TRANSFER OF GASES INTO BLOOD IN ALVEOLAR CAPILLARIES pdf
1: Capillary Blood Flow Limits Oxygen Uptake From Alveoli - Skeletal Muscle
Transfer of Gases into Blood in Alveolar Capillaries J. E. Cotes DM, DSc (Oxon), FRCP, FFOM, Dhc Visitor Reader in
Respiratory Physiology External Scientific Staff of Medical Research Council Honorary Consultant in Clinical Respiratory
Physiology 1.

The oxygen is held on the hemoglobin by four ferrous iron -containing heme groups per hemoglobin
molecule. The reaction is therefore catalyzed by carbonic anhydrase , an enzyme inside the red blood cells. A
small amount of carbon dioxide is carried on the protein portion of the hemoglobin molecules as carbamino
groups. The total concentration of carbon dioxide in the form of bicarbonate ions, dissolved CO2, and
carbamino groups in arterial blood i. Gills are specialised organs containing filaments , which further divide
into lamellae. The lamellae contain capillaries that provide a large surface area and short diffusion distances,
as their walls are extremely thin. Gills use a countercurrent flow system that increases the efficiency of
oxygen-uptake and waste gas loss. This countercurrent maintains steep concentration gradients along the
entire length of each capillary see the diagram in the "Interaction with circulatory systems" section above.
Oxygen is able to continually diffuse down its gradient into the blood, and the carbon dioxide down its
gradient into the water. The relative importance of these structures differs according to the age, the
environment and species of the amphibian. The skin of amphibians and their larvae is highly vascularised,
leading to relatively efficient gas exchange when the skin is moist. The larvae of amphibians, such as the
pre-metamorphosis tadpole stage of frogs , also have external gills. The gills are absorbed into the body during
metamorphosis , after which the lungs will then take over. The lungs are usually simpler than in the other land
vertebrates , with few internal septa and larger alveoli; however, toads, which spend more time on land, have a
larger alveolar surface with more developed lungs. To increase the rate of gas exchange by diffusion,
amphibians maintain the concentration gradient across the respiratory surface using a process called buccal
pumping. Reptiles[ edit ] All reptiles breathe using lungs. In squamates the lizards and snakes ventilation is
driven by the axial musculature , but this musculature is also used during movement, so some squamates rely
on buccal pumping to maintain gas exchange efficiency. Turtles and tortoises depend on muscle layers
attached to their shells, which wrap around their lungs to fill and empty them. Inhalation-exhalation cycle in
birds. A diagrammatic representation of the cross-current respiratory gas exchanger in the lungs of birds. Air
is forced from the air sacs unidirectionally from right to left in the diagram through the parabronchi. The
pulmonary capillaries surround the parabronchi in the manner shown blood flowing from below the
parabronchus to above it in the diagram. Birds have lungs but no diaphragm. They rely mostly on air sacs for
ventilation. These air sacs do not play a direct role in gas exchange, but help to move air unidirectionally
across the gas exchange surfaces in the lungs. During inhalation, fresh air is taken from the trachea down into
the posterior air sacs and into the parabronchi which lead from the posterior air sacs into the lung. The air that
enters the lungs joins the air which is already in the lungs, and is drawn forward across the gas exchanger into
anterior air sacs. During exhalation, the posterior air sacs force air into the same parabronchi of the lungs,
flowing in the same direction as during inhalation, allowing continuous gas exchange irrespective of the
breathing cycle. Air exiting the lungs during exhalation joins the air being expelled from the anterior air sacs
both consisting of "spent air" that has passed through the gas exchanger entering the trachea to be exhaled Fig.
The unidirectional airflow through the parabronchi exchanges respiratory gases with a crosscurrent blood flow
Fig. The capillaries leaving the exchanger near the entrance of airflow take up more O2 than capillaries
leaving near the exit end of the parabronchi. CO 2 is the only carbon source for autotrophic growth by
photosynthesis , and when a plant is actively photosynthesising in the light, it will be taking up carbon
dioxide, and losing water vapor and oxygen. At night, plants respire , and gas exchange partly reverses: A
stylised cross-section of a euphyllophyte plant leaf, showing the key plant organs involved in gas exchange
Plant gas exchange occurs mostly through the leaves. Gases diffuse into and out of the intercellular spaces
within the leaf through pores called stomata , which are typically found on the lower surface of the leaf. Gases
enter into the photosynthetic tissue of the leaf through dissolution onto the moist surface of the palisade and
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spongy mesophyll cells. The spongy mesophyll cells are loosely packed, allowing for an increased surface
area, and subsequently an increased rate of gas-exchange. Uptake of carbon dioxide necessarily results in
some loss of water vapor, [37] because both molecules enter and leave by the same stomata, so plants
experience a gas exchange dilemma: The size of a stoma is regulated by the opening and closing of its two
guard cells: Plants showing crassulacean acid metabolism are drought-tolerant xerophytes and perform almost
all their gas-exchange at night, because it is only during the night that these plants open their stomata. By
opening the stomata only at night, the water vapor loss associated with carbon dioxide uptake is minimised.
However, this comes at the cost of slow growth: High precision gas exchange measurements reveal important
information on plant physiology Gas exchange measurements are important tools in plant science: If the
environmental conditions humidity , CO 2 concentration, light and temperature are fully controlled, the
measurements of CO 2 uptake and water release reveal important information about the CO 2 assimilation and
transpiration rates. The intercellular CO 2 concentration reveals important information about the
photosynthetic condition of the plants. Invertebrates[ edit ] The mechanism of gas exchange in invertebrates
depends their size, feeding strategy, and habitat aquatic or terrestrial. Diagram representing the body structure
of Porifera. The diagram shows the mechanism of water uptake for sponges. They obtain nutrients through the
flow of water across their cells, and they exchange gases by simple diffusion across their cell membranes.
Pores called ostia draw water into the sponge and the water is subsequently circulated through the sponge by
cells called choanocytes which have hair-like structures that move the water through the sponge. Cnidarians
are always found in aquatic environments, meaning that their gas exchange involves absorbing oxygen from
water. The cnidarians include corals , sea anemones , jellyfish and hydras. These animals are always found in
aquatic environments, ranging from fresh water to salt water. They do not have any dedicated respiratory
organs ; instead, every cell in their body can absorb oxygen from the surrounding water, and release waste
gases to it. One key disadvantage of this feature is that cnidarians can die in environments where water is
stagnant , as they deplete the water of its oxygen supply. In this symbiosis , the coral provides shelter and the
other organism provides nutrients to the coral, including oxygen. Cross section of a nematode. The
roundworms Nematoda , flatworms Platyhelminthes , and many other small invertebrate animals living in
aquatic or otherwise wet habitats do not have a dedicated gas-exchange surface or circulatory system. They
instead rely on diffusion of CO 2 and O 2 directly across their cuticle. Other aquatic invertebrates such as most
molluscs Mollusca and larger crustaceans Crustacea such as lobsters , have gills analogous to those of fish,
which operate in a similar way. Photographic representation of spiracles. Unlike the invertebrates groups
mentioned so far, insects are usually terrestrial, and exchange gases across a moist surface in direct contact
with the atmosphere, rather than in contact with surrounding water. This respiratory system is separated from
their circulatory system. Gases enter and leave the body through openings called spiracles , located laterally
along the thorax and abdomen. Similar to plants, insects are able to control the opening and closing of these
spiracles, but instead of relying on turgor pressure , they rely on muscle contractions. These branches
terminate in specialised tracheole cells which provides a thin, moist surface for efficient gas exchange, directly
with cells.
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2: Pulmonary alveolus - Wikipedia
Diffusing capacity of the lung (D L) (also known as Transfer factor is another expression for the formerly used diffusing
capacity.) measures the transfer of gas from air in the lung, to the red blood cells in lung blood vessels.

Gas exchange in the lungs takes place between the blood in the capillary network surrounding the alveoli, and
the air in the alveoli itself. All of the blood from the right ventricle flows through the pulmonary artery to the
capillary network which surrounds the alveoli. Another set of pulmonary capillaries receive small amounts of
arterial blood from the left ventricle , via the bronchial arteries. These capillaries provide oxygen and nutrients
to the lung tissue. Principles of Gaseous Exchange Gas exchange between the air within the alveoli and the
pulmonary capillaries occurs by diffusion. The oxygen must first dissolve before passing through the
respiratory epithelium. Gas moves from a region of high partial pressure to a region of low partial pressure,
down a partial pressure gradient. Partial pressure is a term used to measure gases. The distance between the air
within the alveoli, and the blood is approx 0. This distance is decreased during inhalation as the lung distends.
This tiny distance allows extremely fast and efficient diffusion. The PO2 in the alveoli is still higher than that
in the capillaries, so oxygen diffuses into the blood. Once through the alveolar and capillary walls, the oxygen
combines with haemoglobin to form oxyhaemoglobin and is transported within the bloodstream. Carbon
Dioxide Carbon dioxide enters the red blood cell as a waste product from cells. In the red blood cell it reacts
with water to form carbonic acid, CA. CA dissociates to bicarbonate ions and hydrogen ions. The PCO2 in the
capillaries is higher than that in the alveoli, thus CO2 diffuses into the alveoli, where it is exhaled. The alveoli
should receive the ideal amounts of blood and gas for gas exchange. In disease situations, the amount of air
delivered may be reduced, the alveolar wall may be thickened or the alveolar surface area may be reduced
meaning that less gas is able to diffuse out of the alveolus. Alternatively, blood supply may be impaired so
that despite sufficient ventilation, insufficient exchange occurs to support the body. Species Differences
Terrestrial vertebrates also have the ability to undergo gas exchange within their skin , as well as the lungs.
This is important during its thermoregulatary functions, which involves reduced cutaneous circulation when
cold temperatures are experienced.
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3: Oxygen movement from alveoli to capillaries (video) | Khan Academy
when capillary partial pressures equal the pressures in alveoli; the blood that leaves the pulmonary capillaries to return
to the heart and be pumped into the systemic arteries has essentially the same PO2 and PCO2 as alveolar air.

Acute respiratory distress syndrome ARDS is a severe inflammatory disease of the lung. It usually requires
mechanical ventilation in an intensive care unit setting. In asthma , the bronchioles , or the "bottle-necks" into
the sac are restricted, causing the amount of air flow into the lungs to be greatly reduced. It can be triggered by
irritants in the air, photochemical smog for example, as well as substances that a person is allergic to.
Emphysema is another disease of the lungs, whereby the elastin in the walls of the alveoli is broken down by
an imbalance between the production of neutrophil elastase elevated by cigarette smoke and alphaantitrypsin
the activity varies due to genetics or reaction of a critical methionine residue with toxins including cigarette
smoke. The resulting loss of elasticity in the lungs leads to prolonged times for exhalation, which occurs
through passive recoil of the expanded lung. This leads to a smaller volume of gas exchanged per breath.
Chronic bronchitis occurs when an abundance of mucus is produced by the lungs. The production of this
substance occurs naturally when the lung tissue is exposed to irritants. In chronic bronchitis, the air passages
into the alveoli, the broncholiotes, become clogged with mucus. This causes increased coughing in order to
remove the mucus, and is often a result of extended periods of exposure to cigarette smoke. Cystic fibrosis is a
genetic condition. Because wet epithelium is such a ubiquitous and multipurpose tissue type, CF has myriad
deleterious effects, some of the most serious of which are severe respiratory problems. Many of the
mechanisms by which CF causes damage or inadequate function in the wet epithelia of other tissues, such as
the digestive and reproductive tracts, are well understood. One popular hypothesis suggests increased viscosity
due to increased salinity of the mucus secreted by glands of the pseudostratified respiratory epithelium,
causing difficulty in maintaining normal respiratory tract mucociliary clearance. The frequency of certain
specific bacterial infections caused by Pseudomonas , Haemophilus influenzae , and Staphylococcus has
prompted two other popular categories of hypotheses: Regular treatment is usually requiredâ€”primarily
percussive therapy and antibiotics. Promising research into gene therapies is taking place. Interstitial lung
disease Lung cancer is a common form of cancer causing the uncontrolled growth of cells in the lung tissue.
Due to the sensitivity of lung tissue, such malignant growth is often hard to treat effectively. Pneumonia is an
infection of the lung parenchyma, which can be caused by both viruses and bacteria. If this happens to such a
degree that the patient cannot draw enough oxygen from his or her environment to maintain cellular
respiration, then the victim may need supplemental oxygen. Cavitary pneumonia is a process in which the
alveoli are destroyed and produce a cavity. As the alveoli are destroyed, the surface area for gas exchange to
occur becomes reduced. Further changes in blood flow can lead to decline in lung function. Journal of Applied
Physiology. The Key to the Evolution of Air Breathing". News in Physiological Sciences.
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4: Diffusing capacity - Wikipedia
- DL is the volume of gas (O2/CO) which diffuses from the alveoli into the blood in one minute per unit of partial pressure
gradient (mm Hg) between the alveolar gas and the pulmonary capillary blood.

The effect of blood flow on oxygen uptake is illustrated in Figure The time required for the red cells to move
through the capillary, referred to as transit time, is approximately 0. Transit time can change dramatically with
cardiac output. For example, when cardiac output increases, blood flow through the pulmonary capillaries
increases, but transit time decreases i. In the first case, a trace amount of nitrous oxide laughing gas , a
common dental anesthetic, is breathed. Nitrous oxide N2O is chosen because it diffuses across the
alveolar-capillary membrane and dissolves in the blood, but does not combine with hemoglobin. The partial
pressure in the blood rises rapidly and virtually reaches equilibrium with the partial pressure of N2O in the
alveoli by the time the blood is one tenth of the time in the capillary. At this point, the diffusion gradient for
N2O is zero. Once the pressure gradient becomes zero, no additional N2O is transferred. The only way the
transfer of N2O can be increased is by increasing blood flow. The amount of N2O that can be taken up is
entirely limited by blood flow, not by diffusion of the gas. Therefore, the net transfer or uptake of N2O is
perfusion-limited. When a trace amount of carbon monoxide CO is breathed, the transfer shows a different
pattern see Fig. CO readily diffuses across the alveolar-capillary membrane but, unlike N2O, cO has a strong
affinity for hemoglobin. As the red cell moves through the pulmonary capillary, CO rapidly diffuses across the
alveolar-capillary membrane into the blood and binds to hemoglobin. When a trace amount of CO is breathed,
most is chemically bound in the blood, resulting in low partial pressure Pco. Consequently, equilibrium for
CO across the alveolar-capillary membrane is never reached, and the transfer of CO to the blood is, therefore,
diffusion-limited and not limited by the blood flow. Gas transfer is affected by pulmonary capillary blood
flow. The horizontal axis shows time in the capillary. The average transit time it takes blood to pass through
the pulmonary capillaries is 0. The vertical axis indicates gas tension in the pulmonary capillary blood and the
top of the vertical axis indicates gas tension in the alveoli. Individual curves indicates the time it takes for the
partial pressure of a specific gas in the pulmonary capillaries to equal the partial pressure in the alveoli.
Nitrous oxide N2O is used to illustrate how gas transfer is limited by blood flow, carbon monoxide CO
illustrates how gas transfer is limited by diffusion. The profile for oxygen is more like that of N2O, which
means oxygen transfer is limited primarily by blood flow. Pulmonary capillary PO2 equilibrates with the
alveolar Po2 in about 0. Oxygen combines with hemoglobin, but not as readily as CO because it has a lower
binding affinity. As blood moves along the pulmonary capillary, the rise in Po2 is much greater than the rise in
Pco because of differences in binding affinity. Under resting conditions, the capillary Po2 equilibrates with
alveolar Po2 when the blood is about one third of its time in the capillary. Beyond this point, there is no
additional transfer of oxygen. Under normal conditions, oxygen transfer is more like that of N2O and is
limited primarily by blood flow in the capillary perfusion-limited. Hence, an increase in cardiac output will
increase oxygen uptake. Not only does cardiac output increase capillary blood flow, but it also increases
capillary hydrostatic pressure. The latter increases the surface area for diffusion by opening up more capillary
beds by recruitment. The transit time at rest is normally about 0. Ordinarily this process takes only about one
third of the available time, leaving a wide safety margin to ensure that the end-capillary Po2 is equilibrated
with alveolar Po2. With vigorous exercise, the transit time may be reduced to one third of a second see Fig.
Thus, with vigorous exercise, there is still time to fully oxygenate the blood. Pulmonary end-capillary Po2 still
equals alveolar Po2 and rarely falls with vigorous exercise. In abnormal situations, in which there is a
thickening of the alveolar-capillary membrane so that oxygen diffusion is impaired, end-capillary Po2 may not
reach equilibrium with alveolar Po2. In this case, there is measurable difference between alveolar and
end-capillary Po2.
5: Gas exchange - Wikipedia
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The exchange of gases in the lung requires ventilation, perfusion, and the diffusion of gases across the blood-gas
barrier of the alveoli. Although pulmonary ventilation (1, 2) and perfusion (3, 4) can be examined by a variety of imaging
techniques, currently no methods exist to image alveolar-capillary gas transfer.

6: Gas Exchange - Anatomy & Physiology - WikiVet English
Ventilation and Perfusion. Two important aspects of gas exchange in the lung are ventilation and perfusion. Ventilation
is the movement of air into and out of the lungs, and perfusion is the flow of blood in the pulmonary capillaries.
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