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Regulation (Control) of Respiration
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1. Voluntary control — by stimulating the Cerebral cortex:

e Activated only when you need voluntarily to increase the respiration rate and depth.
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2. Automatic control - Pons and medulla(vegetative function) ( BRAIN STEM):

e Activated all the time, and responsible of our unconscious breathing. juaddl 0929
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2- Chemical control:

e Respond to changes in CO2 and 02 levels by sense it by Chemoreceptors ( Central (
in the brain) & Peripheral ( in blood vessels) )
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Main Goals of the Respiratory Control System:
* General.: An alveolar ventilation sufficient to maintain normal blood gases.

* Adapt to changing environments or metabolic needs (e.g. exercise).
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Control of Respiration: gLl gl § (asYb Zelb 0 71y Sl dudes
* Central controller or Respiratory center in the brain.
* Sensors: we have many types

Central Controller
* Effectors

— Ventilation (muscles) l Pons, medulla i
I it
* diaphragm I”]u '

* intercostal muscles

SENSORS €------—- EFFECTORS

* abdominal muscles
Chemoreceptors, lung Respiratory muscles
and other receptors
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* accessory muscles
Chemical Control of Respiration:

any increase or decrease in those 3 molecules will lead to stimulate the respiratory
centers to make a response:

1. Carbon Dioxide
2. Oxygen

3. Hydrogen ions

Types of receptors in the respiratory system: (& il guce g,UI Cinad! (po (re g lis
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1. Mechanoreceptors.
2. Chemoreceptors.

Mechanoreceptor:

e It's Slowly adapting stretch receptors (SARs) in bronchial airways, which mean it
prevent overstretching of the lung and prevent rupture, terminate the inspiration,
in addition to make an expiration process.

e This mechanism called HERING-BREUR REFLEX.
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Significance of Hering-Breuer: its significant only in the situation of increase inspiration or
diseases.

* Normal adults. Receptors aren’t activated at end normal tidal volumes.

— Become Important during exercise when tidal volume is increased.

— Become Important Chronic obstructive lung diseases when lungs are more
distended.

— To inhibit over inflation of lungs
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Chemoreceptors:

1. Peripheral Chemoreceptors: ¢3Sy £939 b &9 (ne g Us b
e Composed of:
a) Carotid bodies are located in the carotid sinus

b) Aortic bodies are located in the aortic arch ot 'g;;'-\_
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e Sensitive to 02,C02 AND H+ changes. f@ﬁj
e More sensitive to CO2 changes, small increase in CO2 - ¢ b A2

center in the brain to increase the respiration.

activate he receptor and send message to respiratory “’} g i

o - Pneumotaxic cente /

e As we know C02 bind with water and make H2co3,
WhICh dlSSOlve IntO H+ + HCO3' Respiratory :'! o Apneustic center
. . . . control VF’eBolz inger
e Increase CO2 level, will increase H+ level which bind to oot complex —/
. Dorsal respi alory
the receptors and send the message to the brain. Af S /

Medulla

e So co2 indirectly activate the receptor by the H+ IONS

e Ifthe co2 increased, respirartory center activated, and
the respiration increase in number and depth. area

e Co2 convert to H+ beside the receptors, but plasma H+
have minimal effect on it because H+ can't cross blood
brain barrier.
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Inspiratory area
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2. central chemoreceptors: 5 &l fall (pasa e Jsia
e |ocated in the brain stem:
a) pons: contain Gu.\.ul\ S el 4 llia g#‘) A4a% L";S\ Jalatiuall &B.’d\ Jad (Ja.\.\LAS e yall 13 L
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1. pneumotaxic center: send impulses to dorsal respiratory group in the medulla and
its function as switch of inspiratory neurons.

Chemosensitive
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2. Apneustic center. (o Positive fiec A
. . . (stimulation) ‘ﬁ
e Both control the main respiratory centers in medulla only. (-) = Negative effect
(inhibition) :‘;’;f‘"a
b) medulla oblongata: main respiratory center located in it, contain: 5, N
g;uab” ?S*:‘M Soe Osh PRG—
1. Dorsal respiratory group (DRG): respiratory pacemaker for . (\
normal respiration. el $oll Guassd! 35 1da vns— )
e Inresting state, it is responsible of generating action potential ore
to the inspiratory muscles(diaphragm), to make a contraction s e i
. . . . . . . muscles (internal
and increase the thoracic cavity>> normal quite inspiration. w*emswmnmhm)
(+)

e Inhibition of dorsal respiratory group lead to relaxation of %
inspiratory muscles>> leading to elastic recoil of inspiratory \\\
muscles>> normal quite passive expiration. k

e Generates 12-15 electrical signals each minute, and this is the g

\_External intercostal
normal respiratory rate.

e It controls the rate and magnitude of the breathing, by controlling the frequency of
stimulation.

Diaphragm

e Note: contract the diaphragm muscle, which is sufficient to make an inspiration.
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2. Ventral respiratory group(VRG): Sl 3Sy0 I
gl oLyl @Y oms (Sl il &
Other receptors (e.g., pain)

e for active forceful respiration, when doing e S oo
exercise.

Higher brain centers
(cerebral cortex-voluntary
/ control over breathing)

I+

Respiratory centers
(medulla and pons)

e |ts stimulates both inspiratory and expiratory
group muscles to increase both depth and rate, so
this will lead to active inspiration.

@ «
Peripheral . /
chemoreceptors c
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Central _/t’
. . . chemoreceptors 1
e Voluntarily increase the depth of breathing>> lead cop 1,17t

Receptors in

to send a message to the ventral center and lead Receptorsn 2
to activate muscle contraction and relaxation. B

e When you prepare for doing exercise, the joints and muscles send a message to the
ventral center and increase the rate and depth of respiration.

Stretch receptors
in lungs

Irritant
receptors

+\

///
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So:

e Normal inspiration and expiration: dorsal respiratory center.
e Active forceful inspiration and expiration: both dorsal and ventral groups.
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Effect of CO2 and PH AND 02 on the respiration:

e 02, CO2, H+ affect the respiration, but CO2 has the strongest effect then H+.
1. Effect of H+: Jalall yay jaly Le aY 438 phal) cdliiall o o) JS b Cpaoogd) Lk
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e H+ stimulates the peripheral chemoreceptors more than central one(in the brain),
because the blood brain barrier prevent H+ from entering the brain.

e (CO2 passes to the brain through blood brain barrier, it bind to H20>> H2CO3>> H+
AND HCO3-.

e H+ bind strongly to the central chemoreceptor and stimulate more breathing in order
to increase respiration and decrease CO2 levels.

2. Effect of CO2:

e When partial pressure of CO2 increase it will affect both peripheral and center
chemorecetors:

e Peripheral: weak effect, so inside the carotid body, it converts into H+ and stimulate
respiratory center in medulla oblongata.

e Medullary respiratory center: increase PP of CO2 will lead to more H+ which
stimulate both ventral and dorsal groups, and increase the respiration process, in
order to decrease the co2 level.

e Increase CO2 level chronically lead to inhibition of respiratory center instead of
activation.

e When PP of CO2 increase to 70-80 MMHG, this will lead to increase H+ which will
decrease the PH and lead to acidosis and depreesion of the respiratory centers.
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3. Effect of O2:
e On peripheral: stimulate it only when it is fall less than 60 mmhg( 02 dissolved in
plasma that make the partial pressure of 02).
o Effect of central: depressed the central chemoreceptor when decrease below 60
mmhg.
e At the height of 5 km the 02 levels will fall and the human body can't tolerate
this decrease in oxygen.

Clinical correlation:

* CO poisoning: co gas has an affinity to bind hemoglobin 100 times more than 02, so
when CO present in the room people will die, because the brain monitors the
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dissolved 02 in plasma which is not affected by CO not that bind to hemoglobin, so
02 hemoglobin levels decrease until the patient die without any reaction from the
brain. Jl jl& eadic aaly dilio ddyi Hlie SNl die d>gide Hl Diguo 5 L) 4 Bypald Lo 09
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ikt Influence of Chemical Factors on Respiration

Chemical Factor Effect on the Peripheral Chemoreceptors Effect on the Central Chemoreceptors

) Po, in the Arterial Blood Stimulates only when the arterial Po, has fallen Directly depresses the central chemorecep-
to the point of being life threatening tors and the respiratory center itself when
(< 60 mm Hg); an emergency mechanism < 60 mm Hg

) Pco, in the Arterial Blood Weakly stimulates Strongly stimulates; is the dominant con-

(T H* in the Brain ECF) trol of ventilation

(Levels > 70-80 mm Hg directly depress
the respiratory center and central chemore-
ceptors)

T H* in the Arterial Blood Stimulates; important in acid-base balance Does not affect; cannot penetrate the
blood-brain barrier




