[image: image1.emf] The trachea is similar to the larynx in the epithelial lining.



Epithelium

: It is covered by respiratory epithelium which contains these cells:-

1) Ciliated columnar cells 30%.

2) Basal cells 30%.

3) Goblet cells 30%.

4) Serous cells 3%  no cilia, and no microvilli.

5) Diffused neuroendocrine cells (DNES) 3%: secret hormones like serotonin, 

and calcitonin.

6) Brush cells 3%: they are described as bald cells because they contain NO 

cilia, only microvilli. Their function is unknown, but some investigators suggest 

that they may have a sensory role, while others believe that they are merely 

immature goblet cells.

 Some information you should know about endocrine cells:-

 Endocrine system is divided into (1) encapsulated organs “e.g., pituitary”, and (2) 

diffuse endocrine cells (e.g., DNES).

 Two types of the previous mentioned cells, basal cells and DNES cells, do not 

reach the apex of the epithelium by their apices, although all cells rest on the 

same basal lamina.

 Goblet cells are somewhat difficult to identify in the slide.

TRACHEA

[image: image2.emf]These notes were originally taken by Aws during the histology lecture, and were typed and 

edited by Z. References: Basic Histology & Color Textbook of Histology. 

Here’s an important note we didn’t mention in the first slides:

 The neural and sustentacular cells of the olfactory epithelium are joined 

together by junctional complexes.































[image: image3.emf]TRACHEA

(1) Epithelium: 

 Pseudostratified ciliated 

columnar (respiratory) epithelium.

(2) Lamina propria: 

contains:

1. C-shaped rings of hyaline   

cartilage (10-12).

 Bundle of smooth muscle & a 

fibroelastic ligaments bridge the 

open ends of the cartilage.

2. Very well-defined basal lamina, 

NOT ill-defined.

3. Numerous seromucous glands in 

the lamina propria and in the 

submucosa.
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(3) Submucosa:

1. Separated from the mucosa (lamina propria) by dense elastic fibers known 

as elastic lamina. Uniquely, this elastic lamina is very well-developed. 



This elastic lamina needs a special stain (e.g., silver compounds) to be       

seen under the microscope. 

2. RICH in bloods sinuses and is highly vascular.



The blood vessels found in the submucosa migrate to the mucosa through 

the elastic lamina to supply the mucosa. 

3. Contains mucus and seromucous glands.



Ducts from both mucous & seromucous glands pass through the elastic lamina & 

basal lamina, and finally reach the surface of the epithelium to release secretions.



Note

: Generally, glands & elements found in the submucosa are also found in 

the mucosa.

(4) Adventitia:



The C.T. known as adventitia is the thickest part of the tracheal lining, & it contains  

the C-shaped hyaline cartilages made of loose areolar C.T. that are defected 

posteriorly 



This defect is closed by a smooth muscle called the 

trachealis

.



The C-shaped cartilages which are 10-12 in number are connected to one another 

by a fibroelastic C.T. 
















[image: image5.emf]BRONCHUS

A) Primary Bronchi (Extrapulmonary Bronchi): 

Generally, it has the same histological 

appearance as the trachea.
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B) Intrapulmonary Bronchi:



Differs from the trachea in the following: 

1. Irregular hyaline cartilage platelets that surround the lumen completely.

2. Smooth muscle layer: Crisscrossing bundles of spirally arranged smooth muscle cells  that are 

well-developed (Contraction of this muscle layer after death is responsible for the folded 

appearance of bronchial mucosa observed in histological section. Note that this is a distinctive 

difference found in the intrapulmonary NOT the extra pulmonary bronchi).

3. Epithelium has all types of cells found in the trachea.

4. Lamina propria: Contents: 



Very similar to the tracheal lamina propria but separated from the submucosa by a basal 

lamina which is elastic C.T.          



Is rich in elastic fibers



Contains an abundance of mucous and serous glands.



Numerous lymphocytes & lymphatic nodules, which are also found in the submucosa. 



Mainly abundant in sites of bifurcation. 



Lymphoid tissue is found as BALT (bronchi associated lymphoid tissue) 

which is found UNDER the wet epithelium.



Bronchial cartilages: 



In large bronchi: irregular complete cartilage rings (no defect).



In small bronchi: isolated plates of hyaline cartilage.

5. The elastic fibers (radially arranged) radiate from the adventitia.

6. Recall that the trachea and extrapulmonary bronchi have very well developed basal lamina, NOT 

ill-defined. 



Note:

The elastic fibers are almost always connected to one another from one bronchi or bronchiole 

to the adjacent ones IF THEY ARE FOUND IN THE ADVENTITIA, not the mucosa or submucosa.
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[image: image8.emf]BRONCHIOLES



Their diameter is less than 1 µm.



They are divided into:

1. Preterminal (primary) Bronchioles.

2. Terminal (secondary) Bronchioles.

3. Respiratory (tertiary) Bronchioles.



Note

: Division of bronchioles into preterminal, terminal, 

and respiratory are based on their function. For instance, 

secondary bronchioles are called terminal because they 

are the last (terminal) part of the conductive zone of the 

respiratory system.
















[image: image9.emf]Preterminal Bronchioles

(1) Epithelium: 



Larger primary bronchioles: Simple columnar ciliated 

epithelium (with few goblet cells 

only

in the initial segments).



At distal segments: lined by simple cuboidal partially 

ciliated cells, with occasional 

Clara cells

but NO goblet cells 

in smaller primary bronchioles.

(2) Lamina propria:

1- Elastic fibers.

2- Smooth muscle.



Note

: No cartilage, and No glands.



In brief, the primary bronchiole are divided into two portions 

initial and distal. the later, which is the distal portion has 

same linings as the terminal and respiratory bronchioles.
















[image: image10.emf]Terminal Bronchioles

Similar structure, except:



Epithelium: 

Partially ciliated simple cuboidal cells and 

Clara cells

.

 There are NO glands in adventitia.

 There are NO goblet cells because they will interfere with gaseous 

exchange  this will cause the epithelium to be continually dry and prone to 

infection  therefore, they are given 

Clara cells

which:

 Have secretory granules that share in secretion of surfactant.

 Contain cytochrome P-450 which is acts as a detoxifying agent.

 Act as stem cells that divide to regenerate the bronchiolar epithelium.



Note

: 

Clara cells

are found in distal primary bronchioles and in secondary and 

tertiary bronchioles. 

 It is important to understand that there are NO platelets of hyaline cartilage in 

secondary and tertiary bronchioles, only abundant smooth muscles and elastic 

fibers which increase downward.

 In asthma patients, the bronchiolar smooth muscle is thicker than in that in 

normal individuals. Increased airway resistance in asthma is believed to be 

due mainly to the prolonged constriction of bronchiolar smooth muscle which 

makes it difficult to expire. 
















[image: image11.emf]Terminal Bronchioles

Similar structure, except:



Epithelium: 

Partially ciliated simple cuboidal cells and 

Clara cells

.

 There are NO glands in adventitia.

 There are NO goblet cells because they will interfere with gaseous 

exchange  this will cause the epithelium to be continually dry and prone to 

infection  therefore, they are given 

Clara cells

which:

 Have secretory granules that share in secretion of surfactant.

 Contain cytochrome P-450 which is acts as a detoxifying agent.

 Act as stem cells that divide to regenerate the bronchiolar epithelium.



Note

: 

Clara cells

are found in distal primary bronchioles and in secondary and 

tertiary bronchioles. 

 It is important to understand that there are NO platelets of hyaline cartilage in 

secondary and tertiary bronchioles, only abundant smooth muscles and elastic 

fibers which increase downward.

 In asthma patients, the bronchiolar smooth muscle is thicker than in that in 

normal individuals. Increased airway resistance in asthma is believed to be 

due mainly to the prolonged constriction of bronchiolar smooth muscle which 

makes it difficult to expire. 
















[image: image12.emf]Terminal 

Bronchioles
















[image: image13.emf]Respiratory Bronchioles

 They are merely long tubes that possess 

openings of alveoli and 

NO

glands.

 Each respiratory bronchiole terminates in 

an alveolar duct.

 Similar structure to terminal bronchioles, 

except:

(1) Epithelium: 

-

Proximal portion

: simple partially ciliated 

cuboidal epithelium and 

Clara cells

.

-

Distal portion

: Simple cuboidal epithelium 

(cilia may be absent).

- At rim of alveoli openings: Type I alveolar 

cells (Type I pneumocytes).

- The respiratory bronchioles have smooth 

muscle.

(2) The wall is interrupted by pulmonary 

alveoli.



Note

: Recall that there are NO glands in 

the adventitia.
















[image: image14.emf]ALVEOLAR DUCTS



The wall of alveolar ducts consist 

almost entirely of pulmonary alveoli.

 It is the last place with smooth muscles 

in the respiratory system, below which 

there are NO smooth muscles.

(1) 

Lining Epithelium

: Squamous  

alveolar cells (Type I Pneumocytes). 

Although their number makes up 

only 30% of pneumocytes, they still 

cover 95% of alveolar surface.

(2) 

Lamina propria

:

a. Elastic & Reticular fibers.

b. In proximal portions: Smooth 

muscle cells surround the rim of the 

alveoli (disappears at distal ends).  



Alveolar duct → opens into an 

atrium

→ communicates with two or 

more 

alveolar sacs

.



Note

: There are NO Clara cells and 

NO lymph nodules.
















[image: image15.emf]PULMONARY 

ALVEOLI



It means, linguistically, 

“space occupied by air.”



Blood-air barrier

is composed of:



Epithelium of the alveolar type I cells.



Endothelium of the blood capillaries.



Fused basal laminae of both alveolus 

& endothelium.



Surfactant behind the alveolar wall 

(some authors)..

- The total thickness of the barrier varies 

from 0.1 – 1.5 µm.



Interalveolar septa

(the wall 

between two neighboring alveoli) 

possess 

alveolar pores

with a 

diameter of 10-15 µm, and function 

in pressure equalization.
















[image: image16.emf]BLOOD-AIR BARRIER

Pulmonary Capillaries

:



Blood capillaries are 

continuous

. 



They are NOT fenestrated 

because if they were fenestrated, 

under certain conditions, blood could 

be filtrated out of the capillaries and 

cannot be fixed by lymph because 

there is no lymph tissue there, and 

blood will accumulate and cause 

lung edema.



The most prominent feature of the 

cytoplasm in the flattened portions of  

the cell is numerous pinocytotic 

vesicles.



Pulmonary capillaries are the 

most numerous (140 m2).
















[image: image17.emf]INTERALVEOLAR SEPTA

 It is the region between two adjacent 

alveoli.

It is made by:

(1) 

Alveolar Epithelium

: Simple squamous 

epithelium.

(2) 

Interstitium

: Composed of:

 Continuous pulmonary capillaries. 

 C.T., which is made of:

a. Elastic fibers – NOT collagenous.

b. Reticular cells: type III collagen.

 C.T. matrix.

 Cells:-

 Macrophages.   Leukocytes.

 Fibroblasts.    Monocytes.

 Mast cells.



Note

: There are no collagen fibers normally found in the interalveolar septum 

but they may be pathologically present in pulmonary fibrosis.
















[image: image18.emf]ALVEOLAR EPITHELIUM

(1)

Type I Pneumocytes

(squamous 

alveolar cells):

 Lines 95% of the alveolar surface, 

though they constitute only 33% in 

number.

 E/M: 

1. Abundant pinocytotic vesicles.

2. Occluding junctions & 

Desmosomes.

 Functions:

1- Exchange of gases.

2- May play role in surfactant 

turnover.
















[image: image19.emf](2) 

Type II Pneumocytes

(septal alveolar cells):

Line 5% of the alveolar surfaces, though they constitute about 66% of 

population.

L/M: 

 Are rounded cells 

 Usually found in groups of 2-3 cells.

 Usually found at sites of union of septa.

 Foamy or vesicular cytoplasm.

E/M:

 Connected with type I cells by occluding junctions & desmosomes.

 Lamellar bodies (contain concentric or parallel lamellae limited by a unit 

membrane), they are secretory granules and contain surfactant.

 Have abundant RER.

 Spherical nucleus, NOT flattened unlike the nucleus of the type I 

alveolar cells.

 Numerous mitochondria.

 Well-developed Golgi apparatus.
















[image: image20.emf]

Renewal:



By mitotic cell division, type II cells can divide to replace:

1. Their own population

2. Type I cells.



Function:

1. Synthesis & secretion of pulmonary 

surfactant

(phospholipids, GAGs, and proteins) which:

a. Reduces alveolar surface tension→ reduces  

effort to inflate pulmonary alveoli and prevents 

alveoli collapse.

b. Has bactericidal effect, aiding in the removal of 

potentially dangerous bacteria that reach the 

alveoli.

2. Renewal of alveolar epithelial cells.

3. May phagocytose (may also phagocytose surfactant).
















[image: image21.emf]Type II Pneumocytes
















[image: image22.emf]LUNG (Alveolar) MACROPHAGES

 Alveolar macrophages, also called 

dust 

cells

, phagocytose particulate matter less 

than 4 µm, such as dust and bacteria.

 They also assist type II pneumocytes in 

the uptake of surfactant.

 They are originally migrating monocytes 

from the blood.

 It might migrate to the lumen or 

otherwise stay in the interstitium.

 They are moved by cilia up to the 

pharynx after engulfing particulate matter 

and are swallowed or coughed out. 

CLINICAL APPLICATION

 In pulmonary congestion and 

left-sided

congestive heart failure, the 

lungs become congested with blood, and erythrocytes pass into the 

alveoli, where they are phagocytosed by alveolar macrophages. In

such cases, these macrophages are called 

heart failure cells

.
















[image: image23.emf]CLINICAL APPLICATION



Etiology: 

Deficiency of surfactant in premature infants 

→ Pulmonary alveoli are collapsed (They failed to inflate).



Treatment: 

Administration of glucocorticoids to mother 

→ Induces synthesis of surfactant.

Emphysema



Major cause is smoking

.



Etiology:  



Destruction of interalveolar septa



Enlargement of pulmonary alveoli



Respiratory insufficiency.

Respiratory Distress Syndrome
















[image: image24.emf]PLEURA



The pleura is the serous 

membrane covering the 

lung, and is composed of 

two layers:

(1) Parietal pleura.

(2) Visceral pleura.

L/M:

1- Simple squamous mesothelial cells.

2- Lamina propria: 



Fine C.T. layer that contains collagen & elastic fibers.
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