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Lower respiratory tract



Bronchioles

* Bronchioles begin at a diameter of approximately
5 mm or less, branching further into smaller
passages. These are categorized into large
bronchioles (about 1 mm) and small bronchioles

ing 0.5 i
(averaging 0.5 mm) Terminal

bronchiole

Respiratory

* Note: Bronchioles lack both glands and cartilage.
Goblet cells are few 1n these passages and are
replaced by clara cells.

bronchioles —

* The lining epithelium transitions from ciliated
pseudostratified columnar (in large bronchioles)
to ciliated simple columnar, eventually becoming
ciliated simple cuboidal in the smaller

L i

bronchioles Copyright ©2006 by The McGraw-Hill Companies, Inc,
All rights reserved,

* No lymphatic nodules

Dr.’s figure:



Bronchioles
Clara cells

* Simple cuboidal cells without cilia

Clara cells

* (Clara cells are located within the terminal
and initial respiratory bronchioles. They
contain secretory granules at their apex
that protect against bacterial inflammation
and oxidative pollutants

A
: & wé
* These cells contribute to surfactant £ \*“

production, and form specialized clusters \ * 4 - .
known as neuroepithelial bodies. | &, | “
_ M £ o k
| Cap lary

* These bodies receive cholinergic nerve
endings and function as chemoreceptors
that monitor changes in oxygen and CO2
levels.

\
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Copyright @200& by The McGraw-Hill Companies, Inc
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Expected exam question about Clara cells, in the quiz Dr.’s figure:



Bronchioles

Terminal bronchioles * on v

* The terminal bronchioles exhibit prominent
mucosal folding due to the presence of spiral and
circular smooth muscle and elastic fibers within
the lamina propria.

Terminal ™ ;
bronchiole

* The epithelium transitions to simple ciliated
columnar or cuboidal cells.

* Physiologically, the sympathetic nervous system
triggers bronchodilation, whereas the
parasympathetic nervous system (via the vagus
nerve) causes bronchoconstriction.

* Clinical Note: In an asthma emergency, (the patient LS
is unable to breath) adrenaline is administered Gog A AT by i el Gl e
because it mimics sympathetic action, inducing

rapid bronchodilation to restore airflow.
Dr.’s figure:



Bronchioles
Respiratory bronchioles

. . . . ° ! I I— ’L{:’ o
* Terminal bronchioles maintain a closed, circular - g-?a:,;. 5 a o
° ° ¢ e [ ~ ‘:' : .
lumen, whereas respiratory bronchioles feature an A e )

Alveolar duct

. ] /)

interrupted wall (open lumen) as they open into By r\%

alveolar ducts. N

b . ° :‘-' \-ﬂ;‘-g) {
* The lining of the respiratory bronchioles begins as R RS
. . . . o . oy e pld A

simple cuboidal epithelium (containing both ciliated e, 92

and non-ciliated Clara cells) and transitions distally \;;” Z "‘:%,;

into simple squamous epithelium. geter s
* As the airways progress, mucosal folding decreases {7 Alveoli i

alongside a reduction in smooth muscle, which S ;3 R _

eventually appears only as 'knobs' or 'tags' at the '4‘--’%}35"( .W' & 5;4 MRS e

alveolar openings. -{“ h&"v&y o T8 Rt IR,

: . . o %) ‘lf‘“yl‘v‘(‘;_‘ v (‘%{‘p \}’1& k"_,

* While gas exchange begins in the respiratory Soppight 02006 by Th Mecrav il Comparies, Inc

4l viahts reserved.

bronchioles, it occurs primarily within the alveoli.
Dr.’s figure:



Bronchioles
Alveolar Ducts

* Between these alveoli, elastic fibers provide

the necessary recoil for lung inflation and
deflation.

* Finally, the alveolar ducts lead into atria (2
alveolar ducts), which serve as the entry
point to the alveolar sacs.

* The matrix 1s rich 1n reticular and elastic

fibers, which provide support for the alveolar
duct and alveoli.

Trachea

Mainstem hronchus

Lobar bronchus

Segmental bronchus

Bronchiole o,,'.
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Have a good look 1nto these pictures

Respiratory bronchiole

Alveolar duct

Terminal bronchiole

Branch of
pulmonary artery

Smooth muscle

Alveoli

Interalveolar
septum

| Aveolar'sac Respiratory bronchiole Alveolar sac
Copyright 2006 by The McGraw-Hill Companies, Inc
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Dr.’s figures:



Alveoli

* Alveoli are saclike evaginations
(approximately 200um 1n diameter) that
provide the lung with its characteristic
spongy soft structure

* The tissue between individual alveoli is
known as the interalveolar septum/wall.
While the 'alveolar wall' refers to the thin

barrier of a single alveolus.
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* The 'interalveolar septum’ is the
partition shared between two adj acent 1,2,3: primary, secondary, tertiary bronchi
alveoli.

Dr.’s figure:



Alveoli

* In terms of surface area, Type I cells cover roughly 97% of the
alveolar surface, while Type II cells cover only 3%. However. when
considering the actual cell count within the septum, Type 1I cells are
more numerous (making up about 16% of the population compared

to 8% for Type I).

* These Type II cells—also known as septal cells—are more abundant
at the corners and within the septal walls.



Fused basal Alveolar macrophage Heticular tivers  Elastic libers Capillary
laminae in the lumen
\ \

Interalveolar septum

Endothelial | 25

* Endothelial cells are also present within “— &=
the alveolar walls and septa, forming the = ¢ ',

Macrophage ——

lining of the extensive capillary network. ==&

* Together, these capillaries and the oo o |Gy
surrounding connective tissue constitute
the interstitium.

Type ll L.
(septal) cells < | ®

* This interstitial space contains various
cell types, including fibroblasts,
macrophages (commonly known as dust
cells), leukocytes and mast cells, in .
addition to reticular and elastic fibers.  ..omommsmmcmm

Il vights reserve d

/ | |
Endothelial cell ~ Alveolar macrophage Interalveolar
leaving the septum septum

Dr.’s figure:



Interalveolar septum

* Within the interalveolar septa, adjacent
alveol1 are connected by alveolar pores,
which measure 10—15 um 1n diameter.

* These pores are essential for equalizing
air pressure and ensuring the balanced

distribution of oxygen between
neighboring alveoli.

Fused basal Alveolar macrophage Heticular tivers  Elastic fibers Capillary
laminae in the lumen

Endothelial —__|
cell ;

Epithelial — | \ A
cell

Macrophage —
in the septum

J | '7-.;?‘, )
Alveolar pore — |
po e R ]
.' [} f e

Type |l A -
(septal) ceils<! D e W

/ |l
Type | cell Endothelial cell  Alveolar macrophage Interalveolar
leaving the septum septum
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Dr.’s figure:



Interalveolar septum

* The interalveolar septum consists of the interstitium and the
specific cells of the alveolar lining. The interstitium 1s composed
of a capillary network and connective tissue containing :

 endothelial cells (30%), fibroblasts and mast cells (36%), and
macrophages (10%).

* The following cells are considered part of the alveolar epithelium
rather than the interstitium: Type I alveolar cells (8%), Type 11
alveolar cells (16%), and various leukocytes.



Blood-air barrier/ Respiratory membrane

* The blood-air barrier 1s located between the Type I
alveolar cells and the capillary endothelial cells, PICSN. L4
serving as the interface for gas exchange. The alveolar edothelalcel | Aveolar f, fb, ",
wall is coated by a surfactant layer that reduces
surface tension to facilitate lung inflation.

* The barrier consists of three primary layers: . |
surface lining
1. The surface lining and cytoplasm of the Type I e
alveolar cells coated by surfactant. e

2. The fused basal laminae of the closely apposed =~ Fused basal —
type 1 epithelial and endothelial cells .

3. The cytoplasm of the capillary endothelial cells.  Endothelium =

* The total thickness of this blood-air barrier ranges from
O. 1 tO 1 5 le (VGI'y thln) Copyright ®@2006 by The McGraw-Hill Cormpanies, Inc

all riahts res.er-.'ed.Dr.,s figure:



(Gas exchange

* Gas exchange occurs across the blood-air
barrier, where oxygen diffuses from the
Type I alveolar cells into the capillary
endothelial cells, while CO2 moves in the
opposite direction. The liberation of CO2
from carbonic acid (H2CO3) 1s catalyzed by
the enzyme carbonic anhydrase.

* The lungs contain approximately 300
million alveoli, providing a total surface
area for exchange calculated to be about 140

m2.

Dr.’s figure:



Capillary endothelial cells

Ny =
* Capillary endothelial cells are extremely thin and P\ i (TSVE;;L::,:IS
can be easily confused with Type I alveolar cells, (R 4‘ D
as both are simple squamous epithelial cells. | ‘
However, these endothelial cells are non- ‘Sa& _
fenestrated. | ,\ 'ff' ": | ' cap'"ary |
* To differentiate them under a microscope, observe | { | ci" g | p \
their surroundings: endothelial cells are typically | ’ ‘Vﬁ\‘k - dlothelium ‘) 4
adjacent to red blood cells (RBCs), whereas Type g T iy
I alveolar cells line the alveolar air space. 1 - ':‘t:rz"‘)’ﬁ:;f |
* Adjacent to the nucleus, clusters of organelles 5 " ‘. QJ
such as mitochondria and the Golgi complex, ey 1
while the rest of the cytoplasm 1s attenuated f‘ H
(empty) to facilitate gas exchange. The most e i e

distinctive feature of their cytoplasm is the

. . . Dr.’s figure:
presence of numerous pinocytic vesicles.



Type I Cells

* Type I cells are simple squamous epithelial cells that cover approximately 97%
of the alveolar surface.

* These cells are remarkably thin, with an attenuated cytoplasm measuring as little
as 25 nm 1n width.

* Organelles such as the Golgi complex and mitochondria are clustered around
the nucleus, leaving the peripheral cytoplasm clear.

* These cells are a critical component of the blood-air barrier.

* Type I cells contain numerous pinocytic vesicles and are connected to adjacent
Type I and Type II cells via desmosomes. Furthermore, all Type I cells are
joined by occluding junctions.



Type I Cells

Fibroblast

Type | cell

— Alveolar space
Endothelial cell

Capillary lumen

Fused basal laminae

Type | cell

{ A & Y
Copyright ©2008 by The McGraw-Hill Companies, Inc
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Dr.’s figures:



Type 11 Cells

* Type II cells are cuboidal cells that are larger
than Type I pneumocytes. They are integrated
into the alveolar lining via desmosomes and
occluding junctions with adjacent Type I
cells.

* Functionally, Type II cells secrete surfactant,
which reduces surface tension within the
alveoli—a process that 1s particularly critical
for the first breath during the delivery of a
newborn.

* Additionally, Type II cells are capable of ‘ ‘J‘
mitosis and can differentiate to replace both e
Type II and Type I Cells Copyright @2006 by The McGraw-Hill Companies, Inc

&l rights reserved,

Dr.’s figure:



Type II Cells (great alveolar cells)

* Under electron microscopy, Type 11
cells are characterized by a 'foamy’
cytoplasmic appearance due to the
presence of lamellar bodies. These
specialized organelles contain
pulmonary surfactant .

/3 £
Microvill = Alveolar AR
. lumen TN

Multivesicular | * /

el
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Dr.’s figure:



Surfactant f Aqueous hypophase Surfactant extruded from

Plllm()nal'y SurfaCt ant Lo

Small lamellar body fusing to
lipoprotein vesicle

* Pulmonary surfactant contains several types of
Multi-vesicular body (protein)

proteins (Surfactant Proteins A, B, C, and D).

* Within the bronchoalveolar fluid, surfactant I 4 R R
exerts bactericidal and lysozymal effects. "

o . . Type | cell 1 ,5"3’
 Clinically, when a baby 1s delivered, the A } Ptsinynvesis . .
. . . ; S -., ”_-" 4 AJ,. / | ;
respiratory tract 1s suctioned to remove excess  phospatchane g-mesis’ jﬁ%f’

2y

bronchoalveolar fluid (which contains

. . . -‘\
surfactant and other secretions). Additionally, 00 e PO 0] a
R | S | - "
he bronchoalveolar fluid contains alveolar i | . |
the bronchoalveola uid contains alveola Basement n\mmbrane Capillarykendothelium Cht‘)llne Aminoacids QOccluding junction
Copyright @2006 by The McGraw-Hill Companies, Inc
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Dr.’s figure:



Alveolar-lining Regeneration

* The inhalation of nitrogen dioxide (NO2) 1s highly toxic, destroying the
majority of the alveolar lining, specifically the Type I and Type 1I cells .

* However, Type II cells possess a high turnover rate and a robust
regenerative capacity. Type Il cells can undergo mitosis to replace
themselves and subsequently differentiate into new Type I cells to restore
the blood-air barrier .



Lung macrophages

-
Type Il cells

(surfactant)

%

* Alveolar macrophages, commonly known as
'dust cells,' are the most abundant cell type
in the lung tissue—even outnumbering
Type I alveolar cells.

* Originating from blood monocytes, these
macrophages are primarily found within the
interalveolar septa and on the pleural
surface.

Endothelium

- faae~. 7
Intra-alveolar

macrophage
[ 8

Dr.’s figure:
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* They appear as distinct black dots due to
the accumulation of inhaled carbon and gt ght@me S p——

. All riahts reserved,
debris.




Lung macrophages

-
Type Il cells

(surfactant)

* Their primary function 1s to phagocytose
bacteria, viruses, and foreign particles.

8 Capillary

* Once they have engulfed debris, they can 4

migrate up the respiratory tract through
the bronchioles and bronchi toward the
pharynx, where they are eventually
expectorated in the saliva or swallowed.

Endothelium

Intra-alveolar
macrophage

A'

Dr.’s figure:
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Pulmonary Blood Vessels

The bronchopulmonary segment 1s pyramidal in shape,
with an apex and a base. As the airway extends distally,
bronchi branch into bronchioles and eventually terminate
in alveoli.

The lung receives a dual blood supply: the pulmonary
circulation for gas exchange and the bronchial
circulation for tissue nutrition.

The pulmonary arteries carry deoxygenated blood and
follow the branching of the bronchioles within the
center of the bronchopulmonary segments.

In contrast, the pulmonary veins carry oxygenated blood
from the alveoli and are located within the connective
tissue septa at the periphery of these segments.

Branch of | Bronchiole
pulmonary artery (
\
m Lymphatic
/4 s vessel
Pulmonary —_& :
vein ‘[ ’:’ |
i Terminal
| bronchiole
A
5 \\ .
N\ Respiratory
I ARY: bronchiol
W\' A vs chioles
I’ ’._'\",. | ;. 5 7K G |
WARE BN\ e W, Soie | _
Interlobular—I 2552807 T g 4 e e el Alveoli
\!]3‘».!\1 ": "\_/N Fp ‘..' »-.. { .y ‘ hf‘>
septum I i g o

isceral layer P
; r
arietal layer s

Mesothelium
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Dr.’s figure:



Pulmonary Blood Vessels

 Ultimately, four pulmonary veins drain
into the left atrium.

* The lung tissue itself 1s primarily
nourished by the bronchial arteries
(nutrient vessels), which typically arise
from the descending thoracic aorta or the
posterior intercostal arteries.

Branch of
pulmonary artery

4 4 (
&
Pulmonary —__&§)
vein
Terminal
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Respiratory
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Dr.’s figure:



Pulmonary lymphatic Vessels

* The pulmonary lymphatic system 1s organized into two primary
networks: the superficial and deep lymphatic plexuses.

* Lymph from both networks flows toward the hilum of the lung,
before reaching the mediastinal lymph trunks.

* On the left side, the lymph eventually drains into the thoracic duct,
while on the right side, it enters the right lymphatic duct

* Eventually, these ducts empty into the origin of the brachiocephalic
veins on both sides of the body.



Nerves

* The lung tissue and visceral pleura receive dual innervation from the
autonomic nervous system. Sympathetic stimulation induces
bronchodilation, while parasympathetic stimulation (via the vagus
nerve) causes bronchoconstriction.

* Sensation, including pain, touch, and temperature, 1s carried by
afferent fibers that travel alongside these autonomic pathways toward
the central nervous system.



P 1 cura ; Edge of lung
- Visceral pleura
;
* The pleura consists of two layers: the visceral pleura,

which covers the lungs, and the parietal pleura, which
lines the thoracic cavity. Both layers are composed of
mesothelium (simple squamous epithelium) - T
supported by a submesothelial layer of collagen, Ra: i Pt F
elastic, and reticular fibers. o 28

<« Alveolns —

€ Alveolar
pﬂmmu

endothelium ‘

* This connective tissue framework provides the elastic
recoil and structural integrity necessary for lung
inflation and deflation. The functional tissue of the
lung, which includes the alveoli and their associated
structures, 1s referred to as the pulmonary

parenchyma.
Dr.’s figure:
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For any feedback, scan the code or click on it.

Corrections from previous versions:

Versions Slide # and Place of Error Before Correction After Correction
18 The nuclei of endothelial cells Adjacent to the nucleus
contain
V0 > VI ;

V1> V2
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