
Lecture 18: Pulmonary Physiology (1)   
 
Structure and Function of the Respiratory System 

• Human cells obtain most of their energy from chemical reactions that use oxygen (O2) and produce carbon 
dioxide (CO2) and therefore need a continuous supply of oxygen and removal of CO2.  

• The main function of respiratory system is “Gas exchange” and the structure of lung is well-designed to 
support this goal 

• Systemic circulation (higher oxygen, lower CO2), pulmonary circulation (lower oxygen, higher CO2) 
  
Different functions/ stages of the respiratory system  
 
Ventilation:  Exchange of gas between the alveoli and the external environment- mechanics of the breathing 
Perfusion: Pulmonary circulation to bring blood to the vicinity of alveoli – bringing of blood to allow gas exchange 
Gas exchange in lung: Exchange of Oxygen and Carbon Dioxide between alveoli and blood 
Gas transport in blood: Transport of O2 and CO2 in blood 
Gas exchange in body tissues: Exchange of Oxygen and Carbon Dioxide between alveoli and blood 
Control of breathing: adjusted based on body demands 
 
Structure and function of airways (ventilation)  
 

• The respiratory structures can be divided into upper and lower regions: 
• The upper respiratory system includes: 

a) Nose, pharynx, larynx and trachea 
• The lower respiratory system includes: 

a) Conducting airways (bronchi (cartilage), bronchioles (no cartilage), terminal bronchioles- 
branching increases as you go down) 

b) Respiratory airways (respiratory bronchioles to alveoli) 

 
• The upper respiratory system includes: Nose, pharynx, larynx and trachea 
• The lower respiratory system includes: 

o Conducting airways (bronchi, bronchioles, terminal bronchioles) 
• (No gas exchange occurs) 

o Respiratory airways (respiratory bronchioles to alveoli) 
• (Gas exchange occurs) 

	
Functions of the airways 

1. A protected passageway for gas exchange between lung and environment. Cough and sneeze as protective 
reflexes. 

2. Air entering through the nose is filtered, warmed to body temperature, and humidified 
3. Filtration and removal of particles by the airways 
4. Phonation – language  

* Mucous secretion and constriction of airways can be controlled by the sympathetic nervous system  
	
Structure of airways  

• Trachea (windpipe) is a highly elastic tube supported by 15-20 C-shaped hyaline cartilage rings 
• As we move down the respiratory tree, cartilage plates get smaller and then disappear in bronchioles 
• Bronchioles are supported by the attachment to surrounding alveoli and connective tissues 
• Airways have an intrinsic nervous system and also receive innervations from autonomic nervous 

system (sympathetic and parasympathetic pathways) 
 
Defense mechanisms in respiratory system 

1. Mucociliary escalator (process of mucous coming up): Covers most of the bronchi and bronchioles 
2. Secretion of antimicrobial compounds in mucus (immunoglobulin such as IgA) 
3. Macrophages: found on alveolar surface and phagocytize inspired particles and bacteria 

** Smokers tend to have their cilia destroyed and thus they can not filter particles out and become prone to 
infection.  

  



Alveolar Capillary Unit  
• Each alveolus is about 0.3 mm in 

diameter 
• Alveolar wall contains collagen 

and elastin fibers 
• About 500 million alveoli are 

surrounded by 280 billion 
pulmonary capillaries. Therefore, 
the surface area available for gas 
exchange is about 70 m2 

• Fluid is stopped from entering the 
capillaries because of osmotic 
pressure – if proteins go in alveoli 
it can drag water in, so the 
lymphatic system sends the protein out 

• Macrophages destroy foreign materials with lysosomal enzymes in alveoli because they don’t have cilia (this 
ability is diminished in smokers) 

• Type 2 cells (green) secrete surfactant 
 

 
Emphysema 

• Emphysema is a chronic lung disease in which the alveolar walls are destroyed 
• This leads to  

1. Diminished capacity for gas exchange because it destroys the surface for gas exchange 
2. Increase in airway resistance  

 
Lecture 19: Pulmonary Physiology (2)   

 
Mechanics of the respiratory system 
Ventilation 

1. Mechanical relationship\interaction of the lung and the chest wall: Generation of pressure gradient 
between the atmosphere and the alveoli 

2. Muscles of respiration: Inspiration & Expiration 
3. Volume, pressure and airflow changes during respiratory cycle 
4. Compliance of the lung and the chest wall 
5. Airway resistance; Stability of alveoli; Pulmonary surfactant 
6. Spirometry. Lung volumes and capacities 
7. A brief review of the major respiratory disorders that change the mechanics of the respiratory system. 

 
Interaction of lung and chest wall 

• At rest, the lungs want to collapse, but chest wall 
wants to expand. This creates a sub-atmospheric 
intrapleural pressure. 

• A thin layer of fluid in the intrapleural space 
separates visceral and parietal pleura. Imagine 
effects of drop of water between two glass sheets - 
easy to slide; hard to pull apart ! can not be 
detached from each other and ultimately allows the 
lung to be held to the chest wall 

• Negative pressure because the lung wants to 
separate (because it is elastic) but can’t  

• Pneumothorax: exposure of pleural space to atmospheric air (hole in lung or chest wall) ! the air over time 
would be absorbed by capillaries because it doesn’t allow the accumulation of fluids or air. It wants to maintain 
the negative pressure. 

• In the case of a penetrating injury, the lung can deflate (collapsed lung), but it will still be attached to the chest 
wall. Only one lung would be affected because the both are separate. This is why people say to leave in a 
knife after someone has been stabbed in the chest!    



Expanding Lung  
We can increase the lung volume by 

1. Applying pressure and pumping the air into the lung (in reality, we expand the chest when we breathe in) 
2. By increasing the size of the chest cavity (Boyle's Law describes the relationship between the pressure (P) 

and the volume (V) of a gas: if the volume increases, then the pressure must decrease (or vice versa). 
• Inspiratory muscles act to increase thorax volume 

1. Diaphragm – innervated by phrenic nerve is the major inspiratory muscle during rest- moves down during 
contraction (1-2 cm in quiet breathing; 6-7cm during exercise) 

2. External intercostal muscles elevate & 

evert 2
nd 

& succeeding ribs increases 
anterior-posterior and transverse 
aspects of ribcage 

• Normal quiet expiration is passive and starts 
when inspiratory muscles relax - chest wall & 
lungs recoil themselves to their original 
equilibrium. 

• Internal intercostal muscles and abdominal 
muscles get involved in forced expiration and 
push abdominal contents up against diaphragm 
to decrease thoracic volume. 

 
Equilibrium points in respiratory cycle:  Where 
the elastic recoils of the lung and the chest wall are 
the same (MCQ) – this would be the point where all 
expiratory and inspiratory muscles are relaxed. If we breathe in, at the end of inspiration, the elastic recoil of the lung 
is higher because it wants to go back to the equilibrium point. Other way round, the chest wall elastic recoil would be 
higher.  

FOR IMAGE (make sure you understand for exam):  
- During inspiration, the volume of the lung increases. At the same time, 

alveolar pressure decreases and then at the end of inspiration it returns 
to 0. 0 indicates that there is no additional pressure to that of the normal 
environment.  

- As we breathe out, the pressure becomes higher 
- Flow rate: when pressure decreases, the air is sucked (flow rate is the 

amount of air moved per unit of time) 
- Intrapleural Pressure: it is -5 at normal level, during inspiration it 

becomes more negative because as the lung expands, it wants to move 
back to its original position (elastic recoil), thus, the intrapleural pressure 
increases (negatively).   

 
Compliance of the lung and chest wall- Elastic Recoil of the Lung  
**Compliance means how much the lung will expand per unit increase in pressure 
(ΔV/ ΔP) 

1. Surface tension: attractive forces between water molecules lining the 
alveolar wall) Surfactant decreases the surface tension and 
consequently increases the lung compliance. 

2. Connective tissue (elastin and collagen fibres in lung parenchyma) 
Role of surfactant in hysteresis  

• Secreted by type II alveolar cells (Surfactant production starts in late gestation) 
• Surfactant (a mixture of phospholipids & proteins) – decreases surface tension because they have a repelling 

force 
• Diplamitoyl phosphatidyl choline (Hydrophobic tail, hydrophillic head) 
• The repelling forces of the hydrophobic heads decrease the attractive forces on the surface. 

" Less pressure is required to maintain a volume during deflation 
" Hysteresis is due to the recruitment of surfactant molecules in the air liquid interface. 



	


