2016. — Y. 2. — 64 c.

6. Cononora, E. K. TectoBble 3aaHus MO TUCTOJIOTUU: y4e0.-METO/I. MOCOOUe ISl
cTyaeHToB 1 Kypca ¢akyiabTera Mo MOATOTOBKE CHEHHAIMCTOB JJIs 3apyOeKHBIX CTpaH
MEIUITMHCKHUX BYy30B: B 2 4. = Histology tests: teaching workbook for 1st year students of
Faculty on preparation of experts for foreign countries of medical higher educational
institutions: in 2 parts / E. K. CononoBa; pen. anri. tekcta A. ®. Makcumenko. — ['omerns:


https://www.sciencedirect.com/book/9780723435020/stevens-and-lowes-human-histo%20logy-fourth-edition
https://www.sciencedirect.com/book/9780723435020/stevens-and-lowes-human-histo%20logy-fourth-edition
https://elib.gsmu.by/handle/GomSMU/9227
https://docs.google.com/file/d/0BxvjJ4mG_bfYV2ZjSTZzZ3VmVUU/edit?resourcekey=0-l0rcPJlIPE-C8jNx7fsOiA
https://docs.google.com/file/d/0BxvjJ4mG_bfYV2ZjSTZzZ3VmVUU/edit?resourcekey=0-l0rcPJlIPE-C8jNx7fsOiA

TF'omI'MYV, 2015. - W . - 44 ¢ - Mode of access:
https://elib.gsmu.by/handle/GomSMU/2466 — Date of access: 25.01.2022.


https://elib.gsmu.by/handle/GomSMU/2466

