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 Introduction: 
• The primary function of respiration is to obtain O2 for use by 

the body’s cells and to eliminate the CO2 the cells produce. 

The respiratory system does not participate in all steps in 
respiration 

• Respiration encompasses two separate but related 
processes: internal and external respiration 

 

Internal or cellular respiration; the intracellular metabolic 
processes carried out within the mitochondria, which use O2 
and produce CO2 during derivation of energy from nutrient 
molecules. 

• The respiratory quotient (RQ) varies depending on the 
foodstuff consumed, for CHO is 1 that is, for every molecule 
of O2 consumed, one molecule of CO2 is produced.  

• ( fat RQ is 0.7 and protein RQ is 0.8).  

• On a typical diet consisting of a mixture of these three 
nutrients; 

RQ= CO2 produced = 200 ml/min = 0.8 

O2consumed     250 ml/min 

 

 





External and Internal respiration 



External respiration: 
External respiration refers to the entire sequence of events involved in 

the exchange of O2 and CO2 between the external environment and 
the cells of the body.  

 External respiration encompasses four steps (fig. 13-1). 
• The respiratory &and circulatory systems& function together 

to accomplish external respiration.  

Non-respiratory functions of the respiratory system 

• It provides  a route for water loss and heat elimination, inspired air is 
humidified and warmed. 

• It enhances venous return. 

• It contributes to the maintenance of normal acid-base balance by 
altering the amount of H+-generating CO2 exhaled. 

• It enables speech, singing and other vocalization. 

• It defends against inhaled foreign matter. 

• It removes, modifies, activates, or inactivates various material 
passing through the pulmonary circulation, e.g. prostaglandins, are 
inactivated during passage through the lungs so that they cannot 
exert systemic effects. By contrast, the lungs activate angiotensin II, 
a hormone that plays an important role in regulating the concentration 
of Na+ in the ECF. 

• The nose serves as the organ of smell. 



The respiratory airways conduct air 

 between the atmosphere and alveoli 

• The respiratory system includes???? 

 (fig. 13-2a) 

 



The respiratory airways conduct air 

 between the atmosphere and alveoli 

• The airways begins with the nasal passages 
(nose) that open into the pharynx (throat) which 
serves as a common passageway for both the 
respiratory and the digestive systems. Two tubes 
lead from the pharynx- the trachea and the 
esophagus, air can enter by the mouth as well 
when the nasal passages are congested, reflex 
mechanisms exist to close off the trachea during 
swallowing so that food enters the esophagus 
and not the airways, so the esophagus remains 
closed except during swallowing. 

• The larynx (vocal box), the anterior protrusion of 
the larynx forms the “Adam’s apple”. The vocal 
folds (*not cords) two bands of elastic tissue that 
lie across the opening of the larynx, can be 
stretched and positioned in different shapes by 
laryngeal muscles (fig. 13-3). They vibrate to 
produce the many different sounds of speech. 

• During swallowing they are brought into tight 
apposition to each other to close off the entrance 
of the trachea. 





• The trachea divides into right and left bronchi, the bronchus 
continues to branch into progressively narrower, shorter, and 
more numerous airways, bronchioles. At the ends there are the 
alveoli, the tiny air sacs where gas exchange between air and 
blood takes palace (fig. 13-2b). 

• The trachea and larger bronchi are fairly rigid, non-muscular 
tubes encircled by a series of cartilaginous rings that prevent 
these tubes from compressing.  

• The smaller bronchioles walls contain smooth muscle that is 
innervated by the autonomic nervous system and is sensitive to 
certain hormones and local chemicals, to regulate the amount of 
air passing between the atmosphere and each cluster of alveoli. 

 

 







The gas-exchanging alveoli are thin-walled, inflatable air 

sacs encircled by pulmonary capillaries 

• Recall that according to Fick’s law of 
diffusion, the shorter the distance also, the 
greater the surface area across which 
diffusion can take place, the greater the 
rate of diffusion. 

The alveoli are clusters of thin-walled, inflatable, 
grapelike sacs at the terminal branches of the 
conducting airways ( fig. 13-2b). The alveolar 
walls consist of a single layer of flattened 
Type I alveolar cells ( fig 13-4a). The walls 
of the dense network of pulmonary capillaries 
encircling each alveolus are also only one cell 
thick. The interstitial space forms an 
extremely thin barrier, with only 0.5 μm 
separating the air in the alveoli from the blood 
in the pulmonary capillaries. The thinness of 
this barrier facilitates gas exchange. 



The gas-exchanging alveoli are thin-walled, inflatable air 

sacs encircled by pulmonary capillaries 

• So dense are the pulmonary capillary 

networks that each alveolus is encircled by an 

almost continuous sheet of blood ( fig. 13-4b). 

• The total surface area thus exposed between 

alveolar air and pulmonary capillary blood is 

about 75m2. 

• Type II alveolar cells, secrete pulmonary 
surfactant, a phospholipoprotein complex that 

facilitates lung expansion. Furthermore, 

defensive alveolar macrophages are present 

within the lumen of the air sacs. 

• Minute pores of Kohn exist in the walls 

between adjacent alveoli, permits airflow 

between adjoining alveoli as collateral 

ventilation. (fig. 13-2b) 



  



A pleural sac separates  

each lung from the thoracic wall 

• A double-walled, closed sac called 

the pleural sac separates each 

lung from the thoracic wall and 

other surrounding structures ( fig. 

13-5). 

• The surfaces of the pleura secrete 

a thin intrapleural fluid, which 

lubricates the pleural surfaces as 

they slide past each other during 

respiratory movements. Pleurisy, 

an inflammation of the pleural sac, 

is accompanied by painful 

breathing, because each inflation 

and each deflation of the lungs 

cause a “friction rub”. 



The lungs are normally stretched to fill the larger thorax  

• Two forces hold the thoracic wall and lungs in close apposition, 
stretching the lungs to fill the larger thoracic cavity 

 
 Intrapleural fluid’s cohesiveness  

• The polar water molecules in the intrapleural fluid resist being pulled 
apart because of their attraction to each other. Tends to hold the 
pleural surfaces together , can be considered very loosely as a 
“stickiness” or “glue” between the lining of the thoracic wall and the 
lung, such as two wet glass slides? But you can pull the slides apart 
only with great difficulty, because the molecules within the 
intervening liquid resist being separated. That is, when the thorax 
expands, the lungs being stuck to the thoracic wall by virtue of the 
intrapleural fluid’s cohesiveness. 

 
 Transmural pressure gradient 

     The intra-alveolar pressure is greater than the intrapleural pressure of 
756 mm Hg, so a greater pressure is pushing outward than is pushing 
inward across the lung wall, pushes out on the lungs, stretching, or 
distending them (fig. 13-8), the lung are always forced to expand to fill 
the thoracic cavity. 

 A similar transmural pressure gradient exist across the thoracic wall, 
the highly distensible lungs are influenced by this modest pressure 
differential to a much greater extent than the more rigid thoracic wall 
is.  



Elastic behavior of the lungs is due to elastic connective tissue 
and alveolar surface tension 

• The lungs can be stretched to varying degrees during inspiration and then recoil to 
their preinspiratory size during expiration because of their elastic behavior. 

1- The term pulmonary compliance refers to the dispensability of the lungs – how 
much they stretch in response to a given change in the transmural pressure 
gradient, the stretching force exerted across the lung wall. 

2- The term elastic recoil  refers to the phenomenon of the lungs snapping back to 
their resting position during expiration. 

Specifically, compliance is a measure of the magnitude of change in lung volume 
accomplished by a given change in the transmural pressure gradient, the force that 
stretches the lungs. 

The lower the compliance of the lungs, the larger the transmural pressure gradient 
that must be created during inspiration to produce normal lung expansion. 

Lacking normal stretchability can be decreased by a number of factors, as in 
pulmonary fibrosis, where normal lung tissue is replaced with scar-forming fibrous 
connective tissue as a result of chronically breathing asbestos fibers or similar 
irritants. 



Pulmonary elastic connective tissue  

• Pulmonary elastic behavior depends on the 
elastic connective tissue meshwork within 
the lungs. 

Alveolar surface tension 

• Which is due to the attractive forces 
between the surface water molecules in the 
liquid film lining each alveolus, tends to 
resist the alveolus being stretched on 
inflation ( decrease compliance) and tends 
to return it back to a smaller surface area 
during deflation (increases lung rebound), 
(fig. 13-16). 

• With emphysema, loss of elastin fibers and 
the reduction in alveolar surface tension 
resulting the increased airway resistance to 
the patient’s difficulty in expiration. 

 



Pulmonary surfactant decreases  
surface tension and contributes to lung stability  

• If the alveoli were lined by water alone, 
the surface tension would be so great 
that the lungs would be poorly 
compliant and would tend to collapse. 

• Two factors oppose the tendency for 
alveoli to collapse , maintaining 
alveolar stability and reducing the work 
of breathing; 

(1) Pulmonary surfactant; a complex 
mixture of lipids and proteins secreted 
by the Type II alveolar cells, ( fig. 13-
14a).  

• Pulmonary surfactant intersperses 
between the water molecules and 
lowers the alveolar surface tension, 
thereby (1) increasing the compliance 
of the lungs and (2) counteracting the 
tendency for alveoli to collapse. 

 

 



  



• If you visualize the alveoli as spherical bubbles, 
according to the law of LaPlace, the magnitude of the 
inward-directed collapsing pressure is directly 
proportional to the surface tension and inversely 
proportional to the radius of the bubble:  

   P = 2 T 

           r 

P = inward-directed collapsing pressure. 

T =surface tension. 

 r = radius of bubble (alveolus). 

So, the smaller its radius and the greater its tendency to 
collapse at a given surface tension (fig.13-17). 

Small alveoli normally do not collapse and blow up larger 
alveoli, because pulmonary surfactant reduces the 
surface tension of small alveoli more than that of 
larger alveoli. Pulmonary surfactant decreases surface 
tension to a greater degree in small alveoli than in 
larger alveoli because the surfactant molecules are 
closer together in the smaller alveoli.  

Pulmonary surfactant therefore helps stabilize the sizes of 
the alveoli and helps keep them open and available to 
participate in gas exchange.  



(2) alveolar interdependence, among neighboring alveoli  

• Each alveolus is surrounded by other alveoli and interconnected with 
them by connective tissue(fig.13—18a). 

 

 

 

 

 
 

 

 

• The opposing forces acting on the lung ( that is, the forces keeping the 
alveoli open and the countering forces that promote alveolar collapse) are 
summarize in ( table 13-3). 





New born respiratory distress syndrome  

• When pulmonary surfactant may be insufficient to reduce the alveolar 
surface tension to manageable levels. The resulting collection of 
symptoms referred to as newborn respiratory distress syndrome 

• In the absence of surfactant, tend to collapse almost completely during 
each expiration. It is more difficult to expand a collapsed alveolus by a 
given volume than to increase an already partially expanded alveolus by 
the same volume, analogous to blowing up a new balloon. 

• Lung expansion may require transmural pressure gradients of 20-30 mm 
Hg ( compared to the normal 4-6 mm Hg), respiratory distress associated 
with surfactant deficiency may soon lead to death. 

• Until the surfactant-secreting cells mature sufficiently, the condition is 
treated by surfactant replacement. In addition, drugs can hasten the 
maturation process. 



The work of breathing normally requires only  
about 3% of total energy expenditure 

• the respiratory muscles must work during inspiration to expand the lungs 
against their elastic forces and to overcome airway resistance, whereas 
expiration is passive. The work of breathing may be increased in four 
different situations: 

1- When pulmonary compliance is decreased, such as with pulmonary fibrosis. 
2- When airway resistance is increased, such as with COPD. 
3- When elastic recoil is decreased, with emphysema, passive expiration may 

be inadequate to expel the volume of air normally exhaled during quiet 
breathing. Thus the abdominal muscles must work to aid in emptying the 
lungs, even when the person is at rest. 

4- When there is a need for increased ventilation, such as during exercise, 
more work is required to accomplish both a greater depth of breathing 
and a faster rate of breathing. 

• During strenuous exercise, the amount of energy required may increase 
up to 25-fold, still represents only about 5% of total energy expended. In 
contrast, in patients with poorly compliant lungs or obstructive lung 
disease, the energy required for breathing even at rest may increase to 
30% of total energy expenditure, so the individual’s exercise ability is 
severely limited, as breathing itself becomes exhausting. 



The lungs normally operate  at about “half full” 
• The maximum air that the lungs can hold is about 5.7 L in males( 4.2L in females). 

Anatomic build, age, the dispensability of the lungs, and the presence or absence 
of respiratory disease affect this total lung capacity. 

• At the end of a normal quiet expiration, the lungs still contain about 2,200 ml of air, 
under resting conditions, about 500 ml of air are inspired and the same quantity is 
expired. 

• During maximal expiration, 
lung volume can decrease to 
1,200 ml in males (1,000 ml 
in females, but the lungs can 
never be completely deflated. 
Another advantage of the 
lungs not completely 
emptying with each breath is 
a reduction in the work of 
breathing . The changes in 
lung volume that occur with 
different respiratory efforts 
can be measured using a 
spirometer.  



Lung volumes and capacities 
• Basically, a spirometer consists of an air-filled drum 

floating in a water-filled chamber, the drum rises and 
falls in the water chamber (Fig. 13-20), can be 
recorded as a spirogram, which is calibrated to 
volume changes. 





The following lung volumes and lung capacities ( a lung capacity is the sum of 
two or more lung volumes) can be determined: 

• Tidal volume (TV), the volume of air entering or leaving the lungs during a 
single breath. Average value under resting conditions =500ml. 

• Inspiratory reserve volume (IRV), the extra volume of air that can be 
maximally inspired over and above the typical resting tidal volume, 
accomplished by maximal contraction of the diaphragm, external intercostal 
muscles, and accessory inspiratory muscles, (3,000ml). 

• Inspiratory capacity (IC), the maximum volume of air that can be inspired at 
the end of a normal quiet expiration (IC=IRV + TV), (3,500ml). 

• Expiratory reserve volume (ERV), the extra volume of air that can be 
actively expired by maximal contraction of the expiratory muscles beyond 
that normally passively expired at the end of a typical resting tidal volume, ( 
1,000ml). 

• Residual volume (RV), the minimum volume of air remaining in the lungs 
after a maximal expiration, (1,200ml), cannot be measured directly with a 
spirometer. It can be determined indirectly, through gas dilution techniques 
involving inspiration of a known quantity of a harmless tracer gas such as 
helium. 



The following lung volumes and lung capacities ( a lung capacity is the sum of two or 
more lung volumes) can be determined: 

• Functional residual capacity (FRC), the volume of air in the lungs at the end of a 
normal passive expiration (FRC=ERV+RV), 2,200ml. 

• Vital capacity (VC), the maximum volume of air that can be moved out during a 
single breath following a maximal inspiration, (VC=IRV+TV+ERV), it represents the 
maximum volume change possible within the lungs (fig. 13-21), it is useful in 
ascertaining the functional capacity of the lungs, (4,500ml). 

• Total lung capacity (TLC), the maximum volume of air that the lungs can hold, 
(TLC=VC+RV), (5,700ml). 

• Forced expiratory volume in one second (FEV1), the volume of air that can be 
expired during the fires second of expiration in a VC determination, usually, FEV1 is 
about 80% of VC. 



Respiratory dysfunction 
• Such determinations are useful to the diagnostician in various 

respiratory disease states. Two general categories of respiratory 
dysfunction yield abnormal results during spirometry; obstructive lung 
disease and restrictive lung disease.  

• Other conditions affecting respiratory function include (1) diseases 
impairing diffusion of O2 and CO2 across the pulmonary membranes,      
(2) reduced ventilation because of mechanical failure, as with 
neuromuscular disorders affecting the respiratory muscles and others, 
(3) failure of adequate pulmonary blood flow, (4) ventilation/ perfusion 
abnormalities involving a poor matching of air and blood so that 
efficient gas exchange cannot occur. 

• Some lung diseases are actually a complex mixture of different types of 
functional disturbances. 



Alveolar ventilation is less than pulmonary ventilation 
because of the presence of dead space 

• Various changes in lung volume represent only one factor in the 
determining pulmonary ventilation; 

Pulmonary ventilation = tidal volume × respiratory rate  

• At an average tidal volume of 500 ml/breath and a respiratory rate of 12 
breaths/minute, pulmonary ventilation is 6,000 ml ( 6L), can voluntarily 
increase his total pulmonary ventilation 25 fold, to 150 L/min. It is usually 
more advantageous to have a greater increase in tidal volume than in 
respiratory rate, because of anatomic dead space. 

• Anatomic dead space  

• Not all the inspired air gets down to the site of gas exchange in the alveoli, 
because part reminds in the conducting airways, averages 150ml. 

• Anatomic dead space affects efficiency of pulmonary ventilation, because 
only 350 ml are actually exchanged between the atmosphere and the 
alveoli (fig. 13-23) . 





Alveolar ventilation  
• Alveolar ventilation, the volume of air exchanged between the atmosphere and the 

alveoli in one minute, is a measure of the air actually available for gas exchange with 
the blood. 

• Alveolar ventilation is more important than pulmonary ventilation: 

  Alveolar = (tidal volume – dead space volume) × respiratory rate  

    = 4,200 ml/min. 

Thus with quiet breathing, alveolar ventilation is 4,200 ml/min, whereas pulmonary 
ventilation is 6,000 ml/min. 

 Effect of breathing patterns on alveolar ventilation 

To understand how important dead space volume is in determining the magnitude of 
alveolar ventilation, examine the effect of various breathing patterns on alveolar 
ventilation, as shown in (table 13-4). 



• The individual could voluntarily maintain such a breathing 
pattern for only a few minutes before losing consciousness, at 
which time normal breathing would resume. 

• The value of reflexly bringing about a larger increase in depth 
of breathing than in rate of breathing when pulmonary 
ventilation increases during exercise, should now be 
apparent. 

• When tidal volume is increased, elevate  alveolar ventilation, 
whereas an increase in respiratory rate does not increase 
alveolar ventilation, with which air is wasted in the dead 
space also increases. 



Alveolar dead space  

• The match between air and blood is not always perfect, because not all alveoli 
are equally ventilated with air and perfused with blood. Any ventilated alveoli 
that do not participate in gas exchange with blood because they are 
inadequately perfused are considered alveolar dead space. 

• Local controls act on the smooth muscle of the airways and arterioles to 
match airflow to blood flow 

• The resistance of individual airways supplying specific alveoli can be adjusted 
independently in response to changes in the airway’s local environment, (yet 
the caliber of individual arterioles supplying various tissues can be adjusted 
locally to match the tissues differing metabolic needs). 

 



Effect of CO2 on bronchiolar smooth muscle  

• Bronchiolar smooth muscle is sensitive to local CO2 levels. If 
an alveolus is receiving too little airflow ( ventilation) in 
comparison to its blood flow (perfusion), CO2 levels will 
increase in the alveolus, the bronchiolar smooth muscle 
involved to induce the airway supplying the underaerated 
alveolus to relax. Thus decrease in airway resistance leads  to 
an increased airflow to the involved alveolus. 

• So, its airflow now matches its blood supply (fig. 13-24), and 
vice versa. 

 







Effect of O2 on pulmonary arteriolar smooth muscle  

• Simultaneously,, a similar locally induced effect on pulmonary vascular smooth 
muscle also takes place, to maximally match blood flow to airflow. Just as in the 
systemic circulation, distribution of the cardiac output to different alveolar capillary 
networks can be controlled by adjusting the resistance to blood flow through 
specific pulmonary arterioles. 

• This local effect of O2 on pulmonary arteriolar smooth muscle is, appropriately, just 
the opposite of its effect on systemic arteriolar smooth muscle, ( table 13-5). 

• So normally very little air or blood is wasted in the lung, airflow and blood flow at a 
particular alveolar interface are usually matched as much as possible by these local 
controls to accomplish efficient exchange of O2 and CO2. 
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Gas exchange 

Gases move down partial pressure gradients 

• O2 and CO2 move across body membranes 

by passive diffusion down partial pressure 

gradients. No active transport mechanisms 

exist for these gases. 

Partial pressures 

• Typical dry air contains about 79% N2 and 

21% O2, with negligible percentages of CO2, 

H2O vapor, other gases and pollutants. 

• This total pressure is equal to the sum of the 

pressures that each gas in the mixture 

partially contributes.  

• The pressure exerted by a particular gas is 

directly proportional to the percentage of that 

gas in the total air mixture (fig.13-25). 



• The individual pressure exerted independently   by a 

particular gas within a mixture of gases is partial 

pressure (P gas), thus Po2 =160 mm Hg and Pco2 = is 

negligible = 0.03 mm Hg. 

 Gases dissolved in a liquids; the greater the partial 

pressure of a gas, the more of that gas dissolved. 

 

• Partial pressure gradients, is a difference in partial 

pressure between capillary blood and surrounding 

structures, e.g. the alveolar air and surrounding tissues. 

A gas always diffuses down its partial pressure gradient 

from the area of higher partial pressure to the area of 

lower partial pressure, similar to diffusion down a 

concentration gradient. 



O2 enters and CO2 leaves the blood in the lungs 

passively down partial pressure gradients 

Alveolar Po2 and PCO2 

• Alveolar air is not of the same composition as inspired atmospheric 
air, for two reasons; first, humidification of inspired air in effect 
“dilutes” the partial pressure of the inspired gases by 47 mm Hg, 
PN2= 563 mm Hg, and Po2= 150 mm Hg; second, alveolar Po2 is 
also lower than atmospheric Po2 because fresh inspired air is mixed 
with the large volume of old air that remained in the lungs and dead 
space at the end of the preceding expiration. 

• Only about 1/7 of the total alveolar air is replaced by fresh 
atmospheric air ( 15% of the air in the alveoli is fresh air). As a result 
of humidification and the small turnover of alveolar air, the average 
alveolar Po2 is 100 mm Hg. 

• During inspiration , only small fluctuations of a few mm Hg occur, for 
two reasons; (1) only  a small proportion of the total alveolar air is 
exchanged with each breath. (2) Oxygen is continually moving by 
passive diffusion.  

• Therefore, the alveolar Po2 remains relatively constant at about 100 
mm Hg throughout the respiratory cycle. 

• Because the pulmonary blood Po2 equilibrates with the alveolar Po2, 
the Po2 of the blood leaving the lungs remains fairly constant at this 
same value. 

• A similar situation exists in reverse for CO2 (fig. 13-26) Animation .  



O2 enters and CO2 leaves the blood in the lungs passively  

down partial pressure gradients 

 



• Note that the blood returning to the lungs from the tissues still 
contains O2 and that blood leaving the lungs still contain CO2 
represents an immediately available O2 reserve that can be tapped 
by the tissue cells whenever their O2 demands increase. The CO2 
remaining, plays an important role in the acid-base balance of the 
body, because CO2 generates carbonic acid and it is important in 
driving respiration as we will see. 

 

• When the tissues metabolize more actively, they extract more O2 
from the blood, reducing the systemic venous Po2 to 30 mm Hg (step 
), a large Po2 gradient exists. The difference in Po2 between the 
alveoli and blood is now 70 mm Hg, more O2 diffuses from the alveoli 
into the blood down the larger partial pressure gradient before blood 
Po2 equals alveolar Po2.  

• Replaces the increased amount of O2 consumed, so O2 uptake 
matches O2 use even when O2 use even when O2 consumption 
increases, ventilation is stimulated so that O2 enters the alveoli more 
rapidly from the atmosphere to replace the O2 diffusing into the blood. 

• Similarly, an increased ventilation associated with increased activity 
ensures that increased CO2 delivered  to the alveoli is blown off to 
the atmosphere. 

 



Factors other than the partial pressure  

gradient influence the rate of gas transfer 

• According to Fick’s law of diffusion, rate of a gas through a sheet of tissue also 

depends on the surface area and thickness of the membrane through which the 

gas is diffusing and on the diffusion coefficient of the particular gas (table 13-5). 

 





Effect of surface area on gas exchange  

• During resting conditions, some of the 
pulmonary capillaries are typically closed, 
because the normally low pressure. During 
exercise, when the pulmonary blood 
pressure is raised they are forced to open, 
increases the surface area of blood 
available for exchange. Furthermore, the 
alveolar membranes are stretched further 
than normal during exercise because of the 
larger tidal volumes ( deeper breathing), 
increases the alveolar surface area and 
decreases the thickness of the alveolar 
membrane. 

• Reduction in the surface area may happens; 
in emphysema because many alveolar walls 
are lost, resulting in larger but fewer 
chambers ( fig. 13-27), and associated with 
collapsed regions of the lung and also 
results when part of the lung tissue is 
surgically removed in treating lung cancer. 



Effect of thickness on gas exchange  

• The rate of gas transfer decreases, because a gas takes 

longer to diffuse through the greater thickness, in  

(1) Pulmonary edema, an excess accumulation of interstitial 

fluid between the alveoli and pulmonary capillaries caused 

by pulmonary inflammation or left-sided congestive heart 

failure;  

(2) Pulmonary fibrosis, involving replacement of delicate lung 

tissue with thick fibrous tissue in response to certain chronic 

irritants;  

(3) Pneumonia, which characterized by inflammatory fluid 

accumulation within or around the alveoli, due to bacterial 

or viral infection of the lungs, also arise from accidental  
aspiration of food, vomitus, or chemical agents. 



Effect of the diffusion coefficient on gas exchange 

• the rate of gas transfer is directly proportional to the diffusion 

coefficient (D), a constant value related to the solubility of a 

particular gas in the lung tissues and to its molecular weight  

 (D α sol √mw), is normally offset by the difference in partial 

pressure gradients. 

• Normally, approximately equal amounts of O2 and CO2 are 

exchanged – a respiratory quotient’s worth. Even though a given 

volume of blood spends three-fourths of a second passing through 

the pulmonary capillary bed, Po2 and CO2 are usually both 

equilibrated with alveolar partial pressures by the time the blood has 

traversed only 1/3 the length of the pulmonary capillaries. This 

means that the lung normally has enormous diffusion reserves, a 

fact that becomes extremely important during heavy exercise. even 

when less time is available for exchange. 

• In a diseased lung in which diffusion is impeded because the 

surface area is decreased or the blood – air barrier is thickened, O2 

transfer is usually more seriously impaired than CO2 transfer, 

because of the larger CO2 diffusion coefficient. 

 



Net diffusion of O2 and CO2  

between the alveoli and tissues 
• Net diffusion of O2 occurs 

because of the O2 partial 

pressure gradients created 

by continuous replenishment 

of fresh alveolar O2 provided 

by alveolar ventilation. 

• Net diffusion of CO2 occurs 

in the reverse direction, 

because of the CO2 partial 

pressure gradients created 

by continuous production of 

CO2 in the cells and the 

continuous removal of 

alveolar CO2 through the 

process of alveolar 

ventilation ( fig. 13-26). 
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