HISTOLOGY
CYTOLOGY
EMBRYOLOGY

BOBRYSHEVA . V.
KACHSHENKO S. A.




STATE ESTABLISHMENT
CcLUGANSK STATE MEDI CAL

BOBRYSHEVA I. V. KASHCHENKO S. A.

HISTOLOGY
CYTOLOGY
EMBRYOLOGY



UDC 611.013/.018075.8)
BBC 28.05H73B 72
Recommended
by Central Methodology Office for Higher Medical Education of Ministry
Health of Ukraine as a textbook for students of higher medial institutions «
4' level of accreditation with English as the languagstruction.

Reviewers:
Chaikovsky Yu. B., Head of Histology and Embryology Department
Bogomolets National Medical University, corresponding member of
Academy of Medical Science of Ukraine, Doctor of Science (Medic
professor, Laureate of thegd¢ Prize of Ukraine
Maslovsky S. Yu.,Doctor of Science (Medicine), professor, Head of Histolc
Cytology and Embryology Department, Kharkov National Medical Unive
Smirnov S. N., Doctor of Science (Medicine), professor of Medical Biol
DepartmentSt at e establi shment c¢cLugansk
Vlasova O. F.,Candidate of Science (Philology), associate professor, He
Foreign | anguages Depart ment, St a
Universitye

Authors:
Bobrysheva I. V., Candidateof Science (Medicine), associate professot
Hi stol ogy, Cytol ogy and Embryol ogy
State Medical University))
KashchenkoS. A., Doctor of Science (Medicine), professor, Head of Histol¢
Cytology and EmbryologyDe par t ment , St ate est
Medical University))

Bobrysheva . V.
B 72 Histology, Cytology, Embryology: Textbook / I. V. Bobrysheva, S. A.
Kashchenko-Lugansk: #fAKnove8pdged, 20

ISBN 978617-579-260-5

This text contains theconcise thorough presentation of Cytolo
Embryology, General and Special Histology, based on modem informati
functional morphology of cells, tissues, different organs and systems.

This text was created on the basis of the systematized lecture am
Histology, Cytology and Embryology which is delivered at the Histol
Cytology and Embryol ogy Depart men
Medical University)) for the students of the Faculties of Medicine and Denti:

Edition is oriented to theeffective learning or revision of course
Cytology, Embryology, General and Special Histology and meant foi
students in the health professions and advanced undergraduates.

UDC 611.013/.018 (075.8)
BBC 28.05.n73 3

E Bobrysheva | . \011
ISBN 978617-579-260-5 EfiKnowl e@lgeo,



ABBREVIATIONS

AIDS acquired immune deficiency syndrome
ACTH adrenocorticotropic hormone
ADH antidiuretic hormone

APC antigenpresenting cell

A PUD amine precursor uptake decarboxylase
ATP adenosine triphosphate

BFII burstforming unit

CFC colonyforming cell

CFU colonyforming unit

CNS central nervous system

CRH corticotrophinrealising hormone
DNA deoxyribonucleic acid

ECFA eosinophil chemotactic factor of anaphylaxis
FSH follicle-stimulating hormone

fill growth hormone

GHRH growth hormoneealising hormone
Hb hemoglobin

hcc; human chorionic gonadotropin
v human immunodeficiency virus
liPt Human placental lactogen

IK immunoglobulin

IL interleukin

IVF in vitro fertilization

LH luteinizing hormone

LPH lipotropic hormone

MHC ma or histocompatibility complex
MSH me anocytestimulating hormone
NETs neutrophil extracellular traps

NK natura killer

NPC nuclear pore complex

PALS periarterial lymphatic sheath

PNS peripheral nervous system

PP pancreatic polypeptide

PRL prolactin

PTH parathyroid hormone (parathormone')
RER rough endoplasmic reticulum
RNA ribonucleic acid

SER smooth endoplasmic reticulum
SR sarcoplasmic reticulum

T, triilodothyronine

Ty tetraiodothyronine

TNF tumor necrosis factor

TRH thyrotropinreleasing hormone
TSH thyroid-stimulating hormone

VIP vasoactive intestinal peptide




PREFACE

This text is based on the content of lecture course on Histc
Cytology andEmbryology which is delivered at the Hlstology, Cytology
Embryol ogy Department of St e
TIJniversitye for the st udents of t

Histology, the study of cellular and tissue structuig the key t
integrating all of cell biology, anatomy with physiology, and biochemistry
the foundation of pathology.

Purpose: The purpose of this textbook is to provide the students wi
understanding of basic histological structure and functloralso provides th
students with an appreciation of the interaction of cells within and amor
various tissues and organ systems. Such an understanding will lead to
comprehension of the processes that occur in pathology and patho
physology.

Audience: The book was written tor the students which are taug
accordance with theredit module educational systein the health professior
clinical interns, graduate students and doctors of different specialities.

Features: The chapters athis text are in appropriate order, starting v
the basic tissues of the body ana proceeding to each of tne organ systel
textbook includes an introductory chapter on laboratory methods used 1
study of tissues, including the most importanpty s o f mi cr os

and its method of studyo). Separ at
compartments of t he cel | (AaCel I .
I nclusionsod and fANucl eus. Cel | rsorythe

four basic tissues of the body. Individual chapters are devoted to the b
general embryology and human embryology and also to each of the
systems.

More than 300 illustrations which are contained in a book inc
schematic diagrams, hptomicrographs and electron micrographs. Expa
legends that accompany each figure emphasize important points and elimir
need to jump from image to text. Figures and their legends include key pc
facilitate preview or review study of a chap.

Because of medical orientation of course all of information is expounde
applies to a human.

Terms used are fully consistent with the n€arminologia Histologica
International Terms for Human Cytology ami Histologgnd with standard usa
in both clinical and basic sciences.

Clinical correlations explain the clinical relevance of each chapter.

Good Luck on your journey to really Understanding Histology, Cyto
and Embryology!

AD rights reserved. This book is prot&ted by copyright No part of this book
may be reproduced in any form or by any means, including photocopyir
without written permission from the copyright owners.



Al CHAP-

HISTOLOGY AND ITS METHOD OF STUDY

Histology is the study othe microscopic anatomy of cells and tissi
Histology is an essential tool of biology and medicine.

Subdivisions of histology

Cytologyis a science which is about the structure and functions of
and their derivatives, their reproduction and inteatd.

General histologyexamines the composition of each of the tissue t
including the nature of its cells and extracellular matrix.

Special histologyis a science which is about the structure of o
systems.

Embryologyis a science which is about the development of an en
from the fertilization of the ovum to the fetal stage.

Fundamental theoretical problems of histology:
> studying of laws of cytoand histogenesis, structures and functions of
and tissues;
> studying of laws of a differentiation and regeneration of tissues;
y finding out of role of nervous, endocrine, immune systems of organis
regulation of processes of cells, tissues and organs and their functioning;
> research of age changes of cells, tissoegans;
> research of adaptation of cells, tissues and organs to action of \
biological, physical, chemical and other factors;
> studying of processes of morphogenesis in system mefeéus;
> research of features human embryogenesis.

The cell theoryrefers to the idea that cells are the basic unit of stru
in every living thing. Development of this theory' during the mid 17th cel
was made possible by advances in microscopy. This theory is one
foundations of biology. Credit for develoyj cell



theory is usually given to three scientisi®heodor Schwann Matthias Jakok
Schleiden,andRudolf Virchow.
Cell theory states:
that the cell is the basic unit of living systems;
that all organisms consist of at least one cell;
that cells in multicellular organisms are often specialized;
that all cells come from previous cells.

vV V. V V

Cell

Thecellis the structural and functional unit of the organism. Except
cells, in an organism there are their derivative, which have no the cellular
structure intercellular matrix, postcellular structures, symplast, syncytium).

Extracellular matrix (ECM) is poduced by cells and excreted to
extracellular space within the tissues, serving as a scaffolding to hold 1
together and helping to determine their characteristics.

Postcellular structures are derivatives of cells which during
differentiation (nore often owing to loss of a nucleus and a part of organ
have lost the major signs of cells, but have got a number of the proj
necessary for execution by them the specialized functions. The postc
structures at human are erythrocytesigikts, horny cells of epidermis.

Symplastsare the structures formed as a result of cell fusion with lo
their borders and formation uniform cytoplasmic mass in which thert
nucleuses. Symplasts are osteoclasts of bone, an external layer of tasp,
and fibers of a skeletal muscular tissue.

Syncytiumis the structure arising owing to incomplete cytotomia at
division with preservation of connection between elements of cells by me
cytoplasmic bridges (seminiferous epithelium in the sefaious tubules c
testis).

0 Overview of methods used in histology

Modern histology has the wide arsenal of various methods of resea
All these methods are connected by the requireme6t of



application of the special devicemicroscope, and all of they are microscao
methods.

Light microscopy

Conventional light, phase contrast, polarizing, confocal,
fluorescence microscopy are all based on the interaction of photons and
components.

With the light microscopestained preparations are usually examines
transillumination. The microscope is composed of both mechanical and ¢
parts (fig. 1.1).

Evepiece
Body rube
Revolving
nosepiece 4
Arm
Objecrives
Stage
Stage clips Coarse
adjustment
Diaphragm knobe
Fine
Lighe ‘ . adjustment
sourse ‘ ”I 3 knobe
- Base

Figure 1.1. Parts of light microscope



The optical components consist of three systems of lenses: conc
objective, and ocular. Theondensercollects and focuses the illumination
produce a cone of light that illuminates the object to be observedofjketive
lens emarges and projects the illuminated image of the object in the directi
the ocular lens. Thecular lens (eyepiece) further magnifies this image
projects it onto the viewer's retina or a photographic plate. The
magnification is obtained by ntiplying the magnifying power of the objecti
and ocular lenses.

The critical factor in obtaining a crisp, detailed image with
microscope is itgesolving power,that is, the smallest distance between
particles at which they can be seen as sepashjects. The maximal resolvi
power of the light microscope is around 0.1 pm; this permits good in
magnified 10001500 times. Objects smaller than 0.1 pm cannot be distingu
with this instrument.

The quality of the image its clarity and richness of detaildepends o
the microscope's resolving power. Theagnification is independent of i
resolving power and is of value only when accompanied by high resolutiot
resolving power of a microspe depends mainly on the quality of its objec
lens. The ocular lens only enlarges the image obtained by the objective;
not improve resolution.

Phase contrast microscopy

Unstained biologic specimens are usually transparent and diffic
view in detail, since all parts of the specimen have almost the same 1
density. Phase contrast microscopy, however, uses a lens system that g
visible images from transparent objects.

The principle of phase contrast microscopy is based on thehfackight
changes its speed and direction when passing through cellular and extra
structures with different refractive indices. These changes cause the struc
appear lighter or darker relative to each other. Differential interference
produces an apparently thretimensional image of living cells and tissues.

Polarizing microscopy
When normal light passes through a polarizing filter, it exits vibratir
only one direction. If a second filter is placed in the



microsope above the first one, with its main axis perpendicular to the first
no light passes through, resulting in a dark field effect. If, however, 1
structures containing oriented molecules (such as cellulose, collagen,-
tubules, and microfdments) are located between the two Polaroid filters,
repetitive, oriented molecular structure allows them to rotate the axis of th
emerging from the polarizer. Consequently, they appear as bright stri
against a dark background. The #&pilto rotate the direction of vibration

polarized light is called birefringence and is present in crystalline substan
substances containing oriented molecules.

Confocal microscopy

This type of microscopy uses lasers and computers to pratiwee
dimensional images of living cells and tissue slices. Because of the way in
the image is produced, the investigator can visually dissect throug
specimen, observing structures above or below others. Storing informatiot
each visual plam of the section in a computer allows a thdémensional imag
to be reconstructed.

Fluorescence microscopy

When certain fluorescent substances are irradiated by light of a |
wavelength, they emit light with a longer wavelength. In lluoresc
microscopy, tissue sections are usually irradiated with ultraviolet light so th
emission is in the visible portion of the spectrum. The fluorescent subs
appear as brilliant, shiny particles on a dark background. A microscope
strong ultraviolé light source is used, and special filters that eliminate ultrav
|l ight are used after the objective

Some naturally fluorescent substances are normal constituents of
e.g., vitamin A, vitamin B, and porphyms. Other fluorescent compounds t
have an affinity for tissues and cells are used as fluorescent stains. A
orange is most widely used, because it can combine with DNA and RNA.
observed in the fluorescence microscope, the EddAdine orangecomplex
emits a yellowishgreen light, and the RNAcridine orange complex emits
reddishorange light. It is thus possible to identify and localize nucleic aci
the cells.



Fluorescence spectroscopis a method of analyzing the liglemitted
by a fluorescent compound in a microspectrophotometer. It can be u:
characterize several compounds present in cells and is of particular importi
the study of catecholamines. The development of fluorescent probes (sub
that react pecifically with cell components) has permitted highly sensi
assays for various substances within cells.

Electron microscopy

Both transmissionand scanning electron microscopgre based on tt
interaction of electrons and tissue components.

The electron microscope is an imaging system that permits
resolution (0,1 nm). In practice, however, a resolution of 1 nm in tissue se
is considered satisfactory. This by itself permits enlargements to be obtail
to 400 times greater than thosehieved with light microscopes.

The electron microscope functions on the principle that a bea
electrons can be deflected by electromagnetic fields in a manner similar t
deflection in glass lenses. Electrons are produced by-teigiperaturéneating of
a metallic filament (cathode) in a vacuum. The emitted electrons are
submitted to a potential difference of approximatelyl®® kV or more betwee
the cathode and the anode. The anode is a metallic plate with a small hol
centre. Ebctrons are accelerated from the cathode to the anode. Some ¢
particles pass through the central opening in the anode, forming a cc
stream (or beam) of electrons. The beam is deflected by electromagnetic
in a way roughly analogous to whoccurs in the optical microscope. Thus,
condenser focuses the beam at the object plane and the objective lens f
image of the object. The image obtained is further enlarged by one c
projecting lenses and is finally seen on a fluorescerdgen or is projected on
photographic plates.

Because electron microscopy requires a much thinner section@QL
pm), embedding is performed with a hard epoxy plastic. The blocks
obtained are so hard that glass or diamond knives are usuallysaecds
section them. Since the electron beam in the microscope cannot penetrat
the extremely thin sections are collected on small



metal grids. Those portions of the section spanning the holes in the mesh
grid can be examigd in the microscope.

Scanning electron microscopy

A variant of electron microscopyscanning electron microscopyanc
permits pseuddhreedimensional remembered that the observed product i
end result of a series of processes that considerably tdikimage observakb
in living tissue, mainly through shrinkage. This shrinkage is produced mair
the heat (60AC) needed for paraff
specimens are embedded in resin. As a consequence of these proces
spaces frequently seen between cells and other tissue components are ¢
Furthermore, there is a tendency to think in terms of only two dimensions
examining thin sections, when the structures from which the sections are
actually have thre dimensions. In order to understand the architecture
organ, it is therefore necessary to study sections made in different planes
reason accordingly.

Another difficulty in the study of microscope preparations is
impossibility of differentially staining all tissue components on only one slid
is therefore necessary to examine several preparations stained by d
methods before a general idea of the composition and structure of any |
tissue can be obtained.

Radioautogaphy

Radioautographypermits the localization of radioactive substance
tissues by means of the effect of emitted radiation on photographic emu
Silver bromide crystals present in the emulsion act as microdetectc
radioactivity. In radioautogphy, tissue sections from animals previously tre
with radioactive compounds are covered with photographic emulsion and
in a lightproof box in a refrigerator. After various exposure times the slide
developed photographically and examinddl silver bromide crystals hit b
radiation are reduced to small black granules of elemental silver, which
the existence of radioactivity in the tissue structures in close proximity to
granules. This procedure can be used in both light aaatreh microscopy.

By localizing radioactivity in tissue components it is possible to



obtain data on the sequence of events occurring in tissues. Thus, if a rad
protein precursor (amino acid) is given to a protsiynthesizing dg its pathwa
can be followed in the cell after varying periods of time. Furthermore
intensity of the process is proportional to the number of granules formed o
tissue components.

linunohistochemical methods

The immunohistochemical methodare based on the reactions antig
antibody. Every cell of organism has specific antigen composition whi
determined by proteins mostly. It is possible to get by immunization sp
antibodies proper to the antigens. Antibodies contact with flusoools o1
enzymes. After processing of the explored histological specimens in the ple
localization of the proper antigens the molecules of the marked antibodies,
expose either thanks to luminescence (luminescent microscopy), or on th:
of laying of the products of histochemical reaction (light microscopy),
concentrated. By this method it is possible to identify any cells or subst
produced by those or other cells, for example, hormones.

Diagnostic immunohistochemical markers

Immunohistochemistryis an excellent detection technique and has
tremendous advantage of being able to show exactly where a given prc
located within the tissue examined. It is also an effective way to examir
tissues .This has made it a widelgedtechnique in the neurosciences, enab
researchers to examine protein expression within specific brain structur
major disadvantage is that, unlike immunoblotting techniques where stair
checked against a molecular weight ladder, it is impdssito show ir
immunohistochemistry that the staining corresponds with the protein of ini
For this reason, primary antibodies must be walidated in a Western Blot «
similar procedure. The technique is even more widely used in diagnostic si
pathology for typing tumors.

Cytospectrophotometry is method of the quantitative measuring
maintenance of different substances in a cell on the basis of study of spe
of absorption by them light rays.



The method of running cytomdry enables to analyse characteris
of cells in suspension which are crossed by focusing laser ray. The proper
is called cytofluorograph. By means this method it is possible to determine
and shape of cells, their viability, to divide thellgeof initial suspension ¢
subpopulations.

0 Tissue preparation

Fixation

Chemical fixationwith formaldehyde or other chemicals

Chemical fixatives are used to preserve tissue from degradation,
maintain the structure of the cell and of stddlular components such as ¢
organelles. The most common fixative for light microscopy is 10% ne
buffered formalin. For electron microscopy, the most commonly used fixat
glutaraldehyde, usually as a 2.5% solution in phosphate buffered saline.
fixatives preserve tissues or cells mainly by irreversibly ctivdsng proteins
The main action of these aldehyde fixatives is to clivds amino groups il
proteins through the formation of GHmethylene) linkage, in the case
formaldehyde, or by &:Hio crosslinks in the case of glutaraldehyde. T
process, while preserving the structural integrity of the cells and tissu
damage the biological functionality of proteins, particularly enzymes, an
also denature them to a certain extent.sTlan be detrimental to cert:
histological techniques. Further fixatives are often used for electron micrc
such as osmium tetroxide or uranyl acetate.

Frozen section fixation

Frozen section is a rapid way to fix and mount histology sections
used in surgical removal of tumors, and allows rapid determination of
(that the tumor has been completely removed). It is done using a refrige
device called a cryostat. The frozen tissue is sliced using a microtome, &
frozen slices are mmted on a glass slide and stained the same way as
methods. It is a necessary way to fix tissue for certain stain such as at
linked immunofluorescence staining. It can also be used to determine if a 1
is malignant when it is found incidealty during surgery on a patient.



Processing

The aim of tissug@rocessings to remove water from tissues and rep
with a medium that solidifies to allow thin sections to be cut. Biological ti
must be supported in a hard matrix to allow sufficiently thin sections to b
typically 5 pm thick for light microscopy and08 100 nm thick for electro
microscopy.

For light microscopy, paraffin wax is most frequently used. Since
immiscible with water, the main constituent of biological tissue, water mus
be removed in the process of dehydration. Samples are éreedtthrough batt
of progressively more concentrated ethanol to remove the water. This is fo
by a hydrophobic clearing agent (such as xylene) to remove the alcoh¢
finally molten paraffin wax, the infiltration agent, which replaces the xyl
Paraffin wax does not provide a sufficiently hard matrix for cutting very
sections for electron microscopy. Instead, resins are used. Epoxy resins
most commonly employed embedding media, but acrylic resins are alsc
particularly where irfmunohistochemistry is required.

Thicker sections (0.35pm to 5pm) of re@mbedded tissue can also
cut for light microscopy. Again, the immiscibility of most epoxy and aci
resins with water necessitates the use of dehydration, usually with ethanol.

Embedding

After the tissues have been dehydrated, cleared, and infiltrated w
embedding material, they are ready for external embedding. During this p
the tissue samples are placed into molds along with liquid embedding m
(such as agargelatine, or wrn) which is then hardened. This is achieve
cooling in the case of paraffin wax and heating (curing) in the case of the
resins. The acrylic resins are polymerised by heat, ultraviolet light, or che
catalysts. The hardened blackontaining the tissue samples are then ready
sectioned.

Because formalidixed, paraffinrembedded (FFPE) tissues may
stored indefinitely at room temperature, and nucleic acids (both DNA and
may be recovered from them decades after fixatioaking FFPE tissues .
important resource for historical studies in medicine.



Sectioning

For light microscopy, a steel knife mounted in a microtome (fig. 1.
used to cut 1dnicrometerthick tissue sections which are mounted oglass
microscope slide. For transmission electron microscopy, a diamond
mounted in an ultramicrotome is used to cutrBhometeithick tissue sectior
which are mounted on a 3nillimeter-diameter copper grid. Then the moun
sections are treated thithe appropriate stain.

Figure 1.2. Microtome.

Frozen tissue embedded in a freezing medium is cut on a microton
cooled machine called a cryostat.



Staining

Biological tissue has little inherent contrast in either the ligh
electron microscope. Staining is employed to give both contrasts to the tis
well as highlighting particular features of interest. Where the under
mechanistic chemistry aftaining is understood, the term histochemistry is u:

Hematoxylin and eosin (H&E stain) is the most commonly used
microscopical stain in histology and histopathology. Hematoxylin, a basic
stains nuclei blue due to an affinity to nucleic adidshe cell nucleus; eosin, .
acidic dye, stains the cytoplasm pink. Uranyl acetate and lead citra
commonly used to impart contrast to tissue in the electron microscope.

Special staining: There are hundreds of various other techniques
have bem used to selectively stain cells and cellular components.
compounds used to colour tissue sections include safranin, Congo red, fas
FCF, silver salts, and numerous natural and artificial dyes that were
originated from the developmedyes for the textile industry.



CELL. CELL MEMBRANE. CYTOPLASM. ORGANELLES.
INCLUSIONS

0 Overview of cell structure

The cell is limited by an active membrane, welfganized structure
system of the biopolymers forming a nucleus and cy®ipl, participating in th
united aggregate of metabolic and power processes carry ing out maint
and reproduction of all system as the whole.

The cell is composed of 3 basic parts:
> plasma membrane,
> cytoplasm and
> nucleus.

0 Cell membrane

Chemically cell membrane consists of lipids, proteins,
oligosaccharides (fig.2.1).

Under the electron microscope (EM) cell membrane consists
densely stained layers separated by a lighter zone.

The basic structure of membrane is the arrangemept lofo s p h ¢
molecules that constitute the basic framework of the membrane. Each mc

consists of:
> enlarged polar hydrophilic head and
> thin nonpolar hydrophobic tail.

Lipids are most stable when organized into a double layer with
nonpolar tals directed toward the center of the membrane and their polar
directed outward.

In addition to molecules of phospholipids the cell membrane cor
several proteins.

Integral proteins either completely (integral proteins proper), or pi
{semiintegral) are embedded in the lipid bilayer.

Peripheral proteins form a looser association with inner or o
membrane surface.



Cytoplasm

|
Figure 2.1. Schematic diagram of the cell membrane. 1polar heads of lipit
molecule, 2- nonpolar tails oflipid molecule, 3- integral proteins, 4 periphera
protein, 5- sugar chain of glycolipid, 6sugar chain of glycoprotein

The carbohydrate layejglycocalyx)is formed on the external surfe
of the membrane. It is formed by carbohydrates, which form connection:
proteins(glycoproteing or lipids (glycolipids).

Glycocalyx help establish extracellular microenvironments at
membrane surface that have sjfie functions in metabolism, cell recognitic
and cell association and serve as receptor sites.

The theory of structure of cell membrane calfedd mosaic model
proposed bys.J. SingerandG. Nicolson.

Functions of the cell membrane:
1. Maintaining thestructural integrity of the cell.
2. Regulating of cellular interactions.
3 Recognition of antigens and foreign cells.
4. Interaction between the cytoplasm and the external environment.
5 Movements of the cell (formation of cilia, flagella).
6 Transport of substances into and from the cell.



Endocytosis

Some substances (consisting of small molecules) pass throuc
passive channels. Larger molecules enter the cell by invagination of a part
cell membrane, which firstusrounds the molecule and then separates to
endocytosis vesicle.

Endocytosis is the process of engulfing by cell macromolecu
particulate matter, and other substances from the extracellular space.

Endocytosis is divided into 2 categorigshagocytsis and pinocytosis
(fig.2.2).

Phagocytosis(cell eating) is the cellular process of engulfing s
particles by the cell membrane to form an internal phagosome. Phagocyt
involved in the acquisition of nutrients for some cells, and, in the imr
system, it is a major mechanism used to remove pathogens and cell
Bacteria, dead tissue cells, and small mineral particles are all examples of
that may be phagocytised.

Pinocytosis(cell drinking) is the cellular process of engulfing of €
and small protein molecules usually smaller than 150 nm in diameter.

Exocytosisis extrusion of materials from the cell (fig.2.3).

0 Cell junctions

Cell junctionsare the types of structures that exist within the tissue
multicellular organism. They consist of protein complexes and provide cc
between neighbouring cells, between a cell and the extracellular matrix
junctions are especially abundantgpithelial tissues.

There are three major types of cell junctions:
> Adherens junctions and desmosomes (anchoring junctions)
> Gap junctions (communicating junction)
> Tight junctions (occluding junctions)

Adherens junctions provide strong mechanical attachmeriistweer
adjacent cells. They hold cardiac muscle cells tightly together as the
expands and contracts. They hold epithelial cells together. Adherens jur
are built from (fig.2.4):cadherins- transmembrane proteins whose extracell
segments bind to each other and whose



ntracellular segments bind tatenins.Catenins are connectedadotin filaments.
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Intercellular

Figure 2.4. Schematic diagram of adherens junction. 1cadherins, 2 catenins,
- actin filaments

Desmosome€£fig.2.5) are molecular complexes of catlhesion protein:
andlinking proteins that attach the cell surface adhesion proteins to intrace
intermediate filamentsDesmosomes help to resist shearing forces and are
in simple and stratified squamous epithelium. The intercellular space is ven
(about 30 nm). Desmosomes are also found in muscle tissue where the
muscles cells toree another.

Hemidesmosomeare the celmatrix junctions, which mediate adhesi
between the basal cells and the basement membrane.

Gap junctions(fig. 2.6) are intercellular channels, which are involve:
cell-cell communication. The gap junctions fornpathway for passive diffusic
of nutrients, metabolites, ions, and small signalling molecules between ac
cells. Structurally, each gap junctional channel is composed of paagnoiexons
(hemichannels), which leave a narrow intercellular gap betweeneighbouring
cell membranes.



Each connexon is composed of @nnexin proteins lining thi

transmembrane channel.
 . [ ‘*Yh l[ (A‘ } \
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Cell membranes
of adjacent cells ~—

Figure 2.5. Schematic diagram of desmosom& 6 adhesion proteins, @ linking
proteins, 3 intermediate filaments

Tight junctions, or zonula occludengfig. 2.7) are the closely associa
areas of two cells whose membranes join together. These junctions act as
that prevents the movement of molecules into intercellular spaces.

Tight junctions are composed of a branching network of sealing st
each strand acting independently from the others. Each strand is formed
row of transmembrane proteins embedded in both plasma membrane:
extracellular domains joining one another directly.
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Figure 2.6. Schematic diagram of gap junction.
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Figure 2.7. Schematic diagrams of tight junctions. 1 intercellular space, 2
group of tight junction proteins



0 Cytoplasm

The cytoplasmis the part of the cell lying between the cell membi
and nucleus. It consists of matrix, in which several components su
organellesandinclusionsare embedded.

0 Organelles

The organelles are the specialized subunits within a cell that
specific functions.

Classifications of the organelles

1) . Onthe basis of their structure the organelles are subdivided on
membranous(mitochondria, endoplasmic reticulum, Golgi complex, lysosoi
peroxisomes) and nonmembranougribosomes,
microtubules, microfilaments, intermediate filaments, centrioles, cilia
flagella).
2) . On the basis of their functions the organelles are subdividegeperal
andspecial.

General organelles such as ribosomegitochondria,

endoplasmic reticulum, Golgi complex, lysosomes, peroxisomes, and cen
are in any cell.

Special organellesre in specialized cells (neurofibrils and Nissl bot
- in neurons, myofibril® in muscle cells, cilia in cells of respiratoepithelium,
flagella- in human spermatozoa).

0 Membranous organelles

Mitochondria

Mitochondria are spherical or cylindrical organelles, which
composed of an outer membrane and inner membrane (fig.2.8).

The inner membrane projects folds, terneibtae, into the interior of
the mitochondrion. The space located between the two membranes, is terr
intermembranespace. The other space, thatrix, space, is enclosed by the int
membrane. Matrix contains mitochondrial DNA, ribosomes, tRNA, &mel
enzyme system that



generate ATP by means of the citric acid cycle, oxidative phosphorylation, anc
P-oxidation of fatty acids.

Figure 2.8. Schematic diagram of mitochondrion.  outer membrane, 2innel
membrane, 3 cristae, 4 matrix space

The end result of these reactions, which take place in the mitochondi
matrix, is the production of Gpwater, and heat and tlaecumulation of energy
in high-energy compounds such as ATP.

Endoplasmic reticulum

Theendoplasmic reticulum(ER) is the site of the lipid and carbohydrate
synthesis, protein segregation from the cytoplasm.

With light microscope endoplasmic reticulum apgeas deep blue
staining particles usually concentrated in the basal part of the cells.

With electron microscope it appears as a rich network of membra
bound flattened tubules and sacs.



There are two types of endoplasmic reticulurough and smootr
(fig.2.9).

Figure 2.9. Schematic diagram of endoplasmic reticulum. 1rough endoplasm
reticulum, 2- smooth endoplasmic reticulum, -3lumen of smooth reticulun¥ -
ribosomes

Rough (granular) endoplasmic reticulum (RERjs prominent in cell
specialized for the protein secretion, such as pancreatic acinar cells (di
enzymes), fibroblasts (collagen), plasma cells (immunoglobulin). The
endoplasmic retiglum consists of tubules and flattened cisterns. On
cytoplasmic surface of the endoplasmic reticulum there are polyribos
giving them granular appearance.

The principal function of the rough endoplasmic reticulum it
synthesis and segregate piogedestined for export or intracellular use.

Smooth (agranular) endoplasmic reticulum (SER$ the membranot
network within the cell. These are devoid of ribosome



granules. Its cisterns are more tubular and more likely to appear afuaipn of
interconnected channels of variable size s and shape. They are concern
steroid synthesis, lipid metabolism and detoxication processes.

Golgi apparatus
Golgi apparatus is composed of a series of stacked, flattel

membrandimited sacs orcisternae and tubular extensions. Small vesicles
seen in association with the cisternae (fig.2.10).

Figure 2.10. Threedimensional model of the Golgi apparatus. 1 cis
(forming) face, 2- trans (maturing) face, 3 ~ cistemae; lumen, 5- newly forming

vesicle, 6- secretory vesicle

The Golgi apparatus is polarized both morphologically and function
Through transport vesicles that fuse with the Golgi cis facecahgplex
receives several types of molecules produced in the rough



endoplasmic reticulum (RER). After Golgi processing, these molecule
released from the Golgi trans face in larger vesicles to constitute sec
vesicles, lysosomesy other cytoplasmic components.
Proteins, which are synthesized in endoplasmic reticulum, migre
Golgi apparatus, where they are stored and condensed into granular for se:
Lysosomes may also be produced in the Golgi apparatus.

Lysosomes
Thelysosomesre sites of intracellular digestion and turnover of cell

components (fig.2.11). Lysosomes are membiléméed spherical vesicles th
contain a large variety of hydrolytic enzymes (more than 40). Lysosome
present in almost all cells,ub they are particularly abundant in cells w
phagocytic activity (macrophages, neutrophilic leukocytes).
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Lysosomes that have not entered into a digestive event are cal
primary lysosomes.

Secondary lysosomese those in which digestion occurs.

Secondary' lysosomes result from the fusion of endocytosis me
with primary lysosomes to form phagosome. Secondary lysosome is also
as aphagolysosome.

Following digestion of the contents of the secondary lysosome, nut
diffuse through théysosomal membrane and enter the cytoplasm.

Undigestable compounds are retained within the vacuoles, whic
now calledresidual bodies.

Another function of the lysosomes concerns the turnover of cytople
organelles. Primary lysosomes fuse with thisicture and initiate the lysis of tl
enclosed cytoplasm. The resulting secondary lysosomes are knov
autophagosomes.

Peroxisomes

Peroxisomesare small (0,5 jam diameter) spherical memb+rdimeited
organelles that contain oxidative enzymes, partitylazatalase and othe
peroxidative enzymes. The oxidative enzymes react with other substances
hydrogen peroxide (#D2). Hydrogen peroxide is toxic substance. Cata
decomposes hydrogen peroxide to water and oxy@ehOR o0 +2H20 +Q2).
Peroxisomegprotect the cell from the effects of hydrogen peroxide, which ¢
cause damage to many important cellular constituents.

0 Nonmembranous organelles

Ribosomes

Ribosomesre present in relation to rough endoplasmic reticulum. -
may also lie free in the cytoplasm. They may be present singly (monoson
in groups (polysomes). AFreedo ribo
the cell as cytoplasmic structural functional elements. Polysomes of the rol
endoplasmic reticulum synthesize proteins for export from the cell and in
proteins of the plasma membrane.



Each ribosome consists of proteins and ribonucleic acid (R
Ribosome consistof 2 subunits of different size (fig.2.12). Ribosomes pla
essential role in protein synthesis.

Figure 2.12. Schematic diagram of ribosomel - small subunit, 2 large sulbinit

The cytoskeleton

The cytoplasmic matrix contains a complex networkna€rotubules
microfilaments,andintermediate filaments.

These structural proteins not only provide for the form and shapi
cell but also play an important role in cytoplasrai@ cellular movements.

Microtubules
Microtubules are thin elongated elements of cell cytoplasm; they
circular in cross section (fig.2.13) with diameter of 24 nm.



Figure 2.13. Schematic representation of microtubule. 1atubuiin mokcules, .
- p-tubulin molecules, 3 subunits, 4 microtubule

The subunit ofa microtubule composed of arid Rtubulin molecules
Under appropriate conditions tubulin subunits polymerize to form microtul
A total of 13 subunits are present in onengete turn of the spiral.

Microtubules provide the basis of several complex of cytop
components, includingentrioles, basal bodiesilia, andflagella.



Centrioles are cylindrical structures which composed of hig
organized microtubules (fig.2.14). Centrioles lie at right angles to each
Each centriole is composed of 9 triplets of microtubules (9x3 +
0) . Centrioles play important role in the formati@f the mitotic spindles ¢
dividing cells.

Cilia (fig. 2.15) andflagella are motile processes with a higl
organized microtubular core; they extend from the surface of some cell typ:

Ciliated cells usually possess a large number of cilia that rarigel@
(.im in length. Flagellated cells normally have only 1 flagellum, which rang
length from 100 to 200 |im. The core of these structures consists of 9 p
microtubules surrounding 2 central tubules (doublets)29+x2).

At the base of eachilium or flagellum is abasal body.This body is
identical to acentriole(9 x-3 + 0).

Figure 2.14. Schematic diagram of cell centre (I) and centriole (IT). 1
centriole, 2- microtubule triplet, 3 protein links (fromebikoe B.JJ.,2007)



Figure 2.15. Schematic diagram of cilium.  axonemg9 x 2 + 2), 2- basal bdy
(9%x-3 + 0)

Microfilaments

Microfilaments are the thin protein fibers. The protein forming
microfilaments are calledctin (5-7 nm in diameter).

Microfilaments can be organized in many forms:
> in skeletal muscle they integrate with thick (16 nm) myddaments;
> in most cells microfilaments are present as a thin sheath just beneath the
plasmolemma.



These filaments appear to be associated with membrane activity <
endocytosis, exocytosis, and cell migratory activity (pseudopodigigsses).

Intermediate filaments

The cells contain a class of intermediateed filaments with diamet
of 8-12 nm. Intermediate filaments occur in the cells of many tissues:
> vimentinfilaments are characteristic of cells of mesenchymal origin.
> desminis found in smooth muscle and in the Z disks of skeletal and c
muscle;
> cytokeratinsare found in most epithelia.

0 Cytoplasmic inclusions

Inclusions are temporary components of the cytoplasm, mainly
composed of accumulated metabolites or deposits of varied nature. Cytopl:
inclusions are subdivided in
> trophic,
> secretory,
> excretory,
> pigment.

Thetrophic inclusionsare lipid droplets in adipose tissue, adrenal cc
cells, and liver cells; carbohydrate accumulations in several cells in the fc
glycogen.

Thesecretory inclusionsre protein secretory granules in glandular

cells.

The excretory inclusionsare simiar with secretory, they contain t
metabolic substances.

The pigment inclusions are often found in the cells. They m
synthesize by the cellipofuscin, a yellowbrown substance in neurons ¢
cardiac musclemelaninin the epidermis of the skin, inghpigment layer of th
retina. The pigment inclusions may come from outside the body (e.g., caro



0 Clinical correlations

Abnormalities in microtubules and filaments. Tau proteirse
proteins that stabilize microtubules. Thase abundant in neurons in the cer
nervous system. Tau proteins interact with tubulin to stabilize microtubule
promote tubulin assembly into microtubules. When tau proteins are defi
the microtubules disintegrate, collapsing the neuron'sspramn system. Th
may result first in malfunctions in biochemical communication between ne
and later in the death of the cells. It can result in dementias, such as Alzh
disease incurable, degenerative, and terminal disease.

Lysosomal storagédiseasesre a group of inherited metabolic disorc
that result from defects in lysosomal function. Lysosomal disorders ori
from an abnormal accumulation of substances inside the lysosome. Wt
|l ysosome doesndt f unctts destined for breakiddv
and recycling are stored in the cell. Lysosomal storage diseases affect
children and they often die at a young age. The symptoms of lysosomal :
disease can include developmental delay, movement disorders, se
dementia, deafness and/or blindness. Some people with lysosomal ¢
disease have enlarged livers (hepatomegaly) and enlarged ¢
(splenomegaly), pulmonary and cardiac problems, and bones that
abnormally.

Mitochondrial diseases are a group of drders caused |
dysfunctional mitochondria. Mitochondrial diseases are often cause
mutations to mitochondrial DNA that affect mitochondria function. Sympi
include poor growth, loss of muscle coordination, muscle weakness,
problems, hearing rpblems, learning disabilities, mental retardation, F
disease, liver disease, kidney disease, gastrointestinal disorders, res
disorders, neurological problems, autonomic dysfunction, and dementia.




NUCLEUS. CELL CYCLE. CELL DIVISION

The nucleusis an essential component of the cells; it takes a deeg
stain.

The nucleus is usually spherical; but oval in columnar cells; flatten
squamous cells; rod shaped in smooth muscle cells.

The nuclei are central in most cells; bagn mucous cells; peripheral
skeletal muscle fibers.

Most cells have one nucleus. Occasionally binucleate cells are foi
urinary bladder epithelium, liver and cardiac muscle. Skeletal muscle fibe
multinucleated.

The functions of the nucleus
Keeping of the genetic information (in the molecules of DNA).
Realization of the genetic information.
3. Reproduction and transfer of the genetic information (during the cell
division).

N =

The structure of the nucleus
The interphase nucleus has 4 partsiclear envelope, chrotnadr
nucleolus,andnuclear matrix (fig.3.1).

Figure 3.1. Schematic diagram of structure of a nucleus. Inuclearenvelope, 2
nuclear pores3 - ribosomes,4 - nuclear fibrous lamina5 - heterochromatin, 6
euchromatiny - nucleolus



Nuclear envelope

The nucleus is surrounded by 2 parallel unit membranes separate
narrow space callegerinuclear cisternal spacelogether, the paired membrai
and intervening space make up thelear envelope.

The outer layer of the nucleus membrane is continuous witt
endoplasmic reticulum.

Closely associated with the inner membrane of the nuclear envelo)
protein struatire calledfibrous lamina. The fibrous lamina forms part of t
nuclear matrix.

Around the nuclear envelope, at sites where inner and outer mem
fuse, there are circular gaps, theclear pores.

The nuclear pore function is bidirectional nucleocytepii
transport.

The nuclear pore complex(NPC) (fig.3.2) consists of an assembly
eight spokes arranged around a central channel.

Figure 3.2. Schematic crossection of the nuclear pore complex.
0 cytoplasm, 2 nucleus, 3 cytoplasmic ring, 4 internuclear ring, 5 central granule
6 - nuclear envelope, 7nuclear lamina, 8 chromatin



The spokes are connected to rings at the nuclear and cytop
surfaces, and the spokimg assembly is anchored within the nuclear envelo)
sites of fosion between the inner and outer nuclear membranes. Protein fil
extend from both the cytoplasmic and nuclear rings, forming a distinct basl
structureon the nuclear side.

The central channel is approximately 40 nm in diameter, which is
enough to accommodate the largest particles able to cross the nuclear env
contains a structure called the central transporter, through which the
transport of macromolecules is thought to occur.

The nuclear pore complex provides a channel for transport of subs
between the nucleus and the cytoplasm. There are roughly 3000 NPCs sit
the nuclear envelope. Smaller molecules that are less thamifi diameter, lik
ions and metabolites, may freely diffuse through the NPC between the n
and the cytoplasm. Larger molecules, between 9 and 28 nm in diameter, r
actively transported through the NPC in a controlled process that is selact
energy dependent.

Chromatin is little blue staining particles within the nucleus. Chrom
(fig.3.3) is composed mainly of coiled strands of deoxyribonucleic acid (L
bound to basic proteins (histones). The basic structural unit of chromatin
nucleosomelt consists of a core of 8 histone molecules. Approximately 2 |
of DNA are wrapped around the core octamer. A long strand of nucleoso
coiled to produce a undghromatin fibril about 30 nm in diameter.

In dividing cells chromatin is galensed and organized into discl
bodies calle&chromosomes.

2 types of chromatin can be distinguished with both the light
electron microscopes.

Heterochromatinis coiled segments of chromosomes and stain de
blue. It forms the chromatin particles of interphase nucleus, and is inert
inactive.

Euchromatinis uncoiled segments of chromosomes and stain poorl
or not at all. it is active and directs the cell activities in the production of
protein.
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Figure 3.3. Orders of chromatin packing. 1 - DNA double helix chain, 2
nucleosome, 3 nucleosomes are linked by elongated molecules of histone +
loops of the 30 nm fiber, 5 metaphase chromosome (frodunqueira L.C. an
CarneiroJ.,2005)

Chromosomesre littlerod-like bodies in the nucleus, which take
a deep basic stain (fig.3.4).

Each chromosome is formed bycBromatidsthat are joined together
a point called theentromere.Each chromatid has &ms, one on either side «
the centromere. Each chromosonifedls from one another in total length anc
the relative length of the two arms.

The chromosome pattern of an individual is knownkasyotype (fig-
3.5).

Human chromosomes have been classified into 7 groups A to (
each has been given a numbeainly on the length of chromosomes and
position of the centromere: group Ato 3; B4 and 5; C6 to
12 and X; D 13 to 15; E16 to 18; F 19 and 20; &1, 22, and Y.

Chromosomes control the heredity and activities of the cell.



Figure 3.4. Structure of chromosome. 4 arms. 2 - centromere (fror
fOll.A%anacbea, H.AKJpwia u di.999)
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Figure 3.5. Human karyotype.



Nucleolus

The nucleolusis a spherical structure, usually basophilic when st:
with hematoxylin and eosin (flg.3.6).

The nucleolus consists of:
1) densely packed ribonucleoprotein fibers, gaes fibrosa which is compose
of primary transcripts of rRNA genes, and is situated mainly in the central |
nucleolus;
2) thepars granulosa consisting of granules (maturing ribosomes);
3) nucleolar organizeDNA.

»'5*

S\ 2 4 V-..‘.‘

Figure 3.6. Electron micrograph of a nucleolus. 1- pars fibrosa, 2- pars
granulose, 3 nucleolar organizer DNA, 4nucleolusassociated chromatin,-suclea
envelopgfrom Junqueira L.C. and Carneiro 2005)

Proteins, synthesized in the cytoplasm, become associated with rF
the nucleolus; ribosome subunits then migrate into the cytoplasm.



Nuclear matrix

The nuclear matrix is the component tHéls the space between tl
chromatin and the nucleoli in the nucleus. It is composed mainly of prc
(some of which have enzymatic activity), metabolites, and ions. The fil
lamina of the nuclear envelope is a part of the nuclear matrix.

E3 Cell division

The cell division or mitosis can be observed with the light microscc
During this process, the parent cell divides, and each of the daughte
receives a chromosomal karyotype identical to that of the parent cell.

Mitosis

Mitosis (fig.3.7) is characterised by a series of changes in which th
equal division of nuclear materigkuryokinesis),followed by the division of th
cell (cytokinesis).

Phases of mitosisre prophase, metaphase, anaphase, telophase

Prophase

The ruclear membrane and the nucleolus disappear. The chro
granules resolve into chromosomes. As a prelude to mitosis each chromos
duplicated, each of which is callecchromatid The paired chromatids lie side
side and are united at one point origrmed thecentromere.The centriole:
divide, move in the opposite direction and finally take up positions at opj
poles of the cell. The centrioles are connected by microtubules formitogic
spindle.

Metaphase

The chromosomes migrate to the equialagolane of the cell, where ea
divides longitudinally to form two chromatidsmétaphase plate).

Anaphase

The centromere divides and the two chromatids become comg
separated from each other. The spindle tubules pull the separated gr
chromatids to opposite poles. Two groups of chromatids, now chromosormr
identical.



Figure 3.7. Schematic diagram of phases of mitosis. {1 interphase:1 -
centrosome, 2 chromatin, 33 nucleolus;ll - prophase: 4 aster;lll - metaphaseb -
spindle, 6- metaphase platéy 0 anaphase: 7daughter chromosomes,-\felophase
8 - nucleolus forming

Telophase

Constriction develops at the equator of the elongated cell. It deeper
divides the cell into two daughter cells. laah daughter cell, the chromosorr
lose their identity, become uncoiled to varying extent and are seen as chre
particles. The nucleoli and the nuclear membrane have reformed.

F>ndomitosis
Endomitosisis a process by which chromosomes replicate

without the division of the cell nucleus.



Polyploidy

Polyploidy is the state of having greater than the diploidteat of
DNA, has been recognized in a variety cells (liver cells, megakaryocytes
bone marrow). Polyploid cells are larger than diploid ones; not surprising in
of the increased amount of DNA in their nucleus.

Meiosis
Meiosis occurs only in sex cells during maturation, and comprise
first and second meiotic divisions.

The first meiotic division

1. Prophaseis divided into 4 substages:
> |eptoten:chromosomes become prominent and stain deeply with basic
dyes;

y zygotene23 pairs of genetically homologous chromosomes become attrac
each other and lie side by side; this Is called pairing (conjugatior
chromosomes;

> pachytene(tetrad formation and coiling): each chromosome splits into
chromatids except at centreme, and formstetrads, the chromatids becon
partially coiled around each other;

> diplotene (interchange of segments): homologous chromosomes move
except atthiasmataChiasmata are points of contact, where exchange of ge
material takes place beeen two chromatids. At the chiasmata parts of
chromatids (one from each homologous pair) break and then join diagc
This is called crossover, which results in redistribution of genetic mat
Finally the chromosomes (with two chromatids) uhcaind slip apar
(diakinesis);

2. Metaphase: chromosomes with paired chromatids arra
themselves at the equator;

3. Anaphase: centromeres do not dividend each member
homologous chromosomes, consisting of a pair of chromatids, is drag(
opposite polesf the spindle;

4. Telophase: cell divides into two containing one half (haplo
chromosomes.

The second meiotic divisiorfollows closely after the first meioti
division with practically no resting stage. This is exactly like



mitosis butthe phases are much shortened. Four cells are derived from tt
cells of 1st meiotic division. Each has haploid number of

chromosomes and each has its own particular share of the genetic material.

0 Cell cycle

The alternation between mitosis aiméerphase is known as the
cell cycle (fig.3.8).

INTERPHASE

S
(DNA synthesis)

Figure 3.8. Schematic diagram of cell cycle

It can be divided into two stagemitosis, consisting of four phase:
already described(prophase, metaphasg anaphase and telophase), and
interphase.

Interphase is divided into three phases: Gi (presynthetic), S (DI
synthesis), and &postDNA duplication).

It is during the Gphasethat RNA and protein synthesis occur and t
cell volume, previousl reduced to ondalf by mitosis, is restored to its normi
size.



In cells that are not continuously dividing, the cell cycle activities
be temporarily or permanently suspended. Cells in such a stage of devel
(e.g., muscle, ner) are referred to as being irGg phase.

Synthesis and replication of DNA and centrioles take place inS
phase.

Processes that occur during tl&2 phase are the production ar
accumulation of energy to be used during mitosis and the synthesis ¢ihttd
be assembled in microtubules during mitosis.

0 Cell death

Cell deathmay occur as a result of acute cell injury or an interr
encoded suicide program.

Cell death may result from accidental cell injury (necrosis
mechanisms that cause cellssedf-destruct (apoptosis).

\
J

Necrosis,or accidental cell death.

Necrosisi s a pathol ogic process. |
ability to maintain homeostasis. Necrosis occurs when cells are exposec
unfavourable physical or chemical enviroent (e.g., hypothermia, hypox
radiation, low pH, cell trauma) that causes acute cellular injury and dami
the plasma membrane. Under physiologic conditions, damage to the |
membrane may also be initiated by viruses, substances such as contpler
proteins called perforins.

As a result of cell injury, damage to the cell membrane leads to an
of water and extracellular ions. Intracellular organelles, such as the mitoch«
rER, and nucleus, undergo irreversible changes that are cayseell swellinc
and cell membrane rupture (cell lysis). As a result of the ultimate breakdc
the plasma membrane, the cytoplasmic contents, including lysosomal en
are released into the extracellular space. Therefore, necrotic cell deathni
associated with extensive surrounding tissue damage and an i
inflammatory response.

Apoptosis
Apoptosisalso referred to as programmed cell death. In Greek, apo
transl ates to the fAdropping offd o



Apoptosis represents as a physiologic process. Apoptosis is a m
cell death occurs under normal physiologic conditions. During apoptosis
that are no longer needed are eliminated from the organism. This proce
occur diring normal embryonic development or other normal physiol
processes, such as follicular atresia in the ovaries. Cells can initiate the
death through activation of an internally encoded suicide program. Apopti
characterized by controlled tdigestion, which maintains cell membre
integrity; t hus, the cell idies v
damaging its neighbours.

Cells undergoing apoptosis show characteristic morphologic
biochemical features (flg.3.9) such as DNAadmentation decrease in ¢
volume, membrane blebbing without loss of membrane integrity, and forn
of apoptotic bodies, causing cell breakage. Apoptotic bodies are later rema
phagocytic cells without inflammatory reactions.

0 Clinical correlations

Dysregulation of p53

The tumor-suppressor protein p5Saccumulates when DNA is damag
due to a chain of biochemical factors. p53 prevents the cell from replicati
stopping the cell cycle at Gi, or interphase, to give the cell time torp
however it will induce apoptosis if damage is extensive and repair effort
Any disruption to the regulation of the p53 will result in impaired apoptosit
the possible formation of tumors.

HIV progression

The progression of the human immunodificy virus infection t
AIDS is primarily due to the depletion offelper lymphocytes, which leads ti
compromised immune system. One of the mechanisms by whinglper cells
are depleted is apoptosis.




Figure 3.9. Changes occurring during necrosis and apoptosis.-Inecrosis:1 -
injury at cell membrane, 8 swelling, 3- membrane breakdown, & disintegratior
and inflammation]l - apoptosis: 5 DNA fragmeriation, 6- decrease of cell volume,
- membrane blebbing, 8formation of apoptotic bodies.



BASES OF GENERAL EMBRYOLOGY

Embryologyis a science which is about the formation, early growth,
development of an embryo from the fertilization of the ovum to the fetus ste

Embryogenesisis the process by which thembryo is formed an
develops, until it develops intofatus.

0 Structure of the spermatozoon

The human male sexual celspermatozooris 60 pm long,
actively motile.
Spermatozoon is divided into 3 main parts (fig.4.1):
> head
> neck(or connecting piece)and
> tail or flagellum.

m I

3 2 1

Figure 4.1. Structure of a spermatozoonl - head, 118 neck (connecting piect
Il - tail: 1 & middle piece, 2- principal piece, 3- end piece; 40 nucleus, 5-
acrosome, ® mitochondrial sheath

Flattenedheadof spermatozoon includes:
> a small densenucleus with a haploid set of the chromosomes surrour
anteriorly by



> anacrosome which contains enzymes as hyaluronidase, corona penet
enzyme used fopenetrating the female egg; acrosome is derivative of (
complex.

Theneck(connecting piece)s narrow, contains proximakentriole.

Thetail consists ofmiddle piece, principal piecandend piece.

The middle piececontains adistal centriole,a cental axonemewith
many mitochondria spiralled around it (helicamitochondrial sheath),used for
ATP production for sperm motilityAxonemeconsists of parallel microtubules
a characteristic A9x2+20 pattern,
fibers.

The principal piece constitutes most of the tail and consists of
axonemesurrounded by a sheath of fibers.

The end piececonsists of thexxonemeonly and is the narrowest part
the sperm.

0 Structure of the ovum

The ovum (oocyte)is generally spherical, nonmotile gamete with yc
cytoplasm and enclosed in one or more egg envelopes (fig.4.2).

Size of ovum varies in different animals and depends upon the al
of yolk from 10 micrometers to a few centimetres. Largest sized egfgastrich
and is about 170 x 135 mm.

Thenucleusof an ovum is large, has haploid set of chromosomes.
The cytoplasmcontains yolk inclusions, is differentiated into outer, smaller
transparenexoplasmor egg cortexand inner, larger and opaqe&doplasm or
ooplasm.

Egg cortex is with some cytoskeletal structures like microtubules
microfilaments, andortical granulesof mucopolysaccharides.

Endoplasm is with cell organelles, informosomes tRNAS, histc
enzymes etcYolk granulescontain proteinsphospholipids and carbohydral
used for a feed of a germ.

The side of ovum with nucleus is calladimal pole,while the opposit:
side is calledregetal pole.



Figure 4.2. Structure of oocytel & nucleus, 2 yolk inclusions in the cytoplasm
& zona pellucida, 4 follicular (corona) cells

Classification of the oocytes

Classifications of the oocytes are based on amount and distribution ¢
yolk (lecithos)in the cytoplasm.

Oocyte classification by amount of the yolk (fig.4.3):
> micro/ecithal.oligolecithal (very little yolk):

A primary (amphioxus, sea urchin);

A secondary (secondary yolk reduction) (placental mammals);
> mesolecithamedium amount of yolk) (frog);
> macrolecithal polylecithal (with large amount of yolk) (bird).



Oocyte classification by distribution of the yolk (fig.4.4):
> telolecithal (y olk is distributed in gradient, concentrated at one pole o
egg, usually vegetal) (bird);
> isolecithal (yolk is evenly distributed throughout egg cytoplasm
microlecithal oocytes) (human);
> centrolecithal(the placement of the yolk in the centre of the cytoplasm ¢
oocyte).

B,
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\ e
N
Microlecithal Mesolecithal Macrolecithal Microlecithal
(secondary volk
reduction)

Fig. 4.3. Types of the oocytes by amount of the yo

Fig. 4.4. Types of the oocytes by distribution of the yolk: telolecithal, 2-
centrolecithal

0 Fertilisation
Thefertilisation is the fusion of male and female sexual cells therefo
is restored diploid set of chrommrees, and arises 52



qualitatively new celld a zygote(impregnated oocyte, or a monocelled ge

(fig.4.5). Fertilization of the ovum occurs in the ampulla of the uterine tube.
During fertilisation distinguish three phases:

1) chemotaxis;

2) sperm activation/acrosomal reaction;

3) sperm/egg adhesion.

1) . Chemotaxisis provided by the specific factors, secreted by se
cells (hamons). During the time the sperm spend in the female reproductiv
while swimming towards the oocyte, they acquine capacity to fertilise it a
process calledapacitation

Figure 4.5 Fertilisation and beginning of cleavagel - follicular cells, 2- zon¢
pellucida, 3- femalepronucleus, 4polar bodies, 5male pronucleus, 6centrosome, 7
synkaryon, 8- formation of spindle of chromosomes,-3wocell stage (from T. V
Sadler, 2004)

2) . When the sperms reach the corona cells of the oocyte they b
hyperactivated they gart beating their tails.



The sperms disperse the cumulus oophorus and when they ree
oocyte, they first bind to the zona pellucida. A chemical is released here
sperms in a process called therosomal reactionin which the amsome it
removed.

The acrosomal enzymes dissolve the zona pellucida. At this tim
oocyte transforms the zona to @&nmpenetrable barriey thus preventing othi
sperm from entering itnjonospermid.

The contact of the sperm with the oocyte surfaceltgs$n thecortical
reaction.

The cortical reaction is exocy
the fertilizing sperm contacts the egg plasma membrane, it causes calciul
released from storage sites in the egg, raising the intracellular fitemiro
concentration. This triggers fusion of the cortical granule membranes wi
egg plasma membrane, liberating the contents of the granules int
extracellular space. Fusion begins near the site of sperm contact, and the
wave of calcium riease sweeps around the egg, a wave of cortical granule
results.

3) The genetic material of the sperm (the male pronucleus) an
genetic material of the egg (the female pronucleus) then fuse form ar
embryo.

Theresults of fertilizationare:
restoration of diploid set of chromosomes;
determination of the sex of new individual,
beginning of the cleavage.
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Cleavage

The cleavageis mitotic division of diploid cell (zygote) with increa
the number of cells without increase of their total voluméese cell
(blastomerespecome smaller with each cleavage division.

Cleaving cells have a modified cell cycle, in which two phases, G
G,, are completely omitted. The cells cycle rapidly between M and S phase

As a result of cleavage thmulticellular germ, which looks like
mulberry or a dense congestion of celisofula) (fig.4.6), and then as a bubl
with a small cavityblastula)is formed.



1 2 3
Figure 4.6 Cleavagel - two-cell stage, 2 four-cell stage, 3 morula (from T
W. Sadler, 2004)

Blastula has a wall blastodermand acavity,filled with a liquid
- a product of secretion blastomeres. In blastoderm distinguishotifformed
due to the shattered material of animal paehyottomd from a material of a
vegetal pole and theegional zonedocated between them (fi4.7).

The pole of the egg with the highest concentration of yolk is referred
as thevegetal polevhile the opposite is referred to as @r@mal pole(fig. 4.8).

Type of cleavage

The pattern of cleavage is determined by dheount of yolkin the egg,
which was fertilized (fig.4.8 4.9).

Depending mostly on the amount of yolk in the egg, the cleavage can
holoblastic(total or entire cleavage) oneroblastic(partial cleavage).

In the absence of a large concentration of ybtdpblasticcleavage can
be observed itisolecithal cells (cells with a small even distribution of yolk) or in
mesolecithalcells (moderate amount of yolk in a gradient).

In the presence of a large amount ofkymm the fertilized egg cell, the
cell can underggartial, or meroblastic cleavage.

In eggs with less yolk, cleavage egual, and the resulting blastomeres
are of similar size. If the yolk is localized, such as in frog eggs, then cleavag
unequal- the cells derived from the yolky region



(the vegetal pole) are larger than those derived from the region without yoll
animal pole) (fig. 4.8).

Figure 4.7 Schematic diagram of blastulal - blastoderm, 2cavity, 3- roof, 4 -
bottom, 5- regional zone
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Figure 4.8 Schematic diagrams of blastulae. 4 sea urchin (equalleavage); IT0
frog (unequal cleavage);-lblastoderm, @ blastocoele,  vegetal pole



In the very yolky- telolecithal - eggs (of fish and birds), the cleavagt
slowed, or even blocked, by the presence of the yolk. Complete aligisire
restricted to the least yolky region of the egg, and the embryo forms as a
cells sitting on top of the yolk (fig. 4.9).

Primary microlecithal isolecithal oocyteésea urchin) divide full and i
regular intervals holoblastic(total) equal deavage.

In mesolecithal oocytesleavage is total, but unequal in a vegetal |
where the yolk is concentrated. Such type of cleavage is termbadl@sastic
(total) unequal.

Macrolecithal oocyteshave meroblastic cleavagéonly a part of oocyt:
divides at animal poles).

Secondary microlecithal oocytesf placental mammals haveloblastic
unequal asynchronous cleavage.

E3 Gastrulation

The gastrulation is complex process of chemical and morphoger
changes, accompanying ittv reproduction, growth, directed moving a
differentiation of cells therefore germ layers are formed: external
(ectoderm)middle (mesodermpand internal
(endoderm)d sources of tissues and organs, complexes of axial organs.

Types of gastrulation

Four basic types of gastrulation are distinguishetlamination,
immigration, invagination andepiboly.The result of gastrulation is formation
thegastrula.
> Delamination (fig. 4.10- 1) is the process in which the cells split, conver
the onelayered wall of the embryo to a twiayered one externalectodermand
internalendoderm.
> In immigration, or settlement, (fig4.10-2) certain cells move to the interi
of the embryo and settle under the superficial layer, forming a middle ¥
mesoderm immigration may be unipolar (settlement from one place)
multipolar (from various places).
> Invagination, or intrusion, (fig.4.10- 3) is the process by which the wall o
onelayered embryo gradually turns inward and forms external laystodern
aninternal layer endoderm.
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Figure 4.9. Schematic diagrams of the types of cleavage, blastulae,
gastrulae



> In epiboly, or overgrowth, (fig. 4.10 4) relatively large cells (macromeres
rich in yolk are overgrown by the small ones (micromeres) and find themse
inside, forming an internal layer.

4

Figure 4.10. Schematic diagrams of ways of gastrulation.- delamination, 2
- immigration, 3- invagination, 4 epiboly

13Differentiation of the embryonic layers

Differentiation of the ectoderm

Ectodermis subdivided into:
> extraembryonic being by a source of formation of amnion and
> intraembryonic.

Intraembryonic ectoderm gives rise to:
A neural tubgbrain and spinal cord);



A prechordal plate (epithelium of oral cavity, oesophagus, respiratory tract
A placodes (the internal ear);

A neural crests ( neurons tfe sensory spinal and autonomic ganglia; cell
the adrenal medulla; pigment cells of the skin);

A skin ectoderm (epidermis and its derivatives, epithelium of cornea, enai
teeth, epithelium of vagina and the anal canal of the rectum).

At a differentation of the ectoderm germ parts- skin ectoderm
neuroectoderm, placodes, notochord, and extraembryonic ectoderm, beir
source of formation amnion, are formed.

The smaller part of ectoderm, located above a notoc
(neuroectoderm)gives rise to aifferentiationof a neural tubeandneural crests,

Neural tubegives rise to the brain and spinal cord.

Neural crestsgive rise to the neurons of the sensory spinal ganglic
V, VII, VIII, IX, X cranial nerves; the neurons of sympathetic ganglia; the «
of the adrenal medulla; chromaffin tissue; the pigment cells of the skin.

The most part of intraembryonic ectodelim formed skin ectoderm
giving rise of the stratified squamous epithelium of skin (epidermis) an
derivatives, epithelium of cornea, epithelium of organs of a mouth, enan
teeth, epithelium of the anal canal of the rectum, epithelium of vagina.

Placodesgive rise to epithelial structures of the internal ear.

Most of notochord disappears, but parts of it persist in the regiol
each intervertebral disc as thacleus pulposus.

Differentiation of endoderni

The differentiation ofendodermresults toformation in a body of a
embryo of anintestinal tubeand to formatiorextra-embryonic endoderni

From endoderm of an intestinal tube develops simple epithelium
stomach, intestines and those glands, epithelium of a liver and a pancreas.

Extra-embryoric endodermgives rise to epithelium of yolk sac a
allantois.



Differentiation of mesoderm

The intra-embryonic mesodermis subdivided into 3 parts.
1. Theparaxial mesoderm the cells, on either side of the notochord.

The paraxial mesoderms segmented into cubical masses calerhites.

Somites are differentiated on 3 parts:
> myotome giving rise a skeletal muscular tissue,
> sclerotome,being a source of development bone and cartilage tissues
also
> dermatomeforming dermis of akin.

Process of segmentation of the paraxial mesoderm and formation
somites begins in a head part of an embryo and is quickly distributed in «
direction.

More laterally, the mesoderm forms a thinner layer calledldkeral
mesoderm It is not segmented, and split on two parts visceral or
splanchnopleuric (giving rise of heart, adrenal cortex, stroma of testes
ovary, connective and smooth muscle tissues of internal organs and
vessels) angarietal, or somatopleuric(giving rise of serous membranes).

Between these two, there is a longitudinal strip of mesoderm ¢
intermediate mesoderr(giving rise of the organs of urogenital system).

Mesenchyme

The mesenchymas the undifferentiated connective tissue found in
early enbryo between the embryonic layers and axial organs. Most mesen:
is derived from mesoderm.

Mesenchyme consists of small stellate (star) shape cells conti
large oval nuclei with prominent nucleoli. Processes of mesenchymal
extend and contadthose of other cells to form a three dimensional cell
network (fig.4.11). A semfluid ground substance fills the extracellular spa
Fibers are present, but are very fine and sparse.

Mesenchymal cells are multipotential cells that can be transfoinie:
other types.



Figure 4.11. Mesenchyme.1 - nuclei of mesenchymal cells, 2 processes
mesenchymal cells, 3matrix

Mesenchyme gives rise to all tkennective tissues of the body, as v
as to some other tissue:
> connective tissues;
> walls of blood vessels;
> cells of blood and lymph;
> smooth muscle tissue;
> microglia of nerve tissue.

0 Fetal organs

The fetal organsdevelop in process of embryo development outsic
its body; carry out the different functions providing growth and developme
the germ.

These areyolk sac, amnion, allantois umbilical chord, chorion, ai
placenta.



Yolk sac

The yolk sacis a membranous sac attached to an embryo, providi
early nourishment in the form of yolk.

The yolk sac develops from extembrvonic endoderm and exira
embryonic mesoderm (fig.4.12).
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Figure 4.12. Formation of the yolk sac and amnionl - ectoderm, 2 endodern
3 - extraembryonic endoderm, 4amniotic cavity, 5 yolk sac

Yolk sac carries out trophic and hematopoietic functions (primitiv
blood cells begin to form firgh the yolk sac).

Amnion

The amnion is a membrane building the amniotic sac that surroun:
and protects an embryo. The primary function of this organ is the protectior
the embryo for its development. It stems from parts of the mesoderm on
outer side and the ectoderm on the inner sifig.4.12). Amnion contains
amniotic fluid in which there is a fetus.



Allantois

The allantois is a small endodermal diverticulum arises from the
sac near the caudal end of the embryo. This diverticulum grows into the
embryonicmesoderm (fig.4.13). Allantois helps the embryo exchange gase
handles liquid waste.
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Figure 4.13. Formation of the allantois.1 8 amnion, 2- amniotic cavity, 33
yolk sac,4 - allantois, 50 connecting stalk of the exttembryonic mesoderm

Chorion

The chorion is one of the membranes that exist during pregn
between the developing fetus and mother. It is formed by extraembi
mesoderm and two layers of trophoblast (syncytiotrophoblast
cytotrophoblast) and surrounds the embryo and other membranesh®hienic
villi emerge from the chorion, invade the endometrium, and allow transt
nutrients from maternal blood to fetal blood.



Placenta
The placentais an organ that connects the developing fetus t
uterine wall to allow nutrienuptake, waste elimination, and gas exchang:

the motherdéds blood supply.

Functions of placenta
> Nutrition, gas exchange, waste elimination.
> Endocrine (placenta secretes hormone that are important during pre
human chorionic gonadotropin, humarplacental lactogen, estrog
progesterone, relaxin).
> Protective



HUMAN EMBRYOLOGY. PLACENTA

In the development of an individual organism which is termed
ontogeny,distinguish two main periodgirenatalandpostnataldevelopment.

Prenaal development is the period from the time of fertilisation u
birth.

Postnatal development is the period beginning immediately after
birth of a child and extending for about six weeks.

Human prenatal development can be divided into three stages:
> initial (1-st week of development),
> embryonic(2-8 week of development),
> fetal (since 9th week of development till a birth of the child).
Duration of human prenatal development is nine months 488wveeks
or 266280 days).

The initial stage begins withfertilization. The fertilized egg (a zygot:
moves toward the uterus. Cell division of a zygote begins approximately
36 hours after fertilization. Cell division continues at a rapid rate and the
then develop into ablastocystBlastocyst is attdwed to the uterine wa
(implantation).

The embryonic stage (embryogenesibegins after implantation ar
continues until cell differentiation into the various body systems has
mostly completed. Structures, including the placenta and umbilical
important to the support of the embryo, develop.

Embryogenesisonsists oftie main stages:
> fertilization and zygote formation;
> cleavage and blastocyst formatign;
implantation;
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> gastrulation (formation of the germ layers);

> histogenesis (formation of different tissues from undifferentiated «
which areconstituents of three primary germ layers);

> organogenesis (period of human development during which the emb
becoming a fully functional organism capable of independent survivia);

> systemogenesis (formation of the the functional systems).

0 Structure of a mature spermatozoon

Human male sexual cellspermatozoons 60 pm long, actively
motile.

Spermatozoon is divided into 3 main regiorfeead, neck (or
connecting piece)andtail or flagellum); it is covered by plasmolemma whi
contains a receptor in a forward department, providing of the recognizi
receptors of oocyte (fig.5.1).

Flattenecheadof spermatozoon includes:
> small densenucleuswith a haploid set of the chromosomes (22 +X or32
50% of them have 22 +X chromosomes, 50%22 + Y chromosomes:
surrounded anteriorly by
> an acrosome,which contains enzymes as hyaluronidase, corona penet
enzyme used for penetrating the female egg; acrosome is derivative of
complex.

Thened (connecting piecgis narrow, contains proximakentriole.

The middle piece of the tailcontains adistal centriole, a centra
axonemawith manymitochondria spiralled around it, used for ATP producti
for for sperm motility. Axonema consists of paralle microtubules in
characteristicii 9 x 2 p&térn. This pattern describes 9 outer microtul
doublets (pairs) surrounding 2 central singlet microtubules. The motor p
dynenin move the outer microtubules with respect to the central pair, be
the flagella and generating motilityAxonemais surrounded by the longitudin
dense fibers.

The principal piece of the tailconstitutes most of the tail and consist:
the axonemesurrounded by a sheath of fibers.



Figure 5.1. Electron micrograph of a spermatozoon.] - head, 2- neck
(connecting piece), 3 proximal centriole, 4- middle pieceof the tail, 5 dista
centriole, 6- axonemay - mitochondrial sheath

The end piece of the tailconsists of theaxonemeonly and is the
narrowest part of the sperm.

Human spermatozoa are formed during all active sexual perit
plenty. Duration of spermatozoon development makes about 72 days.

At resarch of sperm in clinical practice carry out calculation
various forms of spermatozoa in painted smears, counting up their percent

According to the World Health Organization (WHO), nort
characteristics of human sperm are the following parameterscentration o
20-200 million per ml, the contents more than 60 % of normal forms. Ar
the spermatozoa should contain live cells of 75 % and more, and actively 1
- 50 % and more.

In sour environment spermatozoa quickly lose ability to movemeash
fertilization.



0 Structure of the ovum

Formation of female sexual cells (oogenesis) is made in the .
cyclically, thus during ovarian cycle each-28 days, as a rule, one primz
oocyte is formed.

Human female sexual celloocyteor ovum is large spherical cell, hi
no ability to move.

The nucleus of the human oocyte contains 23 chromosomes; ¢
them is a sexual Xhromosome.

Human oocyte isecondary miolecithal isolecithawith a small evel
distribution of yolk and large amati of cytoplasm (fig.5.2). Presence of sn
quantity of a yolk in oocyte is caused by development of a germ in an org
of mother. Yolk granules contain proteins, phospholipids and carbohydrate

Figure 5.2. Structure of the human ovum. 18 nucleus, 2- cytolemma, 3-
follicular epithelium, 4- corona radiata, 5 cortical granules, 6 yolk inclusions, 7-
zona pellucida, 8 receptors (fromlO.H.Afpmacbee, H.A JOpuna u dp999)



Human ovum is surrounded by a number of egg envelopes:
> Vitelline membraneis inner, thin, and transparent and is secreted by
itself.
> Zona pellucidais middle, thick, transparent and noncellular, compose
glycoproteins.
> Corona radiata is outer, thicker coat formed of stratified follicu
epithelium. The processes of follicular cells penetrate through a zona pel
going to ova. Follicular cells carry out trophic and protective functions.
Between the vertiline membrarand zona pellucida, there is a nar
perivitelline space.

Ef Fertilisation

Female gameteopcytg is produced during the menstrual cycle
expelled during thevulation. During each ovarian cycle, only one follicle w
an oocyte reaches full maturitpt the 14th day in an average-g88ay cycle thit
follicle bulges on the surface of the ovary. Immediately before the ovulatio
oocyte and some surrounding cellsuthulus oophorus)Xetach from the interic
of the follicle. Also, shortly before the olation the fimbriae of the ovidu
start covering the surface of the ovary. During ovulation, follicle bursts ar
oocyte is expelled into the uterine tube.

The expelled secondary oocyte is surrounded bytma pellucidaand
several layers of thédollicular cells arranged as theorron a radiata. Male
gametes are produced during the spermatogenesis and stored in the epit
Upon ejaculation into the female genital tract, the spermatozoa are not ¢
of fertilizing the oocyte. They must undergocapacitation period that last
approximately 7 hours, during which the glycoprotein coat and seminal pr
are removed from the surface of the sperm acrosome by the action
substances secreted by uterus or uterine tubes. When capacitated spes
come into contact with the corrona radiata surrounding the secondary c
they undergo theacrosomal reaction.This process includes release of
acrosomal vesicles enzymes that helps the sperm digest its way to the
plasma membrane in ordar fuse with it.



Fertilization, the process by which the male and female gametes
marks the beginning of the pregnancy. It lasts 24 hours and occurs
ampullar)' region of the uterine tube. The first event is the scattering ¢
corrona radiata cells by the eslsed contents of the acrosomal ves
(hyaluronidase), tubal mucosa enzymes and sperm tail movements. Pen
of the zona pellucida is enabled by the action of other enzymes release
the acrosome (acrosin and neuraminidase). When the first qpesses throug
the zona pellucida, enzymes of cortical granules diffuse into the zona pel
and zona reactionmake it impermeable to other sperms. This mecha
ensures that each oocyte is fertilized by only one sperm.

When the sperm enters the oaeyit leaves its plasma membre
behind. After the sperm entry, the secondary oocyte finishes its second r
division, forming anovum and a second polar body. The nucleus of the mi
oocyte is known as théemale pronucleus. Male pronucleuss formel by the
enlarging of the nucleus in the head of the sperm. During the growth «
pronuclei they replicate their DNA. Fertilization ends with the fusion of fel
and male pronucleus and formation of thygote.Within 24-48 hours afte
fertilization, early pregnancy factor (EPF) can be detected in the ma
serum.

E3 Clinical correlations

Infertility

Infertility is a problem for 15% to 30% of couples.

Male infertility may be a result of insufficient numbers of spt
and/or poor motility. Normally, the ejaculate has a volume of 3 to 4 ml,
approximately 100 million sperm per ml. Males with 20 million sperm per r
50 million sperm per total ejaculate are usuaéytife.

Infertility in a woman may be due to a number of causes, inclut
occluded oviducts (most commonly caused by pelvic inflammatory dise
hostile cervical mucus, immunity to spermatozoa, absence of ovulatior
others.




In vitro fertilization (IVF)

In vitro fertilisation is a process by which egg cells are fertilised
sperm outside the uterus, in vitro. IVF is a major treatment in infertility w|
other methods of assisted reproductive technology have failed.

Follicle growth in the ovary is stimulated by administration

gonadotropins. Oocytes are recovered by laparoscopy from ovarian fol|i

with an aspirator just before ovulation when the oocyte is in the late stag
the first meiotic division. The egg is placed ansimple culture medium an
sperm are added immediately. Fertilized eggs are monitored to theceigh

stage and then placed in the uterus to develop to term. Fortunately, bgc:

preimplantatiorstage embryos are resistant to teratogenic insult, sile af
producing malformed offspring by in vitro procedures is low.

A disadvantage of IVF is its low success rate; only 20% of fertili
ova implant and develop to term. Therefore, to increase chances of a sucq
pregnancy, four or five ova are colled fertilized, and placed in the uterd
This approach sometimes leads to multiple births.

The first successf ul birth of
occurred in 1978. Louise Brown was born to Lesley and John Brow'n, whg
been trying to conceiveof nine years, but without success because of Les
blocked fallopian tubes. On 10 November 1977, Lesley Brown underwen
procedure developed by Patrick Steptoe and Robert Edwards in Old
Greater Manchester, UK.

Edwards was awarded the 2010 NoBeke in Physiology or Medicing f o r
development of in vitro fertilizat
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After the fertilization, the zygote undergoes a series of rapid divis
calledcleavage(fig. 5.3).

Cleavageof human zygote ifoloblastic unequalksynchronous.

The zygote first divides into two cells known blsstomereg30 hours
after fertilization). Three days after the fertilization, a rapid



increase in the number of the cells results in the formation of a solid balkc
16 cells, themorula.

Figure 5.3. Human cleavage.l - two-€ell stage: 1- zona pelliicida, 2-
blastmere; IF four-cell stage; Ill- morula

These repeated mitotic division
through the uterine tube toward the uterus. Four days after fertilization, wl
the morula enters the uterus, fltited spaces between the blastomeres appe
and fuse into a central cayi called the blastocoele.At this stage of the
development, the conceptus is calledlastocyst.

The blastocyst (tlg.5.4) consists ofner cell mass (embryoblastnd
outer cell mass (trophoblastEmbryoblast gives rise to the embryo and a part
the amnion. The trophoblast cells form most of ts¢raembryonianembranes,
i.e., the bulk of the placenta.

During the 6th day after fertilization, the blastocyst attaches to t
endometrial epithelium with its embryonic pole. This triggers the differentiati
of the trophoblast into an inneytotrophoblastand an outesyncytiotrophoblast.
By the end of the first week, the blastocyst is superficially implanted. At abs
seven days a flattened layer of cuboidal cells, caligdoblast (endoderm),
appears onhte surface of the embryoblast.

In 5-5, 5 days blastocyte gets in a uterus. During about 2 days (wit
for 7 day) the germ passes a stagé&eé blastocyte.
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Figure 5.4. Schematic diagram of human blastocyst. 1trophoblast, 2- innel
cell mass (embryoblast),-dlastocyst cavity (blastocoele)

0 Implantation

The blastocyst usually implants on the posterior uterine wall.
implantation begins on the day 7 pbgertilization and and continues duri
about 40 hours.

Two stages of implantation distinguishadhesion and invasion
(penetration.
> At the first stage(day 7 posffertilisation) the trophoblast of the blastoc
attaches to the endometrial epithelium (fig. 5.5).
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Figure 5.5. Implantation. Phase of adhesion. &y 6 postfertilisation. 1 -
blastocyst, 20 trophoblast, 3- inner cell mass, 4 epithelium of endometrium, E
uterine vessels

During implantation, the trophoblast forms two layersan outer
syncytiotrophoblastand an innercytotrophoblast.The inner cell mass becomes
organised into a twéayered plate of cells called trembryonic discwith the
amniotic cavity above and the yolk sac below. These layereetoelermand
endoderm(fig. 5.6).

> During thesecond stagsyncytiotrophoblast, proding enzymes destroys
the endometrium of the uterus (fig.5.7). Thus formed villi of trophoblast,
invading in the uterus, consistently destroy its epithelium, then the connectin
tissue and walls of vessels, and trophoblast enters direct contact to blood of
mother vessels.



Figure 5.6. Implantation. 1 - ectoderm, 2 endoderm, 3 amniotic cavity, 40
yolk cavity, 5- cytotrophoblast, 6 syncitiotrophoblast, 7 uterine vessels

At the beginning of the second week the blastocyst is embedded
endometrial stroma. The endometrial cells around the early conceptus ¢
and accumulate glycogen and lipids. These cellular changes, together w
vascular and gindular alterations in the endometrium, are calleddéadual
reaction.

Three different regions of thdeciduaare identified according to tl
implantation site. Thalecidua basalisis the portion of the endometrium tt
underlies the implantation siteThe decidua basalis torms a compact la
called thedecidual (basal) plateThe decidua capsularids a thin portion of th
endometrium that overlies the conceptus. Teeidua parietalis (vera)ncludes
the remaining endometrium of the uterus and theiggfig.5.8).
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Figure 5.7. Implantation. Phase of invasion. Day 9 podertilisation. 1 -
ectoderm, D endoderm, 3 amniotic cavity, 4 yolk cavity, 5- syncitiotrophoblas
6 -cytotrophoblast, ® uterine vessels

Nutrition of the conceptus is initiallistiotrophic - the uptake of
oviductal and uterine secretions by the trophoblast.

Later, it switches tdhaemotrophicnutrition - exchange between the
maternal and fetal circulations within the placenta.



Figure 5.8. The regions of the decidual 8 myomertrium, 26 decidwa basalis3
- decidua capsularig - decidua parietalish - yolk sac,6 - uterine cavity,7 - amniotic
cavity, 8- umbilical cord,9 - chorionic villi, 10- allantois, 11- chorionic cavity

0 Clinical correlations

Ectopic implantation

The embryo may barrested during its migration through the uter
tube and implant in its wall. Previous pelvic inflammation damages the |
epithelium and may predispose to such delay in tubal transport. Ec

pregnancy may cause rupture of the uterine tube and togihg
intraperitoneal haemorrhage.




Multiple pregnancy (fig.5.9)

Fig. 5.9. Relationships of the extraembryonic membranes in different typ
of twinning. I- diamnionic, dichorionic separated; i.e. separation of the
two blastomeres results in separate implantation sites; Hiamnionic
dichorionic fused: the chorionic membranes are fused, but the fetuses

separate choria; IHdiamnionic, monokorionic: reduplication of the inner ¢
mass can result in a single placenta and chorionic sacs, but separate
cavities; IV - monoamnionic, monochorionic: duplication of the embry
axis results in two embryos sharing a single placenta, charonamnion; \-
incomplete separation of the embryonic axis results in conjoined twins
unequal division of the embryonic axis or unequal division of the blood s
may result in an acardiac monster




Dizygotic twins are derived from two zygotes that were fertiliz
independently (i.e., two oocytes and two spermatozoa).

Consequently, they are associated with two amnions, two chorions, an
placentas, which may (65%) or may not (35%) be fus¥dygotic twins are
only as closely genetically related as any two siblings.

Monozygotic twins(30%) are derived from one zygote that splits i
two parts. This type of twins commonly has two amnions, one chorion, an
placenta. If the embryo splits #@in the second week after the amniotic cavj
has formed, the twins will have one amnion, one chorion, and one plag
Monozygotic twins are genetically identical, but may have physical differe
due to differing developmental environments (e.g..equml division of
placental circulation).

0 Gastrulation

Gastrulation is complex process of formation of three germ layer
the embryoectoderm mesodermandendoderm.

Human gastrulationoccurs in two phases.

The first phase of the gastrulation precedes implantation or ¢
during it (day 7 postertilisation). This phase occurs laglamination,thus the
inner cell mass (embryoblast) differentiate into two layers: Hiypoblast
consisting of small cuboidal cells, and thgblast, consisting of high column;
cells (fig. 5.7).

The twolayered plate that will differentiate into the embryo is ca
the embryonic disc.The epiblast forms the floor of the amniotic cavity an
peripherally continuous with a thin epithelial layer of thenion. Flattenec
cells probably originating from the hypoblast form exocoelomic membrar
(Hauser 6 s Ths mémbameeand.theypoblast form the lining of tr
exocoelomic cavity (primitive yolk sac).

Cells derived from the yolk sac form thextraembryonic mesoder
and fill the space between the trophoblast externally and the amnion a
exocoelomic membrane internally . Largavities within 80



the extraembryonic mesoderm become confluent and fornextraembryonic
coelom.The extraembryonic coelom splits the extraembryonic mesodern
two layers: theextraembryonic somatic mesoderniining the trophoblasand
amnion, and theextraembryonic splanchnic mesodermspvering the yolk sau
The extraembryonic somatic mesoderm and two layers of trophoblast cor
the chorion. The extraembryonic somatic mesoderm and the extraembr
part of the ectoderm conaite the amnion.

The endodermal germ layer produces additional cells which fo
new cavity, known as the secondary or definitigk sac.The extraembryoni
coelom expands to form a large chorionic cavity, within which the embryc
the attached amniotic and yolk sac are suspended byotireecting stalk.

The second phaseof the gastrulation begins on day -18 and
continues about day 17optfertilisation. The second phase of gastrulal
occurs by way ofmmigration. The germ gets a thrdayer structure.

The second phase of the gastrulation begins with the formation «
primitive streak.The primitive streakis a linear band of thickeed epiblast the
first appears at the caudal end of the embryo and grows cranially. At the «
end its cells proliferate to form therimitive (Hensen's) node.With the
appearance of the primitive streak it is possible to distinguish cranial (prér
node) and caudal ends of the embryo (fig.5.10).

The cells that proliferate in the region of tipeimitive streak pass
sideways, pushing themselves between epiblast and hypoblast. These ce
intra-embryonic mesoderm.

The cells that enter through tipeimitive (Hensen's) nodevill become
the midline cellular cord known as th®tochordal processThe notochorde
process transforms into the notochord will eventually become the nt
pulposis of each intervertebral disk.

The notochordal process growsanially until it reaches thprechordal
plate the future site of the mouth, in this area the ectoderm is attached d
to the endoderm without intervening mesoderm. This area is known ¢
oropharyngeal membranegnd it will break down



to become the mouth. At the other end of the primitive streak the ectod
also fused directly to the endoderm; this is known asctbacal membrane or

primordial anus.
The spaces between the germ layers are filled migsenchyme.

Figure 5.10. Schematic diagram of embryo during the second phase of
gastrulation. 1 - epiblast, 28 hypoblast, 3- primitive streak, 48 primitive
( He n s e n 6 snigrating dedls, 6 ntesoderm

Folding of the embryo (fig.5.11)

The folding of the flat trilaminar embryonic disc into a cylinc
embryo establishes the general body form.

Folding occurs by differential growth of tissues. Neural ectoc
grows faster thathe surrounding skin ectoderm and consequently folds to
a neural tube. Similarly, skin ectoderm grows faster than the unde
mesoderm and endoderm, and this differential growth causes folding
trialminar disc and gives shape to the embryo.

Folding in themedial planeproduces théieadandtail folds, and result
in the incorporation of part of the yolk sac into the embryo and the format
the foregut and hindgut.



These are not three separate folds but occur simultaneand! merg:
into one another. The notochord, neural tube and somites stiffen the dors
of the embryo.

Folding of the embryo in thborizontal planeproduces thdateral folds
and the formation of the lateral and ventral body walls. Part of the yalkis
incorporated into the embryo as the midgut.

6

Figure 5.11. Folding of the embryo.1 - intermediate mesoderm,-2yolk sac, 3-
gut, 4- intraembryonic coelom, 5notochord 6 - neural tube

Differentiation of the germ layers

Derivatives of the ectoderm
Ectodermgives rise to:

> the central nervous system,;

> the peripheral nervous system;



the sensory epithelium of the ear, nose and eye;
the epidermis, hair andails; and

the subcutaneous, mammary;

pituitary gland;

the enamel of teeth.
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Neural crestcells give rise to the  cells of ganglia anehsheating
cells of the peripheral nervous system, pigment cells ofthe  dermis
muscles, connective tissue and bone oftibenchial arches, suprarenal medi
and meninges.

Derivatives of the endoderm

Craniccaudal and lateral folding of the embryo causes
incorporation of the part of the yolk sac into the body cavity and the form
of a tubelike gut. This layer gives rise to the epithelial lining of the:
> gastrointestinal system,
> repiratory system,
> urinary bladder and urethra,
> tympanic cavity and auditory tube, and
> the parenchyme of the tonsils, thyroid, parathyroid, thymus, liver
pancreas.

Derivatives of the mesoderm

Initially, the thin sheath of mesodermal layer proliferates and form
paraxial mesodernmedially andlateral plate laterally. They are connected
the intermediate mesodermThe lateral plate divides into two layersomatt
(parietal) andsplanchnic (visceral) mesoderm.

The paraxial mesoderm breaks into segmented blockssatmétes(42-
44 pairs). The epithelial cells forming the somites lose their epithelial shag
migrate in the direction of the notochord and the spicard to form the
sclerotome (future vertebral column). The dorsal wall of the sor
differentiates into themyotome (furute muscles) and thdermatome (iuture
dermis).

The intermediate mesodermforms nephrotomes cranially al
nephrogenic cord caudailipoth developing into the excretory units of kidne
gonads, ducts and accessory' glands.



0 Placenta

The placentais a temporary organ required for the development o
embryo and fetus.

Functions of placenta>Nutrition, gas
exchangewaste elimination

Perfusion of the intervillous spaces of the placenta with maternal |
allows the transfer of nutrients and oxygen from the mother to the fetus a
transfer of waste products and carbon dioxide back from the fetus to the m
> Endocrine

Placenta secretes hormone (secreted by syncytiotrophobla
chorionic villi) that is important during pregnancy:

1) human chorionic gonadotropin (hCG) suppresses the mater
immunologic response so that placenta is not rejected.

2) human placentallactogen(hPL) promotes mammary gland grov
in preparation for lactation in the mother. It also regulates maternal gl
protein, fat levels so that this is always available to the fetus.

3) estrogencontri butes to the woman¢
in preparation for lactation and stimulates uterine growth to accomm
growing fetus.

4) progesteroneis necessary to maintain endometrial lining of
uterus during pregnancy. This hormone prevents preterm labor by rec
myometrial contraction.

5) relaxin is produced by decidua cells; softens the cervix and p
ligaments in preparation for childbirth.

> Protective

1) IgG antibodies can pass through the human placenta, th
providing protection to the fetus.

2) Cloaking from immune system of motheim(mune tolerance in
pregnancy.

The placenta and fetus may be regarded as a foreign allograft insi
mot her , and thus must evade from a



immune system. For this purpose, the placenta uses several mechani
secretemeurokinin B containing phosphocholine molecules. This is the :
mechanism used by parasitic nematodes to avoid detection by the ir
system of their host. Also, there is presence of small lymphocytic supp
cells in the fetus that inhibit maternalytotoxic T cells by inhibiting th
response to interleukin 2.

3)Pl acenta f or ms a Aprotective
Nevertheless, there are some infections that can cross this barrier:
> The rubella virus may be responsible for a miscarriage idgrpregnanc
(before the first month), for embryopathies or for fetopathies.
> Toxoplasmosis(caused by a protozoic parasite) is harmless for the mq
but can cause severe anomalies in the fetus.
> Alisteriosis (traced back to a grapositive Listeria monocytogenes) can
responsible for intrauterine death or neonatal sepsis.
> The cytomegalovirusis generally can be responsible for miscarria
microcephaly and growth retardation.
> With herpes simplex genitalia risk of neonatal contamination exists thro
infection in the birth canal.
> HIV infection can also be transmitted from an infected mother tc
offspring.

In addition, the placenta also presents an incomplete barrier a
certain injurious effects afrugs:antibiotics and corticoidscan pass through tl
placental barrier.

The same is true for certaimedicationsthe teratogenic effects
which are today well documented. Thalidomide, mainly responsible
phocomelia (prescribed in the 66), as wdl as Roaccutane (retinoic ac
commonly used for treating acne), are highly teratogenic.

The consumption obarbiturates, drugsand alcohol during pregnanc
are also to be avoided.

Development of placenta

The placenta begins to develop upon implantation of the blastocy:
the maternal endometrium (fig.5.5, 5.6, 5.7). The outer layer of the blas
becomes thé&ophoblastwhich forms the outer layer of the placenta.



Day 7 postfertilisation: Trophoblast of the blastocyst proliferates
differentiates into innercytotrophoblast and outer syncytiotrophoblast (a
multinucleate continuous cell layer which forms as a result of differenti
and fusion of the underlying cytotrophoblasgils). Nutrition is by diffusion an
erosion of maternal tissues (histiotrophic type). Syncytiotrophoblast se
enzymes to invade maternal tissueBay 8 postfertilisation. Fingerlike
processes of syncytiotrophoblast continue to invade. Secretitd€Gf begins
Uterine stroma cells becomeecidua cells (glycogen/lipidladen) arount
blastocyst. Inner cell mass forms bilaminar disc. Amniotic cavity appee
embryonic pole; a layer of epiblast cells is displaced toward the embryoni
by fluid thathas begun to collect between epiblast cells. These cells, now
amnioblasts, differentiate into a thin membrane that separates the new
(amnion) from the cytotrophoblast. Hypoblast cells give rise to layer of
(exocoelomic membrane) lininlpwer cavity, called exocoelomic cavity (to
primary yolk sac).

Day 9 posffertilisation: Cells from hypoblast give rise to loosely arran:
tissue, callecextraembryonic mesoderrithat surrounds amnion and primary yt
sac. Lacunae appear in syncytiotrdmblast. Endometrial capillaries ruptu
glands erode. Syncytiotrophoblast has spread to totally surround blastocyt
Day 10 posfertilisation: Lacunae in syncytiotrophoblast fill with materr
blood and glandular secretions. Maternal capillaries anaste with lacunae
uteroplacental circulationstarts. Embedding of embryo is completed.

Day 1112 postfertilisation. Epithelium of endometrium completely regenerat
Day 13 posfertilisation: Chorion consists of 2 layers of trophoblast .
extraembryonic somatic mesoderm.

Day 14 posfertilisation: The chorionic villi are formed as elongated projecti
from the surface of the trophoblast. Tixemary villi (fig-5.12-1)consist of only
syncytyotrophoblastovering.

Day 16 posfertilisation. Secondary villi (fig.5.12-11) form when mesoder
pushes into primary villi. Secondary' villi cover all of



chorionic sac.Tertiary villi (fig.5,12-HIl) form when mesenchymal cells in vi
differentiateinto blood vessels.

Day 21 posffertilisation. Embryonic blood begins to flow through capillaries
chorionic villi. Diffusion of nutrients/'wastes between maternal and embr
circulations through walls of villi begins.

Figure 5.12. Formation of the chorionic villi. | - primary villus, Il - secondar
villus, IlI - tertiary villus, 1 - cytotrophoblast, 2 -
syncytiotrophoblast 30 mesodermal core, 4 capillaries of the villus (fet
capillaries)

Chorionic villi cover the wole placenta. As chorion grows, villi associa
with decidua capsularis are compressed and their blood supply is reduced.
eighth week, the villi under the decidua capsularis have begun to degenerate ai
smooth chorion(chorion laevg. Meanwtile, villi near decidua basalis increase
number, branch profusely and enlarge to faitous chorion (chorion frondosum).

Structure of placenta

Human placenta is dfaemochoreal, discoid, of type Il.

In humans, the placenta has a circular shape anduresaabout 15 to 20 ¢
in diameter, 22,5 cm in thickness, weighing 500 to 600 g.

It has a dark reddishlue or maroon color. It connects to the fetus by
umbilical cord.

The placenta consistsfetal partandmaternal part(fig.5.13).



Thefetal part, thechorion, consists of:
> branchingchorionic plate portion of the chorion in the region of its uterine
attachment, it consists of the mesodernd is covered by
> amniotic membrane’,
> chorionic villi which are bathed with maternal blood from the lacunae of t
decidua basalis.

Figure 5.13. Schematic diagram of the placenta. 1decidua, 2 myometrium, {
- endometrial veins, & endometrial arteries, & villus paremchyma, 6 amnion, 7-
chorion, 8- umbilical cord, 9- umbilical, 10- umbilical areteries, 1t connective
tisswe septa, 12 lacune with maternal blood

The maternal partof the placenta consists of:
> modified basal laminaof endometrium (decidua basalis),
> lacunaefilled with maternal blood and
> connective tissuseptaeseparating cotyledons from each other.



Cells from the connective tissue stroma of the decidua basalis for
decidual cells. These cells are large; they produce prolactin and «
biologically active substances.

Structural and functional unit of the placentacistyledon, formed of
chorionic villus both its secondary and tertiary branchingstyledonsare
compartments of placenta, which are separated by the septae. The t
cotyledons in a placenta reaches3D(fig.5.14).

Umbilical cord

Theumbilical cordis elastic tube of approximately 560 cm in length
connecting germ (fetus) with a placenta. It is covered by amnion and cons
mucous <connecting tissue (Wartono
arteries and one vein) (fig.5.15).

Functions of the umbilical cord:
> protection of the umbilical vessels from compression, providing
continuous supply of an embryo by nutrients and oxygen;
> prevention of penetration of harmful agents from a placenta to an embr
> ensuring of free movements of the embuyithin the amniotic cavity.

Figure 5.14. Schematic diagram of the cotyledonl 8 amnion, 2- umbilical
cord, 3- chorionic plate, 4 chorionic vessels, 5cotyledon

0 Clinical correlations

Cord blood bankingis a procedure performed on the umbilical cord at birth
collect stem cells from it. There can be up to 18 mL of blood, filled with §
cells that can mature and differentiate to about 200 cell




types. In humans these cells originate from the blastocyst, the mass of
found 45 days after fertilization has occurred. There are public umbilical
banks that store and save babyods
prol ong s enldase ganscells inside the cord can be transplg
into the body of patients that have a damaged tissue for different reasons
cells are used to treat certain illness such as leukemia and sickle cell af
and more diseases may be treated wittd blood in the future.

Figure 5.15. Schematic section through the uterus.l - chorionic villi, 2 -
placenta, 3 umbilical cord

Placental barrier

Fetal blood and maternal blood do not mix. The fetal blood is isolal
by structures of thelacental barrier:
> endothelium of the fetal capillaries,



basal lamina of these capillaries,
mesenchyma of the interior of the villus,
basal laminaf the cytotrophoblast,
syncytiotrophoblast.

However through the placental barrier from blood of mother alce
narcotics, medicinal substances, nicotine, and also many hormones will
penetrate into blood of the embryo.
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E9 Classifications of theplacentae

The placentae of all eutherian (placental) mammals provide cor
structural and functional features, but there are differences among spe
gross and microscopic structure of the placentae.

1. Classification based olayers between fetal and nernal blood
Just prior to formation of the placenta, there are a total of six laye
tissue separating maternal and fetal blood:
> fetal vessels endothelium,
> extraembryonic mesenchyme,
> cytotrophoblast,
> uterine epithelium,
> maternal vessels endothelium,
> connective tissue of the endometrium.

Distinguish four types of placentae (fig.5.16):
epithelioehoreal,
desmocltoreal,
endotheliochoreal,
haemochoreal
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In epitheliochorealplacentae chorionic villi, growing into apertures
uterine glands, contact with epithelium of these glands (camel, horse, pig)

In desmochoreal placentae chorion partly destroys epithelium
uterine glands and villi of chorion grow into connecting uissof lamine
propria, for example at ruminant artiodactyl mammal (cow, sheep).



In endotheliochorealplacentae villi of chorion destroy epithelium and
connective tissue and contact with the endothelium of blood vessels (cats, dc

Haemodoreal placentadestroys a wall of uterus vessels and villi o
chorion contact directly to parent blood (Humans, rodents).

Figure 5.16. Types of placentael - epitheliochoreal,ll - desmochoreal, Il
endotheliochoreal, I\ haemochoreal placenta;-1chorionic villi, 2 - epithelium o
uterine glands, 3 connective tissue of lamina propria of endometriun, Blood
vessels of endometrium.-4parent blood (fronK). //. A(panabea, H.A.IOpuna u dr
1999)

Il. Classification based ondaharacter of trophic

In a placenta ofype I chorion absorbs from mother tissues proteins ar
splits them up to amino acids, synthesis of embryo proteins occurs in a live
an embryo.

In placentas oftype Il chorion acquires from parent tissues mainl
amino-acids and synthesizes embsgpecific proteins; the embryo receives thu:
ready proteins which uses for construction of own tissues.

Synthesis of proteins of embryo at animals had@nagd type of placenta
occurs mainly in chorion and consequently with a birth the level of synthe
processes sharply decreases. Naturally, those germs



after a birth rather long time metabolize only parent milk also are unable
independently.

I1l. Classification based oplacental shape

Examination of placentae from different species reveals str
differences in their shape and the area of contact between fetal and r
tissue:
> |n a placenta ofdiffuse typealmost the entire surface of the chorior
involved in formation of the placenta (horses and pigs).
> In a placenta ofcotyledonary typemultiple, discrete areas of attachm
called cotyledonsare formed by interaction of patches of allantochorion
endometrium (ruminants).
> Placenta ofzonary typetakes the form of a complete or incomplete ban
tissue surrounding the fetus (carnivores like dogs and cats, seals, bee
elephants).
> Discoid type:single placenta is formed and is discoid in shapan@ates ani
rodents).

The system mother- fetus

The system mother fetus arises during pregnancy and includes
subsystems an organism of mother and an organism of a fetus, and ¢
placenta being a link between them.

Interaction between an organissh mother and an organism of a fe
is provided by neurohumoral mechanisms.

Organisms of mother and fetus are dynamic system of homolc
organs. Damage of any organ of mother conducts to disturbance of devel
of the same organ of a fetus.

0 Thecritical periods of development

Individual development proceeds from the formation of germ
(sperm and egg) through fertilization, embryonic and fetal developi
infancy, early childhood, and adolescence. Specific events during each o
broad aévelopmental stages may create sensitivity to environmental influe
Damage from environmental exposures may occur and manifest
immediately or may not appear until subsequent stages of development «
development is complete.



Such periods in human ontogenesis are:
1) development of sexual cells (oogenesis and spermatogenesis);
2) fertilization;

3) implantation (78 days);

4) development of axial organs, differentiation of germ layers, and form
of a placentd3-8 weeks);

5) stage of strengthened growth of a brain-@lbweeks);

6) formation of the main functional systems of an organism ar
differentiation of the sexual organs (2@ weeks);

7) birth;

8) period till 1 year;

9) puberty (11- 16 years).

Many factors such ashemical substances, including many medici
an irradiation (for example, Xay in diagnostic dozes), hypoxia, starvati

drugs, nicotine, viruses, etc can be damaging in the critical periods.

0 Clinical correlations

Problems during prenatal development

Genetic problems
> Down Syndrome(trisomy 21) is the most common genetic anomaly du
prenatal development. Down syndrome is caused by and extra copy of
chromosome and impacts approximately 1 out of every
1,0 infants. Typical features of Down syndromeciude flattened facii
features, heart defects, and mental retardation. The risk of having a chil
Down syndrome increases with maternal age.
> Inherited diseasesire a number of illnesses can be inherited if one or
parents carry a gene for thesdase. Examples of inherited diseases inc
Sickle-cell anemia, cystic fibrosisand Tay-Sachs diseaseGenetic tests ce
often determine if a parent is a carrier of genes for a specific disease.




> Sexchromosome problemis a third type of genetic problems involves €
chromosomes. These includes conditions sucliKasi nef el t e fab
extra X-chromsome) andurner syndrome(a single Xchromosome)

Environmental problems

Harmful environmental elements that can eféettte fetus are knowr
asteratogensThere a number of teratogens that can harm the fetus, inclu
> Maternal drug use- The use of substances by the mother can
devastating consequences to the fetus. Smoking is linked to low birth v
which can esult in a weakened immune system, poor respiration,
neurological impairment. Alcohol use can lead fegal alcohol syndrome
which is linked to heart defects, body malformations, and mental retarc
The use of illicit drugs such as cocaine andimetphetamine is also Linked
low birth weight and neurological impairment.
> Maternal disease- Maternal diseases can negatively impact the fi
including herpes, rubella, and AIDS. Herpes virus is one of the most co
maternal diseases and can be sraiited in the fetus, leading to deafn¢
brain swelling, or mental retardation. Women with herpes virus are
encouraged to deliver via cesarean to avoid transmission of the virus.

Early pregnancy testing

hCG produced by the syncytiotrophoblast ¢endetected in materr
blood or urine as early as day 10 of pregnancy and is the basis for pre
tests.

Placenta previa

The embryo implants in théower part of the uterus towards tt
cervix. This makes it easy for the placenta to tear, and the motredie fron
hemorrhage, or the placenta may grow to obstruct the cervical canal. -
diagnosed with ultrasound, and the baby is delivered via Cesarean sectic




GENERAL PRINCIPLES OF ORGANIZATION AND
CLASSIFICATIONS OF THE TISSUES EPITHELIAL
TISSUES (EPITHELIA)

0 Overview of the tissues

Thetissueis the system of the cells and the extracellular matrix, wt
specialized on the execution of the definite functions.
The human body is composedair basic types of tissue:
epithelial,
connective (tissues of the internal environment of the organism),
muscle,
nerve.
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Structural and functional elements of tissues are:
1. Cellsare the main elements of all tissues which are determining their
properties.
2. Intercellular substanceis the cumulative product of activity of cells of 1
tissue.
3. Postcellular structures is the derivatives of cells which during
differentiation have lost the major signs, characteristic for cells (more
owing to loss of a nucleus and part of orgées), but have got a number of
properties necessary for performance by them specialized fun
(erythrocytes and platelets, dead cells of the epidermis, hair and nails).
4. Symplastsare the structures formed as a result of cell fusion with lo
their borders and formation uniform cytoplasm mass in which there are |
(osteoclasts, an external layer of trophoblasymplastotrophoblast, fibers of
skeletal muscular tissue).
5. Syncytiumis the structure arising as a result of incomplete cytotormnizeh
division. The connections between elements of cells are preserved by m
cytoplasmic bridges (spermatogenic epithelium of convoluted seminif
tubules of testis).



Differentiation is process during which cells of the tissue pa:
number of stages of development, gradually getting structural and func
properties of mature elements.

Differon is set of all cells making the given line of a differentiati
from the least diffenatiated (stem)up to the most mature differentiated. Mz
tissues contain several cellular differons which cooperate with each other.

Stem cellsare the least differentiated cells of the given tissue be
source of development of its other cells.

0 Epithelial tissues (epithelia)

Epithelial tissuesare widespread throughout the body. They form
covering of all body surfaces, line body cavities and hollow organs, and ¢
major tissue in glands.

Functions of epithelium
1. Protection, protect underlying tissues from mechanical injury, hart
chemicals, invading bacteria and from excessive loss of water.

2. Absorption certain epithelial cells lining the intestine absorb nutrients -
the digestion of food.

3. Secretion, in glands, epithedil tissue is specialised to secrete spe
chemical substances such as enzymes, hormones and lubricating fluids.
4. Excretion, epithelial tissues in the kidney excrete waste products fror
body and reabsorb needed materials from the urine. Sweat is»aseted fron
the body by epithelial cells in the sweat glands.

5. Sensation sensory stimuli are detected by specialized epithelial «
specialized epithelial tissue containing sensory nerve endings is found
skin, eyes, ears and nose and on thguen

6. Diffusion, simple epithelium promotes the diffusion of gases, liquids
nutrients; because they form such a thin lining, they are ideal for the difi
of gases (e.g. walls of capillaries and lungs).

7. Contractione.g., myoepithelial cells have aibyl to contract.

8. Cleaning: ciliated epithelium assists in removing dust particles and fo
bodies which have entered the air passages.



General morphological signs of epithelial tissues
1) Cells are closely packed together.
2) Intercellularsubstance is reduced to a minimum.
3) Cells rest on the basal lamina.
4) Polarity of epitheliocytes (in the epitheliocytes there are apical and
poles).
5) All epithelia have no blood vessels. They derive their nutrition fron
blood vessels of underlying noective tissue.
6) Availability of intercellular junctions.
7) High ability to regeneration.

Basal lamina. Basement membrane

Thebasal laminaconnects the epithelium and subjacent connective
tissue. With electron microscope thasal laminaconsists of
2 layers: innedamina lucida (thin amorphous layer of glycoprotein) and ot
lamina densa(thick network of collagen fibrils) (fig.6.1).

1 4
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Figure 6.1. Schematic diagram of the basement membrane.- lamina lucida,
- lamina densa, 3 reticular lamina, 4- plasmolemma of the basal surface of
epitheliocytes, ® collagen fibers (fronEbiKoe B.J1.2007)

Outside the basal lamina is assaedhwith thereticular lamina; it
consists of delicate reticular fibres.



The combination of basal lamina and the layer of reticular fibres appe
as a single membrane under the optical microscope termedbakement

membrane.

0 Classifications of the epithelia

1. Histogenetic classification of the epitheli

of the CNS

Histogenetic type Embryonic Examples
of epithelium sources
1. Epidermal Ectoderm Epithelia of the
A skin
A nasal cavity
A mouth cavity
A anal canal
A cornea
2. Enterodermal Endoderm Epithelia of the
A alimentary syst
systems
3. Celom, Epithelia of the
Celoneph rodermal Nephrotome A nephron
A genital ducts
A ovary
A testis
A prostate gland
A renal cortex
A mesothelium
4. Angiodermal Mesenchyme A Endot hel i um
5. Ependymoglial Neuroectoderm| A Ependymal cel | s

2. Morphofunctional classification of the epithelia

Epithelia are classified according to the structure and functions into

main groups:

A covering (integumentary) epithelia,

A glandular epithelia.




0 Covering epithelia

Covering epitheliaare tissues whose cells are organized in the layers
that cover the external surface or line the cavities of the body.

Covering epithelia are classified according to the number of cedrsay
and morphology of the cells in the surface layer:
1- Simple epitheliaconsist of only one layer of cells.
2- Stratified epitheliacontain more than one layer.

There are four types of simple epithelia.

1.1 Simple squamous epitheliurfig.6.2) composed of flattened and
irregularly-shaped cells.
It is found in:

A alveoli of lung,

A parietal layer of Bowman's capsule,
A descending limb of Henle's loop,

A blood and lymph vessels

A serous cavities.
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Figure 6.2. Simple squamous Figure 6.3. Simpleuboidal
epithelium. epithelium. _
1- basal lamina, & squamous cells 1- basal lamina, ® cuboidal cell

1.2Simple cuboidal epitheliun{fig.6.3) consists of one layer of
cuboidal cells.
It is found in:
A follicles of thyroid gland,
A proximal and distal convoluted tubules,
A respiratory bronchioles,
A pigment layer of retina,
A germinal epithelium of ovary,
A ductsof many glands.



1.3Simple columnar epitheliun(fig.6.4) consists of one layer of
columnar cells.
It is found in:
A stomach,
A small intestine,
A most of large intestine,
A ducts of pancreas and gallbladder,
A oviducts.

1.4Pseudostratified columnar ciliated epitheliun{fig.6.5) is a true simple
epithelium, because all cells lie on the basal lamina, but cells are of var
types, tall and short. Nuclei of the cells are at different levels. Free surface
tall cells have cilia.

It is found in:
A trachea and bronchi,
A nasopharynx.

Figure 6.4. Simple  columnai
epithelium. 1 & basal lamina, 28
columnar cell

columnar ciliated epithelium. 1-
basal lamina, @ ciliated columnar cell
3 -cilia, 4- goblet cell, 50 basal cell

There are three types of stratified epithelia:
2.1 Stratified squamous notkeratinised epithelium(fig.6.6) consists of
3 layers:



> Stratum hasalecontains a single layer of columnar or cuboidal cells re:
on the basal lamina.
> Stratum spinosuntonsists of polygonal cells.
> Surface layerconsists of squamous cells.
It is found in:
A mouth cavity,
A esophagus,
A cornea,
A vagina.

2.2Stratified squamouskeratinised epithelium(fig.6.7) consists of 5 layers
keratinproducing cells (keratinocytes):

Figure 6.6. Stratified squamous Figure 6.7.  Stratified squamoa
non-keratinised epithelium. 1- keratinised epithelium. 1 - basa
basal lamina, 2 stratum basale, 3 lamina, 2 - stratum basale, 3 stratun

stratum spinosum, & surface layer ~ SPinosum, 4- stratum granulosum, 5
stratum lucidum, 6 stratum comeum, @

connective tissue

> Stratum hasale (stratum germinativum)consists of a single layer
basophilic columnar or cuboidal cells resting on the basal lamina.

> Stratum spinosumconsists of polygoal cells with a central nucleus anc
cytoplasm whose processes are filled with bundles of filaments.



> Stratum granulosumis characterized by 3 to 5 layers of flattened polyg
cells with the cytoplasm filled with coarse basophilic granules c¢
keratohyalin granules.
> Stratum lucidumis thin layer of flattened eosinophilic cells. The ceils
dying or already dead andwtain droplets of eleidin.
> Stratum corneumconsists of 180 layers of flattened cornified plates
dead cells consisting keratin (scleroprotein).

It is found in:
A epidermis of skin.

2.3 Transitional epithelium (urothelium)(fig.6.8) it is highly specialized 1
give a degree of stretch, so it is found only in the urinary tract. Cell
arranged in 3 to 5 layers. In the relaxed state of the organ, the surface c
large, rounded and bulge into the lumen. With streighihe surface cel
become flattened.

It is found in:
A urinary tract from the pelvis of the kidney to the beginning of the urethre

Figure 6.8. Diagram of transitional epithelium. | -relaxed,ll - stretche:

0 Glandular epithelia

The cells ofglandular epitheliaare specialized to produce a fluid
secretion.



Glands are classified according to their mechanisiseafetion.

> Exocrine glands secrete their products via ducts onto the apical
epithelial) surface (fig.6-9).

> Endocrine glands release their secretion directly into blood or lyn
vessels. These glands have no ducts (ductless glands) (fIp.6.9

> Paraaine glandsare similar to endocrine glands but secretions reach t
cells by diffusion through the extracellular space to affect neighbouring ce

Figure 6.9. Structure of the exocrine and endocrine glandsl - exocrine glanc
Il - endocrine gland; t secretory portion, 2 secretory granules, 3 duct of the
exocrine gland, 4 covering epithelium, 5 connective tissue, & blood vesst
(from 10. | f A(jiaiilachea, H.A J@ima u dp.1999)

Morphology of secretory cycle(fig. 6.10)
Process of secretion in glandular cells proceeds cyclically and incl
4 phases:



I. Phase of absorption of initial substancessubstrates for synthesis
secretion come from blood through plasmolemma of basal pole of a gla
cell.

Il. Phase of synthesis of a secretigmocesses of a transcription and transla
in rough endoplasmic reticulum (RER) and Golgi complex (for prc
secretions), smooth endoplasmic reticulum (SER) (for steroid substances)
IIl. Phase of accumulation of the synthesized producthcrease of th
maintenance of secretory granules in cytoplasm of glandular cells.

IV. Phase of extrusion of a secretionexocytosisof contents of secretol
granules.

Figure 6.10. Structural organization of the glandular cell during secreton
cycle.l - phase of absorption of initial substancesphase of synthesis of a secreti
Il - phase of accumulation of the synthesized product; phase of removing of
secretion, 1- rER, 2- sER, 3- Golgi complex, 4- secretory granules (fromHikoc
B.JI., 2007)



Morphological characteristic of the exocrine glands

Exocrine glands consist of two parts (fig.6.11):
I. Thesecretory portionwhich contains the cells responsible for the
secretory process;
Il. Theduct systemwhich transport the secretion to the exterior of the glanc

Figure 6.11. Structure of the exocrine glandl & secretory portion, 3 duct
(from Junqueira L.C., Carneird., 2005)

Exocrine glandsare classified based on six different morphological
criteria
1. Number of secretory cells
> Unicellular glands (goblet cells) (fig.6.12) are muctsecreting cells. The
are found in the epithelium of trachea, bronchi, small and large intestine.
> Multicellular glands consist of many cells.



>
>

. Location of the secretory cells in relation to the epithelium

Intraepithelialglandsare goblet cells; described above.
Extraepithelial glandsare all large exaine glands.

. Nature of secretion

Mucous glandscontain mucousecreting cells (e.g.. lingual glands);
Serous glands the secretory portions contain only serous cells (e.g., paro

gland, pancreas);

>

Mixed glands (serousnucous),the secretory portions contain both mucou

and serous cells and the secretion is mixed (e.g.. submandibular, sublin
salivary glands).

Figure 6.12. Diagram of uniceliuiar mwous gland.1 8 rER, 2- nucleus, 33
Golgi complex, 4- accumulation of glycoprotein granules, -5exocytosis (fror
Junqueira L.C., Carneird., 2005)



4. Mechanism of secretiorffig.4.13)

> Merocrine: No part of the cell is lost, only the setory product is expelled
by the process of exocytosis. It is the most common mode of secretion ai
seen in serous, mucous, and mixed glands.

> Apocrine. Part of the apical cytoplasm of the cell is lost. Secretion
discharged within free, unbroken, mbranebound vesicles (apocrine swea
glands and mammary gland).

> Holocrine: The entire secretory cell is lost (discharged within the

lumen of the duct) (sebaceous glands).

Figure 6.13. Types of glandular secretionl - merocrine, [18 apocrine, lll-
holocrine (from10. KAcpaiiacbee, H.AJOpuna u dp999)

5. Shape of secretory portiondig. 6.14)

> Tubular: An elongated group of secretory cells with a lumen shaped liki
tube.

> Acinar (or alveolan: saclike group of secretory cells arranged about a sm
lumen.

> Tubulo-acinar: lumen of secretory units has both of the above listed shape

6. Arrangement (branched or not) of duct syste(filg. 6.14)
> Simple glands. Glands of this type have an unbranched duct into which 1
cells secrete. Each secretory portion empties separately on an epithelial surf



> Branched glands:Several secretory units empty into an unbranched excr
duct.

> Compound glamls: These glands have a highly branched duct sys
Secretory portions empty into an elaborate branched duct system, which,
drain into larger ducts.

— —

Figure 6.14. Principal types of exocrine glandsl. - simple, Il - compound; 18
simple tubular, 20 simple coiled tubular,  simple branched tubular, 4simple
branched acinar, 8 compound tubuloacinar, 6 compound tubular, 7 compount
acinar



BLOOD. LYMPH
0 Overview of the blood

Blood is a specialized type of connective tissue in which the fluid
intercellular substance is callpthsma

Quantity of the blood of an adult man is 5 litres, of an adult womai
- 4-5 litres, about 7% of the body weight.

The functions of blood
> Transportation of dissolved gases (oxygen and carbonic dioxide), nutri
hormones, and metabolic wastes, medicines.
> Regulationof the pH and ion composition of interstitial fluids.
> Restrictionof fluid losses at injury sites.
> Defenseagainst toxins and pathogens. Blood transports white blood
specialized cells that migrate into peripheral tissues to fight infectiol
remove debris. Blood also delivers antibodies, special proteins that
invading organisms or foreign comyads.
> Stabilization of body temperature. Blood absorbs the heat generate
active skeletal muscles and redistributes it to other tissues.

Components of the blood
I. Formed(cellular) elementsconstitute 4845% of the total volume of blood:
1. Erythrocytes;
2. Leukocytes;
3. Platelets.
Il. Plasmaconstitutes 5850% of the total volume of blood.



0 Plasma

The components of the plasmare:
90% - water,

9% - organic compounds,

1 % - inorganic salts.

The main components of organic substancegerins.

Three primary classes of plasma proteins atleumins, globulins,and
fibrinogen. These three classes make up over 99% of the plasma protein
remainder consists of circulating enzymes, hormones, and prohormones.

Albumins constitute 60 percent of thglasma proteinsAlbumins are
the main component and have a fundamental role in maintaining the o
pressure of the blood. Albumins are also important in the transport of
acids, thyroid hormones, some steroid hormones, and other substances.

Globulins account for approximately 35 percent of the protein:
plasma. Examples of important plasma globulins incluaigibodies and
transport globulins. Antibodies, also called immunoglobulins, attack fore
proteins and pathogens. Transport globulins bgmall ions, hormones, 1
compounds that might otherwise be lost at the kidneys or that have vel
solubility in water.

Fibrinogen functions in clotting. Under certain conditions, fibrinog
molecules interact, forming large, insoluble strands of fibrin. These f
provide the basic framework for a blood clot.

Origins of the plasma proteins

The liver synthesizes and releases mdw@nt90 percent of the plasr
proteins, including all albumins and fibrinogen, most globulins, and va
prohormones. Antibodies are produced by plasma cells that are derivec
lymphocytes.

Staining of blood cells
Blood cells are studied in the smeafhe smears are prepared
spreading a drop of blood in a thin layer on a microslide (fig.7.1).



Blood smears are stained with special mixtures of red (Eosin) and
(Azur Il) dyes by RomanowskyGiemsa.

. drop of
R e ol / blood
v o
/ -
- /" -
30 - 40°
[ r=——)
ADHESION
s
v 4

ADVANCEMENT
Figure 7.1. Making the smear.

E3 Erythrocytes

Erythrocytes (red blood cellsare postcellular structures which have
nuclei. These cells give whole blood its deep red colour. The erythroc
highly adapted for its principdlnction - oxygen and carbon dioxide transpi
Erythrocyte consists of only an outer plasma membrane enclosing the
containine; respiratory proteihemoglobin (Hb), which binds and transpoi
oxygen, and carbon dioxide, and the limited number of enzymes ssgef®i
maintenance of gaseous transport function.

Each Hb molecule has a complex quaternary shape. The Hb mc
has two alpha chains and two beta chains of polypeptides. Each individua
is a globular protein subunit. Each Hb chain contains glsimolecule oheme
a pigment complex.

Erythrocytes are circular biconcave discs; biconcave shape inc
the surface area (fig.7.2).



The normal concentration of erythrocytes in blood is- 3,Bx1 (J*/L
in women and 3,%,5xI0%/L in men.

The hematocritis the percentage of whole blood occupied by cel
elements. The normal hematocrit in adult males i540in adult females is 3
47.

The gender difference of erythrocytes reflects the fact that andr

(male hormones) stimulate red blood cell protilon, whereas estrogens (fem
hormones) do not.

B .‘-ill’t:.:‘ Vi e NG RV RATN ( K
Figure 7.2. Scanning electron micrograph of normal human erythrocyte.

Human erythrocyte has 7,5 micrometers (pm) in diameter, 2,6 pm
at the rim, and 0,8 pm thick in the centre.



Erythrocytes with diameter than 9 pm are caltedcrocytesand those
diameters less than 6 pm are caltlaitrocytes.Change of sizes of erythrocyt
is calledanisocytosis.

Lifetime

Human erythrocytes survive in the circulation for about 120 c
Worn-out erythrocytes are removed from the circulation mainly by microph
of the spleen and bone marrow.

0 Leukocytes

Leukocytes (white blood cellshclude a variety of cells specialized |
immune defense against foreign material or organisms.

The normal conawtration of leukocytes in blood is-810%L. The
number of leukocytes in the blood varies according to age, sex, and phys
conditions. An increase in the number of leukocytes over the upper lir
calledleukocytosisand a decrease below thewer limit is calledleukopenia.

On the basis of the presence and type of the granules in their cytc
and the shape of the nucleus, white blood cells are classified into two g
granulocytesandagranulocytes.

The term granulocyte is due to the presence of granules in
cytoplasm of these cells. In the different types of granulocytes, the granul
different and help us to distinguish them. In fact, these granules have a di
affinity towards neutral, acid or basic staiasd give the cytoplasm differe
colours. So, granulocytes distinguish themselves in neutrophils, eosinopt
acidophil) and basophils.

Classification of the leukocytes
> granulocytes(polymorphonuclear leukocytes):
A neutrophils,
E eosinophils,
E basophils,
> agranulocytegmononuclear leukocytes):
A lymphocytes,
A monocytes.



Granulocytescontain specific granules in cytoplasm; their nuclei he
two or more lobes (fig. 7.3).

J‘jlﬁé:{" 3
Figure 7.3. Photomicrograph of Figure 72 PhOtomicrograph of
granulocytes. 18 gianules, @ lobatedagranulocytes. tnucleus. 2
nucleus cytoplasm

Agranulocyteshave no specific granules and contain niatated
nuclei (fig.7.4).

1. Granulocytes
1.1 Neutrophils

Neutrophils constitute 65 75 % of circulating leukocytes. Neutrophi
granulocytes have an average diameter efl2Gnicrometers (jam) in periphe!
blood smears.

Nuclei of neutrophils are lobated, havings2obes. The lobes are
connected by thin threads of chromatin (fig.7.5).

On a degree of a maturity distinguish neutrophils with the various
shapes of the nuclei (fig.7.6):
> young(metamyelocytedhave kidneyshaped nudi, constitute 0,5%,
> band cellshave nonsegmented horsestsi®ped nuclei, constitute 1
6%,
> mature have segmented nuclei, constitute Z2Z%.



/
Figure 7.5. Schematic representation of neutrophilic granulocytel - lobes o
nucleus, 2- primary azurophilic granule, 3secondary specific neutrophilgranule, -
- glycogen

Y

1 - 3

Figure 7.6. Types of neutrophils. 1- young (metamyelocytes), 2band cell, 3-
segmented



In female, the inactive X chromosome appeass aa drumstickke
appendage on the one of the lobe of the nudBas body)(fig-7.7).

Figure 7.7. Barr body of neutrophil nucleus.

Cytoplasmcontains two types of granules (fig.7.§)primary
azurophilic granules which are primary lysosomes and contain the enzyme
(acid phosphatase, elastase, collagenase, cationic antibacterial proteins).
> secondary specific neutrophilic granuleswvhich are mall, contain variou
enzymes (alkaline phosphatase, collagenase, lactoferrin, lysozyme).

Lifetime
Neutrophils are shoiived cells w'ith a haHife of 6-7 hours in blooc
and of 1-4 days in spleen and other tissues.

Function
Neutrophils are phagocytes, capable of ingesting microorganist
particles. They are calledicrophagesNeutrophils



constitute a defense against invasion by microorganisms, especially bacte

Chemotaxisis the process which is resmible for the migration of th
neutrophils towards the infection or inflammation site. The receptors pres
the surface of the cell, helps the neutrophils to detect

the chemical gradients of interleuk@(IL-8), interferon gamma (IFNgamma),
and C"a(fragment released from complement component C5). These mole
are responsible for directing the path of migration.

Being highly motile, neutrophils quickly congregate at a focu:
infection, attracted by cytokines.

Neutrophils have three strategie®r directly attacking micre
organisms:
> phagocytosis,
> release of granule proteins and
> generation of neutrophil extracellular traps (NETs) (NETs provide a
local concentration of antimicrobial components and bind, kill micr
independent of phagocytigptake; in addition, NETs may serve as a mac
barrier that prevents further spread of pathogens).

1.2Eosinophils (fig.7.8)

Eosinophilsconstitute 2 5 % of circulating leukocytes. Eosinophil
granulocytes have an average diameter e12@m in peripheral blood smear
Eosinophils also have lobated nuclei42obes).

Cytoplasmcontains two types of granules:
> primary azurophilic granules which are primary lysosomes and contain
enzymes
> yspecific eosinophilic granulesare large and elongated; contairystalline
coresoriented parallel to the long axis of the granules.

Specific eosinophilic granules contain the major basic protsitipnic
protein, eosinophitlerived neurotoxin and peroxidase.



Figure 7.8. Schematic representation of eosinophilic granulocyte. -1llobe of
nucleus, 2 primary azurophilic granule, 3secondary specific eosinophilic granule
- crystalline core

Lifetime

Eosinophils circulate for % hours in the blood, then migrate into
tissues (skin, mucosa of digestive, respiratory and reproductive tracts
function 8-1 2 days.

Functions
> Participation in immune (allergic) reaction .
> Destruction of parasites (e.g. enteric nematodes) by the toxic basic pro
> Limited ability to participate in phagocytosis.
> Diapedesis (eosinophils can migrate from the blood stredgm the bod)
tissues, in a process called diapedesis; this allows the leukocytes t«
localized infections in the tissues directly).



1.3Basophils (fig.7.9)

Basophilsconstitute O- 1 % of circulating leukocytes.

Basophils have aaverage diameter of 125 pm in peripheral blood
smears.
They have lobated (3 lobes) or Sshaped nuclei.

Cytoplasmcontains two types of granules:
> primary azurophilic granules,which are primary lysosomes and contain
enzymes.
> sgspecific basophilic granles which stain metachromatically with the ba
dye of the usual blood stains.

Metachromasiais a property of cells to be painted in other colour
distinguished from colour of dye.

Figure 7.9. Schematic representation of basophilic granulocyte. & lobe o
nucleus, 2 specific basophilic granules



Basophilic specific granules contain:
A heparin (anticoagulant) and
A histamine (dilatation of blood vessels and increase of
permeability).

Lifetime
Basophils circulate for a few hours in the blood, then migrate intc
tissues and function for a few days.

Functions

Basophils appear in many specific kindsimfammatory reactions.

Basophils contain anticoagulaheparin, which prevents blood fror
clotting too quickly. They also contain the vasodilatoistamine, which
promotes blood flow to tissues.

They can be found in unusually high numbers at sitesctdparasite
infection.

They are found in tissues where allergic reactions are occurring
probably contribute to the severity of these reactions.

Basophils have protein receptors on their cell surface that bind Ig
immunoglobulin involved in macroparasidefense and allergy.

1. Agranulocytes
2.1Monocytes(fig.7.10)
Monocytesconstitute 6- 8 % of circulating leukocytes.
Basophils have an average diameter of202um in peripheral bloo
smears.
Nuclei are oval, horsesheer kidneyshaped, and eccentric in position.
Cytoplasm is basophilic, contains fine azurophilic granu
(lysosomes).

Lifetime
Monocytes circulate in the bloodstream for about one to three day
then typically move into tissugbroughout the body.

Function
In the tissues monocytes mature into tissue resideadtrophagesor

dendritic cells.
122



Monocytes, macrophages and dendritic cells have three main functic
in the immune system:
> phagocytosis,
> antigenpresentation,
> cytokine production.

Figure 7.10. Schematic representation of monocytd.- kidneyshaped nucleus,
0 centrioles, 3 azurophilic granules (lysosomes)

Phagocytoss is the process of uptake of microbes and particles
followed by digestion and destruction of this material.



Microbial fragments that remain after such digestion can serv
antigen. The fragments can be incorporated into MHC moleculgsheen traffic
to the cell surface of macrophages. This process is caliéigen presentatior
and it leads to activation of T lymphocytes, which then provide a spe
immune response against the antigen.

Other microbial products can directly activate monocytes and this
to production ofcytokines(tumor necrosis factor (TNF), interleukii (IL-1)
and interleukinl?2 (IL-12)).

A majority of macrophages are stationed at strategic points v
microbialinvasion or accumulation of dust is likely to occur.

Each type of macrophage, determined by its location, has a specific name:

jName of cell 1 Location

fDust cells/alveolar macrophages (pulmonary alveolus of lungs
{Histiocytes | connective tissue

Kupffer cells | liver

jMicroglia J neural tissue

jOsteoc lasts fbone

jsinusoidal lining cells | spleen

2.2Lymphocytes (fig.7.11)

Lymphocytesconstitute 2635 % of circulating leukocytes.
Lymphocytes can be classified into several groups according tosies
> small lymphocytes have diamete6-8 pm,
> mediumsized lymphocytes 8-9 pm, and
> large lymphocytes 10-18 pm.

The small lymphocytes are predominant in the blood. Lymphocyte:
have are large, sphericaliclei often indented on one side; very dense and d.
blue due to heavy chromatin ma&ytoplasmas a thin rim around the nucleus
slightly basophilic.



Lymphocytes can be classified into several groups according to
functional significance.

The three major types of lymphocyte are:
> T cells,
> B cells and
> natural killer (NK) cells.

3
Fig. 7.11. Schematic representation of lymphocytes.- nucleus, 25 ribosomes
3 - lysosomes



Characteristic of T lymphocytes (T cells)

T cells represent 680% of blood lymphocytes. They have a Ic
lifespan and are involved in cathediated immunity.

These cells originate in the bone marrow and migrate to the th
where they differentiate into immunocompetent cells. Initially, lymphocyte
genetically prgrammed to recognize a single antigen out of virtually an inf
number of possible antigens. This process is termed aniigEpender
proliferation and differentiation. Then immunocompetent cells migrate ti
blood, lymph, and special-Tegions ofperipheral (secondary) lymphoid org:
where they undergo antigafependent activation and differentiation i
effector lymphocytes (cytotoxic cells, helpers, and suppressors) and m
cells. T memory cells react rapidly to the reintroduction of theesamigens.

Characteristic of B lymphocytes (B cells)

B- cells are named so because they were first recognized in the bl
Fabricius in birds. They have variable lifespan and are involved in hu
immunity by production and secretion of circulatingantibodies
(immunoglobulins).

B cells represent 280 % of blood lymphocytes derive froimursa
equivalent organs(red bone marrow and GALT in mammals) where 1
undergoantigenrindependent proliferation and differentiationThen these cel
migrate to theblood, lymph, and special -Begions of peripheral (seconda
lymphoid structures where they proliferate and differentiate into efffiector
lymphocytes(antibody secreting plasma cells) andemory cellswhich reac
very rapidly to reintroduction of thesame antigen. This process is ca
antigen dependent activation and differentiation.

Characteristic of natural killer (NK) cells

NK cells constitute about -820% of circulating lymphocytes. NK ce
develop from the same precursor cells as T and B cEfisse cells genetical
are programmed to recognize transformed cells (tumor cells or infected
virus). Following recognition of antigens, NK cells release prot§uesforins
and fragmenting that open holes in foreign cell membranes, with conset
self-destruction (a process known as apoptosis) or cell lysis.



Lifetime
Lymphocytes vary in life span; some live only a few days, while ol
survive in the circulating blood for many years.

0 Blood platelets (thrombocytes)

The plateletsare small (24 pm in diameter), irregular, disbaped non
nucleated membrargound cell fragments of giant polyploid cells of the b
marrow - megakaryocytes that contain substances important to the proc
clotting.

Platelet count

There arenormally 150- 450 xIO’ platelets in each liter of blood. ¢
the total quantity of platelets in the body, 70% are present in the circulatic
30% in the spleen.

Platelet is divided into four zones (fig.7.12) based on structure
function.
> Peripheral zone consists of cell membrane covered by a glycocalyx.
membranes of the platelet are rich in glycoproteins, which serve as receg
platelet function.
> Structural zoneis beneath the peripheral zone and is the framework ¢
platelet, the cytosKeton. This zone consists of microtubules, actin filame
myosin. They are circumferentially arranged and responsible for mainte
the plateletdés dick shape as well
allows shape change, pseudopod extens
> Organelle zoneconsists of the granules and cellular components, sut
lysosomes, peroxisomes, mitochondria. Télpha granulescontain adhesiv
proteins, such as fibrinogen, coagulation factors, plasminogen, etcdélte
(dense) granulesontainadenosine triphosphate (ATP), adenosine diphosg
(ADP), serotonin, and calcium. THambda granulesare similar to lysosome
and contain proteolytic enzymes.
> Membrane zonencludes two types of membrane channels. The platelet
surfaceconnected syem of channels called thepen canalicular systen
Through the open canalicular system, plasma



substances enter the interior of the platelet and platelet products exidembke
tubular systemoriginates from rough endoplasmic reticuluserves as a storage
site for calcium ions.

Figure 7.12. Schematic diagram of the human plateletl - cell membrane, 2
open canalicular system,-3dense tubular system,-4microtubules, 5 delta (dense
granules, 6 alpha granules

Lifetime
The average lifetime of a platelet is normally just 5 to 9 days.

Function
The function of platelets is the maintenance of hemostasis by t
formation of thrombi, when damage to thedothelium of blood vessels occurs.



0 Hemogramm. Leukocytic formula

Hemogrammreflects contents of separate formed elements per 1
of blood:

Erythrocytes- 3, 9-5, 5xI0" /L in women and 4. 16x 10*/L in men.
Leukocytes 6 - 9x 1 (P /L.
Platelets- 150-450x10/L.

Leukocytic formula of peripheral blood (tab 1.7.1) reflects relat

contents of different leukocytes as regards total quantity of leukocytes ac
for 100%.

Table 7.1. Leukocytic formul

Basophils| Eosinophils Neutrophils Lympho | Mono-cytes
65- 75 %: cytes
young | band | Segmented
cells cells
0-1% 1-5% 0-0,5%| 1-6% | 47-72% 19-37% 3-8%

Age-dependent features of blood

Number oferythrocytesat newborn is &x10%L.

Number of leukocyteat newborn is 180 x 10/L;

By /4th dayit is equal to the indexes of the grown man.

On 3-6th months there is physiological anaemia (decrease of numt
erythrocytes and hemoglobin). It is related to the transfer of the growth fac
erythrocytes (erythropoietin) synthesis from the liver to kidneys.

New-born
> neutrophils 6575 %;
> |lymphocytes 2-35 %.
4-5 day- the first white blood cross
> neutrophils 45 %;
> lymphocytes 45 %.



2 years:
> neutrophils 25 %;
> lymphocytes 65%.
4-5 years- the second white blood cross
> neutrophils 45 %;
> |lymphocytes 45 %.
14-17 years:
> neutrophils 6575 %;
> |lymphocytes 2685 %.

0 Lymph

Lymph is a part of the interstitial fluid, the fluid which is in t
interstices of all body tissues. Interstitial fluid becomes lymph when it en
lymph capillary. The lymph then travels to at least one lymph node k
emptying ultimately into the righor the left subclavian vein, where it mix
back with blood.

Lymphis a clear to yellowish watery fluid. Lymph contains the s

proteins as in plasma of blood, but in smaller amounts.
Volume of lymph in the human body is2lliters.

Functions of the lymph
> Return of protein and fluid from the tissues to the circulation.
> Absorption and transport of fat from the small intestine.
> Immunological - circulation of immune cells such as lymphocytes
dendritic cells, removal of bacteria.

Composition of lymph
Lymph consists of:
> plasma and

> formed elements.

Concentration of formed elements in the lymph i8@10/L.



Formed elements of lymph
Lymphocytes constitute 90%;
Monocytes constitute  5%;
Eosinophils constitute 2%;
Neutrophils constitutd %;

Other cells constitute 2%.

0 Clinical correlations

Because the liver is the primary source of plasma protéues,
disorderscan alter the composition and functional properties of blood.

For example, some forms of liver diseases can leash¢ontrolled
bleeding due to the inadequate synthesis of fibrinogen and other
proteins involved in clotting.

Erythrocyte disorders
> Anemiais a hemoglobin level below its normal range.
> Polycythemiais an ovesproduction of erythrocytes.

Leukocyte disorders
> Leukopeniais a decrease in the number of leukocytes found in the b
which places individuals at increased risk of infection.

> Leukocytosisis a raised leukocyte count above the normal range ir
blood.

An increase in eosinophils is called ansinophilia,and is typically
seen in people with a parasitic infestation of the intestines|lagen vasculal
disease(such as rheumatoid arthritisipalignantd i seases suc
disease, etc.

The number of eosinophils increases dramaticallyanfallergic reaction is
occurring.

An increase in basophils is calledbasophilia.lt is typically seen ir
people withviral infections, myeloproliferative disease, inflammatory process
endocrine causeghypothyroidism, increaseglstrogen).




Monocytes (macrophages) are involved in many diseases c
immune system. For example, they participate in the formation of granul
inflammatory lesions that may be caused by a large number of diseases.

Macrophages are the predominant cells involved in creating
progressive plaque lesions atherosclerosis.

Macrophages also play a role HHuman Immunodeficiency Virus
(HIV) infection. Like T cells, macrophages can be infected with FflV,
even becoma reservoir of ongoing virus replication throughout the body.
Macrophages are believed to help cancer ceils proliferate as well. Thi
attracted to oxygestarved (hypoxic) tumor cells and promote chrc
inflammation. Inflammatory compounds such asmiw necrosis factor (TNF
released by the macrophage activates the gene switch nuclearKappa B.
NF-kB then enters the nucleus of a tumor cell and turns on producti
proteins that stop apoptosis and promote cell proliferation and inflammati

Platelet disorders

If the number of platelets is too low, excesshleedingcan occur
However, if the number of platelets is too high, blood clots can
(thrombosig, which may obstruct blood vessels and result in such event:
stroke, myocardial indrction, pulmonary embolismor the blockage of blooc
vesselgo other parts of the body, such as the extremities of the arms or le




HEMOPOIESIS 0 Overview of

the hemopoiesis

Mature blood cells have a relatively short life span, and conseqt
the population must be continuously replaced by the progeny of sten
produced in thdhemopoieticorgans.

Hemopoiesiss development of the blood cells. Distinguisimbryonic
(prenaal) hemopoiesiswhich descends in embryonic life and results
development of a blood as tissue, andostembryonic (postnatal) hemopoie
which represents process of physiological regeneration of a blood.

Development of erythrocytes nana@ erythropoesis,development c
granulocytes- a granulopoiesis,thrombocytes-a thrombopoiesis,developmen
of monocytes a monopoiesisdevelopment of lymphocytes and immunocyt
alympho andimmunopoiesis.

At the adult person the hemopoiesis descends in tine boarrow o
bone of a skull, ribs, sternum, spondyles, pelvic bones, and epiphyses
lengthy bones. In the prenatal period the hemopoiesis serially desce
several developing organs.

0 Prenatal hemopoiesis

1. Yolk sac (megaloblastic) phase

During 2-3 week of development in the wall of tlgelk sacthe clump:
of mesenchymal cells blood islands- are formed (fig.8.1). Cells on periphe
of each island form the endothelium of primary blood vessels. The cells
central part of an island form thedt blood cells
- primary erythroblasts- the large cells containing a nucleus and embry
hemoglobin (Hb).

Leucocytes and thrombocytes at this stage are not present.

On 12th week the hemopoiesis in a yolk sac comes to an end.



Within the second month of development hemopoietic stem
invade a liver, a lien a thymus and lymph nodes and in these organs di
types of blood cells are formed.
2 Hepatic phase

In a liver the hemopoiesis begins on65week of developmer
Granulocytesthrombocytes and erythrob lasts, and erythrocytes (denucle.
cells) are form here. By the end oftlh month intensity of a hemopoiesis in
liver decreases.
3. Splenic phase

The hemopoiesis in the spleen is most expressed with 4 for 8 ma
prenataldevelopment. Here erythrocytes and a small amount of granulocyt
thrombocytes are formed. Directly before of a birth the main function o
spleen the formation of lymphocytes becomes.

Figure 8.!. Cross section of the blood islandl - endothelium of the wall of bloc
vessel, 2 primary blood cells, 3 mesenchymal cells, 4lumen of blood vessel, 8
eridodermal epithelium



4. Hemopoiesis in the thymus

On 7-8 week of development in thymusl¥mphocytes are
formed.
5. Hemopoiesis in the lymph nodes

On 910 week of development lymph nodes can produce erythroc
granulocytes and megakaryocytes.
6. Bone marrow phase

Within 5-th month of development a hemopoiebisgins in the bon
marrow where all types of blood cells are formed. By the moment of a
after a birth and at the adult the hemopoiesis is limited to the bone marro
the lymphoid tissue.

When the bone marrow is not capable satisfy the increasediry
about formation of the blood cells, hemopoietic activity of a liver, spleer
lymph nodes can be reduced.

0 Theory of a hemopoiesis

Now it is proved, that as the common source of development ¢
formed elements of the blood uripotential stemcell This position for the
first time is formulated by professor A.A.Maksimov in the beginning of
century in thanonophyletic (Unitarian) theory of the hemopoiesis

Stem cells

Stem cellscan produce all blood cell types, because these cell
calledpluripotential. Stem cells look like small lymphocytes.

Stem cells are concentrated at the adult person mainly in the rec
marrow, however are found out in the blood, circulating in which they g
other organs of a hemopoiesis.

The basic properties ¢ stem cells:
> Selfrenewal - the ability to go through numerous cycles of cell divis
while maintaining the undifferentiated state.
> Potency- the capacity to differentiate into specialized cell types.

Pluripotential stem cellsan differentiate into nearly all cells.



Multipotential stem cellscan differentiate into a number of cells, but only tho
of a closely related family of cells.
Oligopotenial stem cellsan differentiate into only a few cells, such as lymph
or myeloid stem cells.
Unipotential cellscan produce only one cell type.

The study of stem cells in bone marrow is possible becaus
experimental techniques that permit analysis of hemopoiesis.

In vivo techniques include injecting the bone marrow of normal d
mice into lethaily irradiated mice whose hemopoietic cells have been destr

In these animals, the transplanted bone marrow cells dewolopies
of hemopoietic cells in the spleendlony-forming cells- CFC)

In vitro investigation of hemopoiesis is made possible through thi
of a tissue culture medium made with a layer of cells derived from bone m
stroma. This medium creates microenvironmental conditions for hemopoie

Data from an experiments show that under these suil
microenvironmental conditions, stimulation by growth factors influences
development of the various types of biood cells.

Bask compartments of the hemopoietic celléig.8.2)
| - pluripotential stencell;
Il - multipotential stem cells;
Il - uni- or bipotential progenitor cells;
IV - precursor cells (blasts),
V - maturing cells,
VI - mature cells.

Pluripotential stem cell(l) proliferates and forms one cell lineage t
will become lymphocyteslfmphoid cells),and another lineage that will fort
the myeloid cellsthat develop in bone marrow (granulocytes, monoc)
erythrocytes, and megakaryocytes). Both these types of stem cells are
multipotential stem cells.

The proliferatingmultipotential stem cellg1l) form daughter cells wit
reduced potentialityuni- or bipotential progenitor cellgl11).



Cells forming colonies of specific cell types are caltedbny forming
cells (CFC), or colonyforming units (CFU). The convention in naming the
various cell colonies is to use the initial letter of the cell each colony proc
Thus, MCFC denotes a monocyelonyforming cell, CFGEo produce:
eosinophils, and CF®G produces monocytes and granulocytes, and so on

Progenitor cells(lll) have high mitotic activity, selfenewing, commo
in marrow and lymphoid organs.

Uni- or bipotential progenitor cellsgenerateprecursor cells (blasts
(V).

Precursor cells(IV) have high mitotic activity, not selfrenewing,
common in marrow and/imphoid organs, unipotential.

From eachprogenitor cellthere is a formation of a concrete kind
cells. The maturing of each kind of cells passes series of stages wtr
aggregate form compartment of maturing cells (V). Mature cells represel
compartment (VI). All cells of V and VI compartments morphologically car
identified.

Hemopoietic cytokines

The differentiation pluripotential cell in unipotential is determinec
action of somehemopoietic cytokines,erythropoietin, granulocyte colon
stimulating factor, granulocytmacrophage colony stimulating factor
monocyte colonystimulating factor, thrombopoietin, interleukins etc. Cytoki
are glycoprotein hormones and stimulating factors that regulatetaes o
hemopoiesis.

Hemopoietic cytokinesare produced by stromal components
hemopoietic tissues and organs. They are produced also by epithelial ce
thymus, macrophages,-[ymphocytes, cells of an endothelium, and also
cells which were owide of hemopoietic tissues (for example, erythropoietil
produced by the cells of liver and kidney.

0 Postnatal hemopoiesis

In the postnatal period the hemopoiesis is carried out in the s
hemopoietic tissues myeloidandlymphoid.

The myeloid tissue is functionally leading tissue ofhe red bone
marrow, which in lumens of tubular and flat bones.



The myeloid tissue contains stem cells and is a place of formati
erythrocytes, granulocytes, monocytes, thrombocytes, IBmphogytes,
precursors of Tlymphocytes and Nkecells (natural Killer cells).

The lymphoid tissueis found inlymphoid organs- a thymus, a splee
l ymph nodes, tonsil s, Peyer6s pat
lymphoid formations available in a walf organs of various systems. In it thi
is formation Fand Blymphocytes, and also plasma cells which pro
development of immune responses.

0 Erythropoiesis

Eryihropoiesis (fig.8.2) is process of formation and a maturing of
erythrocytes, occurrgnin myeloid tissue.

Erythron is erythroidal differon, representing set of the cellfom
stem cells up to mature erythrocytes.

BFU - burst forming unit - is named so on the ability to form quict
on semisolid medium colony of erythroidal cells size sdme hundred
elements.

The first recognizable cell in the erythroid series is ggtheerythroblast.
It is a large cell, its cytoplasm is basophilic.

The next stage is represented by thesophilic erythroblastwith a
strongly basophilic cytoplasm and a cdemsed nucleus. The basophilia of th
two cell types is caused by the large number of polyribosomes involved
synthesis of hemoglobin. During the next stage, polyribosomes decrea:
areas of the cytoplasm begin to be filled with hemoglobin.n8tgiat this stag
causes several colours to appear in the -clépolychromatophilic erythroblast.

In the next step, the nucleus continues to condense and no cytop
basophilia is evident, resulting in a uniformly acidophilic cytoplasnhe
orthochromatophilic erythroblast.

This cell puts forth a series of cytoplasmic protrusions and expe
nucleus, encased in a thin layer of cytoplasm. The remaining cell still
small number of polyribosomes that, when treated with the survivabdent
cresyl blue, aggregate to form a stainedwwek. This cell is thereticulocyte
which soon loses its polyribosomes and becomes a mature red bloc
(erythrocyte).
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Process of development of erythrocytes is described by sequence
Pluripotential stem celE> multipotential myeloid stem cell (CFUGEMM) burst
forming unit-erythrocyte (BFUE) => colony forming uniterythrocyte (CFUE)
=> proerythroblast => basophilic erythroblast => polychromatophilic
erythroblast orthochromatophilic
erythroblast  reticulocyte=> erythrocyte.

Process of a differentiation of precursors of erythrocytes into m
formed elements is accompanied by sevgratlual changes (fi§.3):

loss of nucleus

Reticulocyte Erythrocyte

Figure 8.3. Schematic diagram of erythropoiesis



> decrease in cell size and loss of cellular organelles,

> decrease of basophilia iytoplasm due to loss of polysomes,

> increase of acidophilia in cytoplasm due to hemoglobin accumulation,
> decrease in nuclear size and increase in chromatin density (nucl
eventually extruded),

> |oss of ability to divide.

Regulation of erythropoiesis

For erythropoiesis to proceed normally, the red bone marrow
receive adequate supplies of amino acids, iron, and vitamins (including an
acid) required for protein synthesis. For example, we obtain vitamin Bn
dairy products and meat, and itssabption requires the presence of intrir
factor produced in the stomach. If vitamin, B$ not obtained from the die
normal stem cell divisions cannot occur and pernicious anemia results.

Erythropoiesis is stimulated directly by the peptide horn
erythropoietin and indirectly by several hormones, including thyro
androgens, and growth hormone.

0 Granulopoiesis

Granulopoiesis (fig.8.2, 8.4) is formation and a differentiation
granulocytes, occurs in the red bone marrow.

Process of the differenti@n of precursors of granulocytes into mat
cells is accompanied by several gradual changes (similar to erythropoiesis

1 2 3 B 5 6
Figure 8.4. Schematic diagram of granulopoiesis.1- myeloblast, 2 &
promyelocyte, 30 myelocyte, 4- metamyelocyte, 5 band cell, 6- segmente
granulocyte

> decrease in cell size,



> change of the shape of a nucleusom spherical and kidneyshaped to an
S- or horseshoshaped, itsegmentation,

> decrease in amount of azurophilic granules, appearance and incre
specific granules,

> loss of ability to divide.

Sequence of the initial stages of development of granulocytes:
a) neutrophilic:
Pluripotential stem cell => multipotentiamyeloid stem cell (CFJ GEMM) =>
bipotential monocytggranulocytecolony-forming cell (MG-CFC) =>
granulocytecolony-forming cell (CFC-G);
b) basophilic:
Pluripotential stem cell=> multipotential myeloid stem cell (CFUGEMM) =>
basophitcolony-forming cell (CFC-Ba);
c) eosinophilic:
Pluripotential stem cell=> multipotential myeloid stem cell (CFUGEMM) =>
eosinophitcolony-forming cel! (CFC-Eo);

The subsequent stages of development of granulocytes precede f
three types of cells the same:
Myeloblast=> promyelocyte=> myelocyte => metamyelocyte> band cell =>
segmented granulocyte.

0 Monopoiesis

Monopoiesis(fig.8.2) is formation and a differentiation of monocyte
occurs in the red bone marrow.

Process of development of erythrocytes is described hyesee:
Pluripotential stem cell=> multipotential myeloid stem cell (CFUGEMM)
bipotential monocytegranulocytecolony-forming cell (MG-CFC) => monocyte
colony-forming cell (CFC-M) => monoblast=> promonocyte=> monocyte.

Process of transformation afonoblasts into monocytes includes:
> increase in the sizes of a cell mainly due to increase of volume of cytop
> decrease of basophilia of cytoplasm;



> accumulation in cytoplasm of azurophilic granules;
> change of the shape of a nucleusich becomes kidneghaped.

0 Thrombopoiesis

Thrombopoiesis(fig.8.2) is formation of platelets in the red bc
marrow by fragmentation of the cytoplasm of matoregakaryocytes.

Process of development of erythrocytes is described by sequence
Pluripotential stem cell=> multipotential myeloid stem cell (CFUGEMM) =>
megakaryocytecolony-forming cell (CFC-Meg) => megakaryoblast =>
megakaryocyte=> platelets.

The megakary oblasts 1550 pm in diameter and has a large ovoic
kidney-shaped nu@us. The nucleus becomes highly polyploid (it contains t
30 times as much DNA as a normal cell).

The megakaryocytels a giant cell (35150 pm in diameter) with &
irregularly lobated nucleus. With maturation of the megakaryocyte, num
invaginations of the plasma membrane ramify throughout the cytopl:
forming the demarcation membranes.This system defines areas of 1
megakaryocyte cytoplasm that will be shed as platelets.

0 Lymphopoiesis
Lymphopoiesis (fig.8.2) is formation and a differentiation
lymphocytes, occurs in the red bone marrow and lymphoid organs.
Process of development of erythrocytes is described by sequence
Pluripotential stem cell=> multipotential lymphoid stem cell (CFUL) =>
lymphoblast=> lymphocytes.



CONNECTIVE TISSUES 0 Overview of

the connective tissues

The connective tissuesare the complex of derivatives of t
mesenchymal origin, consisting of cellular differons and the extrace
substance, participat@ in maintenance of a homeostasis of the inte
environment of an organism.

Functions of connective tissue

> Metabolic functions.All the metabolites from the blood pass from capill
beds and diffuse through the adjacent connective tissue to cells and tissu
adipose tissue serves as an energy store and also provides thermal insula
> Regulative.Connective tissues regulattee activity of other tissues by mee
of biologically active substances and contact interactions.

> Defensive functionsVarious components of the connective tissue play t
in the defense or protection of the body (plasma cells, lymphocytes, neutr
eosinophils, basophils, mast cells). Macrophages are important in tissue
as well as defense against bacterial invasion. The fibroblasts of conr
tissue proliferate in respoase to in jury of organs and migrate to and d
abundant new coltgen fibers, resulting in the formation of fibrous scar tissu
> Structural supportThe connective tissues serve several functions, of w
the most prominent function is structural support to enable maintenar
anatomical form of organs and organ systexamples include the connect
tissue capsules surrounding organs. The loose connective tissue acts to
spaces between organs. The tendons and the elastic ligaments are exal
specialized orderly forms of connective tissue.



Classification of the connective tissues
1. Fiber connective tissue (connective tissue proper)
1.1Loose (areolar) connective tissue
1.2Dense connective tissue
1.2.1Regqular
1.2.2Irregular
2. Connective tissues with special properties
2.1Adipose tissue
2.2Reticulartissue
2.3Mucous tissue
2.4Pigment tissue
3. Supporting connective tissue
3.1Cartilage
3.2Bone

General principle of organization of connective tissue
Connective tissue consists of:
> connective tissue cells,
> extracellular matrix:
A ground substance,
A protein fibers (collagerreticular, elastic).

0 Types of connective tissue proper (fiber connective tissue)
Loose (areolar) connective tissue

The loose connective tissue (fig.9.1, 9.2) is characterized by
maintenance of fibers in intercellular substance, great volume of ritvend

substance, numerous cellular compositions.
This tissue is the more abundant in organism.

Loose connective tissue is found out in all organdg forms thei
stroma fills in spaces between function elements of other tissues, accom

with nervesand pots, is part of a skin and mucosa.

Loose connective tissue has a delicate consistency; it is flexible

vascularised.

Loose connective tissue consists of cells and extracellular

matrix.



Figure 9.1. Schematic diagrams of loose connective tissued 1fibroblast, 2-
mast cell, 3 macrophage, 4leukocyte, 5 pigment cell, 6 adipocyte, 7 extracellula
matrix, 8- collagen fibers, 9 elastic fibers;10 - reticular fibers, 1% blood vessel (frol
Ross M.H.2003)
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graph of loose connective tissu

Figure 9.2. Photomicro
matrix, 3- fibers

& - cells, 2- extracellula



The cells of loose connective tissue are fibroblasts, fibroc
macrophages, mast cells, plasma cells, fat cell (adipocytes), pigment
leukocytes, pericytes, and adventitional cells.

Collagen, elastic, reticular fibers appear this tissue, although tr
portion of reticular fibers is small.

Connective tissue cells
1. Fibroblast differonincludesfibroblastsandfibrocytes
(fig.9.3). Fibroblasts are the dominant cells of the connective tissue.
responsible for the synthesis of fibers and components of intercellular mat
The fibroblast is elongated cell with an ovoid nucleus. The cytoplasi
rich in rough endoplasmic reticulum, Golgi cokep is well developed. Th

fibrocyte is spindleshaped. It is more mature, small cell with dark elong
nucleus.

 ——
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Figure 9.3. Diagram of the fibroblast and fibrocyte.| - fibroblast, I11- fibrocyte, 1
d nucleus, 2 Golgi complex, 3 rough endoplasmic reticulum (frodunqueira L.C
Cameiro J.2005)



The myofibroblastis a cell with features of both fibroblast and smc
muscle. These cells contain of actindamyosin microfilaments. The activati
of myofibroblasts descends at damage of a connective tissue. They partici
reparative processes. Myofibroblasts are found out in a myometrium of a
at pregnancy.

The fibroclasts are the cells, specializedn the destructions ¢
intercellular substance of connective tissue. In their cytoplasm ther
numerous vacuoles containing of Iytic enzymes. These cells pr
rearrangement and an involution of connective tissue.

2. Macrophages (histiocytespre characterized by their phagocy
capacity. Macrophages derive mainly from precursor cells from the bc
marrow that divide, producingnonocyteghat circulate in the blood. In a secc
step, these cells migrate into the connective tissue and aeel pakcrophages.

Macrophages, which are distributed throughout the body, are pres
most organs and constitute thmononuclear phagocyte systenin certain
regions, macrophages have special names, &gpffer cells in the liver,
microglial cellsin the central nervous system, aosteoclastsn bone tissue.

The macrophages are large irregular cells with processes. They |
well-developed Golgi complex, many lysosomes, and a prominent |
endoplasmic reticulum (fig. 9.4).

3. Mast cells are oval to rond connective tissue cells, whc
cytoplasm is filled with basophilic granules. The small and spherical nucle
centrally situated (fig. 9.5).

Mast cell granules are stainetktachromatically(purple after toluidine
blue staining) because they contain glycosaminoglycans, histamine, r
proteases, and eosinophil chemotactic factor of anaphylaxis-&CF

Metachromasiais a property of cells to be stained in other col
distinguished from alour of dye.

The principal function of mast cells is the storage of chen
mediators of the inflammatory response.



Figure 9.4. Schematic diagram of the maaphage (histiocyte). 1- rougt
endoplasmic reticulum, 2 Golgi complex, 3- lysosomes, 4 phagolysosomes (frc
EbiKoe B.JI.2007)

Figure 9.5. Electron micrograph of mast cell1 - nucleus, 2 granules



Types of the mast cells

Thereare two populations of mast cells in connective tissues.

One type is called theonnective tissue mast celilermis and stroma
different organs), in which the proteoglycan in the granules is mainly hep:
substance with anticoagulant activity.

In the second type, termenhucosal mast cells(lamina propria o
mucosa); the granules contain chondroitin delfiastead of heparin.

Mast cells originate from stem cells in the bone marrow.

The surface of mast cells contains specific receptors for IgE, a ty
immunoglobulin produced by plasma cells.

4. Plasma cells(fig. 9.6) are large with an eccentric round reus
Nucl eus contains the <chromatin c
pattern. Cytoplasm is basophilic, which filled with rough endopla
reticulum. Rough endoplasmic reticulum is concentrically located arounc
nucleus. Well developed Golgomplex displaces the nucleus to one side o
cell (perinuclear halo).

Figure 9.6. Schematic diagram of plasma celll - Golgi complex, 28
mitochondria, 3 rough endoplasmic reticulum (froebikoft B.JT.,2007)



Plasma cellis a final stage of development oflgmphocyte.Function:
maintenance of humoral immunity by synthesis of antibodies.

5. Fat cells (adipocytes)are round with peripheral nuclei. Cytoplasn
forms a thin peripheral layer around the central droplet of fat. Adipocytes &
are called ring cells (fig. 9.7).

Figure 9.7. Schematic diagram of the adipose cell.-Tnucleus, 25 cytoplasm, :
o fat droplet (fromT. L. Lentz, 1971)

Functions:
> storage of neutral fats (food material);
> producing of heat.



6. Leukocytesare frequently found in connective tissue. They mic
across capillary and venule walls from the blood. There is a contil
movement of leukocytes from blood to connective tissue, and this pi
(diapedesis) increases greatly during inflammation.

7. Pigment cells (melanocyteskare stellate with long branchii
processes and small round nucleus, cytoplasm contains melanin granules

8. Adventitional cellsare the cells accompanying blood vessels. Dt
a differentiation can turn in fibroblasts, myofibrobkasind adipose cell.

9. Pericytessurround blood capillaries and are the part of their
(fig.9.8).

Figure 9.8. Schematic diagram of the pericytel & capillary, 2- pericyte

Ground substance

The amorphous intercellular ground substance is colourless
transparent, and homogeneous; it varies from soft jelly to semisol
consistency. It fills the space between cells and fibers of the connective
The ground substance is formed mainly by two classes of compo
glycosaminoglycan and glycoproteins.



Fibers

Connective tissudibers are long, slender protein polymers that
present in variable proportions in the different types of connective tissue.

There are three main types of connective tissue fibeodlagen
reticular, andelastic.

Collagen and reticular fibers are composed of the pratellagen anc
the elastic fibers are composed of the protdastin.

1. Collagen fibersare the most numerous fibers in connective
tissue.

With the light microscope collagefibers are seen in bundles. T
bundles may be straight or wavy. The bundles often branch, or anastomo
adjacent bundles, but the individual fibers do not branch.

Collagen fibrils are thin, elongated structures with diameter920nm.
They have trasverse striation with a periodicity of 64 nm (fig.9.9). ~
transverse striations of the collagen fibrils are determined by the overle
arrangement of the subunits tropocollagen molecules.

Figure 9.9. Electron micrograph of collagen fibers.



Formation of collagen fibers ( fig.9.10)

Collagen is synthesized with fibroblasts.

Intracellular stageincludesy synthesis of polypeptide alpha chains ¢
polyribosomes of rough endoplasmatic reticulum from amino agigsiq,
prolin, and hydroxyprolin);
> 3 alpha chains wrap around each other to form a triple helix except
terminals where the polypeptide chaimsmain uncoiled; the resultant molec
is solubleprocollagenmonomer excreting from a cell.

Extracellular stage
> procollagen is converted intdropocollagen by cleavage of termin.
propeptides by specific procollagen peptidases;
> tropocollagen then spomtaously seHassembles into multimolecul
aggregates, which are aligned etodend to form banded fibrils;

y crosslinks are formed between specific amino acids, which stabiliz
collagen fibril and provide tensile strength.

Localization of collageriibers: tendon,  aponeurosis
intervertebra 1 disks.

2. Reticular fibersare thin, with a diameter 0,-3, 0 jam. They forr
an extensive network in certain organs. They are not visible in haematc
eosin specimens but can be stained black by impregnatibnsilver salts.

Chief distribution of reticular fibers: smooth muscle,
endoneurium, and the framework of hematopoietic organs (spleen, lymph
red bone marrow).

3. Elastic fibers have diameter 0;20,0 j*m, branch and anastimc
with each other, shaping threémensional networks; they do not form bundl

Elastin is the main protein component of elastic fibers.

Elastic fibers can be demonstrated by staining wittein. Elastic
fibers can be stretched and return to their original length when tension is
released.

Localization of elastic fibers: lungs, fibrocartilage, skin, and wall of
aorta.
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Figure 9.10. Schematic representation of collagen synthesik.- intracellula
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Dense connective tissue

Dense connective tissueonsists of same components found in Ic
connective tissue but there are fewer cells and clear predominant cc
fibers.

The mainproperty dense connective tissdevery high mechanice
strength - it is caused by presence of potent bundles of collagen fi
Orientation of these fibers corresponds to a direction of action of forces,
cause deformation.

Dense irregular connectie tissuehas the collagen fibers that
arranged in bundles without a definite orientation. The collagen fibers fc
threedimensional network in this tissue and provide resistance to stress fr
directions (fig.9.11). This type of tissue formettermis.

Figure 9.11. Electron micrograph of dense irregular connective tissue.

Dense regular connective tissue

The collagen bundles afense regular connective tissaee arranged
according to a definite pattern.

Tendonsare the most common example of dense r@gobnnective
tissue. Tendons are colikke structures that attach muscle



to bone. Tendons (fig. 9.12) consist of parallel bundles of collagen
separated by a small quantity of amorphous intercellular substance. R
fibroblasts {endinocyte} are situated between these bundles. Their fllies
contain elongated nuclei parallel to the fibers.

Figure 9.12. Dense regular connective tissue of tendoh- collagen fibres. Z
- tendinocytes, 3 endotenon, 4 epitenon - synovial sheath

The collagen bundles which are situated between the tendinocyt
called primary bundles. Primary bundles aggregate into larger bunc
(secondary bundlgsthat are enveloped by loose connective tissue conte
blood vessels anderves éndotenon. The substance of tendon is surrounde
a thin connective tissue capsule, tlepitenon. Some tendons are al
surrounded by a specialized synovial sheath.



0 Connective tissue with special properties

1. Adipose tissue

There are two types of the adipose tissue:
> white (unilocular, or yellow),
> brown(multilocular).

White (unilocular) adipose tissugig.9.13) contains cells, each conta
only one large fat droplet (ring cells). White adipose tissue is found
subcutaneous, omentum & mesentery regions. Unilocular adipose tiss
subdivided into lobules by a partition of connective tissue.
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Figure 9.13 White (unilocular) adipose tissue. tadipose cell, 2 cytoplasm, &
- nuclei

Functions of adipose tissue:
> trophic,
> supporting, protective and plasticadipose tissue surrounds organs and fills i
spaces between them; softening impacts, it protects them from mechani

traumas; it substitutes a tissue of some organs after their involution (thymu
mammary gland, bone marrow);



> energy storagefood that is excess to requirements is converted into fa
stored within adipose tissue;

> heatinsulating - adipose tissue has properties thisalator due to what
interferes with excessive heat waste by an organism;

> heatforming - the part of the energy formed owing to oxidation of po
intensive lipid molecules turns to heat;

> depotof liposoluble vitamins (A, D, E, K) and serves lamgepots of steroi
hormones;

> endocrine- synthesizes estrogens and hormone, which regulate consui
of food -leptin.

Brown (multilocular) adipose tissue a specialized form of adipose tis!
in hibernating and newborn mammals. It is greatly reducexlirithood.

Brown adipose tissue is mainly found in subscapular, interscapula
mediastinal areas (figure 9.14).

> e —

7 oy
<\< % cf,‘j
S |

c
\

oW

//]
/ ®

‘ Y \ ///
(8.9
./ N k /«”95)»& )

15 ¥ c‘ﬁh
/‘// (/
/ ,
\\‘ \
) ‘ \ / £ \\(\
@’ O a, /{ \ ﬁ\)

Figure 9.14. Distribution of brown adipose tissue(from Junqueira L.C.,
Carneiro J., 2005)



Cells ot the brown (multilocular) adipose tissuehave several fat

droplets and many mitochondria, are rich in hewpataining cytochromes
(fig.9.15).

Figure 9.15. Schematic diagram of brown adipose tissue cell.-Inucleus, 2-
mitochondria, 3 fat droplets (fronT. L. Lentz1971)

This specialized tissue can generate héay Afuncoupl
respiratory chain of oxidative phosphorylation within mitochondria.

1lhe function of this tissue in humans appears to be of importan
mainly in the first months of postnatal life, when it produces heat and th
protects the newborn agaitncold.



2. Reticular tissue

The reticular tissue is a specialized loose connective tissue
provides the architectural framework of the myeloid (bone marrow)
lymphoid (lymph nodes, spleen) hematopoietic organs.

Reticular tissueconsists of reticular cells and branched reticular fil
(fig.9.16). Cells and fibers form supporting network for hematopoietic cells
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Figure 9.J6. Reticular tissue.l - reticular cells, 2- reticular fibers (fror
Junqueira L.C., CarneiroJ. 2005)



3 Mucous tissue

The mucous tissuéhas an abundance of ground substance compos
hyaluronic acid. It is a .jelly like tissue containing very few fibers. The cel
this tissue are mainly fibroblasts (fig.9.17).

Mucous tissue is the principal component \WWharton's jelly of the
umbilical cord.

4 Pigment tissue

The pigment connective tissuereminds loose connective tisst
however contains numeropggment cells (melanocyte$ig.9.18).

Function of melanin of pigment cells is to protect the organism agi
the damaging effects of noniaimg ultraviolet irradiation.

Localization, in humans, melanin is the primary determinant of :
colour. It is also found in hair, the pigmented tissue underlying the iris ¢
eye, and the stria vascularis of the inner ear. In the brain, tissues wiémirr
include the medulla and zona reticularis of the adrenal gland, and pig
bearing neurons within areas of the brainstem, such as the locus coerule
the substantia nigra.

e
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Figure 9.17. Photomicrograph of mucous tissuefiiroblasts, 2- grourd substance
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Figure 9.18. Pigment tissuel - pigment cell, & ground substance,-Fibers

Types of melanin

Eumelanin is found in hair, areola, and skin. In humans, it is n
abundant in people with dark skin. There are two different types of eume
black and brown. Black eumelanin is mostly in adBuropeans and agu
Europeans, while brown eumelanin is in mostlyugg Europeans. A smg
amount of black eumelanin in the absence of other pigments causes grey
small amount of brown eumelanin in the absence of other pigments ¢
yellow (blond) color hair.

Pheomelaninis also found in hair and skin and is bathlighter and
darker skinned humans. Pheomelanin imparts a pink to red hue and, t
found in particularly large quantities in red hair. Pheomelanin is concentra
the lips, areola, nipples, glans of the penis, and vagina. Pheomelanin als
bemme carcinogenic when exposed to the ultraviolet rays of the sun.

Neuromelaninis the dark pigment present in pigment bearing neu
of four deep brain nuclei: the sub
the dorsal motor nucleus of the vagusrve (cranial nerve X), and the med
raphe nucleus of the pons.



0 Clinical correlations

Collagen disease&ollagenopathigsare diseases associated with defe
in collagen.

Stickler syndromés a group of genetic disordeedfecting connective
tissue, specifically collagen. The syndrome is thought to arise from a mut
of several collagen genes during fetal development.

Stickler syndrome is characterized by distinctive facial abnormali
eye problems, hearing loss, ajoéht problems.

Many people with Stickler syndrome are very nearsighted (ha
high myopia). People with eye involvement have increased pressure with
eye (ocular hypertension) which could lead to detachment retina of the ey

People with this synd/me have arthritis, vertebrae abnormality, 4
curvature of the spine, scoliosis, and joint pain.

Stickler syndrome is thought to be associated with an incre
incidence of mitral valve prolapse of the heart, although no definitive resq
supports this

Kniest dysplasiés a subtype of collagenopathy that is disorder of b
growth. The condition is characterized by dwarfism, enlarged joints, and
skeletal abnormalities, and problems with vision and hearing.

Spondyloperipheral dysplasia an autosmal disorder of bone growth
The condition is characterized by flattened bones of the spine (platyspon
and unusually short fingers and toes (brachydactyly). Some affe
individuals also have other skeletal abnormalities, short sta
nearsightedess (myopia), hearing loss, and mental retarda#édsinism.Some
individual animals and humans have very little or no melanin in their bodi
condition known aslbinism.

Although the functional nature of neuromelanin is unknow'n in
brain, it maybe a byproduct of the synthesis of monoamine neurotransm
for which the pigmented neurons are the only source. The loss of pigm
neurons from specific nuclei is seen in a variety of neurodegenerative dis
INnPar ki ns onhére isdnaswielass  dopanine-producing pigmented
neurons in the substantia nigra.




SKELETAL (SUPPORTING) TISSUES
Classification of the skeletal tissues

Cartilage
> hyaline,
> elastic,
> fibrocartilage
Bone
> primary, immature, or woven bone,
> secondarymature, or lamellar bone

0 Cartilage

The cartilage is a flexible connective tissue that consists of specia
cells calledchondroblaststhat produce a large amount of extracellular me
composed of collagen fibers, abundant ground substance rich in proteo¢
and elastic fibers. Unlike other connective tissues, cartilage does not ¢
blood vessels. The chondrocytes are suppligddiffusion, helped by th
pumping action generated by compression of the articular cartilage or flex
the elastic cartilage.

Cartilage functions
> Movement (cartilage joins bones firmly together in such a way that a ¢
amount of movement is stiflossible between them).
> Support (maintain shape of the organs: theh@ped cartilaginous rings
the trachea and bronchi assist in keeping those tubes open).
> Growth (hyaline cartilage is responsible for the longitudinal growth of
long bones).

0 Histogenesis of cartilage tissue (chondrification, chondrogenesis)

In embryogenesis, the skeletal system is derived from the mesi
germ layer.

Chondrification (also known aschondrogenesis is the process b
which cartilage is formed from condensed medgmal cells, whicl
differentiates into chondroblasts and begins secreting the molecules the
the extracellular matrix.



Steps in chondrification (fig. 10.1)
1 - early stage of thehondrification centresformation from the mesenchymr
cells;
2 - late stage of thehondrification centresformation: mesenchymal cells Ic
processes, become rounded and form densely packed cellular
masses;
3 - differentiation of mesenchymal cells into cartilaggming cells
chondroblastswhich begin to secrete the components of the extracellular n
of cartilage;
4 - formation ofisogenous groups of chondrocytes.

Growth of the cartilage

Two types of growth can occur in cartilaggpositionaland
interstitial.
> Appositional growthresults in the increase of the diameter or thickness ¢
cartilage. The new cells derive from the perichondrium and occur on the s
of the cartilage model.
> |Interstitial growth results in an increase of cartilage mass and occurs
within. Chondocytes undergo mitosis within their lacuna, but rer
imprisoned in the matrix, which results in clusters of cells caltgjenous
groups.
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Figure 10.1. Stages of chondrogenesikd early stage of the chondrification cer
formation, 2- late stage of the chondrification centre formation, differentiation o
mesenchyme cells into chondroblasts. -4 formation of isogenous groups

chondraytes (fromJunqueira L.C., Carneir2005)



Repair of cartilage

Once damaged, cartilage has limited repair capabilities. Bei
chondrocytes are bound in lacunae, they cannot migrate to damaged area
because hyaline cartilage doest mave a blood supply, the deposition of r
matrix is slow. Damaged hyaline cartilage is usually replaced by fibrocar
scar tissue.

Common plan of cartilage tissue structure

Cartilage consists ofy
Cells are:

Achondrobl ast s

Achondrocytes
> Extracellular matrix is composed of:

Afibers

Aground @elsobt ance

cartilage tissue

Chondroblastsare young cartilage precursor cells, capable to a
proliferation and synthesis of intercellular substance of a cartilage. Cytople
of chondroblasts contains welkeveloped rough and smooth cytoplasmic
reticulum, Golgi apparatus.

Chondrocytesoccur singlyor in groups calledsogenous groupsvithin
spaces calledacunae. Chondrocytes are responsible for the secretion
maintenance of the matrix.

Differon of cartilage cells

Chondroblasts and chondrocytes are derived fcbondroprogenitor
cells(mesenchymlastem cell that can undergo mitotic division and differenti
into a chondroblast)IChondroprogenitor cel=> chondroblast=> chondrocyte

Extracellular matrix

The majority of the wet weight of cartilage, ranging anywhere36%,
consists of water. Thenatrix is mainly composed of proteoglycans, which
large molecules with a protein backbone and glycosaminoglycans (GAG
chains. Glycosaminoglycans are



polysaccharides. This molecule fills all the spaces between the collagen
and holds water, thus plumping out the extracellular matrix and giving car
its resistance to compression and its resilience (ability to spring back into
after load). The most common types of GAGs in cartilage are chond
sulfate and kerani sulfate.

1 he matrix immediately surrounding the chondrocytes is referred
the territorial matrix, or capsule, and stains darker than the interstitial r
during slide preparation.

Cartilage covering

At the periphery of mature cartilage is a zone of dense conne
tissue, ft is rich in collagen and contains numerous fibroblasts with cart
forming potential. This zone is callgurichondrium.

Functions of the perichondrium:
1. trophic;
2. growth of thecartilage;
3. maintenance of the cartilage.

Types of cartilage
There are three different types of cartilage, each with sp
characteristics adapted to their function.

0 Hyaline cartilage

Hyaline cartilage(fig. 10.2) is the most abundant type of cartilage.
name hyaline is derived from the Greek wdnghlos,meaningglass.This refers
to the translucent matrix or ground substance.

Hyaline cartilage is found in the wall of respiratory passages (|
larynx, trachea, and bronchi), lining bones in joints (articular cartilage
commonly, gristle) and is also present inside bones, serving as a cel
ossification, or bone growth. In addition, hyaline cartilage forms most o
embryonic skeleton.

Structural features of the hyaline cartilage:
> presence of isogenous groups of chondrocytes;



> ground substance contains a dense netwodoldgen fibers',
> possesses a perichondrium.

Figure 10.2. Hyaline cartilage.1 - isogenous groups of chondrocytes) 2matrix, &
- inner layer of perichondrium, 4outer layer of perichondrium

0 Elastic cartilage

Elastic cartilage (fig. 10.3), also called yellow cartilage, is found in
pinna of the ear and several tubes, such as the walls of the auditory (Eust
tubes, larynx, and especially in the epiglottis (keeps food from enterir
airways).



Elastic cartilage is similar to hyaline cartilage but contains el
fibers scattered throughout the matrix. Elastic fibers can be demonstra
standard elastin stain (orcein).

Figure 10.3. Elastic cartilagel - isogenous groups of chondrocytes,&astic fiber:

Structural features of the elastic cartilage:
> presence of singly chondrocytes or isogenous groups of chondrocytes;
> ground substance contains a dense networkrafiching and anastomosi
elastic fibers;
> possesses a perichondrium.

0 Fibrocartilage
Fibrocartilage is a specialized type of cartilage found in areas requ
tough support or great tensile strength, such as between the
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ation of the fibrocartilage
chondrocytes, 2 bundles of collagen fibers,@ fibrocytes

present

Figure 10.4. Schematic re



Intervertebral discs

The intervertebral discs(fig. 10.5) lie between the articular surfaces o
adjacent vertebral bodies. The disc consists of
> annulus fibrosus,
> nucleus pulposus.

Annulus fibrosus consists of concentric layers of fibrocartilage
nucleus pulposusconsists of a few rounded cells embedded in an amorphc
viscous substance rich in hyaluronic acid and collagen fibrils.

Figure 10.5. Schematic diagram of intervertebral discl - nucleus pulposus. z
annulus fibrosus



Nutrition of cartilage

Cartilage is avascular.

Hyaline and elastic cartilages get nutrition from the blood vessels
perichondrium; fibrocartilage from blood vessels of surroundingonnective
tissue, articular cartilage from synovial fluid.

0 Bone

Bone tissueis a specialized type of connective tissue and is the
element of the skeleton. It is composed of cells and an extracellular ma
which fibers are embedded.

Bone tissues unlike other connective tissues in that the extracel
matrix becomes calcified.

Functions of the bone tissue
formation of the adult skeleton;
participation in the movements of body;
protection of the vital organs of the cranial and thoracic cavity;
reservoir of ionic calcium essential for many cellular processes of the
bone has several metabolic functions especially in calcium homeostasis.
> protection of the hematopoietic bone marrow.

V V V V

Common plan of structure and functions of bone tissue

Like other connective tissues, bone consists of cells and extrac
matrix (fibers, and ground substance) but differs because the extrac
matrix is calcified.

Bone is composed of:

> Cells:
Aosteoprogenitor cell s;
Aosteobl ast s
Aosteocytes;
Aosteocl ast s;

> Matrix:

Aorganic comp6d%ent (osteoid)
ein organi-25%omponent
Awa t28%.



Cells of bone tissue

Osteoprogenitor cellsare mesenchymal stem cell that can und
mitotic division and differentiate into osteoblasts. Osteoprogenitor cell
located in the inner cellular layer of the periosteum (periostal cells)
endosteum and lining canals of the osteons. These aadlsnost active durir
bone growth.

Osteoblastare derived from osteoprogenitor cells and are respor
for the synthesis of the organic components of bone matrix, which is
osteoid.Osteoblasts are associated with growing surface of bone.

Whenthe cells are active they have a cuboidal appearance (fig.
and when their activity declines, they flatten. The cells have cytopl:
processes that bring them in contact with neighbouring cells.

B

Figure 10.6. Schematic diagram of the osteoblast. 1 nucleus, 2- rougt
endoplasmic reticulum, 8 Golgi complex, 45 synthesized fibres



Their organelles are typical of protein secretory cells: they co
extensive rough ER, well developed Golgi complex and numerous sec
vesicles.

Osteocytesre the flat, almondhaped cells of mature bone (fig. 1(
10.8). They reside in thiacunae of bone, only one osteocyte is found in e
lacuna. Thin cylindrical gpaces that house cytoplasmic processes are 1
canaliculi. Processes of adjacent cells make contact via gap junctions,
allow ions and small molecules to travel from cel! to cell. Canaliculi
contain extracellular fluid carrying nutrients touresh the osteocytes.

Figure 10.7. Schematic diagram of osteocytd. - processes, 3 nucleus,
0 rough endoplasmic reticulum,-4nitochondria, 5 Golgi complex



Osteocytes have flattened nuclei and eosinophilic cytoplasm with sr
amount of rough endoplasmic reticulum and Golgi compkemction of
osteocytess maintenance of bone matrix.

W

1

Figure 10.8. Electron micrograph of osteocytef- osteocyte, 2 lacuna

Osteoclasts(fig. 10.9) are very large, motile, multinucleated, bon:
resorbing cells.Osteoclastsare derived from blood monocytes of the bloot
They cmtain 550 nuclei and acidophilic, foamy cytoplasm with the hig
maintenance of lysosomes, mitochondria, wedvelopment Golgi complex and
some rough endoplasmic reticulum. Osteoclasts lie in a small cavity ca
lacunae formed from the digestion of ¢hunderlying bone.

Function of the osteoclasts is maintenance of the calcium homeost
(lysosomal enzymes are released by exocytosis and degrade the or
components of bone).



Figure 10.9. Schematic diagram of osteoclast.-Inuclei, 2- Golgi complex, 3
lysosomes, 4 area of destruction of bone

Two hormones affeatsteoclastic activity:
> Parathyroid hormoneproduced by the parathyroid gland that increas
osteoclastic activity and results étevated blood calcium levels.
> Calcitonin produced by the thyroid gland that decreases osteoclastic act
and results imeduced blood calcium levels.

Differons of bone cells
1. Osteoblasts and osteocytes are derived frarsteoprogenitor cells
(mesenchymal stem cell that can undergo mitotic division and differentiate

an osteoblast).
Osteoprogenitor celE> osteoblast> osteocyte



2. Osteoclasts are derived from the fusion of blaledived monocytes and th
belong to the mononuclear phagocyte system.

Pluripotential cell => myeloid multipotential celE> monocytecolony forming
cell => promonocyte=> monocye => osteoclast

Bone matrix

Thebone matrixhas two main components:
> Inorganic component(70%) is composed mainly of calcium and phosphi
in the form of ,tPHd0HR) xrystals.at i t e ( Cg¢
> Organic component(30%): collagen makes up over 90% of the org:
component, which is calledssteoid collagen forms collagen fibers.

Bone coverings
> Periosteumis the external covering of bone. Periosteum consists of
layers:
1) outer fibrous layerthat contains many blabvessels. Branches of the blc
vessels penetrate the inner | ayer
eventually communicate w'ith the vessels in the Haversian canals;
2) inner cellular layer that contains osteoprogenitor cells that have osteo
potential.

'> Endosteumis thin layer of osteoprogenitor cells, osteoblasts and a
amount of connective tissue that lines all internal surfaces of cavities \
bone including the Haversiamocals and marrow spaces.

Functions of periosteum and endosteum
1. Nutrition of bone tissue
2. Repair or growth of bone
3. Mechanical, supporting (periosteum provides mechanical connection «
bone with tendons and muscles).

Types of bone tissue

1. Primary,immature, or woven bone
Primary, immature,or woven bonas the first type of bone formed
during fetal development, bone repair, and tissue turnover.



Characteristics of primary bone are abundant osteocytes, a low mine
content, and airregular organisation of collagen fibers (fig. 10.10). Woven bong
is mechanically weak.

It is temporary and is replaced by secondary bone tissue.

Localization.
> embryo skeleton:
> suture of the flat bones of the skull (in adults),
> tooth sockets (in adults),

Figure 10.10. Schematic representation of the primary bonél - osteoeytes,
0 collagen fibers of the matrix (fronlO KAc/jauacbee, H.A.JOpuna it df
1999)



2. Secondary, mature, or lamellar bone

Secondary boneharacteristically contains collagen fibers arrange
lamellae that are parallel to each other or concentrically organized arc
vascular channel (fig. 10.11).

Figure 10.11. Schematic diagram of structure of secondary bone- |
lamellae, 2- osteocytes, 3 processes of osteocytes; dollagen fibers of matr
(from 1(1 M. Ar/xmacbeeH.A.IOpma u dp.,1999)



Mineralized matrix of lamellar bone consists of tlanellae,each of
which contains collagen fibers that are parallel to each other. Fibers of th
lamellae lay under an angle to each other. The lamellae indatanaehousing
osteocytes, which are nourished by diffusion of nutrients that travel thi
canaliculi from the marrow cavity.

Lacunaecontain osteocytes, are found between and sometimes \
the lamellae.

Canaliculi house cellular processes belomgito osteocytes and perr
communication between lacunae and with the Haversian canals.

Bone consists of dense areas without cavitiesmpact honeand area
with numerous interconnecting cavitiesancellous (spongy) bone.

In long bones the bulbous ends epiphyses are composed o$pongy
honecovered by a thin layer afompact boneThe cylindrical part- diaphysis-
composed otompact bone.

Short bonetave a core o$pongy boneurrounded byompact
bone.

Compact boneonsists of glindrical units calledosteonsor Haversian
systen(fig. 10.12) comprising of:
> Haversian canalaire tubes located in the center of osteons, run parallel 1
long axis of the bone, and are united to other canals. Canals contain
vessels and nerves.
> Concentric bony lamellasurround the Haversian canal. The lamellae col
of fine collagen bundles in calcified matrix.
> Osteocytesare located in the lacunae and their processes extenc
canaliculi.
> Volkmann'qperforating canalsare vascular canalsontaining blood vessel
and connect Haversian canals with periosteum and marrow cavity.

In compact bone (e.g., the diaphysis of long bones) the lamellae e
a typical organization consisting of (fig. 10.1%)outer circumferential lamellae
that aredeep to the periosteum and form the outermost region of the diaph
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Figure 10.12. Diagram of structure of diaphysis of long bone. 1spongy bon¢
2 - osteons, 3 central canal, 4 blood vessels, 5 collage fiber orientation, €
concentric lamellae, 7 outer circumferential lamellae, 8inner circumferentic
lamellae, 9 interstitial lamellae, 10 Volkmann's canals



> haversian syems(lamellae arranged around an osteonie (Haversian) cani
> interstitial lamellaethat lie between osteons,
> inner circumferential lamellathat completely encircle the marrow cavity.

Spongy boneonsists of branching bone trabeculae project out fitven
internal surface of compact bone into the marrow cavity.

Spongy bone typically does not contain osteons. Trabeculae are ¢
few cell layers thick and contain irregularly arranged lamellae.

0 Histogenesis of bone (ossification)

Bone can be formed itwo ways:
> by direct mineralization of matrix secreted by osteoblgstisamembranou
ossification),
y by deposition of bone matrix on a pegisting cartilage matrixendochondre
ossification).

Intramembranous ossification
Intramembranous ossificatioa responsible for the formation of most
flat bones.

Steps in intramembranous ossificat{iy. 10.13) are:
1. Development of ossification center .
- mesenchymal stem cells proliferate and aggregate in richly vascul
connective tissue (thprimary ossificabn center),where they differentiate in
osteoblasts;
- osteoblasts secrete bone osteoid, some become surrounded and trappe
newly formed matrix and are now called osteocytes.
2. Calcification:
osteoid is calcifies to form spicules of spongy bone;
inorganic salts carried in by the blood vessels;
salts are deposited in an orderly fashion as fine hydroxyapatite ci
intimately associated with the collagen fibers;
collagen fibers in the developing spicules are randomly oriented (primary |
remaning connective tissue among the spicules is penetrated by growing
vessels and the undifferentiated mesenchymal cells give rise to bone r
cells.
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Figure 10.13. Intramembranous ossification.hesenchymal cells, 2collager
fibers, 38 ossification center, 4 osteoid, 5- osteoblasts, 6 osteocytes, 7
newly calcified bone matrix, 8- mesenchyme condensing to form
periosteum, 9 trabeculae of primary bone, I blood vessel, 11 periosteum
129 plate of compact bond3 8 cavities containing red bone marrow

3.Formation of trabeculae:.
- spicules unite to form trabeculae;

- ossification centers grow radially and finally fuse replacing the orig
connective tissue.

4,Development of periosteum.

- portion of bone that does nahdergo ossification becomes the periosteum
endosteum.

Endochondral ossification
Endochondral ossificationis responsible for the formation of short ant

long bones.
This process begins with a hyaline cartilage model whose shape
resembles a small versiof the bone to be formed.



Steps in endochondral ossificatioffig. 10.14) are:
1 Development of cartilage model'.
> process of endochondral ossification begins with a hyaline cartilage mode
whose shape resembles a small version obtiree to be formed.
2. Growth of cartilage model
3. Development of the primary (diaphyseal) ossification cen ter:
> formation of a thin woven bony colldperiosteal collar)around the diaphysis
by intramembranous ossification;
> perichondrium of the template becontbe periosteum;
> invasion of the diaphysis by blood vessels that carry osteoprogenitor cells
from periosteum that mature into osteoblasts;

——— Hyaline
cartilage

Figure 10.14. Endochondral ossification. X perichondrium, 2 periostal bon
collar, 3- invasion of the diaphysis by blood vessels, grimary (diaphysea
ossification center, 5secondary (epiphyseal) ossification center



> osteoblast secrete osteoid, and cartilage matrix begins to calcify;

> chondrocytes hypertrophy and die (because there is no diffusion of nu
across the bone matrix);

> osteoclasts form a primary marrow cavity, and incoming blood vessels
in bone marrow cells

> compact bone is formed.

4. Development of the secondary (epiphyseal) ossification center.

> blood vessels infiltrate the epiphysis;

> chondrocytes of the epiphysis hypertrophy and die upon ossification;

> osteoblasts start building trabecular bone.

5. Formation of articular cartilage and epiphyseal plate .

y cartilage remains in two places:

1) articular cartilage: hyaline cartilage covering joint surfaces that rer
throughout life;

2) epiphyseal plate: the cartilage of the epiphyseal plate continues to gra
is continuously replaced by newly formed bone matrix resulting in elongati
bone.

The epiphyseal platés divided into zones (fig. 10.15):
> resting zonehyaline cartilage without morphological changes;
> zone of proliferation: chondrocytes dividing rapidly that from columns
stacked cells parallel to the long axis of the bone;
> zone of maturation / hypertrophytarge chondrocytes whose cytoplasm
accumulated glycogen and narrow areas of matrix between lacunae;

> zone of ossitation: osteoprogenitor cells invade the area
differentiate into osteoblasts, which secrete bone matrix onto the cal
cartilage matrix. Chondrocytes here die when they can no longer re
nutrients via diffusion. This is because the calcifiedtnix is much les
hydrated than hyaline cartilage.

Bone growth
> Bone length is dependent upon the activity that occurs in the epipt
plate. Bone growth stops when the cartilage of the epiphyseal plate
proliferation and bone development continues unite the diaphysis ar
epiphysis.



Figure 10.15.Schematic diagram of epiphyseal platel. - resting zone, I} zone
of proliferation. Ill- zone ofhypertrophy, IV- zone of ossification; 1 articulai
cartilage, 26 bone marrow cavity, 3 epiphyseal plate, 4 secondar
ossification, 5 osteoblasts, 6 osteoclasts, d trabeculae, & blood vessel,
o8 cortical bone



