
 
 
 
 
 
 
 
 
 
 

FHB 2023 
Respiratory 
Physiology 

NOTE: I spend much more time on the lectures.  
Concentrate your efforts there.  
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Pulmonary Lecture 1: 

Learning objectives 

 

At the end of the lecture, you should be able to: 
- List structural and functional properties of the upper airways 
- List structural and functional properties of the lower airways 
- Describe the typical structure of the airway wall 
- Describe how the alveolar-capillary membrane is designed for gas exchange 
- Explain mechanisms that stabilize alveoli 
- Describe how inhaled particles are removed from the airways 
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RESPIRATORY SYSTEM – OVERVIEW 
 
 
 

 
 
 

The main function of the lung is gas exchange, other functions include: barrier function, 
metabolism, host-defense, olfaction, communication.  
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Upper Airways: Nose to larynx (vocal 
cords) Lower Airways: Trachea to alveoli 

 
 

UPPER AIRWAYS 
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LOWER AIRWAYS 
 

Lobes of the Lung: 
The human lung is partitioned 
into 5 lobes with 3 lobes on the 
right (RUL, RML, RLL) and 2 
lobes on the left (LUL, LLL), 
leaving room for projection of the 
left ventricle. 
Lobulation of the lung allows for 
greater flexibility and movement 
of the torso without producing 
excessive stress/strain forces on 
the lung tissue. As the lobes slide 
and glide over each other the 
lung is protected from ripping 
and tearing, resulting in a 
pneumothorax (lung collapse). 

 
 

Conducting Airways 
(do not participate in gas 
exchange): 
The human trachea: A single 
open tube; the C-shaped 
cartilaginous rings keep the 
trachea from collapsing 
(especially during exposure to 
negative pressures during 
inspiration). The back wall of the 
tracheal consists of non-striated 
muscle, behind which lies the 
esophagus. The flexible smooth 
muscle can change the cross- 
sectional area of the trachea 
(e.g. as during coughing) and 
protects from over-distension. 
The right mainstem bronchus 
divides into three airways that 
penetrate the 3 right lobes of the 
lung. The left mainstem 
bronchus divides into two 
airways that penetrate the 2 left 
lobes of the lung. Within each of 
the 
5 lobes, the airways continue to 
bifurcate, become shorter and 
narrower. 
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Airway Generations 
 

Airway generations 1-16 do not 
have alveoli (gas conduction only, 
“dead space”). 
The anatomical dead space has a 
volume of about 150 mL (= VD) in 
a 70 kg human. 
Airway generations ~17 and higher 
are alveolated and participate in 
gas exchange. Airways between 
the terminal bronchioles and 
respiratory bronchioles that are 
only partially alveolated constitute 
the transition zone. On average, 
transition zones occur around 
generations 17 to 19. 
 
 

A bronchopulmonary segment is a functional anatomic unit of the lung. The respiratory unit 
is the basic physiological unit. A functional unit could be removed without notable effect on 
tidal breathing. Early infections can remain localized to a single functional unit.  

 
 
 

  
bronchopulmonary segment 
= functional anatomic unit 

respiratory unit 
(respiratory bronchioles and alveoli) 
= basic physiological unit 
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Composition of the airway wall - structure at the three principal levels 
 

 
Ochs and Weibel. Functional design of the human lung for gas exchange. In Fishman’s 
Pulmonary Diseases and Disorders; McGraw-Hill Professional: New York, NY, USA, 2008; 
pp. 23–70. 
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Respiratory unit: 
Respiratory bronchioles and alveolus (*Note that some people will also include the pulmonary 
artery, capillary bed, and pulmonary vein in this definition).   
The alveolus is the fundamental working unit of the lung. The overall volume of the lung that 
participates in gas exchange is about 2500 mL and the surface area 70 m2 (750 sq. ft.). 
The cross sectional area increases exponentially with increases in airway generation.  

 

 
Alveolar-Capillary Network 
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The normal human lung contains about 5 x 108 alveoli. 95-97% of the alveolar surface 
consists of squamous epithelial cells (alveolar type I cells) that are very thin (25 nm) with a 
large area (70 m2) which are ideal for diffusive gas exchange with the pulmonary capillary 
blood. Individual alveoli have diameters ranging from 200-400 µm. 2-4% of the alveolar 
surface consists of alveolar type II cells, which produce surfactant. Alveolar macrophages 
participate in host defense. Sandwiched together with the alveolar epithelium is the 
pulmonary capillary endothelium that is very thin (~60 nm) and with a large surface area (70-
80 m2). Including the basement membrane the thickness of the blood-air barrier (the alveolar-
capillary wall) ranges from about 0.4 to 2 µm. Pulmonary capillaries are wider than they are 
long, meaning that the blood passes through the lungs as a sheet flow. At all times and on all 
sides the capillary blood is in contact with the alveolar space through the ultra-thin alveolar-
capillary membrane. 

 
Stability of alveoli - alveolar surface tension - surfactant 
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Law of Laplace
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Surface tension is so high, small alveoli would collapse and large alveoli would become over- 
distended (Law of Laplace). Surfactant produced by alveolar type II cells, a lipoprotein complex 
(phospholipids (e.g. dipalmitoylphosphatidylcholine DPPC), surfactant-associated proteins and 
neutral lipids), reduces surface tension and stabilizes alveoli. Small alveoli contain more 
surfactant per surface are than larger alveoli, which permits maintenance of alveoli with different 
sizes. 
 

Stability of alveoli – interdependence and collateral ventilation 
 

Alveoli are mechanically tethered together. The tendency to collapse is opposed by the 
traction exerted by the surrounding neighbor alveoli. Interbronchiolar channels of Martin, 
bronchiole- alveolar channels of Lambert and pores of Kohn permit collateral ventilation. 

 
 

 
Blood supply to the lungs 

Two vascular systems 
1. Bronchial circulation 
2. Pulmonary circulation  

Bronchial circulation 

Bronchial arteries 
 

- from aorta to 
terminal 
bronchioles 

 
- merge with 
pulmonary arteries 
and capillaries 

 
- 1-2 % of total 
cardiac output 

 
 
 

Channels of Martin 
Channels of Lambert 

Pores of Kohn 
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Bronchial veins 
 

- 1/3 blood returns to the 
right heart (v. azygous, 
v. hemiazygous, 
intercostal veins) 
from the first 2-3 
generations of 
bronchi 

 
- 2/3 drain into 

pulmonary 
circulation 

- contributes to 
“venous admixture” 
or “anatomic shunt” 

 
 
 
 
 

Pulmonary circulation (pulmonary arteries and veins) 
 
 
 

- primary purpose to deliver 
blood to the lung for gas 
exchange 

 
- largest vascular bed in the 
body (70 m2) 

 
- capillary volume at rest: 70 
mL; during exercise: 200 mL 

 
- metabolic functions: 
conversion of angiotensin I to 
angiotensin II, inactivation of 
bradykinin, removal of 
serotonin, norepinephrine, 
prostaglandins, leukotrienes, 
drug metabolism 
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Deposition of inhaled particles 

 

Mucociliary clearance 

system Three 

components: 
- mucus layer 
- periciliary fluid 
- cilia 

 
Mucus layer lies on top of the periciliary fluid and 
entraps inhaled particles. Healthy individuals 
produce about 100 mL of mucus per day. 
Cilia are embedded in periciliary fluid and only 
their tips contact the mucus layer. 
Cilia beat at approximately 1000 strikes per 
minute. Cilia in the trachea propel mucus towards 
the pharynx, where it is swallowed. 
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Key concepts 
- Upper airways filter, warm and humidify air  

- Airways are divided into a conducting zone (down to terminal   
bronchioles (~generation 16) and a respiratory zone  
(~generations  17-23) 

- Volume of the anatomic dead space: ~ 150 mL 

- Volume of the respiratory region: ~ 2.5 – 3 L, surface area 50-100 m2 

- The broncho-pulmonary segment is the functional anatomic unit,  
the respiratory segment (respiratory bronchi and alveolar ducts)  
is the basic physiological unit.    

- The alveolar  capillary network is extremely thin, ideal for gas  
exchange. 

- Surfactant (reduction of surface tension), interdependence  
and collateral ventilation stabilize alveoli 

- The lung has 2 circulations: bronchial (systemic) & pulmonary 

- The whole of the output of the right heart goes to the lung 

- The pulmonary circulation is the largest vascular bed in the body 

- The lung has also metabolic functions (conversion of AngI to AngII by ACE) 

- The mucociliary transport system removes inhaled particles  
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