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CHAPTER 23

The Respiratory System
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\ Introduction

The purpose of the chapter is to:

1. Describe the anatomy of the respiratory
system

2. Understand the physiology of the respiratory
system

3. Describe the events that cause inhalation,
exhalation, and gas exchange

4. Learn how oxygen and carbon dioxide are
transported in the blood

\ Breathing and Respiration

= Respiration is the exchange of gases
between the atmosphere, blood, and cells

= The combination of 3 processes is
required for respiration to occur
= Ventilation (breathing)
= External (pulmonary) respiration
= Internal (tissue) respiration

= The cardiovascular system assists the
respiratory system by transporting gases




\ Pulmonary Ventilation

Interactions Animation:

= Pulmonary Ventilation

You must be connected to the Internet and in Slideshow Mode to
run this animation.
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| Structures of the Respiratory System

Structurally, the components of the
respiratory system are divided into 2 parts:
1. Upper respiratory system
2. Lower respiratory system
Functionally, the components of the
respiratory system are divided into 2 zones:
1. Conducting zone
2. Respiratory zone

\ Respiratory System Anatomy

Anatomy Overview:

= The Respiratory System

You must be connected to the Internet and in Slideshow Mode to
run this animation.




\ Respiratory System Tissues

Anatomy Overview:

= Respiratory System Tissues

You must be connected to the Internet and in Slideshow Mode to
run this animation.
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\ Respiratory System Anatomy

= The upper respiratory system consists of
the nose, pharynx, and associated
structures

= The lower respiratory system consists of
the larynx, trachea, bronchi, and lungs
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\ Cartilaginous Framework of the Nose

The external
portion of the

nose is made of =

cartilage and

skinand is lined oo

with mucous

membrane
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\ Internal Anatomy of the Nose

The bony framework of the nose is formed
by the frontal, nasal, and maxillary bones
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\ Nasal Conchae and Meatuses
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\ Surface Anatomy of the Nose

Courtesy Lyne Marie Borghesi

1. Root
2. Apex
3. Bridge ,
4. External naris ,

Anterior view

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

3. Bridge: Bony framework of nose formed by nasal bones
4. External naris: Nostril; external opening into nasal cavity

pyright © 2014 John Wiley & c. All rights reserved.

\ Pharynx

The pharynx functions as a passageway for
air and food, provides a resonating chamber
for speech sounds, and houses the tonsils,
which participate in immunological reactions
against foreign invaders

Regions of the pharynx

D Nasopharynx

[ oropharynx
. Laryngopharynx
J




\ Larynx

\ The larynx (voice box) is a
passageway that connects the
pharynx and trachea
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\ Larynx

The larynx contains vocal folds, which
produce sound when they vibrate
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\ Structures of Voice Production

~——— Thyroid cartilage — Tongue.

T Epiglottis

"9’&8"‘3/ Glottis:
/ A\

Cricoid cartilage Vocal folds

Vocal ligament Rima glottidis

K Vestibular folds
\ Cuneiform cartilage
Corniculate cartilage

View through a laryngoscope

Posterior
cricoarytenoid
muscle

() Movement of vocal folds apart (abduction)

//%w‘ -

Superior view of cartilages
and muscles

.

J4
\ Larynx
Lateral 3 £

cricoarytenoid
muscle

(b) Movement of vocal folds together (adduction)
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\ Trachea

The trachea extends from the larynx to the

primary bronchi

Esophagus Trachea

Transverse

G, | plane ANTERIOR

Left lateral lobe
of thyroid gland

Dissection Shawn Miler, :
Photograph Mark Nielsen

POSTERIOR

Tracheal cartilage

Right lateral lobe
of thyroid gland

Trachealis muscle
in fibromuscular
membrane

Esophagus

Superior view of transverse section of thyroid gland, trachea, and esophagus
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\ Bronchi

At the superior border of the 5th thoracic vertebrae,
the trachea branches into a right primary bronchus
which enters the right lung and a left primary
bronchus which enters the left lung
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\ Bronchi

Upon entering the lungs,
the primary bronchi
further divide to form
smaller and smaller
diameter branches

= The terminal bronchioles
are the end of the
conducting zone

BRANCHING OF
BRONCHIAL TREE
Trachea
Main bronchi
Lobar bronchi
Segmental bronchi

Bronchioles

Terminal bronchioles
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\Lungs

The lungs are paired organs in the thoracic
cavity
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\Lungs

The lungs are enclosed and protected by the
pleural membrane
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\ Lobes and Fissures of the Lungs
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| Alveoli

* When the MICROSCOPIC
conducting zone AIRWAYS

ends at the terminal RESPIRATORY
bronchioles, the BRONCHIOLES
respiratory zone
begins

= The respiratory zone ALVEOLAR SACS
terminates at the
alveoli, the “air sacs” ALVEOLI
found within the
lungs

ALVEOLAR DUCTS
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\ Alveoli in a Lobule of a Lung

Alveoli are sac-like structures

Terminal
bronchiole
MICROSCOPIC
ARWAYS Blood
RESPIRATORY vessel
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\ Alveolus

There are 2 kinds of alveolar cells, Type |
and Type Il

Reticular fibor

TYPE Il ALVEOLAR
(septal) CELL

RESPIRATORY
MEMBRANE

Red blood coll

CAPILLARY ENDOTHELIUM
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MACROPHAGE
{ EPITHELIAL BASEMENT
VENBRANE
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\ Respiratory Membrane

The respiratory membrane is composed of:

1. Alayer of type | and type Il alveolar cells and
associated alveolar macrophages that
constitutes the alveolar wall

2. An epithelial basement membrane underlying
the alveolar wall

3. A capillary basement membrane that is often
fused to the epithelial basement membrane

4. The capillary endothelium

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

4/21/2017

\ Blood Supply to the Lungs

= Blood enters the lungs via the pulmonary
arteries (pulmonary circulation) and the
bronchial arteries (systemic circulation)

= Blood exits the lungs via the pulmonary
veins and the bronchial veins

= Ventilation-perfusion coupling

= Vasoconstriction in response to hypoxia diverts
blood from poorly ventilated areas to well
ventilated areas

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved

TABLE 23.1

Summary of the Structures of the Respiratory System

STRUCTURE EPITHELIUM i GOBLET CELLS SPECIAL FEATURES
nosE

Vestibule

Offactory region
PHARYNX

Nasopharynx Pseudostratified ciliated columnar. Yes.

Oropharynx Nonkeratinized staifed squamous. No.

LARYNX

TRACHEA

[]conducting structures [ ] Respiratory structures

Copyright © 2014 Jo

Wiley & Sons, Inc. All rights reserved
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Summary of the Structures of the Respiratory System

STRUCTURE EPITHELIUM cua GOBLET CELLS SPECIAL FEATURES
BRONCHI
Main bronchi ¥ Yes.
Lobar bronchi Yes. Yes
Segmental bronchi ¥ Yes.
Larger bronchioles Y Yes.
Smaller bronchioles Yes. N
Terminal bronchioles  Nonciliated simple columnar No No.
LuNGs

piratory S No. No.
Alveolar ducts ‘Simple squamous No. No.
Alveoli ‘Simple squamous. No. No.

[]conducting structures [[] Respiratory structures

Copyright © 2014 John W

y & Sons, Inc

ghts reserved.
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\ Pulmonary Ventilation

In pulmonary ventilation, air flows between
the atmosphere and the alveoli of the lungs
because of alternating pressure differences
created by contraction and relaxation of
respiratory muscles

= Inhalation

= Exhalation

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved

\ Boyle’'s Law

Pressure changes that drive inhalation and
exhalation are governed, in part, by Boyle's
Law

= The volume of a gas varies inversely with its

pressure
Piston Pressure
/ gauge
-~ '
So% '
- ~— 1
A
-~ > Dy
Lo Lox
Volume = 1 liter Volume = 1/2 liter
Pressure = 1 atm Pressure = 2 atm
Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved
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Muscles of Inhalation and Exhalation

MUSCLES OF INHALATION MUSCLES OF EXHALATION
Sternocleidomastoid

Scalenes

nternal
External ( P intercostals
intercostals \

Diaphragm

External
oblique

Internal
oblique
Transversus
abdominis

Rectus
abdominis

() Muscles of inhalation (left); muscles of exhalation (right);
arrows indicate the direction of muscle contraction

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved
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Position of the Diaphragm During
Inhalation and Exhalation

Sternum:
Exhalation

Inhalation

Diaphragm:
Exhalation

Inhalation

(b) Changes in size of thoracic cavity
during inhalation and exhalation

4 John Wiley & Soi

Copyright

Pressure Changes in Pulmonary
Ventilation

ATMOSPHERIC PRESSURE = 760 mmHg ATMOSPHERIC PRESSURE = 760 mmHg
2.During inhalation, the
T diaphragm contracts and the
AVEOLAR external intercostals
ALVEOLAR contract. The chest cavity
PRESSURE = PRESSURE=  expands, and the alveolar
758 mmHg pressure drops below

atmospheric pressure. Air
INTRAPLEURAL
PRELELEURAL  fiows into the lungs in

INTRAPLEURAL (
PRESSURE =

756 mmHg 754 mmHg gradient and the lung
 expands. During
decp inhalation, the scalene
1. Atrest whenthe {  ATMOSPHERIC PRESSURE = and stemodleidomastoid
diaphragm is 760 mmig muscles expand the chest
relaxed, alveolar furthr, thereby creating a
pressure is equal greater drop in alveolar
o atmospheric
pressure, and 1
there is no air flow. \ AVEOLAR
PRESSURE =
762 mmHg
INTRAPLEURAL
PRESSURE =
mHg
3. During exhalaton, the diaphrag relaxes and the extemal infercostals
rolax. The chest and lungs recoil the chest cavily contracts, and the
alveolar pressure increases above atmospherc prssure. Al flows out
of the lungs in response o the pressuro gradient, and the lung volume
Gecroases. During forced exhalations, the intemal ntercosials and
‘abdominal muscles contract,thereby reducing the size of the chest
cavity further and creating a greater increase In alveolar pressure.
Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Other Factors Affecting Pulmonary
Ventilation

Surface tension
= Inwardly directed force in the alveoli which must
be overcome to expand the lungs during each
inspiration
Elastic recoil
= Decreases the size of the alveoli during expiration
Compliance

= Ease with which the lungs and thoracic wall can
be expanded

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Breathing Patterns and Respiratory
Movements

= Eupnea

= Apnea

= Dyspnea

= Tachypnea

= Costal breathing

= Diaphragmatic breathing

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved

Modified Breathing Movements
MOVEMENT DESCRIPTION

Coughing Alo

Sneezing

Sobbing

Crying
Laughing
Hiccupping

Valsalva (val-SAL-va) maneuver

Pressurizing 9

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Lung Volumes and Capacities

6000 mL
R» Inhalation
5000 mL
INSPIRATORY INSPIRATORY _ VITAL TOTAL
RESERVE GAPACITY  GAPACITY  LUNG
voluve Exhalation 300mL  4800mL  CAPAGITY
m 2400ml)  (3100mL)  6000mL
4000mL | 1900 mi) ‘ il '
3000 mL
TIDAL
-(\/\/\/\/\/\/\/\ [ \\
EXPIRATORY.
2000mL | RESERME " “End of Start of
1200mL record record  puncTIoNAL
@00 mb) RESIDUAL
GAPACITY -
1000 mL | RESIDUAL 2400 mL ‘
VOLUME (1800 mL)
1200 ml ‘
(1100 mL) l

LUNG VOLUMES LUNG CAPACITIES (combinations of lung volumes)

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

| Lung Volumes and Capacities

Anatomy Overview:

= Respiratory Volumes and Capacities

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved

Exchange of Oxygen and Carbon
Dioxide

Dalton’s law

= Each gas in a mixture of gases exerts its own
pressure as if no other gases were present

Henry's law

= The quantity of a gas that will dissolve in a liquid
is proportional to the partial pressure of the gas

and its solubility coefficient when the temperature
remains constant

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ External and Internal Respiration

During external respiration, oxygen will
diffuse from the alveoli into the pulmonary
capillaries

= CO, moves in the opposite direction
During internal respiration, oxygen will
diffuse from the systemic capillaries into the
tissue

= CO, moves in the opposite direction

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Gas Exchange

Interactions Animation:

= Gas Exchange

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved

Atmospheric air.  CO, exhaled
Py, = 159 mmHg

, = 159 mmH 0, inhaled
Pe5, = 0.3 mmHg
Alveolar air

Aweoli Py, = 105 mmHg
~co; O:l) P, =40 mmHig

y . ¥
y . j,f Pulmonary apillaries

V /4 (a) EXTERNAL RESPIRATION:
/4 gas exchange between \
&y alveoli and pulmonary

Tolungs capilaries To left atrium
b
Deoxygenated blood 3 Oxygenated blood:
0, = 40 mmHg ,& P, =100 mmHg
Pgs, =45 mmHg s A8 Pgg, = 40 mmHg

To right atrium (b) INTERNAL RESP\HAT\ON.TO tissue cells
gas exchange between
\ Systomic captlaiss andt
D, e cale

. systemic capillaries.
iy -

o co, ¢ o ‘o, o
Systemic tissue cells:
P, = 40 mmHg

Pl =48 mmig

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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| Transport of Qand CQ in the Blood

Oxygen:

= 1.5% of the O, is dissolved in the plasma

= 98.5% of the O, is carried by hemoglobin (Hb)
Carbon dioxide:

= 7% of the CO, is dissolved in the plasma

= 23% of the CO, is carried by Hb inside red blood
cells as carbaminohemoglobin

= 70% of the CO, is transported as bicarbonate ions
(HCOy)

4/21/2017

\ Transport of Oxygen and Carbon
Dioxide

Interactions Animation:

= Gas Transport

You must be connected to the Internet and in Slideshow Mode to
run this animation.

\ Factors Affecting the Affinity of Hb
for O,

= PO,

[ pH

= Temperature
= BPG

= Type of Hb

16



\ Factors Affecting the Affinity of Hb

for O,

Percent saturation of hemoglobin

Deoxygenated blood
(contracting skeletal muscle)
| Deoxygenated blood Oxygenated blood
100 | in systemic veins in systemic arteries
B (average at rest)
90 - ! 1
I
80 | 1 1
w0l i i
60| : i
50 | I i
I
a0 b | :
””” 1
30 | | :
20 I [
[}
10 : [
I
TR I T I T T N |
10 20 30 40 50 60 70 80 90 100

Po, (mmHg)

Copyright © 2014 Jol & Sons, Inc. All rights reserved.
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| Factors Affecting the Affinity of Hb

for O,

100 - High blood pH 100
(7.6)

Low blood

£ £
2 5
g g
5 7ot NormalbloodpH ~ § 70 Normal blood
2o 74 N Peo
5 60| ] 5 60 3
§ sof / Low blood pH § 50 High blood
3 / d
g o 1/ 2) S ol Peo,
3 3
2 sof ! £ %
£ i z
8 20t ! 8 20
& 1o} 1 & 10

(1) A R S N S oW 1

10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
P, (mmHg) Po, (mmHg)
(a) Effect of pH on affinity of hemoglobin for oxygen (b) Effect of Pgo, on affinity of hemoglobin for oxygen

John Wiley & Sons, Inc. All rights reserved.
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\ Factors Affecting the Affinity of Hb

for O,
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\ Factors Affecting the Affinity of Hb
for O,
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Exhaled

CO, <:++::CO, =

o oo B oo
Interstitial
Inhaled fluid
Alveolus Pulmonary Red blood cell
capillary wall

(a) Exchange of O, and CO, in pulmonary capillaries (external respiration)

Chioride
shift
b-CO,+0,

Carbonic anhydrase.
CO, + H,o—»n,co:—mcla; +H"

o, 0,
Interstitial |/ Plasma
fuid
Tissue cell G Red blood cell
capillary wall

(b) Exchange of O, and CO, in systemic capillaries (internal respiration)

Copyright © Wiley & Sons, Inc. All rights reserved

Control of g, —
Respiration & s ~

Respiratory center: ) N
Pontine respiratory group 7 |
Medullary respiratory center: {

Pre-Botzinger complex
Dorsal respiratory group
Ventral respiratory group

Midbrain

Pons

Medulla
oblongata
(a) Sagittal section of brain stem

Intercostal

Del¥es Phrenic nerve
External

intercostal

muscles

Diaphragm

Anterior superficial view  Anterior deep view
(b) Musculature of thorax
Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Control of Respiration

Dorsal respiratory group (DRG) Achvaize
. Dorsal respiratory |- Ventralrespiratory Ventral respiratory
2D achel group (DRG) group (VRG) group (VAG)
(forceful inhalation neurons) (forceful exhalation neurons)
2seconcs lmm l ) )
Diaphragm elaxes and Accessory muscles Accessory muscles of
D Ak | eptesom conracty art of nalation ‘exhalation (infernal itercostal,

‘extornal intercostal

become less active and eral oblique, internal

{heir most active phase | "@1ex. e e scalene, and pectoralis | oblique, fransversus abdomins,

recoll of lungs minor muscles) contract

l N =

Normal qietnhalatin | - Normal uiet exhaiaion | Forceful nhalation Forceful exhalation

(@) During normal quiet breathing (b) During forceful breathing

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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| Control of Respiration

Cortical influences

= Allow conscious control of respiration that may be
needed to avoid inhaling noxious gases or water

Chemoreceptor

= Central and peripheral chemoreceptors monitor
levels of O, and CO, and provide input to the
respiratory center

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.

\ Regulation of Ventilation
Interactions Animation:

= Regulation of Ventilation

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Structures That Control Respiration

Anatomy Overview:

= Structures That Control Respiration

You must be connected to the Internet and in Slideshow Mode to
run this animation.
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\ Control of
Respiration

Y
" Medulla oblongata

Sensory axons in
glossopharyngeal
(IX) nerve

Sensory axons

{1
Y/
AORTIC BODIES

s, Inc. Al righis reserved

\ Control of Respiration

Hypercapnia
= A slight increase in PCO, (and thus H*)
= Stimulates central chemoreceptors
Hypoxia
= Oxygen deficiency at the tissue level

= Caused by a low PO, in arterial blood due to high
altitude, airway obstruction or fluid in the lungs

20



\ Regulation of Blood pH

Interactions Animation:

= Role of the Respiratory
System in pH Regulation

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John

Wiley & Sons, Inc. Al rights reserved
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\ Control of
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John Wiley & Sons, Inc. Al rights reserved

Copyright €

Summary of Stimuli That Affect Breathing Rate and Depth

STIMULI THAT INCREASE BREATHING RATE AND DEPTH

STIMULI THAT DECREASE BREATHING RATE AND DEPTH

Voluntary d anticipation of activity  Voluntary

by stimulation of imbic system.

Increase in arteial blood P, above 40 mm (causes an increase in H') detected  Decrease i artrial blood P, below 40 mmHg (causes  decrease in H°) detected
W central chemoreceptors. by peripheral and central chemorecaptors,

e n arterial blood P, from 105 manHg to 50 mmHg.

d activiy of proprioceptors.

Tncrease in body temperature,

Prolonged pain
Decrease in blood pressure.

Stretching of anal sphincter
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in arterial blood P, below 50 mmig.

activity of proprioceptors,

se in body lemperature (decreases respiration rate), sudden cold stimulus

vere pain (causes apnca).
Increase in blood pressure.
Iritation of pharymn or laryn by touch or chemicals (causes brief apnea followed
by coughing or sneczing).
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\ Exercise and the Respiratory System

The respiratory and cardiovascular systems
make adjustments in response to both the
intensity and duration of exercise

= As cardiac output rises, the blood flow to the

lungs, termed pulmonary perfusion, increases as
well

= The O, diffusing capacity may increase threefold
during maximal exercise so there is a greater
surface area available for O, diffusion
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\Development of me® [

VERTICULUM e
THACHEAL/‘ B \ i

the Respiratory & 1 S 0o

System

Left primary
bronchus.

Trachea

Aging and the Respiratory System

Aging results in decreased:

= Vital capacity

= Blood O, level

= Alveolar macrophage activity

= Ciliary action of respiratory epithelia
Consequently, elderly people are more
susceptible to pneumonia, bronchitis,
emphysema, and other issues
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{ ) FOCUS on HOMEOSTASIS
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\ Disorders: Homeostatic Imbalances

Pulmonary edema
Cystic fibrosis
Asbestos-related

= Asthma

= Chronic obstructive
pulmonary disease

= Lung cancer diseases
= Pneumonia = Sudden infant death
= Tuberculosis syndrome

Acute respiratory
distress

= Common cold
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\ End of Chapter 23

Copyright 2014 John Wiley & Sons, Inc.

All rights reserved. Reproduction or translation of this
work beyond that permitted in section 117 of the
1976 United States Copyright Act without express
permission of the copyright owner is unlawful.
Request for further information should be addressed
to the Permission Department, John Wiley & Sons,
Inc. The purchaser may make back-up copies for
his/her own use only and not for distribution or
resale. The Publisher assumes no responsibility for
errors, omissions, or damages caused by the use of
these programs or from the use of the information
herein.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

23



