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� Body tissues can be generally divided into 4 main types
according to the type of cells and the amount and content
of the ECM they possess.

� The main types of body tissues are:
1. Epithelial tissue
2. Connective tissue
3. Muscular tissue
4. Nervous tissue

2Extra- = outside. Intra- = inside. Inter- = between.

A tissue is a collection of cells with a usually common 
embryologic origin that function together to perform a 

specialized activity. In addition to the cells, a tissue contains 
a substance that¶s present between the cells called the 

extracellular matrix (ECM).
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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

ΔϠΧΪΘϣϭ�ΔϠϳϮρ
ΔϠϳϮρ�ΎϬδϔϧ�ΎϳϼΨϟ
κϠϘΘϠϟ�ΔϠΑΎϗϭ



Epithelial Tissue
� The epithelial tissue has the following characteristics:
1. It covers surfaces or lines cavities. As a result, it¶s in

contact with another medium (air or fluid), which
means that it¶s exposed to foreign bodies and chemicals.
To endure these adverse conditions, the epithelium has a
rapid turn-over (time from birth till the death of the
cell).

2. It¶s formed of sheets of closely packed cells. As a result,
the cells assume a polyhedral shape (columnar,
cuboidal, etc«).

4Polyhedral = A 3D geometric shape with several faces. From Greek poly- = many and -hedron = surface 

τδϟ�ϲτϐϳ�ϭ�ϒϳϭΎΠΘϟ�ϦτΒϳ

ΓΪόϤϠϟ�Ϧτ˴˷ΒϤ˵ϟ�ΞϴδϨϟ�ϞΜϣ��ΎϬοΎϤΣ�ϭ�ΎϬϠϮγ�ϊϣ�ήηΎΒϣ�ϞλϮΗ�ϰϠϋ�ϥϮϜϳ�ΚϴΣ��
ϝ�ϦϴΑ�ϯήΧ�ϞϮδΑ�ϝΎμΗ�ϰϠϋ�ϥϮϜϳ�Ρέ�ΝέΎΨϟ�Ϧϣ�ΓΪόϤϠϟ�ϲτ˴ϐϤ˵ϟ�ΞϴδϨϟ�ΎϤϨϴΑcavitiesνΎϫϭ

ϯΫϸϟ�νήόΘϠϟ�ΞϴδϨϟ�ΔϴϠΑΎϗ�ϲϨόϳ��ΎϬϭΎδϣϭ�ΎϬΗΎϨδΣ�ϞϜΑ�ΔϴΟέΎΨϟ�ΔΌϴΒϠϟ�νήόϤϟ�ϲΟέΎΨϟ�ΪϠΠϟ�ϞΜϣ
ϝturn-overΩΪΠΘϳ�ϥΎθϋ�ΞϴδϨϠϟ�ϡίϼϟ�ΖϗϮϟ�Ϯϫ���ΐϠϘϟ�ϞΜϣ�ΩΪΠΘΗ�ϻ�ΔΠδϧϻ�ξόΑ�

ϡΎψόϟ�ϞΜϣ�ΪΟ�ΔΌϴτΑ�ΎϬπόΑ���ΓΪόϤϟ�ΔϧΎτΑ�ϞΜϣ�Δόϳήγ�ΎϬπόΑ����ϡΎϳ���ΪϠΠϟϭ��ϊϴΑΎγ�



3. The cells are polar and are connected with each other
and with the underlying tissue by various types of
complexes.

4. The epithelium rests upon a sheet of extracellular matrix
called the Basal Lamina.

5. Epithelia have a layer of connective tissue under them,
for example: lamina propria of the gastrointestinal tract
and the dermis of the skin.

6. Epithelial tissues are avascular (lack blood vessels). It
takes its nourishments by diffusion from underlying
vascular tissues.

5a- = Not, lack.  

Polarity of the cell: different parts of the cell
have different features because they perform different function.
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Epithelium

Lamina propria
(connective tissue)

Lumen (air+fluid)

Abdominal 
cavity (fluid)

Epithelium (Epidermis)

Connective tissue 
(Dermis)

Fig.1: Characteristics of
Epithelial tissues. (a) Cross
section of small intestine.
(b) Section through the
skin.

(a)

(b)

External 
environment
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Functions of Epithelial Tissue:

1. Lining, covering and protection.

2. Secretion (epithelium of stomach and glands).

3. Absorption (epithelium of the intestines).

4. Contraction (myoepithelial cells).

ϦϴτΒΗ��ΔϴτϐΗ��ΔϳΎϤΣ

ίήϓ·

ιΎμΘϣ

νΎΒϘϧ



Basal Lamina and Basement Membrane 

¾ Basal lamina is a sheet of
ECM located under the
epithelium. It¶s very thin and
can only be seen by the
electron microscope.

¾ Basement membrane is a
much thicker structure seen
by the light microscope. It¶s
formed of the basal lamina
and the reticular lamina. The
reticular lamina is the upper

8

reticular-fiber-rich part of the connective tissue WKDW¶V
usually located under the epithelium. ϝ�ϪϧϹϭbasement membrane

Ϧϣ�ϥϮϜΘΑϲϔϜϳ�ΎϤΑ�ϚϴϤγ�ϥϮϜϳ�ϪϠΤϤδΑ�νΎϫ�ϑ�ΔϘΒρ�Ϧϣ�ήΜϛϝ�ΖΤΗ�ϪΘϳ΅ήϟLight Microscope
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Fig.2: (a) EM image showing the basal 
lamina (BL); note underlying reticular 
lamina. (b) LM image showing the 
basement membrane (white arrows).

(a)

(b)

�ϲϓ�ΎϬϴϟ·�έΎθϤ˵ϟ�˯ήϤΤϟ�ρϮτΨϟb�ϞΜϤΘΑ
ϝbasement membraneΖΤΗ

ϝLight Microscope

�ϲϓ�Ϫϴϟ·�έΎθϤ˵ϟ�ςΨϟa�ϞΜϤϳ
ϝbasal lamina�ΖΤΗ
ϝElectron Microscope

ήϴΒϛ�ΩΪϋ�ϰϠϋ�ΔϘΒτϟ�ϱΎϫ�˯ϮΘΣϻ�ήψϧ
ϝ�ϦϣReticular fibersΎϬϤγ�ϑ

Reticular lamina



Functions of Basal Lamina:

1. Provide structural support for the epithelium.
2. Help in filtering of substances that pass through

(depending on the number and size of holes in it).

3. Affect cell proliferation, differentiation and
migration.

4. Important for cell repair (as in repair of nerve fiber
and neuromuscular junctions).
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(Allow substances to pass through epithelium)

ϝ�ϢδΠϟΎΑ�ϦϛΎϣϷ�ξόΑ�ϲϓbasal lamina�ΏϮϘΛ�ϰϠϋ�ϱϮΘΤΘΑ�ϞϬγ�ΩϮϤϟ�έϭήϣ�ϲϨόϳ���
�ϻ�ΔϴϧΎΛ�ϦϛΎϣϭ�ΐόλ�ΩϮϤϟ�έϭήϣ����ϝ�Δϔϴυϭϭ�κΎμΧ�ϰϠϋ�ΪϤΘόΑ�νΎϫϭorganϪδϔϧ

ΎϳϼΨϟ�ήΛΎϜΗ�ϰϠϋ�ήΛΆϳ���ΎϫΰϳΎϤΗ�ήΧϵ�ωϮϧ�Ϧϣ�ΔϴϠΨϟ�ϝϮΤΗ���ήΧϵ�ϥΎϜϣ�Ϧϣ�ΎϳϼΨϟ�ΔϛήΣϭ

�ϭ�Ρϼλ·�ήϴμϳ�ϥΎθϋhealingϝ�ϡίϻ�ΎϳϼΨϠϟbasement membraneϢϴϠγ�ϥϮϜϳ



Types of Epithelium

� Epithelium can be divided into two general groups:

1) Lining or covering epithelium
2) Glandular epitheliumÆMain function is secretion

� However, some lining epithelial cells secrete (like
those in the stomach) and some glandular cells are
present between cells of lining epithelium (like goblet
cells of small intestine)

11

ίήϓϹ

ϝ�Ϧϋ�ΓέΎΒϋglands�ΩΪϐϟ�



Lining or covering epithelium

Simple
(1 layer)

Pseudostratified 
epitheliumStratified

(�2 layers)

Squamous

Cuboidal

Columnar

Squamous

Cuboidal

Columnar

Transitional

Non-
keratinized

Keratinized

According to number of layers

According to shape of cell According to shape of cell in top-most layer
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Formed of several strata
(Multiple layers)

ϝ�Ϧϋ�ΪόΑϷbasal lamina

ϝ�ϒϨλ�ϱΪΑ�ΎϤϟepithelium
�ΩΪϋ�Ϯϫ�ϪϴϠϋ�ϊϠτΘΑ�ϲη�ϝϭ

ΕΎϘΒτϟ�ΪόΑϷ�ΔϘΒτϟ�ωϮϧ�ϢΛ
ϝ�Ϧϋbasal lamina

ωϮϧ�Ϧϣ�ήΜϛ�κΎμΧ�ϊϤΠΑ�ΰϴϤϣ�ωϮϧ



Simple Squamous epithelium

o Formed of a single layer of flattened squamous cells.

o It¶s found in:
� Capillaries (lining blood vessels)Æ Endothelium
� Lining of body cavitiesÆMesothelium

� Lining alveoli ( ΕϼμϳϮΤϟΔϳϮήϟ )Æ Pneumocytes
o Function: Their thin cytoplasm allows various

substances to pass easily across them (endothelium
and pneumocytes). Mesothelial cells, also, produce a
lubricating fluid.

13Squamous = from squama = scale . Endo- = Inner. Meso- = middle

1 layer Flattened cells (ϲϔηήΣ˵) 

Arteries, veins 
�ϊϗϮϤϟ�ΐδΣ�ϒϠΘΨΑ�ΎϬϤγ

Pericardial cavity (Heart)/ Pleural cavity (Lungs)/ Peritoneum cavity (abdomen)

ϝ�ϲϫϭ�ϯήΧ�Ϫϔϴυϭ�Ϫϟsecretion of fluidsϲϠϟ
ϝ�ϊϨϤΘΑfriction�ϙΎϜΘΣϹ�
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Fig.3: Simple squamous epithelium. To
the right, we can see the thin
pneumocytes lining the lung alveoli.
Notice their bulging dark nuclei.

Pneumo- = related to lung, from pneuma = breath. Alveoli (single = alveolus) = little cavity.

ϝ�ϞΜϤΘΑ�ρϮτΨϟcytoplasm
ϝ�ϞΜϤΘΑ�ρΎϘϨϟϭnuclei

�ΎϬϴϠΨΑ�ϲϠϟ�ΐΒδϟvery thinϥΎθϋ
ϡίϼΑϮΘϳΎδϟ�ϝϼΧ�ΩϮϤϟ�ϝΩΎΒΘΑ�Ϥγ��

ϝ�ϑϮθϨΑ�Ϛϴϫ�ϥΎθϋsimple squamous
�ΕΎϴϠϤόϟ�ΎϬϴϓ�ΝΎΘΤϨΑ�ϲϠϟ�ϖρΎϨϤϟΎΑ

ΩϮϤϟ�ϝΩΎΒΗ
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Part 2
�ώϳήϔΗ��ϱήϤόϟ�ΪϤΤϣ



Simple Cuboidal epithelium

� Formed of a single layer
of cubical cells.

� It¶s found in:
� Renal tubules
� Covering the ovary

� Function: Covering of
organs. Involved in
active transport. Fig.4: Simple cuboidal epithelium of

the renal tubules. Note the round
nuclei.
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The cell has equal dimensions 

ΔϳϭΎδΘϣ�ΎϫΩΎόΑϭ�ϞϜθϟ�ΔΒόϜϣ�ΎΒϳήϘΗ�ϥϮϜΘΑ�ΎϳϼΨϟ���ϞϜθϟ�ΔϳήΩ�ΓϮϨϟϭ�round�

ξϴΒϤϟ

So.. A cell that perform active transport is 
usually cuboidal, and the cuboidal cells

usually perform active transport



Simple Columnar epithelium
� Formed of a single layer of

tall cells that could be
ciliated or not.

� It¶s found in:
� Ciliated: Uterine tubes.
� Non-ciliated: most of the

gastrointestinal tract.

� Function: Secretion as in
the stomach. Absorption as
in the small intestine.

Fig.5: Simple columnar epithelium of
the gallbladder. Note the oval nuclei.
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The height is much more than the width  

*�ϢϬϨϴΑ�ϖϳήϔΘϠϟ�ΔϘϳήρ�ϞϬγ
ϝ�ϞϜη�ϖϳήρ�Ϧϋnuclei

ϞϜθϟ�ΔϳϭΎπϴΑ�ΓϮϧ

Covered by cilia ( Εήϴόη��ΏΪϫ )

ϢΣήϟ�ΕϮϨϗ

�ϲϤπϬϟ�ίΎϬΠϟ�ϲϓ��ΓΪόϣ��ΔψϴϠϏ�ϭ�ΔϘϴϗΩ�˯Ύόϣ�

ϝ�ϲϓgallbladder
�ϥϮϜΘΑnot-ciliatedϪοήΑ

ϝ�Δϔϴυϭepithelium�ΓΩΪΤϣ�ζϣ(not specific)ϩΩϮΟϭ�ϥΎϜϣ�ϰϠϋ�ΪϤΘόΗ�ΎϤϧ·ϭ



Stratified Squamous epithelium - keratinized

� Formed of multiple layers of cells. The topmost layer
is formed of squamous cells. The epithelium is
covered by keratin (a non-living material).

� It¶s found in areas that require great protection:
- SkinÆ Epidermis

� Function:
1) Protection
2) Prevent water loss

18Keratin = horn. 

died cells

Covered with layer of died cells

ϝ�ϲϓ�ΕΎϘΒτϟ�ΩΪϋ�Ωί�ΎϤϠϛepithelium�ΕΩί
ϝ�ΔϳΎϤΣ�ϰϠϋ�ϪΗέΪϗtissueϝ�ϭorgan

**Ϟϟ�Δϴδϴήϟ�ΔϔϴυϮϟstratified epitheliumϝ�ϲϫ�ϪϋϮϧ�ϒϠΘΨϤΑProtection

ϝ�ϖϳήρ�Ϧϋ�˯ΎϤϟ�ϥΪϘϓ�ϊϨϤϳ�ΎϬμΎμΧϭ�ΎϬρΎΒΗέ�ΔόϴΒρϭ�ΎϳϼΨϟ�ΐϴΗήΗskin

ϝkeratinocytes�ϲϓ�ΓΩϮΟϮϤϟ�ΎϳϼΨϟ�Ϣγ�Ϯϫ
ϝepidermis�ϰϠϋ�ϱϮΘΤΘΑ�ΎϬϧϻintermediate filament�ϰϤδϤϟkeratin
���Ϧϋ�ΓέΎΒϋ�ϱϮϠόϟ�˯ΰΠϟ�ϦϜϟdied keratinocytes���
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ϝ�ϦϴΑ�ϕήϔϠϟ�ΖϨϟ�Ϧϣ�ϴοϮΗ�ΔϳϮη�Ϫϴϓ�ΪϳϼδϟΎϫ�ϒϴο�βΑ�ζϠόϣkeratinized
ϝϭnon-keratinizedωϮοϮϤϟ�ϲϨϘΠϋ�ϪϧϷ�έϮϣϷ�οϮϳ�ϰδϋϭ�Ϟόϟ

Keratinocytes are the primary type of cell found in the epidermis, 
the outermost layer of the skin. In humans, they constitute 90% 
of epidermal skin cells. Basal cells in the basal layer of the skin 
are sometimes referred to as basal keratinocytes. Keratinocytes 
form a barrier against environmental damage by heat, UV 
radiation, water loss, pathogenic bacteria, fungi, parasites, and 
viruses.

The key difference between keratinized and nonkeratinized 
epithelium is that keratinized epithelium is impervious to 
water while nonkeratinized epithelium is pervious to water. 
Moreover, keratinized epithelium is an effective barrier, 
while nonkeratinized epithelium is a less effective barrier.

ϝkeratinocytesΔϴΟέΎΨϟ�ΕήΛΆϤϟ�Ϧϣ�ϲϤΤΗ�ϭ�˯ΎϤϟ�ΏήδΗ�ϊϨϤΗ�ϥΎθϋ�ιϮμΨϣ�ΪϠΠϟΎΑ�ΓΩϮΟϮϣ



Fig.6: Epidermis of skin. Notice the
keratin layer.
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The layers of died squamous cells

Layers of living squamous cells

Layers of living squamous cells

Layers of cuboidal, columnar
and other cells

The layers of died squamous cells

Layers of cuboidal, columnar
and other cells

The most top is squamous



Stratified Squamous epithelium ± Non-keratinized

� Formed of multiple layers of cells. The topmost layer
is formed of squamous cells. The epithelium is not
covered by keratin.

� It¶s found in areas that require protection and water
loss is not a big problem:
- Mouth, esophagus, anal canal
- Vagina

� Function: protection, secretion.

21

ϝ�ΔϘΒρ�ΩϮΟϭkeratinΎϬΑήδΗϭ�˯ΎϤϟ�ΓέΎδΧ�Ϧϣ�ΔϳΎϤΤϟ�ϰϠϋ�ΪϋΎδΑ�ϲϠϟ�Ϯϫ����ΩϮΟϭ�ϑ
�Ϫϧ·�ϩΎϨόϣ�ΔϘΒτϟ�ϰϠϋ�ϱϮΘΤϳ�ϻ�Ξϴδϧ˯ΎϤϟ�Ϧϣ�ΕΎϴϤϜϟ�ϱΎϫ�ϥΪϘΑ�ήΛ΄Θϧ�Ρέ�ζϣ�ΎϨΣ�

�ΏήδΘΑ�ϲϠϟ�˯ΎϤϟ�ΝΎΘΤϨΑ�ΎϴϠόϓ�Ϫϧ·�ϭ�ίή˴ϔ˵ϳ��ϝ�ήΒϋtissueΔϨϴόϣ�ϒΎυϮϟ
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Fig.7: Stratified squamous epithelium.
To the right, we can see that this
epithelium in the esophagus is non-
keratinized (the topmost layer has
nuclei).

Notice that the nuclei are flatted..
So it¶s squamous 

ϝ�έΎϴΘΧ�ϢΗtopmost layerΎϬϧϷ�ΔϴϤδΘϠϟ
ϝ�ϊϣ�ήηΎΒϣ�ϝΎμΗ�ϰϠϋlumenήΒΘόϳ�Ϯϫϭ

ϝ�ΪϳΪΤΗ�Ϧϋ�ϝϭΆδϣ�ϲη�ήΜϛfunction
Ϟϟtissue
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Stratified 
Cuboidal

Stratified 
Columnar

Number of layers Multiple Multiple

Top-most layer Cuboidal Columnar

Location
Large excretory ducts 
of salivary and sweat 

glands
Conjunctiva

Function Protection and 
secretion

Protection and 
secretion

Stratified Cuboidal and Columnar epithelium

Θϟ�ϑΪϬΑ�ϪΘϔο�Ύϧ�ϲϟΎΘϟ�ΪϳϼδϟϴοϮ
ϛΪϟ�ΎϬΣήη�ϲϠϟ�ρΎϘϨϟ�Ϣϫ�κϴΨϠΗϭ�έϮΘ

ϝ�Ϧϋcuboidalϝϭcolumnar
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Stratified Cuboidal : formed of several layers, the top is cuboidal..
- round nucleus / ΔϳϭΎδΘϣ�ΎΒϳήϘΗ�ΩΎόΑ - can be found in the large excretory
ducts of salivary and sweat glands ± function is protection and secretion.

Stratified columnar : formed of several layers, the top is columnar..
- The height greater than width / oval nucleus ± found in conjunctiva 
- Main function is protection and secretion 

Conjunctiva : it¶s a membrane that covers the sclera of the eye (�˯ΰΠϟ
Ϧϴόϟ�Ϧϣ�ξϴΑϷ ) and the eyelids from the inside , and in the conjunctiva we 
have stratified columnar..

- The glands contain ducts.. Firstly, they are small ducts (lined by Simple 
cuboidal), then they group up making a larger ducts ( lined by Simple 
columnar) , then the large ducts group up again making a larger ducts 
(lined by Stratified cuboidal) , to finally group up and make the main 
ducts of the gland (lined by Stratified columnar).

��ΓΎϨϘϟ�ϢΠΣ�Ωί�ΎϤϠϛ�the duct���ϝ�ΕΎϘΒρ�ΩΪϋ�ϭ�ϢΠΣ�ΩίepitheliumΎϬϨϴτΒΘϟ�Δϣίϼϟ



25

Fig.8: Above, stratified cuboidal
epithelium in ducts of glands. To
the left, stratified columnar
epithelium of the conjunctiva

ϝ�ϞϜη�φΣϼϣ�ΫϭnucleiϱήΪϟ
ΔϘΒρ�Ϧϣ�ήΜϛ΄Α�ϢϫΩϮΟϭ�ϭ

�ΔϤϛήΘϣϭ�ϝϮτϟΎΑ�ΔϳΎΟ�ΎϳϼΨϟ��ϊϣ
ϱϭΎπϴΑ�ϞϜθΑ�ΔϳϮϧϷ�ΔψΣϼϣ



Transitional epithelium (Urothelium):

� The topmost cells of this
stratified epithelium are
dome-like/dome-shaped
(also called umbrella cells).
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� Found in: Urinary bladder, ureters and renal calyces.

� The umbrella cells are dome-shaped when the bladder is
empty. Once it¶s full, these cells will become flattened
(hence the name transitional).

� Functions: Protection against the adverse effects of urine.
Allow the bladder to change size.

The upper surface 
is convex (ΏΪΤϣ)

ΔϧΎΜϤϟ ΐϟΎΤϟ

Ϟϟ�ϪόΑΎΗ�˯ΰΟ�ΎϬϠϛ�ϱΎϫϭurinary systemϝ�νΎϫ�Ϛϴϫ�ϥΎθϋepithelium�ϪϴϤγ�έΪϘΑurothelium

�ΎϬΘϴϤδΗ�ΐΒγtransitionalΔϧΎΜϤϟ�˯ϼΘϣ�ΪόΑ�ΎϬϠϜηήϴϐΗ�Ϯϫ

ϝ�ΔϳΎϤΣ�ϪϔΎυϭ�ϦϣϭbladderΩϮϤϟ�Ϧϣ
ϝΎΑ�ΓΩϮΟϮϤϟurineΎϫήπΗ�ϦϜϤϣ�ϲϠϟϭ



Fig.9: Transitional epithelium of the
urinary bladder. To the left, when
bladder is empty. Above, when the
bladder is full. Note the change in
shape of the upper most cells.
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Umbrella shaped ϝ�˯ϼΘϣ�ΪόΑbladder�ΖϟϮΤΗ
ϝtop layerϝsquamous



Pseudostratified epithelium:

¾ The Respiratory epithelium is a pseudostratified
columnar ciliated epithelium found in the trachea,
bronchi, and nasal cavity.

¾ Functions: Protection and secretion. Ciliary
movement remove particles from the airway passages.

28Pseudo- = false.

¾ In this epithelium, the cells have different
heights. All cells rest on the same basal
lamina, but not all of them reach the surface.
This makes the nuclei occupy different
levels giving the epithelium a false stratified
appearance. ΔϔϠΘΨϣ�ϝϮρ΄Α�ΔϔϠΘΨϣ�ΎϳϼΧ��ϝ�βϔϧ�ω�ΓΪϋΎϗ�ΎϬϠϛ�βΑbasal lamina

�ΔϤϛήΘϣ�ΕΎϘΒρ�ζϣ�ΓΪΣϭ�ΔϘΒρ�ϢϬϠϛ��ϝ�ΕΎϳϮΘδϣ�ϑϼΘΧ�ϰϟ·�ϱΩΆϳ�νΎϫϭnuclei�
ΓΪϋΎϘϟ�βϔϧ�ω�ϢϬϧ�Ϧϣ�ϢϏήϟΎΑ�ξϔΨϨϣ�˯ΰΟϭ�ϊϔΗήϣ�ϢϬϨϣ�˯ΰΟ

�ϪϤγrespiratory epithelium�ΩϮΟϮϣ�Ϫϧϻ
ϝΎΑrespiratory systemΏ�ϞΜϤΘΑ�ϪΘϔϴυϭ�ϭ

ϝ�ςϘΘϠΗ�ϲδϔϨΘϟ�ίΎϬΠϟ�ϲϓ�ρΎΨϤϟ�Ϧϣ�ΔϘΒρ�ϲϓ�ϥϮϜΑ�ΚϴΤΑdusk particlesϝϭciliaϪϴϓ�ϙήΤΗ�ΪΒΘΑ
�ϲδϔϨΘϟ�ίΎϬΠϟ�Ϧϣ�ϪΟήΧ·�ϢΘϳ�Ύϣ�ΪΤϟ�ϲδϔϨΘϟ�Ϧϣ�ϊϠρ�ϢϬϤϟ�Ϫόϣ�ϪϟΎΣ�ήΑΪΑ�ϢδΠϟ�ϲϗΎΑ�ϦϳΪόΑ�
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Fig.10: Respiratory epithelium. Note how
the image below gives the impression that
it¶s a stratified epithelium. Also note the
presence of cilia and mucous secreting
goblet cells (long white arrows)

�ΎϫήϜϔΗ�Ρέ�ΔϳΪΒϟΎΑ�ϱΎϫ�ΓέϮμϟ�ϑϮθΗ�ΎϤϟstratified epith
�ϲϫ�ϊϗϮϟΎΑ�βΑsimpleΓΪΣϭ�ϪϘΒρ�Ϧϣ�ϥϮϜϣ�ΞϴδϨϟ�Ϫϧϻ��ϦϜϟ

ϢψΘϨϣ�ήϴϏ�ΎϬϟϮρϭ�ΎϳϼΨϟ�ΐϴΗήΗ

Cilia main function is moving particles from one place to another. For ex
the ciliated simple columnar epithelium that exist in uterine tubes

�ϝ�ϭ�ΔπϳϮΒϟ�ϚϳήΤΗ�ΎϬΘϔϴυϭzygoteϝ�Ϧϣuterine tubesϝ�ϰϟ·uterus�

ϝ�ΰϴϤΑ�ϒϴϛpseudostratifiedϝ�Ϧϋstratifiedˮ
���ΔϤϛήΘϣ�ΓέϮμΑ�ΔϳϮϧϷ�έϮϬυ

(stratified appearance of nuclei)
��ϝ�ΩϮΟϭCilia

��ϝ�ΩϮΟϭGoblet cells
ϝ�ϱΎϫ�ΪΟϮΗ��ΞϴδϨϟ�Ϫϧ�ϲϨόϳpseudostratified



Glandular Epithelium

¾ Is an epithelium specialized in secretion.

Classification of glandular epithelium:

1) According to number of cells:
� Unicellular glands: formed of a single

cell, like Goblet cells of the digestive and
respiratory tracts.

� Multicellular glands: formed of clusters
of cells, like: salivary and sweat glands.

30Uni- =one. Multi- = several.

ϢδΠϟ�ϲϓ�ΓΩϮΟϮϤϟ�ΩΪϐϟ�Ϟϛ�ϞϤθϳ

It¶s the only ex in humans, and 
can be found between cells of lining epithelium

�ήΒΘόΗ�ϢδΠϟ�ϲϓ�ΩΪϐϟ�Ϟϛmulticellular



2) According to presence of ducts:
� Exocrine glands: possess ducts that transfer the

secretion to the outside of the body, like: salivary
glands.

� Endocrine glands: they lack ducts. Their secretions
are transferred to the target organs, usually, by blood.
Example: Pancreatic Islets, Pituitary gland.

3) Exocrine glands classified according to morphology of
duct and secretory portion:
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� Each exocrine gland has a
secretory portion that produces
the secretion and a duct that
carries this secretion.

ϡΪϟ�ϖϳήρ�Ϧϋ�˱ΓΩΎϋ�ΎϬϠϘϧ�ϢΘϳϭ�ΕΎϧϮϣήϬϟ�ίήϔΗ

Ducts doesn¶t 
produce, only carry
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1. Duct
� If the duct is unbranched, the gland is called Simple
� If the duct is branched, the gland is called Compound

2. Secretory portion
� If the secretory portion is unbranched, the gland is called

Unbranched
� If the secretory portion is branched, the gland is called Branched

3. Secretory portion
� If the secretory portion is tube-like in shape, the gland is called

Tubular. If the tube is spiral in shape, it¶s called Coiled.
� If the secretory portion is ball-like in shape, the gland is called

Acinar
� If there are both tubular and acinar secretory portions, the gland

is called Tubuloacinar

� Unbranched secretory portion = 1 secretory portion opens into 1 duct
� Branched secretory portion = Several secretory portions open into 1 duct

ϲϟΎΘϟ�Ϊϳϼδϟ�ϲϓ�ΔϨϴόϣ�Δϔλ�ϞΜϤϳ�ϥϮϟ�Ϟϛ
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Compound tubular Compound acinar Compound tubular-acinar

ϝ�ϥΎϛ�Ϋduct�ΘϔΑportion�ϮϬϓ�ΪΣϭunbranched���Ϧϣ�ήΜϛ�Θϓ�αήϟ�βϔϧ�Ϋ�βΑportion�έΎλbranched



� Merocrine: only the product is secreted by
exocytosis. As in salivary glands.

� Apocrine: the product and the apical part of the
cell is shed. As in mammary gland.

� Holocrine: the whole cell disintegrates and is
shed with the secretion. As in sebaceous glands
of the skin.

� Merocrine glands are either serous or mucous.

34Mero- = part. Apo- = away from. Holos = whole. ±crine = separate. 

4) Exocrine glands classified according to method of
secretion:

�ΝέΎΨϠϟ�ΓήηΎΒϣ�Ύϫίήϓ·�ϢΘϳ�ΔϴϠΨϟ�τδϟ�ΕίήϓϹ�ϝϮλϭ�ΪϨϋ

ΓήηΎΒϣ�ίήϔ˵Η�ϥ�ϥϭΩ�ϢδΠϟ�ϲϓ�ΎϬϗϼρ·�ϢΘΑϭ�τδϟ�Ϧϣ�˯ΰΟ�ΎϬόϣ�άΧϮΘΑ�ΔϴϠΨϟ�τδϟ�ΕίήϓϹ�ϝϮλϭ�ΪϨϋ

�ΕίήϓϹ�ϖϠ˶τ˵Ηϭ�ήΠϔϨΗ�ΎϬϠϣΎϜΑ�ΔϴϠΨϟ

ϝ�ϒϴϨμΗ�ϢΘϳmerocrine�ϲΎϴϤϴϜϟ�ΐϴϛήΘϟ�ΐδΣ(chemical composition)Ϟϟsecretionϰϟ·�

ϝ�Ϋsecretion�ϥΎϛmore fluid�ϞΎγ� ϝ�ΫsecretionϥΎϛ
thick and viscous

�Νΰϟ�ϲρΎΨϣ�



Fig.11: Methods of secretion of
exocrine glands.
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Serous cells: (Glands)

1. Pyramidal in shape.
2. Central, round nucleus.
3. Intense basophilia in the basal 

region due to abundance of 
rough endoplasmic reticulum 
(RER) and ribosomes.

4. Apical region less basophilic 
and more acidophilic due to 
presence of secretory 
granules.

5. Example: Parotid salivary 
gland

ΔϤϗ

�ΓΩϮΟϮϤϟ�ΕίήϓϹ�ωϮϧ�ϰϠϋ�ΪϤΘόϣ�ωϮοϮϤϟ
ϯήΧϷ�ΓΪϏ�Ϧϣϭ�ήΧϵ�ϥΎϜϣ�Ϧϣ�ϒϠΘΨϳϭ��ϲϨόϳ

�Ύϫίήϓ·�ΩΪϐϟ�ξόΑbasophilic�ΎϬπόΑϭacidophilic



Mucous cells: (Glands)

1. Nucleus compressed in the basal 
region.

2. Basophilia in the basal region due to 
abundance of RER.

3. Apical region filled with several 
large mucin-containing granules 
that push the nucleus down.

4. The contents of the granules 
disappear during routine 
histological preparation Æ Cells 
appear vacant.

5. Example: Sublingual salivary gland 
and Goblet cells.

(Rough Endoplasmic Reticulum)

ϝ�ήϴπΤΗ�ϝϼΧslide�ϰϠϋ�ϱϮΘΤΑ�ϲϠϟmucous glands
ΔγέΪϠϟ���ϝmucousΔϴΎϴϤϴϜϟ�ΩϮϤϟ�ΐΒδΑ�ϲϔΘΨϳ�Ρέ
���ϥϮϠΑ�ΔϴϠΨϟ�έϮϬυ�ΐΒγ�νΎϫϭempty/white

�ΕΰϴϤϟ�Ϧϣ�ήΒΘόΗ�ϱΎϫϭ
Ϟϟ�Δϴδϴήϟglands
�ίήϔΘΑ�ϲϠϟmucous



Myoepithelial cells:
� These are epithelial cells

associated with glandular
epithelium.

� They¶re located between
the secretory cells and the
basal lamina.

� They contain contractile elements in their cytoplasm.
When they contract, they compress the secretory
portion of the gland pushing the secretion from its
lumen to the duct.

Fig.12: Myoepithelial cells.
Stain for contractile elements.
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ϝ�ϊϣ�ΔτΒΗήϣ�ϥϮϜΘΑglands
ϊϣ�ΎλϮμΧϭ�ϝsecretary portion

�ϰϠϋ�ϱϮΘΤΘΑactin and myosin�κϠϘΘϠϟ�ΔϴϠΑΎϗ�ΎϬϟ�ϲϨόϳ

�ΎϨϠϤϋ�ϥϮϫ�ΓέϮμϟΎΑstainϞϟactin and myosin�ϦϛΪϟ�ϲϨΒϟ�ϥϮϠϟΎΑ��ϲϠϟ�ΎϳϼΨϟϭ
ϝ�ϲϫ�ϢϬϨϴΑsecretory portions��ϝ�ΚϴΤΑmyoepithelial cells�ΔϋίϮΘϣ

ϝ�ϝϮΣportionsϞϟ�ΕίήϓϹ�ϊϓΩ�ϲϓ�ΪϋΎδΗ�ϥΎθϋduct



D R .  M U S T A F A  S A A D
( 2 0 2 2 )

Body Tissues
Epithelial Tissue
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Part 3
�ώϳήϔΗ���ΪϤΤϣϱήϤόϟ�ϦϤΣήϟΪΒϋϮΑϟΩΔ



� Polarity of a cell means that various regions of the cell
have specialized structural features because they
perform different functions.

� Epithelial cells can be generally divided into 3
regions:
1. Apical (Luminal) region: Facing the lumen of the

organ.
2. Lateral regions: adjacent to other cells.
3. Basal region: Lying on the basal lamina.

Epithelial Cell Polarity
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Opposite sides
(ΓΩΎπΘϣ�ΔδϛΎόΘϣ�˯ΰΟ)

ΔϔϠΘΨϣ�ϒΎυϭ�ϡΪϘΗ�ΔϔϠΘΨϤϟ�ΔϴϠΨϟ�˯ΰΟ
ΔϔϠΘΨϣ�ΔϔϴυϮΑ�ϡϮϘϳ�˯ΰΟ�Ϟϛ�ϪϧϷ�˯ΰΟ�ΓΪόϟ�ΔϴϠΨϟ�ϢδϘΑ�Ύϧ΄ϓ

ϦϜϤϣϭϑϮηϝpolarityϯήΧ�ΎϳϼΨΑ��Ϟϟ�ΔϴλΎΧ�βΑ�ζϣepithelium

Or organ

(Resting)



Fig.13: Polarity of epithelial
cells. Note the various
specialized structures in the
different regions of the cell.
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Apical region

Lateral 
region

Basal region

ϝϭstructures�ϞϜΑ�ΓΩϮΟϮϤϟregion�ήϬψΘΑ�Ύϣ
ΔϔϠΘΨϣ�Δϔϴυϭ�ΎϬϟ·�ΓΪΣϭ�Ϟϛ�ϪϧϷ�ϩήϴϐΑ

Ex: in mucus cells such as goblet
cells.. The nucleus and the Rough 
Endoplasmic Reticulum (RER) are
in the lower part of the cell, while
the glandular are apical (upper) 

ϝΎϋ�ϥϮϜΘΑ�ζϴϟapicalˮ
ϝ�ϱΪΑ�ϲϧϷsecretionϞϟ�Ρϭήϳlumen

ϝϭapical partϮϫΏήϗϷϞϟlumenϲϟΎΘϟΎΑ
ΝΎΘΤΑϝgranulesϥϮϜΗϰϠϋϷΎΑ��Ύϣϝnucleus
ϝϭRERΎϬΘϔϴυϮϓϊϨμΗϝsecretionϪϠϘϨΗ�ζϣ

ϞϟlumenΖϧΎϛ�Ϋ·�ϲϨϤϬΑ�Ύϣ�Ϛϴϫ�ϥΎθϋ
ϝΎΑbasal region



Cellular Junctions

� Several membrane-associated structures contribute to
adhesion and communication between cells and
between cells and nearby structures.

� They are present in several types of cells, but are most
prominent in epithelial cells.

� They¶re usually present in the lateral surface of the
cell and their arrangement from the apical to basal
parts is specific.

42

Structures found in the cell membrane of the cell

(Such as underline tissues)
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Tight 
Junction

Adherent 
Junction

Desmosome

Gap 
Junction

Hemidesmosome

Fig.14: Various 
types of cellular 
junctions

Intercellular Junctions

ϞϛΔϴϠΧΎϤϳΩ
�ΔρΎΤϣ�ϥϮϜΘΑ

Ϧϣ�ΔϋϮϤΠϤΑϳϼΨϟΎ

Ϟϛϭϝ�ϱΎϫjunctions
ϝΎϋ�ΓΩϮΟϮϣlateral surface

ϝ�ϲϓ�ϙέΎθΗ�ΎϬϧϷconnection
ΎϳϼΨϟ�ϦϴΑ��ΎϬϴϤγ�ϦϜϤϣ�Ϛϴϫ�ϥΎθϋ

ϝ�ϦϴΑcell
ϝϭbasal lamina

�ΔϴϤδΘϟ�ϱΎϫ�ϖϠρ�έΪϘΑ�Ύϣ
�ϝΎϋhemidesmosome

ϦϴΘϴϠΧ�ϦϴΑ�ςΑήΑ�Ύϣ�ϪϧϷ�



1) Tight Junctions

� Areas in which there¶s fusion of the cell membranes
of two adjacent cells due to the direct interaction
between proteins of the cell membrane.

� They consist of several strands of fusion and they
completely surround the cell forming a ring around it.
That¶s why these junctions are also called zonula
occludens.

� They¶re present in the apical region of the lateral wall
of the cell.

44Zonula = zone. Occludens = occlusion.  

ϦϴΗϭήΑϞΧΩΔϴϠΨϟϰϟϭϷϢΤΘϠΑϊϣϦϴΗϭήΑϦϣΔϴϠΨϟϯήΧϷ

(a group of tight junctions)

(called like that cuz it tightly closes off the intercellular space)

ΓΩϮΟϮϣϲϓΔϘΒτϟΔϳϮϠόϟϞϟlateral side�ϝ�ϰϟ·�ΏήϗϷlumen�



Fig.15: Tight junction. Image on the left
shows how these junctions are formed
of several strands that completely
surround the cell. Fusion of cell
membrane at these junctions is clear in
the EM image below (arrow heads).
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In the junction.. The intercellular
space is closed off

Every single dot represent a junction



1. Prevention of passage of substances through the
intercellular space (this sealing function depends on
the number and complexity of the strands).

2. Prevention of movement of proteins between apical
and basal surfaces of the cell, thus each region will
maintain its characteristic protein structure.
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� Functions of the zonula occludens:

Controls the passage of substances
through the epithelium

ϝ�Ϧϣ�ΩϮϤϟ�ϝΎϘΘϧlumenϞϟbasal lamina
ΎϬϨϴΑ�Ύϳ�ΎϳϼΨϟ�ήΒϋ�Ύϳ�ϥϮϜΑ���ϭϝ�ΩϮΟϭtight

junctionsϊϨϤϳϭ�ΩϮϤϟ�έϭήϣ�ΔϴϠϤϋ�ΐόμϳ
ΓήϴΒϜϟ�ΩϮϤϟ�ξόΑ�έϭήϣ��ϞϘϨϟ�ϢϴψϨΘϋ�ΪϋΎδΑ�νΎϫϭ



� One of the functions of hepatocytes (liver
cells) is the synthesis and secretion of bile.
Bile is first secreted into bile canaliculi,
small intercellular channels bounded by
hepatocytes cell membrane and closed off
from the adjacent liver sinusoids by tight
junctions.

� If there¶s an obstruction to the flow of bile
for any reason, bile will accumulate, and
the increased pressure in the canaliculi will
cause rupture of the tight junctions. In this
way, some bile will pass into the sinusoids
and lead to jaundice and other
complications.

� So, tight junctions here are considered part
of the blood-bile barrier.
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Obstructive Jaundice

ϮϟέΎλϱΔϠϜθϣϝΎΑTJΡέΏήδΘΗϝbile



2) Adherent Junctions

¾ Areas in which there¶s adhesion between two adjacent cells
mediated by a Ca2+-dependent transmembrane glycoprotein
(The intercellular space is not closed off).

¾ These glycoproteins are attached to a protein plaque inside the
cell that¶s connected to microfilaments.

¾ Adherent junctions also surround the cell usually below the
zonula occludens forming another zone called zonula
adherens.

¾ Function of adherent junctions is to provide for a firm adhesion
between adjacent cells thus preventing their separation due to
physical forces.

48Zonula = zone. Adherens = Adhesion.  

ϝglycoproteinsϦϣϞϛϝΎϋ�ΪϤΘόϣ�ϞϋΎϔΗ�ϖϳήρ�Ϧϋ�ξόΒΑ�ϮϘμΘϠΑ�ΔϴϠΧCa

ΔϴΟέΎΧ�ϯϮϘϟ�ΎϬοήόΗ�ΪϨϋ�ΎϳϼΨϟ�ϝΎμϔϧ�ϊϨϤϳ



Fig.16: Adherent junction. Image above
shows the components of this junction. The
EM image on the left shows that at this
junction (ZA), the intercellular space is not
closed off.
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�zonula occludens�
φΣϻϡΪόϧΕΎϏήϔϟ

ϦϴΑϴΘϴϠΨϟϦ

�zonula adherens.�

ϢϬϨϴΑ�ύήϔϟ
ΩϮΟϮϣ�ϝί�Ύϣ

ϦϴΗϭήΑ�Δότϗ



3) Desmosomes

9 Here there is also cellular adhesion mediated by
transmembrane glycoproteins. The glycoproteins are
attached to protein plaques which are in turn attached
to intermediate filaments.

9 Because the connection here is with intermediate
filaments, the adhesion in desmosomes is stronger than
the adhesion provided by the zonula adherens.

9 Desmosomes do not form a ring around the cell, but
are present as scattered single spots called macula
adherens.

50Macula = spot.

ϯϮϗϭήΒϛΎϤΠΣϦϣϝmicrofilaments



Fig.17: Desmosomes. Image above shows the
components of this junction. The EM image
to the left shows the position of these
junctions.
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9 They are usually present in the lower part of the lateral
wall of the cell.

9 Function of desmosomes is to provide strong cell-to-
cell adhesion.

9 Pemphigus vulgaris is a condition involving the skin
in which there are antibodies against epidermal
desmosomal proteins. These cause disruption of the
desmosomes and the loss of cellular adhesion leading
to accumulation of fluid and formation of blisters.

52Pemphigus = from pemphix = bubble. Vulgaris = common.  

ϝdesmosomesΔϤΎϗΕΎϨϴΗϭήΒϟ�ρΎΒΗέ�ϰϠϋ���ϝ�Ϫϧ�ϥϮϫ�ήϴμΑ�ϲϠϟantibodiesϢΟΎϬΗ�Ρέ
ΕΎϨϴΗϭήΒϟ�ϱΎϫ��ΔϟϮϬδΑ�ΎϬπόΑ�Ϧϋ�ϞμϔϨΘΑ�ΎϳϼΨϟ�ϲϟΎΘϟΎΑ�ϭ���ΎϳϼΨϟ�ϦϴΑ�ΔϓΎδϤϟ�ΓΩΎϳΰϟ�ϱΩΆϳ�νΎϫϭ

��Ώ�ϰϤδϳ�Ύϣ�ϥ ˶Ϯ˷Ϝ˵˴Θϟ�ΎϳϼΨϟ�ϦϴΑ�ΕΎϏήϔϟ�ϱΎϫ�ϲϓ�ϊϤΠΘΗ�ΪΒΘΑ�ϞϮδϟϭblisters

ϞϮδϠϟ�ϊϤΠΗ
ΪϠΠϟ�ϲϓ��ϥϮϜΘΑ�ϭnot infected�ΔΒϬΘϠϣ�ήϴϏ�����ΎϬϴϤδΑ�ΏΎϬΘϟ�ΎϬϴϓ�ϥΎϛ�Ϯϟpustule

Autoimmune disease ( ϢδΠϟϢΟΎϬΑδϔϧϪ )



4) Hemidesmosomes

o These are similar to
desmosomes. They¶re located
in the basal surface of the cell
and provide adhesion
between the cell and the
underlying basal lamina.

o In hemidesmosomes, the
adhesion molecules and the
protein plaque are derived
from the cell only.

Fig.18: Hemidesmosomes. Note how
this junction is present in the cell
only.

53Hemi- = half.

ζϴϟHemiϝ�ΐϴϛήΗ�βϔϧ�Ϫϧ·�λ�ˮdesmosome
ϝ�βΑplaqueϝϭintermediate filaments

ςϘϓ�ΪΣϭ�ϑήρ�ϰϠϋ�ΓΩϮΟϮϣ���ΔϴϤδΘϟ�ΐΒγ�νΎϫϭ

�ϝΎΑ�ΩϮΟϮϣ�ζϣbasal lamina�



o Bullous pemphigoid is an autoimmune disease in
which antibodies are directed against
hemidesmosomes of the epidermis. Hemidesmosomes
will lose their anchoring abilities leading to separation
of epidermis from the dermis causing accumulation of
fluid and formation of blisters.

54Bulla = large blister. -oid = like.

Autoimmune disease

ϕϮϓ�ϲϠϟ�νήϤϟ�ΪΒϣ�βϔϧ���ϩΎϴϤϟ�Ϧϣ�ΕΎόϤΠΗ�ϦϳϮϜΘϟ�ϱΩΆϳ�ΎϤϫϼϛ�ϞϮδϟ��ΪϠΠϟ�ΖΤΗ
ϝ�ϲϓ�ΙΪΤΑ�νΎϫ�βΑhemidesmosomesϝΎΑ�ϙΎπϫϭdesmosomes
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5) Gap (Communicating) Junction

� At these junctions, the
cell membrane of two
adjacent cells are
apposed. Each cell has
a disc shaped structure
that contains numerous
protein complexes with
central pores in them.

� Through these pores small molecules may pass
from the cytoplasm of one cell to the other.

Fig.19: Gap junction

ϠΑΎϘΘϣΔ

ΓΎϨϗΓήϴϐλ�ξόΑ�ϊϣ�ϦϴΘϴϠΨϟ�ϦϴΑ�ςΑήΘΑ�ΓήϴΒϜϟ�ΩϮϤϟ�ϞϘϧ�ϰϠϋ�ΓέΪϘϟ�ΎϫΪϨϋ�Ύϣ�

Such as ions and water



� It could be located anywhere along the lateral
surface of cells.

� In cardiac and smooth muscles, the presence of such
junctions allow the passage of Ca ions rapidly
between cells ensuring their simultaneous
contraction.

� In bones, the presence of such junctions between
osteocytes ensures the passage of nutrients from one
cell to another.

56Osteo- = related to bone. ±cyte = cell.

ϻϦϜϤϳϝ�ΩϮΟϭ�ϥϭΩ�ξΒϘϨΗ�ϥ�ΕϼπόϠϟCa ions�ϝ�έΎθϨΗ�ΔϴϠϤϋ�ωήδϳ�ΕϮϨϘϟ�ϱΎϫ�ΩϮΟϭ�ϑCa
νΎΒϘϧϹ�ΔϴϠϤϋ�ϞϬδϳ�Ύϣ�ήϴΒϛ�ϞϜθΑ�ΎϳϼΨϟ�ϦϴΑ���ϻϮϟϭΎϫΩϮΟϭϥΎϜϟέΎθΘϧϝCaΪΟ�˯ϲτΑ.

ϝ�ϑatria�ΐϠϘϟ�ϲϓ�ϦϴϨϳΫϷ���ξόΑ�ϊϣ�κϠϘΘΘΑ��ϖϳήρ�Ϧϋ�ϪτΒΗήϣ�ΎϫΎϳϼΧ�ΎϬϧ�ΐΒδϟϭ
gap junctions�βϔϧϭϲηϹϞϟsmooth muscles



Specialization of the Basal surface

1. Hemidesmosomes: for anchoring into basal lamina.

2. Basal striation: infolding of the cell membrane to
increase the surface area.

3. Several transporters and pumps.

4. Receptors for various signals.

57

τδϟ�ϑϮη�Ρέ�ήϬΠϤϟΎΑ�ήψϨϟ�ΪϨϋ
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Specialization of the Apical surface

1) Microvilli (single = microvillus)
� Finger-like cytoplasmic projections that are present in

absorptive epithelium, most prominently in the small
intestine. They increase the surface area.

� They consist of a core of cytoplasm with a network of
actin filaments cross-linked with each other and with
the surrounding cell membrane and with the terminal
web of the cell. They¶re motile.

� They could be short or long, temporary or permanent.

58Villus = Shaggy hair.

ΎϧΎϴΣϥϮϜΗΓΩϮΟϮϣΎϧΎϴΣϭϷ



Fig.20: The EM image on the left clearly shows the structure of the microvilli..
The image on the right shows how the actin filaments are cross-linked with each
other, with the cell membrane and the terminal web.
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Very small and thin.. Can only be seen by EM



� Under light microscope,
numerous microvilli form a
brush border on the surface of
the small intestinal epithelium.
But, because they¶re small,
their features can only be
clearly identified by electron
microscope.

Fig.21: LM image of small
intestinal wall. Note the
Striated/Brush border formed by
microvilli (Black arrow).
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2) Stereocilia

o These are apical specialization in some absorptive
cells like those of the epididymis and ductus deferens.
They¶re also present on the hair-cells of the inner ear.

o They are similar in structure to microvilli. However,
they¶re longer, less motile and branched.

o They increase the surface area. Stereocilia of the inner
ear act as mechanoceptors.

61Stereo- = Firm or solid.  Cilium = eyelash.

ϲϫϊϤδϟ�Ϧϋ�ΔϟϭΆδϤϟ�ΎϳϼΨϟ����ΖϴϤγϭhair cellsϝΎΑ�ϰτϐϣ�ΎϬΤτγ�Ϫϧϻstereocilia
ϝ�ίΰΘϫ�ϰϟ·�ϱΩΆϳ�Ρέ�ϥΫϷ�ϰϟ·�ΕϮμϟ�ΕΎΟϮϣ�ϝϮΧΩ�ˮϊϤδϟ�Ϧϋ�ΔϟϭΆδϣ�ϒϴϛstereocilia��

ϝ�ϝϮΤΘΘΑ�ΕίΰΘϫϹ�ϱΎϫϭnerve impulsesΎϬϤΟήΘϳ�ϥΎθϋ�ύΎϣΪϠϟ�ϞϘΘϨΘΑ



Fig.22: Above, LM image of stereocilia of
the epithelium of the epididymis (arrows).
The image to the right is a SEM image
showing stereocilia of the inner ear.
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Stereocilia 



3) Cilia (single = cilium)

� Elongated, motile structures on the surface of some
epithelial cells, like those of the trachea. There are,
usually, many cilia on the surface of a single cell.

� Cilia move in rhythmic fashion backwards and
forwards removing fluid, debris, or various other
materials in a certain direction.

� It¶s surrounded by cell membrane
and is formed of microtubules
arranged in a specific pattern.
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Its also cytoplasmic projection

Called sweeping motion

ϝciliaΎϨϔϠΘΧ�Ύϣ�ϯέϭ�ϭ�ϡΪϘϟ�ϙήΤΘΘΑ���ΪΣϭ�ϩΎΠΗΎΑ�ΩϮϤϟ�ϚϳήΤΘΑ�ϡϮϘΘΑ�βΑ���ΔϛήΣ�ϱί
ϝfertilized eggϝ�Ϧϣuterine tubeϞϟuterus��ϝΎΑ�ϭrespiratory system

ϝ�ϩΎΠΗΎΑ�ΔϛήΤϟ�ΎϤϳΩpharynx�ϡϮόϠΒϟ��ϩήϴϏϭ�έΎΒϐϟ�ΝήΧϹ�ϝΎόδϟ�ΐΒδϳ�Ύϣ



Fig.23: LM image above shows the cilia of
the epithelium of the respiratory tract. In the
EM image on the right, note how the cilia
are much longer and thicker than the
microvilli.
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Cilia is thicker than the microvilli
and easier to be seen by LM 

Cilia 

Microvilli



� Flagella (single = flagellum)
are structurally like cilia but
are much longer and, usually,
only one flagellum is present
on a cell. The movement of
the flagellum is rotational.

� The only cell in the human
body that has a flagellum is
the sperm. Here, it¶s used for
movement of the sperm. Fig.24: The tail of the

sperm is a flagellum.
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Fig.25: The left animated image shows the forwards and backwards sweeping
motion of cilia. Compare it with the rotational propulsive movement of the
flagellum (tail) of a sperm shown in the right animated image.
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Primary Ciliary Dyskinesia (Immotile Cilia Syndrome)

� It¶s a genetic disorder in which there is abnormality in the
movement of cilia and flagella.

� Mucus is not easily removed form the respiratory system
leading to repeated infections.

� Sperms cannot move easily leading to male infertility.

� The cilia of the uterine tubes may also be affected leading
to infertility in females.

(Abnormal movement)
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It's better to know one 
thing about everything 
and everything about 

one thing

ϢϜΗϮϋΩ-


