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Respiratory System

3 MOU'ﬂ COmpaﬂQd'S:
Consists of the respiratory and conducting zones

Respiratory zone: Thezne whae bus fxchoye Hogons

— Site of gas exchange Yueonlydo Grs ool
— Consists of bronchioles, alveolar ducts, and alveoli

Conducting zone: HeTote bha-comec and Bringsl Ao and o/ They don’ dtes Echugge bk
2 m&l\d(bkgm

— Conduits for air to reach the sites of gas exchang%m

. Zone,
— Includes all other respiratory structures (e.g., nose, e
. &
nasal cavity, pharynx, trachea) e

Respiratory muscles: w.bgleead lias [y U(){}JmQ—xSoweCm{oho::kaA
Diaphragm, Intercostals, Abdominal and other mi&& )
(g n

muscles that promote ventilation et Sk
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Respiration — four distinct processes
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— Pulmonary ventilation — moving air into and out of

the Iun.gs £Y(Blml Q:gpiql-io:__,&_l.‘m \utgsa\d@mal.c D ifFosionof Gasss Bebwenn ldtgugboel)
— Chemical Respiration— gas exchange between the

lungs and the blood

— Transport — transport of oxygen and carbon dioxide

between the lungs and tissues (Trasptd 0, + (. n Bood Fom lungs ke
(blar <k Commes tato e Yissae, )

— Internal respiration — gas exchange between
systemic blood vessels and tissues (" |[ys cgde — Vhlizdion oF
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Major Functions of the Respiratory
System

« To supply the body with oxygen and dispose of carbon

dioxide



Function of the Nose

* The only externally visible part of the respiratory
system that functions by:

— Providing an airway for respiration
Rreuerk e el oot o g )

— Moistening and warming the entering air- Leuelve e Rehiee, Rodg

e . . ard. \ngiggLhe —_ He g e e
— Filtering inspired air and cleaning it of foreign matter *=“
— Serving as a resonating chamber for speech

— Housing the olfactory receptors—: it effeislvelsde

%\oucovs — Vied Foc tue Rllvakion oPA;r(mogl.-,\,-zgg) Recae bir con Msrs sk s Reaame Pry —Cels will die.



Nasal Cavity
/.\mpor\m\r Qeccuse I ()uﬁ\'fmﬁ" 'y St contle 3&,0\—4 vedicized

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

« Olfactory mucosa

— Lines the superior nasal cavity <
— Contains smell receptors.”

 Respiratory mucosa

— Lines the balance of the nasal cavity

— Glands secrete mucus containing lysozyme and defensins to
help destroy bacteria

. wormedu®
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Functions of the Nasal Mucosa

* During inhalation the conchae and nasal
mucosa: |

— Filter, heat, and moisten air

* During exhalation these structures:
— Reclaim heat and moisture
— Minimize heat and moisture loss
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(a) The respiratory system (b) Muscles used for ventilation
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(d) Sectional view of chest

Each lung is enclosed in two pleural membranes.
The esophagus and aorta pass through the thorax
between the pleural sacs.

Pleural
Esophagus 0 Aorta membranes

Right pleural  Pericardial Left pleural
Right lung is divided Left lung is divided cavity cavity cavity

into three lobes. into two lobes. Superior view
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Figure 17-2 — Overview (1 of 2)



(e) Branching of airways (f) Structure of lung lobule
Each cluster of alveoli is surrounded by
il elastic fibers and a network of capillaries.
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Smooth muscle
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The trachea ¢
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into two
primary
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- Trachea

Left primary
bronchus

Branch of
Xy pulmonary
The primary bronchus -2 _—Secondary vein
divides 22 more times,
terminating in a cluster 4"
of alveoli.

Alveoli

(g) Alveolar structure Elastic fibérs

(h) Exchange surface of alveoli

Alveolar Nucleus of
epithelium endothelial cell

e i

cells for gas
exchange

y 4 | o : A 2y
Endothelial~__ / S (G i —Capillary
cell of : el A
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Type ll
alveolar cell
(surfactant cell)

synthesizes Alveolar
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Alveolar Surfactant Fused
macrophage basement
ingests foreign membranes
material.

\ Blue arrow represents gas exchang;
| between alveolar air space and the plasma.
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Figure 17-2 — Overview (2 of 2)



(a) The respiratory system
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Figure 17-2a



(b) Muscles used for ventilation
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Figure 17-2b
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(c) External anatomy of lungs

Apex

" Superior.
& lobe

Middle
lobe

Cardiac notch

Right lung is divided Left lung is divided
into three lobes. into two lobes.
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Figure 17-2c



(d) Sectional view of chest
Each lung is enclosed in two pleural
membranes. The esophagus and aorta
pass through the thorax between the
pleural sacs.

Pleural
Esophagus Aorta membranes

Right pleural Pericardial Left pleural
cavity cavity cavity

Superior view
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Figure 17-2d



Trachea

« Flexible and mobile tube extending from the
larynx into the mediastinum

« Composed of three layers

A+ F Mucosa — made up of goblet cells and ciliated
(500 L 1
Lo [ epithelium

Submucosa — connective tissue deep to the mucosa

— Adventitia — outermost layer made of C-shaped rings
of hyaline cartilage



(e) Branching of airways

| +Larynx

branches - Trachea

into two
primary
bronchi.

Left primary
bronchus

&

Secondary

The primary bronchus ; ‘
% bronchus

divides 22 more times, '
terminating in a cluster
of alveoli.

(—— Bronchiole
Alveoll—%;
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Figure 17-2e



Trachea

Posterior

Pseudostratified
ciliated columnar
epithelium

Esophagus

Trachealis
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Conducting Zone

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

 Air reaching the bronchi is:
— Warm and cleansed of impurities
— Saturated with water vapor

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

 Air passages undergo 23 orders of branching



N Divisi Diameter H »|Cross-sectional
ame ivision (mm) ow many?| = . ea (cm?2)
 ———]
= Trachea 0 15-22 1 2.5
/ Primary bronchi 1 10-15 2
Smaller 2 4
bronchi
Conducting 1! ,737
system ) 4 1-10
QY - — 1 T
S 5
= Y
7 6-11 1x10% \/
’ B B 2x 10 100
——\— Bronchioles| 1-23 0.5-1 | |
7 3
Exchange 8x10 5x10
surface Alveoli| 24 0.3 3-6 x 108 >1 x 108
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Dead Space

« Anatomic

* Physiologic



Respiratory Zone

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

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

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



Respiratory Zone

Alveoli

Respiratory bronchioles Alveolar duct

Terminal

bronchiole
Alveolar

sac

(a)

Figure 22.8a



Alveoli

» Surrounded by fine elastic fibers

» Contain open pores that:
— Connect adjacent alveoli

— Allow air pressure throughout the lung to be
equalized

 House macrophages that keep alveolar
surfaces sterile
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(f) Structure of Each cluster of alveoli is surrounded by
lung lobule elastic fibers and a network of capillaries. &[ree)d/n d’ﬂ o o o Qie
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Figure 17-2f



(g) Alveolar structure Capillary Elastic fibers

Very Sensike lager ofcell I .
Compesed aFone. | o I\ S e
Sirgle cel Lagor d | e

mm;}_im
Type | alveolar < _ 1
; hir rvow~
cells for gas & flo
exchange i Ioy ‘”""‘"“'"’_j’"
{ Resqure
Endothelial sl Wﬁ":n
cell of —= insdedoosside.
capillary

‘ i we Volswe o
luags—.?ﬂmm

i aoo.o Fron (nsido
o Oide

Ao b Oyl

Redoce \Ve Legion
Soldey crond cadly.  Type ll
alveolar cell

actant cell)
g!jCOPPO"elms nthesizes

lotslinds <Surfactant.
ga"k p

Qedu@gr(aa’:mxlon.
Alveolar
@LZP’OM% foyien,_macrophage
. ingests foreign
material.

. Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings. M“d'\ -lg
Alveoli Are So lagh ko expad s [Ligh Swfoce ('e‘ffm[i}a(ommwcp!apsed foeacnolhay— Sowe?oo;ecléz%figu?m&g



Respiratory Membrane

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

* Alveolar walls:
— Are a single layer of type | epithelial cells
— Permit gas exchange by simple diffusion

— Secrete angiotensin converting enzyme
(ACE)
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(h) Exchange surface of alveoli
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* Thin, double-layered serosa

 Parietal pleura—. _ .
— Covers the thoracic wall and superior face of

the diaphragm
— Continues around heart and between lungs

— Visceral pleura ———Diced)y comcaled o long
— Covers the lungs i
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The pleural sac forms a double membrane surrounding the lung,

similar to a fluid-filled balloon surrounding an air-filled balloon.

Air space

Air-filled

balloon of lung | Pleural fluid

Pleural
membranes

Fluid-filled balloon
The pleural fluid has a much smaller volume

than is suggested by this illustration.
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Figure 17-3



TABLE 17-1 Gas Laws

1. The total pressure of a mixture of gases is the sum of
the pressures of the individual gases (Dalton’s law).

2. Gases, singly or in a mixture, move from areas of
higher pressure to areas of lower pressure.

3. If the volume of a container of gas changes, the pres-
sure of the gas will change in an inverse manner
(Boyle's law).

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.

Table 17-1



TABLE 17-2 Partial Pressures (Pg,s) of Atmospheric Gases at 760 mm Hg

GAS AND ITS
PERCENTAGE IN AIR

Nitrogen (N,) 78%

Oxygen (0O;) 21%

Pgas IN DRY,
25° C AIR

593 mm Hg

160 mm Hg

Carbon dioxide (CO,) 0.033% 0.25 mm Hg

Water vapor

0 mm Hg

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.

Pgas IN 25° C AIR,
100% HUMIDITY

574 mm Hg
155 mm Hg
0.24 mm Hg

24 mm Hg

Pgas IN 37° C AIR,
100% HUMIDITY

556 mm Hg
150 mm Hg
0.235 mm Hg

47 mm Hg

Table 17-2



Respiratory Volumes

500 =150 m|
. ﬁ'idal volume (TV) — air that moves into and out of the
lungs with each breath (approximately 500 ml)

* Inspiratory reserve volume (IRV) — air that can be
inspired forcibly beyond the tidal volume (2100-3200 ml)

- Expiratory reserve volume (ERV) — air that can be
evacuated from the lungs after a tidal expiration (1000—-
1200 ml)

* Residual volume (RV) — air left in the lungs after
strenuous expiration (1200 ml) (| Preedt Longs [om Calapssl‘/g)
WWMCCOI(.

= - g
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Expiration Expiration
Inspiration Inspiration
P +0.5
Volume
(L)
S : 0
Time——

When the subject inhales, air moves into the
lungs. The volume of the bell decreases, and
the pen rises on the tracing.

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.
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— 5800
The four lung volumes
— Dead space
RV = Residual volume 55116 —

A spirometer tracing showing lung volumes and capacities

ERV = Expiratory reserve volume
V; =Tidal volume
IRV = Inspiratory reserve volume 2300

Volume
(mL)
Pulmonary volumes
Males Females 1200
vital IRV 3000 19007 Inspiratory
ita it
capacity | Vr 500 500 | "PROTY
ERV 1100 7007 Functional
residual
Residual volume 1200 1100 | capacity
5800 mL 4200 mL

End of normal
inspiration

Tidal
volume
500mL

End of normal
expiration

!

Residual
volume
1200 mL

Inspiratory
reserve
volume

3000 mL

Expiratory
reserve
volume

1100 mL

Inspiratory
capacity

Vital
capacity
4600 mL

Functional
residual
capacity

Time

L.

>

Capacities are sums of two or more volumes.
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(a) At rest, diaphragm is relaxed. (b) Diaphragm contracts, thoracic
volume increases.

Pleural
space

Diaphragm

(c) Diaphragm relaxes, thoracic
volume decreases.

S

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.
Figure 17-9 - Overview



(a) “Pump handle” motion increases anterior-posterior
dimension of rib cage.
7 e
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Trachea

Bronchi

Lung

Lok

Right pleural
cavity

Diaphragm

Left pleural
cavity
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Lung Collapse S
« Caused by equalization of the intrapleural
pressure with the intrapulmonary pressure

* Transpulmonary pressure keeps the
airways open
— Transpulmonary pressure — difference

between the intrapulmonary and intrapleural
pressures

(Ppul o I:)ip) |/




mm Hg

(a) Normal lung at rest .
. . /

- E Intrapleural pressure
9 \ IS subatmospheric.
: A e
G
’.
O
&
{
W0
Intrapleural
space
1= .
Pleural
membranes
Diaphragm

Elastic recoil of the chest wall Elastic recoil of lung creates
tries to pull the chest wall outward. an inward pull.
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(b) Pneumothorax

P=Pam
Knife

Lung collapses

4y to unstretched
size.

Intrapleural
space > Pleural

membranes

The rib cage
expands slightly.
If the sealed pleural cavity is opened

to the atmosphere, air flows in.
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t(cuulwt (uéh)_> the vorkladigm ; X ﬂﬂ&s N h

i dl Normal ventilation
*hon WMQ"“J’ 4.2 L/min
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%’43 |'Wée %4) Hypoventilation*Hyperventilation

120 *

Alveolar partial pressure (Pgas) in mm Hg
»
o
|
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Alveolar ventilation (L/min)
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Pesp««‘dgﬂh sae ot bood nb\\lgs of s (& CronPP Pstvena-
s iy . 2 G Uabdin

B’fa’&b" (a) \lentllatlon in alveoli is matched to perluslon through (b) Ventilation-perfusion mismatch

(e o«w«" f pulmonary capillaries.
Qlacel cnicwr Arteriolé If ventilation decreases in a group of alveoli (blue), Pco,
Cirevlabe {n increases and Po, decreases. Blood flowing past those

Wga = Low i | alveoli does not ge

oxygen
em;ma. is g) blood

Alveoli

(c) Local control mechanisms try to keep ventilation
and perfusion matched.

Decreased tissue Po, around underventilated alveoli
constricts their arterioles, diverting blood to better- -
ventilated alveoli. _y .. jr.u v ukand anbnchns

Blood flow diverted

to better-ventilated
alveoli.
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Figure 17-16 - Overview



COPD +Chavaic obstruckive P""“"?)J‘m“' ss e ot o lton 260)

7

1, (a) Normal lung N ’ (b) Emphysema: destruction of al\’l/eoli

Po, normal

Po, normal Po, normal or low
Po, low

, (c) Fibrotic lung disease: thickened
| _alveolar membrane slows gas exchange. |
Loss of lung compliance may decrease
T tilation.. —

Po, normal or low

—Po, low

(d) Pulmonary edema: fluid in interstitial ’ | (e) Asthma: increased airway resistance
| space increases diffusion distance. decreases airway ventilation.
Arterial Pco, may be normal due to

Bronchioles constricted
higher CO,, solubility in water.

Po, low

Exchange surface normal —PQ, low

Po, normal

ﬁ Increased diffusion distance

e PO, low
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Capillary ARTERIAL BLOOD
endothelium

O, dissolved in plasma (~ Poz) < 2%

\/
O5 + Hb —> Hb:0,
> 98%
Red blood cell
Alveolus
Alveolar 7/
membrane Transport
to cells Cells

Hb‘02 —> Hb + 02 \
Used in

cellular

O, dissolved in plasma ——— respiration

~

Y

f
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(a) A hemoglobin molecule is composed of four (b) Each heme group consists of a porphyrin ring
protein globin chains, each surrounding a with an iron atom in the center.
central heme group.

o Chain

Heme —-
group v\‘

\’
)

In most adult hemoglobin,
there are two alpha chains
and two beta chains as shown. R = additional C, H, O groups

Porphyrin
ring
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Figure 18-8 - Overview



ﬁ\ VENOUS BLOOD
co, -1 > Dissolved CO5
4 (7%)
Cellular ¥ Red blood cell
respiration CO5 + Hb———> HbeCO5 (23%) ClI™
in
peripheral l - e
: HCO HCO3 in
tissues / CO, + H,0 LRy H>CO4 { ’ plasma3 (70%)
H* + Hb — HbeH
— Capillary
endothelium
Cell membrane Transport
4/—// to lungs
Dissolved CO5 > Dissolved CO5—
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(a) Effect of pH
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(b) Effect of temperature
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(c) Effect of PC02
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