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REGULATION OF RESPIRATION

� Two separate neural mechanisms 
regulate respiration ;

� One is responsible for voluntary voluntary 
controlcontrol and the other for automatic automatic 
controlcontrol. 

� The voluntary system is located in the 
cerebral cortex cerebral cortex and sends impulses to 
the respiratory motor neurons via the 
corticospinal tracts.
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� The automatic system is driven by a 
group of pacemaker cells in the the 
medullamedulla.

� Impulses from these cells activate 
motor neurons in the cervical and cervical and 
thoracic spinal cordthoracic spinal cord that innervate 
inspiratory muscles.

� Those in the cervical cord activate the 
diaphragm via the phrenicphrenic nervesnerves, 
and those in the thoracic spinal cord 
activate the external external intercostalintercostal
musclesmuscles.

� The impulses also reach the 
innervation of the internal intercostal
muscles and other expiratory 
muscles.
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MEDULLARY SYSTEMS

� Rhythmic respiration is initiated by a 
small group of synaptically coupled 
pacemakerpacemaker cells in the prepre--
BötzingerBötzinger complex complex (pre(pre--BOTC) BOTC) on 
either side of the medulla between 
the nucleus the nucleus ambiguusambiguus and the lateral the lateral 
reticular nucleusreticular nucleus

REGULATION OF RESPIRATION

� respiratory center is composed of 
several groups of neurons located 
bilaterallybilaterally in the medulla oblongata medulla oblongata 
and ponspons of the brain stem
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� There are respiratory neurons: 
(1) a (1) a dorsal respiratory group (dorsal respiratory group (inspiratoryinspiratory
center)center), located in the dorsal portion of the 
medulla, which mainly causes inspiration
(2) a (2) a ventral respiratory group (expiratory ventral respiratory group (expiratory 
center)center), located in the ventrolateral part of
the medulla, which mainly causes expiration
(3) the (3) the pneumotaxicpneumotaxic centercenter,located dorsally in 
the superior portion of the pons, which mainly 
controls rate and depth of breathing.

The dorsal respiratory group of neurons plays the 
most fundamental role in the control of 
respiration.

�� The dorsal The dorsal respiratory group of neurons are 
located within the nucleus of the tractustractus
solitariussolitarius

� The nucleus of the tractus solitarius is the 
sensory termination of both the vagalvagal and 
the glossopharyngealglossopharyngeal nerves, which 
transmit sensory signals into the 
respiratory center from :
(1) peripheral chemoreceptors
(2) baroreceptors, and 
(3) several types of receptors in the lungs.
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� The nervous signal that is transmitted to 
the inspiratory muscles, mainly the 
diaphragm in normal respiration, it 
begins weakly and increases steadily in 
a ramp manner for about 2 secondsramp manner for about 2 seconds.

� Then it ceases abruptly for 
approximately the next 3 seconds, 3 seconds, 
which turns off the excitation which turns off the excitation of the 
diaphragm and allows elastic recoil of 
the lungs and the chest wall to cause 
expiration.

� the inspiratory signal is a ramp signal ramp signal 
it causes a steady increase in the 
volume of the lungs during inspiration
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� There are two qualities of the inspiratory ramp 
that are controlled as follows:

1. Control of the rate of increase of the ramp increase of the ramp 
signalsignal, so that during heavy respiration, the 
ramp increases rapidly and therefore fills 
the lungs rapidly.

2. Control of the limiting point at which the limiting point at which the 
ramp suddenly ceasesramp suddenly ceases. This is the usual 
method for controlling the rate of 
respiration; that is, the earlier the ramp 
ceases, the shorter the duration of 
inspiration. This also shortens the duration 
of expiration. Thus, the frequency of 
respiration is increased.

� A pneumotaxicpneumotaxic centercenter, located 
dorsally in the nucleus nucleus parabrachialisparabrachialis
of the upper pons, transmits signals 
to the inspiratory area.

� effect of this center is to control the 
“switchswitch--offoff” point of the inspiratory
ramp, thus controlling the duration of 
the filling phase of the lung cycle.
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� When the pneumotaxic signal is 
strongstrong, inspiration might last for as 
little as 0.5 second, thus filling the 
lungs only slightly.

� When the pneumotaxic signal is 
weakweak, inspiration might continue for 5 
or more seconds, thus filling the 
lungs with a great excess of air.

� The function of the pneumotaxic 
center is primarily to limit inspiration. 
This has a secondary effect of 
increasing the rate of breathing, 
because limitation of inspiration also 
shortens expiration and the entire 
period of each respiration.
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�� Ventral respiratory group Ventral respiratory group of neurons, 
found in the nucleus ambiguus
rostrally and the nucleus 
retroambiguus caudally.

� The function of this neuronal group;

1. The neurons of the ventral respiratory 
group remain almost totally inactive 
during normal quiet respiration.

2. There is no evidence that the ventral 
respiratory neurons participate in the 
basic rhythmical oscillation that controls 
respiration.

3. The ventral respiratory area contributes 
extra respiratory drive

4. Especially important in providing the 
powerful expiratory signals to the 
abdominal muscles during very heavy 
expiration.
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Hearing Breur Reflex

� Most important, located in the 
muscular portions of the walls of the 
bronchi and bronchioles throughout 
the lungs are stretch receptors stretch receptors that 
transmit signals through the vagi into 
the dorsal respiratory group of 
neurons when the lungs become 
overstretched.

� When the lungs become overly inflatedoverly inflated, the 
stretch receptors activate an appropriate 
feedback response that “switches off” the 
inspiratory ramp and thus stops further 
inspiration� Hering-Breuer inflation reflex.

�� is not activated is not activated until the tidal volume 
increases to more than three times increases to more than three times normal 
(greater than about 1.5 liters per breath).
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� The ultimate goal of respiration is to 
maintain proper concentrations of 
oxygen, carbon dioxide, and oxygen, carbon dioxide, and 
hydrogen ions hydrogen ions in the tissues.

� Excess carbon dioxide carbon dioxide or excess 
hydrogen ions hydrogen ions in the blood mainly act 
directly on the respiratory centerrespiratory center

�� OxygenOxygen, in contrast, does not have a 
significant direct effect on the 
respiratory center of the brain in 
controlling respiration.

� Instead, it acts almost entirely on 
peripheral peripheral chemoreceptorschemoreceptors located in 
the carotidcarotid and aortic bodiesaortic bodies, and 
these in turn transmit appropriate 
nervous signals to the respiratory 
center for control of respiration.
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�� Arterial POArterial PO22 is monitored by 
peripheral peripheral chemoreceptorschemoreceptors

� The arterial PO2 must fall below 60 below 60 
mmHgmmHg before the peripheral chem. 
Respond by sending afferent impulses 
to inspiratory centers� increasing 

ventilation
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� Central chemoreceptors sensitive to 
changes in CO2 induced H+

concentration in the brain 
extracellular fluid (ECF)
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� Changes in arterial H+ concentration 
cannot influence cannot influence the central 
chemoreceptors, because H+ cannot cannot 
crosscross the blood brain barrier

� The peripheral chemoreceptor are 
highly responsive to the fluctuation in 
contrast to their unsensitiveness to 
arterial PCO2 and PO2 until it falls 
below 60 mmhg
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