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(&) Anterior view showing organs of respiration
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Right primary

bronchus

Lungs

(a) Anterior view showing organs of respiration
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Rib

Right brachiocephalic
weln

Superiorvena cava

Right lung

Ciaphragm

Trachea Esophagus

(b) Anternor view of the lungs after removal of the
anterclateral thoracic wall and parietal pleura
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Body of thoracic vertebra
Left vertebral artery

Left subclavian artery
Left brachiocephalic vein

Left common carotid artery

Left vagus nenve
(cranial nerve X)

Erachiccephalic trunk
Arch of aorta

Fulmonary trunk

Azcending aorta

Left lung

Rib

Fibrous pericardium
(around heart)



Frontal bone

Bony framewo rlf{’//)/.

Maszal bones

iZartilaginous framework:

Il axill &
Lateral nasal cartilages

Septal cartilage

Alar cartilage

Dense fibrous
connective and
adipose tizsue

() Anterolateral wview of external portion of nose
showing cartilaginous and bony framewo ik
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Sagittal plans

& Superor
Middle

Infenor /

Frontal sinus

Masal meatuses

Frontal bone

Clfactory epithelium

Sphenoid bone \

Sphenoidal sinus

Superior | MNasal

Internal naris Widdle conchae
Pharyngeal tonsil Inferior (turbinates)
Nazopharymx Vestibule

Drifice of auditory 'K‘ -

. External naris
(Eustachian) tube

TS Maxilla
Palatine tonsil Oral cavity
Fauces Falatine bone
Oropharynx Soft palate
Lingual tonsil
Epiglottis
Laryngopharnynx Hvoid bone
{hypopharymx)
Wentricular fold (false vocal cord)
Laryngeal sinus {ventricle)
Wocal fold (true vocal cord)
Esophagus o b/ Larynx
s Thyroid cartilage
Trachea ricoid cartilage

i Thyroid gland

(b Sagittal section of the left side of the head and neck
showing the location of respiratory structures
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Anterior view

1. Root: Superior attachment of the nose to the frontal bone
2. Apex: Tip of nose

2. Bridge: BEony framework of nose formed by nasal bones
4 External naris: Nostil: external opening into nasal cavity

25.03



Sagittal plane

Masopharynx
. Cropharnyng

. Laryngopharynx

Regions of the pharynx

Inferior nasal
concha

Pharyngeal tonsil

Dpening of auditony
{Eustachiam) tube
NASOPHARY MX

Soft palate

Hard palate

Oiral cawvity

Palatine tonsil

Fauces
COROPHARY WX

Lingual tonsil

Tongue

Epiglottis Mandible

LARYNGOPHARY NX
(hypopharym)

Hyoid bone

Thyroid cartilage
(Adam's apple)

Ezophagus
iZricoid cartilage

Trachea

Sagittal section showing the regions of the pharynx
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Thyroid
gland

— Epiglottis

(a) Antenor view

Hvoid bone
Thyrohyoid membrane
Cormiculate cartilage

Thyroid cartilage
(Adam's apple)

Arytenoid cartilage

Cricothyroid ligament

Cricoid cartilage

Cricotracheal
ligament

Thyroid gland

Parathy roid
glands (4]

Tracheal cartilage
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(b Posterior view



Epiglottis o
Sagittal plane — Hyoid bone

Thyrohyoid membrane
— Thyrohyoid membrane

Cuneiform cartilage —— Fat body
Comiculate cartilage ’ i'ﬁ
; ; % ' WVentricular fold (false vocal cord)
Arvtenoid cartilage
L — Thyroid carfilage

=77

T WVocal fold (true vocal cord)

Cricoid cartilage

_ Cricotracheal ligament
Tracheal cartilage

() Sagittal section
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Tongue

Thyroid cartilage
Epiglottis
Glottis:

Wocal folds
(true wvocal cords)

Cricoid cantilage

Vocal fold Rima glottidis

Ventrcular folds

{false vocal cords)

Arytenoid cartilage
& ¢ Cuneiform cartilage

Zomiculate cartilage
Posterior

o _ cricoarytenoid _
Superior view of cartilages muscle View through a larnyngoscope

and muscles

(a) Mowvement of vocal folds apart (abduction)

i - Lateral
o E 2
r " cricoarytenaid

muscle

() Movement of vocal folds together (adduction)
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Lumen of esophagus POSTERIOR
Esophagus Trachea

Transverse
plane
a‘f{g—% T
= Sy

Trachealiz muscle

Lumen of trachea

Tracheal cartilage
(hyaline)

Transverse section of the trachea and esophagus ANTERIOR
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ERANCHING OF
ERONCHIAL TREE

&

EEEEE

Larynx

&

Trachea

}

Frimary bronchi

Trachea

Secondary bronchi

|

Tertiary bronchi

}

Bronchioles

|

Terminal bronchioles

it

gt

Visceral pleura

Farigtal pleura

Pleural cavity

. . Zaring
Ignt seconaary Left primary bronchus

bronchus

_ _ Left secondary bronchus
Right primary

bronchus
Left tertiary bronchus

Right tertiary Left bronchiole

bronchus

Right bronchiole

Left terminal bronchiole
Right terminal
bronchiole

Diaphragm

Anterior view

23.08



Wiew

Transverse
plane

Sternum  Visceral Pericardial
ANTERIOR pericardium  cavity

Fanetal and
fibrous
pericardium

Parietal pleura

Pleural cavity

Dblique fissure

— Heart
Skin
Visceral pleura
Esophagus
Right lung Thoracic aorta
Body of fifth
thoracic vertebra
Rib Spinal cord
LATERAL MEDIAL

FOSTERIOR

Inferior view of a transverse section through the thoracic
cavity showing the pleural cavity and pleural membranes
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First rib

Apex oflung

Left lung

Base oflung
Pleural cavity

e 4 Pleura
.,
7

(a) Anterior view of lungs and pleurae in thorax

Apex

Supernor lobe

ANTERIOR

Horizontal

fissure
Obligue fissure Oblique fizsure
Cardiac notch

Middle lobe

Inferior lobe

Inferor lobe
FOSTERIOR POSTERIOR
Basze

(b) Lateral view of right lung () Lateral view of left lung

Apex

Wiew (d) Superior lobe

Obligue fissure
FOSTERIOR

Hilus and its
contents [roat)
Honzontal

fizsure

Inferior lobe
Middle lobe

Obligue fissure Cardiac notch

ANTERIOR Base

AMNTERIOR

{d) Medial view of right lung (&) Medial view of left lung
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Terminal

bronchiole Terminal
Pul Pulmonary bronchiole
V:ﬂrglgnary arteriole
e
Elastic o vessel
connective i eSDlr:E_i ?F}’
1 ronchiole :
tissue Respiratory
bronchiole
Alveolar
ducts Alveolar
ducts
Pulmonary <~ _ Alveoli
{alveolan o
capillary ks
Visceral / Alveolar Alveolar
pleura sae sacs
Aleol Y Wisceral
about 30 pleura
{a) Diagram of a portion of a lobule of the lung {b) Lung lobule
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Monocyte

Reticular fiber

Elastic fiber

Type Il alveolar
(septal) cell

Respiratory
membrane

y Diffusion
of Oz

Type | alveolar

cell e ¢
Diffusion

Alveolar o
macrophage

E=m
Red blood cell |
in pulmonary
capillary

Alveolar fluid
with surfactant

Red blood cell

Capillary endothelium

Capillary basement
membrane

Epithelial basement
membrane

Type | alveolar

cell

Interstitial space

{a) Section through an alveolus {b) Details of respiratory membrane

showing its cellular components
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Fiston
Fressure
/ JaLge

Violume =1 liter Violume = 172 liter
Fressure = 1 atm Fressure = 2 atm
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MUSCLES OF INHALATION .~ MUSCLES OF EXHALATION

Sternocleidomastoid =~————gymw

Scalenes

_ ; Sternum:
 ————— Exhalation

Internal
intercostals

Inhalation
External

intercostals

Diaphragm

Diaphragm:
Exhalation

> External Inhalation

obligue

Internal
obligue
Transversus
abdominis
Rectus
abdominis

{a) Muscles of inhalation and their actions (left); (b)Y Changesin size of thoracic cavity
muscles of exhalation and their actions (right) during inhalation and exhalation

{c) During inhalation, the ribs mowve upward
and outward like the handle on a bucket
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Atmospheric pressure = 760 mm Hg Atmospheric pressure = 760 mm Hg

i\ )|

Alveolar
pressure =
760 mm Hg

Alveolar
pressure =
758 mm Hg

\M_J\‘ Intrapleural \‘ Intrapleural
/_\ A | Ppressure = : | u 1 pressure =
& 756 mm Hg | e St 754 mm Hg

1. At rest (diaphragm relaxed) 2. During inhalation {diaphragm contracting)

Atmospheric pressure = 760 mm Hg

Alveolar
pressure =
762 mm Hg

= |ntrapleural
pressure =

i | 756 mm Hg

3. During exhalation (diaphragm relaxing)
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During normal quiet Alveolar pressure
inhalation, the diaphragm and increases to 762 mm Hyg
extemal intercostals contract.

During labored inhalation, ‘
sternocleidomastoid, scalenes, - L

1 and pectoraliz minor also
contract.

._

/

=
: ! Atmospheric pressure

: Is about 760 mm Hg

'_ at sea level
)

-

i

Thoracic

cavity increases Thoracic cavity ==

in size and volume of During nomal quiet decreases in size
lungs expands exhalation, diaphragm and ~ 2nd lungs recoil

extemal intercostals relax.

Dunng forceful exhalation,

B ercosil muscios
decreases to 758 mm Hg
contract.

{a) Inhalation (k) Exhalation

A

L

-
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5,000 mL

5,000 mL

4,000 mL

3,000 mL

2 000 mL

1,000 mL

Inhalation
INSPIRATORY INSFPIRATORY WITAL TOTAL
RESERWVE _ CAPACITY CAPACITY LUNG
VOLUME Exhalation 3 600 mlL 4800 mL CAPAGITY
3,100 mL §,000 mL
TIDAL
VOLUME 500 mL Y
EXPIRATORY \ / A
FESERWVE End of Start of
YOLUME
e record record FUMGTIONAL |
RESIDUAL b
CAPACITY
RESIDUAL 2,400 mlL
WYOLUME
1,200 mL

LUNG VOLLUMES

20T

LUNG CAPACITIES



Deoxygenated blood: —
Po =40 mm Hg
Peo, = 45 mm Hg

Atmosphernc air:
Po. =159 mm Hyg
Pgg, = 0.8 mm Hg

To lungs

To right atrium

GO, exhaled

(&) Extemal respiration:

pulmonary gas
exchange

{10 Internal respiration
syslemic gas
exchange

Q,inhaled

Pq =105 mrm Hg
=40 mm Hg

Tao left atrium

To tiszue cells

Systemic tizsue cells:
P02 =40 mm Hg
F’CO2 =45 mm Hg

23.18

— Crxygenated blood:
Po, =100 mm Hg
Peo, = 40 mm Ho




Transport of CO,

9% dissolved in plasma
13% as Hb—CO,

78% as HCO,™

Transport of O,

1.5% dissolvedin plasma
98 5% as Hb-O,

98.5%

Pulmonary
~ capillaries

Red blood cell

{(a) External respiration:
pulmonary gas
exchange

Plasma

To left atium

To tissue cells

{b) Intemal respiration
systemic gas

exchange g S
capillanes
Inferstitial fuid
Systemic
tizsue cells
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Fercent saturation of hemoglobin

100
90
80
70
50
50
40
30
20
10

Deoxygenated blood
(contracting skeletal muscle)

(average at rest)

Deoxygenated blood  Oxygenated blood
N systemic veins

N systemic artenes

|
0 10

20 3

| Wy
0 40 50 60 YO 80O S0 100

Po, tmm Hg)
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Percent saturation of hemoglobin

Percent saturation of hemoglobin

100

90 -

g0

70

60

50

40

30

- High blood pH
{7.6)

MNaormal blood pH
““““ (7.4

Low blood pH
{7.2)

| | | | | |
0 10 20 30 40 50 &0 YO 80 890

P, (mm Hg)

{a) Effect of pH on affinity of hemoglobin for oxygen

100

90 -

g0

70

60

50

40

30

20

- Low blood

P
o0,

- MNomal blood

P002

= High blood
P002

0 10 20 30 40 50 G0 7O 8O 90
Po, (mm Hg)

{b) Effect of I:’GO2 on affinity of hemoglobin for oxygen
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Fercent saturation of hemoglobin

100 -

80

80

iy

G0

50

400

a0

20

10

Lows temperature
[ 202E BEE

MNormal blood
temperature
[37°C, 98 6°F)

High temperature
(432G 1102 F)

o 10 20 30 40 50 &80 J0 g0 30 100
Pe, (mm Hg)
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100 = Fetal

Fercent saturation of hemoglobin

oo A0 20 30 40 50 g0 JF0 50 S0 100

P, tmm Hg)

2323



BPG

2,3
Biphosphoglycerate



Exhaled

Reverse
chloride
shift Z0,+ Hb w— Hb—CO,
\ crel £t o
CO, erreesGO, ®irskerssCO, ®nesCO, 4 HO*abEENIEE o e HOOL +
HCO,
Qyeeesseache (Orenceaposten O messeasedw O, + Hp—H ————wHb-O+ H*
/ Interstitial Flasma
Inhaled flid
Alveolus

Pulmaonary
capillary wall

Fed blood cell

(=) Exchange of O, and CQ, in pulmonary capillares (external respiration)

Zhloride
shift

OOQ&.....’. OOQ-......

or—| fc- » €O+ Ho S TOECCY O,
> GO« GO, 4 H,O

Carbanic anhydrass
e, CO®HCO, + H'
HCO,
Oeiiﬁﬁiﬁﬁiéoz {no 'y -ﬁnnoz -‘ﬁiiﬁ 02+Hb_H::|
' Interstitial Flasma
fluid
TisgLe cell

Hb—0,
Systemic
capillany wall

Red blood cell

(b1 Exchange of O, and CO, in systemic capillanes (internal respiration)
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RESPIRATORY

CENTER: B RSiE

Frneumotaxic area

Apneustic area
P Fons

Medullary rivthmicity
ared:

Inspiratory ares )g/.
Expiratory area

Spinal
/ cord

Sagittal section of brain stem

Medulla
oblongata
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INSPIRATORY AREA
ACTIVE INACTIVE

2 seconds I 3 seconds

v

Diaphragm and extemal
intercostals relax, followed
by elastic recoil of chest

Diaphragm and external
intercostals actively

Eariet wiall and lungs
I
I
Mormmal guiet inhalation Momal quiet exhalation

(2) During normal quiet breathing

23.26

INSFIRATORY AREA
ACTIVE

'

Diaphragm,
sternocleidomastoid,
and scalene muscles

contract

’

Forceful inhalation

Activales

—

EXFIRATORY AREA

l

Intemal intercostal
and ahdominal
muscles contract

Forceful exhalation

() During forceful breathing



Intemal carotid
artery

External carotid
artery

Commeon carotid
artery

Medulla oblongata

Sensory axons in
glossopharyngeal nerve
{cranial nenve 1)

Carotid body

Carotid sinus

Sensory axons
invagus nene
{cranial nernve X)

Arch of aorta

Aoric bodies
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ne stimulus disrup
homeostasis by

Increasing

Inspiratory areain
medulla oblongata

Musecles of
inhalation and
exhalation
contract more
forcefully and
more frequently
(hype nventilation)

—

Decrease in anerial
blood PCOQ‘ increase in

pH, and increase in P02

23.28



Trachea

Right. Left
o ) Left primary _ ISr:)ubpee o superior
“‘ﬂﬁ.,— Pharynx rﬁ]’ bronchus (= lobe
B | (= |
|' I 1 Trachea —1 Left secondary |

| . : / bronchi \
A\ il Right primary i
— FPleural ' \L\ bronchus

Lung > s
buds i
Ezophagus @) Right i ;\_; Left
Right secondary tertiary tertiary
bronchi bronchi bronchi Left:
Right :nLenor Developing
inferior ove pleura
lobe
Fourth week Fitth weelk Sixth week Eighth week
2329
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Types of Hypoxia

Anemic
Hypoxic
Ischemic
Histotoxic
Hypoxemic



Lung Diseases

COPD = Chronic Obstructive Pulmonary
Disease (Asthma, Bronchitis and
Emphysema)

Tuberculosis

_ung Cancer
Pneumonia
Pulmonary edema




Words to Learn

Apnea, Dyspnea, Hyperpnea, Orthopnea, Hypercapnea,
Tachypnea, eupnea

Haldane Effect
Aspiration

Bronchoscopy
Cheyne-Stokes breathing
Pulmonary embolism
SIDS

Asphyxia

Rales

Compliance



