RESPIRATORY SYSTEM




Respiratory system - functions

Conducting portion - conducting, filtration /cleaning,
moistening of the air, temperature regulation (warming)
- Reception of the odors

- Phonation

Respiratory portion - exchange of O, and CO,

Cond ucting

Respiratory Y S Portion

Portion




Conducting portion

Extrapulmonary part - £ :::?;::‘“ty }:Jeps%eirratory
outside the lungs (throat) tract

- nasal cavity |

- pharynx p :

- Iarynx : \ respiratory
- trachea LN Al

- primary bronchi

Intrapulmonary part —

within lungs

- secondary bronchi Secondary branchi

- segmental (tertiary) T
bronchi

- bronchioles Bronchioles

- terminal bronchioles



Respiratory portion (within the lungs) - exchange
of O, and CO,
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Frontal sinus ———+—

’ Superior turbinate

Nasal cavity - Anterior
portion - Vestibule

!

Middle turbinate

cavity
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Nasal cavity - Posterior M |\ \— |
aspect ‘ "
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Qerior turbinate 4/‘ ::::v 3
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ciliated pseudostratified columnar epithelium

goblet cell

sero-mucous gland of lamina propria

- pseudostratified ciliated columnar eplthellum —

respiratory epithelium
- Lamina propria
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Nasal cavity — lamina propria

lamina S ciliated 3
ropria : " - pseudostratified
prop s e / columnar

e . “®5... epithelium

- richly vascularized connective tissue (warming of the
air - heat is transferred between blood and air)

- seromucous glands, lymphoid tissue (NALT) -
(protection against inhaled antigens)




Nasal cavity — lamina propria
- serous glands — fluid - between the mucus and the
apical membrane of epithelial cells - the movement of

the cilia in serous fluid

- mucous glands — mucus - the particles trapped in
mucus - eliminated from respiratory tract

Surface
Gel layer goblet cells Sol layer

Mucus ‘ mucus Cilia
blanket > e e e . < s s /
ARG AT T A Al

Basal cell
Epithelium Yt

= — Basement
membrane

Smooth

. muscle
Lamina

propria |




Olfactory region

Olfactory region - reception of
odors

- the roof of the nasal cavity,
the superior aspect of the

nasal septum - olfactory

epithelium

Nasopharyn

Respiratory region



Olfactory region - the lamina propria

- Bowman’s glands (lysozyme, IgA, secretions to
moistening of the olfactory epithelium)

- axons of olfactory neurons of the olfactory

epithelium.

Olfactory
L




Olfactory epithelium:
- Receptor olfactory cells

- Sustentacular (supporting cells, nourishment)
- Basal cells (stem cells)

Lumen of the nasal caV|ty W|th odor molecules

supporting
cell

Receptor

olfactory

cell Olfactory
epithelium

Basal cell

3 .

Lamina
propria

Olfactory nerve  — Il
fibers Bowman'’s glands



Olfactory cells - bipolar
neurons

dendrite - olfactory vesicle

long, nonmotile olfactory
cilia extend from the
olfactory vesicle

axon - penetrates the basal
lamina and joins similar
axons to form bundles of
nerve fibers (in lamina

g MG_LECULES propria).
vesicle




- dendrite - olfactory vesicle, projects above the
surface of the epithelium - cilia lie on the surface of
the epithelium.

- axon - penetrates the basal lamina and joins similar
axons - bundles of nerve fibers (in lamina propria).

-

Axons
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Pharynx - joints nasal cavity with larynx - filters,
warms, and moistens air

- nasopharynx - respiratory epithelium.

- Oro- and laryngopharynx - nonkeratinized
stratified squamous epithelium,

- lamina propria - loose to dense connective tissue

Regions of Pharynx @72

NASOPHARYNX

Nasopharynx

Oropharynx

Laryngopharynx




larynx - voice box - phonation

ANATOMY

OF THE LARYNX

Esophagus

LARYNGOSCOPIC VIEW
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- vestibular (false folds - immovable) - respiratory epithelium

- vocal folds (vocal cords) — phonation - stratified
squamous nonkeratinized epithelium. The lamina
propria - dense, regular elastic connective tissue and vocal
muscles (striated muscles - voluntary muscle).

vestibular fold
vocal fold

vocal ligament

vocalis muscle

. infraglottic space
voice box

THE LARYNX




The larynx - generates sound through the rhythmic
opening and closing of the vocal folds (cords)

!

sound waves

the air passes through the
vocal cords, causes vibration
of vocal cords and creates
sound waves




Trachea

o A 1.Mucosa
| B respiratory epithelium
“/888 - lamina propria (loose
f connective tissue, mucous
and seromucous glands,
_ vessels, lymphoid tissue)
S 2. Submucosa (dense
i  irregular connective tissue,
glands, lymphoid elements,
# Dblood and lymph supply).
4#3. Hyaline cartilage — C-rings
~ (cartilage rings - prevent the
collapse of lumen)
4. Adventitia — loose
@ connective tissue




Bronchial tree - begins from the bifurcation of trachea:
left and right primary bronchi,

- arborize 15 to 20 times before reaching the level of
terminal bronchioles

the trachea branches to g
form left and right primary | ]
bronchi - —

Left main

Right main
(primary) bronchus

(primary) bronchus

,:‘/’:"'“” /,'
Secondary bronchus 200 heh CE ST AR
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Tertiary o, (¢

bronchus

Bronchiole \ el



Primary bronchi
- similar to trachea (smaller
In diameter, the wall is
thinner).
- each primary bronchus
enters the lung.
8 Secondary and tertiary
4 bronchi
- Irregular hyaline cartilage
L/ plates instead of C-rings
. Irregular hyaline,.'.‘“""v o | between mucosa and
LRSS > Poapd?  submucosa - smooth
/2 muscle cells layer

4




Bronchus wall with
bronchus — associated
lymphoid tissue (BALT), a
component of the
mucosa-associated
lymphoid tissue (MALT)




bronchioles - less
than 1 mm of
diameter

primary bronchioles
e C Epithelium — from ciliated
N R simple columnar

25 (occasional goblet cells in

larger bronchioles) to
simple cuboidal (Clara
cells, no goblet cells In
§ smaller bronchioles).

- Lamina propria -
connective tissue — no
glands
Smooth muscle layers

NO CARTILAGE!

./ —— connectivitissue

>
«
> )



terminal bronchioles (0.5 mm) — the last part of
conducting portion

- simple cuboidal epithelium and Clara cells.
- smooth muscle cells

%
Terminal
bronchiole



Clara cells - mainly in terminal bronchioles

production of secretion and surfactant-like material -
reduces the surface tension.

degradation of toxins from inhaled air

stem cells - regeneration of bronchiolar epithelium




alveolus

Respiratory bronchioles €  veoera

- the last part of bronchial (f TN~ O
tree and first part of atveatar ) LA\ ) 7/ 1\
respiratory portion

respiratory b"O"Ch'OIG terminal bronchiole

the wall - simple cuboidal epithelium interrupted by
numerous sac-like alveoli - gas exchange

. 4




Alveolar ducts and alveolar sacs don’t have their own
walls (are formed by alveoli)

between alveoli —
Interalveolar septa -
connective tissue

_ alveolus

alveolar duct alveolar

SdC

/

" alveolar
o Septa

k.




Alveolar Macrophages — Dust Cells

- In the lumen of alveoli and in the interalveolar septa

- macrophages can penetrate into the lumen of the
alveoli and phagocytose dust particles, erythrocytes or
bacteria.

Alveolar macrophage

Dust cells % Q

P




- ‘ .
alveolus

-

Type |l Pneumocyte

Alveolus

ra e el

- squamous type |
pneumocytes
7{” o L ¥ - cuboidal type I
;7 Alveolus ‘ , Y v pneumOCytes
- 200 pm of diameter

Pulmonary Capillary
arteriole y network on

- each alveolus -
surrounded by
capillary network.

Pulmonary
venule




Type | Pneumocytes - squamous alveolar cells

pe
i ""“’"Kﬁr “veons 4 - 95% of the alveolar
;;u& _,__,4\\/“&4 surface.
5 P o ¥ - extremely attenuated —
B i this enables efficient

exchange of gases.
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Type Il Pneumocytes - cuboidal cells

- 5% of alveolar surface, but
are more numerous than
type | cells.

- lamellar bodies containing
surfactant

- divide mitotically and can
replace both types of
alveolar cells (stem cells).




- phospholipids (water insoluble)
- surfactant apoproteins (water

Surfactant
soluble)
- lipids cover water phase.
e - actsas a
detergent

g g < Surfactant film reducing surface
i Water layer

e avomrsurmce.  LENSION Of the
alveolar cells

- prevents the
collapse of alveoli

« |Insufficient surfactant « Sufficient surfactant
— Collapsed alveolus —~ Expanded alveolus

— Inadequate oxygen — Adeguate oxygen
exchange exchange 2



Interalveolar septum —
region between 2 alveoli

- parrow - continuous
capillary and its basal
lamina interalvéolar
- or wider with connective ESJE!
tissue: fibers and cells

The narrowest regions of e’
septum where gases can

be exchanged - blood-

gas barrier.

pneu);%(y(@ '




Blood- Gas Barrier

1. Surfactant
. Type | pneumocyte
3. Fused basal

laminae of type |
pneumocyte and
endothelial cell

. Endothelial cell

/”‘t’ﬁ 3 v‘.‘.:‘l
l. ..‘.l-. /
Nucleus of \ iy /

endothelial cell

Surfactant

Type |
pneumocyte

Fused
basal
laminae

Endothelial
cell

lumen

.':.,.‘.-' /
“ / Capillary

lumen




Exchange of gases through blood-gas barrier

Capillary

- Oxygen (from
alveolus) and CO,
(from the blood) diffuse
(passive diffusion)
through the blood-gas
barrier - oxygen binds
to the heme of
erythrocyte hemoglobin
— oxyhemoglobin



Transport of CO,

Systemic
copi”my
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as a dissolved
gas in plasma

as plasma
bound to bicarbonate
(10%) hemoglobin (20%) -  ions (70%)

carbaminohemoglobin




Ditfusion of CO, into blood and conversion to HCO,

1. CO, from plasma diffuses into
the erythrocytes.

Produced - 2. Within the erythrocyte

. CO, + H,O = carbonic acid
(carbonic anhydrase)

H,CO, dissociates into
Eﬁébﬁi‘aﬁe hydrogen ion (H*) and
y picarbonate ion (HCO,").

HCO,~ leaves the erythrocyte
to enter the plasma.

chloride ion (CI-) enters the
erythrocyte (to maintain ionic

e equilibrium) - the chloride
dtie Y shift.

Body tissue Capilary




b) In the lungs

In the lungs

- HCO; enters the erythrocytes
(CI- from the cell into the
plasma - chloride shift).

- HCO,;~ and H* within the

= * O \ erythrocyte combine to form
% " Y | carbonic acid.

- Carbonic anhydrase catalyzes
the cleavage of carbonic acid
to form water and CO.,.

- The carbon dioxide - diffuses
Into the alveoli and out of the
body with the next exhalation.




Goblet Cell — N - ——
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- In anteroinferior region of nasal septum — Kiesselbach’s area
(plexus) - four arteries form anastomosis - a vascular plexus -
the site from which nasal bleeding occurs

Kiesselbach’s
plexus

Ethmoid
arteries

- blunt trauma,
usually a sharp
nasal blow to the face

bleeding




- alveoli communicate with each other through alveolar
pores (pores of Kohn) - equilibrate air pressure

within pulmonary segment (a part of lung supplied
by tertiary bronchus).

INteraved s

Septum




vibrissae — stiff hairs -
prevent the entering of

large dust particles into
the nasal cavity




low temperature, high pH, and
Increased oxygen pressure in
the capillaries of the lungs

Red blood

from lungs

Oxygen released

to tissue cells ? 3
Hemoglobi N\ 5/ : :
moleccls % - high temperature,
Oxygen bonded low pH, and lower
with hemoglobin molecules Oxygen pressure Ta

the tissues

About 98.5% of the oxygen is transported Iin
form of oxyhemoglobin




Capillary

- approximately 200 ml of
CO, Is formed by the cells
of the body per minute

- CO, leaves the blood
diffuses through the
blood-gas barrier into
the lumina of the
alveolus (passive
diffusion)

- CO, exits the alveolus
as the CO, rich air
during exhalation

* Erythrocytes




Parietal pleura

Visceral pleura

PI EUlic AT Pleural cavity
- the serous membrane investing the

lungs (visceral pleura) and lining the \
walls of the thoracic cavity (parietal  ——
pleura)

Diaphragm

simple squamous

- e " Vgw 8 ithelium (mesothelium)

- Ag ™~ -

\l
F - \\/V' "

loose connective tissue
T s - . - simple squamous
Pory T8 - , ) . :
epithelium (mesothelium)
- |oose connective tissue




PARANASAL SINUSES — 4 pairs: frontal, ethmoid, sphenoid and maxillary

Spaces in bones , communicating with nasal cavity, whose lamina propria is
fused with periosteum (mucoperiosteum) and similar to nasal cavity lamina
propria.

PARANASAL SINUSES

(anterior view) (lateral view)

Frontal sinuses

Ethmoid air cells

Bhaantl
BNgpIIL

Decreasing the relative weight of the front of the skull

Increasing resonance of the voice.

Insulating sensitive structures like dental roots and eyes from rapid temperature fluctuations

In the nasal cavity.

Humidifying and heating of inhaled air

Regulation of intranasal and serum gas pressures

Immunological defense

Despite these various proposals, the paranasal sinuses may not serve any biological function
e




Vasodilation

Increased blood flow and permeability
of blood vessels with vasodilation

‘."‘. A\ ‘/"
W & 4
SN /I.arg;cr bloo
A\

vessel volume

Normal permeability &
blood flow

Increased oxygenation, nutrients,
& glucose availbility to muscles

Constricted Relaxed
smooth-muscle ce smooth-muscle cell

Hemoglobin also has two types of binding sites for nitric oxide (NO), a
neurotransmitter that, when released by endothelial cells of blood vessels, causes
relaxation of the vascular smooth muscle cells with a resultant dilation of the blood
vessels. Hemoglobin nitrosylated by nitric oxide produced by blood vessels of the
lung, ferries NO to arterioles and metarterioles of the tissues, where NO is released
and causes vasodilation. In this fashion, hemoglobin not only contributes to the
modulation of blood pressure, but also facilitates the more efficient exchange of O,
for CO,. Moreover, once O, leaves hemoglobin to oxygenate the tissues, NO takes
Its place and is transported into the lungs, where it is released into the alveoli to be
exhaled along with CO.,,




