6.4 Gas Exchange

Key info to revise:
· Ventilation maintains a concentration gradient of oxygen and carbon dioxide between the air in the alveoli and blood in capillaries
· There are two types of alveolar cells; type 1 are adapted to gas exchange and type 2
            create a moist surface
·  Air travels to the lungs via trachea, bronchi and bronchioles
·  Muscle contractions allow ventilation to occur by changing pressure in the thorax
·  Different muscles are used to inspiration and expiration
·  Lung cancer and emphysema are two important diseases of the respiratory system
Understandings
· Ventilation maintains concentration gradients of oxygen and carbon dioxide between air in alveoli and blood flowing in adjacent capillaries.
· Define gas exchange and ventilation
· Ventilation: The exchange of air between the atmosphere and the lungs – achieved by the physical act of breathing
· Gas Exchange: The exchange of oxygen and carbon dioxide between the alveoli and bloodstream (via passive diffusion)
· Cell Respiration: The release of energy (ATP) from organic molecules – it is enhanced by the presence of oxygen (aerobic)
· State the location of gas exchange in humans
· The gas exchange surface of a mammal is the alveolus
· Outline the mechanism of gas exchange in humans
· because gas exchange is a passive process, a ventilation
system is needed to maintain a concentration gradient in alveoli
· Oxygen is consumed by cells during cellular respiration and carbon dioxide is produced as a waste product
· This means O2 is constantly being removed from the alveoli into the bloodstream (and CO2 is continually being released)
· The lungs function as a ventilation system by continually cycling fresh air into the alveoli from the atmosphere
· This means O2 levels stay high in alveoli (and diffuse into the blood) and CO2 levels stay low (and diffuse from the blood) 
· The lungs are also structured to have a very large surface area, so as to increase the overall rate of gas exchange[image: My Image 1]
· Draw a diagram showing the structure of an alveolus and an adjacent capillary
[image: alveolus]
· Type I pneumocytes are extremely thin alveolar cells that are adapted to carry out gas Exchange.
· Definition-Pneumocytes (or alveolar cells)： the cells that line the alveoli and comprise of the majority of the inner surface of the lungs
· 
· Definition-Type I pneumocytes: extremely thin alveolar cells that are adapted to carry out gas exchange
· Describe how the structure of the alveoli increases surface area for gas exchange
· Type I pneumocytes are involved in the process of gas exchange between the alveoli and the capillaries
· Type I pneumocytes are amitotic and unable to replicate, however, type II cells can differentiate into type I cells if required
· Outline the structure of type 1 pneumocytes
· Type I pneumocytes are connected by occluding junctions, which prevents the leakage of tissue fluid into the alveolar airspace
· They are squamous (flattened) in shape and extremely thin (~ 0.15µm) – minimising diffusion distance for respiratory gases
· Type II pneumocytes secrete a solution containing surfactant that creates a moist surface inside the alveoli to prevent the sides of the alveolus adhering to each other by reducing surface tension.
· Outline the structure and function of type II pneumocytes
· They are cuboidal in shape and possess many granules (for storing surfactant components)
· Type II pneumocytes only comprise a fraction of the alveolar surface (~5%) but are relatively numerous (~60% of total cells)
· Describe two functions of the fluid secreted by type II pneumocytes
· Definition-Alveoli: Lined by a layer of liquid in order to create a moist surface conducive to gas exchange with the capillaries
· It is easier for oxygen to diffuse across the alveolar and capillary membranes when dissolved in liquid
· While this moist lining assists with gas exchange, it also creates a tendency for the alveoli to collapse and resist inflation
· Surface tension is the elastic force created by a fluid surface that minimises the surface area (via cohesion of liquid molecules)
· Type II pneumocytes secrete a liquid known as pulmonary surfactant which reduces the surface tension in alveoli
· As an alveoli expands with gas intake, the surfactant becomes more spread out across the moist alveolar lining
· This increases surface tension and slows the rate of expansion, ensuring all alveoli inflate at roughly the same rate
[image: ][image: surfactant][image: ]
· Air is carried to the lungs in the trachea and bronchi and then to the alveoli in bronchioles.
· Outline the flow of air into the lungs
· Breathing is the active movement of respiratory muscles that enables the passage of air into and out of the lungs
· The contraction of respiratory muscles changes the volume of the thoracic cavity (i.e. the chest)
· State the role of cartilage in the trachea(windpipe) and bronchi
· Cartilage is strong but flexible tissue. 
· The tracheal cartilages help support the trachea while still allowing it to move and flex during breathing.
· prevents the collapsing of the bronchi during inhalation and exhalation. 
· This is important, since air conduction involves pressure that can damage soft tissue if not protected. 
· The mucosal lining produces mucus, which is a thick, semi-liquid substance designed to trap foreign particles from entering the lungs.
· State the role of smooth muscle fibres in the bronchioles
· It is the muscle that is involuntarily controlled
· Your body determines whether this smooth muscle contracts or relaxes based on whether or not more or less air flow is needed
· Muscle contractions cause the pressure changes inside the thorax that force air in and out of the lungs to ventilate them.
· Total lung capacity – Volume of air in the lungs after a maximal inhalation (~ 6 litres in a normal adult male)
· Vital capacity – Volume of air that can be exchanged by the lungs via a maximal inhalation and exhalation
· Residual volume – Volume of air that is always present in the lungs (~ 20% of total lung capacity)
· Tidal volume – Volume of air that is exchanged via normal breathing (~ 500 ml per breath)
· State the relationship between gas pressure and volume
· Pressure and volume are inversely related. As volume decreases, pressure increases and vice versa.[image: ]
· Outline the pressure and volume changes that occur during inspiration and expiration:
· Inspiration (or inhalation) and expiration (or exhalation) are dependent on the differences in pressure between the atmosphere and the lungs. 
· The process of inhalation occurs due to an increase in the lung volume (diaphragm contraction and chest wall expansion) which results in a decrease in lung pressure in comparison to the atmosphere; thus, air rushes in the airway.
· The process of exhalation occurs due to an elastic recoil of the lung tissue which causes a decrease in volume, resulting in increased pressure in comparison to the atmosphere; thus, air rushes out of the airway.
· There is no contraction of muscles during exhalation; it is considered a passive process

· Different muscles are required for inspiration and expiration because muscles only do work when they contract.
· Explain the contraction and relaxation of muscles through the use of antagonistic muscle pairs
· Inspiration (inhaling) and expiration (exhaling) are controlled by two sets of antagonistic muscle groups
· Antagonistic means working oppositely – when the inspiratory muscles contract, the expiratory muscles relax (and vice versa)

Applications
· External and internal intercostal muscles, and diaphragm and abdominal muscles as examples of antagonistic muscle action.
· Outline the direction of movement of the diaphragm and rib-cage during inspiration and expiration
· Describe the antagonistic muscle contraction and relaxation required to move the rib-cage and diaphragm during inhalation and expiration
Inspiration
· The muscles responsible for inspiration are the diaphragm and external intercostals (plus some accessory muscles)
· Diaphragm muscles contract, causing the diaphragm to flatten and increase the volume of the thoracic cavity
· External intercostals contract, pulling ribs upwards and outwards (expanding chest)
· Additional muscle groups may help pull the ribs up and out (e.g. sternocleidomastoid and pectoralis minor) 
Expiration
· The muscles responsible for expiration are the abdominal muscles and internal intercostals (plus some accessory muscles)
· Diaphragm muscles relax, causing the diaphragm to curve upwards and reduce the volume of the thoracic cavity
· Internal intercostal muscles contract, pulling ribs inwards and downwards (reducing the breadth of the chest)
· Abdominal muscles contract and push the diaphragm upwards during forced exhalation
· Additional muscle groups may help pull the ribs downwards 
· Causes and consequences of lung cancer.[image: My Image 1]
· Outline the causes of lung cancer
· There are many causes of lung cancer, including smoking, asbestos, air pollution, certain infections and genetic predispositions
[image: ]
· List symptoms of lung cancer
· Lung cancer describes the uncontrolled proliferation of lung cells, leading to the abnormal growth of lung tissue (tumour)
· The common symptoms of lung cancers include
· coughing up blood, 
· wheezing, respiratory distress 
· weight loss
· If the cancer mass compresses adjacent organs it can cause chest pain, difficulty swallowing and heart complications

· Causes and consequences of emphysema
· Emphysema is a lung condition whereby the walls of the alveoli lose their elasticity due to damage to the alveolar walls.
· Outline the causes of emphysema
· The major cause of emphysema is smoking, as the chemical irritants in cigarette smoke damage the alveolar walls
· State the symptoms of emphysema
· Common symptoms of emphysema include 
· shortness of breath, 
· phlegm production,
· expansion of the ribcage
· Cyanosis
· an increased susceptibility to chest infections
· Outline reasons why gas exchange and ventilation are less effective in people with emphysema
· Emphysema causes the air sacs in your lungs to burst. 
· This reduces the surface area of your lungs, which leads to progressive difficulty in breathing.
·  When you are having problems with breathing, your vital organs do not receive as much oxygen as they should. 
· List treatment options for people with emphysema
· There is no cure for emphysema, but treatments are available to relieve symptoms and prevent further lung damage. 
· People who have emphysema and smoke should quit smoking immediately.
· Medications as inhalants
· Oxygen supplementation
Skills
· Monitoring of ventilation in humans at rest and after mild and vigorous exercise (Practical 6)
· Identify the manipulated and responding variables in a test of the effect of exercise on ventilation
· Outline techniques for measuring ventilation rate or lung tidal volume
Spirometry involves measuring the amount (volume) and / or speed (flow) at which air can be inhaled or exhaled
· Ventilation in humans changes in response to levels of physical activity, as the body's energy demands are increased, ATP production produces CO2 as a waste product. Changes in blood CO2 levels are detected by chemosensors in the walls of the arteries which sent signals to the CNS
Exercise will influence ventilation:
· Increase ventilation rate
· A greater frequency of breaths allows for a more continuous exchange of gases
· Increase tidal volume
· Increasing the volume of air taken in and out per breath allows for more air in the lungs to be exchanged
Measuring ventilation
· Simple observation: Counting the number of breaths per minute
· Pressure meter: Recording the rise and fall of the chest
· Spirometer: Recording the volume of gas expelled per breath
Spirometer:  a device that detects the changes in ventilation and presents the data on a digital display
· A more simplistic method involves breathing into a balloon and measuring the volume of air in a single breath
[image: spirometry]

· Draw a diagram to show the structure of an alveolus and an adjacent capillary.（上面有）
[image: alveolus]
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