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Lung recoil The tendency for the lungs to move/rebound back into position during breathing. This phenomenon occurs because of the passive recoil of elastic fibers in the connective tissue of the lungs. The elastic fibers assist with exhaling. Imagine a rubber band… the more you pull, the harder it becomes to pull until it eventually snaps back. As we age, the elastic fibers of our lungs deteriorate (like all of our elastic fibers) making our lungs less efficient. Lung recoil is also due to the surface tension of the film of fluid that lines the alveoli. Water molecules bind to each other and the walls of the alveoli causing the alveoli to collapse, leaving no space for air. The solution to this would be to mix in a lipid/hydrophobic molecule to prevent water molecules and the walls of alveoli from binding together. Surfactant! Pulmonary surfactant A mixture of phospholipids and protein that coats alveoli; prevents bronchioles from collapsing and alveoli from adhering to each other when one exhales. Why does surfactant have to be hydrophobic? Alveoli contain water and water molecules bind to each other, causing a high force of attraction. This would be problematic since surfaces of alveoli would adhere together, causing it to collapse. Surfactant disrupts and prevents the hydrogen bonding of water molecules together. Quiet inspiration Intake of air into the lungs via the contractions of the diaphragm and intercostal muscles. This increases the volume in the thoracic cavity, which then decreases the pressure in the thoracic cavity and thus in the lungs. The air pressure in the lungs is now less than atmospheric air pressure outside the body. Hence, air rushes in from an area of high pressure to an area of low pressure (lungs). Forced inspiration Intake of extra air via the contractions of the diaphragm, intercostal muscles, as well as the accessory muscles of the neck and thorax. Quiet expiration The diaphragm and intercostal muscles passively relax and the elastic lung tissue recoils. This decreases the volume in the thoracic cavity, which then increases the pressure in the thoracic cavity and thus in the lungs. The air pressure in the lungs is now higher than atmospheric air pressure outside the body. Hence, air rushes out from an area of high pressure to an area of low pressure (outside the body). Forced expiration The abdominal muscles contract to increase the intra-abdominal pressure and depress the rib cage, thus increasing pressure in the thoracic cavity.







Pulmonary volumes • Tidal volume (TV): volume of air inhaled and exhaled in one cycle (quiet breathing) 500mL • Inspiratory reserve volume (IRV): volume of air forcibly inspired beyond tidal volume 3,000 mL • Expiratory reserve volume (ERV): volume of air that can be expired beyond tidal volume 1,200 mL • Residual volume (RV): volume of air that remains in the lungs after maximal forced expiration, can never be voluntarily exhaled 1,300 mL • Inspiratory capacity (IC=TV+IRV): volume of air that can be inspired normally plus forcibly 3,500 mL • Functional residual capacity (FRC=RV+ERV): volume of air that remains in the lungs after normal tidal expiration 2,500 mL • Vital capacity (VC=ERV+TV+IRV): volume of air that can be inhaled and exhaled with maximal effort, to the nearest possible breath 4,700 mL • Total lung capacity (TLC=RV+VC): maximum volume of air that the lungs can contain 6,000 mL



Dead space refers to the volume of air that is not involved in gas exchange. • Anatomical dead space: volume of air in the conducting zone 150 mL • Alveolar dead space: volume of air contained in non-functional alveoli. In healthy lungs, this is nearly zero. Much higher in someone with COPD. • Physiologic dead space = anatomical dead space volume + alveolar dead space volume







Minute ventilation= tidal volume (mL) x respiratory rate (breaths/min) The total volume of air moved into the respiratory system each minute during normal inspiration. However, not all this air is available for gas exchange due to physiologic dead space. So you have to subtract physiologic dead space from the tidal volume. The result is alveolar ventilation. Diffusion of gases across the respiratory membrane is influenced by: • Respiratory membrane thickness: Normally, the membrane is very thin but illness can cause is to thicken. Tuberculosis and pneumonia may cause thickening due to inflammation. Also, if the left side of the heart starts to fail, the ventricle cannot pump blood adequately. Thus, blood flow from the lungs is reduced and venous blood pressure in the lungs increase, which results in edema. Edema causes thickening of the membrane. • Diffusion of coefficient: measures how easily a gas diffuses through a liquid. Carbon dioxide diffuses 20 times more easily than oxygen; this is natural, cannot be changed. • Surface area: of alveoli. More surface area = rapid and abundant gas exchange. COPD causes a reduction in surface area of respiratory membranes. • Partial pressure difference: related to the concentration of gases in the liquid. Gas moves from an area of high concentration to an area of low concentration. Partial pressure (PO2) is higher in the alveoli than in the blood, so oxygen is diffused into the blood. Partial pressure (PCO2) is higher in the blood than in the alveoli, so carbon dioxide is diffused into the alveoli to be exhaled. Effect of pressure on hemoglobin’s ability to carry oxygen When PO2 is high, hemoglobin’s affinity (binding strength) for oxygen is higher. Thus, in the lungs, 98% of hemoglobin is saturated with oxygen. As PO2 decreases, hemoglobin molecules “let go” of their oxygen molecules. Therefore, in the tissues, where the PO2 is much lower, only 75% of the hemoglobin is saturated. The lost 25% of oxygen molecules diffused into the interstitial fluid and into the cells. For ATP J Effect of pH on hemoglobin’s ability to carry oxygen When pH decreases (towards 0), more hydrogen ions are free in the blood. These ions bind to the globins and change their structure so that hemoglobin molecules release oxygen. This decrease in pH is more common in the tissues, which is exactly where you need oxygen to be released. In the lungs, the pH increases and hemoglobin is again free to bind oxygen.



★This is the Bohr effect: In 1904, Danish scientist Christian Bohr noticed that hemoglobin binds oxygen more tightly at high pH than it does at low pH. Effect of PCO2 on hemoglobin’s ability to carry oxygen When blood carbon dioxide levels rise, more CO2 is converted into bicarbonate ions by carbonic anhydrase (carbonic acid equation). Since a lot of CO2 is released into the blood from the interstitial fluid, the pH in the capillaries is lowered. This lower pH results in the release of extra O2 from hemoglobin molecules, due to the shape change from the binding of hydrogen ions. Thus, the presence of carbon dioxide increases the amount of oxygen available to the cells. The opposite happens in the lungs… In the lungs, carbon dioxide diffuses into the alveoli and the pH of the blood increases. This increase in pH means fewer hydrogen ions are available to cause hemoglobin molecules to bind more oxygen. 



Effect of temperature on hemoglobin’s ability to carry oxygen Increased temperature decreases the affinity of hemoglobin for oxygen. As oxyhemoglobin is exposed to higher temperatures in the metabolizing tissues, its affinity decreases and the hemoglobin unloads oxygen molecules. This is beneficial since more oxygen is released into tissues where it’s needed. Effect of BPG (2,3-bisphosphoglycerate) on hemoglobin’s ability to carry oxygen 2,3-BPG is three-carbon sugar that is produced by RBCs during glycolysis. 2,3-BPG binds with greater affinity to deoxyhemoglobin (near respiring tissue) than it does to oxyhemoglobin (in the lungs). The increased presence of 2,3-BPG causes hemoglobin to release more oxygen molecules for the tissues. *Think of 2-3 BPGs popping off the ice cubes (oxygen) in the tray (hemoglobin). People residing in places of high altitude make more 2,3-BPG and thus are capable of supplying more oxygen to their tissues. Donated RBCs do not produce much 2,3-BPG and eventually BPG levels drop too low. Then the blood cannot be given to anyone since the hemoglobin will not release oxygen to the recipient’s tissues. Blood stored for too long before being given to the patient can “suffocate” him or her since that blood would just take up blood volume without releasing oxygen.







Carbon dioxide transport • Carbaminohemoglobin: forms when carbon dioxide attaches to the globin molecules of hemoglobin. This binding is influenced by whether oxygen is bound to the heme group. If not bound (as in the tissues), the hemoglobin has a greater affinity to bind carbon dioxide. In the lungs, the opposite occurs! • Chloride shift: Most carbon dioxide molecules are transported as bicarbonate ions. CO2 combines with H2O to form HCO3-. If the bicarbonate ions can be moved out of the RBC, then more CO2 can move in. To aid the removal of bicarbonate ions, carrier molecules bind them and exchange them for chloride ions. The exchange of negative charge for another keeps both the RBC and plasma happy. The reverse reaction occurs in the lungs.







Neural ventilation control Controlled by the respiratory centers in the medulla oblongata: • Ventral respiratory group (VRG): primary generator of respiratory rhythm; output goes to a spinal integrating center that gives rise to the nerves that stimulate the diaphragm and intercostal muscles • Dorsal respiratory group (DRG): receives and coordinates sensory input from higher brain centers involved in emotional and voluntary influences of respiration • Pontine respiratory group (PRG): interact with and influences VRG to smooth respiratory pattern Chemical ventilation control • Central chemoreceptors: located in the chemosensitive area of medulla oblongata; these chemoreceptors interact with neurons in the respiratory centers and are constantly bathed in cerebrospinal fluid, which contains varying levels of hydrogen ions. Too many hydrogen ions = pH is too low = presence of too many bicarbonate ions = excess of carbon dioxide = chemoreceptors stimulate respiratory centers for more exhalation to rid of carbon dioxide. • Peripheral chemoreceptors: located in the aorta and carotid arteries; these chemoreceptors communicate with the brain through IX (glossopharyngeal) and X (vagus) cranial nerves and detect changes in blood pH levels. Carries out same mechanism as central chemoreceptors. Hypoxic drive A method of ventilation control used by many patients with emphysema. Since these patients have many destroyed alveoli, they have a higher concentration of carbon dioxide all the time. Their bodies get used to this condition and rely less on the CO2 chemoreceptors. They control respiration by using O2 chemoreceptors. As oxygen levels decrease, ventilation is stimulated. However, if they are given pure oxygen, then the O2 chemoreceptors won’t fire, as the O2 levels are not low enough. Now, no O2 chemoreceptors or CO2 chemoreceptors are firing. The person will stop breathing. So it is important to administer oxygen to such patients not to administer high levels of oxygen. Pneumothorax Collapsed lung due to presence of air in pleural cavity; usually caused by external trauma such as a gunshot or knife wound to the chest. Inspiration will suck air through the wound into the pleural cavity, and visceral and parietal membrane separate; what was the pleural cavity (serous fluid-filled) between them is now an air-filled cavity. This air puts pressure on the lungs, causing them to recoil and collapse. Treatment for a pneumothorax would be to insert a tube or needle into the cavity to remove the excess air through suction.







COPD Chronic obstructive pulmonary disease; long-term obstruction of airflow and substantial reduction of pulmonary ventilation. • Chronic bronchitis: severe, persistent inflammation of the lower respiratory tract. Goblet cells of the bronchial mucosa enlarge and secrete excess mucus and cilia become immobilized, unable to discharge the mucus. Thick, stagnant mucus accumulates in the lungs and creates the perfect breeding ground for bacteria. • Emphysema: breakdown of alveolar walls; alveoli converge into fewer and larger spaces. Thus, there is a lot less respiratory membrane surface area available for adequate gas exchange.
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