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Control of Ventilation
 Breathing is controlled in two ways. It is under both nervous and
chemical control.
Nervous Control of Breathing
 Normally, adults have a breathing rate of 12 to 20 ventilations
(breaths) per minute.
 The rhythm of ventilation is controlled by a respiratory control
center located in the medulla oblongata of the brain.

 The respiratory control center automatically sends out nerve
signals to the diaphragm and the external inter‐costal muscles
of the rib cage, causing inspiration to occur .
 When the respiratory center stops sending nerve signals to the
diaphragm and the rib cage, the muscles relax and expiration
occurs.

 Sudden infant death syndrome (SIDS), or crib death, claims the
life of about 2,000 infants a year in the United States.
 Although the respiratory center automatically controls the rate
and depth of breathing, its activity can be influenced by nervous
input.
 We can voluntarily change our breathing pattern to
accommodate activities such as speaking, singing, eating,
swimming under water, and so forth.
 Following forced inspiration, stretch receptors in the airway
walls (respiratory track) respond to increased pressure.
 These receptors initiate inhibitory (stop) nerve impulses. The
impulses travel from the inflated lungs to the respiratory center.
 This temporarily stops the respiratory center from sending out
nerve signals.

Chemical Control of Breathing

 Working cells produce carbon dioxide, which enters the blood.
 There, carbon dioxide combines with water, forming an acid, which
breaks down and gives off hydrogen ions (H+).
 These hydrogen ions can change the pH of the blood.
 Chemo‐receptors are sensory receptors in the body that are sensitive
to chemical composition of body fluids.
 Two sets of chemo‐receptors sensitive to pH can cause breathing to
speed up.
1) A centrally placed set is located in the medulla oblongata of the brain
stem, and
2) A peripherally placed set is in the circulatory system. Carotid bodies,
located in the carotid arteries, and aortic bodies, located in the aorta,
are sensitive to blood pH.
These chemo receptors are not strongly affected by low oxygen (O2)
levels.
Instead, they are stimulated when the carbon dioxide entering the blood
is sufficient to change blood pH.

 When the pH of the blood becomes more acidic (decreases), the
respiratory center increases the rate and depth of breathing,
more carbon dioxide is removed from the blood.
 The hydrogen ion concentration returns to normal, and the
breathing rate returns to normal.

Gas Exchanges in the Body

 Gas exchange is critical to homeostasis. Oxygen needed to
produce energy must be supplied to all the cells, and carbon
dioxide must be removed from the body during gas exchange.
 The principles (rules) of diffusion govern whether O2 or CO2
enters or leaves the blood in the lungs and in the tissues.
 Gases exert pressure, and the amount of pressure each gas
exerts is called its partial pressure, symbolized as PO2 and PCO2.
 If the partial pressure of oxygen differs across a membrane,
oxygen will diffuse from the higher to lower partial pressure.

External Respiration

 External respiration refers to the exchange of gases between air
in the alveoli and blood in the pulmonary capillaries.
 Blood in the pulmonary capillaries has a higher PCO2 than
atmospheric air. Therefore, CO2 diffuses out of the plasma into
(alveoli) the lungs.
 Most of the CO2 is carried in plasma as bicarbonate ions
(HCO3−).
 In the low‐PCO2 environment of the lungs, the reaction
proceeds to the right.

 The enzyme carbonic anhydrase speeds the breakdown of
carbonic acid (H2CO3) in red blood cells.
 The pressure pattern for O2 during external respiration is the

 reverse of that for CO2. Blood in the pulmonary capillaries is low
in oxygen, and alveolar air contains a higher partial pressure of
oxygen.
 Therefore, O2 diffuses into plasma and then into red blood cells
in the lungs.
 Hemoglobin takes up this oxygen and becomes oxyhemoglobin
(HbO2).

Internal Respiration

 Internal respiration refers to the exchange of gases between the
blood in systemic capillaries and the tissue cells.
 Blood entering systemic capillaries is a bright red color because
red blood cells contain oxyhemoglobin.
 The temperature in the tissues is higher and the pH is slightly
lower (more acidic), so oxyhemoglobin naturally gives up
oxygen.
 After oxyhemoglobin gives up O2 , it diffuses out of the blood
into the tissues.

 Oxygen diffuses out of the blood into the tissues because the
PO2 of tissue fluid is lower than that of blood. The lower PO2 is
due to cells continuously using up oxygen in cellular respiration.
 Carbon dioxide diffuses into the blood from the tissues because
the PCO2 of tissue fluid is higher than that of blood.
 Carbon dioxide is produced during cellular respiration and
collects in tissue fluid. After CO2 diffuses into the blood, most
enters the red blood cells, where a small amount is taken up by
hemoglobin, forming carbaminohemoglobin (HbCO2).
 In plasma, CO2 combines with water, forming carbonic acid
(H2CO3), which dissociates to hydrogen ions (H+) and
bicarbonate ions (HCO3–). Bicarbonate ions (HCO3–) diffuse out
of red blood cells and are carried in the plasma.
 The globin portion of hemoglobin combines with excess
hydrogen ions produced by the overall reaction, and Hb
becomes HHb, called reduced hemoglobin. In this way, the pH
of blood remains fairly constant.

