
6.0 The Respiratory System

The major function of the respiratory system is to supply O2 and dispose of CO2. To achieve this, four processes, collectively called respiration, must occur:

1. Pulmonary ventilation - commonly called breathing

Air is moved into and out of the lungs so the gases from the blood are continuously 
changed and refreshed. 

2. External respiration

Oxygen diffuses from the lungs to the blood, and carbon dioxide diffuses from the blood 
to the lungs. 

3. Transport of Respiratory Gases

Oxygen is transported from the lungs to the tissue cells of the body, and carbon dioxide 
is transported from the tissue cells of the body, and the carbon dioxide is transported 
from the tissues to the lungs. The cardiovascular system accomplishes this transport 
using blood as the transporting fluid. 

4. Internal Respiration 

Oxygen diffuses from the blood to tissue cells, and carbon dioxide diffuses from tissue 
cells to the blood. 

The first two functions are handled by the respiratory system, however without the third and fourth events, respiration cannot occur. These two events are handled by the cardiovascular system. 


6.1.0 Functional Anatomy of the Respiratory System

The respiratory system includes: the nose, the nasal cavity & paranasal sinuses, the 
pharynx, the larynx, the trachea, the bronchi & their smaller branches, and the lungs 
(which contain the alveoli).



Respiratory Zone:

· site of gas exchange
· composed of: respiratory bronchioles, alveolar ducts, and the microscopic alveoli


Conducting Zone:

· serves as passageways
· helps to cleanse, humidify, and warm incoming air 
· includes: the nose, nasal cavity, pharynx, larynx, trachea, bronchi, bronchioles, and terminal bronchioles

6.1.1 The Nose


Function:

· airway for respiration
· moistens and warms incoming air
· filters and cleans inspired air (contains brisae - fine hairs)
· resonating chamber for speech 
· olfactory (smell) receptors 

Structure of external nose - differences in nose shape and size is due to differences in 
cartilages.


The skin covering the nose’s anterior and lateral aspects is thin and contains many 
subaceous glands.



Nasal Cavity:  

· Air enters the nose via external nares (nostrils), which is divided by a midline nasal septum
· air then travels to the internal nares into he nasopharynx 
· The roof of the nasal cavity is formed by the ethmoid and sphenoid bones of the skull 
· The floor is formed by the palate, which separates the nasal cavity from the oral cavity below 
· The interior of the nasal cavity is lined with vibrissae, which filter coarse particles from inspired air 
· The rest of the nasal cavity is lined with two types of mucous membrane:
· Olfactory mucosa lines the slit-like superior region of the nasal cavity and contains small receptors in its olfactory epithelium 
· Respiratory mucosa lines most of the nasal cavity. It is pseudo stratified ciliated columnar epithelium, containing scattered goblet cells, the rest on a lamina propria richly supplied with seromucous nasal glands 
· Respiratory mucosa cilia move contaminated mucus posteriorly to the pharynx (goes down the throat and is digested)
· When exposed to cold air, cilia movement slows, allowing build up of mucous in the nasal cavity, resulting in a runny nose
· Thin-walled veins under the nasal epithelium help to heat incoming hair
· Nasal Conchae are three scroll-like mucosa-covered projections - which increase the surface area of the nasal cavity and cause air turbulence upon entering the cavity 

6.1.2 Paranasal Sinuses 



The nasal cavity is surrounded by a ring of paranasal sinuses. They are located 
in the frontal, sphenoid, ethmoid, and maxillary bones. 

· Their function is to lighten the skull, produce mucus, and warm and moisten incoming air

Sinus headache: passageways connecting sinuses to nasal cavity are blocked the air in 
the sinus cavities are absorbed, resulting in a partial vacuum and a sinus headache. 


6.1.3 Pharynx

The pharynx is the common pathway of both food and air. Its walls are composed of 
skeletal muscle throughout about 13cm length, and its mucosal lining varies. 


[Nasopharynx] 

· located below the sphenoid bones and above the soft palate
· This part is ONLY an air passage way, when swallowing, the uvula moves superiorly, to close the nasopharynx and prevent food from entering the nasal cavity
· Its pseudostratified ciliated epithelium takes over the job of propelling mucus where the nasal mucosa does not
· The pharyngeal tonsils are located in this part of the pharynx and trap and destroy pathogens entering the nasopharynx in air 
· The pharyngotympanic tubes drain from the middle ear to equalize pressure 

[Oropharynx] 

· lies posterior to the oral cavity and it continuous with it through an archway called the isthmus of the fauces
· Spans from the soft palate to the epiglottis, it is a common pathway for air and food
· The paired palatine tonsils lie on either side of the oropharyngeal mucosa and the lingual tonsil covers the posterior surface of the tongue

[Laryngopharynx] 

· Common pathway of food and air
· Its walls are composed of stratified squamous epithelial cells
· Spans from the epiglottis to the larynx, where the respiratory and GI tracts diverge
· During swallowing, the food has “right of way” and air passage temporarily stops 

6.1.4 The Larynx
· Extends for about 5cm from the level of the sixth cervical vertebra 
· It attaches to the hyoid bone and opens into the laryngopharynx and extends into the trachea
· Has 3 functions:
· Open airway
· Switches to route air and food down their proper channels
· Voice production
· The framework of the larynx is an intricate arrangement of nine cartilages 
· Thyroid cartilage - large, sheild shaped in front 
· Arytenoid cartilages - lateral, pyramid shaped, anchor for vocal cords
· Epiglottis - composed of elastic cartilage, anchored to anterior rim of thyroid cartilage & extends up to the base of the tongye
· True vocal cords are pearly white, and lack blood vessels, they vibrate in response to air movement up from the lungs. 
· The medial opening between the true vocal cords are called the glottis
· False vocal cords play no role in sound production but help to close the glottis when we swallow 

Voice Production:

· Speech is caused by the intermittent release of expired air and the openning and closing of the glottis 
· The length of the vocal cords and the size of the glottis altered by the action of laryngeal muscles that move the arytenoid cartilages 
· During puberty, male vocal cords become longer and thicker - this causes them to vibrate more slowly and their voices to be deeper
· The loudness of the voice depends on the force with which the airstream rushes across the vocal folds
· Laryngitis is when the vocal cords are swollen, which changes the vocal tone, resulting in hoarseness of the voice
· Valsalva’s Maneuver - during abdominal straining associated with defecation, the glottis closes to prevent exhalation and the abdominal muscles contract, causing the intra-abdominal pressure to rise. 
· Heimlich Maneuver - when air in an individual’s lungs is used to ‘pop-out’ an obstructing piece of food. 

6.1.5 The Trachea 

· About 10-12 cm long, and has a 2.5cm diameter
· It ends by dividing into two main bronchi at midthorax 
· It is very flexible and mobile
· It’s lining is composed of pseudostratified ciliated columnar epithelium, which propel debris up to the pharynx
· Smoking inhibits and then destroys the cilia, which explains frequent coughing of smokers, as it is their only way to clear mucus 
· The submucosa is a connective tissue layer deep to the mucosa, which contains seromucous glands that help produce the mucus “sheets” within the trachea
· The outer adventitia (outermost layer of connective tissue) is reinforced internally by 16-20 C-shaped cartilaginous rings, which help to keep airways open during pressure changes associated with breathing 

6.1.6 The Bronchial Tree

Conducting Zone: 


The air passageways of the lungs branch about 23 times overall. At the tips of the 
bronchial tree, conducting zone structures give way to respiratory zone structures. 

· The right primary bronchus is wider, shorter, and more vertical than that on the left
· Air in the bronchi is warm, cleansed of most impurities and humidified 
· Starting with the trachea, air flows down into the bronchi, to the bronchioles, and into terminal bronchioles (the end of the respiratory tree, but not of the air passage way)
· At the beginning of the respiratory tree, the bronchus are surrounded with cartilage rings, which eventually becomes plates, until the bronchioles, which have no cartilage surrounding
· The epithelium also changes through the system. In the trachea there is pseudostratified squamous epithelium, until it becomes columnar and then cuboidal. At the level of the bronchioles, there is no cilia or mucous cells. 
· The relative amount of smooth muscle increases with decreasing size of the passageway

Respiratory Zone: 


Terminal bronchioles branch into respiratory bronchioles. From these are scattered 
alveoli. 

· The respiratory bronchioles lead into winding alveolar ducts 
· These lead into terminal clusters of alveoli called alveolar sacs 
· The majority of the alveolar sacs are composed of simple squamous epithelial cells (Type I alveolar cells) which are surrounded by a cob-web of pulmonary capillaries
· Together, the capillaries and alveolar walls with their fused membranes form the respiratory membrane
· Scattered among the simple squamous cells ate Type II alveolar cells, which secrete surfactant 
· Gas exchange occurs by simple diffusion 
· Other characteristics of lung alveoli are:
· they are surrounded by fine elastic fibers
· they have open alveolar pores which allows air pressure throughout the lung to be equalized
· they have efficient alveolar macrophages which crawl freely along internal alveolar surfaces 

6.2.0 The Lungs and Pleurae

Paired lungs occupy the entire thoracic cavity except the mediastinum. 

· Just deep to the clavicle is the apex (point) of the lung
· The base of the lung rests on the diaphragm 
· On the mediastinal surface of each lung is an indentation called the hilum, through which blood vessels, bronchi, lymphatic vessels, and nerves, enter and exit the lungs 
· The lungs are divided into lobes by fissures (oblique and horizontal) 
· Each lobe contains a number of pyramid-shaped bronchopulmonary segments
· Pulmonary disease is often segmental and can be treated that way
· Lobules are the smallest subdivisions seen with the naked eye 
· Most of the lung is air space, the rest is elastic CT
· Blood supply and Innervation: 
· pulmonary arteries bring blood to be oxygen 
· pulmonary veins return oxygenated blood
· bronchial arteries provide systemic blood to lungs
· bronchial veins carry blood from the lungs 
· Pleura
· thin, double-layered (parietal & visceral) serosa
· pleural fluid: serous secretion that fills pleural cavity
· lubricates to allow lungs to slide easily during breathing 
· Although the pleurae slide easily across each other, the surface tension of the pleural fluid strongly resists their separation 
· the pleural also help divide the thoracic cavity into three chambers:
· central mediastinum 
· two pleural compartments 
· Pleurisy: inflammation of pleurae 

6.3.0 Mechanics of Breathing: Pressure Relationships in the Thoracic Cavity

Respiratory pressures are always referred to relative to atmospheric pressure (760 
mmHg at sea level). 


Intrapulmonary pressure - describes the pressure in the alveoli of the lungs, rises & falls 
with breathing but always eventually equalizes with atmospheric. 


Intrapleural Pressure - pressure within the pleural cavity, about 4mmHg less than in the 
alveoli (Patm) 


Interaction of 3 factors: 

· natural tendency for lungs to recoil
· surface tension of alveolar fluid
· surface tension of pleural fluid and elasticity of chest wall 

The net result of these is a negative intrapleural pressure. Any situation that equalizes 
intrapleural pressure with intrapulmonary pressure causes immediate lung collapse. 
Each lung is in a separate pleural cavity, this allows one to collapse while the other can 
still function. 



Transpleural pressure = intrapulmonary minus intrapleural pressure


6.4.0 Pulmonary Ventilation

Inspiration: the volume of the thoracic cavity as a gas-filled box, which enlarges 
decreasing the gas pressure inside it. The drop in pressure causes air to rush into the 
box from the atmosphere because gases always flow down their pressure gradient. 


Quiet Inspiration: 

· diaphragm contracts to increase height of thoracic cavity 
· intercostals contract to lift rib cage up and pull sternum forward to increase the thorax diameter
· mm changes in each direction cause an overall volume increase of 0.5L and a drop in intrapulmonary pressure of about 1mmHg
· air rushes in, inspiration ends when intra-pulmonary pressure is equivalent to atmospheric pressure, while intrapleural pressure drops to about -6mmHg

Quiet Expiration: 

· passive action, depends most on elastic recoil of lungs than on muscle contraction 
· inspiratory muscles relax causing the rib-cage descends and lungs recoil
· thoracic and intrapulmonary volumes decrease
· alveoli compress and the pulmonary pressure increases to about 1mmHg

Deep/Forced Inspiration:

· accessory muscles of the neck & chest raise ribs more
· extend back by straightening spine

Forced Expiration: 

· contract abdominal wall muscles, increase intra-abdominal pressure
· depresses rib cage

6.5.0 Physical Factors Influencing Pulmonary Ventilation


Lungs are stretched during inspiration and recoil passively during expiration. Inspiratory 
muscles consume energy to enlarge the thorax. Energy is also used to overcome 
various factors that hinder air passage and pulmonary ventilation. 


6.5.1 Resistance

Airway Resistance:

· The major nonelastic source of resistance to gas flow is friction encountered in the respiratory passageways
· Resistance is determined by diameters of conducting tubes, but is usually insignificant in healthy individuals because: 
· airway diameters at the beginning are very large
· gas flow stops at the terminal bronchioles (diffusion) 
· the greatest resistance is at the level of medium bronchi 
· Disease - mucus, infectious material, solid tumours (sources of airway resistance) 
· Neural influences:
· parasympathetic: constricts bronchioles, also occurs during acute asthma attack
· sympathetic: dilate bronchioles

6.5.2 Alveolar Surface Tension

At any gas-liquid boundary, the molecules of the liquid are more strongly attracted to 
each other than to the gas molecules. this creates tension at the liquid surface. 

· liquid molecules drawn closer together and reduces their contact with the dissimilar gas molecules 
· resists any force that tends to increase the surface area of a liquid 

Water has a high surface tension, water only in the alveoli would cause them to 
collapse. Surfactant interferes with cohesiveness of water molecules and the surface 
tension is reduced, and less energy is needed to overcome those forces to expand the 
lungs and discourage alveolar collapse. 


6.5.3 Lung Compliance

Healthy lungs are unbelievably stretchy, and this distensibility is called lung compliance. 



CL = change in VL divided by the change in transpulmonary pressure 


The more a lung expands for a given increase in transpulmonary pressure, the greater 
its compliance. 

· Depends on distensibility of lung tissue and alveolar surface tension
· Diminished by any factor that reduces natural resilience of lungs, increases surface tension of alveolar fluid, or impairs flexibility of thoracic cage (ossification of costal cartilages with again) 
· Elasticity is important for inspiration and expiration 

6.6.0 Respiratory Volumes and Pulmonary Function Tests

The four respiratory volumes that are of interest are tidal, inspiratory reserve, expiratory 
reserve and residual. 

· During normal breathing, the amount of air that flows into and then out of the lungs with each breath is referred to as tidal volume (TD)
· In a healthy, 20 year old male, this is about 500 mL at resting conditions
· The amount of air that can be forcibly inspired beyond the tidal volume is called the inspiratory reserve volume (IRV)
· The amount of air that can be expelled from the lungs after a normal tidal volume expiration is called expiratory reserve volume (ERV)
· In a healthy, 20 year old male, this is about 1200mL 
· After tidal volume expiration and expiratory reserve volume expiration, there still remains about 1200mL of air called residual volume (RV)
· the residual volume keeps the alveoli open and prevents lung collapse

[Respiratory Capacities] - include inspiratory, functional residual, vital, and total lung 
capacities. The respiratory capacities also consist of two or more lung volumes. 

· Inspiratory capacity is the total amount of air that can be inspired after a normal tidal volume expiration 
· The sum of tidal volume and inspiratory reserve volume
· About 3600mL 
· Functional residual capacity is the amount of air remaining in the lungs after tidal volume expiration 
· The sum of residual volume and expiratory reserve volume
· About 2400mL
· Vital capacity is the amount of exchangeable air. 
· The sum of Tidal volume, inspiratory reserve volume, and expiratory reserve volume
· Normally about 4800mL  
· Total lung capacity is the sum of all lung volumes
· Normally about 6000 mL 

6.7.0 Dead space

Some of the inspired air fills the conducting respiratory passageways and never 
contributes to gas exchange in the alveoli. 


The volume of these conducting zone conduits is called anatomical dead space. 

· about 150mL 
· 500 mL of tidal volume = 150mL dead space + 350mL alveolar ventilation 
· Dead space increases with the death of alveolar sacs as they still need to be occupied by air, but no gas exchange occurs

6.7.1 Alveolar Ventilation

Alveolar ventilation rate (AVR) is a better index of effective ventilation.

· takes into account the volume of air wasted in the dead space and measures the flow of fresh gases in and out of the alveoli during a particular interval 
· AVR = frequency x (TV - dead space) 
· In healthy individuals AVR = 12 x (500-150) = 4200mL/min
· To increase AVR, better to increase volume of each inspiration rather than increase respiration rate because the dead space is constant so more oxygen per breath is involved in gas exchange 

6.8.0 Non-respiratory Air Movements

Most of these movements result from reflex activity, but some are produced voluntarily. 


Hiccups: 
spasms of diaphragm, irritation of phrenic nerve. Sound occurs when 


inspired air hit vocal folds of closing glottis. 


Yawn: 

very deep inspiration that ventilates all alveoli. Not dependent on oxygen 


or carbon dioxide. 


Cough: 
taking a deep breath, closing glottis, and forcing air superiorly from lungs 


against glottis. Purpose is to discharge foreign particles and clear mucus 


from the lower respiratory tract. 


Sneeze: 
much like a cough, but air forced through nasal cavity to clear upper 


respiratory passageways. 


6.9.0 Basic Properties of Gases

Dalton’s Law of partial pressures: 

· total pressure exerted by a mixture of gases = sum of pressures exerted be each gas in a mixture
· partial pressure of each gas is directly proportional to its % in the mixture
· high altitude: all partial pressures decrease in direct proportion 
· Below sea level: atmospheric pressure increases by 1 atm. for every 33 ft. down in water, and partial pressure increase accordingly 

6.10.0 Composition of Alveolar Gas 


The gaseous makeup of the atmospheric is quite different from that in the alveoli. The 
atmosphere is almost entirely O2 and N2, the alveoli contain more CO2 and water vapor 
and much less O2. These differences reflect effects of: 

· O2 from air to blood and CO2 from blood to air in lungs
· conducting zone passageways have humidified the air
· alveolar gas mixed with new “atmospheric” gas with every breath

Increase depth of breathing increases alveolar P oxygen and decreases P carbon dioxide 

6.11.0 External Respiration 


During external respiration (pulmonary gas exchange) dark red blood flowing through 
the pulmonary circuit is transformed into the scarlet river that is returned to the to the 
heart by systemic arteries to all body tissues. 

· rate of exchange of O2 and CO2 in lungs dependent on:
· Partial pressure gradients
· Structural characteristics of respiration membrane
· Ventilation/perfusion coupling

6.11.1 Partial Pressure Gradients and Gas Solubilities

There is a steep gradient for O2 pick-up at lungs: about 104 mmHg (in the alveoli) vs 
about 40mmHg (in the pulmonary arteries)

· Equilibrium is reached in about 0.25 sec. which is about 1/3 the time a RBC spends in the pulmonary capillary.
· therefore, blood can flow through the pulmonary capillaries three times as quickly and still be adequately oxygenated

CO2 diffuses the opposite direction along a much gentler partial pressure gradient: 
45mmHg in the veins, 40mmHg in the alveoli.

Note: equal amounts of CO2 and O2 exchanged (even though partial pressure gradients are very different) because CO2 is 20x more soluble in plasma and alveolar fluid than O2. 


6.11.2 Structural Characteristics of Respiratory Membrane 


Thickness - 0.5-1 um (in healthy individuals). When the lungs become waterlogged and 
edematous, as in pneumonia or left heart failure. When this occurs, the 0.75sec each 
blood cell spends in the pulmonary capillary beds, may not be sufficient for adequate 
gas exchange, leading to oxygen deprivation in the tissues.


Surface Area - in healthy lungs the alveolar surface area is enormous. Certain 
pulmonary diseases drastically reduce the alveolar surface area. For example, 
emphysema during which adjacent alveolar walls break down and the alveolar 
chambers enlarge. 


6.11.3 Ventilation-perfusion Coupling

For optimal gas exchange, there must be a close match, or coupling between amount of 
gas exchange reach the alveoli and blood flow in pulmonary capillaries. Both are 
controlled by local auto-regulatory mechanisms that continuously respond to local 
conditions. 

· Arteriole diameter based on the Poxygen
· in alveoli where ventilation is poor, Poxygen is low and arterioles constrict, blood is redirected to areas where Poxygen  is higher and oxygen pick up is more efficient
· in alveoli where ventilation is high, Poxygen  is high, arterioles dilate, and blood flow into these pulmonary capillaries is increased
· Bronchiole diameter influenced by Pcarbon dioxide 
· high alveolar Pcarbon dioxide causes bronchioles to dilate aloowing more CO2 release

6.12.0 Internal Respiration 

· Internal respiration involves capillary gas exchange in body tissues
· Partial pressure and diffusion gradients are reversed from external respiration

6.13.0 Transport of Respiratory Gases


Oxygen Transport: carried in the blood in 2 ways

· bound to hemoglobin within RBCs
· dissolved in plasma (~1.5% as O2 is poorly soluble in water
· Note that biconcave shape of erythrocytes makes them excellent O2 transport and exchange vessels 
· hemoglobin is composed of 4 polypeptide chains; each chain has an iron-containing heme group
· oxyhemoglobin = HbO2 reduced hemoglobin = HHb 


HHb + O2  <---> HbO2 + H+ 

· O2 is loosely bound and transported to tissues as molecular oxygen
· Affinity for Hb for O2 depends on its level of saturation 
· Fully saturated hemoglobin - all 4 hemes have bound O2 
· Rate of O2 binding and release depends on:
· Poxygen 
· temperature
· blood pH
· Pcarbon dioxide 
· BPG in blood 

6.14.0 Oxygen-Hemoglobin Dissociation Reserve

If the partial pressure of oxygen was zero, the saturation of oxygen on each hemoglobin 
would be zero as well.

· In the tissues, where the partial pressure of oxygen is about 40mmHg, Hb is about 75% saturated
· In the lungs where the partial pressure of O2 is 80-100 mmHg, the Hb molecules are fully saturated 

Venous reserve: only 25% O2 unloaded during first pass through tissues. 


Temperature, pH, PCO2, BPG and Hb Saturation: 

· BPG is a chemical compound produced by RBCs when the metabolize glucose anaerobically 
· binds reversibly to Hb
· Influence Hb saturation by altering 3-D structure - modifying affinity for O2 
· an increase in temperature, BPG, H+, Pressure of carbon dioxide: 
· decreases affinity of Hb for O2 (curve shifted to the right), increases O2 unloading from blood 
· decrease these factors increases Hb affinity for O2 
· CO2 highest at the levels of tissues , CO2 release increases content of blood
· CO2  +  H2O  <--->  H2CO3  <--->  HCO3+ + H+ 

Heat is a by-product of metabolic activity due to direct RBC metabolism and indirect 
RBC synthesis of BPG. 


6.15.0 CO2 Transportation
· Normal active body cells produce produce about 200mL CO2/min = amount excreted by lungs/min
· Transported in blood from tissues to lungs in 3 ways 
· Dissolved in plasma 7-10%
· Bound to Hb 20-30% (carbaminohemoglobin) 
· Bicarbonate ion in plasma (conversion to H2CO3) 


Slow, shallow breathing, CO2 accumulates in blood, carbonic acid accumulates, 

and pH drops (becomes more acidic). 



Respiratory Ventilation provides a fast-acting system to adjust blood pH and 

plays a major role in blood acid base balance. 


6.16.0 Neural Mechanisms - Control of Respiration


For control of breathing: neurons in medulla & pons.


Clustered neurons in two areas of the medulla oblongata are important in respiration: 

1. Ventral Respiratory Group (VRG)


a network of neurons that extends in the ventral brain stem from the spinal cord 

to the pons-medulla junction

· rhythm generating and integrative center
· contains groups of neurons that fire during inspiration and others that fire during expiration
· during expiration, the VRG becomes dormant, allowing expiration to be passive
· eupnea (normal respiratory rate) 12-15 breaths/min
· overdose of sleeping pills, morphine, alcohol suppress VRG neurons and suffocation occurs
2. Dorsal Respiratory Group (DRG) 


cluster of neurons located dorsally near root of cranial nerve IX


6.17.0 Factors Influencing Breathing Rate and Depth

Inspiratory depth is determined by how actively the respiratory center stimulates the 
motor neurons serving the respiratory muscles. 

· Most important changing levels of CO2, O2, H+ 
· Chemoreceptors bilaterally in the medulla (central) and great vessels of neck (peripheral) 

Of all the chemicals influencing respiration, CO2 is the most potent and the most closely 
controlled. 

· central chemoreceptors are sensitive the slight changes in CO2 levels 
· peripheral receptors only weakly influenced by CO2 
· Hypercapnia - increased CO2
· Hyperventilation - increased rate/depth of breathing, self limiting, ends with CO2 back to normal

Note that H+ is trigger for chemoreceptors, control of breathing during rest is aimed 
primarily at regulation H+ in brain. 

Influence of O2:

· arterial oxygen sensors in aortic bodies (aortic arch) & carotid bodies
· small changes just increase sensitivity to CO2 
· need large drop in O2 before a major stimulus for increased ventilation

Clinical Application: emphysema, chronic bronchitis: chronically elevated CO2, 
chemoreceptors become non-responsive and O2 takes over. 


6.18.0 Inflation Reflex

Stretch receptors in the visceral pleurae and stimulated when the lungs are inflated. 
These receptors send inhibitory impulses to the respiratory centres in the medulla, that 
end respiration and allow expiration to occur. 


This reflex, called the Hering-Breuer reflex, is more of a protective mechanism than a 
normal breathing mechanism. 


6.19.0 Hypothalmic Controls
· Acting through the hypothalamus and the rest of the limbic system, strong emotions and pain send signals to respiratory centres
· Involuntary: gasps, breath-holding when angry

6.19.1 Cortical Controls
· Voluntary control of breathing can occur: holding breath, deciding to take a deep breath
· During voluntary control, the cerebral motor cortex sends signals to the motor neurons that stimulate the respiratory muscles
· bypassing the medullary centres
· This ability is self limiting, when the concentration of CO2 in the blood is too high, the respiratory centres take over
· drowning victims have water in their lungs

6.19.2 Consequences

Anxiety attacks: hyperventilation involuntarily, leaded to hypocapnia (too little CO2 in the 
blood), causing the cerebral vessels to constrict. 


Low PCO2 : respiration is inhibited (hypoventilation), can result in periods of apnea 
(cease breathing), increased PCO2 stimulates respiration 


In summary: 

· Body’s need to get rid of CO2 
· normal conditions: low PO2 just augments the effect of high PCO2
· PO2 becomes less than 60mmHg leads to hypoxic drive via peripheral chemoreceptors 
· arterial pH acts via peripheral receptors and has no direct influence on central receptors 

6.20.0 Respiration during Exercise
· geared to intensity and duration of exercise
· tremendous increase in O2 consumption and CO2 production
· Hyperpnea: generation of CO2, raises the rate and depth of breathing to maintain homeostasis
· Hyperventilation: fixes blood pH or during anxiety

During exercise: 
Ventilation increases abruptly, then gradual rise to steady state


Post exercise: 
Ventilation decreases abruptly then gradual declines to 



pre-exercise levels. 


Venous levels change but arterial CO2 and O2 remain about constant 

