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Tissue Nervous Epithelial Muscular Connective

Cells

Have
intertwining 
elongated 
processes

Aggregated 
polyhedral 

cells

Elongated 
contractile 

cells

Several 
types of 

fixed and 
wandering 

cells
Amount 
of ECM Very small Small Moderate Abundant

Main 
Function

Transmission 
of nerve 
impulse

Lining, 
Secretion Movement Support, 

protection

Table 1: Types of tissues and their characteristics

ΔϠΧ΍ΪΘϣϭ�ΔϠϳϮρ
ΔϠϳϮρ�ΎϬδϔϧ�ΎϳϼΨϟ΍

κϠϘΘϠϟ�ΔϠΑΎϗϭ



Connective tissue (CT) is a type of body tissue 
characterized  by an abundant extracellular 
matrix within which are dispersed different 

types of cells and fibers.

�

Fig.1: Image showing the 
components of CT: Cells, 
Fibers and Ground 
substance

ϒ΋ΎυϮϟ΍�ΔϋϮϨΘϣϭ�ΓΪϳΪϋ�ΎϳϼΧ�ϰϠϋ�ϱϮΤΘΑ
ΓήϴΒϛ�ΎϬϨϴΑ�ΕΎϏ΍ήϔϟ΍ϭ��ϥϮϜΘΑ�Ϛϴϫ�ϥΎθϋ

�ΔϧΎϴϠϣECMΕΎϏ΍ήϔϟ΍�ϱΎϫ�ϲΒόΗ�ϥΎθϋ

ϝ΍�ΎϳϼΧ�βϜϋ�ϰϠϋ�ΔϗήϔΘϣepithelium
ϪϘλϼΘϣ�ΖϧΎϛ�ϲϠϟ΍



1. Provide and maintain form of organs.

2. Support different tissues and organs.

3. Connect and bind different body regions.

4. Provide a medium for diffusion of nutrients and
waste products.

�

Functions
ϝ΍�ϞϜηorgans

ϝ΍�ϰϠϋ�ΪϤΘόϳCT

(Shape)

Since we have different types of CT..
Each type will perform several functions

(and gases)

ϝ΍�ϱΎϫ�Ϧϣ�ΓΪΣϭ�Ϟϛϭfunctionsϝ΍�ω΍Ϯϧ΃�Ϧϣ�ωϮϧ�ΎϬΑ�ϡϮϘϳCT

*CT= Connective Tissue

ௌ�ϥΎΤΒγ��Ϳ�ΪϤΤϟ΍ϭ��ௌ�ϻ·�Ϫϟ·�ϻϭ��ήΒϛ΃�ௌϭ



� Cells of the CT are, usually, not regularly arranged.

� The cells of CT could:

í Originate and remain in the CT all their lives (fibroblasts).

í Originate outside the CT and then come to the CT and
remain in it for the rest of their long lives (mast cells).

í Originate outside the CT and then come to the CT and
remain in it for a short period (neutrophils).

�

The Cells Of The Connective 
Tissue

*ϝ΍�ΪΟ΍ϮΘϳECMϝ΍�Ϧϣ�ω΍ϮϧϷ΍�Ϟϛ�ϲϓtissuesϝ΍�ϲϓ�ϥϮϜΑ�Ϫϟ·�ΪΟ΍ϮΗ�ήΒϛ΃�ϦϜϟCT

ϝΎΑ�ϲϠϟ΍�ϱί�ϩήϴϏ�ϭ΃�ΕΎϘΒρ�ϞϜη�ϰϠϋ�ϢψΘϨϣ�ζϣ�ϲ΋΍Ϯθϋ�ΎϬΒϴΗήΗepithelium

ϝ΍�ϲϓ�ϥϮϜΘΘΑCTΎϬΗΎϴΣ�ϝϮρ�Ϫϴϓ�ζϴόΘΑϭ

ϝ΍�ΝέΎΧ�ϥϮϜΘΘΑCTΎϬΗΎϴΣ�ϝϮρ�ϪϠΧ΍Ω�ζϴόΘΑ�βΑ

ϝ΍�ϲϓ�ϥϮϜΘΘΑCTΎϬΗΎϴΣ�Ϧϣ�Γήϴμϗ�ΓήΘϔϟ�Ϫϴϓ�ζϴόΘΑϭ



� Most common cell in connective tissue.

� Function: Synthesizes fibers and produces
components of extracellular matrix.

� Active Fibroblasts and inactive Fibrocytes.

� Rarely divide. Mitosis resumes when they¶re
needed under influence of several growth factors.

�

1) Fibroblasts

Fibro- = fiber. -blast = forming.

(The most important type of cells of CT)

ϝ΍�ΐΒδΑ�ˮ�ϢϫϷ΍�ϲϫ�ζϴϟfunctionϝ΍�ϦϳϮϜΘΑ�ΔϠΜϤΘϤϟ΍�ΎϬΘόΒΗECM�Ϧϣ�ϪΗΎϧϮϜϣ�ϞϜΑfibers
�ϭ΃molecules�ϢϫήϴϏ�ϭ΃�ϝ΍�ϥϮϜΘΑ�ϲϠϟ΍�ΓΪϴΣϮϟ΍�ΎϬϧ·�ϲϨόϳ�ϻ�νΎϫ�βΑECMϪοήΑ�ΎϫήϴϏ�ϲϓ�

It exist it two states:

έΩΎϧ�ΎϬϣΎδϘϧ΍��ΔϨϴόϣ�Ϟϣ΍Ϯϋ�ΓΪϋΎδϤΑϭ�ΔΟΎΤϟ΍�ΪϨϋ�ΔϨϴόϣ�ϑϭήυ�ΖΤΗ�ϥϮϜΑϭ



Fibroblasts:

� Abundant irregularly 
branched cytoplasm

� Large, pale-staining 
nucleus with prominent 
nucleolus

� Rich in RER (rough 
endoplasmic reticulum)

� Golgi apparatus well 
developed

�

Fig.2: Histological features of fibroblasts.

Features of all protein producing cells

ϝ΍�ΕΎϔμϟ΍�ϱΎϫ�ϦϴΗϭήΒϠϟ�Δό˷Ϩμ˴Ϥ˵ϟ΍�ΎϳϼΨϟΎΑ�ΔτΒΗήϣ����ΔϴϠΧ�ϱ΃�ϲϨόϳ
ϦϴΗϭήΑ�ϊϨμΘΑ�ΕΎϔμϟ΍�ϱΎϫ�ΎϬϴϓ���ΔϴϠΧ�ϱ΃ϭ

ΕΎϔμϟ΍�ϱΎϫ�ω�ϱϮΘΤΘΑ�ϦϴΗϭήΑ�ϊϨμΘΑ

(The active form)



Fibrocytes:

� Smaller than fibroblasts.

� Less cytoplasmic processes.

� Nucleus smaller and darker.

� Less RER.

�

� Myofibroblasts: Fibroblast cells with contractile
ability. Important in wound contraction.

-cyte = cell. Myo- = related to muscles, from greek mys = mouse (because movement of muscles resembles mice).

(The inactive form)

*The cytoplasm is not branched (less branching)
��ϲϬϓ�ΎϬϠϛ�ΕΎϔμϟ΍�ϱΎϫ�ΐΒδΑϭless active in protein synthesis�

A special type of fibroblast �νΎΒϘϧϻ΍�ϰϠϋ�ΓέΪϘϟ΍�ϩΪϨϋ�
ϝ΍�ϪϴϠϤόΑ�ήϴμΑ�ϲϠϟ΍wound healingϝ΍�Ϫϧ΍myofibroblasts�ΎϬϓ΍ήρ΃�ΪϤΘΑ�ΎϬΗΎϋήϔΗ��ςΒΗήΘΑϭ

ϡΎΌΘϟϹ΍�ϞϬδΗ�ϥΎθϋ�ωΎτΘδϤϟ΍�έΪϗ�ΡήΠϟ΍�ϑ΍ήρ΃�ΐΤδΗ�ϥΎθϋ�ΕΎοΎΒϘϧ·�ϞϤόΘΑϭ�ΡήΠϟ΍�ϑ΍ήρ΄Α



�Fig.3: Fibroblast and 
fibrocytes (arrows).

Fibroblasts 

Fibrocytes 

ϝ΍�ϢΠΣnucleus΢ο΍ϭ�ήϴΒϜϟ΍

�ςγϭ�ϲϓ�ΔϘϣΎϐϟ΍�ΔτϘϨϟ΍ϭ
ϝ΍nucleusϝ΍�ϞΜϤΘΑnucleolus

*ϝ΍�ΎϤϟCT�ϦϳϮϜΘϟ�ΝΎΘΤϳECM
ϝ΍fibrocytes�ΎϬϟήϴμΑactivation

�ϰϟ·�ϝϮΤΘΘΑ�ϭfibroblasts
�ϝΎΑ�ϦϳΩϮΟϮϣ�΍ϮϧϮϜΑ�ϦϴϋϮϨϟ΍CT�



o Monocytes are formed in the bone marrow.

o Travel with blood and enter the connective tissues
by passing through capillary walls.

o Activated monocytes will form several types of
phagocytic cells in tissues.

o Macrophages in different tissues are given
different names.

��

2) Macrophages and the Mononuclear phagocyte 
system

Macro- = large. Micro- = small. Phages = eaters. Mono- = one, single.

�ΔϴϤδΘϟ΍�

Cuz its derived
from monocytes 

Cuz they perform
phagocytosis Means a group of cells

ϝ΍activationϝ΍�ϞΧ΍Ω�ήϴμΑCT
ϝ�ϝϮΤΘΘΑϭphagocytes

ήΧϵ�ϥΎϜϣ�Ϧϣ�ΔϴϤδΘϟ΍�ϑϼΘΧ΍�Ϧϣ�ϢϏήϟΎΑ��
�ΎϬδϔϧ�ϥϮϜΘΑ�ϢϬΗ΍ΰϴϣ�ϦϜϟ�ήϴΒϛ�ΪΣ�ϰϟ·���ΔϔϴυϮϟ΍�βϔϨΑ�ϡϮϘΘΑϭ�ϝ΍phagocytosis�



��

Surface indentations and protrusions Lysosomes
Eccentric oval/kidney 

shaped nucleus

Pseudopodia

PhagosomeResidual 
bodies

Debris

Macrophages

Fig.4: Macrophages
and the process of
phagocytosis.

Many RER and a 
well developed Golgi

�ϝ΍�Ϣγ΍MonocytesϝΎΑ�ϲϠϟ΍CT�
Macro = the cells are large

ΝϮϤΘϣ�ΔϴϠΨϟ΍�΢τγ�ΐΒδϟ΍�νΎϬϟ�ΕΎΟΎόΒϧ΍�ϭ�Ε΍˯ϮΘϧ�

We can find many
in the cytoplasm


�ϥϮϫ�ϝΎΠϣ�ϲϓ�Ύϣ�ϪϧϷ�ΖΤΗ�ϲϠϟ΍�ΪϳϼδϟΎΑ�ΔϴϠϤόϟ΍�Ρήη-



Functions of Macrophages:

1) Phagocytosis (Microorganisms, neoplastic cells,
dead cells, debris, and abnormal extracellular
elements).

2) Destruction of red blood cells (metabolism of iron
and hemoglobin).

3) Antigen presentation to lymphocytes. .

4) Release of cytokines and collagenases.
��

ϝ΍�ήϴμΑ�ϒϴϛphagocytosisϝ΍�ˮpseudopodia�ΩΪϤΘΘΑ(extend)�ΔΒϳήϐϟ΍�ϡΎδΟϷ΍�ήλΎΤΘΑϭ
�foreign bodies���ϝ΍�ϲϓ�ΓΩϮΟϮϤϟ΍�ΕΎϤϳΰϧϹ΍�ϞϤόΘΑ�ϦϳΪόΑlysosomes�lysosomal enzymes�

�ϡΎδΟϷ΍�ϱΎϫ�ήϴϣΪΗ�ϰϠϋ�breaking them down/digesting���ΔϴϠΨϟ΍�ϞΧ΍Ω�ϞπΑ�˯ΰΟ�ήϴϣΪΘϟ΍�ΪόΑ
�ϪϴϤδΑ�Residual bodies���ϪϴϤδΑ�ϪΟ΍ήΧ·�ϢΘϳ�˯ΰΟϭ�Debris�

Ϫϴϓ�ΏϮϏήϣ�ήϴϏ�ϢδΟ�ϱ΃�ϰϠϋ�ήϴμΘΑ

ήΒΘόΗphagocytosisΔλΎΧ�ΔϴϤϫ΃�ΎϬϟ΍�βΑ�ϪοήΑ
�ϝ΍RBCs�ζϴόΘΑ���ϝ΍�ϖϳήρ�Ϧϋ�ήϣΪΘΘΑ�ΎϫΪόΑ�ΎΒϳήϘΗ�ϡϮϳphagocytosisϊϠτΑ�ήϴϣΪΘϟ΍�ΔΠϴΘϧϭ

�ϱΪϨϋironϭhemoglobin
ϢδΠϟ΍�ϢϬϨϣ�ΪϴϔΘδΑ�

ΰϔΤΗ�ΓΩΎϣ�ϱ΃
ΔϋΎϨϤϟ΍�ίΎϬΟ

ϝ΍�ΎδϫlymphocytesϝΎϋ�ϑήόΘΗ�έΪϘΘΑ�ΎϣantigenϩήϣΪΗϭ�ΓήηΎΒϣ
ϝΎϓmacrophagesΔϋΎϨϤϟ΍�ίΎϬΟ�ϪϴϠϋ�ϑήόΘΒϓ�ϪόϠτΗ�ϦϳΪόΑ�ΎϬϠΧ΍ΪΑ�ϪϠϜη�ήϴϴϐΗ�ϰϠϋ�ϞϤόΘΑ

ϝ΍�Ϧϣ�ΔϋϮϤΠϣmoleculesΎϬΘϔϴυϭ
ϢδΠϟΎΑ�ήϴμΘΑ�ΔϠϜθϣ�ϱ΃�ϭ΃�ΕΎΑΎϬΘϟϻ΍�ΪϨϋ�ΔϴϋΎϨϤϟ΍�ΔΑΎΠΘγϻ΍�ϢϴψΘϧ

ϝ΍�ήϴϣΪΗ�ϰϠϋ�ϞϤόϳ�Ϣϳΰϧ·collagen



� Large, oval or round 
cells.

� Cytoplasm filled with 
basophilic secretory 
granules.

� Nucleus small, 
spherical and centrally 
located (may be 
obscured by granules).

��

3) Mast Cells

Fig.5: Mast cells. Note how the
cytoplasm is intensely basophilic.

ϝ΍�ϥϮϜΘΑ�ϥΎϴΣϷ΍�Ϧϣ�ήϴΜϛ�ϲϓnucleus�ήϴϏ
�Δϴ΋ήϣ�obscured���ϥϮϜΘΑ�ΎϬϧ΍�ΐΒδΑ�νΎϫϭ

ϝΎΑ�ΔρΎΤϣgranules�ΎϤϫϼϛϭbasophilic��
ΔϐΒμϟ΍�βϔϧ�ϭάΧϮΑ�ϦϴΘϨΜϟ΍�ΎϬΘϴϴτϐϣ�ΎϬϧ΍�Ύϣ�ϕϮϓ�ϲϨόϳ

ϝ΍mast cellsϥϮϜΘΑ
basophilicϝ΍�ΩϮΟϭ�ΐΒδΑgranules



��

� Depending on what¶s contained in their secretory
granules, they may change the blue color of basic
dyes into a different color ± metachromasia.

� Function: Release of heparin, histamine, and
various inflammatory molecules. They¶re
important in inflammatory and allergic reactions.

Meta- = beyond. Chroma = color.

ϝ΍�ϲϓ�ΓΩϮΟϮϣ�ΔϴλΎΧmast cellsιϮμΨϟ΍�ϪΟϭ�ϰϠϋ���ΞϴδϨϠϟ�Δ˴ϓΎπϤ˵ϟ΍�ΔϐΒμϟ΍�ϥϮϟ�ήϴϴϐΗ�ϰϠϋ�ΔϤ΋Ύϗ
ϝ΍�ϞΧ΍Ω�ΓΩϮΟϮϤϟ΍�Ω΍ϮϤϟ΍�ΔόϴΒρ�ΐΒδΑgranules��ϲΠδϔϨΒϟ�ήϴϐΘΑ�ϕέίϷ΍�ϥϮϠϟ΍�ϼΜϤϓ��ϼΜϣ�ΩϮγϷ�ϲΠδϔϨΒϟ΍

The most important substance
in allergic reactions

ϲϫ�βδΤΘϟ΍�ΔϬΟ΍ϮϤϟ�ΎϳϼΨϟ΍�Ϣϫ΃�Ϛϴϫ�ϥΎθϋ
ϝ΍mast cells

�ήΜΨΘϠϟ�ΩΎπϣ�anticoagulant�

ΩϣΣϣ�ΎϧΩϳγ�ϰϠϋ�ϡϠγϭ� ˶ϝ˷λ�ϡϬϠϟ΍



� Large, ovoid cells.

� Basophilic cytoplasm
because it¶s rich in RER
(no secretory granules).

��

4) Plasma Cells

Juxta- = near, close to.

� Golgi and centrioles occupy a juxtanuclear position
and appear pale.

� Nucleus spherical and eccentric. Has dark peripheral
regions alternating with lighter regions (clock-face
appearance).

� Short life span (10-20 days).

ϝ΍plasma cellsϥϮϜΘΑ
basophilicϝ΍�ΩϮΟϭ�ΐΒδΑRER

Juxta= close to

Appears pale cuz its not basophilic..
ΔϐΒμϟΎΑ�ήΛ΄ΘΗ�Ρέ�Ύϣ�ϲϨόϳ

ΔϴΒϧΎΟ��Δϴϓήρ�not centralized�
�Ϧϛ΍Ϊϟ΍�ϥϮϠϟ΍�ΔψΣϼϣ�ϖϳήρ�Ϧϋ�ΎϫΰϴϤΑ

ϞϟnucleusϑήτϟΎϋήΧϷ΍�ϑήτϟ΍�ϲϓϭ
ϥϮϠϟ΍�ΔΘϫΎΑ�ϭ΃�ΔΤΗΎϓ�ΔϘτϨϣ



� Derived from B-Lymphocytes.

� Function: production of Antibodies.

� Stimulated by several local factors.

��

Fig.6: Plasma cells.
The cytoplasm is
basophilic. Note
the juxtanuclear
pale area (arrows)
and the clock-face
appearance of the
nucleus.

ϝ΍�ω΍Ϯϧ΃�ΪΣ΃white blood cells
ϝ΍�ϞΧΪϳ�ΎϤϟantigenϞϐΘθϳ�Ρέ�ϢδΠϟΎϋ

ΔϋΎϨϤϟ΍�ίΎϬΟ���ϝ΍ϭB-Lymphocytes
ϝ�ϝϮΤΘΗ�Ρέplasma cells��ϦϳΪόΑ

�ΞΘϨΘΑantibodiesϝ΍�ήϣΪΗ�ϥΎθϋantigen 



í Formed from proteins that polymerize into elongated
structures.

í The 3 main types are:

1) Collagen fibers (from protein Collagen)

2) Reticular fibers (from protein Collagen)

3) Elastic fibers (from protein Elastin)

��

Fibers of the Extracellular 
Matrix


ϝ΍�κ΋ΎμΧECMϝ΍�ω΍Ϯϧ΃�ϊϴϤΟ�ϲϓ�ΔϬΑΎθΘϣϭ�ΔΘΑΎΛ�ϪΗΎϧϮϜϣϭtissuesΔϴϤϜϟ΍�ϲϓ�ϥϮϜϳ�ϑϼΘΧϻ΍�ϦϜϟ

Fibers are protein polymers, (polymer = structure with repeated units)

ϝ΍�ϝΎϫ�ϞπΘΑunits�ϱΪϨϋ�ϥϮϜΘϳ�Ύϣ�ΪΤϟ�έήϜΘΗlong structure



� Present in different tissues: skin, bones, cartilage, basal
lamina, ligaments, and tendons. They give them strength.

� Several types of collagen protein exists.

� Collagen turn-over is slow in some organs, like tendons
where the collagen is stable. In the periodontal
membrane (which holds the teeth in their sockets),
collagen has a high turn-over rate.

� Collagen fibers may be in the form of (1)thick bundles (as
in tendons and ligaments), (2)fibrils (as those that anchor
the basal lamina to underlying tissues), or (3)networks.

��

1) Collagen Fibers (the most common and abundant protein
in the body is collagen protein)

ϝ΍�ϪϧϷcollagen fibers
΍ΪΟ�ΓήϴΜϛ�ϦϛΎϣ΃�ϲϓ�ΓΩϮΟϮϣ

ϢδΠϟ΍�ϲϓ

ˮζϴϟ

(time from formation to destruction)

(rapid turn-over) �Δοήόϣ�ϥΎϨγϷ΍
ϩήϴϏϭ�ϡϼϜϟ΍�ϭ΃�ώπϤϟ΍�Ϧϋ�ΪϳΪη�ςϐπϟ�ΎϤ΋΍Ω���ήϴμϗ�Ζϗϭ�ϲϓϭ�ήϤΘδϣ�ϞϜθΑ�ϢϫΪϳΪΠΘϟ�ΝΎΘΤΑ�Ϛϴϫ�ϥΎθϋ

(as in dermis and lamina propria)



��
Fig.7: The step-wise 

formation of collagen fibers

Collagen Molecule (Triplehelix)
�ϝ΍�Ϧϣ�Ϟγϼγamino acids

ϝ΍�ϊϤΠΘΘΑmoleculesϥϮ˷ϜΗ�ϥΎθϋ�ξόΑ�ϊϣ
ϝ΍fibrils��ϝ΍�ξόΑ�ϲϓtissuesΔϴϠϤόϟ΍�ϒϗϮΘΘΑ

ϝ΍�ήθΘϨΘΑϭ�ϥϮϫfibrilsϝΎΑ�ϲϫ�Ύϣ�ϱίtissue�
�ϥϮ˷ϜΗ�ϥΎθϋ�ϊϤΠΘΘΑ�ϯήΧ΃�ΔΠδϧ΍�ϲϓϭfibers



��

Fig.8: Collagen fibers as seen by TEM (a) and LM (b). Note the striation seen
under the EM. Also note the pink color of the collagen fiber in (b). The
arrows point to nuclei of fibroblast.

TEM LM



Disease Pathology Notes

Osteogenesis
imperfecta

Genetic defect in collagen 
synthesis

Affects all body. A 
severe condition. May 
result in spontaneous 

bone fracture.

Scurvy
Vitamin C deficiency 

(this vitamin is important 
for collagen synthesis)

Periodontal membrane 
is mostly affected and 

the teeth fall off
Sclerosis Accumulation of collagen Affects all body
Keloid Accumulation of collagen In skin wounds

Collagen disease

ϰϟ·�ϱΩΆϳ
ϲϓ�ϥΎμϘϧ

ϝ΍collagen

ϰϟ·�ϱΩΆϳ
ϲϓ�ΓΩΎϳί

ϝ΍collagen

*See the next slide*

ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϪϘϠΧ�ΩΩϋ��Ϫηέϋ�Δϧί˶�ϭ��ϪΗΎϣϠϛ�Ω΍Ωϣϭ



��

���Osteogenesis imperfecta���genetic disease�ϲϨϴΟ�νήϣ��
�Affects all body ��Ϫϴϓ�ϥΎϜϣ�ϱ΃collagen fibersήΛ΄Θϳ�Ρέ��-very Severe disease
�May result in spontaneous bone fracture�έΎδϜϧ·�ήϴμΑϭ�ϡΎψόϟΎϋ�Γ˷ΪθΑ�ήΛ΄ϳ�Ρέ

ΐΒγ�ϥϭΩ�ϡΎψόϠϟ�ΊΟΎϔϣϭ�ϱϮϔϋ�

���Scurvy��Vitamin C deficiency��ϦϴϣΎΘϴϓCϝ΍�ΐϴϛήΗϭ�ϦϳϮϜΗ�ϲϓ�΍ΪΟ�ϢϬϣcollagen�
��ΔϠϗvitamin Cϝ΍�ϦϳϮϜΗ�ϰϟ·�ϱΩΆΗ�Ρέcollagen�ϲόϴΒρήϴϏ�ϞϜθΑ�abnormal formation�
�Periodontal membrane is mostly affected and the teeth fall off
��ϦϴϣΎΘϴϔϟ�ϲδϴ΋ήϟ΍�έΪμϤϟ΍CΕΎϴπϤΤϟ΍�Ϯϫ�Ύ˷Ϩϋ���ϝ�ϱΩ΄ϳ�Ρέ�ΎϬϟϭΎϨΗ�ΔϠϗϭdeficiencyϲϟΎΘϟΎΑϭ

ϥΎϨγϸϟ�ςϗΎδΗ�ήϴμϳ���Ε΍ήΘϔϟ�ήϔδϟ΍�ΔΠϴΘϧ�ϥΎϣί�ΓέΎΤΒϟ΍�ϪϨϣ�΍ϮϧΎόϳ�΍ϮϧΎϛ�ϲϠϟ΍�ϲηϹ΍�νΎϫϭ
�ϦϴϣΎΘϴϔϟ�έΪμϣ�ϥϭΩ�έΎΤΒϟ΍�ϲϓ�ΔϠϳϮρC�

��ϦϴϣΎΘϴϔϟ�ϲϤϠόϟ΍�Ϣγϻ΍C�ϮϫAscorbic acid��ϝ΍�ˮ�Ϣγϻ΍�ϱΎΟ�Ϧϳϭ�Ϧϣa�ϲϨόΗnot���ϭscorbic
ϝ΍�ϰϟ·scurvy���ϰϨόϤΑ�ϊϠτΘΑ�ΔϳΎϬϨϟΎΑ�ϑ(the molecule that prevent scurvy)

���Sclerosis���Abnormal accumulation of collagen�ϲόϴΒρ�ήϴϏ�Ϣϛ΍ήΗ�ϭ΃�ϦϳΰΨΗ�
�Affects all body

���Keloid���Abnormal accumulation of collagen
�In skin wounds��ήϴΒϛ�ϊϤΠΗ�ϱΪϨϋ�ήϴμΑ�ΡήΠϟ΍�ΔΠϟΎόϣ�ΪϨϋϭ

Ϟϟcollagen fibersϝ�ϱΩΆϳabnormal repairϞϟwound�



o Formed by a type of collagen protein that is heavily
glycosylated.

o Thinner than Collagen fibers.

o Stain black with silver impregnation (argyrophilia).

o Form a network of fibers that holds the parenchyma of several
organs: liver, spleen, lymph nodes, bone marrow.

��

2) Reticular Fibers

o Allow organs to stretch:
arteries, uterus.

Fig.9: Reticular fibers in lymph node (silver 
impregnation).

�Ϧϣ�ϥϮ˷Ϝϣ�ϪοήΑcollagen proteins�ΔϴϟΎϋ�ΔΒδϧ�ϰϠϋ�ϱϮΘΤΑ�ϪϨϜϟ
ϝ΍�Ϧϣcarbohydrates

�ϲϨόΗsilver

ϝΎΑ�ώΒμ˴ϟ΍�ΔϴλΎΧ�Ϣγ΍silver
�Ϣγϻ΍�ϰϨόϣϭ�Ϟϟ�ΐΤ˶ϣ˵silver�


Ώ�ϰϨόϣ�ή˷ϣ�Ύϣ�ϱί�ϭlec 1ϝ΍�ϑsilver˯ϮπϠϟ�βϛΎϋ���ΩϮγ΃�ϥϮϠΑ�ΎϫέϮϬυ�ΐΒγ�νΎϫϭ

Reticular = network (ϲϜΒη�ϞϜη�Ε΍Ϋ)

ϝ΍�˯΍ΰΟ΃�ϚδϤΘΑ�ΔϜΒη�ϥϮ˷ϜΘΑ�ΞϴδϨϟ΍�ϞΧ΍Ω�ϭorganΎϬϠϜη�ϰϠϋ�φϓΎΤΘΑϭ�ΔϔϠΘΨϤϟ΍

ϝ΍�ξόΑ�ϲϓorgans�ΎϬϟήϴμΑ�ϲϠϟ΍stretching
ϝ΍reticular fibersϝ΍�ϕΰϤΗ�ϊϨϤΘΑ�ϲϠϟ΍�ϲϫorgans

ΎϬΘϗΎρ�ϕϮϔϳ�ϞϜθΑ�ΎϫΩΪϤΗϭ



� Thinner than collagen fibers.

� Forms a network dispersed between collagen bundles in organs
subject to stretching and bending. Elastic fibers may form
fenestrated sheets in the walls of large blood vessels called
Elastic lamellae.

��

3) Elastic Fibers

� They provide Elasticity for the organ

� They¶re synthesized by fibroblasts and
smooth muscle cells.

Fig.10: Two stains were used to differentiate
between collagen fibers (which are
red/pink) and elastic fibers (which are
darker in color).

�from protein Elastin�

ϝ΍�ΰϴϤϨΑ�Ύ˷Ϩϛ�Ύϣ�ϱί�ϭreticularϝΎΑargyrophilia
ϝ΍�ΰϴϣ΃�ϥΎθϋ�ΔμμΨϣ�ΕΎϐΒλ�ϡΪΨΘδΑ�ϪοήΑ�ϥϮϫElasticΏ�ήϬψΘΑϭdark colorϪοήΑ

ϝΎΑ�Ϫϴϗϼϧ�ϦϜϤϣdermis (skin)ϝ΍�ϭlamina propriaϢϫήϴϏϭ
�ϞϜη�ϰϠϋ�ΐΗήΘΘΑϭ�ϊϤΠΘΘΑ�ΎϧΎϴΣ΃sheets�ϰϤ˷δ˵Η�ϭElastic lamellaeϝΎΑ�ϪϴϗϼϨΑϭlarge arteries

ϝ΍�ϱίaorta�ϼΜϣ�έ΍ήΘϤγΎΑ�ΩΪϤΘϳϭ�ϊγϮΘϳ�ϥϮϜΑϭ�ϲϟΎϋ�Ϫϴϓ�ϡΪϟ΍�ςϐο�ϪϧϷ��ϝ΍�έϭΩ�ϑelastic�ϞΜϤΘΘΑ
ϝ΍�ήϴϓϮΘΑelasticity��ϝΎΑ�ϡΪϟ΍�Φο�ϥϮϜϳ�ΎϤϟϭ�ΩΪϤΘϳ�Ύϣ�ΪόΑ�ϲόϴΒτϟ΍�ϪόοϮϟ�ΞϴδϨϟ΍�ωΎΟέ΍�ϲϫϭaorta�ϱϮϗ

ΩΪϤΘϳϭ��ϝ΍�ϦϳΪόΑelastic�ϊϓΪϟ�ϱΩ΄ϳ�Ρέ�νΎϫ�ϥΎϛ�Ύϣ�ϱί�ϪόΟήϳ
ήΒϛ΃�ΓϮϘΑ�ϡΪϟ΍��ϞϣΎϛ�ϢδΠϠϟ�ϡΪϟ΍�ϝΎμϳ·�ϲϓ�ΓΪϋΎδϤϟ΍�Ϟϣ΍Ϯόϟ΍�Ϧϣ�νΎϫϭ

ϝ΍�ϞΜϤΗ�ΔϨϛ΍Ϊϟ΍�Δόϴϓήϟ΍�ρϮτΨϟ΍elastic
ϝ΍�ϞΜϤΗ�ΔϳΩέϮϟ΍�ϭcollagen
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�ώϳήϔΗ��ϱήϤόϟ΍�ΪϤΤϣ



� Is a highly hydrated transparent and viscous mixture of
complex macromolecules that fills the spaces between the
cells and the fibers in the connective tissue

- The Macromolecules are:
1) Glycosaminoglycans (GAG)
2) Proteoglycans
3) Glycoprotein

� The largest GAG is hyaluronic acid. This is the only GAG
synthesized on the cell membrane. Others are part of
proteoglycans and are synthesized inside the cell.

��

Ground Substance

(In the ECM)

Contains a lot of water ϑΎϔη �Νΰϟ�Ϫϣ΍Ϯϗ(thick)

(Large molecules)
�Ϟϛ�ϲϓϭtissue�ϱΎϫ�Ϧϣ�Ϧϴόϣ�ωϮϧ�ΪΟ΍ϮΘΑ

ϝ΍molecules���
ϝ΍�ϱίhyaluronic acid�ϝ΍�ΪΣ΃GAGs��

ϝ΍�ϰϠϋ�ϪόϴϨμΗ�ϢΘϳ�ϲϠϟ΍cell membrane



��

� Glycoproteins can bind to various components of the ECM
and the cell membrane. They¶re, therefore, called
multiadhesive. They help keep the tissues together.
Examples: Laminin (in basal lamina).

� Laminin of the basal lamina can bind to integrin protein of
the epithelial cells and the other components of the basal
lamina.

� Laminin, therefore, plays an
important role in adhering the
epithelium to the underlying
connective tissue.

Fig.11: Laminin in the basal lamina under the 
epithelium (immunohistochemical study).

ϝ΍glycoproteinsϝ΍�Ϧϣ�ΔϔϠΘΨϣ�˯΍ΰΟ΄Α�ςΒΗήΗ�ΓέΪϘϟ΍�ΎϫΪϨϋtissue��ϰϤδ˵˴Η�Ϛϴϫ�ϥΎθϋ
multiadhesive��ϝ΍�˯΍ΰΟ΃�ςΑήΑ�ώϤμΑ�ϪΒη΃�ϥϮϜΘΑϭtissue�ΎϬπόΒΑ�ΔϔϠΘΨϤϟ΍

ϝ΍�ςΑέ�ϲϓ�ϢϬϣ�έϭΩ�ΎϬϟ΍epitheliumϝΎΑ�ϪΘϴΒΜΗϭbasal lamina

�˸Βμ˴ϟ�ΔϴϨΑ�ΔϐΒλ�ϡ΍ΪΨΘγ΍�ϢΗ�ϥϮϫ�ΓέϮμϟΎΑ�ώ
ϝ΍lamininϝ΍�ϲϓ�ϩΪΟ΍ϮΗ�φΣϼϨΑ�Ύϣ�ϱί�ϭbasal 

laminaϝ΍�ϲϓ�ϯήΧ΃�˯΍ΰΟ΃�ϲϓϭtissue

ϝ΍�ϲϫ�ξϴΑϷ΍�ϥϮϠϟΎΑ�ΓήϫΎυ�ϲϠϟ΍�ϡΎδΟϷ΍fatty cells�adipocytes�



��

Mainly in embryos

Classification of Connective Tissue
ϝ΍�ϕήρ�ϒϠΘΨΗclassificationΐΘϜϟ΍�ϦϴΑ���ϝ΍�ϰϠϋ�ΔϴϨΒϣ�ΔϘϳήτϟ΍�ϱΎϫϭembryology

The CT found in 
human after birth

Any CT in which
fibroblasts forms the

ECM

According to the density of fibers,
proper is classified into : 

ϝ΍�ωϮϧ�ΐδΣϭfibers�
ϝΎϓdense�

CT that supports
the body

In which the
ECM is fluid

Semi-solid (ΔϴϨϴΗϼΟ) solid fluid



��

� Proper connective tissue is the connective tissue
in which the main type of cell that forms the
ECM is the fibroblast.

� Loose connective tissue: the fibers are loosely
arranged forming a network.

� Dense connective tissue: the fibers are densely
packed.

We don¶t have many fibers, and fibers are separated from each other

ϝ΍fibers�ΓΪϳΪϋ�we have numerous fibers���Δλ˷΍ήΘϣ�ϭ�ΎϬπόΑ�Ϧϣ�ΔΒϳήϗ�ϥϮϜΘΑϭ

ϝΎΑ�βΑ�ϲϜΤϟ΍�νΎϫϭproper��
�ζϣ�ω΍ϮϧϷ΍�ϲϗΎΑfibroblast

ϰϧϐϟ΍ϭ�ϑΎϔόϟ΍ϭ�ϰϘΗϟ΍ϭ�ϯΩϬϟ΍�ϙϟ΄γ΃�ϲϧ·�ϡϬϠϟ΍



��

Areolar Connective Tissue:
� A very common type of connective tissue. It gives some support

to organs and tissues.

� Features:
¾ Contain all three types of fibers arranged loosely.
¾ All types of connective tissue cells (especially fibroblasts and

macrophages) are present here.
¾ All these components

are embedded in an
abundant semi-fluid
ground substance.

¾ It¶s highly vascular.

Areolar = small spaces.

The most common type of CT in the body

loose proper

(Collagen/elastic/reticular)

�ϝϮϗ΃�έΪϘΑ�ϪοήΑ
(semi-solid)

ϦϤο

ΎϓΎδϣϭ�ΕΎϏ΍ήϓ�ϲϓ�ϒϴϛ�ϑϮθϨΑ�ΓέϮμϟΎΑ�ϦϴΑ�Ε
ϝ΍ϭ�ΎϳϼΨϟ΍fibers�loosely arranged�����

�Ϣγ΍�ϪϴϠϋ�ϖϠ˶ρ˵΃�Ϛϴϫ�ϥΎθϋareolar��ήϴϐμΗ
�ΔϤϠϛareaϪϴϓ�Γήϴϐμϟ΍�ΕΎΣΎδϤϠϟ�ΔΒδϧ�



��

� Found:
1. Under epithelia.
2. Around glands.
3. In the spaces between muscle and nerve fibers.
4. Around blood and lymphatic vessels.
5. It fills many small spaces making it the µpacking material¶ of

our body.

� Functions:
1. It gives organs their shape.
2. It is a medium for the diffusion of gases, nutrients, and waste

product.

3. It is usually the first tissue where microorganisms and foreign
particles enter the body; therefore, it¶s an important site for
immune and inflammatory responses.

*�ΔϤϠϛhistology�ΔϤϠϛ�Ϧϣ�ΔϳΎΟhisto�ΎϫΎϨόϣ�ϲϠϟ΍ϭnet like�ϲϜΒη���ΞϴδϨϟ΍�΍ϮϓΎη�Ύϣ�ΪόΑ�ΖΟ΍�ΔϴϤδΘϟ΍ϭ
ϝ΍�ϊϳίϮΗϭ�ΐϴΗήΗ�ΔϘϳήρ�΍ϮψΣϻϭ�ήϬΠϤϟ΍�ΖΤΗfibersΔϜΒη�ϞϜη�ϰϠϋ���Ϣγ΍�ϪϴϠϋ�΍ϮϘϠρ΄ϓtissue�ϲΘϟ΍ϭ

�ϲϨόΗ�ϲϨϴΗϼϟΎΑhisto���ΔϤϠϛ�ΖΟ΍�ϥϮϫ�Ϧϣϭhistology

�ϲϓ�Ϫϧ΍�ΎϘΑΎγ�ΎϧήϛΫCTϝ΍�ΖΤΗepithelial���ϮϬϓ�ϪϋϮϧ�Ϧϋ�ϲϨϟ΄γ�Ϯϟ�ϑareolar

�ΕΎϏ΍ήϔϟ΍�˯ϞϤϟ�ϡΪΨΘδΗ�ΓΩΎϣ��ίΎϬΟ�ϱήΘη΍�ΎϤϟ�ϱί
ΕΎϏ΍ήϔϟ΍�˯ϞϤϟ�ϦϴϠϓ�ΔϧΎϴϠϣ�ΔϧϮΗήϜϟ΍�ϥϮϜΗϭ�ϲ΋ΎΑήϬϛ�

ϝ΍�Ϫϧ΍�ϪοήΑ�ΎϘΑΎγ�ΎϧήϛΫepithelial�Ϫϴϓ�Ύϣblood vessels���ϪΘϳάϐΗ�ϰϠϋ�ϞμΤΑ�ϑ
ϝ΍�Ϧϣareolar�ϪΘΤΗ��ϥϮϜΑ�ϪϧϷhighly vascularϝ΍ϭground substanceϝ΍�ΔϴϠϤόΑ�΢ϤδΘΑ�Ϫϴϓdiffusion�

ϝ΍�ΖΤΗ�ϲϠϟ΍�ΔϘΒτϟ΍�ϞΜϤΑ�Ϫϧ·�ΎϤΑϭepithelial
ϝ΍�ϑ�ΪϠΠϟ΍�ϕήΨΘϳϭ�ϢδΠϟ΍�ϰϠϋ�ΐϳήϏ�ϢδΠϳ�ϞΧΪϳ�ΎϤϠϓareolar�ΔΑΎΠΘγϹ΍�ΰϔΤΑϭ�Ϫϟ·�ϦϴϠΒϘΘδϤϟ΍�ϝϭ΃�ϥϮϜΑ

ϢδΠϠϟ�ΔϴϋΎϨϤϟ΍����ϪϘϠΧ�ௌ�Ε΍άϟΎΑ�ωϮοϮϤϟ΍�νΎϫ�ϥΎθϋϭloosely arranged���



��

Fig.12: Left: Skin. Right: Esophagus. In both images, the loose connective 
tissue is indicated by L. Note its position under the epithelium. (The Ds in 
both images indicate dense collagenous irregular connective tissue).

�ΎϨϋ�ήϴμϳ�ΎϤϟinflammationϞ΋΍Ϯδϟ΍�ϊϤΠΗ�ϲϫ�Ϫο΍ήϋ΃�ΪΣ΃�ϑ���ϲϓ�Ϟ΋΍Ϯδϟ΍�ϱΎϫ�ϢϫΎδΘΑ�ΚϴΣ
ϝ΍�ΔϣϭΎϘϣforeign particles���ΎϬϧϹ�ϑloosely arrangedϝ΍�ϦϴΑ�ΔΣΎδϣ�ϱΪϨϋ�ϥϮϜΑfibers

ϝ΍ϭcells�Ϟ΋΍Ϯδϟ΍�ϊϤΠΘϟ�ϝΎΠϣ�ϲτόΗ�ϥΎθϋ��ϥΎϛ�΍Ϋ΍�ϪϧϹdensely arranged�Ϟ΋΍Ϯγ�Ϫϴϓ�ϊϤΠΗϭ
�ϞϤόϳ�Ρέ�ϲηϹ΍�νΎϫpressureϝΎϋtissueϪόϔϨϳ�Ύϣ�ήΜϛ΃�ϩή˷πϳϭ�
Esophagus (˯ϱήϤϟ΍)skin

Dense collagenous



¾ Fibers formed by Reticular cells
(modified fibroblasts) whose
cytoplasmic processes extend on the
reticular network forming a cell-lined
sponge-like structure.

��

Reticular Tissue:

Fig.13: Reticular tissue.
Note how there are several
spaces in this tissue giving
it a sponge-like appearance.

¾ Composed mainly of loosely arranged
reticular fibers forming a network
within hematopoietic organs (bone
marrow, spleen) and lymph organs.

(Found in)

Organs related to blood formation 

(Lymph nodes/ thymus)
Special type of fibroblast�ϝ΍�ΔϋΎϨμΑ�ΔμΘΨϣreticular fibers�

ϝ΍�ϞΜϤΗ�˯΍ΩϮδϟ΍�ρϮτΨϟ΍reticular fibers

Nucleus

�ϱΪϨϋ�Ϫϧ·�ΎϬϴϓ�ΪμϘϳspacesϝ΍�ϦϴΑprocessesϝ΍ϭfibers���ϱΎϫϭ
ΔϴοΎϓ�ϥϮϜΘΑ�Ύϣ�ΕΎϏ΍ήϔϟ΍���ΎϬϴϓ�ϥϮϜΑtissueϝ΍�Ϧϣorgan�ΪΟ΍ϮΘΘΑ�ϲϠϟ΍

Ϫϴϓ��ϝ΍�ϱίlymph nodesϝΎΑ�ϸ˴Ϥ˵˸Η�ΎϬΗΎϏ΍ήϓ�ϼΜϣlymphocytes
¾ Macrophages are also present in this tissue.

�ϪΘϔϴυϭ��to support and hold the different 
parts of the organ together



� A type of connective tissue that has numerous
densely packed collagen fibers with few cells and
ground substance. Highly resistant to stress.

� Could be irregular or regular

1. Irregular: fibers arranged in no specific orientation
forming a 3-dimensional network that resist stress
from all directions. It is found in organ subject to
great stresses (see Figure 12).

��

Dense Collagenous Connective Tissue:

ϝ΍�Ϧϣ�ήϴΒϛ�ΩΪϋfibers�ΔϓΎΜϜΑ�ΔόϤΠΘϣ���ϰϠϋ�ϱϮΘΤΘΑfibroblastsΎϬϨϴΑ���ϝ΍�ΩΪϋ�Ϫϧ·�ΎϤΑϭfibers
ΔϠϴϠϗ�ΎϬϨϴΑ�ΕΎϏ΍ήϔϟ΍�Ϫϧ·�ϩΎϨόϣ�νΎϫ�ήϴΒϛ��ϝ΍ϭ�ΎϳϼΨϟ΍�ΩΪϋ�ϲϨόϳground substanceΎϬϴϓ�ϞϴϠϗ

ϩΎΠΗ΍

Collagen fibers pass in a direction parallel to the force that is applied to that organ..
�ϱΪϨϋ�ϥϮϜϳ�ϡίϻ�ΕΎϫΎΠΗϹ΍�Ϟϛ�Ϧϣ�ΓϮϘϟ΍�ΖϧΎϛ�΍Ϋ΃�ϑfibersΕΎϫΎΠΗϻ΍�ϞϜΑ��ΪΣ΍ϭ�ϩΎΠΗ΍�Ϧϣ�ΓϮϘϟ΍�Ϯϟ�ΪΣ΍ϭ�ϩΎΠΗΎΑϭ

ϝ΍�νήόΘϳ�ΎϤϟ�ϲϨόϳtissue�ϲϓ�ϥϮϜϳ�Ρέ�Ϧϴόϣ�ϩΎΠΗΎΑ�ΓϮϘϟfiber�ΓϮϘϟ΍�ϱΎϫ�ϡϭΎϘϳ�ΎϬϟ·�ϱί΍Ϯϣ���
ΕΎϫΎΠΗϹ΍�ϊϴϤΟ�Ϧϣ�έήπϟ΍ϭ�ΓϮϘϟ΍�ω΍Ϯϧ΃�ϒϠΘΨϤϟ�νήόΘΑ�ϪϧϷ�ϼΜϣ�ΪϠΠϟ΍�ϲϓ�ϲϠϟ΍�ϱί

ϝ΍�ϥϮϜΘΑfibers�ΕΎϫΎΠΗϹ΍�ϞϜΑ



Fig.14: Dense collagenous
regular connective tissue
of a tendon (longitudinal
section).

��

2) Regular: fibers arranged parallel to each other in a specific
orientation with flattened fibroblasts dispersed between them.
Provides great resistance to traction forces. Found in tendons
and some ligaments giving the living tissue a white color.

ϝ΍�ϞϛfibersΪΣ΍ϭ�ϩΎΠΗ΍�ϲϓ��ϝ΍ϭfibroblastsΔϗήϔΘϣϝ΍�ϦϴΑ�ΔϋίϮΘϣϭfibers���ϲϓ�ΓΩϮΟϮϣ�ϥϮϜΘΑ
�Εϼπόϟ΍�ϲϓ�ΔτΑέϷ΍ϭ�έΎΗϭϷ΍���ϱΪϨϋ�΄θϨϳ�Ρέ�ΔϠπόϠϟ�νΎΒϘϧ΍�ϱΪϨϋ�ήϴμϳ�ΎϤϟ�ϑtraction 
forcesϝ΍�ϩΎΠΗϻ�ϱί΍Ϯϣ�ΪΣ΍ϭ�ϩΎΠΗΎΑfibers��

ϝ΍�νήόΗ�Ϯϟϭtissue�ϩΎΠΗΎΑ�ΓϮϘϟ
�ϱΩϮϤϋ�perpendicular���ϭ΃

ϝ΍�ϩΎΠΗ΍�Ϧϋ�ϒϠΘΨϣfibers�Ρέ
ϝ΍�έήπΘϟ�ϱΩ΄ϳtissue

ϪΘϳ΅έ�ΪϨϋ
ΓΩήΠϤϟ΍�ϦϴόϟΎΑ



��

¾ Composed mainly of elastic fibers. Found in aorta, some
ligaments, and true vocal cords. Gives the organ elasticity.

Dense Elastic Tissue:

Fig.15: Elastic tissue in the aorta.

numerous densely packed elastic fibers

function

�ΎϬϠϛ�ϱΎϫelastic fibers

�ΝϮϤΘϣ�ΎϬϠϜη�wavy appearance �



��



� Is a type of connective tissue in which adipocytes 
predominate.

� It¶s present throughout the body.

� It constitute about 15-20% of the body weight of 
males with normal weight, and 20-25% of females 
body weight.

� It could White (WAT) or Brown (BAT).

��

ϝ΍tissueϝ΍�ϥϮϜΘΑ�ϲϠϟ΍adipocytesϪϴϓ�ΓήθΘϨϣ�ΎϳϼΧ�ήΜϛ΃�ϲϫ��ϝ΍�ϥϮ˷Ϝ˵˴Η�ϲϠϟ΍�ϲϫ�ζϣ�ϦϜϟϭECM
�ϝ΍�ω΍Ϯϧ΍�Ϧϣ�Ϫϧ·�ΎϤΑϭloose CTϝ΍�ϑfibroblastsϝ΍�ϥϮ˷Ϝ˴ΘΑ�ϲϠϟ΍�ϲϫECMϞϟtissue�

ΩϮ˸δ˴Η

White Adipose Tissue Brown Adipose Tissue

Ύϧϋ�ϑ˵ϋΎϓ�ϭϔόϟ΍�ΏΣΗ�ϡϳέϛ�ϭ˷ϔϋ�ϙϧ·�ϡϬϠϟ΍



1) Storage of energy in the form of Triglycerides.

2) Endocrine role by the release of certain hormones and
cytokines.

3) Insulator, because it¶s a poor conductor of heat.

4) Fills the large spaces between tissues and keeps some
organs in place.

5) Subcutaneous fat helps shape the surface of the body.

6) Fat pads act as shock absorbers (palms and soles).

7) Warming of blood (brown fat). ��

Functions of Adipose Tissue

ΔϴϋΎϨϤϟ΍�Ω΍ϮϤϟ΍�ξόΑ�ί΍ήϓΈΑ�έϭΩ�ΐόϠΑ
ΔϟίΎϋ

ϝΎΑ�ΔλΎΧ�ΔϔϴυϭBAT

�Ϊϴϟ΍�ΔΣ΍έ�ϱί�ϖρΎϨϤΑ�ΪΟ΍ϮΘΘΑ�ϩήϴϏ�ϭ΃�ωϮϗϮϟ΍�ΪϨϋ�ΕΎϣΪμϟ΍�κΘϤΗ�ϥΎθϋ��
�ϡΪϘϟ΍�ΐόϛϭ�ϲθϤϟ΍�Ϧϋ�ΞΗΎϨϟ΍�ςϐπϟ΍�κΘϤΗ�ϥΎθϋ�

�ϲΘϟ΍�Γήϴϐμϟ΍�ΕΎΣΎδϤϟ΍�βϜϋ�ϰϠϋ�ϸ˴Ϥ˵˸ΗϝΎΑareola 

�ΎϫήΒΘόϧ�ϦϜϤϣϭfunctions of adipocytes
ϝ΍�ΖΒδϛ΃�ϲϠϟ΍�ϲϫ�ΎϬϧϮϛtissueκ΋ΎμΨϟ΍�ϱΎϫ



o Specialized in energy storage in white adipose cells.

o Depending on diet, its color varies from white to
bright-yellow.

o Features of white adipose tissue:
1) Fibroblasts and macrophages are present in the tissue.
2) Reticular fibers form a network that supports

individual adipose cells and bind them together.
3) Divided by connective tissue partitions into

incomplete lobules.
4) Highly vascularized. ��

White Adipose Tissue

It¶s main function

ϝ΍�Ϫϧ·�΢λadipocytes΍ΪΟ΍ϮΗ�ήΜϛϷ΍�ϲϫ���
ΎϫήϴϏ�ΩϮΟϭ�ϡΪϋ�ϲϨόϳ�ϻ�νΎϫ�βΑ

ΔϤϠΘϜϣ�ήϴϏ�ΕΎμϴμϓ�ϭ΃�˯΍ΰΟϷ�ΎϬϤϴδϘΗ�ϢΘϳ
�ΔϳϮϣΪϟ΍�ΔϴϋϭϷΎΑ�ϲϨϏ�Ω΍ϮϤϟ΍�ϞϘϧ�ϲϓ�έϭΩ�ΎϬϟ·�ϥϮϜΑ�ϪϧϷ�



1. Large spherical cells with a single large fat droplet
(unilocular).

2. Flattened nucleus on one side (pushed by the droplet).
3. A thin film of cytoplasm around the droplet with thicker

cytoplasm around the nucleus.
4. Around the nucleus are several mitochondria, Golgi

apparatus, polyribosomes, and poorly developed RER.
5. In the thin film of cytoplasm, there are well developed SER 

(smooth endoplasmic reticulum) and pinocytotic vesicles.

6. The droplets are surrounded by Vimentin intermediate
filament.

7. The cell is surrounded by a thin basal lamina.
��

Histological features of White Adipocytes

ϢδΠϠϟ�ΎϬϴτόΗ�ΔϗΎτϟ΍�ϥΰΨΗ�ΎϬΘϔϴυϭ�Ϫϧ·�ϰδϨϧ�Ύϣ�ΎόΒρ���ΝΎΘΤΑ�Ϛϴϫ�ϥΎθϋorganelles
ϝ΍�ΔϴϠϤϋ�ϲϓ�ΪϋΎδΗfat metabolismϝ΍�ϱίmitochondriaϝ΍ϭSER



Fig.16: The image above shows the features
of white adipocyte. On the right, the image
shows the typical appearance of fatty tissue in
a routine preparation. Fat droplets dissolve
during tissue preparation and the cell appears
as a thin ring with the nucleus projecting on
one side (the signet-ring appearance).

��

ϝ΍�˯ΎϔΘΧ΍�ΓέϮμϟΎΑ�φΣϼϨΑfat�ΖΤΗ
ΏϮϜγϭήϜϳΎϤϟ΍ξϴΑ΃�ϥϮϠΑ�ΎϫέϮϬυϭ��˯ΰΠϟ΍�ΎϤϨϴΑ

ϰϠϋ�ϱϮΘΤΑ�ϲϠϟ΍ϝ΍nucleus�ΓέϭΎΠϤϟ΍�˯΍ΰΟϷ΍ϭ
ΎϳϼΨϟ΍�ϑήρ�ϰϠϋ�ήϫΎυ�ΎϬϟ·����ϑϮθϨΑ�ϪοήΑϭ

ϝ΍thin film of cytoplasmϝΎΑ�ςϴΤϳfat
ϝ�ΔϓΎοϻΎΑbasal laminaΔϠϣΎϛ�ΔϴϠΨϟΎΑ�ΔτϴΤϣ

Ϣγ΍�ϪϴϠϋ�ϖ˴Ϡτ˵ϳ�ΏϮϜγϭήϜϳΎϤϟ΍�ΖΤΗ�ΎϬϠϜη�ϭ



Fig.17: Special stains were used to preserve the fat droplet.

��

ϝ΍�ϪϧϷfatήϴπΤΘϟ΍�˯ΎϨΛ΃�ϲϔΘΨΑ��ήϫΎυ�Ϟπϳ�ϥΎθϋ�ήϴπΤΘϟ΍�ϲϓ�ΔλΎΧ�ϕήρ�΍ϮϣΪΨΘγ΍�ϥϮϫ�ϑ
�ϲϟΎϘΗήΒϟΎΑ�ΓήϫΎυ�ϦϴϤϴϟ΍�ϰϠϋ��ΩϮγϷΎΑ�έΎδϴϟ΍�ϰϠϋϭ�



1) WAT secretes the hormone Leptin which is a µSatiety
Factor¶ Æ Could obesity be treated by hormonal
therapy?

2) Adiponectin is released by adipocytes. The larger the
adipocyte, the less adiponectin it releases. This
hormone protects against diabetes and other diseases.

3) Obesity is characterized by a state of chronic mild
inflammation because WAT secretes several
inflammatory factors Æ Could these be related to the
cardiovascular or diabetic complications of obesity?

��

Clinical aspects of White adipose tissue
ϡΎότϟ΍�ϝϭΎϨΗ�ΪόΑ�ϊΒθϟΎΑ�αΎδΣϹ΍�Ϧϋ�ϝϭΆδϤϟ΍�ϥϮϣήϬϟ΍

ϪΒΜϣ�ήϴϏ�ΔϨϤδϟ΍�ΔΠϟΎόϣ�ωϮοϮϤΑ�ΔϴϤϠόϟ΍�ϪΗΪ΋Ύϓ�ϝ΍ΰΗ�ϻ

�ϝ΍�Ω΍ί�Ύϣ�ϞϛadiponectinΐϠϘϟ΍�ν΍ήϣ΃ϭ�ϱήϜδϟΎΑ�ΔΑΎλϹ΍�ΔϴϟΎϤΘΣ·ϭ�ΓέϮτΧ�ΖϠϗ
ϱήϜδϟ΍ϭ�ΐϠϘϟ΍�ν΍ήϣϷ�νήόΘϟ΍�ΓέϮτΧϭ�ΔϴϟΎϤΘΣ΍�ΪϳΰΘΑ�ϲϠϟ΍�Ϟϣ΍Ϯόϟ΍�Ϧϣ�ΔϨϤδϟ΍�Ϛϴϫ�ϥΎθϋ

Yes
ϝ΍WATΏΎϬΘϟϹ΍�Ϊο�ϲϋΎϨϤϟ΍�ίΎϬΠϠϟ�ΓΰϔΤϣ�Ω΍Ϯϣ�ίήϔΑ��ήϓϹ΍�ΪϳΰΑ�ΎϬϤΠΣ�ήΒϜϳ�ΎϤϠϓί΍���

Ϣ΋΍Ϊϟ΍�ΏΎϬΘϟϹΎΑ�ϪΒη΃�ϪϟΎΤΑ�ήϴμΑ�ϢδΠϟ΍�ϲϟΎΘϟΎΑϭ



��

4) Although histologically
similar, Visceral and
Subcutaneous WAT have
different gene
expression. The visceral
WAT is more dangerous
to health Æ Could
obesity be treated by
gene therapy?

ϝ΍fats�ϰϟ·�ϪϤδϘϣ�ϢδΠϟ΍�ϲϓsubcutaneous�ΪϠΠϟ΍�ΖΤΗ�ΩϮΟϮϤϟ΍���ϭvisceral��ΩϮΟϮϤϟ΍
�ϲϤπϬϟ΍�ίΎϬΠϟΎΑ�ϊϤΠΘΑ�ϲϠϟ΍�ϱί�ϢδΠϟ΍�˯Ύπϋ΃�ϞΧ΍Ω�GI��

ήϬΠϤϟ΍�ΖΤΗ�ϞϜθϟ΍�βϔϨΑ�΍ϭήϬψΑ�ϦϴϋϮϨϟ΍��ΕΎϨϴΠϟ΍�ϲϓ�ϢϬϨϴΑ�ϑϼΘΧϹ΍�ϦϜϟ��ϝ΍ϭvisceral fats
ϥΎδϧϹ΍�ΔΤλ�ϰϠϋ�ήΛ΄ΘΑ�ϲϠϟ΍�ϲϫ��

ϝϮϘΑ�ϝ΍Άδϟ΍��ΪόΘΑ�ΔϨϤδϟ΍�ΔΠϟΎόϣ�ϦϜϤϳ�Ϟϫ�Ϟϳ
ϝ΍�ΕΎϨϴΟvisceral fatsˮ

ϥ϶ϟ�Δγ΍έΪϟ΍�ΖΤΗ�ωϮοϮϤϟ΍�ϝ΍ί�Ύϣ



5) At birth, fat stores are already formed and
distribution and density varies with age and gender.

¾ Obesity in adults is hypertrophic (results from
increase in size of the already present adipocytes). In
Children, the obesity could be hyperplastic (increase
in the number of cells) because new adipocytes can
be formed from precursor cells that are still present
at this age. Such obese children are more liable to
develop a more severe hypertrophic obesity because
they have more adipocytes. Æ Treat/prevent obesity
at an early age.

��

ϝ΍�ϥϮϜΘϳfatΓΩϻϮϟ΍�άϨϣ��βϨΠϟ΍ϭ�ήϤόϟ΍�ϑϼΘΧΎΑ�ϒϠΘΨΗ�ϪΘΒδϧ�ϦϜϟ

ϝ΍obesityϝ΍�ΪϨϋadultsϝ΍�ϢΠΣ�ΓΩΎϳί�Ϯϫ�ΎϬΒΒγadipocytes��ϞΧ΍Ω�ΔϧΰΨϤϟ΍�ϥϮϫΪϟ΍�ΔϴϤϛ�ΓΩΎϳί
ΔϴϠΨϟ΍����ϝΎϓ�Ύϣ΃childrenϝ΍�ΩΪϋ�ϲϓ�ΓΩΎϳί�ΎϬΒΒδϓadipocytes��ϊϨμΘΑ�ϲϠϟ΍�ΎϳϼΨϟ΍�Ϫϧ·�ΐΒδϟ΍ϭ

ϝ΍adipocytesΔϟΎ˷όϓϭ�ΓΩϮΟϮϣ�Ύδϟ�ϥϮϜΘΑ��ϴϤδϟ΍�ϝΎϔρϷΎϋ�ήΒϛ΃�ΓέϮτΧ�ΐΒδΑ�ϲηϹ΍�νΎϫϭ�ΪόΑ�ϦϴϨ
ϝ΍�ΩΪϋ�ϪϧϷ�ύϮϠΒϟ΍adipocytesΩΎΘόϤϟ΍�Ϧϣ�ήΜϛ΃�ϥϮϜΑ��ήΜϛ΃�ϥϮϫΪϟ΍�ϊϤΠΘΗ�Ρέ�ϑ�
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�ώϳήϔΗ���ΪϤΤϣϱήϤόϟ΍�ΎϳέΎϣϮϫΩ



� Specialized in heat production.

� Brown adipocytes are smaller than white adipocytes,
polygonal, with multiple fat droplets (multilocular). They
have numerous mitochondria and a central spherical nucleus.

� Cells arranged in an almost epithelial arrangement around a
blood capillary. The tissue is divided into lobules by
connective tissue partitions.

� The brown color is due to the mitochondria and the blood
vessels. ��

Brown Adipose Tissue

�ϝ΍�ϦϳΰΨΘΑ�Δϗϼϋ�Ϫϟ΍�Ύϣfat�

�˷Ϡπ˴ϣ˵�Δό
ϞϜθϟ΍

ϝ΍�Δϔϴυϭ�ϒϠΘΨΗBATϝ΍�Δϔϴυϭ�ϦϋWAT�ΎϳϼΨϟ΍�ϞϜη�ϒϠΘΨϳ�Ρέ�ϲϟΎΘϟΎΑϭ�histologically�

ϝ΍�ϝϮΣ�ΔΒΗήΘϣϭ�ΔόϤΠΘϣ�ϥϮϜΘΑ�ΎϳϼΨϟ΍blood vessels
ϝ΍�ΕΎϘΒρ�ΐϴΗήΗ�ΔϘϳήτΑ�ϪΒη΃�ϞϜθΑ�ΕΎϘΒρ�ΓΪϋ�ϰϠϋϭ�ΓήΜϜΑepithelial tissue��ϝ΍�Ϧϣ�ΔϴϠΧ�ϞϛϭBAT

Ϟϟ�ϱΎϫ�Γέ΍ήΤϟ΍�ϞϘΘϨΘΒϓ�Γέ΍ήΣ�ΎϬϠΧ΍Ω�ϥϮϜΘΑBV��ϡϮϘϳ�ϥΎθϋ�ϢδΠϟ΍�ϲϗΎΒϟ�ϞϘΘϨΑϭ�Ίϓ΍Ω�ήϴμΑ�ϡΪϟΎϓϪΘΌϓΪΘΑ

ϝ΍�ϲϓWATϝ΍�ΖϧΎϛmitochondriaϝ΍�ϥΎθϋ�ΓΩϮΟϮϣmetabolism of fat����ϥϮϫ�ΎϤϨϴΑ
Ϟϟ�ΎϬΟΎΘΤϨΑheat productionΓήΜϜΑ�ΪΟ΍ϮΘΘΑ�Ϛϴϫ�ϥΎθϋ



Fig.18: Above, a brown
adipocyte, note the several small
fat droplets. Right, brown
adipose tissue, note how the cells
surround a blood vessel (BV).

��

ϝ΍�ϞΜϤΑ�ήϤΣϷΎΑ�ϲϠϟ΍fat droplets

ϝ΍�ϞΜϤΑ�ϕέίϷΎΑ�ϲϠϟ΍ϭmitochondria

ϝ΍Blood Vessel��ϝ΍�Ϧϣ�ΕΎϘΒρ�ϪϟϮΣϭbrown adipocytes



� At birth, brown adipose tissue is maximal for body
weight. It then decreases with age.

� In adults, it¶s found in scattered areas especially
around the kidneys, the adrenals, the aorta, and in
the mediastinum.

� It increases during cold adaptation.

��

ΓΩϻϮϟ΍�ΪϨϋ���ϝ΍�ΪΟ΍ϮΗ�ΔΒδϧBATϦϜϤϳ�Ύϣ�ήΒϛ΃�ϥϮϜΗ�ϢδΠϟ΍�ϥίϮϟ�ΔΒδϨϟΎΑ���Α�ήϤόϟ΍�ϊϣϭϞϘΘ����
ϚΒϠϏ΃�νΎϫ�ΪόΑ�ϲϠϟ΍�Ϊϳϼδϟ΍�ϑϮη�ˮˮ�ζϴϟ�ΐρ��

ϝ΍�ΩΪϋ�ΓΩΎϳΰϟ�ϱΩ΄ϳ�Ρέ�ΔϠϳϮρ�ΓήΘϔϟ�ΓΩϭήΒϟ΍�ΓΪϳΪη�ϖρΎϨϣ�ϲϓ�ΪΟ΍ϮΘϟ΍brown adipocytes
ϢδΠϟ΍�ϲϓ���ΓΪϤΠΘϤϟ΍�ΏΎτϗϷ΍�ϥΎϜγ�ϱί��ΎϳϷ�ήϤΘδΗ�ϖϠδΗ�ΕϼΣέ�΍ϮΣϭήΑ�ϲϠϟ΍�ϭ΃�ϦϜϤϣϭ�ϡ

�ΓΪϤΠΘϤϟ΍�ϖρΎϨϤϟ΍�ϲϓ�ΓΪϳΪϋ�ϊϴΑΎγ΃�ϩήϴϏϭ�Ζδϳήϴϔϳ΍�ϞΒΟ�ϱί�

ϦϴϐϟΎΒϟ΍�Ϧϋ�ΓΩΪΤϣ�ϖρΎϨϣ�ϲϓ�ΓΩϮΟϮϣ�ϥϮϜΘΑϭ



��

� During fetal life, the fetus was inside the uterus which is a 
warm environment.
� Once born, the infant will be exposed to a sudden change from 
warm to cold environment.
� During infancy (1st year of life), the infant requires more brown 
fat because:

� The nervous system is still not well developed. Can't 
regulate body temperature.

� The musculature is still not to its full capability.
� The infant can't move away from source of cold (still can't 

walk).
This is why BAT is maximum in infancy.


ΓήϜϔϟ΍�΢ϴοϮΘϟ�ϲϓΎο·�Ϊϳϼγ

Αϭ�ϪϟΎΣ�ϲϓΪϳ�έΩΎϗ�ϪϤδΟ�ϥϮϜΑ�Ύϣ�ϪΗΎϴΣ�Ϧϣ�ϰϟϭϷ΍�ϊϴΑΎγϷΎΑϭ�ΪϟϮϨϳ�Ϟϔτϟ΍�ΎϤϟ�ΔΌϓΪΘϟ�ΝΎΘΤ
ϝ�ϩΪΟ΍ϮΗ�ΪόΑ�ϪϧϷ�ΔϳΎϋέϭ��ϢΣήϟ΍�ϲϓ�ήϬη΃�ϪΗέ΍ήΣ�ΔΟέΩ�ϰϠϋ�φϓΎΤϣ�ϥΎϜϤϟ΍�ΚϴΤΑ��

Γέ΍ήΤϠϟ�ήΧ΁�έΪμϤϟ�ΝΎΘΤϣ�ϥΎϛ�Ύϣ�ϢδΠϟ΍���ϪϟΎΣ�ΐϠϐϳ�ΝΎΘΤϣ�ζϣ�ϲΒμόϟ΍�ίΎϬΠϟ΍�ϭ
ϢδΠϟ΍�ϲϓΪϳϭ���ΎϣΎϤΗ�ΔΌϴΒϟ΍�Γέ΍ήΣ�ΔΟέΩ�ϒϠΘΨΘΑ�ΪϟϮϨϳ�ΎϤϟ�βΑ���Βϛ΃�ΝΎΘΤΑ�ϑ�ϦϜϤϣ�έΪϗ�ή

ϝ΍�ϦϣBATϝ΍ϭ�ϲΒμόϟ΍�ίΎϬΠϟ΍�ζϠΒϳ�Ύϣ�ϦϴΒϋhypothalamusήϴϐΘϟ΍�νΎϫ�΍ϮΒϋϮΘδϳ



��

ϝ΍�ζϴϟblood�ήΒΘόϳCTϝ΍�ϒϳήόΗ�ϪϴϠϋ�ϖΒτϨϳ�ϪϧϷ�ˮCT����ϰϠϋ�ϱϮΘΤΑ�ϮϬϓabundant 
ECM�ϪϧϹ�ΔϓΎοϹΎΑconnecting different body regions

ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϪϘϠΧ�ΩΩϋ��Ϫηέϋ�Δϧί˶�ϭ��ϪΗΎϣϠϛ�Ω΍Ωϣϭ



��

� Blood Is a fluid type of connective
tissue characterized by having a
liquid extracellular matrix (plasma)
in which are dispersed the formed
elements of blood:(1)Red blood
cells (Erythrocytes), (2)White blood
cells (Leukocytes) and (3)Platelets
(Thrombocytes).

� Functions of blood:
1) Transportation: Gases, nutrients, waste products, hormones.
2) Regulation: pH, body temperature.
3) Protection: Clotting, white blood cells, proteins (antibodies).


ϝ΍bloodΎϳϼΨϟ΍�ϱΎϫ�ΝέΎΧ�ΓΩΎϣϭ�ΎϳϼΧ�Ϧϋ�ΓέΎΒϋ���ϝ΍�ϞΜϤΘΑ�ϱΎϫ�ΓΩΎϤϟ΍ϭECMϝ΍�ϰϤδ˵˴ΗϭPlasma

�΢Ϡτμϣ�ΎϨϣΪΨΘγ΍�ζϴϟelementsϝ΍�ϪϧϹ�ˮRBCs�ΔϳϮϧ΃�ϰϠϋ�ϱϮΘΤΘΑ�Ύϣ�nuclei���ϪϧϹ�ϥΎϤϛ�ϭ

ϝ΍plateletsΔϠϣΎϛ�ΎϳϼΧ�ζϣ�ΎϳϼΧ�˯΍ΰΟ΃�Ϧϋ�ΓέΎΒϋ��ϝ΍�ϲϔμΘΑ�ϑWBCsΔϴϘϴϘΣ�ΎϳϼΧ�ϞΜϤΘΑ�ϲϠϟ΍�ΓΪϴΣϮϟ΍�

ϝ΍�ϖϳήρ�Ϧϋ�ϡΪϟ΍�ΕΎϧϮϜϣ�Ϟμϓ�ϢΘϳcentrifugeϝ΍�ΚϴΤΑRBCsϝ΍ϭ�ϰϠϋϷ΍�ϲϫplasmaϞϗϷ΍���ϢϬϨϴΑϭ
white partϪϤγ΍
buffy coat

�Ϟϟ�ϲϘϴϘΤϟ΍�ϥϮϠϟ΍�Ϫϧ·�Ϧϣ�ϢϏήϟΎΑWBCs�ΔϘΒρ�ϦϤο�ϥϮϜΘΑ�ΎϬϧϷ�Ϛϴϫ�ΎϬΘϴϤδΗ�ΖϤΗ�Ϫϧ·�ϻ·�ξϴΑ΃�ζϣ
ϝ΍buffy coatξϴΑ΃�ΎϬϧϮϟ�ϲϠϟ΍

�blood without cells�



��

Components of Blood

Ζδϴϟ�ΓέϮμϟ΍�ϲϓ�ΔϣΪΨΘδϤϟ΍�ϥ΍ϮϟϷ΍
ΎϳϼΨϠϟ�ΔϴϘϴϘΤϟ΍�ϥ΍ϭϸϟ΍



��

* Plasma Protein Electrophoresis : separating proteins according to their charge

ϝ΍�Ϟμϓ�ϢΘϳ�Ύϣ�ΪόΑplasmaϝ΍�Ϧϣ�ϦϴϋϮϧ�ϱΪϨϋ�ϊϠτΑproteins����albumins��globulins
ϝ΍ϭglobulins�ω΍Ϯϧ΃�ΓΪϋ�alpha (1 and 2) / beta / gamma (ܻ)�

ϝ΍�ϞΜϤΑ�ϰϨΤϨϤϟ΍�ϲϓ�ωΎϔΗέϹ΍�ϭconcentrationϦϴΗϭήΒϠϟ���ϝΎϓAlbumens�΍ΪΟ΍ϮΗ�ήΜϛϷ΍�ϲϫ
ϝ΍ϭgamma globulins�ϞϗϷ΍�ϲϫ�ΎϬϟΎϗ�έϮΘϛΪϟ΍�βΑ�ϰϨΤϨϤϟΎΑ�ΔΤο΍ϭ�ϥϮϜΗ�Ύϣ�ϦϜϤϣ�

*ϝ΍gammaϝ΍�ϞΜϤΗantibodies

gammabetaalpha
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Formed Elements of Blood
Erythrocytes (Red Blood Cells)

� Biconcave disc in shape. This
increases surface area.

� Lack nucleus and other organelles.
Cytoplasm is filled with the oxygen-
carrying protein hemoglobin. Because
it has no mitochondria, it doesn¶t use
oxygen.

� The most abundant type of cell in blood
� This cell is normally only present in
blood inside the blood vessels. 8µm

Biconcave = Concave from above and below

ϤΣϷ΍�ϥϮϠϟΎΑ�ϡΪϟ΍�έϮϬυ�ΐΒγ�ή
ϝ΍�ΩϮΟϭ�Ϯϫhemoglobin�ϲϓ

ϝ΍RBCs���ΎϬϧϹ�ΔϓΎοϹΎΑ
�ΖΤΗ�ήϤΣϷ΍�ϥϮϠϟΎΑ�ήϬψΘΑ

�ΎϬϧϹ�ϥΎϤϛ�ήϬΠϤϟ΍
ϝ΍acidophilic


ϝ΍RBCsϝΎΑ�ΎϬϧϮ˷ϜΗ�ΪϨϋbone 
marrow�ΎϬϴϓ�ϥϮϜΑnuclei�βΑ

�ΪϘϔΘΑ�ϡΪϟΎϋ�ϊϠτΗ�Ύϣ�ΩήΠϤΑ
ϝ΍nuclei����ΩϮΟϭ�ϭRBCs�ϲϓ

�νΎϫ�ΔϳϮϧ΃�ϰϠϋ�ϱϮΘΤΘΑ�ϡΪϟ΍
ϲόϴΒρ�ϲη΍�ζϣ�νήϣ
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� Strong, flexible plasma membrane. This allows the
cell to change its shape without rupturing as it
passes through narrow capillaries.

� Life span about 120 days.
The flow rate in this animation has 
been tripled. An average cycle 
actually takes about 60 seconds.

ϝ΍�ϥΎϴΣϷ΍�Ϧϣ�ήϴΜϜΑRBCsϝ΍�Ϧϣ�νήϋ΃�ϥϮϜΘΑcapillaries�ΎϬϠϜη�ήϴϐΗ�ΝΎΘΤΘΑ�Ϛϴϫ�ϥΎθϋ
�ΎϬϠΧ΍Ω�ήΒόΗ�έΪϘΗ�ϭ�ϲϨΜϨΗ�ϥΎθϋ�ΓήΜϜΑ��ΖϗϮϟ΍�βϔϨΑϭ�ϥήϣ�˯ΎθϏ�ΎϬϨϣ�ΐϠτΘΑ�νΎϫ�ϭ�ϥΎθϋ�ϱϮϗ

ϕΰϤΘϳ�Ύϣ�
ϝ΍�ϪϗήϐΘδΘΑ�ϲϠϟ΍�ΖϗϮϟ΍RBC�Ϯϫ�Ϫϴϟ·�ϭ�ΐϠϘϟ΍�Ϧϣ�ϢδΠϟ΍�ϝϮΣ�ΔϠϣΎϛ�Δϔϟ�ϒϠΗ�ϥΎθϋ��ΎΒϳήϘΗ�ΔϴϧΎΛ�

ϚϧΎΤΒγϢϬϠϟ΍ϙΪϤΤΑϭ��Ζϧ΃�ϻ·�Ϫϟ·�ϻ˷΃�ΪϬη΃��Ϛϴϟ·�ΏϮΗ΃ϭ�ϙήϔϐΘγ΃
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Functions of the red blood cells
1) The hemoglobin in the RBCs functions in the

transportation of:
� Oxygen ± this is the main function of RBCs
� CO2
� Nitric Oxide (NO) ± this gas is a vasodilator that

helps in increasing blood flow
2) Glycolipids in plasma membrane are responsible for

ABO and Rh blood groups.

3) When RBCs are destroyed by some microorganism,
they release substances that can kill the
microorganism.

� Is there a more direct role for RBCs in immune
response?

ϝ΍NOϝ΍�ΔόγϮΗ�ϲϓ�ΪϋΎδΑcapillariesϝ΍�έϭήϣ�˯ΎϨΛ΃RBCs

ϡΪϟ΍�ΔϠϴμϓ�ΪϳΪΤΗ�ϲϓ�ΪϋΎδΘΑ

ϝ΍�ΎϳΎϘΑRBCsΎϫήϣΩ�ϲϠϟ΍�ϢδΠϟ΍�ήϴϣΪΗ�ϰϠϋ�ϞϤόΗ�Ω΍Ϯϣ�ίήϔΘΑ�ΓήϣΪϤϟ΍

ϝ΍�Ϫϧ·�ϝϮϘΘΑ�ΔϴϟΎΤϟ΍�ΙΎΤΑϷ΍�ξόΑRBCs�ϲϫϭ�ϲϋΎϨϣ�έϭΩ�ΎϬϟ·�ϥϮϜϳ�ϦϜϤϣ
ΕϮϤΗ�Ύϣ�ήϴϏ�Ϧϣ�ΔθϳΎϋ���γ΍έΪϟ΍�ΖΤΗ�ωϮοϮϤϟ΍�ϝ΍ί�ϻϭ�΍ΪΟ�ΔϠϴϠϗ�ΙΎΤΑ΃�ϲϫ�βΑΔ

�
ϝ΍plasma membraneϞϟ�ήΧ΁�΢Ϡτμϣcell membrane��ϝΎΑ�Δϗϼϋ�Ϫϟ·�Ύϣblood plasma



� Wandering cells: formed in bone marrow, circulate in 
blood and enter tissues.

� Respond to local factors in inflammation.

��

Leukocytes (White Blood Cells)

Fig.19: Leukocytes in inflamed
tissue.
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Leukocytes

Granulocytes

Neutrophils

Acidophils / Eosinophils

Basophils

Agranulocytes

Monocytes

Lymphocytes

T-Lymphocytes

B-Lymphocytes

Has specific granules

No specific granules

Classification of Leukocytes

ΎϬΘϐΒλ�ϥϮϟ�ΐδΣ�ΎϬϤϴδϘΗ�ϢΘϳ

�ϭ�ήϤΣϷ΍�ϦϴϋϮϨϟ΍�άΧϮΗ�ϦϜϤϣ
ϕέίϷ΍��ϢϬϨϴΑ�ϥϮϜΑ�ΎϬϧϮϟϭ

�ΔϴπϣΎΣ�ΔϐΒλ
ήϤΣ΃�ΎϬϧϮϟ

ϕέί΃�ΎϬϧϮϟ�ΔϳΪϋΎϗ�ΔϐΒλ

*ϝ΍acidophils�Ϯϫϭ�ϲϧΎΛ�Ϣγ΍�ΎϬϟ΍eosinophils��ϝ΍�ϲϫ�ΔϣΪΨΘδϣ�ΔϐΒλ�ήΜϛ΃�ΓΩΎόϟΎΑ�ϪϧϷeosin
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�
ϝ΍white blood cells�ήΒΘόΗwandering cells�ϢΘϳ�ˬ�Ϧϴόϣ�ϥΎϜϣ�ϲϓ�ϥϭήϘΘδϳ�ϻ
ϝ΍�ϲϓ�ϢϬόϴϨμΗbone marrowϮϘΒϳ�Ϊϗ�ˬ�ΔΠδϧϷ΍�ϰϟ·�ϥϮϠΧΪϳ�ϢΛ�ϡΪϟ΍�ϰϟ·�ϪϧϭέΩΎϐϳ�ϭ�ϥ

ϡΪϟ΍�ϰϟ·�ϥϭΩϮόϳ�ϭ΍�ΎϬϴϓ����

ϝ΍white blood cellsϢϬϟ΍�ϞμΤΑactivation�Ρέ�ϲηϹ΍�΍άϫ�ϭ�ˬ�Ϟϣ΍Ϯϋ�ΓΪϋ�ήΒϋ
ϝ΍�ϲϓ�ϪγέΪϧpathologyΎϘΣϻ����

ϝ΍�Ύδϫgranules�ϦϴϋϮϧ�ϰϟ·�ϢδϘϨΘΑ���
���ϝϭϷ΍specific��ϝΎΑ�ϪΘϳ΅έ�ϦϜϤϳ�ϭ�ΎϴΒδϧ�ήϴΒϛ�ϪϤΠΣlight microscope�ζϣ�ϭ

�ϢϬϤγ΍�ϭ�˯ΎπϴΒϟ΍�ϡΪϟ΍�ΎϳϼΨϟ΍�Ϧϣ�ω΍Ϯϧ΍�ΙϼΛ�ϲϓ�ϻ·�ΩϮΟϮϣGranulocytes

���ϲϧΎΜϟ΍�ωϮϨϟ΍non ± specific��ϝ΍�ω΍Ϯϧ΃�Ϟϛ�ϲϓ�ΩϮΟϮϣ�ϭ�ήϴϐλ�ϪϤΠΣwhite
blood cells�Ϯϫ�ϚϴϬϟnon ± specificϝ΍�ΖΤΗ�ϪΘϳ΅έ�ϦϜϤϳ�ϻ�ϭlight microscope

ΎϬϤγ΍�ϪϴϠϋ�ϱϮΘΤΘΑ�ϲϟ΍�ΎϳϼΨϟ΍�ϭAgranulocytes 
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Granulocytes Neutrophils Eosinophils Basophils

Abundance
(% of 

leukocytes)
60-70% 2-4% 0.5%

Nucleus

Multilobed (with 
inactive X-chromosome 
of females appearing as 
a drumstick appendage)

Bilobed
S shaped 

(obscured by 
granules)

Granules Sparse and stain 
variably Large eosinophilic Large 

basophilic

Function Phagocytosis
� Defense against

parasitic infection
� Allergic reactions

Release of 
inflammatory 

molecules

ϰϟ·�ΔότϘϣ�ϥϮϜΘΑ�Γ΍ϮϨϟ΍
ϠμΘϣ�ϦϜϟ�Γήϴϐλ�ϊτϗ�Δ

ΎϬπόΑ�ϊϣ���Ϛϴϫ�ϥΎθϋ
ΓΪΣ΍ϭ�Δότϗ�ήΒΘόΗ ϝ΍�ϰϠϋ�ήη΄Α�ϥϮϫ�ϢϬδϟ΍X

Ϲ΍�ϲϓ�ΎϬϠϴτόΗ�ϢΗ�ϲϠϟ΍ΙΎϧ
�ΎϬϴϤδϨΑ�ϥϮϫ�Γ΍ϮϨϟ΍bilobed

ϦϴΘότϘϛ�ήϬψΘΑ�ΎϬϧϷ
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Agranulocytes:

Monocytes (5%):
� Kidney or U-shaped nucleus.
� Cytoplasm basophilic.
� Function: formation of macrophages.

Lymphocytes (28%):
� Variable in size.
� Nucleus very dark and occupies most of the cell.
� Functions: 
� T-cells Æ Cell mediated immunity
� B-cells ÆAntibody-mediated immunity

�ϲϓ�ΎϣgranulesϢϫΩϮΟϭ�ΐΒΤϣ�ζϣ�ϥϮϫ

ϝ΍�Ζϔη�΍Ϋ΍�υϮψΤϣ�ϥϮϛ΃�Ρέ�ήϬΠϤϟ΍�ΖΤΗ�ΎϬτΤΑ�΍Ϋ΍�ΔϴϠΨϟ΍�ϱΎϫcytoplasm
ΠΤϟ΍�ΓήϴΒϛ�Γ΍ϮϨϟ΍�ΐΒδΑ�˯΍ΩϮγ�ΔϠΘϛ�ϥϮϜΗ�Ρέ�ήϬΠϤϟΎΑ�ΎϬϓϮη΃�ΎϤϟ�ϪϧϹϢ
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Platelets/ Thrombocytes
� Large cells in the bone marrow called Megakaryocytes send

processes into blood vessels. These processes will splinter
into small fragments called Platelets.

� This process continues until each megakaryocyte gives rise to
about 2000 platelets.

� Each platelet is a disc-shaped structure surrounded by cell
membrane and containing no nucleus but numerous vesicles
containing blood-clotting promoting factors.

� Short life span: 5-9 days.
� Function: Stops bleeding by the formation of (1) platelet plug

and (2) blood clot.

ΔϳϮϣΪϟ΍�΢΋Ύϔμϟ΍

ϓ�έϭΩ�ΐόϠΘΑ�ΕΎϨϴΗϭήΑ�ϲ
ϝ΍blood clotting

ϝ΍�ϊϤΠΘΗ�Ρέ�ΡήΟ�Ϫϴϓ�ήϴμϳ�ΎϤϟplateletsϥϮϜΗ�ϭ�ΡήΠϟ΍�ϰϠϋplatelet plug ϝ΍�ϩάϫϭplatelet 
plugϝ΍�ϚϴϬϟ�ΔϟϮϬδΑ�ϞμϔϨΗ�ϦϜϤϣ�ϭ�Δϔϴόοplateletϝ΍�Ϧϣ�ωϮϧ�ίήϔΘΑfibers�ϝ΍�ϱϮϘΘΑ�ϲϟ΍�ϭ

platelet plugϰϟ·�ϝϮΤΘΑ�ϭblood clot�ϝ΍�ήϜδΑ�ϲϟ΍�΍άϫϭsite of bleeding
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ABO Blood Groups
y Blood group is type of blood designated to a person based on 

the presence/absence of an antigen on the surface of RBCs.
y The ABO blood groups are based on the  A and B antigens.
y Reason for antibodies presence not clear.

Blood Type Antigen on RBCs Antibody in 
Plasma

A A Anti-B
B B Anti-A

AB A & B None
O None Anti-A & Anti-B
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� Each blood group can give to itself
� AB is the Universal Recipient
� O Is the Universal Donor

ϡϬϠϟ΍Ύϧϋ΃ϰϠϋϙέϛηϙέϛΫϭϥγΣϭΗΩΎΑϋϙ
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Thank 
You

��

There are two ways of spreading light: to be 
the candle or the mirror that reflects it.

ήδΨΘϓ�ΎϤϬΜϟΎΛ�ϦϜΗ�ϻ�ϭ�ΎϤϠόΘϣ�ϭ΍�ΎϤϟΎϋ�Ϧϛ

ψϔΣϭ�Ε΃ήϗϭ�ΖγέΩ�Ύϣ�ϚϋΩϮΘγ΃�ϲϧ·�ϢϬϠϟ΍�Ζ
ΖϤϬϓϭ���Ϫϴϟ·�ϲΘΟΎΣ�ΪϨϋ�ϲϟ�ϩ͉Ωή˵ϓ

�ϢϜΗ΍ϮϋΩዊ


