Chapitre 4
Systeme respiratoire



4 Introduction

Systeme respiratoire: finalité et utilité

Finalité du systeme respiratoire

Amener O, du milieu extérieur - milieu intracellulaire

Eliminer CO, du milieu intracellulaire - milieu extérieur

Contréle et régulation du pH sanguin (H*, HCO;)



4 Introduction

Systéme respiratoire: structure générale

Gestion liquide/gaz faible énergie hydrodynamique: Transfert de matiére
» Ceeur: propulsion matiere Poumon: Echange matiere

Transport de matiere, d’énergie et d’information

Géomeétrie de construction: tubulure et surface échange étendue

Architecture alvéolaire et vasculaire

Organisation spatiale arborescence

Mécanique ventilatoire active/passive

Régulation et limites: Boucle fermée ; Plateau (non-linéarité)



4 Introduction

Systéme respiratoire: structure générale

Mécanismes mis en jeu

Systeme ventilatoire: voies aériennes, mécanique ventilatoire

Interface diffusion: gaz <= liquide

Capacité diffusion membranaire: surface alvéolaire

Systeme de distribution convectif: circulation sanguine

Dispositif de transport: hémoglobine



4 Introduction

Systéme respiratoire: principes généraux

2 fonctions: 1) Ventilation
2) Respiration tissulaire

1) et 2) Régulés et limités (valeurs max. d’échange et transport)

1) Transfert air ambiant - Espace alvéolaire

2) Echanges alvéole = sang 2 milieu intracellulaire

1) et 2) Passage de 2 étapes distinctes

Milieu externe

|
| : e
I Transport convectif Milieu interne
22,0 Hémoglobi CHEN
Air alvéolaire I emogiobine | Compartiment intracellulaire
Co, - co2I

«— Plasma «—



4

Introduction

Systéme respiratoire Principes de base

Respiration gas exchange between organism and ambient atmosphere
units: liters (moles) of gas / min

ambient air 0, cCo,

1) CONVECTION >
(ventilation) external
Lun?s respiration
2) DIFFUSION >
(alveolo-capillary) A4
Hb
3) CONVECTION -~ blood
(carrier transport) transport
HCO; H*
4) DIFFUSION > 1
(capillary-cell) &
Glucose + 0, = CO, + H,O +heat + ATP
ﬂ cell
internal e.g. muscle
respiration FUNCTIONS

mitochondrion

Quantitatively: internal respiration determinates external repiration

P. Kucera
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4 Introduction

Systéme respiratoire Structure générale

(% A

External convection
A

Pulmonary
diffusion

Tissue diffusion

FIGURE 25-3. The respiratory apparatus in humans. Boron&Boulpaep Medical Physiology 255



Structure

Systéme respiratoire Anatomie générale du thorax
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4 Structure

Systéme respiratoire Anatomie des voies aériennes
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FIGURE 5.2 STRUCTURE OF THE TRACHEA AND MAJOR BRONCH!

The major conducting ainvays 10 the lungs include the cartilagi- sulwequent branching, the conducting airways become smalier and
nous trachea, the right and left main bronchus, and 1w intrapul- smaller in diamueter (see Figure 5.3), eventually losing their carti-
T N T T R B T L L DT A Pamimanine mlatos
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Structure

Systéme respiratoire Anatomie des voies aériennes

Goblet
(mucous) cell

Gobletcell  Nerve Serous
(discharging) cell

Basement Nerve Basal Basal Kulchitsky
cell

membrane cell cell

Trachea and large bronchi. Ciliated and goblet cells predominant, with some serous cells
and occasional brush cells and Clara cells. Numerous basal cells and occasional Kulchitsky

cells are present

Ciliated
cells

Basement Basal Nerves
membrane cell

Bronchioles. Ciliated cells dominant and Clara cells
progressively increase distally along airways. Goblet cells and
serous cells decrease distally and are absent in terminal

bronchioles

FIGURE 5.4  ULTRASTRUCTURE OF TRACHEAL, BRONCHIAL, AND BRONCHIOLAR EPITHELIUM

The respiratory airways are lined by a pseudostratified, ciliated
columnar epithelium. In smaller airways the epithelium may
become low columnar or simple cuboidal. The ciliated cells con-
stitute approximately 30% of the total cell population. Goblet cells
(30% of cell population) secrete mucus that coats the epithelial
cells. This mucous coating protects the epithelial cells from desic-
cation and traps inhaled particulates that are then transported up
the airways and out of the lungs by the ciliated cells—a process
termed mucociliary transport. Basal cells (30% of cell population)
are stem cells that give rise to the goblet, ciliated, and brush cells.
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The function of brush cells (3% of cell population) is not resolved.
They may represent goblet cells that have released their contents,
or they may have a sensory role. The Kulchitsky cells (3% of cell
population) secrete a number of paracrine factors that likely regu-
late the function of nearby cells. They are part of the bodies diffuse
neuroendocrine system (DNES). Clara cells secrete a surfactant-like
material that reduces surface tension of the bronchioles. They may
also degrade inhaled toxins. The function of the secretory product
of the serous cells is not known.
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Structure

Systéme respiratoire Anatomie des poumons

Medial Surface of Right Lung

Grroove for subclwian artery Apex

Area for esophagus

Crowve tos brachiocaphalic
\ »

Hnnominate | vein R.upper

lobe bronchus

Ciroove tor Upper lolwe

SUPCTIOn v g cavad

Area tor
thymus and
methastinal
fatty tissue

Upper
lohe

s

Obhque bssure

Lawer lohe
Cul edye ot pledra

Pulmonary
artenes

Bronchl
ateres

Hroncha

Medial Surface of Left Lung

Arealoe trachea  Apex
and esophagus

Croove lor
subclavian arteey

Croove for

Ciraove for
achofaorta

brachiocephalic
anonominale) vein

Arése for
thymus and
mediastiog!
latly hissue

SR

Upper
labe

9

-

b 7

Hilus

N
.
-

o Cardiae

)

Supenor
Hanzontal upc '/ depression
- pulmaonary
fessure velns

Cardhac
deprossion

Obligue ~ Coroove tor
Tissure thescending
a0y

Groove for esophagus

Diaphragmanic surtace Mulmaonary ligamem
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Breathing, or vennlation of the Tungs, s an awomatic, usually
thythmic, and centrally controlled process. The right lung has three
Tobes, and the lett Tung has two lobes, with the bronchi, pul
maonary vessels, nerves, and lymphatics entenng or leaving, each

lung at the hilum, which is situated on the medial aspect of the
lung. The trachea bifurcates into pamary bronchi, which then entes
the lobes of the lung and turther subdivide into smalles and smaller
segments (bronchioles and ultimately alveolar dacrs and sacs),
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Structure

Systéme respiratoire Anatomie des poumons

L'image de gauche montre les voies aériennes pulmonaires. L'image de droite montre les voies aériennes,
accompagnées des arteres et veines pulmonaires. Les images et le moulage ont été généreusement fournis 260
par Walter Weder (Institut d’anatomie, Université de Berne, Berne, Suisse).



Structure

Systéme respiratoire Anatomie de la cage thoracique osseuse
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Espace mort

Espace
fonctionnel

Systéme respiratoire

Structure

Anatomie fonctionnelle 2 types d’espaces
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4 Structure

Systéme respiratoire Anatomie de I'arbre bronchique

Geometrical properties :

- 23 generations dichotomic tree

- Branches diameters decreases with
generations.

- The total cross section of the tree
increases with generation and the air
velocity decreases.

- The length over diameter ratio 1s of
order 3 1n the whole tree

=




Bronches:

Systéme respiratoire Anatomie de l'alvéole

-segmentées
-sous-segmentée
-petit diametre

Bronchioles

Lobules: -bronchioles terminales
-bronchiole respiratoires
-canaux alvéolaires

Acinus

-sacs alvéolaires

Structure

( | SR | Subdivision and
5 Structure of
Ses ol ‘L’ & Intrapulmonary
bre : K Airways
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FIGURE 5.3 INTRAPULMONARY AIRWAYS
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4 Structure

Systéme respiratoire Anatomie de l'alvéole: interface vasculaire

veinules pulmonaires

o _ (sang artériel!)
artériole pulmonaire

(sang veineux!)

Capillaires pulmonaires
(échanges gazeux)

FIGURE 5.13  INTRAPULMONARY BLOOD CIRCULATION
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4 Structure

Systéme respiratoire Anatomie de l'alvéole: unité de base I'acinus

About About
30 000 10 000
acini 1n the alveoli

human lung | per acinus

3. 108 alveoli in the human lung
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Structure

Systéme respiratoire Anatomie de l'alvéole: coupe planaire de I'acinus
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4 Structure

Systéme respiratoire Anatomie de I'alvéole: membrane et capillaire sanguin
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4 Introduction  Structure  Fonction Régulation  Conclusion

Systéme respiratoire Anatomie de l'alvéole: capillaire sanguin
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4 Structure

Systéme respiratoire Anatomie de l'alvéole: la barriere respiratoire

Type | alveolar cell  Tightcell — Type Il alveolar cell
and nucleus junctions

Surface-active layer (surfactant)

Alveolar macrophage

lumen

Capillary
lumen

Pneumocyte type |

Pneumocyte type lI
(paroi alvéole)

(sécréte surfactant)

Alveolus (airspace)

Barriere respiratoire
(=membrane pneumocyte |
+ membrane capillaire)

Macrophage
(défense)

Capillary
lumen

Capillaire sanguin
(transport hémoglobine)

Capillary
lumen

Alveolus
(airspace)

Interstitium

ﬁv
Fused basement  Type Il Endothelial (loose) Endothelial cell thf/”

Interstitial cell membranes alveolar cell cell junctions and nucleus

FIGURE 5.14 ULTRASTRUCTURE OF PULMONARY ALVEOLI AND CAPILLARIES

Gas exchange occurs across the type | alveolar cells, the basement
membrane, and the capillary endothelial cell. The type Il alveolar
cells secrete surfactant, which forms a thin layer over the fluid that
coats the surface of the alveolus. Alveolar macrophages migrate

out of the capillaries and can be found in the interstitium of the
alveolar septa or within the alveolus itself. They serve to engulf
inhaled particulates and bacteria.
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