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m Breathing is controlled by the central
neuronal network to meet the metabolic

demands of the body
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— Neural gu tion

— Chemical regulation
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m Definition:

— A collection of functionally similar neurons

that help to regulate the respiratory movement
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m Medulla | pasic respiratory center: produce
- and control the respiratory
mPons | rhythm

m Higher respiratory center: cerebral cortex,

hypothalamus & limbic system

m Spinal cord: motor neurons




m VVoluntary breathing center

— Cerebral cortex

m Automatic (involuntary) breathing center

— Medulla

— Pons
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Neural generation of rhythmical
breathmg

The discharge of
medullary inspiratory
neurons provides rhythmic
Input to the motor neurons
Innervating the inspiratory
muscles. Then the action
potential cease, the
Inspiratory muscles relax,
and expiration occurs as
the elastic lungs recaoill.
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THE MEDULLA'S CONTROL OF THE RESPIRATORY CYCLE

m Inspiratory

Inspiration Cenler

n e u ro n S pedulla Expiration Center . Stretch receptors in rachea,
% bronchl and bronchioles
inhibit Inspiration cenber
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Spinal Cord
Thoracic Level
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intercostal muscles Contraction

of diaphragm

—_— | Ower motor neurons
— Upper motor neurons

— Inspiration center inhibits
expiration center
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m Dorsal respiratory group (medulla) — mainly
causes inspiration

m Ventral respiratory group (medulla) — causes
either expiration or inspiration

m Pneumotaxic center (upper pons) — inhibits
apneustic center & inhibits inspiration,helps
control the rate and pattern of breathing

m Apneustic center (lower pons) — to promote
Inspiration
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Hering-Breuer inflation reflex

(Pulmonary stretch reflex)

m The reflex is originated in the lungs and
mediated by the fibers of the vagus nerve:
— Pulmonary inflation reflex:

= Inflation of the lungs, eliciting expiration.
— Pulmonary inflation reflex:

= deflation, stimulating inspiration.
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m [nflation of the lungs — +pulmonary
stretch receptor »>+vagus nerve — -

medually inspiratory neurons —

+eliciting expiration




THE MEDULLA'S CONTROL OF THE RESPIRATORY CYCLE

Inspiration Cenler

pedulla Expiration Center . Stretch receptors in rachea,
L bronchi and bronchioles
inhibit Inspiration cenber
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m Chemoreceptors

— Central chemoreceptors: medulla

= Stimulated by [H*]T in the CSF

— Peripheral chemoreceptors

= Carotid body

— Stimulated by arterial PO,{ or [H*]T

= Aortic body
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Sensory nerve fiber
(in glossopharyngeal nerve)

Chemosensory neurons
that respond to changes
In blood pH and gas
content are located Iin
the aorta and in the
carotid sinuses; these
sensory afferent

neurons alter CNS
regulation of
the rate of ventilation.

Sensory nerve fibe
(in vagus nerve)

Carotid body

Aortic bodies
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Major Stimuli for the Central and
Peripheral Chemoreceptors

TABLE 1310

Peripheral chemoreceptors—that is, carotid bodies and
aortic bodies—respond to changes in the arterial blood. They

are stimulated by:
1. Decreased P, (hypoxia)

2. Increased hydrogen ion concentration (metabolic acidosis)

3. Increased Po, (respiratory acidosis)

Central chemoreceptors—that is, located in the medulla
oblongata—respond to changes in the brain extracellular fluid.
They are stimulated by increased P, via associated changes
in hydrogen ion concentration. (See Equation 13—-11.)




Effect of carbon dioxide on
pulmonary ventilation

Small changes in the
carbon dioxide content
of the blood quickly
trigger changes in
ventilation rate.

Normal resting
level

Viinute ventilation (L/min

CO, T — T respiratory activity
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Central and peripheral
chemosensory neurons
that respond to increased
carbon dioxide levels in
the blood are also
stimulated by the acidity
from carbonic acid, so

they “inform” the
ventilation control center
In the medulla to increase
the rate of ventilation.

CO,+H,0 — H,CO, — H*+HCO3
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Effect of hydrogen ion on
pulmonary ventilation

Regardless

of the source,
Increases in

the acidity of
the blood cause

hyperventilation.

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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T Production of non-CO, acid

T Arterial [H*]

Regardless of the source, P E——
Increases in the acidity of ' i

Reflex via medullary

the blood cause || respiratory neurons
Respiratory muscles '

hyperventilation, even if | T Contractions

carbon dioxide levels are
driven to abnormally low + Ventlation
levels.

L Alveolar PCG;
1 Arterial Poo,

Return of arterial [H*]
toward normal




Effect of low arterial PO, on
pulmonary ventilation

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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A severe reduction in the arterial concentration of
oxygen in the blood can stimulate hyperventilation.




Chemosensory neurons
that respond to decreased
oxygen levels in the blood

“Inform” the ventilation
control center Iin the
medulla to increase the rate
of ventilation.

Capyright @ The MeGraw-Hill Companiss, |ns. Permission required lor reproduction of display.
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Peripheral chemoreceptors
T Firing

Reflex via medullary
respiratory neurons

Respiratory muscles
T Contractions

T Ventilation

Return of alveolar and
arterial sztnward normal




The levels of
oxygen, carbon
dioxide, and
hydrogen ions

In blood and CSF
provide information
that alters the

rate of ventilation.

T Production of r|nc:nr1-1’.3'l.'_‘.t:_r acids

T Arterial [H*]

Diaphragm and inspiratory
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T Brain extracellular fluid [H*]
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T Firing of medullary
inspiratory neurons

T Firing of neurons
o diaphragm and
inspiratory intercostals

I Contractions

T Ventilation
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