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ABSTRACT
The Annotated Atlas contains original author’s microphotos of histological samples for the light
microscopy analysis, those are necessary for study according to The Educational Standard of High
School in Ukraine. Photos of preparations were made with the “Sciencelab T500 5.17 M” digital
camera, which was connected to the “Biolam 70” microscope. All required histological specimens for
obligatory program are represented and described. Publication materials can be used for efficient
laboratory work and self-study. The Annotated Atlas is recommended to the students of Biology
Faculties, who study Histology at the Universities.
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INTRODUCTION
Histology (from Greek "histos" – tissue and "logos" – word, knowledge) is the study of
microscopic structure of various cells and tissues, their development and functioning in living
organisms.
When we are talking about biological tissues we imply phylogenetically determined
complexes of cells and intercellular matter that are similar in structure and functions of
elements of which they consist.
The subject of histology embraces the study of a thin (microscopic) and ultrathin
(submicroscopic) structure of animal tissues, their development and change in different
conditions.
Each type of biological tissue can be characterized by the specific structure and
function, which were developed and improved in the process of evolution as the result of
structural and functional changes and complications of the behavior of living organisms [1].
We are able to discern the tissue of internal environment, epithelial, connective, nervous
and muscle tissues. The cells and the intercellular matter of each type are the basic structural
and functional distinctive characteristics. In some cases the big variety of morphological and
functional properties of the certain tissue can also be observed. In these circumstances the
subtyping is required. For example, in the tissues of the internal environment scientists
distinguish blood and connective tissue. The latter is divided into a loose, dense, bone and
cartilage. The composition of muscle contains smooth, skeletal and cardiac (striated) muscles.
The morphofunctional classification of tissues is the most common and used according to the
current research in this area.
In modern histologhere is a plenty of microscopic methods for the tissue study [1, 3].
The classical one is the production of a fixed histological specimen. Students should be
familiar with the basic techniques used in the manufacture of microanatomic specimens. They
should also learn how to analyze them, since fixed samples are widely used in the scientific
research and in the teaching process. The Atlas contains original microphotos of histological
samples for the light microscopy analysis, those are necessary for study according to The
Educational Standard of High School in Ukraine. Photos of preparations were made with the
“Sciencelab T500 5.17 M” digital camera, which was connected to the “Biolam 70”
microscope.
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1. SURFACE EPITHELIUM

Figure 1. Peritoneal mesothelium (ob. lens
×40, oc. lens ×10) – simple squamous
epithelium, a layer of cells formed by a
continuous basement membrane. Sell
boundaries are sinuous at the sites of cellcell contacts. They are arranged in a certain
order on the surface: the dense ones, which
are isolated from the external environment,
then simple and mechanical (desmosomes
and hemidesmosomes). Some cells have 2
or more rounded or oval nuclei.

Figure 2. Simple cuboidal epithelium of
kidney tubules (ob. lens ×10, oc. lens ×10).
On the cut of the apical part of the renal
medulla pyramid (papillae renales) even at
low magnification cross sections of the
collecting urinary tubules are visible. They
are formed by the layer of the simple
epithelium, its cells have a cubic or
prismatic (cylindrical) form. The space
between the tubules is filled by the
connective tissue, where we can observe the
numerous sections of the finest blood
vessels. Sometimes they contain visible
blood cells – erythrocytes (red blood cells).

Figure 3. Simple cuboidal epithelium of
kidney tubules (ob. lens ×40, oc. lens ×10).
Cells adhere tightly to each other; the
boundaries are clearly visible in the form of
fine lines. The cytoplasm of the cells is a
little hazy/blurred. The nucleus in the
cuboidal cells lie somewhere in the middle
and has a rounded shape. The basement
membrane separates epithelium and the
connective tissue (lying below).
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Figure 4. Simple columnar epithelium
of kidney tubules (ob. lens ×40, oc. lens
×10) differs from the cuboidal by the
elongated shape of the cells. Nuclei in
cells are located closer to the basal side of
the same level above the basal membrane
(simple epithelium).

Figure 5. Simple columnar epithelium
of kidney tubules (ob. lens ×90, oc. lens
×10).The brush border is noticeable on the
apical surface of the epithelium. It is
formed by microvilli on the free side of
the cells, which enhances absorption of
the fluid. Simple columnar epithelium
lines the inner surface of the majority of
hollow
organs
and
causes
the
morphological and functional diversity of
cells.

Figure 6. Ciliated epithelium (ob. lens
×10, oc. lens ×10). On the free surface of
the epithelium is clearly visible the border
formed by a continuous series of cilia.
The cells forming the epithelium vary in
shape, but they all have a connection to
the basement membrane (a sign of a
single-layer/simplicity). The cell nuclei
are arranged in several rows, so this is
called multi-row or pseudo-stratified
epithelium.
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Figure 7. Ciliated epithelium (ob. lens
×40, oc. lens ×10). The cell nuclei are
located on the basal side of epithelial bands
in the 3 rows/lines. The top row/line has
rounded nuclei, the long-shaped ones are
typical for lower lines . The first type of
nuclei belongs to the ciliated epithelial
cells, the latter – to the gusset
(intermediate) cells. Between them we can
sometimes observe the goblet cells without
cilia. They produce mucus that is released
on the surface of the epithelium. The nuclei
of these cells are shifted to their basement.

Figure 8. Stratified squamous no
keratinized epithelium of cornea (ob.
lens ×40, oc. lens ×10). There are three
layers of cells: 1) basal, formed by the
epithelial prismatic-shaped cells; 2)
"prickly", the wider layer that consists of
polyhedral cells, 3) surface (flat) layer,
contains epithelial cells of the same
flattened shape.

Figure
9.
Stratified
squamous
keratinized epithelium (ob. lens ×10, oc.
lens ×10) forms the outermost layer of the
skin – the epidermis. The basement
membrane, which separates it from the
lamina propria (dermis), is not quite clear,
and it has a folded surface. In the epidermis
scientists distinguish five layers, where
occurs a gradual process of cornification
and death of cells – stratum basale, stratum
spinosum, stratum granulosum, stratum
lucidum and stratum corneum [14].
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Figure
10.
Stratified
squamous
keratinized epithelium (ob. lens ×40, oc.
lens ×10). Basal and polyhedral are young
skin cells, they divide and grow. In stratum
granulosum there are 2-4 clearly visible
lunes of spindle-formed cells filled with
grains of keratohyalin, which is derivative of
keratin. In stratum lucidum the cells
boundaries and nuclei are almost invisible,
so it looks very amorphous. Thick stratum
corneum is composed of the plentiful flat
rows of dead keratinized scales filled with
air.

Figure 11. Transitional epithelium of
bladder (ob. lens ×10, oc. lens ×10). At the
top of the folds of mucous membrane
epithelium is fixed in a stretched condition,
and in the depth – in the contracted. The
extended form of the epithelium becomes
thinner, and the cells become flat. Lability of
the cell shape depends on the degree of
contraction. It is a distinctive feature of this
type of epithelium.

Figure 12. Transitional epithelium of
bladder (ob. lens ×40, oc. lens ×10)
comprises three layers: basal, intermediate
and cover. The cells of the basal layer are
arranged on a thin basement membrane.
They are small, flattened; their nuclei
contain a large number of chromatin. Cells
of the intermediate layer are pear-shaped, the
nuclei are spherical. The cover layer is
formed by large polymorphic bi- and
polinucleate cells with spherical nucleus.
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2. GLANDULAR EPITHELIUM

Figure 13. Epithelium on villi in small intestine
(ob. lens ×10, oc. lens ×10). The surface of the villi
is lined by a single layer of columnar epithelium.
Epithelial cells are lengthy; they have elongated
nuclei that are located close to each other. They are
quite large and resemble a palisade. The cells
continuously extend below the middle of the cells
throughout the length of the villi. The lower border
of the cell is quite blurred and hardly noticeable. It
transforms into the basement membrane.

Figure 14. Epithelium on villi in small intestine
(ob. lens ×40, oc. lens ×10). On the surface of cells
can be seen with a thin border of microvilli, which
looks on the specimen like the unstructured pink
cuticle. Between epithelial cells goblet cells can be
observed in the form of light bubbles. The stipes of
these cells go into the epithelium wedging
themselves between the adjoining cells. Flattened
nuclei of goblet cells are located at their basement.

Figure 15. Simple alveolar gland of axolotl’s
skin (ob. lens ×40, oc. lens ×10). Outer epithelial
glands look like big round pink bubbles with large
purple nuclei in the periphery. Bright pink grains
are densely arranged at the bottom of the glandular
cells, and large pale pink balls are situated at the
top of the gland bubble. These glands produce
protein.
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Figure 16. Tubular gland of fundus (ob.
lens ×10, oc. lens ×10). Bodies of cells
adhere closely to each other, so that their
own mucous capsule is filled with glands.
During the fixation the loose connective
tissue contracts more than glands. This
peculiarity forms gaps between them,
which are often mistaken for glandular
lumens. By dint of careful study students
are able to discern that the narrow gap is
located between two lines of closely
adjacent cells.

Figure 17. Antennal gland of crayfish
(ob. lens ×40, oc. lens ×10). Secretion
products are stored in the apical part of
the cell. Therefore the cytoplasm liquefies
and participates in the formation of
products. When the cells release the
substances, they become partially
destroyed. This type of secretion is typical
for apocrine glands.

Figure 18. Sebaceous gland of human
skin (ob. lens ×40, oc. lens ×10). On the
periphery of the gland, closer to the
basement, on the border with the
connective tissue there is a layer of small
cambium cells with small oval nuclei. The
raw of larger spherical or polyhedral cells
spherical nuclei is situated above this
layer. The closer the cells are located to
the surface, the more fat they contain.
Cells of the upper layers are completely
filled with fat. The cytoplasm remains in
the form of thin layers between the drops
of fat, nuclei become reduced, condensed
and shrunken, the cells become destroyed.
The sebaceous glands have a holocrine
type of secretion.
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Figure 19. Thyroid gland (ob. lens ×40,
oc. lens ×10) is formed by the numerous
follicles of different diameter, surrounded
by epithelial cells – thyrocytes. Follicles
are placed compactly and separated by the
thin layers of connective tissue with a
dense capillary net. The cavity is filled
with colloid follicles that take part in the
synthesis of thyroid hormones.

3. TISSUES OF INTERNAL ENVIRONMENT. BLOOD.

Figure 20. Mesenchyme of chick embryo
(ob. lens ×40, oc. lens ×10). The specimen
is a cross section of a chick embryo on the
4th day of incubation. The space between
the internal organs of the embryo is filled
by mesenchyme, which has the form of the
net. Mesenchymal cells are connected with
each other by the processes. They form a
meshy frame, whose loops are filled with
intercellular matter – a semiliquid
gelatinous mass.

Figure 21. Mesenchyme of chick embryo
(ob. lens ×90, oc. lens ×10). Mesenchymal
cells are spindle- or stellate-shaped
because of processes of cytoplasm.
Number of processes in mesenchymal cells
varies from 2 to 4. Each cell contains a
large round nucleus with one or more
nucleoli, painted in a dark color [7].
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Figure 22. Smear of frog blood (ob.
lens ×40, oc. lens ×10). Red blood cells
of the frog have a large oval nucleus
with a plenty of chromatin. Blood
leukocytes have the same as size as the
red blood cells, or a little bigger.
Platelets of the frog are 3-4 times
smaller than the red blood cells, several
pieces of them are grouped together;
cytoplasm is faintly colored, rod-like
nuclei are elongated and painted in dark
blue or purple color.

Figure 23. Smear of human blood
(ob. lens ×40, oc. lens ×10). The red
blood cells are numerous. They have a
spherical form and no nuclei. The
central part of cytoplasm is thinner and
lighter than the cell border. Among
leukocytes such types as neutrophils are
widely observed [10]. They have
segmented horseshoe-shaped nucleus.
Fine blue-pink grains are clearly visible
in the cytoplasm of neutrophils.

Figure 24. Smear of bone marrow
(ob. lens ×40, oc. lens ×10).
Megakaryocytes are the large cells of
irregular
shape
with
rounded
oxyphilous cytoplasm and segmented
basophilic nuclei. Erythroid cells are
normoblasts with oxyphilous cytoplasm
and small nuclei. Myelocytes have a
bean-like or horseshoe-shaped nuclei
and granular cytoplasm. Lymphocytes
are the small cells with spherical
nucleus occupying almost the entire
cell.

-111-

World Scientific News 90 (2017) 101-126

4. CONNECTIVE TISSUE

Figure 25. Loose connective tissue
(ob. lens ×40, oc. lens ×10). The
"framework" of the intercellular space
consists of fibers; the gaps between
them are filled with relatively large
number of amorphous material, whose
cells contain clear visible nuclei.
Collagen fibers are intertwined with
each other forming a continuous grid.
Elastic fibers have the form of fine
straight threads arranged in different
directions. Fibroblasts are the large
cells of irregular triangular shape with
wide processes.

Figure 26. White adipose tissue (ob.
lens ×10, oc. lens ×10) is an
accumulation of adipocytes containing
one large drop of fat. A narrow layer of
the loose connective tissue is placed
between them. It has fibroblasts, tissue
basophils, lymphocytes, thin collagen
fibers, blood and lymphatic capillaries.
White adipose tissue deposits a highly
nutritious energy material – neutral
lipids. It is involved in water-exchange
processes in the body; it also performs
the function of depreciation [4].

Figure 27. Reticular tissue (ob. lens
×40, oc. lens ×10) forms a stroma of
hemopoietic
organs
creating
a
microenvironment for ripening blood
cells. The basis of its structure is
reticular cells and fibers. The first have
processes using which they contact with
each other and form a grid. The grid is
supplemented with reticular fibers that
adhere closely to the cells.
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Figure 28. Pigment tissue of tadpole
skin (ob. lens ×40, oc. lens ×10) is
enriched
with
branched
cells
containing the skin melanin pigment.
In mammals and humans pigmented
cells (melanocytes) form clusters in the
iris of the eye, skin, breast nipples and
around the anus. The pigment cells
protect the skin from harmful solar
radiation.

Figure 29. Reticular dermis (ob. lens
×40, oc. lens ×10) is formed by dense
irregular connective tissue. In the
specimen we see the thick bundles of
collagen fibers arranged in different
directions and planes [2]. Therefore
longitudinal and transverse sections of
the bundles can be found in one
specimen. There is a loose layer of
connective tissue between the fibers,
where blood vessels and nerves are
located. There is a relative small
number of cells in this skin layer, they
are mostly fibrocytes.

Figure 30. Elastic ligament of bull
(ob. lens ×10, oc. lens ×10) consists of
parallel straight or wavy thick elastic
yellow fibers which adhere closely to
each other. There are red-colored thin
layers of collagen fibers and fibrocyte
nuclei between them. In thicker layers
of connective tissue can be seen blood
vessels.
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Figure 31. Tendons in longitudinal
section (ob. lens ×40, oc. lens ×10) are
thick, dense, collagen, parallel oriented
bundles of arranged in one direction.
Collagen fibers are separated by length,
since they are the primary bundles of
fibrils. They represent bundles of the
first order. Between them there are fine
elastic net and small spaces filled with a
basic substance containing parallel lines
of fibrocytes.

Figure 32. Tendons in cross section
(ob. lens ×10, oc. lens ×10). Groups of
collagen bundles of the first order are
surrounded by thin layers of loose
fibrous connective tissue unformed
(endotenonium), which has blood
vessels and nerves, forming bundles of
the second order. The second-order
bundles form the bundles of the third
order separated by thicker layers of loose
connective tissue (peritenonium), which
also contains blood vessels and nerves.

5. CARTILAGE
Figure 33. Hyaline cartilage of ribs
(ob. lens ×10, oc. lens ×10).
Perichondrium contains collagen fibers
and chondroblasts. In the zone of
young cartilage hondrocytes have an
elongated shape, they are small and
arranged parallel to the perichondrium
[9]. In the zone of mature cartilage
cells are larger and have an oval shape,
they are placed in isogenic groups of
6–8 cells. Collagen fibers and
intercellular substance form a net
invisible in the standard staining.
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Figure 34. Trachea (ob. lens ×10, oc.
lens ×10). The inner surface of the
trachea is covered with ciliated
epithelium. Mucous plate is formed by
loose connective tissue, which has a large
number of blood vessels. The inner layer
of the trachea is the hyaline cartilage with
perichondrium. On the outer surface the
perichondrium transforms into the
unshaped
connective
tissue
of
adventitious membrane that connects
trachea
with
esophagus
and
neurovascular bundles [8].

Figure 35. Elastic aural cartilage (ob.
lens ×10, oc. lens ×10). In the
intercellular substance of the cartilage
there is a thin net of winding dark-brown
elastic fibers. Due to the presence of
visible microscope elastic fibers in the
intercellular substance the cartilage of
this type is called elastic.

Figure 36. Elastic aural cartilage (ob.
lens ×40, oc. lens ×10). Isogeneic groups
of chondrocytes contain 2–3 cells in the
form of columns located perpendicular to
the perichondrium. They are surrounded
by clearly visible cartilage capsules.
There are no basophil zones around the
isogenic groups.
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Figure 37. Fibrous cartilage (ob. lens ×10,
oc. lens ×10) is composed of bundles of
collagen fibers which adhere closely to each
other and have a regular linear orientation.
This feature makes the fibrous cartilage
similar to the dense connective tissue that
forms the bulk of the tendons and
ligaments.

Figure 38. Fibrous cartilage (ob. lens ×40,
oc. lens ×10). Cartilage cells are placed
between the bundles of collagen threads of
fibrous cartilage. These cells form isogenic
group. Their composition often consists of
two cells surrounded by clearly visible
capsule.

6. BONE

Figure 39. Bone cells (ob. lens ×40, oc.
lens ×10) are located in the cavities
(lacunae) with numerous tubules which
form anastomoses with caniculi of
adjoining cavities and between themselves.
They connect all cavities in a single
lacunar-tubular system. The cavities of the
bone cells (osteocytes) are located in living
tissue, and their processes - in bone tubules.
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Figure 40. Tibia in cross section (ob.
lens ×40, oc. lens ×10). Middle layer of
the bone is formed by osteons or by
Haversian canals. There is a channel
inside the osteon which contains blood
vessels and nerves. In osteons bone
cells are separated in concentric rows
and processes of osteocytes are
separated radially. Intermediate or
intercalary bone lamellae are placed
between osteons parallel to each other.

Figure 41. Tibia in longitudinal
section (ob. lens ×40, oc. lens ×10).
The external system of bone plates, or
general plates, is situated on the outer
surface of the bone. The internal
system of bone plates is located on the
inner surface of the bone, which
borders with the medullary canal. The
nutritional canals are going into the
thickness of the bone from the external
and internal plates.

Figure
42.
Intramembranous
ossification (ob. lens ×10, oc. lens
×10). There are good visible pink
membranes and islets among the many
cells of mesenchyme (which has blood
capillaries). This is the young bone
tissue. Near the bone membrane
mesenchymal cells transform into
osteoblasts: they get a round form, their
processes become shorter, the nucleus
increases in size, the amount of
chromatin grows [6].
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Figure 43. Osteoblasts (ob. lens ×40,
oc. lens ×10) produce along with the
amorphous intercellular substance the
fibrous matter that forms collagenous
fibers. Accumulation of collagen fiber
bundles makes up bone septum in which
the fibers are arranged in different
directions
(coarse-fibered
bone).
Osteoblasts in bone turn into bone cells –
osteocytes.

Figure 44. Osteoclasts (ob. lens ×40, oc.
lens ×10) are large oval cells containing
many dark blue roundish nuclei. The
cytoplasm of osteoclasts has pinky-blue
color. These cells produce enzymes that
dissolve the collagen fiber membrane
and destroy bone in certain place.

Figure 45. Endochondral ossification
(ob. lens ×10, oc. lens ×10). In the
middle of the cartilaginous bone vascular
pericytes, mesenchymal and perichondral
cells are differentiated into osteoblasts
which form rough fibrous bone [11]. In
the hyaline cartilage epiphysis three
zones are clearly visible for us: a zone of
normal cartilage, or the zone of
proliferating chondrocytes, zone of
ossification and zone of chondrocyte
hypertrophy and
calcification
of
cartilage.
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7. MUSCLE

Figure 46. Smooth muscle (ob. lens ×40,
oc. lens ×10) – with cells more separated
so as to see their extent and shape better,
and the central position of their nuclei. A
loose, irregular connective tissue
(endomysium) lies between the cells.
Nuclei seen in this c.t. belong to
fibroblasts mainly.

Figure 47. Skeletal muscle. Tongue (ob.
lens ×10, oc. lens ×10). Observe
numerous bundles (fascicles) of skeletal
muscle fibers cut in different planes (this
is a unique feature of the tongue).
Identify the fatty connective tissue
(perimysium), which surrounds each
muscle bundle. From the perimysium
partitions of loose connective tissue
(endomysium) can be seen to penetrate
into the bundle separating the individual
muscle fibers.

Figure 48. Skeletal muscle. Tongue (ob.
lens ×40, oc. lens ×10). Under higher
magnification, examine some skeletal
muscle fibers in longitudinal section;
striations may show poorly (if at all).
Nuclei are clearly visible at the periphery
of muscle fibers cut in cross-section; in
fibers sectioned lengthwise, they may
appear to occupy any position with
respect to fiber breadth.
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Figure 49. Skeletal muscle (ob. lens
×40, oc. lens ×10). The plasma
membrane of muscle cells, instead of
being called either a plasma membrane or
a plasmalemma, is called a sarcolemma,
the cytoplasm is called sarcoplasm, and
the endoplasmic reticulum, specialized
for the storage of calcium, is called the
sarcoplasmic reticulum. Despite the
different terms, the membranes and
cytoplasm of muscle cells are not
fundamentally different from those of
other cell types.

Figure 50. Cardiac muscle (ob. lens
×40, oc. lens ×10) with cross-striations,
dark intercalated discs, and centrally
located nuclei [5]. Notice too that the
nuclei are stubby in appearance, and that
they lie in a rather granular cytoplasm.
Some of the intercalated discs form a
straight line across muscle fibers; others
make a step-like arrangement.

8. NERVOUS TISSUE
Figure 51. Spinal cord neurocytes (ob.
lens ×40, oc. lens ×10). The largest
nerve cells – motor neurons – are
located in the anterior horns of the gray
matter. From the body of neurons
containing nuclei with large nucleoli,
several processes extend in opposite
directions. Neurons are multipolar. We
see only the initial parts of processes
issuing from the cell body, it is
impossible to trace them at the whole
distance on the section. In the white
matter of spinal cord the processes of
motor neuronsform a dense network.

-120-

World Scientific News 90 (2017) 101-126

Figure 52. Neurofibrils in nerve cells of
spinal cord (ob. lens ×40, oc. lens ×10).
There is a dense net of black threads
(neurofibrils)
without
a
specific
orientation in the body of a neuron. In the
processes they are arranged parallel to
each other and extend along the fiber.
Neurofibrils are the morphological
equivalent of protein molecules of
neyroplasm, they are mobile enough and
under different functional conditions are
expressed differently.

Figure 53. Retinal neurons (ob. lens ×40,
oc. lens ×10) have a distinctive structure –
they consist of the body (the nuclear part,
soma, or perikaryon) and processes (axons
and dendrites). Multipolar neurons have
multiple processes. Perikaryon contains
rounded nucleus with a small number of
heterochromatin and one or two nucleoli.

Figure 54. Tigroid in neurons (ob. lens
×90, oc. lens ×10). The cytoplasm of
neurons is completely filled with small
blue clumps (tigroid, Nissl substance) that
have an irregular shape. There are small
grains inside the clumps which adhere
closely to each other. Tigroid is located
throughout the cytoplasm of the whole
neurocyte and represent the morphological
equivalent of granular endoplasmic
reticulum. Its nucleus is light and has
dark-blue nucleoli.
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Figure 55. Spinal ganglion (ob. lens ×40,
oc. lens ×10) consists of neurons, glial
cells, and connective tissue, forms stroma.
The neurons are mainly located in the
periphery. The central part of the ganglion
comprises nerve fibers. The bodies of the
ganglion neurons have a round shape,
large bright nuclei and granular
cytoplasm. The nuclei of glial-satellite
cells (a type of oligodendroglial) are
visible among.

Figure 56. Myelinated nerve fibers (ob.
lens ×40, oc. lens ×10) contain oneaxon
surrounded by myelin sheath – concentric
superimposed layers of mesaxon (double
the plasma membrane of Schwann cells).
Inits chemical composition myelin has
complex membrane lipids (phospholipids,
cholesterol, glycolipids).

Figure 57. Myelinated nerve fibers (ob.
lens ×90, oc. lens ×10). In the places of
contacts of Schwann cells along the length
of axon the latter does not have a myelin
sheath forming nodes of Ranvier. Zones
between two nodes of Ranvier are called
internode segments.
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Figure 58. No myelinated nerve fibers
(ob. lens ×40, oc. lens ×10) comprise up to
12 axial cylinders surrounded by a chain of
Schwann cells along its length. Axial
cylinders are covered with mesaxons
consisting of the double membrane glial
cells. The number of mesaxons depends on
the number of axons.

Figure 59. Cerebral cortex (ob. lens ×10,
oc. lens ×10). It has such basic structural
elements: neurons, glia, nerve fibers, and
blood vessels. Glial cells – astrocytes –
form the blood-encephalitis barrier.
Location of neurons is clearly limited by
such layers: molecular, external granular,
external pyramidal, internal granular,
internal pyramidal (ganglionic), multiform.

Figure 60. Cerebral cortex (ob. lens ×40,
oc. lens ×10). Neurons of internal
pyramidal layer are typical ganglionic
neurons of rounded shape and Betz cells
with a triangular body. The top of the cell is
oriented to the external part of the cortex,
the basement – to the white matter. The
thick apical dendrite in the apical part of the
cell reaches the molecular layer; lateral
dendrites are rather small.
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Figure 61. Cerebellum (ob. lens ×10,
oc. lens ×10). Cortex and white matter
are distinctly divided. The white matter
contains nerve fibers, the gray – bodies
of neurons and glial cells. The cortex of
cerebellum consists of three layers:
molecular (external), ganglionic and
granular [12].

Figure 62. Cerebellum (ob. lens ×40,
oc. lens ×10). In the cortex ganglionic
layer is formed by Purkinje cells. These
large neurons are basket-shaped and
located alongside [13].

CONCLUSIONS
Teaching specific of histology for biology students is notionally different from medical
approaches. The main accent is generalization of the laws of the living matter organization at
the cell and tissue levels that is why teaching material is given in comparative and
evolutionary way, without details of certain features of histological structures.
According to the principles of the modern standard of biological higher education, the
discipline of "Histology" is an independent training course with lectures, laboratory works as
well as considerable amount of time for self-training of students.
The Annotated Atlas contains original author’s microphotos of histological samples for
the light microscopy analysis, those are necessary for study according to The Educational
Standard of High School in Ukraine. All required histological specimens for obligatory
program are represented and described. Many preparations are represented by images from
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different fields of view and at different magnifications, enabling students to create a more
complete picture of the structure of a particular type of tissue.
The illustrations of the Annotated Histological Atlas gives concise information on the
general principles of the structure of the main types of animal tissues, the development of
tissues in ontogenesis, their regeneration and the proliferative capacity of certain tissue types.
To understand the principles of structure, development, functioning and origin of tissues as
certain units in more complex systems (and at the same time formed from the components of
the lower organization), it is necessary to use comparative histological data. In the Annotated
Atlas, emphasis is placed on the elements of comparative histology of higher and lower
vertebrates (mammals, amphibians), histogenesis of tissue components (formation of
connective tissue from mesenchyme, hemopoietic tissues, osteoblasts formation). Awareness
and generalization of this information helps to understand the evolution of tissues.
Publicated materials can be used for efficient laboratory work and self-study. The
Annotated Atlas is recommended to the students of Biology Faculties, who study Histology at
the Universities.
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