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2. Respiratory anatomy
Figure 22.1
3. Trachea

Figure 22.6
4. Conducting zone

Figure 22.7
5. Conducting zone

· Bronchi branch >20 times

· Passageways <1mm = bronchioles

· Bronchioles have:

· No cartilage

· Cuboidal epithelium (non-mucous producing)

· Smooth muscle layer surrounds

6. Respiratory zone

Figure 22.8
7. Alveolar sac
Figure 22.9
8. Respiratory membrane
Figure 22.9
9. Outer lung coverings
Figure 22.10
· Pleural cavity is filled with pleural fluid

· Lubricates the two membranes

10. Lung compliance

· Lungs are distensible due to elastic fibers

· Elasticity pulls lung tissue together

· Surface tension of alveolar fluid also pulls

· Other forces resist tendency to collapse

· Surfactant & negative pressure in pleural cavity

11. Surfactant

· Lipids and proteins that act like a detergent

· Decrease surface tension of alveolar fluid

12. Intrapleural pressure
Figure 22.12
· Pleural fluid is actively pumped out of pleural cavity by lymphatic system

· Establishes lower pressure in pleural cavity vs. pulmonary space

13. Pneumothorax

· Air in thoracic cavity disturbs this negative pressure zone

· Results in lung collapse

14. Air flow

· Movement of air in conducting zone

· Depends on differences in pressure and resistance

15. Inspiration/expiration
Figure 22.13
16. ΔP

Figure 22.14
17. Resistance 
Figure 22.15
18. Gas exchange

· Movement of gases across the respiratory membrane

· Depends on concentrations differences on each side of the membrane

19. Gas pressure

· Total air pressure is ~760mm Hg

· Air is a mixture of gases

· 78.6% N2

· 20.9% O2

· 0.04% CO2

· Each gas contributes to the total pressure as a function of its percentage 

· = Dalton’s law of partial pressure (PP)

20. Dalton’s law of partial pressure

· PP of gases in room air

· N2: 78.6% x 760mm Hg = 597mm Hg

· O2: 20.9% x 760mm Hg = 159mm Hg

· CO2: 0.04% x 760mm Hg = 0.3mm Hg

· PP of gases in alveoli

· O2: 13.7% x 760mm Hg = 104mm Hg

· CO2: 5.2% x 760mm Hg = 40mm Hg

21. Respiratory membrane

Figure 22.9
22. Henry’s law

· Gases dissolve in liquid in proportion to their partial pressure

· Each gas has a unique solubility coefficient (S)

· If O2 = 1, then CO2 = 20

· Temperature (T) has an inverse effect on the ability of gases to dissolve in liquid

23. External respiration

· Pulmonary gas exchange

· D = diffusion

· A = surface area

· d = distance

24. Pulmonary gas exchange

Figure 22.17
25. Oxygenation of blood

Figure 22.18
26. Ventilation-perfusion coupling

Figure 22.19
27. External respiration

· Capillary gas exchange

· Same process as in lungs

· Pressures are different

28. Capillary gas exchange

Figure 22.17
29. Transport of O2

· 1% dissolved in plasma

· 99% bound to hemoglobin

· Each molecule binds 4O2

· Oxyhemoglobin vs. deoxyhemoglobin

HHb + O2                     HbO2 + H+

30. Oxygen-hemoglobin dissociation

Figure 22.20
31-33. Oxyhemoglobin
Figure 22.21
34. Oxyhemoglobin

· Bisphosphoglycerate

· A byproduct of glycolysis

35. Hemoglobin

· Also carries nitric oxide (NO)

· A potent vasodilator

· NO binds Hb when O2 does

· NO releases from Hb when O2 does

36. Hypoxia

· Insufficient oxygen delivery

· Anemic: low erythrocyte #’s or abnormal Hb

· Ischemic: low blood delivery 

· e.g. CHF

· Hypoxemic: low PO2 in blood

· e.g. altitude, poor alveolar ventilation, CO toxicity

· Histotoxic: O2 delivered, cells can’t use it

· e.g. CN toxicity

37. CO2 transport

· 10% dissolved in plasma

· 25% bound to hemoglobin

· Carbaminohemoglobin (HbCO2)

· Binds to globin chains not heme group

· 65% carried as bicarbonate ion in plasma

38. CO2 & bicarbonate ion

39. CO2 in the tissues

Figure 22.22
40. CO2 in the lungs 

Figure 22.22
41. Haldane effect

Figure 22.23
42. Control of respiratory muscles

Figure 22.24
· Dorsal respiratory group

· Primary inspiratory center

· Pontine respiratory group

· Inhibitory signals lead to expiration

· Ventral respiratory group

· Probably important in forced breathing

43. Rate & depth of breathing

Figure 22.25
· Primary control is blood gas levels

· Detected by chemoreceptors

· Other factors:

· Muscle stretch

· Limbic influence

· Cortical control

· Reflexes

44. Central chemoreceptors

· Primarily detect PCO2 in CSF

· Actually detect H+ 

· Stimulates respiratory centers to increase rate and depth of breathing (hyperventilation)

· To remove CO2

· This is the primary mechanism of regulation

45. Peripheral chemoreceptors

Figure 22.27
· Primarily detect PO2 in blood

· Only respond to PO2 levels <60mm Hg

· Stimulate respiratory centers 

· Also detect blood [H+]

· When high: stimulates respiratory centers

· Independent of PCO2

· Responds to metabolic acidosis

46. Exercise and breathing

· PCO2, PO2, and blood [H+] are secondary

· Rate & depth increase primarily due to:

· Conscious stimulation

· Stimulation by stretch of muscles & tendons

47. Limbic influence

· Strong emotions: excitement, fear, suspense…

· Act through the hypothalamus to stimulate respiratory centers

· Body temperature also influences

· Higher temp stimulates

· Lower temp inhibits

48. Cortical control

· Direct conscious control over rate & depth

· e.g. holding breath, blowing up a balloon…

49. Reflexes

· Irritant reflex: smoke, dust, irritating chemicals

· Inhibits respiratory centers

· Stimulates bronchoconstriction 

· Same reflex in nose: sneeze; in trachea: cough

· Inflation reflex: activated by over-stretch

· Inhibits respiratory centers

50. Respiratory diseases: COPD

Figure 22.28
· Chronic obstructive pulmonary diseases

51. Respiratory diseases: asthma

· Allergen-induced inflammation

· Bronchospasms & thick mucous restrict air flow

· Treat acute attacks with bronchodilators

· Prevent attacks with steroids or inhibitors of leukotriene synthesis

52. Respiratory diseases: tuberculosis

· Bacterial infection 

· Causative agent: Mycobaterium tuberculosis

· Slow growing

· Requires prolonged antibiotic therapy

· Patient compliance is poor

· Antibiotic resistance is a major problem

53. Respiratory diseases: cancer

· Squamous cell carcinoma

· Arise from bronchi or larger bronchioles

· Adenocarcinoma

· Arise from alveolar or glandular cells

· Small cell carcinoma

· Arise from lymphocyte-like cells in bronchi
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