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Human Respiration is the process where oxygen and glucose
go through a complex series of chemical reactions inside cells.
After flowing through the nasal cavities, air enters the
pharynx, or throat.
F
From
the
th pharynx,
h
air
i goes into
i t the
th trachea
t
h
or windpipe.
i d i
The lungs are the main organs of the respiratory system.
Alveoli are tiny sacs of lung tissue, which specialize in the
movement of gases between air and blood.
The bronchi are tubes that direct air to the lungs.
The diaphragm is a dome shaped organ that supports the
lungs.
lungs
The cilia, which are tiny hair like extensions of cells, can
move together like whips to move mucus up the trachea.

Human respiration
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cadaver

Respiratory System Divisions
y

Upper tract
◦N
Nose, pharynx
h
and associated
structures

y

Lower tract
◦ Larynx, trachea,
bronchi, lungs
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y

A) Upper Respiratory Tract (URT)
1) paranasal structures
a) external nares
b) nasal cavity and septum
c) nasal conchae
d) nasal meatuses
e) olfactory epithelium
f) paranasal sinuses
g) ciliated pseudostratified
p
epithelium
2) pharynx
a) internal nares
b) auditory tubes
c) oropharynx
d) laryngopharynx
B) Lower Respiratory Tract (LRT)
1) layrnx
a) thyroid & cricoid
cartilage
b) vocal box
c) hyoid
2) trachea
a) "C"
C rings of cartilage
b) carina
i) receptors sensitive to
irritants
ii) initiates cough reflex
c) bronchi

y

3) lungs (right lung = three lobes; left
lung = two lobes)
a) pleural membranes
b) bronchi
c) bronchioles
d) terminal bronchioles
e) smooth muscles within
bronchiole walls
i) parasympathetic NS
activates (using histamine) bronchiole
smooth muscle (constriction)
ii) sympathetic NS inhibits
(using epinephrine) bronchiole smooth
muscle (dilation)
f) alveolar ducts
g) alveolar sacs
h) alveoli
i) simple squamous lining
ii) septal cells - produce
surfactant
iii) macrophage (Kuppfer
cells) - remove alveolar irritants, debris
iv) entire alveolar surface
area = 750 sqft
v) alveolar surface area site
of external respiration
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RESPIRATORY SYSTEM FUNCTION
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y
y
y
y
y
y

The main basic functions of the respiratory
system include:
1. Exchange of O2 and CO2.
2. Voice production.
3. Regulation of plasma pH.
4. Olfaction (sensation of smell)
5. Infection (pathogen invasion) prevention

Respiratory system importance

Respiratory System Functions
y
y
y

y
y

Gas exchange: Oxygen enters blood
and carbon dioxide leaves
R
Regulation
l ti
off blood
bl d pH:
H Altered
Alt
db
by
changing blood carbon dioxide levels
Voice production: Movement of air
past vocal folds makes sound and
speech
Olfaction: Smell occurs when airborne
molecules drawn into nasal cavity
Protection: Against microorganisms by
preventing entry and removing them
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y

y

The structures of the respiratory system can be divided
into :
◦ the upper respiratory tract
◦ the lower respiratory tract.
The upper respiratory tract refers to the:

x Nose,
x Pharynx, and their associated
structures.
y

The lower respiratory tract includes :
◦ The larynx,
◦ Trachea,
◦ Bronchi, and Lungs.
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Respiratory System
Figure 22.1

y

Consists of the respiratory and conducting
zones

◦ Respiratory zone:
x Site of gas exchange
x Bronchioles,
x Alveolar ducts,
x Alveoli

Respiratory System
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y

Conducting zone:

◦ Conduits for air to reach the sites of gas
exchange
◦ Includes all other respiratory structures (e.g.,
nose nasal cavity,
nose,
cavity pharynx,
pharynx trachea)

y

Respiratory muscles – diaphragm and
other muscles that promote ventilation
Contraction of external intercostal muscles > elevation of
ribs & sternum > increased front- to-back dimension of
y > lowers air pressure
p
g > air moves into
thoracic cavity
in lungs
lungs
Contraction of diaphragm > diaphragm moves downward >
increases vertical dimension of thoracic cavity > lowers air
pressure in lungs > air moves into lungs:

Thoracic Walls
Muscles of Respiration
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Figure 22.56

Figure 22.63
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Figure 22.57
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To supply the body with oxygen and
dispose of carbon dioxide
y Respiration – four distinct processes must
happen
y

◦ Pulmonary ventilation – moving air into and
out of the lungs
◦ External respiration – gas exchange between
the lungs and the blood

Major Functions of the Respiratory
System

◦ Transport – transport of oxygen and carbon
dioxide between the lungs and tissues
◦ Internal respiration – gas exchange between
systemic
t
i bl
blood
d vessels
l and
d tissues
ti

Major Functions of the Respiratory
System
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Figure 22.46

NOSE
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y

The only externally visible part of the
respiratory system that functions by:
◦ Providing
o d g an
a airway
a
ay for
o respiration
esp at o
◦ Moistening and warming the entering air
◦ Filtering inspired air and cleaning it of foreign
matter
◦ Serving as a resonating chamber for speech
◦ Housing the olfactory receptors

Function of the Nose

y

Nose is divided into two regions:
◦ External nose, including the root, bridge,
dorsum nasi, and apex
◦ Internal nasal cavity

y
y

Philtrum – a shallow vertical groove inferior
to the apex
The external nares (nostrils) are bounded
laterally by the alae

Structure of the Nose
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Structure of the Nose
Figure 22.2a
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Nasal Cavity and Pharynx
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y

Communicates to the exterior by anterior naris or nostril..

y

With a wall of fibro connective tissue and cartilage. Can be
varied in size by the muscular action.

y
y

Communicates to the posterior nasopharynx by Posterior naris.
Has a rigid wall of bone and Hyaline cartilage.

y

Skin of the external surface has large sebaceous glands, sweat
glands and hair follicles with stiff thick hairs.

y

The hair functions as a strainer for coarse particles drawn in by
the breathing.

y

Deeper in the nasal vestibule, stratified squamous epithelium
becomes no keratinized.

y

Further down to the respiratory area it becomes Pseudostratified
f
ciliated columnar epithelium with mucous goblet cells and Basal
cells.

The Nose

y

Basal cells are believed to be stem cells that can
differentiate anytime into other cell types.

y

The respiratory epithelium lies on a basal lamina and
supported by lamina propria with numerous branched
tubulo-alveolar glands.
g

y

The glands are mucous, serous and some mixed
alveoli resembling minor salivary glands.

y

The lamina propria contains lymphatic tissue and
mononuclear ( phagocytic) cells at the posterior of
nasopharynx.

y

The
off the
blends
the
Th deepest
d
t layer
l
th llamina
i bl
d iinto
t th
periostium or perichondrium forming a
mucoperiostium or mucoperichondrium.

The Nose….
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y
y

y

y

pear shaped, divided by the median nasal
septum.
Has three curved slender plates of bone covered
by a mucoperiostium protruding into it from the
wall. These are the Superior, middle, inferior
conchae. The inferior is the largest and covered
by a thick mucous membrane
membrane.
The lamina propria is covered by a rich vascular
plexus and erectile tissue or cavernous thinned
walled vessels.
Every 30 to 60 seconds the cavernous tissue or
swell bodies of one side become engorged with
blood restricting the flow of air thus recover from
dessication.

Frontal section of the Nose

The surface is kept moist by mucous and
serous secretions that humidify the inspired
air.
y The conchae cause turbulence in the airflow
aiding the contact of inspired air and the
mucous membrane,
b
thus
th trapping
t
i
particulate
ti l t
materials, absorb pollutant gases
( ozone and sulphur dioxide).
y The cilia of the ciliated cells constantly move
this mucous coat back to the nasopharynx
where it is swallowed or expectorated.
y

The Nose…..
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Olfactory mucosa. Found at the roof
of each nasal cavity extending down
from the superior nasal concha, with a
yellowish brown area.
y It is a Pseudostratified columnar
epithelium, lacks goblet cells, no
distinct basal lamina, of three types;
y 1. supporting cells
2. Basal cells
3. Olfactory cells
y

Nose, Organ of Smell….

tall, slender, cylindrical cells, broad at the apices
and tappering basally.
y Nuclei are ovoid, situated centrally, forms a row,
lying more superficial than nuclei of sensory
cells.
y Apically it bears microvilli protruding into the
underlying film of mucous with a terminal web of
filaments.
y Small golgi apparatus lies superficial to the
nucleus with pigment granules similar to
lipofuscin.
y

Supporting or Sustentacular cells
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y

Small, conical cells with dark ovoid nuclei
and branching cytoplasmic processes.

Lies between the bases of supporting cells.
Believed to be stem cells
Capable of differentiating into sustentacular
cells.

Basal Cells

y

y
y

y
y

Distributed evenly between supporting cells
and are modified bipolar with a cell body, a
dendrite and an axon passing deeply into the
lamina propria.
The nuclei is spherical and lie more basally.
Apical dendrites are slender,
slender pass between
supporting cells to the surface to terminate in
small bulb-like swellings – Olfactory vesicles.
From it radiates 10 olfactory cilia or hairs each
with a basal body in apical cytoplasm of the
vesicle.
The cilia is long and non-motile.
It functions
as the
elements.
f
ti
th actual
t l receptive
ti
l
t

Olfactory or Sensory cells.
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y

The basal part of each sensory cell tapers into a slender cylindrical
process that passes into the underlying lamina propria as axon which
are collected into small bundles “Fila Olfactoria”

y

It then passes superiorly thru the fine canals of the cribriform plate of
the ethmoid bone to enter the olfactory bulb of the brain.

y

Within the lamina propria are lymph and venous plexuses that
communicates with the subarachnoid space via capillaries running
with the fila olfactoria.

y

Glands of Bowman = found within the lamina propria of the
olfactory epithelium. Its watery secretions is carried to the surface of
the narrow ducts to moisten the surface of the epithelium and serves
as solvent for odiferous substances. Its continous secretions
p
prevents repetition
of
freshens the surface film of fluid and p
stimulation of the olfactory hairs of a single odor.

Olfactory or Sensory cells….

Nasal Cavity
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Nasal Cavity
y
y

Lies in and posterior to the external nose
Is divided by a midline nasal septum

y

Opens posteriorly into the nasal pharynx
via internal nares

y

The ethmoid and sphenoid bones form the
roof

y

The floor is formed by the hard and soft
palates

y

Vestibule – nasal cavity superior to the
nares
◦ Vibrissae – hairs that filter coarse particles
from inspired air

y

Olfactory mucosa
◦ Lines the superior nasal cavity
◦ Contains smell receptors

Nasal Cavity
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Figure 22.47
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y

Respiratory
p
y mucosa
◦ Lines the balance of the nasal cavity
◦ Glands secrete mucus containing lysozyme
and defensins to help destroy bacteria

Nasal Cavity
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Nasal Cavity
Figure 22.3b
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y

Inspired air is:

◦ Humidified by the high
water content in the
nasal cavity
◦ Warmed by rich
plexuses of capillaries

y

Ciliated mucosal cells
remove contaminated
mucus

Nasal Cavity

y

Superior, medial, and inferior
conchae:
◦ Protrude medially from the lateral walls
◦ Increase mucosal area
◦ Enhance air turbulence and help filter air

y

Sensitive mucosa triggers sneezing
when stimulated by irritating
particles

Nasal Cavity
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y

During inhalation the conchae and nasal
mucosa:
◦ Filter, heat, and moisten air

y

During exhalation these structures:
◦ Reclaim heat and moisture
◦ Minimize heat and moisture loss

Functions of the Nasal Mucosa and
Conchae

PARANASAL SINUSES
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y
y
y
y
y
y
y

air filled cavities within the bones of the skull,
located in:
Maxillary sinus
Frontal sinus
Ethmoidal sinus
S h
Sphenoidal
id l sinus
i
the epithelial lining is pseudostratified ciliated
columnar.
Thinner, fewer goblet cells and basal lamina is
poorly developed, no erectile tissue present.

Paranasal Air sinuses

y

Sinuses in bones
that surround the
nasal cavity

y

Sinuses lighten
g
the
skull and help to
warm and moisten
the air

Paranasal Sinuses
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Paranasal
Sinuses
1.Sinus frontalis
2.Cellulae
ethmoidales
3.Septum
p
nasi
4.Concha nasalis
inferior
5.Processus
alveolaris
mandibulae with
teeth
6.Sinus maxillaris
7.Margo infraorbitalis
8
ea innominata
o
ata
8.Linea
9.Lamina orbitalis
ossis ethmoidalis
10.Margo
supraorbitalis
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Nose and Pharynx
y

Nose
◦ External nose
◦ Nasal cavity
x Functions
◦ Passageway for air
◦ Cleans the air
◦ Humidifies, warms air
◦ Smell
◦ Along with paranasal

y

Pharynx
◦ Common opening for
digestive and
respiratory systems
◦ Three regions
x Nasopharynx
x Oropharynx
x Laryngopharynx

sinuses are
resonating chambers
for speech

PHARYNX
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y

It is divided into
three regions
◦ Nasopharynx
◦ Oropharynx
◦ Laryngopharynx
L
h

Pharynx

y

Funnel-shaped tube
of skeletal muscle
that connects to the:
◦ Nasal cavity and
mouth superiorly
◦ Larynx
L
and
d esophagus
h
inferiorly

y

Extends from the
base of the skull to
the level of the sixth
cervical vertebra

Pharynx
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chamber flattened
anteroposteriorly, thru which
food and air passes.
Subdivided into:
y Nasopharynx – from below the
base of the skull behind the
posterior nares above the soft
palate.
y Oropharynx – behind the oral
cavity and posterior of the
tongue.
y Laryngopharynx – behind the
pharynx.
y

Nasopharynx

1/
/ Nasopharynx
asop a y
i.
Continuous with the nasal cavity via the internal nares.
Lined by respiratory epithelium.
Contains the opening to the auditory tube (a.k.a. the Eustachian
tube).
The auditory tube connects the pharynx to the middle ear cavity.
2.
It functions to ensure that the air pressure within the middle
ear cavity is equal to atmospheric pressure.
Contains the pharyngeal tonsil.
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y

Lies posterior to the nasal cavity,
inferior to the sphenoid, and superior
to the level of the soft palate

y

Strictly an air passageway

y

Lined with pseudostratified columnar
epithelium

Nasopharynx

y

Closes during swallowing to prevent
food from entering the nasal cavity

y

The pharyngeal tonsil lies high on the
posterior wall

y

Pharyngotympanic (auditory) tubes open
into the lateral walls

Nasopharynx
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epithelial lining is pseudostratified
ciliated columnar or stratified squamous
over the posterior edge of the soft
palate.
y In tthe
e respiratory
esp ato y passage area
a ea itt is
s
with goblet cells, lamina propria is has
elastic tissue in contact with the
striated pharyngeal constrictor muscles.
y In the lamina propria glands are
present, mucous, serous or mixed type.
y

Nasopharynx

y
y
y

y
y

Lymphatic tissue is abundant all throughout
the pharynx,
Nasopharynx = Adenoids or pharyngeal
tonsils, true lymphatic follicles are located.
Palatine tonsils = lymphoid tissue located
laterally on each side at the junction of the oral
cavity
Lingual tonsils = lymphoid tissues located in the
root of the tongue
Tubal tonsils = collection of lyphoid tissues
lateally in the nasopharynx around the opening of
the pharyngotympanic ( Eustachian ) tube.

Nasopharynx
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y

i.
Inferior to the uvula and
superior to the epiglottis.

y

Lined by nonkeratinized stratified
squamous epithelium
i h li
b/ it is a
b/c
common pathway for food and air.

y

The palatine tonsils are located near the
opening of the oral cavity into the
p
y
pharynx.

oropharynx
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y

Extends inferiorly from the level of the
soft palate to the epiglottis

y

Opens to the oral cavity via an archway
called the fauces

y

Serves as a common passageway for food
and air

Oropharynx
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y

The epithelial lining is
protective stratified
squamous epithelium

y

Palatine tonsils lie in
the lateral walls of the
fauces

y

Lingual tonsil covers
the base of the tongue

Oropharynx

y

Inferior to the epiglottis and superior to the split
between the larynx and the esophagus.

y

Lined by nonkeratinized stratified squamous
epithelium b/c it is a common pathway for food and
air.

y

Continuous with the larynx inferiorly.

y

Lingual tonsils are located on the posterior surface
of the tongue, which also places them near the
opening of the oral cavity into the pharynx.

laryngopharynx
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y

Serves as a common passageway for food
and air

y

Lies posterior to the upright epiglottis

y

Extends to the larynx, where the
respiratory and digestive pathways
diverge

Laryngopharynx
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y

Connects the pharynx and the trachea

y

Plays an important role in phonation.

y

The walls are of skeleton hyaline and
elastic cartilage some with connective
tissue , striated muscle and mucous
glands.

Larynx

Larynx

y
y
y
y
y
y
y
y

y

Routes food and air down their correct passages.
Contains the vocal cords, which function in voice production.
Arrangement of 9 cartilages connected by membranes and
ligaments and lined by respiratory epithelium.
Cartilages include thyroid, cricoid, epiglottis and 3 small
paired cartilages.
All cartilages are hyaline with the exception of the
epiglottis, which is elastic cartilage.
Thyroid cartilage is the largest and its midline laryngeal
prominence is the male “Adam’s apple.”
Inferior to the thyroid is the signet-ring shaped cricoid cartilage.
The 3 pairs of small cartilages form much of the posterior and
lateral larynx.
The epiglottis extends from the base of the tongue to its hinge
on the superior thyroid cartilage. During swallowing, the
epiglottis tips and covers the entrance to the larynx and ensures
that food enters the esophagus.

y
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Major cartilage are:
Hyaline type.
y thyroid
y cricoid
y arytenoids

The Larynx…..

Larynx

y

Functions
◦ Maintain an open passageway for air movement
◦ Epiglottis and vestibular folds prevent swallowed
material from moving into larynx
◦ Vocal folds are primary source of sound production
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y

Attaches to the hyoid bone and opens into
the laryngopharynx superiorly

y

Continuous with the trachea posteriorly

y

The three functions of the larynx are:

◦ To provide a patent airway
◦ To act as a switching mechanism to route air
and food into the proper channels
◦ To function in voice production

Larynx (Voice Box)

The true vocal cords
consist of:
y stratified squamous
epithelium
y vocal ligament
g
(connective tissue, which
is mainly elastic bundles)
y vocal muscle (skeletal
muscle, which regulates
the tension of the folds).
y

y

The false vocal
cords consist of:

y
y

respiratory
epithelium

y

lamina propria
with many
exocrine glands
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y

Deep to the laryngeal mucosa in the lateral walls of the larynx
are the vocal ligaments. These are the core of the lower
vocal folds or true vocal cords.

y

Vibration of the vocal ligaments creates sounds that are then
y the tongue,
g
lips,
p etc., to p
produce the sounds with
modified by
which we are familiar.

y

Superior to the vocal folds are the vestibular folds or false
vocal cords. These play no role in voice production.

y

The space between the vocal folds on the left and those on
the right is known as the glottis.

y

Cartilages (hyaline) of the larynx
◦ Shield-shaped anterosuperior thyroid cartilage with a midline
laryngeal prominence (Adam’s apple)
◦ Signet ring–shaped anteroinferior cricoid cartilage
◦ Three pairs of small arytenoid, cuneiform, and corniculate
cartilages

y

Epiglottis – elastic cartilage that covers
the laryngeal inlet during swallowing

Framework of the Larynx
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Framework of the Larynx
Figure 22.4a, b
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Vocal Folds

Movements of Vocal Cords
Figure 22.5
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y

Attach the arytenoid cartilages to the
thyroid cartilage

y

Composed of elastic fibers that form
mucosal folds called true vocal cords
◦ The medial opening between them is the
glottis
◦ They vibrate to produce sound as air rushes up
from the lungs

Vocal Ligaments

y

False vocal cords
◦ Mucosal folds superior to the true vocal cords
◦ Have no part in sound production

Vocal Ligaments
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Speech – intermittent release of expired air
while opening and closing the glottis
Pitch – determined by the length and tension of
the vocal cords
Loudness – depends upon the force at which
the air rushes across the vocal cords
The pharynx resonates, amplifies, and
enhances sound quality
Sound is “shaped” into language by action of the
pharynx,
h
ttongue, soft
ft palate,
l t and
d lips
li

y
y
y
y
y

Vocal Production

The larynx is closed during coughing,
sneezing, and Valsalva’s maneuver
y Valsalva’s maneuver
y

◦ Air is temporarily held in the lower respiratory
tract by closing the glottis
◦ Causes intra-abdominal pressure to rise when
abdominal muscles contract
◦ Helps to empty the rectum
p
g
◦ Acts as a splint
to stabilize the trunk when lifting
heavy loads

Sphincter Functions of the Larynx
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y
y

Consists of the parts found in the thoracic
cavity: the lower trachea and the lower
trachea and the lungs.

p
y System
y
Lower Respiratory
Structures

y
y

y

y

y

y

y
y

The larynx goes directly into the
trachea or the windpipe.
The trachea is a tube approximately
12 centimeters in length and 2.5
centimeters wide.
The trachea is kept open by
rings of cartilage within its
walls.
Similar to the nasal passages, the
trachea is covered with a ciliated
mucous membrane.
Usually the cilia move mucus and
trapped foreign matter to the
pharynx.
After that, they leave the air
passages and are normally
swallowed.
The respiratory system cannot deal
with tobacco smoke very keenly.
Smoking
stops
the
S
ki
t
th cilia
ili from
f
moving. Just one cigarette slows
their motion for about 20
minutes. The tobacco
smoke increases the amount of
mucus in the air passages. When
smokers cough, their body is
attempting to dispose of the extra
mucus.

Trachea
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Trachea
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y
y
y

y
y
y
y

y

Extends from the larynx to the mediastinum, where it splits into 2
primary bronchi.
Lined by respiratory epithelium and associated with abundant
mucus secretion.
Note: smoking destroys cilia. Without cilia, it becomes difficult to
sweep the mucus up and out of the trachea. The individual coughs
violently.
violently
The persistent mucus may lead to chronic bronchitis
(inflammation of the bronchi).
The trachea is reinforced by about 18 C-shaped rings of cartilage.
These rings prevent the trachea from collapsing during inspiration.
The open portion of the cartilage rings is posterior and there you
find the trachealis muscle. The lack of posterior cartilage is
important b/c it provides the esophagus with room to expand when
a large bolus of food is swallowed.
swallowed
Carina - the point where the trachea divides into the left and right
primary bronchus.

Trachea
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Flexible and mobile tube extending from
the larynx into the mediastinum
y Composed of three layers
y

◦ Mucosa
ucosa – made
ade up of
o goblet
gob et cells
ce s and
a d ciliated
c ated
epithelium
◦ Submucosa – connective tissue deep to the
mucosa
◦ Adventitia – outermost layer made of Cshaped rings of hyaline cartilage

Trachea
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Trachea
Windpipe
y Divides
des
to form
y

◦ Primary
bronchi
◦ Carina:
Cough
reflex
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Trachea

Figure 22.6a

TRACHEA/ ESOPHAGUS
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The
Tracheo-bronchial
Tree
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Airway Function with Lung Volume Change

High Lung Volume

Low Lung Volume

Residual
Volume
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Lung recoil is important for airflow
• recoil contributes to driving pressure for flow
• recoil helps hold intraparenchymal airways open
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Composed of the :
y Lower trachea
y Bronchus
y Bronchioles
y Alveoli

The Respiratory part

y

y

y

The bronchial tubes
divide and then
subdivide.
By doing this their walls
become thinner and
have less and less
cartilage.
Eventually, they become
a tiny group of tubes
called bronchioles.

Bronchioles
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Tracheobronchial Tree
y

Conducting zone
◦ Trachea to terminal bronchioles which is
ciliated for removal of debris
◦ Passageway for air movement
◦ Cartilage holds tube system open and
smooth muscle controls tube diameter

y

Respiratory zone
◦ Respiratory bronchioles to alveoli
◦ Site for gas exchange

y

Bronchioles
◦ Consist of cuboidal epithelium
◦ Have a complete layer of circular smooth muscle
◦ Lack cartilage support and mucus-producing cells

Conducting Zone: Bronchial Tree
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y

Around the center of the
chest, the trachea divides
into two cartilage-ringed
tubes called bronchi.

y

Also, this section of the
respiratory system is lined
with ciliated cells.

y

The bronchi enter the lungs
and spread into a treelike
fashion into smaller tubes
called bronchial tubes.

Bronchi

y

Carina of the last tracheal cartilage
marks the end of the trachea and the
beginning of the bronchi

y

Air reaching the bronchi is:

y

Bronchi subdivide into secondary bronchi,
each supplying a lobe of the lungs

y

g undergo
g 23 orders of branching
g
Air p
passages

◦ Warm and cleansed of impurities
◦ Saturated with water vapor

Conducting Zone: Bronchi
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y

Tissue walls of bronchi mimic that of the
trachea

y

As conducting tubes become smaller,
structural changes occur
◦ Cartilage support structures change
◦ Epithelium types change
◦ Amount of smooth muscle increases

Conducting Zone: Bronchial Tree

Conducting Zones

Figure 22.7
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y

Defined by the presence of alveoli; begins as
terminal bronchioles feed into respiratory
bronchioles

y

Respiratory bronchioles lead to alveolar
ducts, then to terminal clusters of alveolar
sacs composed of alveoli

y

Approximately 300 million alveoli:
◦ Account for most of the lungs’ volume
◦ Provide tremendous surface area for gas exchange

Respiratory Zone

y

y
y

y

y

y

y
y

Each bronchiole ends in a tiny air
chamber that looks like a bunch of
grapes.
Each chamber contains many cupshaped cavities known as alveoli.
The walls of the alveoli, which are
only about one cell thick, are the
respiratory surface.
They are thin,
thin moist,
moist and are
surrounded by several numbers of
capillaries.
The exchange of oxygen and
carbon dioxide between blood and
air occurs through these walls.
The estimation is that lungs contain
about 300 million alveoli. Their total
surface area would be about 70
square meters
meters.
That is 40 times the surface area of
the skin.
Smoking makes it difficult for
oxygen to be taken through the
alveoli.

Alveoli
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Respira
atory
Zone
Figure 22.8a

Respiratory
Zone

Figure 22.8b
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The terminal unit

Terminal Bronchiole
Gas Exchange Zone
Respiratory
Bronchioles
Alveolar Ducts
Alveolar Sacs

The alveoli distal to one Terminal Bronchiole make up an
acinus. Several of these form a lobule.
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Terminal Bronchiole - Respiratory Bronchioles

The respiratory epithelium becomes less complex in the smaller
airways.
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Respiratory Bronchiole

Alveolar Duct
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Alveolar Sacs
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Alveolar type 2 cell

Red
Blood
cells

Alveolar
Macrophage
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The terminal
unit with its
vaculature

Bronchial art
Pulmonary art
(deoxygenated)
Pulmonary veins
(oxygenated)

Tracheobronchial Tree (Alveoli)

77

1/26/2009

A = alveolar air space
C = capillaries

The alveolar surface
in an air-filled prep
with surface tension

A = alveolar air space
C = capillaries
TM = tubular myelin
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Alveolus and
Respiratory
Membrane
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y
y
y
y
y
y
y

The respiratory membrane consists of
(1) A thin layer of fluid lining the alveolus,
(2) The alveolar epithelium comprised of
simple
i
l squamous epithelium,
i h li
(3) The basement membrane of the alveolar
epithelium,
(4) A thin in-terstitial space,
(5) The basement membrane of the capillary
endothelium, and the capillary endo-thelium
comprised of simple squamous epithelium.

Respiratory Membrane
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y

This air-blood barrier is composed of:
◦ Alveolar and capillary walls
◦ Their fused basal laminas

y

Alveolar walls:

◦ Are
A a single
i l layer
l
off type
t
I epithelial
ith li l cells
ll
◦ Permit gas exchange by simple diffusion
◦ Secrete angiotensin converting enzyme (ACE)

y

Type II cells secrete surfactant

Respiratory Membrane

y
y
y

The squamous epithelial cells of the alveolar walls
are sometimes called Type I pneumocytes.
these squamous Type I cells facilitate gas
exchange.
Scattered among the squamous cells are
occasional larger cuboidal cells, sometimes called
greater alveolar cells and sometimes called Type
II pneumocytes. These cells secrete surfactant,
which serves the critical function of keeping alveolar
walls from sticking to one another.

ALVEOLAR CELLS

81

1/26/2009

82

1/26/2009

Surrounded by fine elastic fibers
y Contain open pores that:
y

◦ Connect adjacent alveoli
◦ Allow air pressure
p
throughout
g
the lung
g to be
equalized
y

House macrophages that keep alveolar
surfaces sterile

Alveoli

Respiratory Membrane

Figure 22.9b
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Respiratory Membrane

Figure 22.9c ,d

Respiratory Membrane
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Respiratory membrane thickness
Increasing the thickness of the respiratory membrane decreases the
rate of diffusion.
diffusion
In healthy lungs, the respiratory membrane (alveolar membrane +
endothelial membrane + fused basement membranes) is 0.5-1.0um thick,
but the thickness can be increased by respiratory diseases.
For example, in patients with pulmonary oedema fluid accumulates in the alveoli, and
gases must diffuse through a thicker-than-normal layer of fluid. If the thickness of the
respiratory membrane is increased two or three times, the rate of gas exchange is
markedly decreased.
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HISTOLOGY
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Typical
Respiratory
Epithelium
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Olfactory Epithelium
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