Ch. 15 Respiratory System

15.1 Respiratory Tract

respiratory tract
- series of cavities, tubes, and openings for the path of air in the 


   respiratory system



- nasal cavities ( pharynx ( glottis ( larynx ( trachea 



   ( bronchi ( bronchioles ( lungs


inspiration
- taking air into the lungs (inhalation)



- 14-20 times per minute


- air moving along passage is filtered, warmed, and moistened



- screened by hairs and cilia in nostrils



- cilia in trachea move mucus and dust



- warmed by blood vessel lined passage



- moistened by wet passage surface

expiration
- forcing air out of the lungs (exhalation)



- low O2 and high CO2

- air cools, some moisture retained on windpipe lining and in nose


nose’s 2 nasal
- narrow & separated from 1 another by a wall of bone & cartilage

cavities

- tear glands drain into nasal cavity by tear ducts

- communicate with cranial sinuses, air-filled, mucus 

   membrane-lined spaces in skull

- if membrane inflamed, mucus can accumulate in sinuses 

   & cause headache
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pharynx (throat)
- common passageway for air and food


- air enters through nose or mouth then to pharynx



- trachea and esophagus are joined

- trachea (normally open) in front of esophagus (closed)

larynx
- voice box at the top of the trachea



- vocal cords vibrate as air is expelled



- Adam’s apple in front to of the neck


- glottis opening closes during swallowing



- trachea moves up against epiglottis (flap of tissue) to 



   block larynx

vocal cords
- mucous membrane folds supported by elastic ligaments 


   stretched across the glottis

- vibrate to produce sound

- more rapid in male so Adam’s apple bigger the women

- high pitch voice when tension great and narrow

- low pitch voice when is loose and not as narrow

- loudness depends on amplitude of vibrations

trachea
- windpipe held open by C-shaped cartilaginous rings

- cilia and mucus remove debris

- smoking damages cilia

bronchi
- 2 cartilaginous air tubes from trachea to each lung 

(sing. bronchus)

- branch into smaller non-cartilaginous and thin-walled 



   bronchioles in lungs

lungs 
- 3-lobed right lung, 2-lobed left lung on either side of the heart in 


   the thoracic cavity


- bronchioles terminate in 300 million air sacs or alveoli (sing. alveolus)



- single squamous epithelium cell layer surrounded by 



   blood capillaries



- film of lipoprotein lowers surface tension (easier 



   diffusion) and prevents collapse of air sacs


(moore’s trachea and alveoli pic)

15.2 Mechanism of Breathing

respiration

- process of supplying O2 to cell and ridding body of waste CO2





- breathing: entrance and exit of air into and from the lungs





- external respiration: exchange of O2 and CO2 between the 

   air and blood

- internal respiration: exchange of O2 and CO2 between  

   blood and tissues





- “cellular respiration” is production of ATP from the 

   energy of food molecules in cells

lung capacity

- tidal volume ~500 mL air normally moved with each breath




- inspiratory reserve volume ~3100 mL air that can be taken in 

   beyond tidal volume

- expiratory reserve volume ~1400 mL air that can be forced out 

   beyond tidal volume

- vital capacity (total lung capacity) = tidal volume + inspiratory 

   reserve + expiratory reserve

- residual volume ~100 mL air remaining after deepest possible 

   expiration
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dead space

- some air that never reaches lungs and fills passageways not used 

   in gas exchange




- nose, trachea, bronchi, bronchioles

ventilation

- unrestricted air passageway to alveoli


requirements

- rib cage on top and sides of thoracic cavity





- hinged to vertebral column in back and sternum 

   (breastbone) in front




- dome shaped muscular diaphragm forms floor of thoracic cavity




- thoracic cavity sealed-off (air-tight) with pleural membranes





- parietal pleural encloses lungs





- visceral pleura adhere to chest cavity walls and diaphragm





- membranes separated by film of fluid

inspiration
- active process where CO2 is the primary stimulus (also H+) on 


   chemoreceptors



- respiratory center of medulla oblongata of the brain (not 



   O2 levels)



- carotid bodies in carotid arteries of head and neck (CO2, 



   H+, slight O2)



- aortic bodies in aorta supplying blood to rest of the body 



   (CO2, H+, slight O2)


- diaphragm and rib cage muscles contract with respiratory center 


   nerve impulse



- phrenic nerve from respiratory center



- rib cage rises and diaphragm lowers


- contraction increases thoracic volume and decreases intrapleural 


   pressure



- negative pressure (vacuum) expands lungs and alveoli 



   which sucks in air

expiration 
- usually passive (no muscle contraction)


- lung stretch receptors send inhibitory signal via vagus nerve to 


   respiratory center



- respiratory center stimulation ceases



- relaxation of diaphragm and rib cage allow recoil of 



   elastic tissue in lungs


- greater (positive) pressure in thoracic cavity than in lungs forces 


   air out


(FIG. 15.8)

15.3 External and Internal Breathing

hemoglobin

- polypeptides protect heme from H2O





- ferrous Fe+2 binds O2 (H2O forms Fe+3)




- unusual ability to react not only with O2 but also CO​2 and H+
external respiration
- gas exchange between air in alveoli and blood in lung capillaries





- diffusion across single cell layers




- high O2 in alveoli diffuses in, high CO2 in capillaries diffuses out





- gases partial pressures PO2 and PCO2



- deoxyhemoglobin (HHb) takes up O2 to form bright red 

   oxyhemoglobin (HbO2)


- hydrogen ion release raises pH and slows O2 uptake



HHb + O2 ( HbO2 + H+
- rising H+ levels drive bicarbonate buffering reaction to release CO2

- enzyme carbonic anhydrase in RBC



H+ HCO3- ( H2CO3 ( H2O + CO2
internal respiration
- gas exchange between capillary blood and tissue fluid




- 67% CO2​ transport as bicarbonate (HCO3-)





- 24% by carbaminohemoglobin amino groups (no 

   competition with O2




- 9% dissolved in plasma




- CO​2 diffuses out of cells toward lower concentration in capillary blood





- enzyme carbonic anhydrase in RBC






CO2  + H2O ( H2CO3 ( HCO3- + H+




- high level CO2  drives bicarbonate reaction and release of H+



- rising H+ combines with hemoglobin to form deoxyhemoglobin (purple)





- O2 is released from oxyhemoglobin






HbO2 + H+ ( HHb + O2
environmental

- binding capacity of hemoglobin increases with higher partial 

conditions

   pressure of O2
	
	PO2 (mm Hg)
	Saturation

	Lungs
	100
	98-100%

	Tissues
	40
	60-70%



- saturation also increases with lower temperature and higher pH in lungs

	
	pH
	Temperature

	Lungs
	7.40
	37C

	Tissues
	7.38
	38C
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15.4 Respiration and Health

bronchitis
- chronic viral infections that spread to sinuses, middle ears, 


   larynx and bronchi



- acute bronchitis by secondary bacterial infection of bronchi

strep throat
- bacterium Streptococcus pyogenes


- untreated may lead to rheumatic fever (painful swelling of joints)

pneumonia
- most by bacteria or viruses



- lung lobules filled and cease functioning

tuberculosis
- bacterium Mycobacterium tuberculosis


- lung cells building up a protective tubercle

emphysema
- damage and collapse of bronchioles and bursting of alveoli from 


   trapped air



- decreased gas exchange may lead to heart condition

