
Objectives 

1. Describe the changes in the airway wall from the conducting zone to the 
alveolar region and their functional significance. 

2. Compare the structure and function of the three alveolar cell types. 
3. List the structural layers that constitute the alveolar-capillary membrane 
4. Specify two functions of the alveolar interstitium. 
5. Describe the role of the mucociliary transport system and the alveolar 

macrophages in defense of the body against foreign particles. 
6. Describe four clinical problems that impair the mucociliary transport 

system resulting in decreased in airway clearance and increased risk of 
lung infection. 

7. Describe the role of the alveolar macrophage in clearance of particles 
deposited in the alveoli and it’s role in the development of lung scarring 
(pulmonary fibrosis). 

RESPIRATORY PHYSIOLOGY 
THE LUNG PARENCHYMA & AIRWAY CLEARANCE 



Changes in Airway Wall  
From the Conducting Airways to the Alveoli 

Thinning of the Epithelium - Loss of Cartilage/smooth muscle/mucous glands 



Alveolus 

(b) Enlargement of alveoli (air 
sacs) at terminal ends of airways 
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Figure 11-2b, p. 452 

THE ALVEOLUS IS DESIGNED FOR GAS EXCHANGE 
Each lung has ≈ 300 million alveoli each in contact with 100s of pulmonary capillaries 



PARENCHYMA refers to 
airways involved in gas 
exchange: respiratory 
bronchioles & alveoli.  

Respiratory bronchioles 
terminate in acini, multi 
lobed sacs containing 
groups of alveoli. 

ACINUS  
Latin term for berry;  
acini.pl.; acinar adj.) 
cluster of cells that 
resemble a berry. 

THE LUNG PARENCHYMA 
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Figure 11-4c, p. 454 

Scanning EM of same (X220) 



1.  flat “squamous epithilium” – analogous to a fried egg! 

2.  covers 95% of the alveolar surface area 

3.  thin, 0.1-0.3 microns in width [nucleus analogous to an 
egg yolk] 

    total alveolar surface area ≈ 100 m2  (about half of a tennis court) 

TYPES OF ALVEOLAR CELLS 

TYPE I: The PNEUMOCYTE 



TYPES OF ALVEOLAR CELLS 

TYPE II: GRANULAR PNEUMOCYTE (or ALVEOLAR SEPTAL CELL)  

1.  cuboidal shape 

2.  contains lamellar inclusion bodies 
that store pulmonary surfactant, a  
surface active agent that reduces 
alveolar surface tension 

3.  pulmonary surfactant is a mixture     
  of lipids (mostly) and proteins.  

Diphosphatidylcholine  [DPPC] is its  
key surfactant (surface tension 
reducing agent) 



•  located on the extracellular lining of 
alveolar surface 

•  migratory & phagocytic- 
defends against foreign 
particles 

 alveolar macrophage ruffles next to E-coli 

TYPES OF ALVEOLAR CELLS 
TYPE III: ALVEOLAR MACROPHAGE  “DUST CELL” 



10 Figure 11-4a, p. 454 Copyright © 2016 by Nelson Education 
Ltd. 



THE ALVEOLAR-CAPILLARY MEMBRANE 

THE AIR-BLOOD BARRIER 
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THE ALVEOLAR-CAPILLARY MEMBRANE 



ALVEOLAR INTERSTITIUM 

1.  joins & supports the structural elements via an elaborate fiber system 
[collagen & elastin fibers] & contributes to the mechanical 
characteristics of the lung such as it’s compliance allowing the 
airways to expand as they are filled with 02 rich air and spring back 
during exhalation to expel CO2 rich air. 

2.  a fluid space between air & blood barrier in series with the lymphatic 
system allows for excess fluid drainage into the lymphatic system 



AIRWAY CLEARANCE 



 AIRWAY CLEARANCE 
 DEFENSE AGAINST INHALED PARTICLES 

Particles > 10 µm in diameter 

1.  filtered & trapped by nasal hairs 
2.  irritant receptors lining the nasal passages initiate the sneeze  

reflex → removal of particles 

Particles 2-10 µm in diameter 
1.   mucociliary transport system lining the airways proximal to the           

 terminal bronchioles 
2.   irritant receptors in airway lining→ initiate the cough reflex→ 

removal of particles  



mucous blanket with 2 layers: a gel or 
mucus layer and a sol or aqueous 
periciliary, layer 

THE MUCOCILIARY TRANSPORT SYSTEM 



MUCOCILIARY ESCALATOR & AIRWAY CLEARANCE 

ciliary beat frequency  ~ 15 strokes/
sec 
 propelling mucus ~ 10 mm/min 



IMPAIRMENT OF THE MUCOCILIARY TRANSPORT SYSTEM 
 CLINICAL PROBLEMS OF RELEVANCE 
 ↓ AIRWAY CLEARANCE & ↑ INFECTION 

1.  SMOKING ↓ciliary motion & ↑mucus production  

2.  PATHOGENIC MICROBES release substances that paralyze ciliary 
motion (e.g. pseudonomas)  

3.  PRIMARY CILIARY DYSKINESIA  cilia dysfunction due to a structural 
defect (an inherited disease) 

4.  CYSTIC FIBROSIS defective chloride channels involved in transport 
of water & sodium across the epithelium result in formation of 
viscous, sticky mucus hard to clear from the lungs & pancreatic ducts 
(an inherited disease)  



Particles <2 µm in diameter reach the alveoli  

1.  Migrating & phagocytic macrophages 
engulf foreign particles on alveolar surface 
& degrade them. 

alveolar macrophage 
 &  E. coli  

 AIRWAY CLEARANCE 

 DEFENSE AGAINST INHALED PARTICLES 

2.   Non-degradable particles with sharp 
profiles, such as silica dust & asbestos 
fibers, injure the alveolar epithelium & 
the alveolar macrophages ! leading to 
inflammation, scar formation [collagen 
deposition] and in turn: pulmonary 
fibrosis.  asbestos fibers embedded 

in lung tissue 



Epithelial Cell Transition 
ciliated vs non-ciliated goblet cells 

 columnar vs simple squamous 
basal vs Clara 



•  non-ciliated, dome-shaped 
•  Especially in the terminal & respiratory bronchioles (<2 mm corridor of 

functional transition from conducting to respiratory zone of the airways) 

•  secrete a variety of products provide clues to its ? role: 

1. surfactant-like substance (compliance of the lungs) 
2. defense through phagocytic activity engulfing airborne toxins 
3. Like basal cells can act as stem/progenitor like cells multiplying & 

differentiating into different epithelial cell types in response to injury. 
Potential role in lung remodeling in response to injury, disease and in 
cancer. 

Max Clara (1899-1966) discovered Clara cells in 1937 as an active member of the Nazi Party from 
tissue taken from executed victims of the Third Reich. In 2012 editorial board of major respiratory 
journals in US and Europe decided to discontinue the use of Clara’s eponym. Official birth of Club 
Cell terminology was 2013. 

New Insights from a Dark Past 
 Club Cells (Clara Cells) 

Frontier of Cell Regeneration Research 


