Human Anatomy and Physiology
The Respiratory System
Basic functions of the respiratory system:

Gas exchange — supply oxygen to aerobic tissues in the
body and remove carbon dioxide:
as a waste product.
-Pulmonary ventilation - the physics of getting air
In-to and out- of the lungs

(ventilation).
-External respiration - gas exchange between the lungs
and blood (oxygen loading and
CO, unloading).

-Transport of respiratory gases - movement of
blood (thus gases) from the lungs to
the cell and tissues.

-Internal respiration — gas exchange between the
capillaries and the tissues (oxygen

tinloadina and CO _ laoadina)
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Conducting Zone:
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Conducting Zone:

Laryngopharynx — common passage way for food and air
Larynx — voice box
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Conducting Zone:
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Conducting Zone:

Bronchi
Bronchial tree
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Conducting Zone:

Bronchioles

-bronchioles (under 1 mm in diameter)
-terminal bronchioiles (less than 0.5 mm)
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Conducting Zone:
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Respiratory Zone:
Respiratory bronchioiles
Alveoli (300 million)
Alveolar ducts
Alveolar sacs

Gas Exchange:
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Respiratory Zone:

Respiratory membrane (air-blood barrier) or
(Alveolar-capillary membrane) is composed of:
-simple squamous epithelial cells (Type I cells)
-cobweb of pulmonary capillaries

Primary function is gas exchange
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Lungs and Pleural Coverings

Pleural Coverings:
-double layered serosa
-parietal pleura lines the thoracic wall
-pulmonary or visceral pleura which covers the
lung surface
-pleural cavity is the space between Atmospheric pressure
the two layers
-pleural fluid fills the cavity

Lung——8 &= \\ | |/ ———Intrapleural
: : ' pressure

Thoracic wall ~ i \' 756 mm Hg
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Parietal

pleural
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Pleural ——— | g |\ force of lungs

4 mm Hg

Diaphragm
Intrapulmonary pressure
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Blood Supply and Innervation of the Lungs

Blood supply:

-Pulmonary circulation
-Bronchial circulation

Pulmonary arteries from the right side of the heart supply blood to the lungs.
-pulmonary arteries branch profusely along with the bronchi
-pulmonary capillary networks surrounding alveoli

-pulmonary veins form post alveoli to carry oxygenated blood back to
the heart

Bronchial arteries come from the aorta and enter the lung at the hilus
-the bronchial arteries run along the branching bronchi and supply
lung tissue except the alveoli
-bronchial veins drain the bronchi but most moves into the pulmonary
circulation
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Innervation:

-parasympathetic motor fibers (some sympathetic fibers)
-visceral sensory fibers

Enter the lung through the pulmonary plexus on the lung root

parasympathetic fibers — constrict the air tubes
sympathetic fibers — dilate air tubes

Elastic fibers
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Respiratory Mechanics

Breathing:

Simply pressure changes driven by diaphragm and external intercostal muscle

contractions

(1) Inspiratory muscles
contract (diaphragm
descends; rib cage
rises)
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(2) Thoracic cavity
volume increases

intrapulmonary
volume increases

External
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pressure drops 1 contract
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Diaphragm moves = —
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into lungs down contraction

its pressure gradient
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Breathing:

yellow is the increase in volume during inspiration

Volume during
Inspiration

Volume
At rest
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Respiratory Mechanics

Breathing:

Increased volume causes a drop in pressure if the system is closed.
Where is the system closed to the outside?

Boyle's law - P,V, = P,V,
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Breathing:

Increased volume causes a drop in pressure if the system is closed.
Where is the system closed to the outside? The pleural cavity!

The decrease in intrapleural cavity pressure is translated to the lungs via the
inner visceral pleural membrane because it is attached to the outer surface of
the lung

Thus, an increase in volume causes a decrease in intrapleural pressure
because it is a closed system.
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Breathing:

The lungs are an open system via the trachea and as such as intrapleural
pressure drops lung volume increases and lung pressure also decreases.
However, because the lungs are open to the outside, air rushes into the lungs
to equalize the pressure. Thus, the drop in pulmonary pressure is transient.

Pulmonary pressure returns to zero as air moves into the lungs to take up the
volume change (drop in pressure).
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Breathing:

Airway Resistance-

-friction or drag along the
respiratory passageway
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Lung volumes

dead space — -volume of air filling the conducting zone and never
contributes to gas exchange (anatomical dead space 150
ml).
-if some of the alveoli collapse or are obstructed (alveolar
dead space). Total dead space = AnaDS + AlvDS

Inspiratory
rasarve volume ! ;
3100 mi Inspiratory capacity
3600 mi

Tidal volume 500 mil

Milliliters (mil)

Expiratory
reserve volume
1200 mi

:

g

Residual volume
1200 mi

0
{a) Spirographic record for a male
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Breathing:

Adult male Adult female

Measurement average value average value Description
E Tidal volume [TV} 500 mi 500 mi Amount of air inhaled or exhaled with each breath under resting conditions
=
2 | Inspiratory reserve Amount of air that can be forcefully inhaled after a normal fidal
E volume (IRV) 3100 mi 1800 mi volume inhalation

Expiratory reserve Amount of air that can be forcefully exhaled after a normal tidal
g volume (ERV) 1200 mi 700 mi volume exhalation
E Residual volume (RV) 1200 mi 1100 mi Amount of air ramaining in the lungs after a forced exhalation
& . Maximum amount of air contained in lungs after a maximum inspiratory
% Total lung capacity (TLC) 6000 mi 4200 mi affort: TLC = TV + IBV + ERY = BV

Maximum amount of air that can be expired after a maximum inspiratory

g Vital capacity (VC) 4800 mi 3100 mi effart: VG = TV + IRV + ERV (should be B0% TLC)
% | Inspiratory capacity (IC) 3600 mi 2400 mi Ma:umurn amount of air that can be inspired after a normal expiration:
§ IC =TV + IRV
§ Functional residual 2400 mi 1800 mi Volume of air remaining in the lungs after a normal tidal volume expiration:

capacity (FRC)

FRC = ERV + RV

(b) Summary of respiratory volumes and capacities for males and females
Copyright & 2001 Banjamin Cummings, an imprint of Addison Wasley Longman, Ing.
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Gas Exchange

Gas exchange:

Inspired air:
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Reduced alveolar ventilation; Fulmonary arterioles Reduced alveolar ventilation;
excassive parfusion serving these alveoli
constrict
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in alveol

Enhanced alveclar vantilation; Fulmonary areriolas Enhanced alvaclar ventilation;
inadequate perusion semnving these alveoli

dilate
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Binds to
CO, _ CO, {dlaﬁnlved in plasma) J SRS

» CO.+ HO _:-H2ED3 —-HCO; + H*

Chioride
shift

Carbonic
anhydrase

co, _ CO,+Hb=HbCO, (Carbamino- —» HHb
hemoglobin)

HbO, — O, + Hb
\—Ftedm:.ndmu

Fast . or
CO;+ H,O e H,CO;,—> HCO;+ H* J
CrI-

O, (dissolved in plasma) Blood plasma

(a) Oxygen release and carbon dioxide pickup at the tissues
Copyright @ 2001 Benjamin Cummings, an imprint of Addison Weasley Longman, Inc.




CO, (dissolved in plasma)

Slow
CO, + Ho0 <— H,CO, *—— HCO,™ + H*

COz + H;0 "2 H;COy -— H* + HCOy~ "‘—J

anhydrase
v cr

€O, + Hb =—HbCO, (Carbamino-
hemoglobin)

Oy + HHb ——= HbO, + H*

\—Hau:l blood cell

0, (dissolved in plasma) Blood plasma

(b) Oxygen pickup and carbon dioxide release in the lungs
Copyright @ 2001 Benjamin Cummings, an imprint of Addison Wesley Longman, Inc.
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Key:
(4] = Positive effect
{stimuation)

Pons — -
i~} = Negative effect

Medulia e {inhibition)

Prieumotaxic center
Apneustic center —__
Pong —_

WVRG -

To inspiratory muscles

" External intercostal
musclas




Higher brain centars
(cerebral cortex—voluntary
control over breathing)

Other receplors (e.g., pain)
and emotional stimuli acting
through the hypothalamus

+

Hespiratory centers
(medulla and pons)

Peripheral
chemoreceptors

0,4, CO,t, H*t

Central f
chemoreceptors

CO,t. H*}

Stretch receptors
in lungs

Receplors in

muscles and joints
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Increased PCO,,
decreased pHin

cerabrospinal fluid

Perpheral chemoreceptors
{carotid and aodic bodies)
{mediate 30% of the
raspanse)

Cenftral chamoraceplons
in madulla (mediala
T0% af the responsa)

 Afferent
IMpLisas

Increased venlilation
{more GOy exhalad)

l

Anenial PCOs and pH
ratum to normal
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* Tobacco smoke
* Air pollution

3

Continual bronchial
imitation and inflammation

Chronic bronchitis |  Emphysema

Bronchial edema, Destruction of alveolar
chronic productive cough, walls, lung fibrosis, |
bronchospasm air trapping I

= Airway obstruction

or air trapping
+ Dyspnea '
* Frequent infections

« Abnormal ventilation—
perfusion ratio

* Hypoxemia

* Hypoventilation
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Pharynx

Future mouth .,/7
Forequt

placode
/ Esophagus
J&g‘ﬂ%— Liver

Bronchial buds

Laryngotracheal {Traehea

bud

(b) 5 weeks
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