Respiratory System
Exchange O, and CO, between atmosphere and blood

1) Conducting passages
Nose/ nasal cavities
Pharynx
Larynx
Trachea
Bronchi (within lungs)
Bronchioles (within lungs)

2) Respiratory passages (within lungs)
Respiratory bronchioles
Alveolar ducts, sacs
Alveoli



Nasal cavity

Nostril
Oral cavity
Larynx
Site of carina
Right primary bronchus—
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| |
|
Right lung ! ‘ Latiing
v" .0|
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l‘1 )
3 Diaphragm
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Frontal sinus

Sphencidal sinus
. i Cribriform plate

Superior meatus — 8 S of ethmoid bone
Middle meatus : : pavios .

Middle concha
Pharyngeal tonsil

Inferior concha
Opening of pharyngotympanic Vasiule
(auditory) tube Inferior meatus
Nasopharynx Nares
Posterior nasal aperture (Choana) Hard palate
Uvula -?oonﬂgmw 2
Palatine tonsil Linaual tonsil
Fauces gu
Oropharynx Epiglottis
Laryngopharynx Hyoid bone
Vestibular fold Thyroid cartilage
Vocal fold gt

Cricoid cartilage
Esophagus

Thyroid gland
Trachea
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Nose — Nasal Cavities
Function

1) Cleanse

2) Warm

3) Humidify air

4) Olfaction
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Structure
Bone
Cartilage
Mucous membrane = mucosa
1) Epithelium

2) Underlying connective tissue




Mucous membrane = mucosa
1) Epithelium
Pseudostratified columnar epithelium with cilia and
goblet cells

Goblet cells are mucus secreting cells shaped like goblets
due to apical region filled with mucus

Microvilli Secretory
vesicles
43, containing
mucin

Golgi
apparatus
Nucleus

— Rough ER




Frontal sinus

Sphencidal sinus
. i Cribriform plate

Superior meatus — 8 S of ethmoid bone
Middle meatus : : pavios .

Middle concha
Pharyngeal tonsil

Inferior concha
Opening of pharyngotympanic Vasiule
(auditory) tube Inferior meatus
Nasopharynx Nares
Posterior nasal aperture (Choana) Hard palate
Uvula -?oonﬂgmw 2
Palatine tonsil Linaual tonsil
Fauces gu
Oropharynx Epiglottis
Laryngopharynx Hyoid bone
Vestibular fold Thyroid cartilage
Vocal fold gt

Cricoid cartilage
Esophagus

Thyroid gland
Trachea

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.



Pharynx

Lacks anterior wall; opens to
nose, mouth, and larynx
anteriorly

1) Nasal (naso-)pharynx

2) Oral (oro-)pharynx

3) Laryngeal (laryngo-)pharynx
(hypophaynx)

Image made available by a generous grant from Bristol-Myers Squibb
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Larynx: Skeleton

Body of hyoid bone
Thyrohyoid membrane

Fatty pad

Vestibular fold
(false vocal cord)
Thyroid cartilage

Vocal fold

(true vocal cord)
Cricothyroid ligament
Cricotracheal ligament

Body of hyoid bone ———

Cuneiform cartilage

Thyroid cartilage Corniculate cartilage

Arytenoid cartilage
Arytenoid muscle

Laryngeal prominence
(Adam'’s apple)

Cricothyroid ligament

Cricoid cartilage

Cricotracheal ligament

Tracheal cartilages —

(a) (b)
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Major Movements of Larynx
1) Thyroid cartilage hinges on cricoid cartilage
Tenses or loosens the vocal cords

2) Arytenoid cartilages pivot on cricoid cartilage

Open and close the glottis (space between the vocal
cords)

(a)

(b)
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Posterior

Pseudostratified ciliated
columnar epithelium

Seromucous glands
in submucosa

Lumen of

Hyaline cartilage

Anterior

(@
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Trachea

10to 12 cm (4-57)
Coto T4

2 to 2 2 cm diameter

Vertebral column

Vagus nerve

Longus Colli:

Esophagus

Cupola of pleura Left recurrent

laryngeal nerve

Thoracic duct

Trachea

Arch of

azygos vein Aortic arch

Bronchial arteries

Esophagus

Intrannlmanarv hranshi

Esophagus Vertebral artery

Trachea

Thyro-cervical trunk

Costo-cervical trunk

Internal thoracic artery
(Int. mammary art.)

Right subclavian artery

Right common carotid artery:
Brachiocephalic trunk Left subclavian artery

Arch of azygos vein

Left common carotid artery
Lymph nodes

\\

Right bronchus A\,
4 "\\

Esophagus

Aortic arch

Left bronchus

Thoracic duct

Cisterna chyii



Primary Bronchi

1)

2)

3)

Right bronchus is shorter

Trachea is slightly to right of
aorta

Right bronchus is wider

Right lung is larger (heart is
on the left)

Right bronchus has more

direct path (more vertical)

Vertebral column

Longus Colli

Cupola of pleura:

Intranulmanarv hranchi



Trachea

Superior lobe
of right lung

Superior lobe of left lung

Main bronchus

Lobar bronchus

Segmental bronchus

Middle lobe
Inferior lobe

Inferior lobe
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1) Primary bronchi

Trachea bifurcates to 2:
Right and left

One / lung
Branch into:

2) Secondary (lobar) bronchi
One / lobe of lung
3 on right, 2 on left
Branch into:

3) Tertiary (segmental) bronchi
One / bronchopulmonaryoncs

segments

e
Larynx— & j 7— Thyroid
- | cartilage
il £ Cricoid
_— cartilage
Nt
-
aane .
Trachea— L= Cartilagino
S ring
Upper lobe Editng
bronchus

Left
primary Y
bronchus

44 ‘ b

W)
Right primary .
bronchus

Lower lobe

. bronchi
Middle lobe



Bronchopulmonary Segments

Lung bronchopulmonary segments (anterior view)

R\ ;

| Apical
Supeﬁor/

lingular

Anterior

Lateral

Medial Inferior
lingular

\ Anterior basal
» —— Medial basal —//

Posterior basal

Right lung Left lung
Figure 21.15 (1 ot 2)



Parietal pleura
Visceral pleura
Pleural cavity

Diaphragm
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Verebra Posterior
Esophagus (In posterior mediastinum) — 2

Right lung

Parietal pleura

Visceral pleura

Pleural cavity ’ - "
oot of lung at hilus
Right main bronchus 5 ung u
.4_

Right pulmonary artery \ Left lung

Thoracic wall
Right pulmonary vein

Pulmonary trunk
Pericardial membranes

Hean (in mediastinum)

Anterior mediastinum
Sternum -

Anlenor

(b)
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Lift

-« —>

(b) Lateral expansion
Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.

(c) Anteroposterior expansion
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Ribs elevated
as external
intercostals

_ contract

Diaphragm moves
inferiorly during
contraction

(d) Inspiration
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Ribs depressed
as external
intercostals relax

Diaphragm moves
superiorly as
it relaxes

Expiration
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Phrenic nerve (C3,4,5)
from cervical plexus
Innervates diaphragm




1) Extrapulmonary bronchi
Same structure as trachea

2) Intrapulmonary bronchi

Cartilage in spirals and plaques
Layer of smooth muscle internal to cartilage
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Layers of bronchial wall
1) Mucosa — same

2) Layer of smooth muscle

3) Submucosa - CT

4) Cartilage in plaques

5) Elastic fibers in submucosa

Glands

Bronchi get progressively smaller swonmece
As decrease size of bronchi>
1) Increase in smooth muscle
2) Decrease In cartilage
When cartilage gone = bronchiole

Bronchus



Bronchioles

No cartilage

Complete ring of smooth muscle, also elastic fibers

Epithelium = simple columnar > simple cuboidal, no goblet cells
Smallest = Terminal bronchioles

Bronchus

Bronchiclus




Respiratory Passages
Respiratory bronchioles

Alveoli along wall
Alveolar ducts

Alveoli increase in density
until solid wall of alveoli

Alveolar sac
Blind end of passages
Totally lined by alveol
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Alveolus
300 million alveoli

70 to 80 square meters of
surface area

Thin walled sacs (<1 micron)

Back to back with capillary
network

Alveolar

Alveolus

Dust cell A
(macrophage) , /g |

Lamellar
bodies

Type Il pneumocyte

Gas exchange occurring
at the alveolar-capillary

harrier



Type |l (surfactant- Type | cell
secreting) cell of alveolar wall

Epithelial cell nucleus

Capiliary

Endothelial cell

nucleus

Capillary
Nucleus of

Macrophage Type
{squamous
: epithelial)
Respiratory ——  Alveolar epithelium cell
membrane
_ Fused basal laminas
SR of the alveolar epithelium
‘ and the capillary endothelium
Alveoli (gas-filled Red blood cell Alveolar pores | Capillary endothelium ——————

(b)  airspaces)
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Alveolar wall
1) Type |l pulmonary epithelial cells

2) Type Il pulmonary cell = great alveolar cells = septal
cells

Alveolar fluid lining
with pulmonary surfactant
Type Il alveolar cel N s, Alveolar

T s macrophage
DU St Cel IS Type | alveolar cell - =2 N i

Interstitial fluid

Pulmonary
capillary

Erythrocyte



Alveolar wall
1) Type | pulmonary epithelial cells
Simple squamous epithelial cells

Alveolar fluid lining
with pulmonary surfactant

Alveolar

Type Il alveolar cell macrophage

Type | alveolar cell

Interstitial fluid

Pulmonary
capillary



Alveolar wall

2) Type Il pulmonary cell =
great alveolar cells =
septal cells

Produce surfactant —
decreases surface tension
to ease work of distending

Sutfactant [ Aggeous hypophase Surfactant extruded from
un gS Lipid monolayer L meme  lipoprotein vesicle

Alveolar fluid lining

with pulmonary surfactant

Alveolar
macrophage

\ Pulmonary
%\ capillary
%

Erythrocyte

Small lamellar body fusing to
lipoprotein vesicle

i3 @amellar body P\ E
& (phospholipid) & : 1 & \\
-0 48 5ot | Surfactant covering types |
o 2 \ and |l cells and macrophages

%

R . vesicular ezf ] -
Protein- . - body S

SyntheSiS i (Pfotein; ;‘:."..- / ': ‘:i f— =)

@ Pﬁosphatidyléhohne synthesis

Bésen{ent/m"Q?"' .
& S
Capillary endotheliu §
\L,/Z- Amino acids Macrophage

Choline Occluding junction



Alveolar wall
3) Dust cells (does not form wall)
Wandering macrophages, within lumen

Alveolar fluid lining

with pulmonary surfactant
e Alveolar

Type Il alveolar cell macrophage

Type | alveolar cell

Interstitial fluid

Pulmonary
capillary



Diffusion barrier (.5 micron)
1) PUImonary Ce” Squamous epithelial cell EPS"?‘%'?;??E"

[‘!fil pneumocyte) (type Il pneumocyte) ﬁ, o
2) Basementmembrane ‘R / |
3) Endothelial cells of SN

Alveolar phagocyte
~ (macrophage)

capillary

Reticular j oF
fibers  J10N

Alveolar—capillary
barrier

Monocyte E‘;(I:lgzhelial
transforming ot
into macrophage pillary




