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Four processes of Respiration are
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Respiratory zone structures
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Pulmonary ventilation
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Pressure Relationships in the Thoracic Cavity

• The pressure in the pleural cavity, the intrapleural pressure (Pip), is always  
about 4 mm Hg less than Ppul. That is, Pip is always negative relative to Ppul.

• What causes this negative intrapleural pressure? 

• Two forces act to pull the lungs (visceral pleura) away from the thorax wall 
(parietal pleura) and cause the lungs to collapse: 1. The lungs’ natural 
tendency to recoil; 2. The surface tension of the alveolar fluid.

• However, these lung-collapsing forces are opposed by strong adhesive force 
between the parietal and visceral pleurae.

• The net result of the dynamic interplay between these forces is a negative Pip. 
The amount of pleural fluid in the pleural cavity must remain minimal to 
maintain a negative (Pip). The pleural fluid is actively pumped out of the 
pleural cavity into the lymphatics continuously, as a result, a negative Pip is 
maintained.  

• Any condition that equalizes Pip with the intrapulmonary (or atmospheric) 
pressure causes immediate lung collapse 
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Intrapulmonary & intrapleural pressure relationships
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• Pulmonary ventilation, depends on volume changes in the thoracic cavity. A 
rule to keep in mind is that volume changes lead to pressure changes, and 
pressure changes lead to the flow ofgases to equalize the pressure.
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Changes in intrapulmonary and intrapleural pressures during inspiration and expiration

During the inspiration period, Pip declines to about −6 mm Hg 
relative to Patm 
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Physical Factors influencing
Pulmonary ventilation

Where ΔP, the difference in pressure, or pressure 
gradient, between the external atmosphere and 
the alveoli.
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Physical Factors influencing
Pulmonary ventilation
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Respiratory surface
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Gas exchange
between the Blood, Lungs & Tissues
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External Respiration

Dalton’s Law of Partial Pressures

Henry’s Law

Dalton’s law states that the pressure exerted by a mixture of gases is equal 
to the sum of the pressures exerted by the individual gases occupying the 
same volume alone. The pressure exerted by an individual gas in a mixture 
is called the partial pressure of that gas. 

Henry’s law states that when the temperature is constant, the concentration of 
a gas in a liquid is proportional to its partial pressure. The solubility of a gas in a 
liquid depends on temperature, the partial pressure of the gas over the liquid, 
the chemical properties of the gas, and the chemical properties of the liquid.

(according to Henry’s law, c = kP, so as P increases, c increases).
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The relationship among the concentration, partial pressure, and solubility of a 
gas is described by Henry’s law, mathematically expressed as
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Thickness and Surface area of the Respiratory Membrane

oxygenation of blood in the pulmonary capillaries at rest. Oxygen loading only takes 
about one-third of the time a red blood cell spends in the pulmonary capillary.
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Ventilation-Perfusion Coupling

• For optimal gas exchange, there must be a close match, 
or coupling, between ventilation (the amount of gas 
reaching the alveoli) or the rate of air flow to the 
alveoli) and perfusion (the blood flow in pulmonary 
capillaries or rate of blood flow to the lung).

• PO2 controls perfusion by changing arteriolar diameter

• PCO2 controls ventilation by changing bronchiolar 
diameter.
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Transport of respiratory 
gases
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Affinity of gases for hemoglobin

• Bohr effect: When hydrogen ions bind to hemoglobin,
they decrease the affinity of hemoglobin for oxygen.

• Carbamino effect: When carbon dioxide is bound to
hemoglobin it decreases the affinity for oxygen

• Haldane effect: Binding of oxygen to hemoglobin
decreases the affinity of hemoglobin for carbon dioxide.
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CO2 transport in blood

• 7 to 10% dissolved form in plasma

• 20% bound to hemoglobin as carbaminohemoglobin

• 70% dissolved as bicarbonate in RBC
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effect of oxygen(Po2) on CO2 transport
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effect of oxygen(Po2) on CO2 transport
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Regulation of Respiration
• Neural control by -

• 1.medullary respiratory center

• 2. pneumotaxic center

• 3. apneustic center

• &

• And Chemoreceptors such as 

• peripheral chemoreceptors ( stimulated by reduction in 
arterial pO2)

• central chemoreceptors (stimulated by increase in pCO2

or [H] concentration)
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ventral respiratory group (VRG), 
located within the anterior region of
the medulla (which contains both 
inspiratory neurons and expiratory
neurons)
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• Motor nerves from ventral respiratory group (VRG), located within the anterior region 
of the medulla (which contains both inspiratory neurons and expiratoryneurons) 
connect with phrenic nerves that innervate the diaphragm or the intercostal nerves 
that innervate the intercostal muscles. Accessory muscles of respiration are 
innervated by other individually named somatic nerves 

• The phrenic nerves extend from the cervical plexus formed by the rami of spinal 
nerves C3–C5, whereas the intercostal nerves are the anterior rami of spinal nerves 
T1–T11

• Chemoreceptors are the primary sensory receptors involved in altering breathing. 
Chemoreceptors are housed both within the brain (central chemoreceptors) and 
within specific blood vessels (peripheral chemoreceptors):

• Central chemoreceptors are within the medulla oblongata in close proximity to the 
medullary respiratory center. Central chemoreceptors monitor only H+ changes of CSF 
induced by changes in blood Pco2. It is important to note that unlike the blood, the 
CSF lacks proteins to buffer the gain or loss of H+

• Peripheral chemoreceptors are located both within the aortic arch (called the aortic 
bodies) and at the split of each common carotid artery into the external and internal 
carotid arteries (called carotid bodies). 
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• Breathing rate and depth can be reflexively increased if either the central 
chemoreceptors detect an increase in H+ concentration in the CSF or the peripheral 
chemoreceptors detect an increase in blood H+ concentration, an increase in blood 
Pco2, or both. 

• The most important stimulus affecting breathing rate and depth is blood Pco2. The 
chemoreceptors are very sensitive to changes in blood Pco2 levels; increases in Pco2

levels as small as 5 mm Hg will double the breathing rate.

• the arterial oxygen level in the blood must decrease substantially from its normal Po2
level of 95 mm Hg to an abnormally low level of 60 mm Hg before it can stimulate the 
chemoreceptors independently of Pco2.

• The combination of decreased Po2 and increased Pco2, along with the subsequent 
production of H+,causes greater stimulation of the chemoreceptors.

by S S Nishank, Asst. Professor, Dept. of 
Zoology, Utkal University

64



• Receptors other than chemoreceptors alter breathing patterns. 

• (1) Proprioceptors within joints and muscles, when stimulated by body movement, 
increase nerve signals to the respiratory center with a subsequent increase in 
breathing depth.

• (2) Baroreceptors within both the visceral pleura and bronchiole smooth muscle are 
stimulated by stretch. 

• These sensory receptors initiate a reflex to prevent overstretching of the lungs by 
inhibiting inspiration activities. This reflex is referred to as the inhalation reflex, or 
Hering-Breuer reflex. It effectively protects the lungs from damage due to  
overinflation. When overstretched, these baroreceptors send nerve signals through 
the vagus nerves to the respiratory center to shut off inspiration activity, thus 
resulting in expiration. 

• (3) Irritant receptors, when stimulated, initiate either a sneezing or coughing reflex. A 
sneeze reflex is initiated by irritants within the nasal cavity and a cough reflex by 
irritants within the trachea and bronchi.
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Nerve signals from chemoreceptors are sent along sensory neurons to the DRG. When 
the DRG is activated, nerve signals are subsequently relayed to the VRG, resulting in a 
change in the rate and depth of breathing. 
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• In hyperventilation, alveolar ventilation exceeds the demands of 
the tissues; arterial PCO2 decreases to less than 40 mm Hg, and 
PO2 increases to greater than 100 mm Hg.

• In hypoventilation, alveolar ventilation is insufficient to meet the 
demands of the tissues; in this case, arterial PCO2 rises above the 
normal value of 40 mm Hg, and arterial PO2 decreases below the 
normal value of 100 mm Hg. 
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