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Micro-techniques and Microscopy

Intended learning outcomes (ILOs) of the micro-technigues and microscopy

By the end of this unit, the student should be able to:
1. Define micro-techniques.

2, Enumerate the steps of preparation of paraffin sections.

3. Explain the aim of each step of preparation of paraffin sections.

4. Compare between the advantages and the disadvantages of the paraffin method, the
celloidin method and the freezing method.

5. Briefly know an idea about the tissue culture technique.

6. Explain the principle of staining with hematoxylin and eosin (H & E).

7. Define vital staining, supra-vital staining, meta-chromatic staining and histo-chemical
staining.

8. Define the measurements and units commonly used in histology.

9. Recognize the different parts of the ordinary light microscope.

10. Define the term resolution power.

11. Differentiate between resolution and magnification of microscopes.

12. Summarize the differences between the light microscope and the transmission electron
microscope (TEM).

13. Explain electron dense and electron lucent terms.
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Micru—techm_n;' ues: Methods of preparation of tissue sections for microscopic

examination and histological study. |
&  Tissues must be cut to obtain thin sections that are suitable for study with the

light and electron microscope. This is done by replacing water present in the tissues
by solid substances as paraffin (for light microscope) or plastic resins (for clectron
microscope) to facilitate tissue sectioning,
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The most commonly used measurements and units |

1.0 Millimeter (mm) 1000 Micrometer (pm)

1.0 Micrometer (um) | 1000 Nanometer {nm) |

1.0 Nanometer (nm) 10 Angstroms (A) |
I
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Methods of preparation of tissue sections for "ghtmi%m h
examination JEP

I. Paraffin technigue ’

1. Tissue sample
_ It is taken by biopsy, surgical excision or postmortem (after death).
 Its size should be not more than | em’,

9

> Fixation of tissues. This must be done immediately.
The most commonly used fixative is 4%Formaldehyde (formalin).

e The aim of fixation

Preserves the fine structure of the tissues.

Prevents autolysis by inhibition of hydrolytic enzymes of lysosomes.
Stop the bactenal effect, so it prevents putrefaction.

Hardens the tissues due to coagulation of proteins.
Increases the affinity of tissues to staining effect (mordant effect).

P a0 s

3. Dehydration
e The tissue sample is placed in ascending grades of alcohol (from 50%, 70%,

9% to 100% alcohol).
e Aim: Gradual removal of water from tissue spaces to be replaced by alcohol.

(Gradual dehydration prevents shrinkage of tissues).

4. Clearing

. '.I'he tissue sample is treated with clearing agents e.g. xylol. As the tissue is
infiltrated with xylol, it becomes transparent (clear).
e Aim: To replace alcohol with xylol which is miscible with paraffin.

uapn
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5. Impregnation
o Xylol-penetrated tissue is placed in melted soft paraffin, in an oven (at 50- 55°C)

e Aim: Melted soft paraffin replaces xylol and infiltrates the tissue.

6. Embedding
o Tissue sample is placed and oriented in m ,
! - elted h 55
then left to cool. ard paraffin (at >
e Aim: to form hard paraffin block,

C) an




7. Sectioning ~Micro-technigues and Microscog,

*  Using mic
B Microtome, 5 1o 8 Hm thin sections are cut

*  Aim: Thin sectio :
ns al ok
8. Mﬂunﬂng allow light transmission and avoid superimposition of cells

*  Sections -
are mounted on glass slides and left 1o dry in incubators at 17%¢

9. Staining

* Staining is usuall done \
ok ok y o In agqueous :-'I'Iﬂdm. Innd wax has to be removed and
aced by water. This is done by passing sections through:
1- Xylol to remove paraffin,
2- Descending grades of alcohol (100%, 90%, 70%. 50%).
3- Water.
* Aim: to distinguish the various tissue components as;
I. Unstained sections having uniform optical density,
2. The various tissue components of the cell have a selective affinity 1o stains,

Advantages and disadvantages of paraffin technigue

Advantages of Disadvantages of |
paraffin techmigue paraffin technique 1

]- It takes short time (few | Not suitable for demonstration of:
1- Lipid (as it is dissolved by solvent

days).
2- Easily stained. e.g. xylol). 1
3. Thin serial sections are | 2- Enzymes in histo-chemical stains |
obtained (as most enzymes are destroyed by |

heat). |

I1. Freezing technique

Mﬂh:’d The tissue is fixed by rapid freezing (using liquid nitrogen or carbon dioxide).
2. Sectioning is carried out by a Cryostat (a freezing microtome).

3- Staining with the required stain.




Micro-techmigues and Microscog,

haptat £ :
Advantages and disadvantages of fregf.ing technigue

Disadvantages of

Advantages of
freezing technigue

freezing techmique
'l—Hapul within few minutes 80,
used to study specimens during
surgical procedures.
2. Suitable for demonstration of lipid
| and enzyme in histo-chemical

1- Thick sections, more than 10 pm
I-Scrinl sections are difficult 1o be

obtained.
4. Not easy to be stained.

staining.

I11. Celloidin technique

% Tissue is infiltrated by celloidin substance instead of paraffin.

sadvantages of Celloidin technique

Advantages and di
Advantages of Disadvantages of - :i
Celloidin technique Celloidin technigue |

1- Takes long time (6-8 weeks), I

1- Used for large pieces of

tissues. 2- Thick sections are obtained. !
2- Better preservation of tissues | 3- No serial sections. |
( no heat is used) 4- Difficult to be cut and stained |

Tissue culture
Tissue culture generally refers to the growth of living cells, which are separated fr

tissue of a multicellular organism outside the body (in vitro). Culturing of cells |
specific growth medium. Tissue culture is an important tool for studying the biolo
ccE1+s, It provides an in vitro model of the tissue in a well defined environment which

easily manipulated and analyzed. Different types of cells and tissues can grow in
They include connective tissue elements such as fibroblasts, skeletal and cardiac n

epithelial tissue (liver, breast, skin, kidney) and many different types of tumor cells

FELETIE
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Uses of cell culture

I- Study?ng cell growth, multiplication and differentiation, as well as in cancer resea
2- Studyfng the effects of new drugs, viruses and radiation on cells i
3- Studying the process of aging. '

4- Studying the effect of nutrition on the cells,

5- Cultivation of viruses for vaccine production (e.g. polio, rabies, chicken pox)
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1 &
Morphology of an indivi
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Cultureq cells are examined using Phase contragg microscopey
1. Staining
* Bind with acidic components of the tissue such a5 nucleic acids
. d
Tissue components that have an affinit i i
_ Y 10 basic stains ¢
nucleus, nbosome, rough endoplasmic reticul :
* Examples of basic

um and matrix of the cartilag

dyes: Hematoxylin, toluidine blue and methylene blye.

2. Acidic stains

Bind with basic components of the tissue.

* Aci ilic structures: Tiss

uc components that have an affinity to acidic stains eg.
cytoplasmic protein, collagen fibers, muscle fibers, mitochondria and secretory
granules,
* Examples of acidic dyes:
“*For routine uses, the combination of hematoxylin and eosin (H&E) is the most
commonly used stain,
* Hematoxylin is of plant origin, it
® Eosin is a synthetic substance.

Eosin and orange G.

stains basophilic structure blue purple color,
It stains the acidophilic structures pink to red- color.

3. Neutral stains

® These are compounds of an acidic dye and basic dye,

® The tissue may show affinity for the acidic dye, the basic dye, and for the whole
compound,

® c¢.g Leishman’s stain can be used to differentiate between blood cells that contain
acidic, basic or neutral granules.

4. hromatic stainin

e Staining of tissue components with a color, different from the color of the original

«dye. This is due to interaction of the dye and tissue component,
o e.g. Staining of mast cells with toluidine blue gives red to purple color.,

5. Histo-chemical staining

izati ' tissue
Special chemical reactions are used for localization of a particular
component.
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eg. Periodic acid Schiff’ reaction (PAS) for demonstration of glycogen
black and Sudan 111 for demonstration of lipsd m frozen sections
6. Vital staining technigue
This means staining of living cells inside the living body
e.g. injection of trypan blue into experimental animals, the dye Fapsd

engulfed by phagocytic cells (macrophages)

7. Supra-vital staining technique
= This means staining of living cells outside the body.
- &g staining of mitochondria in a fresh stale using Janus green B St.umr,g

reticulocytes (immature RBCs ) with brilliant cresyl blue.

MICROSCOPY

L. The light microscope LM
® Itis used to examine stained sections by using natural or electric light as a SOUrce of
illumination.
B Components
— Condenser: collects and focus light that illuminates the object.
~ Objective lens (low power x10, high power x40, oil immersion 100
enlarges and projects the object image into ocular lens.
~ Ocular lens (cye picce x3, x10, x15) further magnifies the image and projec
it onto viewer's retina.

Magnification _power of microscope ‘Q‘-—.-m Baan o oetmnf\
Coraerme

equals magnification power of objective lens x
magnification power of ocular lens,
Magnifying power of LM = 1000 - 1500 times. ocimen

- ABojoysiy ul S3ON 3unjoe

» The magnification is of value only when

accompanied by high resolution, \
Resolution }
The smallest distance between two adjacent i aromcsor e
b.>

(19)sawag 181414) syuapmyg IEdPa Jeay jsui4

particles at which they can be seen as separate
objects,

The resolving power of LM. = 0.2 jm, Ven
The resolving power of the eye = 0.2 mm. Lot microacson Ehwcoun missweeast




¢ further magnifies the image and project it onto fluorescent

® Electron-dense areas of the specimen 4ppear black as they scatter the beam of

* Electron-lucent areas of the specimen appear white as they allow electrons to pass.
So, the resulting image js always black and white.

> Preparation of tissues for electron microscope

I- Tissue sample: not more than Imm’,

2- Fixation: 4% cold glutaraldehyde in buffer (overnight),
osmic acid for | hour.

3- Dehydration: in alcohol.

4- Clearing in propylenc-oxide.

5- Embedding: in Epoxy resin

6- Sectioning: ultra-thin sections (60-80) nm are cut using an ultra-microtome,
equipped with glass or diamond knives.

7- Mounting: on small round copper grids.

8- Staining: Heavy metal salts, e.g. uranyl acetate and lead citrate combine with tis- e
components, rendering some of them more electron-dense than the others.

followed by fixation in 1%

B) Scanning electron microscope (SE o>
It is used to show pseudo-three dimensional views of the surfaces of cells,
L

' and organs. | ki
:SS ':; narrow electron beam is moved (scanned) from point to point across the
L L

surface of the specimen.

!



Chapier | —Micro-techniques and Micrasg g, _
L
Summary
Microtechniques: are methods of preparation of tfissue sections for microscop,,,
examination. It includes paraffin technique, frozen technique and celloidin technique
Paraffin technique is the most commonly used as it takes few days and thin scrial

sections are easily obtained. :
Frozen technique used for urgent diagnosis, lipid demonstration and histo-cher;c,

study.

Of all dyes combination of hematoxylin and eosin is the most commonly used,
Hematoxylin (basic dye) stains acidic tissue components into blue-purple color,
Basophilic structures, as nucleus and ribosomes, have a high affinity to basic dye

~ Eosin (acidic dye) stains basic tissue components pink.
Acidophilic structures have high affinity to acidic dye such as cytoplasmic protein,

and collagen fibers.
Neutral dyes stains acidic, basic and neutral tissue components, as in blood stains.

Metachromasia is a property of certain tissue components to change the color of some
basic stains.

Vital stains: is staining living cells inside the living body.

Supra vital stains: is staining living cells outside the body.

Histo-chemical stains: specific chemical reactions are used for detection of ;

particular tissue component,
There are 2 types of microscopy, light microscope and electron microscope,

Electron microscope includes:
1- Transmission electron microscope (TEM), in which a beam of electrons

passes through the specimen.
2- Scanning electron microscope (SEM), in which a beam of electrons i

moved across the surface of the specimen.
Comparison between Light microscope and Transmission Electron microscope

{ Light microscope (LM) Transmission EM ¥ |
1- Source of -A beam of light from an |- A beam of electrons from
illuminations electric lamp or day light. the cathode
2- Lens - Glass - Electromagnetic e
3- Final image is - Viewer's retina - Fluorescent screen
projected onto
4- Magnification - 1000-1500 times - Up 10120,000 times 3 |
5- Resolving power | - 0.2 um -0.1nm z
6- Thickness of - Thin sections of 5-8um thick | - Ultra thin sections, Jes: ‘han
sections ll.l.'ﬂ'I., 60-80 nm - —
7- Embedding - In paraffin - In epoxy resin B




Chapter |
e Micro-technigues and Microscops

eferences

I- Mescher, A.L, ; ot —
McGraw-Hill l;ueﬁn:fﬁl JUnquEip’s Bsic Mistology: Text and Aths 14 edition
2 BEERRE sad P I:"k- Chicago, London, Madrid, New Delhi, Seoul, Sydney
e awlina, W. {10?5)1 Histology: A Text and Atlas: With Correlated
olecular Biology 7* edition. Lippincott Williams and Wilkins.

Questions
Answer the following questions

What are the advantages and disadvantages of the freezing method?

SE.xplain the terms electron dense and electron lucent.
tate the differences between the light microscope and the transmission EM.

Define meta-chromatic staining, vital staining and supra-vital staining.

M.C.Os: Select the single correct answer

1- Fixation of ue i ntial to:
Remove water from the tissue.
Preserve the fine structure of the tissue.

b.

¢. Replace alcohol by xylol.
d. Keep the cells alive.

¢. Make the tissue transparent.

2- Which of the following is a clearing agent?

£ W =

a. Xylol.
b. Alcohol.
c¢. Formalin.
d. Soft Paraffin.
e. Hard Paraffin.
3- All of the following are basophilic structures EXCEPT:
a. Nucleus.
b. Smooth endoplasmic reticulum.
c. Rough endoplasmic reticulum.
d. Ribosomes.
e. Matrix of the cartilage.
t n tion achieved with a Light microscope?

a. Magnification of the objective lens.

b. Magnification of the ocular lens.

¢. Magnification of the ocular lens added to magnification of the objective lens.
d. Magnification of the ocular lens multiplied by magnification of the objective lens.
e. Magnification of the objective lens divided by magnification of the ocular lens.

9




* Define endocytosis an
® Describe the Structure
* Define proteasome
® Describe the structu

* Compare between t

* List the organelles

involved in protein synthesis in the cells.
* Classify the different cell inclusions,

* Compare between the organelles and the inclusions,
* Integrate the structure-function relationshi
* Correlate between the defective structure of some cell organelles and the occurrence
of some diseases.
2- The Nucleus:
e List the components of the nucleus.

® Describe the structure and correlated functions of the nuclear envelope,
chromatin and nuclear sap.

d exocytosis,

and correlated functions of the membranous organelles.
tructure and function_

re and correlated functions of non.- membranous organelles,
he centrioles, the cilia and the Magella.

p of the different cell organelles.

nucleolus.

® Compare between the extended chromatin (euchromatin) and the condensed
chromatin (heterochromatin).

 List the nuclear changes indicating cell death.
e Define the programmed cell death (Apoptosis).

& The cell is the structural and functional unit of any tissue. Cells are composed of
protoplasm, which consists of nucleus and cytoplasm. | |

& Prokaryotic cell: cell lacking a nuclear envelope e.g. only in bacteria. -
Euka ITtiv:: cell: cell having a true nucleus which is surrounded by a nuclear ¢

% Eukaryo -

ting DNA from the cytoplasm. | | Hos <

'IS:;TmIllzgperfann their different specialized functions during the interphas

* ce

- 11
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Chapter 2 2

The Cytoplasm

» Components of the cytoplasm
I. The eytosol or cytoplasmic matrix.
2. The different kinds of organelles.
3. Inclusions,
4. Cytoskeleton.

1, The. tosol or cytoplasmic matrix
This is the part of cytoplasm between the organelles and inclusions.
It is a colloidal solution composed of soluble proteins, amino acids, carboky,

and enzymes.
Minerals and ions, useful in metabolic reactions, are also present.

2 The different kinds of organelles
Definition: These are minute living structures, permanently presen: i =
cytoplasm and designed to perform specific functions. They are essential for 2
* Classification: Organelles are classified into membranous and HOn-Membrane,,
according to whether they have membranes or not.

a. Membranous organelles
These are surrounded by membranes. They include the following:

1. The cell membrane (plasmalemma).

2. Endosomes and Coated vesicles

3. Mitochondria.

4. Endoplasmic reticulum: rough and smooth.
5. Golgi apparatus.

6. Secretory vesicles.

7. Lysosomes

8. Peroxisomes.

b. Non-membranous organelles
These have no membranes, and include the following organelles:
|.Ribosomes.
2. Microtubules
3. Centrioles
4. Filaments.




Chaprer2

- Cytoplasmic inclusions

These include non-living substances stored in the
permanently present They are classificd as
a. Stored food:

l. Glycogen.
2. Lipids.
b, :
Pigments: There are several types, classified as follows:

1. Exogenous pigments ¢.g. Carotene and carbon particles.
1. Endogenous pigments, formed in the body, and include:
-Hemoglobin.
-Hemosiderin,
-Bilirubin.
-Melanin.
-Lipofuscin (Lipochrome pigments).

4. Cytoskeleton

This is formed of a complex system of interconnected microtubules, intermediate
filaments and microfilaments which supports the cytoplasm, determines the shape
of the cell and it plays an important role in the intracellular transport of organelles.
vesicles and macromolecules.

E?tl#‘l“‘m Th{"r are Pl
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Membranous Organelles

1- The Cell Membrane (plasmalemma or plasma membrane
It is the outer limiting membrane of the cell which is too thin to be distinguished with the
light microscope.

» LM appearance of the cell boundary is due to oblique cut or due to condensation
of stain on the cell coat.

» EM appearance | _
- It has a trilaminar (3-layered) appearance. Its thickness is 8-10 nm. |
It is composed of an outer dark membrane, inner dark membrane and a middle

light layer. Such arrangement is called unit membrane.

- A fuzzy electron-dense layer is seen attached to the outer P
aspect of the cell membrane, representing the cell coat. B

: ) .
- The trilaminar appearance is due to deposition of w

osmium on the hydrophilic aspects of the membrane on ﬁ
i rilaminar ap
cither side of the lipid bilayer. T

13
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» The molecular structure “.f t.EI.l "_I::,n:rhmh sdrate
asically: 4t 4 Soomod of proteins and a lipid bilayer with ¢ ¥ s
- et 1o

structure of the cell membrane

Figure showing

¢Lipid Contents
- The lipid bilayer is mainly formed of phusphulipids and cholesterol molecules.
a. Phospholipid molecules:

—  They are arranged perpendicular
— Each phospholipid molecule is formed of a hydrophilic polar head (has

great affinity for aqueous solution) which is directed towards the surface of
the cell membrane (intracellular or extracellular) and hydrophobic tail (ha

no affinity for aqueous solution) which is directed inwards.

to the cell membrane.

b. Cholesterol molecules:
They are present on both sides of the cell membrane.

Cholesterol molecules have a stabilizing effect, helping to keep |
phospholipid molecules packed together and increase the rigidi of

cell membrane.

eProtein contents
Proteins are a major molecular constituent of the cell membrane (about 50%)

They always change their position and are arranged in 2 different ways:
a. Intrinsic or integral membrane proteins: |
~ These proteins are embedded in the lipid bilayer.
~ Some integral proteins extend across the cell membrane from or !
the other. These are called transmembrane proteins

14




Lhapter 2

. - — — — - —_ r#{ | y 51
Ea : "
& ch molecule has a non-polar hydrophobic region (that serves to anchor

¢ molecule firmly 1o the central core of the cell membrane) and a
hydrophilic region.

polar
Functions:

cell membrane
L 2

L. They constitute ion channels (for
passive transport of certain water- e
soluble molecules into the cells.)

and jon pumps (for active
transport of ions)

They act as receptors controlling
the passage of certain substances
(e.g. hormones) into the cells.

2.

b. Extrinsic or peripheral membrane proteins:

® These are loosely bound to both inner and outer surfaces of the cell
membrane.

¢ They lack the non-polar portion (necessary to attach them firmly to the
central core of the cell membrane).
* Function: they act as cytoskeleton,

#The carbohydrate contents (cell coat or glycocalyx)

- The cell coat is a thin coat of glycoproteins and glycolipids on the outer aspect of the
cell membrane.

- It is formed of oligosaccharides attached to the outer ends of:

a. Most of the outward-facing proteins constituting glycoproteins.
b. Some of the outward-facing lipid molecules forming glycolipids.
- By LM, itis PAS positive.
- By EM, it appears as a fuzzy coat.
Functions
1- It has a key role in cell recognition and cell adhesion.
2- It shares in the formation of the basement membrane.
3- It serves as specific cell receptor.

i}iﬁerences between the outer and inner aspects of the cell membrane
1. The-cell coat is present on the outer surface only.
2. Different lipid components in both layers.
3. Different proteins in both layers.
4, Receptors are present only on the outer surface of cell membrane,
———————————————

15
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Chapier 2
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I. Exchange of substances between the cell and its surrnund?nn by several ways.
Diffusion: This depends on the concentration gradient on either side o the

membrane e.g. ions & gases. e
b. Active transport: This requires encrgy (o take place €.g. amino acids, sy,

and fatty acids. ,
Selective transport: This occurs due to the presence of specific recepor

certain substances on the outer aspect of the cell membrane.

2. Endocytosis : _
® It means the ingestion of certain substances from the surrounding environme,,

into the cytoplasm in a membrane limited vesicle.
* This includes phagocytosis, pinocytosis and receptor mediated endocytosis.
I- Phagocytosis: The cells are able to engulf solid particles (c.g. bacteria) withiy, ,
vesicle forming a phagocytic vesicle or phagosome. This is done by specializeg

cells e.g. neutrophils and monocytes.
2- Pinocytosis: The cell engulfs a small amount of extra-cellular fluid forming

pinocytotic vesicle.
3- Receptor mediated endocytosis (RME): It is the selective uptake of certain
macromolecules (e.g. hormones) by 0) @ e ®

certain cells that have in their cell
membrane specific receptors for
these macromolecules.

In receptor mediated endocytosis,
receptors arc associated with
Ligands extracellularly and with

Clathrin coat intracellularly,

Once the receptors are bound with

appropriate ligands, they pinch off from the
plasma membrane and became coated inside




0y
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I~ Both ligand ™
and
B | foveptor are degraded. e.g.: Growth factor receptor complex
Both higand and recepior are recycled to the cell membrane. ¢.g.: Transferrin receptor

\\!““_
- BB I.{“

Functions of receptor mediated endocytosis:

i~ Nutnitional: a5 ;
tEtl'l'taat'nm,.'tsmr:n.s;.v:4:|ui‘1:t|||::11.1:»&::.1:«:::arfnerta.insubsm.nc::srltznquirl:ndb}.rth:l:mllarsimnand

2- ?mnfhgemlecﬂnmlhcndtulgﬁ_

3- Host defense.

Clinical Application:
tncueﬂf‘l‘ype IT diabetes mellitus, the cell receptors become desensitized to insulin.
3. Exocviesis

It is the extrusion of the contents of a membranous vesicle from the inside of the
cell to the extra-cellular fluid. The membrane of the vesicle fuses with the cell

membrane.

4. Sodium pump
It 1s an active process by which Na is pumped outside the cell whereas K is picked

up into the cytoplasm.
— It forms the basis for depolarization and spread of nerve impulse.
— It s performed by the integral membrane proteins.

5. The functions of the cell coat which serves as a specific cell receptor. It also plays a
key role in cell recognition, cell adhesion and in the formation of basement

membrane.
6 Antigenic specificity

The cell membrane is provided with receptors which can recognize specific
antigens and combine with them,

NB. All membranous organelles are surrounded by membran
same structure of that of the cell membrane. i

— - - |
es which have almost the

17
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2. Endosomes
These are membrane bound vesicles associated with the endocytotic pathw,,
The Endosomes which are located in the cytoplasm near the plasma MeMbry,

are called early endosomes while those which are located deeper in the CYtOplagp,

are called late endosomes.
I- Early Endosomes:
* These are group of vesicles and tubules beneath the plasma membrane forming

network. They have low acidic content (pH 6) which is essential to separay,

the ligands from their receptors.
* If the content of the early endosome needs degradation, it will be transferreq i,

the late endosomes.

2- Late Endosomes:
« They are group of vesicles that lie deeper in the cytoplasm with higher acidi

content, (pH 5.5) They help to prepare their content for destruction by

lysosomes.

Multivesicular Bodies:

These are group of vesicles that transport substances between early and late endosomes.

3. Mitochondria

P Definition
These are membranous organelles. They may be termed power houses of the cell

» LM appearance:
— In the living cells, mitochondria could be seen moving by using ~ phast

contrast microscope.

— The mitochondrial membranes contain a
large number of protein molecules and they
are responsible for much acidophilia of the
cytoplasm.

18



~  Special staining methods e.g. silver stains, and supr.

green B are used to show them outside the body.

— The Cell
avital stains e.g. Janus

They appear ovoid or clongated or filamentous,

Their number varies according to energy requircments of the cell, being very
high in liver cells and much less in | ymphocytes.

—

Within the cell, they lie close to the part of the cell having the highest energy
requirements.

~ Mitochondria change shape constantly and move and grow in-vitro,

Renewal of mitochondria is a continuous process that occurs through fission
division.

» EM appearance
= Itis the largest organoid (1 umin diameter and 5-10 pm in length).

~ Each mitochondrion is bounded by double membranes separated by inter-
membrane space.

— The outer membrane is smooth and fairly permeable to most small molecules.
— The inner membrane is highly selective. It is provided with cristac or folds
which are shelf-like projections of variable number, size and shape. They are
rich in enzymes involved in oxidative phosphorylation and ATP production.
- Cristac may have a tubular appearance e.g. in steroid hormone-secreting cells as
in cells of the adrenal cortex.

— The Matrix fills the interior of the mitochondrion. It is rich in enzvmes involved

in citric acid cycle and oxidation of fatty acids. The matrix also contains electron

dense granules which represent calcium ions accumulation. It also contains
DNA, mRNA, t RNA and ribosomes.

» Functions of mitochondria
1. They are sites of energy production within the cell. Energy is stored as ATP,
which is an energy-rich, compound.

2. Mitochondria play a role in the regulation of calcium metabolism.

3. Mitochondria of the steroid secreting cells contain enzymes involved in steroid
synthesis.

4. Mitochondria can synthesize some of its own proteins because it contains DNA
mRNA, t RNA and ribosomes.

— 19
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NB. - Self renewal of mitochondria ocours by simple division (fission)

“The life span of the mitochondria is 10 days.
» Structure and function relationship
The mitochondria tend to accumulate at pars of the cytoplasm with gy,

energy requirement e.g. basal parts of ion transporting cells.
The cristae increase the surface area of the inner mitochondrial membrane. Ty,,.
are rich in enzymes of oxidative phosphorylation.

~ The total number of mitochondria and the number of cristae in gy
mitochondrion is related to the cell activity. It is higher in cells with high encry,

metabolism e.g. muscle cells.

» Medical application
Deficiencies of mitochondrial enzymes lead to impairment of the functions of many
tissues, mainly the muscle and nervous tissues. This is because of the high energ

requirement of these tissues.

4- The Endoplasmic Reticulum

» Definition
This is a network of interconnected membranous structures.
» It is classified into 2 main Kinds
a. Rough endoplasmic
reticulum (rER)
b. Smooth endoplasmic

reticulum (SER)
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a. The Rough Endoplasmic Reticulum

» The LM appearance:

- e Cedl

= They do not appear distinctly.
= Their places appear as regions of localized basophilia.

= Sites; They are abundant in protein secreting cells e.g., fibroblasts, osteoblasts
and plasma cells.

» EM appearance
~ The rough endoplasmic reticulum (rER) appears as interconnected flattened
membranous sacs (cisternae) parallel to each other.
— Their outer limiting membranes are studded with ribosomes.
— They are also connected with the smooth ER and the outer nuclear membrane.

» Function
- Synthesis of the secretory proteins, cell membrane proteins and lysosomal
enzymes by their attached ribosomes.
- Packing and release of the synthesized proteins to the immature face of Golgs

apparatus as transfer vesicles.
Aming acid mRNA Polypeptide chain
‘g oo
R EM) oo foo

sjuapms (ED|Po JRDA 18114 - ABO|O)SIH Ul S2)ON BJnjaaT)

Figure showing protein synthesis in rER

» Structure and function relationship
1. Ribosomes are attached to the cisternae of the rough endoplasmic reticulum.
2. The polypeptide chain (protein) that is synthesized by ribosomes is delivered to

the lumen of rER.
3. These proteins are transferred o the Golgi apparatus via the transfer vesicles.
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b. The Smooth Endoplasmic Retictt

» LM appearance: Not seen

> EM appearance:
They consist of branching and

. “3
anastomosing tubules. o
S . 8%
— It is continuous with the rER.

~ The limiting membrane is smooth

(no attached ribosomes).

e.g. cells of liver and adrenal cortex.

» Functions:
1. Lipid synthesis: It forms intracellular lipids and cholesterol derivatives

2. Detoxification of drugs e.g. barbiturates.
3. Glycogen synthesis in the liver and muscle.

It is prominent in cells concerned with synthesis of lipids, steroid and g, . 2

4. Regulation of intracellular calcium as in skeletal muscle where reles
calcium from the lumen of sER leads to contraction and re-uptake of calcim

leads to relaxation.

S- Golgi Apparatus

P Definition: It is a membranous organelle,

» LM appearance:
~ Its position and size are variable in different cells
~ It lies between the nucleus and the apical surface of protein secret
cll

cells (&2

vtoplast
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Itis formed of Golgi saccules, transfer vesicles and secretory vesicles
I .Golgi saccules:
~ These represent the main structural unit.
~ They are flattened
membranous vesicles
having saucer like shape.
They are  arranged in
stacks (3-10), one above
the other.
~ The saccules at the top
and bottom are
fenestrated.
— The saccules are rough Endoplasmic Reticulum

interconnected.

~  Each stack has:
a. Cis (immature) face which is convex and associated with rER and

transfer vesicles.
b. Transface (mature) which is concave and associated with secretory

vesicles.

2. Transfer vesicles:
These lie in association with the cis face.
small membranous vesicles filled with protein that is newly

— They are
synthesized by ribosomes attached to rER.

They originate as budding from the cisternac of rfER.

3. The secretory vesicles:
These are large membrane bound vesicles associated with the trans face of

Golgi apparatus.
~  They contain concentrated protein secretion.
e as budding from the saccules at trans face.

— They originat

23
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appearance:
It is i i
18 formed of Golgi saccules, transfer vesicles and secretory vesicles
| . Golgi saccules:
= These represent the main structural unit.
— They are flattened

membranous vesicles Secretory vesicles
>0 @

having saucer like shape.
Mir“re iu’;c"

They are arranged n
stacks (3-10), one above

the other.
-~ The saccules at the top = - P
and bottom are Transfer © ©
vesicles ® g 9
fenestrated.
- The saccules are Q‘:.—"'%: :
rough Endoplasmic Reticulum
interconnected.

— Each stack has:
a. Cis (immature) face which is convex and associated with rER and

transfer vesicles.
b. Transface (mature) which is concave and associated with secretory

vesicles.

2. Transfer vesicles:
These lie in association with the cis face.
ranous vesicles filled with protein that is newly

— They are small memb
synthesized by ribosomes attached to rER.

They originate as budding from the cisternae of rER.

3. The secretory vesicles:
These are large membrane bound vesicles associated with the trans face of

Golgi apparatus.
—  They contain concentrated protein secretion.
g from the saccules at trans face.

They originate as buddin




—— iy

Chapicr 2
They may be extruded outside the cell as secretory products or ey,

lysosomes or cell membrane proteins.

» Functions of Golgi apparatus:
Proteins are ;}'ﬂlht&!lﬂd by nbosomes of rfER then delivered 1o the cis face of ¢

via the transfer vesicle.
1. Modification of the secretory products:

a. Glycosylation of protein molecules i.e. addition of carbohydrate formig,

glycoprotein.

b. Sulphation of secretory protein.
2. Sorting out of segregated proteins: by addition of certain chemical group, |

the protein as they pass from the cis to the trans face. These chemical o
label the different proteins and serve to address them to the appropriate s,

within the cells.

ABo|oisiy ui S9JON ainjoe

Packaging of sorted out proteins. The sccretory products of the cell o

packaged in membranes as:
a. Secretory vesicles (to be discharged out as secretory product).
b. Acid hydrolase enzymes are packaged into lysosomes.
¢. Cell membrane proteins (transferred to the cell membrane).

PMS |edipajy Jeap 1saiy -

It plays a role in membrane recycling in the cell where new membranes ar
added to the cis face and old membranes are removed as the secretory vesicls

at the trans face.

§. It plays a role in prohormone processing and lipoprotein secreti  cg "

liver cells.

NB.
— Golgi apparatus cannot synthesize proteins as it lacks ribosomes

— Proteins are synthesized by ribosomes of rER then delivered to !
of Golgi apparatus via the transfer vesicles.

~ Concentration, modification, sorting out and packing of the protci
functions of Golgi apparatus.

15 face

¢ gre U
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6. Secretory Vesicles

P Definition

These are membrane limited vesicles containing concentrated secretory products of

the cell.

P LM appearance:
They appear as red granules in H & E sections due to coagulation of their protein

content.

> EM appearance:
= These are membrane-bounded vesicles (up to 1.5um in diameter).
— They originate as budding from the trans face of Golgi apparatus.
— Their content is discharged outside the cell by exocytosis when needed.
~ Prosecretory granules (immature secretory vesicles) are larger in size, less
electron-dense with more fluid content than the secretory vesicles.

— Fluid extraction causes concentration of contents giving mature secretory vesicles.

~  Zymogen granules are secretory vesicles containing digestive enzymes.

7. Lyvsosomes

P Definition

These are spherical membranous vesicles containing numerous hydrolytic enzymes.

» LM appearance:
— Lysosomes cannot be distinguished in H & E stained sections.
— They can be demonstrated by histochemical methods jc. acid phosphatase
technique because they are studded with acid hydrolase enzymes.

~ Vanable number in different cells (numerous in macrophages).

» EM appearance:
— Lysosomes are spherical membrane bounded vesicles.

~ They have variable electron dense content.

25
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- Each Lysosome is surrounded by a unique membrane that resists digestioy by

own hydrolytic enzymes
» The lysosomal membrane is characterized by the following.
a) Unusual unique lipid (phospholipids) content that resists the activity of the

hydrolytic enzymes
b) Highly glycosylated membrane proteins. The sugar molecules cover the Entin,

luminal surface of these proteins, thus protect them from digestion by the

hydrolytic enzymes
c) Proton pumps that transport H+ into lysosomal lumen to maintain low, acidic

PH media which is essential for activation of the hydrolytic enzymes.
d) Transport proteins that transport the final products of digestion to the
cytoplasm, where they are utilized by the cell or exocytosed outside the cell

» Formation of the lysosomes:
The hydrolytic enzymes are synthesized by the ribosomes attached to the rER.

~ These enzymes are delivered to the lumen of the rER.

They are then separated from rER as transfer vesicles which will fuse with the
cis face of the Golgi apparatus, where they are modified, sorted and enclosed
within a membrane.

These hydrolytic enzymes will be transferred from Golgi apparatus 1o la
endosomes. The specific proteins of the lysosomal membrane are also
transmitted to the late endosomes.

— The late endosomes then mature into lysosomes,

Three different pathways deliver materials for digestion into the lyso- ¢

1) Extracellular large particles as bacteria, cell debris are engulfed by phag  fosis

phagosome receives hydrolytic enzymes 1o become a late endosome wh =~ MU
into a lysosome.
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<) Extracellular small particles are intermalized by pinocytosis and receptor-

mediated endocytosis. These particles follow the endocytotic pathway through
carly and late endosomes and finally degraded in lysosome.

3) Intracellular particles as old erganelles and unwanted cytoplasmic proteins arc
isolated from cytoplasmic matrix, surrounded by a membrane then transported 1o
the lysosomes where they are degraded. This process is called autophagy.

The digested particles (nutrients) will diffuse through the lysosomal membrane
into the cytosol to be used by the cell.

The undigested particles (debris) are retained within the vacuole, which is now
called the residual body.

e The residual body either remains within the cytoplasm or becomes extruded
outside the cell by exocytosis.

e With advancing age, the residual bodies accumulate in the cells of some

tissues as brown lipefuscin granules e.g. in cardiac muscle and nerve cells.

NB.
— Autophagy is a process by which the cell uses its lysosomes (o get rid of an
old non-functioning organelle or other unwanted cellular structures which

becomes surrounded by a membrane.

— The phagosome is a vesicle containing solid substance taken within the cell
from outside.

syuapmg (2oIPaj Jea 18414 - ABOI0ISIH Ul SIION 24n}0e7

—  The autophagosome is a vesicle containing old non-functioning organelle or
unwanted cellular structures surrounded by a membrane.
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Figure showing delivery of materials for lysosomal digestion

» Functions of lysosomes
1- Intracytoplasmic digestion of micro-organisms or macromolecules ingested by
the cell from the external environment.
2- Degradation of old non-functioning organelles.
3- Transformation of inactive prohormones into active hormones.

“PIIS [BDIpa Jeay, jsu14 - ABojoisiH uj s@joN ainjoe

The cytoplasmic components are protected from the lysosomal enzymes as follows:
I-The enzymes are surrounded by the lysosomal membranc.
2- The lysosomal enzymes are inactive at the pH of the cytosol.

» Medical application
~ Hypoxia leads to release of lysosomal hydrolytic enzymes leadic © !
digestion.
~ Lysosomal enzymes are responsible for autolysis of the body after d. (po*
mortem autolysis).
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Deficiency of Lysosomal enzymes lead to accumulation of undigested substan,

within the cells imterfering with their normal functions ¢ g glycogen storage
disease (characterized by growth abnormalities)
N.B. Proteasomes
* Proteasomes are cytoplasmic protein complexes not surrounded by membranes

e They contain complex enzyme system
that can destroy abnormal proteins }.

without involvement of lysosomes.

* Proteins selected for degradation are W
tagged with molecules of ubiquitin (a
special type of protein). k

e Proteasomes deal with short lived

proteins  while lysosomes degrade

proteins with long half-lives.
e Function:
o Proteasomes are used by cells to

destroy abnormal proteins.

o They also degrade normal short-
lived regulatory proteins that need

to be rapidly inactivated and

degraded such as mitotic cyclins
that regulate cell cycle progression.

e Medical lication:

o Malfunction of proteasomes leads to a

decrease in protein degradation with
subsequent accumulation of defective
proteins in the cytoplasm e.g

Alzheimer’s disease.
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8. Peroxisomes OF microbodies
s rich 1n oxidative enzymes ¢.g. cataly,

— These are membranous organelie

amino acid oxidascs.

They can divide by binary fission.

LLM: visible by histochemical reaction for
the enzyme catalase.

- EM: Vary in size and shape according 1o

cell type.
They are prominent in the kidney and the

liver cells. In humans, they have electron

dense contents.

Functions:

a. They contain enzymes needed for formation of hydrogen peroxide (whic
is utilized to oxidize many potentially toxic metabolites and to kill e
micro-organisms). Hydrogen peroxide is broken down by catalase.

b. They are involved in the metabolism of wvarious potentially toxc
molecules and drugs in liver and kidney e.g. formaldehyde and alcohol

¢. They are involved in lipid metabolism (B oxidation of fatty acids).

» Medical application

Deficiency in peroxisomal enzymes leads to sever impairment of the liver
kidney and nervous tissues. This is due the accumulation of various toxe

molecules and metabolites in such tissues.

30
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Non-membranous organelles
1. Ribosomes
» Definition

= Ribosomes are non-membranous organelles.

~ They are formed of ribonucleoprotein particles (RNA & protein)
~ They are synthesized in the nucleolus and become delivered to the cytoplasm via

the nuclear pores.

» LM appearance:

— They cannot be seen due to their small size.
— However, they are responsible for the basophilia of the cytoplasm.

— Cytoplasmic basophilia may be:
a. Diffuse e.g. malignant cells, embryonic cells and erythroblasts.

b. Localized in a certain part of the cell e.g. basal basophilia in cells of
pancreatic acini.
¢. Spotty, in the form of basophilic patches, as in Nissl granules of nerve

cells.

» EM appearance:

— They appear as electron dense granules (20-30 nm in diameter).

—  Each ribosome is formed of two subunits; a large subunit and a small subunit.

— Types of ribosomes:

a. Free ribosomes:

— Free particles within the

cytoplasm.
A group of ribosomes may be
linked together by a molecule
of mRNA forming a bead -like
structure called polysomes
(polyribosomes).
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b. Attached ribosomes:

These are attached to the

outer

surface of the rER by their large

subumnits.

_ Ribosomes may appear 8l

attached to the outer nuclear

membrane.

> Function:
_ Ribosomes are concerned with protein synthesis.

acid linking to form polypeptide chains 1.€. proteins.
_ The proteins which are synthesized by the free ribosomes will function iy ¢,

nucleus, mitochondria, peroxisomes or are kept inside the cytoplasm to be usy

to build up the cell.
—  The proteins which are synthesized by the ri
packed by the Golgi apparatus into either secretory

They provide sites for am,

bosomes attached to the rER i

proteins, plasma membran:

proteins or lysosomal enzymes.

o rm Golgl apparsius processing b » 9
1 .
Protaing
Protein degradabon hl:ﬁl Protains of ce!

™
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N.B. Protein trafficking

* Proteins are synthesized either on free ribosomes or on ribosomes bound to the

rough endoplasmic reticulum,

* Ribosomes bind to rER when proteins they are synthesizing contain a signal

sequence or a leader sequence. Ribosomes remain free when proteins they are
synthesizing lack this sequence.

* The default pathway for proteins synthesized on bound ribosomes is 10 enter the

lumen of rER, then move to the Golgi complex and then to be secreted from the
cell.

® Proteins destined to function in lysosomes receive a Mannose-6-phosphate tag in
the Golgi.
* Proteins secreted from the cell are released either in a constitutive or in a regulated
manner.
o Example of constitutive secretion is extracellular matrix proteins including
collagen and elastin.

o Example of regulated secretion is insulin which is released from B cells in
the islets of Langerhans in the pancreas only in response to ¢levated levels
of blood glucose.

e Proteins synthesized on free ribosomes will remain in the cytosol unless they
contain a tag to direct them to the nucleus, mitochondria or peroxisomes.
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7. Microtubules

P Definition: They are tubular non-membranous organelles.

» LM appearance:

They do not appear easily in ordinary sections.

They appear by special staining methods &8 fluorescent antitubulin.
— They are present in cilia, centrioles and flagella.

» EM appearance:
1. They appear as slender tubular
structures of variable length (+ end)
but fixed diameter (25 nm).
2. They appear as tiny circles in '
section.
3. The wall of each microtubule
is formed of 13 thread-like

structures called

tubulin dimars

protofilaments.

4. Protofilaments  consist  of
protein subunits  called  (-end)
tubulin,

N.B Assembly of microtubules is initiated in the microtubule-organizing center (MTOC)
at the centrioles. Tubulin is added or removed at one end called the plus end. while
other end which is called the minus end is stabile (no tubulin added or removed). Thet

is a balance between assembly and dissociation of microtubules according to 1 need

the cell.

» Functions:
| They act as cytoskeleton which supports the cell and determines the ce! /¢
2. They facilitate intracellular transport of organelles and macromolecult
3. Formation of mitotic spindle during cell division.

4. Formation of cilia and flagella.

34



Chapter 2
P> Medical application:

R S T — Ihe Cell

Antimiton
itotic drugs ¢.g. colchicine can stop mitosis as they prevent the development

of the mitotic spindle (because they bind to tubulin and prevent its addition at the
plus end).

Uses of antimitotic (Cytotoxic) drugs:
I-In karyotyping.
2- In treatment of cancer.

3. The centrioles

P Definition: Are non-membranous organelles.
» LM appearance:
They appear as 2 dots close to the nucleus with special

stains e.g. iron hematoxylin.

» EM appearance:

_ Close to the nucleus of non-dividing cells, the

two centrioles appear perpendicular to each 8 & & Q

other and they are surrounded by a granular % : &
an

electron dense area. This is referred to as the & 8

o Jea ) 184|4 - ABOJOISIH Ui $9JON 8428

centrosome or the microtubule organizing
center (MTOC).
_ Each centriole appears as a hollow cylinder
(0.2 X 0.5p).
_ The wall of each cylinder consists of 27 longitudinally arranged microtubules
embedded in a fibrous matrix.
_ These microtubules are arranged in the form of 9 bundles, each is formed of

Figure showing structure of

centrioles

three microtubules called triplets.
_  Before mitosis, duplication of the two centrioles occurs at S phase.
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» Functions of centriole:
1. Formation of microtubules by MTOC.

2. Formation of mitotic spindle during cell division.

3. Formation of cilia and flagella.

The Cilia and flagella

A. Cilia
» Definition:

They are motile hair like processes extending from the free surface of certain

e.g. in the respiratory system.

> LM:

They are fine hair -like processes extending from the free surface of ce!

5
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P EM: Each cilium is formed of a basal body, a shafl, and rootlets

n. Basal body

Its structure is identical 1o that of the centniole (formed of 27 micratubmul

arranged as 9 triplets).

The basal body is organized from the centriole and then migrates to the

free border of the cell.

b. Shaft or axoneme
It is formed of 18 microtubules arranged as 9 bundles, 2 tubules cach 1¢9

doublets.
The central part of the shaft contains two more tubules called singlets.

~  The shaft is covered by a membrane.

c. Rootlets
These are minute fibers which anchor the basal body to the cytoplasm.

P Function of the cilia
Cilia beat over the surface of epithelium in one direction thereby pushing fluid or

even small particles by rhythmic movement.

Figure showing structure of cilia
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afts of cilia:
P Differences between centrioles oy th !
: els in Inc cenler.
I In the shafi of cilia there are 9 doublets and 2 sing!

2. Cilia are covered by cell membrane. ﬁ‘_\

B. Flagella

Flagella have the same structure as cilia.
Itis single and longer than cilia.

= It has whip like movement.

— Site: the sperm has a single flagellum

Medical application
Immotile cilia syndrome is due to congenital lack of the dynein arms whic, Provige

energy for movement in cilia and flagella. This is characterized by immotile iy (of g
respiratory system) and flagella (of the sperms), leading to chronic TESpiratory try

infection and male sterility.

4. Filaments

» Definition
These are thread-like non-membranous organelles.

» Types: 3 different types.
1. Microfilaments or thin filaments (actin ﬂlaments)
— They are 6 nm in diameter,
— They are present as a network under the ce membrane of mo:
cortex), in muscle cells and jp cores of microvil;
= Actin filaments are highly dynamic Structures within the cells cept ¥
muscle cells) as they undergo continygys assembly followed by disso. o

5 (usind
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heterogenous

filaments: Their diameter is 10 nm. This

Eroup of filaments 1«
- With vanable functions

and distribution

» Types of intermediate filaments:

) Desmin e.g. in striated and smooth muscle.
b) Keratins €.g.in epithelial cells.

) Neurofilaments C.£. in nerve cells.

d) Vimentin e.g.in fibroblasts and vascular smooth muscles.

€) Glial filaments ¢. £.1n neuroglia cells,

N Nuclear lamina- associated with

the inner membrane of nuclear
envelope,

> Functions:

a) Together with the microtubules they form the cytoskeleton which supports
the cell and serves to keep its shape,

b) They help to ensure equal distribution of the tensile forces throughout the
cells e.g. in smooth muscles and keratinocytes of skin,
¢) They are involved in muscle contraction.

d) They play a role in cell division.

e) They facilitate the intracellular transport of organelles, vesicles and
macromolecules.

Medical application:

Detection of a specific type of intermediate filament in tumor cells can reveal the cell
from which the tumor originates. This information is important for diagnosis and
treatment of the tumor.

39

=
o
=
=
=
=
2
-]
o
3
X
=
o
Q
=]
-<



1]
—-—
=
@
<
1=
(=
®
]
5
x
w
-
e
o
w
s
L]
M
—
o
—F
=g
@
-]
=
=
o
&
1]
=
w
Laal
=
=}
@
=
n
=
=
wn
—
w
:
o
N
=
w
-
—

- - - Illh. I\.-
- W

e smic lnclusions

xtﬂp a
E

> Definition Fal within the cytoplasm which are Cithe, P

nale .
inside the cc" from the outside. ﬂ'lk:‘gl Inglyg,

: i
products of cell metabolism OF taken

A) Stored food

as inclusions.

These are aggregations of non-living !

stored food and pigments.

Only carbohydrates and fats are stored

1. Carbohydrates
and muscle cells as glycogen.

These are stored mainly in the liver cells

» LM appearance:
Irregular unstained spaces in H& E stained sections.
~  They are stained purple with PAS and red with Best's carmine,

» EM appearance:
Glycogen appears in two different forms:
1-Alpha particles: aggregation of clectron dense particles forming rosettes c.¢

the liver cells.
2-Beta particles: discrete single granules ¢.g. in muscle cells.

2. Fats or lipids

Fats are stored in fat cells and in liver cells.

» LM appearance:

Fat appears as empty round spaces with regular sharp edges in H & E sections. The
fat droplets dissolve during preparation. Special stains are used (or thel
demonstration e.g. Sudan II1.

» EM appearance:

They appear as large round droplets which are moderately electron dens 1™
limiting membrane,
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» Classification:

p :
lgments are either CXOgenous or ¢

These are taken into the body from the outside.
> Types:

ndogenous

. Carotene: These are fat soluble orange compounds, When taken in,
carotene colors the body components which contain fat,
b. Dust and carbon particles: Inhaled dust and carbon particles cause dark
to black coloration of the lungs ¢.g. smoker's lung.
€. Minerals: Certain minerals can cause pigmentation of tissues, when taken
. by mouth or through the body surface e.g. lead. Tattoo marks are made of

Inorganic pigments,

2. Endogenous pigments

They are synthesized inside the body.
a. Hemoglobin and its derivatives:
~ This is the most abundant endogenous pigment in the body,
— It is an iron-containing pigment of red blood corpuscles.

b. Melanin:
This is a brown to black pigment that is found in the skin, hairs, eyes and it is

formed by melanocytes.

c¢. Lipofuscin pigment:
— Itis a lipid material of golden brown color.
It is found in the very long-lived cells ¢.g. neurons and cardiac muscle

fibers. |
They represent wear and tear pigments which resist digestion by
¢ in the form of residual bodies.

lysosomal enzymes and accumulat
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Chapter2

_The Nucleus

ade for protein 5}rnthcsis.
< Itis the storage compartment for [NA that code for p

performs the same functions in all cells,

% It carries the genetic information and

I. The interphase nucleus

General features
» gome varations in size, sh.
All nuclei have the same components. However, there are SOme e Ml S12€, shap,

and number in different cells.

- Shape: the nucleus may be rounded, ovoid, elongated, kidney-shaped or segmented.
— Number: most cells have one nucleus {monunucleated], some cells have two nucls;

(binucleated), and others have multiple nuclei (multinucleated).

Components of the nucleus

The nucleus is formed of:
1. Nuclear envelope 2. Nuclear matrix

3. Chromatin 4. Nucleolus

Figure showing components of the nucleus




<l

i

l. The nuclear envelope
The LM appearance:

It appears as g busnphilic line. The ';'-‘*.h s
basophilia is due to: b .

1. The chromatin attached to its inner aspect.
2. The ribosomes attached 1o its outer aspect.

The EM appearance

The nuclear envelope consists  of two
membranes (8nm thick)

separated by a  parrow ; "
perinuclear space (25nm wide). '
Each membranc has a unit
membrane structure.

l. The outer membrane is
continuous with the rER
and 1is covered with
polyribosomes.

2. The inner membrane is
attached to peripheral
chromatin. It is supported
by a network of
intermediate filaments called nuclear lamina,

e The nuclear envelope contains minute circular openings called the nuclear pores (80-

100 nm in diameter).
o The number of these nuclear pores is about 3000-4000.
¢ The inner and outer membranes of the nuclear envelope fuse at the periphery of each

nuclear pore.
The N Pore Complex (NPC |
e It is a short cylindrical channel crossing the nuclear pore from the nucleus nto

the cytoplasm.
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* Function of the nuclear pore complex: |-,
. olecules between the nucleys |
of ions and m and

o It allows exchange

cytoplasm. lons and small molecules pass through the nucles p«..;..l.

passively, but passage of larger molecules requires energy (je acty,
process).
Functions of the nuclear envelope:
I- It segregates the content of the nucleus from the cyt

2- 1t controls the exchange of ions and molecules between the nucleus ang

oplasm.

cytoplasm through the nuclear pore complex €.g. histone protein and ribogqp,

RNA subunits.

2. The Nuclear matrix (nuclear sap)

~Itis a colloidal solution in which the chromatin is suspended.
- 1t is formed of proteins, metabolites, enzymes and minerals.
- It contains fibrillar structure which includes:
a. Nuclear lamina adherent to inner surface of the nuclear envelope.
b. Fibrous network extending from the nuclear lamina into the interior of
the nucleus and it supports the nucleolus.
Functions:
a. It reinforces the nuclear envelope and the NPC.
b. It anchors chromatin fo the inner nuclear membrane.
¢. It provides a medium for chromosomal duplication.
d. It plays a role in gene transcription.
3. Chromatin

It is a complex basophilic material from which chromosomes are comp: 4 duri
cell division.
Chromatin is formed of:

1. DNA.

2. Strongly basic protein, namely histones,

3. Less basic non-histone proteins,

[fl] l:l:

— The DNA molecule, which is several : I ——.
Céntimeters ong, can be COmMp<"

chromosome, which is very mych shorter than the DNA molecule
____—_-—-___‘___—___ . = -
- L
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e Function of the nuclear pore complex:
: cu
5 It allows exchange of ions and mole

lons and small molecules
molecules requires energy (e 4,

les between the nucleys and «
iy

ass through the nucle '
cytoplasm. P €ar pory

passively, but passage of larger
process).
Functions of the nuclear envelope:
I- It segregates the content of the nucleus from the cytoplasm.
2- It controls the exchange of ions and molecules between the nucleus ang e

cytoplasm through the nuclear pore complex €.g.
RNA subunits.

2. The Nuclear matrix (nuclear sap)

1t is a colloidal solution in which the chromatin is suspended.
- Tt is formed of proteins, metabolites, enzymes and minerals.
- It contains fibrillar structure which includes:
a. Nuclear lamina adherent to inner surface of the nuclear envelope.

histone protein and ribosom,

b. Fibrous network extending from the nuclear lamina into the interior o
the nucleus and it supports the nucleolus.
Functions:
a. It reinforces the nuclear envelope and the NPC.
b. 1t anchors chromatin to the inner nuclear membrane.

¢. It provides a medium for chromosomal duplication.
d. It plays a role in gene transcription.
3. Chromatin

It is a complex basophilic material from which chromosomes are comp: 4 4™
cell division.
Chromatin is formed of:

]. DNA.

2. Strongly basic protein, namely histones.

3. Less basic non-histone proteins,

— Proteins provide structural and functiona] organization for the chroma!!™

— The DNA molecule, which is several centimeters ]cmg g 1

o can be compa’®
chromosome, which is very much shorter than the DNA molecule
moilec *

— e

u =




E"& IE[‘. )
Compaction or shgﬂenlng of the DNA

k. Y W | ] L [
sa '. [ad] \ii % ) - L 5

—_— __llrjih; Cell

to 10000-fold reduction in length of a single DNA molecule.

Nucleosome

It is the basi i
basic structural unit of chromatin. It is formed of 4 types of histone
roteins a ! cule
p nd DNA molecule wrapped around the proteins. The nucleosomes are
very dynami is i i
- Synamic structures, this is essential to allow transcription of the genetic

information of DNA

.l H1 histone

Core of histone
ﬁ/ molecules (4 types)

Figure showing mpuntnts of Nucleosome

> LM:
Chromatin is too thin to be visible by the LM but the highly coiled and folded parts

(condensed chromatin) appear as coarse or fine basophilic granules.

P Classification of chromatin
Chromatin is classified into two main types:
1. Extended chromatin (Euchromatin).
-1t is formed of uncoiled chromatin thread.
- It is genetically active i.e.it carries functioning (active) genes.

- LM: cannot be seen
2. Condensed chromatin (Heterochromatin)

- It is the coiled part of the chromatin,
- It is genetically inactive i.e. it carries non-functioning (inactive) genes.

- LM: it appears as basophilic coarse granules.
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atin
» EM appearance of the nuclear chrom Chg

. of the followings:
Under the EM, chromatin appears s 0Nt = lectron-dense —
L od chromati sppears 8s granular CloCHONCENSE Massey
. Condensed chroma : :
distributed in three sites:
a. Peripheral chromatin

(PC): distnibuted on the

inner aspect of the inner
membrane of nuclear &3
envelope.

b. Nucleolus-associated
chromatin (NAC):
forming a shell around
the nucleolus.

¢. Chromatin granules
(CG) or clumps: appear
with LM as islands,

2. Extended chromatin: this is widely dispersed but is not electron dense.
3. Gradation between both kinds.
N.B.

Vesicular (Open face) nucleus dark face open face

A nucleus which appears as a vesicle with an inactive g
apparent nucleolus. It containsg mainly

extended chromatin e.g. the nucleus of the

A deeply stained nucleus with an unapparent nucleolus. It
condensed chromatin ¢.g. nucleys of the lymphocyte

nerve cell.

Conden inactive) nucleus

C .'li.[lls ik

ASS0C]




Chapter 2 _ The Cell
4, The Nucleolus

It 15 a rounded structure very rich in RNA,

» LM appearance:
e It may be seen as one or more round basophilic masses.
¢ The cause of the basophilia is the high content of rRNA.
e Nucleoli are prominent in cells actively synthesizing proteins (c.g. nerve cells)

and in rapidly dividing cells.

» EM appearance:
e [tappears as an irregular mass, not limited by a membrane.
o It shows light and electron densc arcas.

e The light areas are filled with nuclear sap.
» The electron dense areas are formed of:

a. Nucleolar organizer
regions (FC): one or more
pale staining  regions
containing DNA loops
that direct rRNA £
formation ie. the
ribosomal RNA genes.

b. Pars fibrosa (F):
filamentous matenal
surrounding the nucleolar

organizer regions. [t

consists of newly formed

rRNA.
Pars granulosa (G): newly formed rRNA are conjugated with protein to form

ribonucleoprotein. It has granular appearance, and this represents maturing
ribosomal subunits.
N.B. The nucleolus associated chromatin is a small amount of heterochromatin that

associates the nucleolus. It has unknown function.
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» Function of the nucleolus: . e ‘
Itis th f transcription of rRNA which 18 concerned with protein $YNthe,
~[t 15 the site of trans

th .
The ribosomal subunits are exported 10 the cytoplasm through the nuclea Pore

matin and unapparent
N.B. Relatively inactive cells have condensed chrom EPSET: o

: inent nucleol;.
whereas, highly active cells have extended chromatin and prom i

» Nuclear changes indicating cell death
1. Pyknosis: this is shrinkage of nuclear material which appe

2. Karyorrhexis: the nucleus disintegrates into tiny fragments.
3. Karvolysis: the nucleus dissolves and disappears.

ars darkly-stained

Apoptosis
= It is programmed single cell death.
= [t occurs in living tissues to regulate cell renewal & growth.
* The nucleus undergoes pyknosis, karyorrhexis then karyolysis.

» The cytoplasm is fragmented into small vesicles which are rapidly engulfed -

adjacent cells or macrophages.

* Apoptosis occurs in the embryo (for shaping of developing organs) and in -

thymus (to destroy T lymphocytes which can react against self-antigens).

M al a n

Apoptosis is a protective mechanism against cancer as most cells under © 2P

when major changes occur in their DNA.




Cytos I8 | !
Gy ke!emn 15 formed of 4 complex system of interconnected microtubules,
intermediate filaments and microfilaments,

0 ! Vi 3 [
) rﬂl_nelles are minute living structures essential for life, and they perform specific
unctions. They are classified into membranous and non-membranous.

Tihe cell membrane has a trilaminar appearance by EM. It is formed of lipid
bilayer, carbohydrates and proteins,

Mitochondria are membranous organelles, They can be demonstrated with silver and
supravital stains. By EM, cach mitochondrion is bounded by double membranes. The
outer membrane is smooth. The inner membrane is provided with cristae. They are
concerned with energy production.

The Golgi apparatus is a membranous organclle. By silver stain, it appears as dark
brown network. By EM, it is formed of Golgi saccules, transfer vesicles and secretory
vesicles. It is responsible for modification, packaging and sorting out of secretory
proteins.

The endoplasmic reticulum 1s a network of membranous structures. There are two
types: rough endoplasmic reticulum (rER) and smooth endoplasmic reticulum (sER).
By LM, rER imparts for basophilia of the cytoplasm. By EM, its membranes are
studded with ribosomes. Its function is synthesis of the secretory proteins and
lysosomal enzymes (by the attached nbosomes). By EM, sER consists of
anastomosing tubules with no attached ribosomes. It is involved in lipid and glycogen
synthesis, detoxification of drugs and in regulation of intracellular calcium.
Lysosomes are membranous organelles. By LM, they can be demonstrated by
histochemical methods. By EM, lysosomes have variable electron dense content.
Proteasomes arc cytoplasmic protein complexes concerned with degradation of

abnormal proteins. |
The non-membranous organelles include ribosomes, microtubules, centrioles and

filaments. | )
Ribosomes are formed of RNA and protein. With LM, they impart for the basn‘phillu
of the cytoplasm. By EM, they appear as electron dense granules. T‘Fcy may b,c free or
attached to the surface of rER. Ribosomes are concerned with protein synlhusm..

The proteins which are synthesized by free ribosomes will function in t.h':
nucleus, mitochondria, peroxisomes or are kept inside the cytoplasm t::: be use
to build up the cell. The proteins which are synthesized by attached rnhuzt:::
are packed by Golgi apparatus into either secretory proteins, plasma mem

teins or lysosomal enzymes. |
::;mtubules appear by EM as tubular structures, They act as cytoskeleton and

facilitate intracellular transport of organelles.
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Chapierd th special stains €.g. ron hCmEiln\” !

- JM wi i Y
* The centriole could be sec v : ylinder The wall of each eylinder ¢q,,
" W ': P . y Vi
T . ars as a hollo W ylved in the f;
:.h1. 1...1Lh -.;nllrmlu. appcd <o iniet The centriole 18 INVC the I“”“'ul,,
27 microtubules arrangc

e bt o ella.
microtubules, mitotic spindle cilia s 1 ding from the free surface of g
* The cilia are motile hair like processes EKR0eiRg =

nd rootlets. The R
By EM, each cilium is formed of a basal body, 8 s::ji:: sl c{);:itzuLLJ;;
the basal h’ﬂd} is idl‘l‘lﬂical {o lhﬂl Dr the cen . SISls o

o central microtubyl..
microtubules (arranged as 9 doublets Ules, |

Flagella have the same structure as that of the ¢ lles. There are th
* Filaments are thread-like non-membranous Organ® i L Bypey

filaments: microfilaments, thick filaments and intermediate f_ilamentsY The. filame,
are involved in formation of the cytoskeleton, muscle cnntract_mn and cell divisi,

* Cytoplasmic inclusions are non-living substances stored In l.i'lf: cytoplasm. T,
include stored food and pigments. Carbohydrates arc stored mainly in the liver o
and muscle as glycogen.

* Glycogen can be stained with PAS and Best's carmine. By EM, glycogen appear ,
electron dense particles.

* Fats are stored by fat cells and liver cells. By LM, fat can be detected by Sudan [
By EM, fats appear as round moderately electron dense droplets with no lim
membrane.

= Pigments are either exogenous (e.g. dust and minerals) or endogenous (c
hemoglobin, melanin and lipofuscin).

= The nucleus consists of nuclear envelope, nuclear matrix, chromatin and nucleols

* The nuclear envelope consists of two membranes separated by a perinuclear sps
The outer membrane is covered with ribosomes. The inner membrane has ataci
peripheral chromatin. The nuclear envelope is nterrupted by pores.

* The nncleut matrix is a colloidal solution, formed of proteins, metaboi
enzymes and minerals.

TR el e RN, By L
Qs arcus NGSledl s g an irregular mass with ligh: 1d €&

: prominent in cells active] - 5

* The chromatin is a basophilic mater Y synthesizing protein

) surrounding W
ilia,




_The Cell

_L]!Iﬂ;ﬂft'r.?
2. Mescher, A.L.(2016): Junqueira's Basic
Atlas14™edition, McGraw-Hill, New York, Chicago, London, Madrid. New Delhi,

Histology: Text and

Seoul, Sydney.
Ross M.H. and Pawlina, W. (2015):Histology: A Tex! and Atlas: With

Correlated Cell and Molecular Biology 7® edition. Lippincott Williams and

Wilkins.

Answer the following questions

1-Discuss the structure and correlated function of mitochondrna.
2-Compare between rER and sER (LM, EM and functions).

3-Give reason for each of the following:

A. The basophilia of the nucleolus.
B. The trilaminar appearance of the cell membrane by EM.

C. The stored fat appears as empty spaces within the cell By LM.

MCQs: Select the single correct answer
1-The ribosome is characterized by the following:

a- It is surrounded by a membrane

b- It appears acidophilic by LM.

¢- It is formed of RNA and protein.

d- It is formed of DNA and protein.

e- By EM, it is formed of 2 large subunits

2-The lysosomal enzymes are synthesized by:

a. Mature face of the Golgi complex.
b. Smooth endoplasmic reticulum.

¢. Rough endoplasmic reticulum.

d. Immature face of Golgi complex.

e. Free ribosomes.
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pithelial Tissue

Int :

ﬁgﬂlmmmu autcomes (ILOs) of the epithelial tissue:

5 e f-‘nd of this chapter the student should be able to:
~lescribe the general characteristics of the epithelial tissue,

2-List the types of epithelial tissue.
:' DﬂSCf‘l’f}E the structure and correlated functions of each type of epithelial tissue.
-Claanty Glandular epithelium according to the presence or absence of duct systen
cXocrine and endocrine glands,
5-Classify the exocrine glands according to the number of cells, the type of the secret
the branching of the duct System, the shape of the secretory portion and the mod
secretion of glands.

6-Define polarity of epithelial cells,
7-List the specializations of the different epithelial cell surfaces: apical, lateral and ba

8-Describe the structure and function of specializations of the different epithelial

surfaces.
9-Describe the structure and correlated functions of

junctions.
10-  Mention examples of sites of the different types of the cell junctions.

I1- Describe the structure of the junctional complex,
12-  Describe the structure and correlated functions of the taste bud.

13- Realize the effect of chronic irritation on structure of epithelium (

the different types of the

metaplasia).

e The human body is composed of four basic tissues: Epithelial, Connective. Mus:

and Nervous tissues.
e These tissues exist in association with one another forming different organs

systems.
e Main characters of the epithelial tissue:
— Epithelial tissue is composed mainly of cells with little intercellular substances.

~ Epithelium covers surfaces (covering epithelium) or lines cavities.
— The cells lie on a basement membrane which separates the epithelium fron

underlying connective tissues. |
— No blood vessels or lymphatics enter in between the cells (avascular), but nerve
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“hermr 3 : - " - e
fdpierd e . by diffusion of nutnients and oxy,,
Nourishment of epithelial tissue Qs > onnective tissue.
—
the blood vessels present in the nudcr!)fidgnd l‘ﬂ]"lﬂced_
. : / wied a
Epithelial cells are continuously ren€ mesoderm or endoderm,

5 3 A derm,
Epithelial tissue may be derived from ecto

Functions of the epithelial tissue

I. Protection (e.g. skin)
Selective permeability (e.g. endothelium)
Secretion (e.g. glands)
Absorption (e.g. intestinal epithelium)
Detection of sensations (e.g. taste bud)

Classification of Epithelial Tissue
I-Surface epithelium:
A) Simple epithelium:

1) Simple squamous epithelium

2) Simple cuboidal epithelium

3) Simple columnar epithelium

4) Pscudo-stratified columnar epithelium

B) Stratified epithelium:

1) Stratified squamous epithelium

2) Stratified cuboidal epithelium

3) Stratified columnar epithelium

4) Transitional epithelium

I-Glandular epithelium: whose cells have a secretory function.
I11-Neuroepithelium: The cells have a sensory function.
I1V-Myoepithelium: The cells have a contractile function.

I - Surface epithelium

Covers surfaces or lines cavities
Classified according to the number of cell layers into:
A. Simple epithelium: formed of a single layer of epithelial cells.
B. Stratified epithelium: formed of two or more layers of epithelial cells,

A-Simple epithelium:

Single layer of cells lying on a basement memb s
P fdne, Accordi hane ¢ he cells
it is further classified into: ding to the shape < he

1-Simple squamous epithelium:

¢ Formed of one layer of flat cells, Bach cell hag thin Svionl 4 a flat bulgit
Oplasm and a 1ial V5=

nucleus.
- i

:J'r:l'-"uH




o et
e The Epithelial Tisse

*  Sites:

:"“'"g the blood vessels (endothelium).
-INing  the serpys membranes:  pleura,

n ; '
pe .mrdlum and peritoneum (mesothelium L
Lining the lung alveoli.

Functions: | ) Respi i on i R
Piratory function in lung alveoli (Gas exchange)
2) Active transport by pinocytosis (endothelium)
3) It forms a thin and smooth surface in blood vessels.
4) It facilitates movement of the viscera (mesothelium).

2-Simple cuboidal epithelium:

. Fnrmed of a single layer of cubical cells,
resting on a basement membrane.

* Eachcell has a single rounded central nucleus.
* Sites:

~ Lining thyroid follicles. : :

- meg' ducts ot: glands e.g. salivary glands. Simple cuboidal epithaiiom

— Covering anterior surface of the lens of the eye.

— Surface covering of infantile ovary.
- Functions:1) Covering surfaces or lining ducts.

2) Secretion of hormone in thyroid follicles

3-Simple columnar epithelium:

. Formed of a single layer of columnar cells.
“ Each cell has a single, basal oval nucleus.
. Types and sites:
— Unmodified columnar cells: in excretory
ducts of the salivary glands.
— Modified _ columnar _ cells;  (secretory,
absorptive or ciliated):

a. Secretory columnar: Lining
epithelium of the stomach.

b. Absorptive columnar: have apical
microvilli to increase the surface area fo
absorption ¢.g. the lining epithelium of the small intestine.

¢. Ciliated columnar: the free surface is supplied by cilia e.g. uterus,

fallopian tube and bronchioles of lung.

r Simple columnar epithelum
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Chagrterd
Ch

4-Pseudostratified nar epithelivm: 1
ement membrane. Some celt N

e The cells are overcrowded, but they all rest on the bas different level
. = o ¥ slei A ar al diftercnt \evels gy,
appear short and not reaching the surface. The nuclei appe BViny

a false impression of being # stratified type.
i

Pseudo siratified columnar cillaled with
goblet cells (Respiratory epithelium)

e Types and sites:
a. Non-ciliated: Large ducts of salivary glands and male urethra.
b. Ciliated: The surface of the cells is provided by cilia and usually associated wiy

goblet cells e.g. trachea and bronchi.
c. With stereocilia: The surface of the cells is provided by tall immotile cilia called

stereocilia. By E/M: they appear as long microvilli,
Sites: Epididymis in the male genital system.

B-Stratified epithelium

e Formed of more than one layer of cells.
e Types of stratified epithelium:

1- Stratified squamous epithelium:

a. Stratified squamous non-keratinized epithelium;

e It is thick and composed of several layers of cells. The
basal cells are columnar and lie on a basement
membrane. This layer is responsible for regeneration of
the other cell types.

¢ The intermediate cells are polygonal in shape which

gradually flatten to become thin squamous cells at the
surface, i
keratinized epr
{\'[L].l.

. Sittfs: It is found in wet surfaces of all openings leading to the skin such
cavity, tongue, oesophagus, cornea, anal canal and vagina,
* Function: Protection of the underlying tissue.
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o It is similar to the stratified squamous non-keratinized
epithelium, but the flat cells of the top layer are changed
into non-living layer of keratin. Sites: Epidermis of the skin.

e Function: This type is tough, resists friction and is
impermeable to water, i

koratinizad apithaty

2- Stratified cuboidal epithelium:
* The cells in uppermost layer are cubical in shape.
* Sites: Cells lining the ducts of sweat glands of the skin.

3-Stratified columnar epithelium: — |
Stratified cubosda

® The cells in the uppermost layer are columnar cells, epithetium

¢ Types and sites:
a. Non-ciliated: Large ducts of salivary glands, fornix of

conjunctiva, penile part of male urethra.
b. Ciliated: Fetal esophagus.

Stratified columnar
epithelium

4-Transitional epithelium:

¢ It is highly specialized to withstand a great degree of distension.
e Sites: In the urinary system: Pelvis of the kidney, ureters, urinary bladder an

prostatic urethra.

* Function: Distensible property

In empty state, it is formed of 6-8 layers of cells:
-Basal columnar cells resting on a thin basement membrane, middle layer of 3-

polyhedral cells and superficial dome shaped cells, sometimes binucleated and hav
convex upper border called facet cells.

In the stretched state:
o The superficial cells become flattened.

o The cells in the middle layer glide on each other and become arranged in abou
2-3 layers.

Transitional epithelium in Transitional epithelium in
an empty bladder a slretched bladder
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11 - Glandular epllhellum

hamelmn-d by its secretory function

jeave the surface and penctraie

It 15 a special type of epithelium ¢
Cal; 1 .

dands originate from fp:ihclml cells that
underlying connective tissue

I'ypes of glandular epithelium:
retion through ducts, as salivary o

" xocrine glands: the cells deliver their sec Riar
Endocrine gland: the cells deliver their secretion
(ductless glands) as thyroid and pituitary glands.
Mixed glands: these glands contain both exocrine an
Epshainm

R — Basal lamina
P — R L

e o

s tha subjacent
connectiva lssue

directly into the blogy

d endocrine portions as na-

‘ Exocrine glan

Exocrine glands can be classified accordine ¢ -

1-According to the number of cells into: 0-xarlous criteria:
Unicellular: e.g. goblet cells .

Multicellular: e.g. salivary glands

e
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Goblet cely Unicellular glangs

* Sites: 2 pls is f
indiwdl::: Igf-md m. lnrlmcq of one cell only scattereqd
i -,r;] Y in E.h!: epithelial lining of the digestive tract ang

. e '-"'EM'R? w:splratnry tract,

- ;cndurﬂl:'::mpy (L/M): Goblet cell is flask in shape with
S 5¢ and ap Expanded apex due to presence of
Us granules, These granyles 4re not stained by H&E

but staineq p
nucleus g basal P Sophilic and the

* Function: Mucous secretion.
Multicellular glands
Classiﬂ'caﬁon:
__._'-"—-—______-_

s According to the of secretion:

l. Mucous glands: secrete g viscous thick secretion containing mucin,

2. Serous glands: Secrete a watery secretion containing proteins and rich in enzymes

as parotid gland,

3. Mixed glands (Sero-mucous acinus):
Secrete both mucus and serous secretions, It is formed of a mucous acinus,
surrounded partially by a small cap of serous secretory cells, The cap is called a
serous demilune or serous crescent or crescent of Gianuzzi. The secretions of the
serous cells reach the lumen of the mucous acinus through narrow intercellular

canaliculi between the mucous cells, €.g. submandibular salivary gland

Sero-mucous acinus

Serous acinus

ds of special nature: the secretion may be:
e Waxy secretion: ceruminous glands of the external ear,
e Watery secretion of the lacrimal glands.

Fatty secretion of the sebaceous glands.

&0




Lhe Epithel,,, -

Lisipiier 3 : . :
L by
Comparison hﬂhﬂﬂmwd‘wwh 5 i ! |
Serous acinus 2,

Relatively smaller thay,
ACITUS.
Narmow.

Formed of pyramidal cey, ,
have ill-defined cell boyg,y

Mucous acinns la

Sire - Rl:lil““kih Jiﬂrﬂk' mn §17C.

I umen Wid
: i ul'uudalt:cllslhnl

Lining cells : e
R o Formed of ¢ \ndaries.

|
have well-defined bot |
|

Basal basophilia due 1o ¢,

-
m -
g Cvtoplasm | pyle basophilic and vncun!jutcd I Apical acidophilic secreq,,
= (due to its mucus contents granules.
z 1 H - E-ﬂl:h ccl] CnﬂlalnS o SN .! . -
g’ S * Each cell contains a singl¢ . rounded nucleus, near 1:;.; oo
5.
® flattened basal nucleu  center.
= - w ] i T F
: \ atery contaming enzyme
B | Sesee. e Mucus (a viscous thick o y & EnZymes
= secretion) . _—
S
Q us acini) there is a special +
=8 - Inany of the three types (mucous, SETous or sero-muco Special ty, =
n of epithelial cells (Myoepithelial cells) placed between the secretory cells and g
ﬁ' basement membrane. ‘
Myoepithelial cells are more in the mucous and mixed acini than in the serous acip

: :
Myvoepithelial cells:

e It is a special type of epithelium.
e The cell has long branching processes which surround the cells of the secretr

unit like a basket, so it is called basket cells.
It is placed between the secretory cells and their basement membrane.

The cytoplasm contains contractile elements (actin, myosin and intermedia:

filaments) hence called myoepithelial cells.
By contraction, it squeezes the secretion from the secretory unit to the duct.

B. According to branching of their ducts:

Simple (unbranched): have non-branching ducts,
Simple branched: have simple branched ducts
Compound: have branching ducts.

C. According to the shape of the secretory portion:
=~ Tubular: the secretory part is tubular in shape '
Acinar or Alveolar: the secretory part ig .
rounded or flask sha
ped.

Tubulo-alveolar: the secretory part j
as the . -
alveolus. shape of a tubule that termin: s by ¥

NB. These types of secretory units may hay
€ brﬂnched or
non-branched duct sy cm
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Chapter.d TOE R -
D, According to the mode of secretion;

thetr

1. Merocrine (eccrine) glands: The secretory cells release
exocytosis with no loss of the ¢ytoplasm or cell membrane €.¢

2. Apocrine glands: Part of the cytoplasm of the secretory cells is released
with the secretory contents, e.g. lactating mammary glands

3. Holocrine glands: The secretory cell together with its accumulated secr

released into the duct e.g. sebaceous glands of the skin

salivary glancds

|Merucrine ' Apocrine | | Holocrine

Classification of glands according to the mode of secretion

Classification of exocrine glands according to the shape of secretory portion and branching
of their ducts
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111 Neuro€ itheliul:l!
ic adified to recewve ot
® It is a special type of epithelium which 18 m ok
| ‘ nto nerve impuise

special sensations and convert them | el
- Wl cells:
Neuroepithelium has three main types €

1) Sensory cells for receiving stimuli.

2) Supporting cells.
3) Basal cells (act as stem cells).

*  Sites:
Taste buds for taste sensation.

Olfactory mucosa for smell sensation.
Organ of Corti for hearing sensation. IR
Crista Ampullaris, Macula Utriculi and Macula Sacculi for o,

equilibrium.
IV Myoepithelium

It is a special type of epithelium specialized for contraction e.g basket cells

Polarity and specializations of Epithelial Cell Surfaces
- Polarity (structural and functional asymmetry) is a characteristic of epsthelial celis

ABojoysiy w S3I0N ainjoey

TOrC Iy

Each of the different three surfaces show different structures adapted to their fis
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Ihe fpis
pithelial Cells

Ciha are hair like mo
- Each cilium jg COV

the free surfac es of sorme celle
and an axoneme

and is composed of 4 basal body
A.B. Revise structure of cilia in ch

B- Flagella

- Flagella are

apler two.

similar in structyre
- Each cell has only one flagelly

-In mammals, the only cells w
C- Microvilli
~  Microvilli are finger-

to the cilia but they are much longer.
m.

ith flagella are spermatozoa.

: like projections
apical surface of epithelial cells,

- They are coated by the glycocalyx.

Their cores are formed of a bundle of
approximately 30  parallel  actin
microfilaments which run longitudinally
and are connected to the plasma
membrane by myosin filaments.

- Actin microfilaments extend from the tip
of microvilli downwards into the terminal
web which is located in the apical
cytoplasm just below the base of
microvilli.

The terminal web is formed of a complex
of actin  microfilaments,  spectrin
molecules and intermediate filaments.
Sites: Microvilli are present in the apical
surface of: ) ;
1. The absorptive columnar cells lining the small intestine.

2. The absorptive cuboidal epithelial cells lining the proximal tubules of the kidney

Function: They increase the surface area for absorption.

Stereocilia (immotile cilia)

ili icrovilli,
e Steriocilia are not cilia but they are long microvill

e They are present
reproductive tract.

Function: They increase the surface area for fluid absorption
» H

= 63

roetlets

of the plasma membrane extending from the

in the lining of the epididymis and vas deferens of the male
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e o, W
rface of E ithelial Cells R

: = westion (How the cells g
Lateral surfaces specializations answer the qt il B i

linked together?) ls includ |
— ol cells include; -

Specializations of the lateral surfices of upl!ll{.lml cells | :

& Lateral interdigitations: : they are finger-like PR SRS Sat nterioc “

cpithelial cells together.

b. Cell junctions

| If the junction extends around the entire cell circumference it is called Zony,
2. If the junction forms a strip-shaped or band- shaped it is called Fascig,
3. If the junction forms a small circular or spot like it is called Macula,

[

ngesofce“iuncﬂons




= The Epithelial 1isiue

.,, J- _l_- > m.iu 1-. ,..:._'r’.

e The term occludens refers to membrane fusion that closes off the

intercellular space.

o The cell membranes of the adjoining cells come very close to each
other and their outer layers fuse together giving the pentalaminar |
appearance by EM (3electron dense and 2 electron light).

Types of occludens junction
A. Zonula occludens or continuous tight junction

~ The junction encircles the entire circumference of the cell like a
belt.
~ Itis present in the intestinal columnar cells near the apex forming good seal.
~ It is also found between the endothelial cells of blood capillaries in brain tissue.

» Function:

1) It prevents passage of toxic and harmful materials to brain tissue
2) It prevents passage of molecules and ions through the space between intestinal

cells.
B. Fascia occludens:
~ The junction between the adjacent cells is strip-shaped.
- It is found between endothelial cells of blood capillaries except in brain

capillaries.

- Lateral borders of adjacent cells are connected together by a strong adhesion or bn-d'.-

Types of adhering junctions:
A.Zonula adherens (Belt desmosomes)

— It surrounds the entire circumference of the cell.

— The two adjacent cell membranes are separated
by intercellular space of 15-20 nm.  Admcent plasma membranes

— The intercellular space is filled with filamentous Exirmooluter
material formed of glycoprotein (cell coat
material) which is believed to be the binding
force between the cells.

~ The opposing cell membranes are reinforced on
the cytoplasmic surface by a dense plaque to which numerous actin filaments are
inserted.

= The zonula adherens present just beneath the zonula occludens and encircles the
cell e.g. columnar cells lining the small intestine.

Functions:
¢ It prevents separation of cells.

Actini fila ma s
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B. Fascia adherens

It 1s simular 1o the zonula adherens, but le fib
: ! St ¢ fibers.
It is found in the intercalated discs of cardiac musc

it is ribbon like.

C. Macula adherens (desmosomes) " - o
It appears as a circular or a spoi-like junction. Lot ) —
. » - ﬂ nm. L] ) ““"'

The adjacent cells are separated by a space of 15-3 N

The intercellular space is occupied by an electron Jucent

filamentous material with a thin vertical electron dense
line located in the middle. This filamentous material is
the transmembrane linker proteins that extend across the
intercellular space.
The wvertical electron dense line represents
interconnections between the filamentous materials.
On the cytoplasmic surface of each cell, an electron
dense plaque is present.
Keratin intermediate filaments (tonofilaments) loop -
into and out of the dense plaque from the cytoplasm. — .
Site: Prickle cell layer in the epidermis of the skin. e

Function: firm adhesion between cells because it joins the intermediate filaments
the plasma membrane at regions of cell to cell adhesion.

e
g,
Y

This narrow gap is crossed by multiple tiny channels
(called connexons).

The wall of cach channel is lined by 6 closely packed — e
transmembrane protein.

These channels allow the passage of ions, small molecules
including amino acids, sugars and steroids from one cell to
another. T 4
Sites: Cardiac muscle fibers, nerve cells, bone cells and
smooth muscle fibers,
Function: '

= Making the cells to act together ip coordina |®
d
manner. Ed

-

* They transmit impulses at certain Synapses

Junctional complex

- Junctional complex binds some cell
s cl )
epithelial cells. 0s€ to their

- It is formed of three junctions:

i eSS

luminal surface e.g niest
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e — T —The Epigh dlad T

l.

1 e A NTHon: pregent close w the luminal surface of the cell
3 Maci dht..rl:m Junction: jug below the zonula oocludens
=+ Macula a i ‘

N.B. Ga o t.frum. or dusmmmnca:p:sl below the PFEVIOUS two jJunctions
* VAP junction jg not a pan of junctiong| complex,

§D_E_clalizatinns of the Basal Surface of Epithelial Cells
A- Basal laming

* Most of ial cells
the cpltl?clmi cells are separated from the connective tissue by an
extracellular Matenal called basal lamina.

* Itisonly seen by electron microscopy. It is 20-100 nm thick,

. lt-ls not found only in epithelial tissue, but also where cell types come into contact
with connective tiggye such as myscle fibers, fat cells and Schwann cells of the
nervous tissye.

N.B. Basement membrane structure will be discussed later in connective tissue chapter

B- Hemidesmosomes

* They resemble one-half of a desmosome.

* They are formed of a dense plaque in the basal
cytoplasm which is linked to the underlying
basal lamina by a transmembrane protein
(integrin). Tonofilaments are attached to the
dense plaque.

* Site and function: This type of junction binds
the epithelial cells to the underlying basement

membrane,

C- Basal plasma membrane infoldings
* The basal plasma membrane of some cells has multiple infoldings. These

infoldings are associated with mitochondria.

Integrns
(ransmemrane
Focapion proteins)

® They increase the surface area.
¢ They are common in ion transporting cells e.g. distal convoluted tubul

kidney.

es of the

Medical application: P
* Under certain abnormal conditions (chronic irritation), one type of epithelial tissue

may undergo transformation into another type. This is called Metaplasia. _
In heavy smokers, the ciliated pseudostratified columnar epithelium lining the

bronchi is changed to stratified squamous.
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Summs3 ' imal intercellular subg,. s

*  Epithelial tissue is formed mainly of cells Wl“hl I:"-?llll'l:l and ITI','rl'rcl."'H}:::i;Iu::

* It is classified into surface, glandular, gt TL tified ;

* Surface epithelium is classified info ﬁimr_jl':,m-‘;lu:ln:_q_ﬂum.nar and pscudogtr,. i

» Simple epithelin include squamous, cUbOIGER 3 :
columnar : 1 :

* Stratified epithelia include stratified squamous keratinized and n“n"‘”""'"“'a.
transitional, stratified cuboidal and columnar. i - :

* Glandular epithelium is formed from invuglnatfun of EPﬂ.'Ih.‘hllI'ﬂ into
underlying connective tissue. They are classified into exocrine, endocrine . 1=
mixed glands ,

» Exocrine glands can be classified according 10: Number of cells, mog,
sccretion, type of secretion, shape of their secretory portion and the hmﬂl.‘hmt-
the excretory ducts.

 Neuroepithelium is a special type modified 10 receive stimuli of some spe,
sensations and convert them to electrical impulses e.g. taste buds.

e Myoepithelium surrounds the cells of the secretory units. 2

e Specializations of the apical epithelial cell surfaces include: cilia, flagells »,
microvilli,

* Specializations of the lateral cell surfaces include: lateral interdigitations and
junctions,

e Specializations of the basal cell surfaces include: basal lamina, hemidesmoson:
and basal infoldings.

* There are 3 types of cell junctions; tight (occluding), adhering and gap junctions

e Functions of epithelial tissue include: protection, secretion, sensation @
absorplion.

References

I. Gartner L.P. & Hiatt J.L. (2014): Color Textbook of Histology, 6" editx

2.

W.B. Saunders, Philadelphia, London, New York, Sydney, Toronto,

Mescher, A.L. (2016): Junqueira's  Bagic Histology: Text | Al
I4"edition.McGraw-Hill, New York, Chicago, London. Madrid N ¢ Deb
Seoul, Sydney. =T

Ross MLH. and Pawlina, W {10]5):Hismlug}-; AP o Wi

Correlated Cell and Molecular Bigl th adis N :
Wilkins. ogy 7 edition. Lippincott W

TS ]



b. The celjs lie on g basemeny membrane
¢ It never FCgcnerates,

d Itis Penetrated by blood vessels,

€. The cells are widely Separated.

2- Which of the fullowing Structures js lined by transitiona] epithelium?
a. Epidermis of the skin

b. Smaljj intestine

€. Tongue
d. Ureter
€. Trachea
3- Tonofilaments are attached to the dense plaque in:
4. Belt desmosomes
b. Desmosomes

€. Zonula occludens
d. Fascia occludens
e. Fascia adherens
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of mast cells and immediate hypcncnﬁitwily

5 o : -

- Cﬂmplre between unilocular and multilocular fat cells as regards structure and
function,

6- Correln_le between the Structure, staining abilities and function of different
connective tissue fibers.

7- Describe steps of intracellular and extracellular collagen fibers formation

8- Define the main extracellular matrix (ECM) components and their functions.

9- Describe structure and functions of basement membrane
10- Correlate between Structures, sites and functions of different types of connective

lissue.

functions.
12- Recognize the effect of vitamin C deficiency on collagen synthesis

General characters of the connective tissu_le:
* Connective tissue is mesodermal in origin.

* It connects, binds and supports other tissues and organs.

It is formed of cells separated by a good amount of extracellular matrix (ECM)
which is formed of fibers and ground substances.

It is penetrated by blood vessels, lymphatics and nerves.

ive tissue: ren
%ﬂpm loose (arcolar) and dense (regular and irregular)
I. Connec

tive tissues. : e
Cﬂ""f—“‘:"m connective tissue: elastic connective tissue, reticular conne
2. Specia

tissue, adipose connective tissue, cartilage, bone and blood.

It is separated from other tissues by a basement membrane.
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Chapter 4 :
mMucous '[““ oy

3. Emb jve tissue: Mesenchymal and coid) -

- Embryonic connective tissue: h

lissues,

Functions of ¢
B o 5 d organs
1- It provides form and support to the body and OTg

: salle Cr.
2- It connects other tissues and cells togeth

3- Itaids in defense and protection ke producis
: . e W
- Itis a medium for exchange of nutrients an

4 3 =
: : for cushioning and
5= In certain sites as in adipose tissue, it stores fat

thermoregulation

Connective tissue structure

The components of the connective tissue are:

I- Connective tissue cells.
II- Extracellular matrix formed of*
A- Fibers

I-Connective tissue cells

1~ Undifferentiated mesenchymal cells (UMCs)
2- Pericytes

3- Fibroblasts

4- Reticular cells

3- Macrophages

6- Mast cells

7- Plasma cells

8- Fat cells (adipocytes)

9- Pigment cells

10-Extravasated leucocytes,

Cells of the connective tissue are classified accordin 1o their shape into:

B- Ground substance

1 |
3ragched cells Q_VQLMEM-
Peﬂcm Mast cel
Fibroblast Plasma cejj
' Fat ce]|
Reticular cell
i Extravasatcd leucoc

Macrophage
Pigment cell

e



The Conmestive T
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Site: Embryonic mesenchymal tissue
L
o Shape: branched with long cytoplasmic processes.
« Cytoplasm: basophilic.
* Nucleus: large, oval with prominent nucleolus.

EM:

* Ribosomes, rER, small Golgi and few mitochondna,

Function:
1- Can differentiate to other connective tissue cells
2- Can produce all types of connective tissue proper and the specialized connective
tissue: cartilage, bone and blood
3- Can develop into other structures: smooth muscle fibers and endothelial cells

Pericytes
Origin: UMCs
Sites: Pericytes partially surround the endothelium of the blood capillaries and smal
venules. They usually liec between the endothelial cells
and their basement membrane.

L/M:
o Shape: branched cells with long cytoplasmic

processes.
« Cytoplasm: basophilic.

e Nucleus: large vesicular.
E/M: The cytoplasm contains ribosomes, rER, a small Golgi, mitochondria, myosin an

Captary

actin.
Functions:

» After tissue injuries, pericytes proliferate and differentiate to form smooth
muscles, fibroblasts and endothelial cells in new vessels.

* Contractile function to facilitate flow of blood in blood capillaries.

Fibroblasts

Origin: UMCs, pericytes.

Sites: most common cell in the C.T.
Types:

1. Active fibroblasts.

2. Inactive fibroblasts (fibrocytes)
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I. Active fibroblasts:
-
Ll-&ln- SSCS
- 'I‘.‘l:' Lt g L
* Shape: branching cells with multiple Pt
* Cytoplasm: deeply basophilic leolus B/
_ nt pucleoils. -
* Nucleus: central oval, with promine Fu
L b : in secretory cells: abundant rER
ters of protein :

* The cytoplasm shows charac i
o ; 3 . . ra
a prominent Golgi complex and mitochon

Functions; Or

» Synthesis of connective tissue fibers.

Si
» Synthesis of ground  matrix
(glycosaminoglycans and
glycoproteins).
» Growth of connective tissue
» Healing and repair of injured connective tissue
L

2. Fibrocvtes:
1L/M:

» Shape: small spindle shaped cells with less cytoplasmic processes.
e Cytoplasm: pale basophilic.
e Nucleus: small clongated and deeply stained nucleus.

E/M: Fewer organelles.

Function:

» Change to active fibroblast in time of need ¢.g. wound healing.

N.B. In adults, fibroblasts undergo cell division only when there is need for additos
fibroblasts as during wound healing.

Myofibroblasts

- They are an activated form of fibroblasts associated w
- They have actin and myosin, so they have well e
- They help in wound contraction

Reticular Cells

ith repair
eloped contractile functi:

Origin: UMCs,
Site: hematopoietic and lymphoid tissyes.

LL/M:

e Shape: small branched cells.

me ikl




Chapter 4 Ihe Connective Tissue

« Cytoplasm: basophilic.
e Nucleus: central rounded and vesicular,

E/M: The cytoplasm contains ribosomes, rER. Golgi and mitochondria.
Functions:

» Formation of reticular fibers.

» Phagocytosis of cellular debris.

Macrophages
Origin: blood monocytes.

Sites and types of macrophages:

* Macrophages (Histiocytes) in connective tissue.
* Kupffer cells in the liver.

= Dust cells in the lung,

* Langerhans cells in the skin.

* Macrophages of the spleen and lymph node.

* Microglia in CNS.

e Shape: large cells with irregular outlines.

 Cytoplasm: pale basophilic.

¢ Nucleus: single eccentric and kidney shaped.

o Vital stain: Macrophages can be stained by wvital staining method. Trypan blue
dye is injected in the subcutaneous tissue of a living animal. When the tissue is
examined by light microscope, the engulfed (phagocytosed) particles of the dye

are seen in the cytoplasm of macrophages.

o Histochemical stain: Macrophages can be stained by histochemical stain for acid

phosphatase enzyme.

They have irregular surface with protrusions and indentations.
The cytoplasm contains lysosomes, phagocytic vacuoles, Golgi complex,
mitochondria, rER, microtubules and microfilaments.

‘unctions:
> Phagocytosis: they phagocytose foreign particles, bacteria and microorganisms.

They also phagocytose dead cells and tissue debris. So, they play an important
role in early stage of repair after tissue damage.
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A

ake, processing and
o - fu ll.lhl. F I
r"“"““"\: acl as antigen presenling ¢t s (uf

antigens for lymphocytes)

. far
o VTS
= Necretion of  wvanous  enzyme

extracellular matrix breakdown
;g fuse 1o
Macrophages may increase in size and

smove large
form multinucleated giant to remove larg
particulate matter,

Piement Cells
Origin: UMCs.

Site: Iris of the eye, dermis of the skin.
L/M:
* Shape: small branched cells.
* Cytoplasm: full of brown melanin granules.

* Nucleus: small deeply stained rounded
nucleus,
Functions:

»~ Protect the tissues from the harmful effects of ultraviolet rays.
Pigment cells do not need special stains because they have their own colors.

Mast Cells

Origin: Progenitor cells in the bone marrow. The progenitor cells circulate in b
cross the wall of venules and capillaries to reach the connective tissue.

Types and sites:

-Perivascular mast cells are found in skin and mesenteries
-Mucosal mast cells in the mucosa lining the digestive and

respiratory tracts
The granule scontent of the two Populations djffers .

4 ' =
somewhat N -
L/M: Biood

e Shape: oval or rounded cells.
* Cytoplasm: basophilic and contains basophilic

o 00/
.
granules. . .

* Nucleus: central, spherical and may be masked by the granules.

* Mast cells granules are mctachromatically Stained by toluidine blue
E/M: |

® The cytoplasm contains Golgi compex rE - - e
granules. » TER, Mmitochondria, men

* Folded surface that containg specific receptors for IgE
gE.
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F encDons:

~ Synibess, storage and secretion of
Py f
i T - o
actor (ECF-A), neutrophil chemotactic factor (NCF) and prostaglandins

ol oo ] e T . X ,

»~ Felesse .:-. these chemical mediators stored in mast cells leads to FEiC reaction
Immediate hs rsensitivity reactio
{ Immediate because 1t occurs within a few minutes)
ence of evenss in allerpic reaction:

» ﬂ’iﬂm'mﬂm results in activation of B lymphocytes. The

sctivated B lymphocytes differentiate into plasma cells. The plasma cell
secrete Ig E which binds to mast cells receptors,

" Second exposure to the same antigen: The antigen binds to IgE on the

surface of mast cells which results in degranulation of mast cells and
reicase of vanous mediators which promotes the allergic reaction

| Mﬂmnmﬂnn—mmlew
r“’-ﬂ-—-ﬁ_ ilsm
1'\1'

N s
Plasma Cells

Origin: activated B-lymphocytes.
Site: in connective tissue

heparin, histamine, eosinaphil chemotact

L/M:
e Shape: oval or rounded cells.
¢ Cytoplasm: deeply basophilic and contains negative Golgi image (unstained area

in the cytoplasm indicating the site of Golgi complex).
Nucleus: single rounded and eccentric. It contains clumps of heterochromatin

. | -
which is distributed peripherally giving it the characteristic cart wheel or clock

face appearance.

E/M: | |
e The cytoplasm shows characters of protein secretory cells: rich in rER, well
developed Golgi and mitochondria.
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Thev may represent th

cumulation of secretion 1N

the rER

synthesis and secreli

The antigens stimulate B lymphocytes

(secrete immunoglobulins).

Origin

Types:
A)
B)

Sites: Su

L/M:

_—
L

grm‘lulf'-‘

at plasma cell 15 B

Function:
Tunciion: ] : obul
on of antibodics [lmrﬂunﬂg'

ping o

ins).

plas mablasls

Fat Cells (adipose cells)

: UMCs.

Unilocular
Multilocular

Shape: large ovoid cells.

Cytoplasm: contains a large single fat droplet, pushing the cytoplasm and nucle:

against the cell membrane.
Nucleus: eccentric and flat.

A- Unilocular adipose cells

beutaneous tissue, around blood vessels, around kidney and in the peritoneum

characteristic signet ring appearance,

Fats can be stained by:
Sudan I1]
Sudan black

T *orange
——— black

degenerate or they may .
' EM

e — Izil_;. ';,_-'.- Fing Ii ‘

- | ¥ S—T
are seen in the cytoplasm cajjy

—"'——'——‘pifhnl_;

In H&E stained sections, fat is dissolved during preparation and fat cells an

empty with thin rim of cytoplasm and peripheral flat nucleus giving the cells

Site
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Chapter 4 S I
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E/M:

The Cytoplasm ¢ n i c
] Contains sER. mitochond; !
o . hondria, small Golgi, few rER and

Adipocytes are
. POCytes are surrounded by a thin external lamina containing type IV collager
Functions; :

# Synthesis and Storage of fat.
* Heat insulation.

» Supporting function €.2. fat cells around the kidney.

B- Multilocular adipose cells

- Innew bom, multiloe
and shoulders)

They are reduced during childhood and adolescence

In adults few and scattered multilocular adipose cells are present around kidney,
adrenal glands, aorta and mediastinum,

ular adipose cells from 2-5% of body weight (back, neck

Shape: smaller and more polygonal than unilocular adipose cells. ioculi
Cytoplasm: contains small fat droplets. adipose cell
Nucleus: spherical.

cytochrome oxidase enzyme.
» Few rER, ribosomes and sER.
Function;
» Heat generation.

Extravasated Leucocytes

Leucocytes (neutrophils, eosinophils, lymphocytes, basophils and monocytes) leave the
blood stream to enter the connective tissue to perform specific functions.
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ll-ExtraceIlular matrix

Ladprer

A- Connective tissue fibers

m -« formed of proteins.
Fibers are elongated structures formed of p
tissue fibers:

T - s of tive
Fhere are three main types of connect

I. Collagen fibers.
2, Elastic fibers,

3. Reticular fibers.

' n.
Collagen and reticular fibers are formed of protein collage

Elastic fibers are composed mainly of protein elastin.

0 Collagen fibers are tough and provide tensile strength.

0 Elastic fibers allow for stretch,

0 Reticular fibers make networks,

1-Collagen fibers

Collagen fibers in fresh state arc white in color,
They are not stretchable, but the wavy bundles can be straightened.

Collagen fibers are synthesized by:
* Fibroblasts.

* Chondroblasts in cartilage.
* Osteoblasts in bone.
* Odontoblasts in teeth.

* Each protein polypeptide molecule js composed of 4 chain of three amino &

% Each three protein polypeptide chains are wound together in the f b
orm o' 1 trpie

I. Intracellular events

1) Messenger RNA s synthesized fro
M a template of DNA ; -
A in fibroblast nuc -us

“_




Chapter 4.

e — ; Lhe Connective Tlssuy

2) mRNA molecules enter  the

cytoplasm | ac

nbosomes of RER i A rE—
3) R‘:‘m‘“mﬂ “"-clﬂhliftlc the nucleotide sequence of MRNA into

::0 ypeptide g chains [pn:-prm:ullugcn}

y i ) . T

4) Pre P""-"‘C“u“-gfm Q chains with propeptides at both ends are ._'-

trans-located into cisternae of RER,
5) Hydroxylation of some prolines and lysines in RER that ) |0 v

requires Oa, Fe? * and vitamin C as cofactors,

6) Glycosylation of selected hydroxylysin
7) Three alpha chains form a triple helix to form procollagen
8) Transport of procollagen to Golgi saccules by transfer -
vesicles
9) Packaging of procollagen in secretory vesicles.
10)Release procollagen by exocytosis
Il.  Extracellular events

oz

-\.._

- Procollagen peptidases remove the terminal propeptides

- Procollagen collagen molecules
(tropocollagen)
- Collagen molecules ) collagen fibrils

- Collagen fibrils ) collagen fibers pu—mm) bundles

Osaursin ERhamen Osmws s wwsration o cetl ]
I || |l || |l
) ® ® .
e 1) P l  Auaminy %
j ‘L -

Medical application

Scurvy (vitamin C deficiency)

Reduced hydroxylation step in RER due to vitamin C deficiency.
-Loose teeth

- Poor bone development

-Bleeding gums

-Poor wound healing

81




._.f_h{..ﬁ_n.-'_fmu,__ﬂ bg
Ll"lL{,{fIL'; i " _—______)—-—__.___—-_——-— |
Ili.\'tu!uglcal appearance:

1./M

ing fibers that
Collagen fibers appear as thick, non-branching

: nch, but
fun in wavy, branching bundles (Fibers do not W
the bundles branch, .
. ned b

They are moderately acidophilic, so they can be stained by

cosin, X
~They appear blue by Mallory stain and green by

stain,

E/M:

i::-ii-*t;'l_ﬁl:-ril shows a characteristic axial periodicity which
reflects the staggering of tropocollagen molecules 1.e.
tropocollagen molecules are arranged in parallel rows
with overlap of one quarter the length of the molecules
leaving a short gap between them.

Types of collagen

* According to amino acids sequences, there are at

least 20 types of collagen fibers:
Evhjur types Site j T
Typel Tendons, ligaments, bones, dermis of the skin,
dentin
Typell Cartilage matrix
Type 111 Reticular fibers

(present in network that suppors
the organs e.g. spleen)

Type IV Basal laming

e - ol vescls ndplacenta
Function of collagen fibers
-Collagen fibers are the key element of al] - _
basement membranes and the external |mmm :s e::];eﬁ:pn al
-All types of collagen fibers are extreme ) 3 -
forces. 1}" smg and resistany o shca[ing an: (carit

e S



he Connective Jizue

2-Reticular fibers
* They are formed of type Il collagen,

- Th -
€y are synthesized by fibroblasts, reticular cells and smooth muscle cells.

* They are formed of a central core of type III collagen which is surrounded by
glycoprotein. ¥

* ByL/M:
- Reticular fibers form branching and anastomosing
networks,

- They can be stained by silver and PAS,
- They show axial periodicity because they are a type

of collagen.

* Function
They form the supportive networks of parenchymatous organs e.g. lymph node,

spleen and liver.

3-Elastic fibers
Elastic fibers are yellow in color in fresh state.

They are stretchable but regain their original length.

They are formed of two types of proteins: Elastin and Microfibrillar protein.

Elastic fibers are synthesized by fibroblasts, smooth muscle cells in large arteries

and chondrobasts in elastic cartilage.
* ByLM
They appear thin, straight and branching.
They are mildly acidophilic (take the pink color of eosin).
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1 stain and yellow cojp, b

e o - =

; oreeir LA
Ihey can be stained reddish brown color by
Giieson stan
It
- “i E/M: o————— - Hi
: icity, Each :
Elastic fibers do not show axial periodicity tein -
 alasti rofe
fiber is composed of a core of elastin P hi
— surrounded by a sheath of microfibrls. B
a : A
= *  Elastic fibers are not made of fibrils H
=
™ _ i gl
= * Function: They give clasticity to the tissue.
2
@
5 B- Ground substance
———— e ————————
T8 - Ground substance is highly hydrated, transparent and it fills the space between cejj; and
=M fibers.
o -Itis viscous, so it acts as lubricant and a barrier to the penetration of bacteria, I
- Ground substance is a complex mixture of: 2

Glycosaminoglycans (GAGs): The most abundant type is hyaluronic acid
* Proteoglycans
* Glycoproteins

=It 1s secreted mainly by fibroblasts.

1ea ) Jsngy -

Medical application

~Hyaluronic acid and proteoglycans form a barrier against bacterial penetration of tissues
due to their high VISCOSily,

- Bacteria that produce hyaluronidase enzyme reduce the viscosity of connective tissue
ground substance and have greater invasive power,

- Hyaluronidase enzyme hydrolyses Hyaluronic acid and disqs sembles proteog

lycans
Interstitial fluid
* Inaddition to the ground substance of ¢
interstitial fluid is also present,

 lItis derived from the blood capillaries ang is

[JEIISEIUJES 1s414) Sjusapnyg Iedipagy

important for cells vit:




B — — —— — lhs Lonnective Ticou
i asement Membrane

: = that SCparates |y
d el e Clween
epithelial, nervoys and muse|e lissues

By LM: C °Cn as
+.M_ an hc SEEN 88 a homogenous
high content of glycoprog

' E Lis formeqd I:
A- Basal laming
B- Lamina reticularig

the Ltonnective tissue and other tissues as

1 membrane stained positive by PAS stain due it
eins,

A. Basal Iamlgn
® Itisa thin meshwork of type IV collagen and

laminin
Itis visible only by E/M.
® It is produced by the epithelial cells
* It consists of TWO zones:
1. Outer lamina lucida
2. Inner lamina densa
1. Lamina lucida:
- Pale zone next to the basal cell membrane of epithelia. :
- Itis formed mainly of glycoprotein laminin. It also contains integrins that
project from the epithelial cell membrane into the basal lamina

2. Lamina densa:

It is a more electron dense zone facing the underlying connective tissue

- Itis formed of Type IV collagen

Basal lamina in nonepithelial cells is called external lamina

Muscle cells, adipocytes and Schwann cells exhibit basal lamina.

L]
e [t delineates them from the surrounding connective tissue
e It serves as semipermeable barners for regulating macromolecules exchanges

between these cells and connective tissue.

[E N
et lemine
arrwasn eall

B. Lamina reticularis

between i lying connective tissue.
i se the basal lamina and the under i .
i n:i ft:pc 11 collagen and type VII collagen (anchoring fibrils) which
- It is formed O type VI collagen

attach the basal lamina to the lamina reticulans. =

= 85
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O o
« fibroblasts
1t 1s formed by the connective Hssue &

X (ive tissue
* h supports and binds the cells to connect | B R e s
® 1t acts as diffusion barrier between connective 1L :

Types of connective tissue
1-Loose (areolar) Connective Tissue

* Cells: Most of the C.T cells (fibroblasts, macrophages, plasma cells .
*  Kibers: Collagen, elastic, reticular fibers.
*  Ground substance: moderate in amount

Dermis of the skin.

Around blood vessels and nerves.

Lamina propria of the gastro-intestinal tract and urinary tract.

* Functions

» It wraps and cushions organs.

» Its macrophages phagocytose bacteria.
» Holds and conveys tissue fluid.

2-Dense Collagenous Connective Tissue

e
L 1

Contains most of the same components found in loose connective tissue, except that

has many more collagen fibers and fewer cells. It is formed of two types:

A) Dense irregular collagenous connective tissue
* Cells: Mainly fibroblasts and fibrocytes.
«  Fibers:

The coarse collagen fibers interwoven into a meshwork that resists st ch from?

;::zuns. The fibroblasts and fibrocytes are present in between
* Ground substance: Formed of glycosaming
TOURG SUDNSTANCE cans, el
- glycans, and glycoprot
~ Capsules of organs ¢.g. the liver and the sp]
~  Periosteum. e
—  Perichondrium,
~  Sclera of the eye.
~  Dermis of the skin,

R —

e collagt
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B) Dense re ular collg Clive tissy
- B & 3 F | | .
Cells: Mainly Ilhu_uhlu-.h and Mbrocyies

*  Eibers: Mainly Collagen lype |
ortented ingg Parallel rows I;a
exerted in the same direction

. round Substance:

glycoproteins

Tendons, ligamenis comea of the eye,

The Cosmective L s

he collagen bundies are densely packed and
allow for resistance to prolonged or repeated stresses

very hittle in amount and formed of glycosaminoglycans and

3-Elastic Connective Tissue
=—==27UC L onnective Tissue

*  Cells: Mainly fibroblasts.

* Fibers:
Mainly elastic fibers are arranged parallel 10 one another and form either thin
sheets or fenestrated membranes.

. grogng matrix:

Formed of glycosaminoglycans and glycoproteins.
* Stain:
-Yellow by Van Gieson stain.
-Brown by orcein stain.
*  Sites:
~ Ligamentum flavum,
~ Ligamentum nuchae.
Vocal ligament.

4- Reticular Connective Tissue

» Cells: Reticular cells and macrophages.
Fibers: Reticular fibers that form mesh-like networks. _
Ground substance: Formed of glycosaminoglycans and glycoproteins

« Stain: Silver stain. | o
Sites: Stroma of lymphoid tissue, bone marrow, liver and kidney.

5- Adipose Connective Tissue .
to two types according to whether it is composed of unilocular «
nto

It is classified i

ilocular adipose cells.
:1;1;:::1:!: (unilocular) adipose connective tissue.

B) Brown (multilocular) adipose connective tissue.




The Cs.'ﬂ.m:;_;;_,;. I I
A) White (unilocular) adipose connective tissue,

Formed of unilocular adipocytes,
Almost all adipose tissue in adults is white adipose tissue. |
Itis subdivided into incomplete lobules by partitions of CT containing the blocg

Chapier 4 —t _

vessels ang nerves,
- Reticular fibers form a fine network that supports fat cells and bind them logethe,

Distribution of this tissue change
©  Subcutaneous tissue
O  Around the hip, buttocks and abdominal wall
©  Around the kidney, heart and blood vessels,
o) Mammary glands
- Colour: White
Yellow when diet is rich in carotenes
© Heat insulation
© Keeps some organs in place
© Subcutancous fat helps shape the body surface and in palms and soles acts a
shock absorbers
o Italso functions as endocrine organ?77?7272?
- Itis the only source of hormone leptin which helps regulate the appetite.

B-Brown adipose tissue

It represents 2- 5% of weight of new born body weight

- Sites: back, neck and shoulders
It is greatly reduced during childhood and adolescence. In adults it is found only in

scattered areas; around kidney, adrenal glands and aorta
- Structure:

It is formed of multilocular adipocytes
Tissue is subdivided by partitions of CT into

lobules.
- Colour: Brown due to:
1. Abundant mitochondna containing

cytochrome pigment
2. Rich in blood capillaries
- Functions

o Production of heat
New bom babies exposed to a colder
environment than in the uterus. Brown fat in

babies protects them from cold

s throughout childhood and adult life.
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Clive Lissye:

k]
Present only in the cmbryg

Cells: UMy
Fibers: fey, collagen fibers type I&111.
Ground Substance: gel-like dmorphous ground substance

F 00" comnta: - : :
unction: tontains stem cells for a1 adult connectiy € Ussue cells

B) Mucous ( Mucoid) Connective Tissue:

Cells: Scattered fibroblasts.

Fibers: Few collagen, elastic and reticular fibers.
Ground substance: Jelly-
(Wharton's Jelly).

Sites:

-Umbilical cord.

like formed mainly of hyaluronic acid and glycoproteins

-Vitreous humor of the eve.

-Pulp cavities of young teeth which represent postnatal source of mesenchymal
stem cells
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Chapter 4 S Ep—-
s I!m.[x Cha
’ . ar matrix forme
* Connective tissue (CT) is formed of cells and extracellul Hmed o i
and ground substance. -
connective Lissuc  proper, SPecializeg DR

* Types of connective tissue are:

embryonic connective tissucs.

1 7 - ic and reticular fibers
* Fibers of connective tissue include collagen, elastic - ;
rding to their shapes into:

* Cells of connective tissue are classified acco

Branched cells: UMC, pericytes, macrophages, fibroblasts, pigment cells. retic
" ¥ ] I a .l
cells and rounded or oval cells: mast cells, plasma cells, adipose ¢, « 2

EXxtravasated leucocytes. . -
* Basement membrane is formed of two parts, basal lamina and lamina retiCulari
Types of connective tissue proper include: loose (areolar) and dense (regy),,

irregular) collagenous connective tissues.
* Specialized types of connective tissue include elastic CT, reticular CT, adipo,

CT, cartilage, bone and blood.
Embryonic connective tissue includes mesenchymal and mucous (my, 3)

connective Tissue.
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Answer the following questions
1) Describe the structure and correlated !ung@n! of:

A) Mast cell.
B) Plasma cell.
C) Macrophage.
D) Fibroblast

2) In a table form, write three mmllgﬂg! differe I
A) Unilocular and multilocular adipose cells. n

B) Collagen and elastic fibers,

__'_'_—‘—Ea-_____________ I
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Plasmg cells,
Adipocytes,
Pigment cells,
Fihmblusm.
Mac fophages.

2) Collagen fibers are synthesiz :

. Adipose cels,
b. Mast cells.
€. Fibroblasts
d. Macrophages,
€. Plasma cells,

3) Elastic fibers:

. Make a supportive network.

b. Can be stained by silver.

¢. Thin, long and branching fibers.
d. Show axial periodicity by E/M.
€. Appear blue by orcein stain.

P RS CSE
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Blood
* Blood is a specia] type

of connective tiss
| _ ssue,
* Blood volume js about five hters
o Itis formed of blood cells (45

% of blood volume) and plasma (55%)

E

rvthrocvtes or red blood corpuscles (RBCs)

® Non-nucleated, biconcave disc-shaped corpuscles
* Having a thick periphery and a thin center.

b

~

» Shape:

Size: The normal diameter ranges from 6-9 um
(average 7.5 um).

» Structure and composition:

120 18414 - ABOJO}SIH Ul $9JON 84n}j007

* Mature RBCs lack nucleus and organelles.

¢ Contain water and enzymes. One third of its content is haemoglobin (Hb) which
IS an oxygen carrying protein.

e Inner surface of cell membrane is associated with cytoskeleton proteins 1o
maintain the biconcave shape of RBCs.

e QOuter surface is covered by carbohydrate-nich glycocalyx (cell coat) which s
responsible for blood grouping (A, B, AB & O).

Blood Platelets (Thrombocytes)
¢ Shape: oval biconvex disks lacking nuclei.

"a™
e Origin: They are cell fragments derived by budding ‘a

from a large cell called megakaryocyte present in the : C

bone marrow.
P N
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Neutrophils: (Polymorphnuclear leucocytes

*  Nucleus: is multilobed, segmented and deeply stained formed of

Ensinnghﬂs

Basophils

* Shape and size: rounded cells, 10-12 um in diameter.
* Nucleus: is S- shaped or irregular in shape.
* Cytoplasm: is packed with large basophilic granyles masking

Lhaeryigy Qs l

Leucocyte W .
*® They are true cells having nuclel and l‘fﬂ"-.'w”r: ir functions
? They migrame o e tise whers SO 8 o absence of specifi;
* Leucocytes are classified according to presence o~ ¢ R,
L

into: - sinophils and b

I. Granular leucocytes including: neutrophils, coSINOPHILs & HSOphily
sranular len ! ! t | i

2. Agranular or non-granular leucocytes including: lymphocyye, n

monocytes.

Shape and size: rounded cells, 10 - 12 pm in diameter.

3 10 5 lobes interconnected by delicate chromatin strands.

Cytoplasm: pale heavily populated with fine granules.
Functions: phagocytosis of invading organisms in acule

inflammation,

Shape and size: rounded cells, 12-15 um in diameter.
Nucleus: is bilobed, formed of two lobes connected by
chromatin thread.

Cytoplasm: is packed with numerous large, refractile and
acidophilic granules.

Functions: control the local response in allergic reaction and
play a role in the defense against certain types of parasites.

the nucleus.
Functions: release histamine and heparin in allergic reaction

Monocytes

Shape and size: large rounded cells 12-20um in g
, In diamete

largest leucocytes) & E{the

Nucleus: large and kidney-shaped,

Cytoplasm: faint grayish blye (frosted glass)

Functions: They are highly P"‘H"‘?ﬂc cell. They
the connective tissue and dj fferentiate it Y mugrate to
ges,

e



Chapoer
Lymphocytes e herview of Histology
« Shape: rounded cells
« Nucleus: large, central, rounded and condensed
e Cytoplasm: A thin rim o N
r el
sround the nucleus. pale htm}pmh:' cvtoplasm is present
» They are classified according to their size into
1. Small lymph e ‘ -
mnjcrityi . Il;n :Jc:te‘s. ﬁ‘-K um in diameter representing
of small PROcytes in blood (92%). There are two t
, ma [}"ﬂlphl)(b}"tes Band T !Fmphncytc:s Ypes
. Medium-sized 1y '
ymphocytes: 10-15 g
2 pum in diameter i ¥
: El:‘fmphocytcs. They are activated from small lymphocytes representing few blood
. Large I}"mphuc}rtu- 15-18 o .
© 15-18 pm in diameter, th i ; .
Some are called natural killer cells (NK). e e

« They are classified according to their function into:
1. B lymphocytes: 15% .
2. T lymphocytes: 80%
3. Natural killer cells: 5%

¢ Functions of lymphocytes: they are the key cells in immune system

» B_Mph_i)t:m: are responsible for the humoral immunity. They are
activated when exposed to an antigen. Some of these cells will differentiate to

plasma cells producing antibodies. Other cells will remain inactive as memory
cells which become activated when re-exposed to the same antigen.

» T _lymphocytes: are responsible for the cell mediated immunity, cither
destroy foreign cells by direct contact or helping B lymphocytes.

eloid tissue

Bone Marrow

structure of bone marrow:
reticular network perforated by arterioles, venules and

a) C.T. stroma: formed of
blood sinusoids.
are irregular dilated blood channels, lined with fenestrated

b) Blood sinusoids:
endothelial cells. They have no or discontinuous basement membrane.
Fibroblasts, fat cells, macrophages

¢) Fixed cells: including: Stromal reticular cells,
dosteum (osteogenic cells, osteoblasts and osteoclasts).

and bone cells of the en
developing blood cells in different stages of development,

d) Free cells: ar¢ the
including the megakaryocyles. |
having large lobulated deeply-stained nucleus and

< Megakaryocyte: is a giant cell
basophilic cytoplasm.
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Chapter 4

Lypes;
1. Red active bone M

" ¥ W,
2. Yellow inactive bone mart

-il.”'l'l“'.

Red active bone marrow:

and adults.
in most of bon
and glernum:

different 1Y :
nmﬂ“‘-‘!’ha ges:

QIns

* s present in newb s and in
[

* Sites: in newboms:

ribs, body of vertebrae od cells, destrucyig,

. of blo
of pe

e Functions; Production ‘
of tron M

erythrocytes and Storage

Y ellow inactive bone marrow:
¢ |s present in adults.
shaft) of long bones-

= Site: in diaphysis (
giving 10 it the

yellow color.
its activity at time of ne

e Is formed mainly of fat cells
fat and can regain

()
(=%

e Function: storage of
haemorrhage).

adults: epiphysis of the o,

Chi
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.'mumrh Muscle Fibery

The fibers are invnlumary and not striggeqd
p_General characters
In the prenatal life, it develops from undify;

» LM structure

o Shape: The fibers are fusiform and are
arranged in bundles surrounded by connective
tissue sheath.

* The nucleus is rod shaped and single.

* The cytoplasm is acidophilic with dark
granules called dense bodies.

basement membrane.

» EM structure
The cytoplasm contains organoids e.g. mitochondria, Golgi apparatus, ribosomes, sER

(sarcoplasmic reticulum), rER, microfilaments and inclusions e.g. glycogen.

a. Filaments:
~ Actin and Myosin
— Intermediate filaments include:
-  Desmin presents in all smooth muscles.

2. Vimentin is in smooth muscle of blood vessels. |
azardly and overlap each other. This overlap explains the

The filaments are arranged haph
presence of dense bodies. | -
i i rface. They regulate calcium
- vesicles that open into the cell su
b. Caveolae are rows of ves .

pump to permit [ Intermediate filaments bundles attached to dense bodi

muscular contraction.

¢. Gap junctions which
allow rapid conduction
of impulses between the

muscle fibers
Ly
97
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Chaprers ¢
» Growth and regtnerﬂt__‘!..-i n

Lrrowth occurs by: . o~
|- Hypertrophy to increasc I.“ j""-' If[hc gsmooth muscle fibers.
2- Proliferation by mitoti¢ division ©
Regeneration occurs by:
: i . ibers.
I- Division of the smooth muscle fi
2- Differentiation of pericytes.

R

P Medical application
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e There are
between

- Arleries, yoing
[EI!]M”urlcu

ind Conn

’ ECling
Sinusoids  gpg :

Vessels

dntlr”“"‘-‘"' s

LXunica intima:
It is the innermost layer an
a) Endothelium: a iy

et Ble layer of flat endothelial celis resting on basemen
b) Subendothelia) layer: formed of loose
C) Internal elastic lamina; it g 4
fibers separating the intima fro

d is formed of:

fenestrated (with hole
s) membrane of i
m the media. e

- ABo|0)S|H Ul SBJON N2

1L Tunica media:
It is the middle layer and s formed of:

a) Circularly arranged smooth muscle fibers.
b) Elastic lamellae.

¢) External elastic lamina: which is a fenestrated elastic membrane separates the
media from the adventitia.

UL Tunica adventitia:
It is the outermost layer and is formed of: .
a) Loose connective tissue formed of collagen and few clastic fibers. |
b) Vasa vasorum which are vessels of the vessels. They nourish the deep layers of
the vessels. It is more numerous in large vessels and in veins.
¢) Network of autonomic nerve fibers.
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* The structure of the three layers of

vary in different vessels

///thﬂillwﬂh{& ‘
o,

blood vessel and their relative propory;
a Dioc = -

Medium-sized vein

Medium-sized artery

Wall and
lumen

Tunica
intima

Tunica
media

Tunica
adventitia

Narrow patent lumen * Wide irregular collapse
Thick wall lumen

* Thin wall
Thick ) e Thin
Has well develﬂpcd * Has no intemal elastk
internal elastic lamina. lamina.

e — e

Thick. e
Formed of elastic and . Iﬁm, o

. _ %
smooth muscle fibers. e Fﬁfm of smooth musck
External elastic lamina ﬁbﬂ_ | E-_ .
maybepresent, No external elastic | ir

i ‘J:: ]

Thin ————
Contains some elastic * Thick.
fibers. ® No elastic fibers.




o LM: the capillary wa)) 18 formed of

They branch and anastomaoge formi

ng the ¢

I\ Capillary Network o heyd

A single layer of endothe
A continuous basemeny Membrane o h
enclose the pericytes, v

Y tight Junction

I
h the endothelig) cells resy |y sphits ¢

apillaries:
1. Continuous capillaries:
They have continuous endothelig) lining, ¢,
capillaries. o
2. Fenestrated capillarjes:

n h | . P
:::;ﬁ::‘g;':;‘s_“”s ar¢ perforated by holes, ¢.q glomerular capillaries ang

skeleta) muscles and cerebral

Function of capillaries:

- [Exchange of gases and metabolites between blood and different tissues.

Sinusoids:
These are dilated irregular blood channels,
Endothelial cells are separated by wide gaps (slits) and are perforated by holes.
The endothelial cells rest on discontinuous basement membrane,
Macrophages are present along its wall with no pericyies.

Sites: bone marrow, liver and spleen.
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I'he respiratory System is

Conducting portions

- Nose (nasal cavity / nasal sinuses)
- Nasopharynx

- Larynx

- Tracheca

- Bronchial tree: !
* Extrapulmonary bronchus (1ry bronchi).
* Intrapulmonary bronchus (2ry&3ry

bronchi).

- Bronchioles:
* Preterminal bronchioles.
* Terminal bronchioles.

The Respira®®

divided into ™0
e

ry System

po rﬂﬂnl :
S

—

Respiratory portions
(Where (as Exchange Take.

Place) _

_ Respiratory bronchioles

- Alveolar ducts.

- Alveolar sacs.

- Alveoli

Functions of the conducting portion:

1-Conduction of air
2- Air conditioning:

Mucous

Their wall is formed of the following layers:
a. Mucosa: the innermost layer,
i. Respiratory epitheljy

few goblet cells.

ii. Lamina propria of |
b. Muscle Layer: spira||

c. Adventitia: the outer layer, 14
supporting plates of hyaline

* Filters: Cleaning, purification and trapping large particles: by nasal hair :

* Adjust temperature: by blood capillaries
* Adjust humidity: by respiratory mucosa and seromucous glands

The lung

# The lung is formed of both conducting and respiratory portions
Intrapulmonary bronchi (2ry and 3ry bmnchi)*

Itis highly folded, and consist: I
M, pseudo stratified columnar «

00S€ connective {;
1s5ue,
Y arranged b

undles of smooth muscles

18 :
©Omposed of connective ti:

follicles. Cartilage, Muco-serous glands

B 2



Figure showing respiratory portion of the lung

Bronchioles

- Their wall is formed of three layers:
. Mucosa:

i. Epithelium: =
o Pre-terminal bronchioles are lined by simple columnar ciliated
epithelium with Clara cells |
o Terminal bronchioles are lined by simple columnar partially ciiated
epithelium.
o Respiratory bronchioles are lined by simple
cilia.
ii. Lamina propria: connective tissue rich in elastic
b. Muscle layer: Crisscrossing bundles of smooth mu
direction, |
& Adventitia: fibroelastic C.T it does mot confain £

Cartilage,

——
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—Overview of };, fol,
Cilteiprer 4 e ————— 4

—-ul—‘-‘—‘.l;‘_[_ﬂ_ll_r._!_ o alveoli and alveolar sacs
(

— :
lts wall jg interrupted by numerous opening by elastic and reticular fibers.
Lined by low cubical epithelium surrounded by

Alveolar sacs:
______'—"—-—-___;

) . | space.
Groups of alveoli Gpeainto & commot cenwumﬂndcd by reticular and ¢y,
Lined by simple squamous epithelium §

fibers,

Alveoli: :
e . : -exchange in the lyr.
They are the basic structural and functional unit of gas-ex g e lung

ocytes).
= Lined by alveolar epithelium (type I and type 1l pneumocyte

Alveolar e ithelium:

(1) Type I Preumocytes:
L/M: Simple Squamous epithelium. o
E/M: Tight junction is present between adjacent Type I and Type Il pneumocytes
Function: gas exchange.

(2) Type 1T pneumocytes:

secretory epithehial cell.

L/M: Cuboidal cells, bulging into the lumen.

E/M:
- Have apical microvilli.
- Membrane-bound lamellar bodies that contain pulmonary  surfactan

(phospholipid material).

Function:
- Synthesize and secrete pulmonary surfactant.
- They can divide and regenerate both types of pneumocytes

N.B: Cilia are absent from alveolar epithelium, and thys dust-trapped particles ar
removed by alveolar macrophage (dust cell),

Interalveolar Septum:

# Itis the partition between two adjacent alveolj,

# Itis formed of: -

Alveolar epithelium on either side <
Capillary network. (T¥pe Land pe Il pncumaocytes)
alveolocapillary basement membrane.
Network of connective tissue fibers,
extravasated leucocytes,

B -

Connective tissue cel  and




_ Air barrier:

Area through which gas exchange occurs, It is formed of:
1. Pulmonary surfactant.
2. Type I pneumocytes.

3. Fused basal lamina of type I pneumocytes and capillary endothelium.
4. Continuous endothelium of blood capillaries.

r Macrophages:
+ Qrigin: Monocytes that migrates to the lung interstitium.
+ Types:
1. Dust cells: Lung macrophages that phagocytose dust particles.
9 Heart failure cells: Lung macrophages that phagocytose extravasated blood in
cases of congestive heart failure.
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= hormomes di;
t They gecrelc dire
« INTRODUCTION: ands with no ducts. THEY
e glands
Ihe endocrine glands are g  each their target ce

ds cd =
- ce of that target cells

the bloodstream. o o]
. endocriné B

Hormones secreted by the en Lors on the surfa

the presence of their specilic reccp ,
llows:

fo
- Endocrine glands are classified a3

A. Purc endocrine glands €8
Pituitary gland.
2 Thyroid gland.
3 Parathyroid glands
4. Adrenal glands

5 Pineal gland.

ABojojsiy uy S8JON ainjoe

B. Mixed (endocrine tissue within exocrine glands) €.g.:
Pancreas (islets of Langerhans).

l.
2. Livercells s -
3. Sex glands; Male: Interstitial cells of Leydig in the testis
Female: corpus luteum in the ovary.

C. Scattered and isolated cells:
- Certain hormones are secreted by cells present in various organs ¢.g.

a. Enteroendocrine cells within epithelium of G.1.T and respiratory trac
b. Epithelial reticular cells in thymus.
¢. Juxtaglomerular cells of the kidney.
- Itis present in the anterior part of the neck. It's formed of two lobes connectsd
together by a narrow isthmus. The two lobes are found one on each side of the ir

t
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tﬂml““’" the gland is t'nrmml of g i
! "“I'n;, an
L

. His :
. Stroma: :
The gland is covered by two capsy}
= Sules:
The Ouler one Is continygy,g With the Preg
' one (true e rac
B AR o= UIUS capaule): iry thin ang g - fasc
rissue which sends sepiy d"‘iding i d congigy, o
/] Wi

e There isa delicale l"h:'lw{n-k of r‘:licuhr Iimd iI]I[l il]. of
1hers that
Su

pParenchyma: " $
he Patency.,

L]
_ Itis f“urm‘ed o_l'cpllhuiial cells Arrange ; n T¥ina
. Each follicle is surroundeq by a basemen; ¢ form follic)e,
. These follicles are the Structurg| and fup t_mt:mbran,:. thyroig Tollicyey
: Clonal yn;
_ The fq[hc!es_arc s‘urrnundcd by eXtensiye Sankl TS of the glang
- Thyroid follicle is a spherjca] Structyre hiwin:? F:luus
A lumen g
ed

AS positive colloid (f; : :

« Ihe lining of the follj le is ¢
1. Follicular cells: They constitute the Majority (98%)

2, Parafollicular cells (C cells): They are aboy, (2%)

L. FOLLICULAR CELLS:

* LM:
- The histological appearance of thyroid follicle and follicular cells reflects the

state of functional activity of the gland. _ i
In a normal functioning follicle, they are cuboidal cells with basophilic

cytoplasm and central rounded nuclei with prominent upc!cu‘h}. A

= In hyperactive follicles, they are columnar cells. The size of the :
Smaller with little amount of colloid.

- In hypoactive follicles, they are flattened
follicle with a large amount of colloid.  tcular fibers

> These cells lie on basement membrane (

Containing the blood capillaries. _

"-“__‘___‘______ -
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2. PARAFOLLICULAR CELLS = ¢

CVEry e

jexes al the lateral borders
nal comp clear Golgi apparatus, apn;
rantv - :

ni sup

lu.:hundrm i

I Ml

Aprcal micmoy i1l and juns
ane

Well-developed rER., P

Jes, numMETous mi

1ii
nd ysosOmEs.

and T4)

SCCTClOTY VES I I
=i B !
Function: ase of (hyroid hormone s

'\.\ r'Itht_u,L\. \[.ﬂmgr und ﬂlf :
ELLS:

¢ follicular cells.

LM;
¢ central spherical nuclei.

They appear larg
They are large rounded ce
They are present between the B.

reach the lumen.

or and paler than th
s that hay
M and

EM: i .r |
Besides the small organelles, there 31 secretory granules with varigh),
electron density.

Function: K
Synthesis of calcitonin hormone which lowers Ca++ level in blood.

the follicular cells, but they do =

=



r’l‘r’ A vl-l'fn,..

d

L]
_qtis bean shaped wil CONcave media

puis divided into outer corgey
ghat contains mainly reng|
corpuscles and convoluted
whules and inner medulla (h,

consists mainly of collecting

bules.
. Hilum: is a concavity on the

medial border of the kidney
vessels and nerves of the kidney
enter and leave.

mul structure of the kidney:

1. Stroma: is formed of a capsule of Jogse C.T and surroundeq
¥ Perinephric ¢,

Delicate reticular _tissue s
o e I
present between the structures Ry T D

of the kidney.
1. Parenchyma: is formed of
uriniferous tubules. FEach

uriniferous tubule (the
functional unit of the kidney)

consists of a nephron and a
collecting tubule.

] Pu»nh, A
il Cre

L]
S
1 ¥ |
b
— \\\u_-—
—

The nephron:

Each nephron consists of:

I-Renal corpuscle

2 Proximal convoluted tubule
Loop of Henle .4 ,I
#Distal convoluted tubule (DCT) __j‘_

109
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Chiapicy 4 S

[
‘orpuscle)’ in diameter.
Renal Corpuscle (Malpighian it - ghout 200 um 7 lar filtrate.
3 srical structure 8% . glomeruiar
It is a dilated spherica forming the £
Filtration of blood occurs in i y teriole leaves
" ; d l'-'ﬂl'.'l’C“l Arienoie leaveg ”u-
* It has two poles: iole enters an
i. Vascular pole; where afferent arter! :
ns.
gqn]-"\-“.“ IL'. ch mhulc bcgl
" - imal convolu P cpach
i, Urinary pole: where the proxima e ——
n £ i
* Itis formed of:
4. Bowman's capsule
b. Glomerulus: tuft of b
capillaries -
¢. Mesangial cells. -
oy
LTS
-
-
"-u.
w -
iha
e, e 1 A oy Lo
A- Bowman'’s capsule:
Is formed of two layers:
|- Parietal layer: consists of a simple
squamous epithelium supported by a basal
lamina and reticular fibers.
2- Visceral layer: envelops the capillaries of
the glomerulus. It is formed of special cells
called podocytes.
Between the two layers, there is the
capsular (Bowman's) space which receives
fluid filtered from the capillaries through the
visceral layer.
[
p
v
P
»
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il ¥
— wman's Capsule:
) rﬂﬂf""‘l"‘ are modified Simple « Y
¥ b 11'|~_..,|_

" wman's capsulc

'B._'I
Each cell is stellate-shaped They have i

. ;ﬁl‘“ gwes.nsc ‘tim numeroys “‘f"ﬂtln,;;:m{‘""m"‘ DTty
by feet firmly placed on the basemeny membyy, .u‘j“ Called pog

Therc arc minute gaps
the pedicles

petween
called filtration slits
- covered by a
thi
iy diaphragm 6 nm hick
. (arTOWS)
::.."r , Between the podocyte

and the glomerular capillaries, there is a thick glomerular |,
: i“'mi:

. derived from the fusion of basal laminac of both capillan “' _rrnm;.,_
- podocyte.
g Glomerular capillaries:
« The afferent arteriole (carries non-filtered blood) enters at the vascular pole o

renal corpuscle and divides into about 50 capillaries which drain into an effere
arteriole (carries filtered blood) that leaves the renal corpuscle through its vas

pole. .
+ The glomerular capillaries are lined with fenestrated simple squamous endothela

1 %
W}

cells surrounded by a basement membrane. The fenestrae are not closed

diaphragm. . s
+ The glomerular basement membrane is continuous and thic
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The Digesiive Syste

| of’

Ihe digestive system is composec

1) The oral cavity: tceth and palate.
That includes lips, chceks; tongue,

I} The gastrointestinal tract: &
T}mfuumpriscs oropharynx, €sop hagus
rectum and anal canal.

1) The gut associated glnndﬁli

These are salivary glands, live

nach, small intestine, larg, . J

r and pancreas.

Figure showing the layers of the gastrointestinal tract. M=mucosa, S=submucosa, IC=jnge
circular, OL=outer longituidinal, A=adventitia.

The Gastrointestinal tract

wall of the gastrointestinal tract i formed of foyr
I. Mucosa: The innermost layer. it s formed of three |5 ers:
a) Surface Epithelium: The EPW : A
: arable e fu -tion
i Protective: st _ according to the fi

i.  Secretory: simple coly
iii.  Absorptive:

The layers:

“z



(Lamina propria): |  , layer of
G blood vessel, nerves, lymphagie, "

Ht\".

-.I!'|_“,|__ll.

i gl""il i ¥
%I'—n . fnd B

e mucosa: thin layer of SMooth it g
- - n']ul . =

d #ﬂb Mmmimai layer " fibery g

ﬁ |

mw tissue that contains bloog Vessels a
- Eut asgn,

:;“"’ n.:.-nt plexus.
Mo

4

ey

secreting glands are present only Phat

in CSOphagys and 4

o ,
’ﬂ“‘ of smooth muscles arranged ip WO Jayere

* ngiinal layer
'?“ plexus is present between the inner
3“ and lymphatic vessels.
“‘ In esophagus: skeletal muscles are Present in upper third, m;
; Fundus: Innermost oblique layer is present, » TIXed in mige

5 Colon: m ﬁb?s of the outer longituding| layer are ATanged i ghre,
called taenia coli.
titia:
§ & the outer coat of the tube and

-ﬂﬁﬁ iS present in intraperitoneal organs w
- peritoneum formed of mesothelial cells (Simple squamous epithelium),

1
‘c\:"‘}\.. "m'd':ﬁum
I .

Nner Cire ular nd

and oyter Circulgr layers

1s formed of loose connective tissye rich in bloog

}E Adventitia is present in retroperitoneal organs lacking mesothelial cells.
# :
| The Liver

<.
o The liver is a compound tubular gland having both endocrine and exocrine

* Endocrine function: the liver secretes plasma proteins, lipoproteins and glucose
~ directly into bloog,
' Structure of the liver:

* Theliver is formed of connective tissue stroma and -

o It is formed of:

oo Toule: C.T. cells and fibers covered by peritoneum
ol Deculae: T, cells and fibers, very thin in human
 Network Of reticular fibers and cells.
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Chapter

2.p : er: . ways:
arenchyma of the Liver: defined i thre€
the center angy Pon,

Formed of liver cells and can be s
A. Classic Liver Lobule: . yith central vein 0
a. Hexagonal mass of liver
tract at its periphery-
b Fr{ﬂjnncd ﬂ:-] pt:tcs and cords of -
(Hepatocytes) separated b . henat:
B. Portal lobule: o fiver tissue fmm'lhl‘ﬁ'ﬂ 5djla08ﬂl cPut!c by, :
Tn';]ngular mass of liver mﬂ?:;:[gan in their bile secretion into same bTLdT.-L_-
which have a common porta

of bile duct.
". Liver acinus: adjacent classic hepatic lobules, whics

Ovoid mass of liver cells from tWO ; m hepatic artery and portal vein)
surround a central vascularmﬂ(bmnch 1) based .

It is subdivided into three zones (Zooe b Il and IM) based on relatioy
t is subdivi into

hepatocytes to central vascular core.

lTI{JSmg |['|..-1:T ¢

J0|0ISIH Uy saj0N 8injoe
B,

Portal tract:
e Connective tissue found at some of the corners of the classic hepatic lohule.

* Contains a branch of portal vein, hepatic artery, bile duct and lymphati vessel

Hepatic blood sinusoids:
e [Irregular blood channels present between plates of liver cells.

e Lined by two types of cells: fenestrated lial cell 4\ 1Ko
endothe § an U

Hepatocytes:
* Shape: Large polygonal cells.

e Nucleus: central, rounded and vesi
e Cytoplasm: acidophilic wig som Nk bmucluted}
Vactlﬂliﬁﬂus are due o sl!' m Mes (I'ER and frﬂt nbuﬁﬂm'-h-"

e They have high proliferatiye capaci

T TR




Chpier 2

* The prostate is one of the male genital accessory glands.
» [tis formed of stroma and parenchyma:

A- Stroma: that consists of:
1. Capsule of thin fibroelastic layer with smooth muscle £

2. Septa that divide the glands into lobes.
3. Reticular C.T. that supports the parenchyma.

B- Parenchyma:
* It is formed of prostatic acini (glands) surrounding a V-shaped urethera.
* The prostatic acini are classified into;
1) Mucosal (small) acini: that lie close to the urethra.
i) Submucosal acini: that lie peripheral to the mucosal acini.
iii) Main (large) acini: in the periphery of the prostate gland.
* The ducts of these acini open into the lumen of the urethra.
* The lining epithelium of the acini and their ducts is simple cubical, simple columnar
or pseudo-stratified columnar according to the gland activity.
* In 0ld men, the lumen of the acini may contain calcified bodies, called prostatic

toncretions or corpora amylacea.
" Function; _ ¢, amylase
s”“""" of alkaline milky fluid rich in proteolytic enzymes, acid phosphaiase, £
Wfic acid, fibrinolysin and lipids. = g

- —
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I

ue Sysiem
The Female Repmducm-t’ ._S}_'-l'. |

The female reproductive system comprises:

1. The primarv s . ies. .
The primary sex organs: The two ovar ihe uterus and the vagina,

2. The tubes: Those include two Fallopian

lUbCSr

3. Gland: The mammary gland.

The Uterus

The wall of the uterus is formed of the following layers:

I) Endometrium: It consists of:
a) Epithelium: It is simple columnar cells, partially ciliated-.ﬁnd_mauy
secrelory.
b) Lamina propria (Corium): a layer of connectiye tissiiale R tiaiaes

Uterine glands lined by simple columpa epithelium

Stromal (decidual) cells, stellate cells
: attach o
Collagen and reticular fibers, ed to each others.

Uterine blood vessels.

Granular leucocytes, lymphocytes ang macrophag
€S.
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* endometrium is diy

i"‘l'nq (1]

Wl ftclugy
into tw

a) Superficial part: it is the superficial parts of the uterine glands and ih
surface epithelium, It is supphied by the spiral
during menstruation

b) Deep basal part: it is formed of deep parts of the glands. 1t is supplied
by straight arteries. It is the permanent layer

arteries. b shied ol

I Myometrium:
It forms the main thickness of the uterine wall, It includes:

a)
hhb}

c)
d)

Stratum submucosum: the inner layer. It is formed of oblique
smooth muscle fibers.

Stratum vasculare: that is the thickest middle layer; it is formed
fibers arranged as fiqure “8" around the blood vessels.

Stratum supravasculare: formed of circularly arranged smooth muscle fibers
Stratum subserosum: is the outmost layer, formed of longitudinally arranged
smooth muscle fibers.

and longitudinal

of smooth musele

I1I) Serosa: it covers only the fundus of the uterus. It is formed of loose connective

tissue covered by flat squamous cells. The body of the uterus is covered by

adventitia.

_ervix of the Uterus

The cervix is the lower part of the uterus. Its wall is formed of:

I) Mucesa: which comprises:

a) Epithelium: simple columnar mucous secreting cells. It changes into
stratified squamous epithelium to line the vagina.
b) Corium: formed of connective tissue which contains mucous seereting
: [ -

IT) The wall of the cervix is formed of collagenous tissue, many elastic fibers

and few smooth muscle fibers.
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