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FUNCTIONS OF THE RESPIRATORY TRACT
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The infolding of nasal mucous membrane
% cm for the atmospheric air flowing throu
through the nose as described below:
Filtering Effect

It is cleared of dust particles i _
3 Large dust particles are caught by the hairs at the nostrils.

: f the nasal cavity caused by th
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' This has been described as ‘turbulent propiris.s
mucous membrane of the nose and are caught in mucus. pr Ditaty
‘and particles upto the size of 6um are caught in this way and are move.d t.Owiflrds pharynx by ciliary af
of the nasal epithelium when they are expectorated or swallowed. This size is smaller than the size ge
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3 Pamd: between 1and 5 um in diameter get precipitated on the wall of the smaller bronchioles (gravitatigy

precipitation) where they evoke fibrotic reaction (‘coal — miners’ t-lisease). |
Particles of" inze 1 um orless in diameter diffuse into the alveoli and adhere to the wall of the alveolj,

Particles smaller than 0.5 um remain suspended in the alveolar-air and are usually gxpired out. This size¢
the particles of cigarette smoke is about 0.3 um. Most of them diffuse into the a'llveoh where about 1/3% e
caught in the alveolar fluid the remainder is expired out. Entrapped particles in the alveoli are remoyeg ] ..
macrophages or provoke growth of fibrous tissue in the alveolar septa. ]

An excess of particles provokes fibrous tissue reaction causing permanent disability.

Role of Ciliated Epithelium: The cilia of trachea and bronchi beat towards the pharynx and propel the mucy
with the entangled foreign particles with a velocity of one centimetre per minute towards the pharynx. Th e
thus help materially to keep the respiratory passages free from foreign particles. '
Air Conditioning Effect _
The inspired air is brought to near about body temperature and is humidified before it is permitted to enter the
deeper air passages. Cold and dry air coming in direct contact with the lungs such as after tracheotomy wil
cause serious lung crusting and infection,

Ithas been estimated that the inspired air is brought to within 3% of body temperature during its passag
through the nose and it is almost completely saturated with water vapour before it is delivered to the lungs
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People infected with the virus can infect others from 1 day before
symptoms occur to 5-7 days or more after they occur. Treatment of
H1N1 f.Iu involves taking antiviral drugs, such as Tamiflu® and Relenza®.
A vaccine is also available, but the H1N1 flu vaccine is not a substitute
for seasonal flu vaccines. In order to prevent infection, the Centers for
Disease Control and Prevention (CDC) recommends washing your hands
of.ten with soap and water or with an alcohol-based hand cleaner;
ering your mouth and nose with a tissue when coughing or snee
and disposing of the tissue; avoiding touching your mouth, nos
gyes; avoiding close contact (within 6 feet) with people who hav
like symptoms; and staying home for 7 days after symptoms be
for 24 hours after being symptom-free, whichever is longer. e

cov-
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vV CHECKPOINT

8. Where are the lungs located? Distinguish the parietal

pleura from the visceral pleura.

Define each of the following parts of a lung: base,
costal surface, medial surface, hilum, root, cardiac
lobe, and lobule.

What is a bronchopulmonary segment?

Describe the histology and function of the res
membrane.

9. apex,
notch,
10.

1. piratory

23.2 PULMONARY VENTILATION
EBJECTIVE

* Describe the events that cause inhalation and exhalation.

The process of gas exchange in the body, called respiration, has
three basic steps:

1. Pulmonary ventilation (pulmon- = lung), or breathing, is
the inhalation (inflow) and exhalation (outflow) of air and

involves the exchange of air between the atmosphere and the
alveoli of the lungs.

2. External (pulmonary) respiration is the exchange of gases
between the alveoli of the lungs and the blood in pulmonary
capillaries across the respiratory membrane. In this process,
pulmonary capillary blood gains O, and loses CO,.

3. Internal (tissue) respiration is the exchange of gases between
blood in systemic capillaries and tissue cells. In this step the
blood loses O, and gains CO,. Within cells, the metabolic reac-
tions that consume O, and give off CO, during the production of
ATP are termed cellular respiration (discussed in Chapter 25).

In pulmonary ventilation, air flows between the atmosphere
and the alveoli of the lungs because of alternating pressure differ-
ences created by contraction and relaxation of respiratory mus-
cles. The rate of airflow and the amount of effort needed for
breathing are also influenced by alveolar surface tension, compli-
ance of the lungs, and airway resistance.

Pressure Changes during Pulmonary Ventilation

Air moves into the lungs when the air pressure inside the lungs is
less than the air pressure in the atmosphere. Air moves out of the
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Eglzis:r?on:txted as follows (Figure 2'3-12)‘ SuPPOSG‘ We place 5
gas in a cylinder that has a movable piston and a pressur‘e gdu&
and that the initial pressure created by tl}e gas molecules striking
the wall of the container is 1 atm. If the piston is pushed down, the
gas is compressed into a smaller volume, so that the same numbe;
of gas molecules strike less wall area. The gauge shovys'that the
pressure doubles as the gas is compressed to half its original vol
ume. In other words, the same number of molecules in half (h
volume produces twice the pressure. Conversely, if the piston i
raised to increase the volume, the pressure decreases. Thus, th
pressure of a gas varies inversely with volume.

Differences in pressure caused by changes in lung volum
force air into our lungs when we inhale and out when we exhal
For inhalation to occur, the lungs must expand, which increas
lung volume and thus decreases the pressure in the lungs to belo
atmospheric pressure. The first step in expanding the lungs du;
ing normal quiet inhalation involves contraction of the mai

muscles of inhalation, the diaphragm and external intercosti!
(Figure 23.13).
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Figure 23.12 Boyle’s law.

The volume of a gas varies inversely with its pressure.

Piston
Pressure

gauge

-l

Volume = 1 liter
Pressure = 1 atm

e If the volume is decreas
the pressure change?

Volume = 1/2 liter
Pressure = 2 atm

ed from 1 liter to % liter, how would
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(a) Muscles of inhalation and thei
eir actions (left);
muscles of exhalation and their actions((rig)ht)

(c) During inhalation, the ribs move upward
and outward like the handle on a bucket

wy, what is the main muscle that is powering your breathing?

'3 ant muscle of inhalation is the diaphragm, the  diaphragm may descend 10 cm (4 i ich produ f
d skeletal muscle that forms the floor of the thoracic  difference of 100 mmHg and t:\em of 2-3 lil:ts of air.
innervated by fibers of the phrenic nerves, which  Contraction of the diaphragm is responsible for about 75% dhj
the spinal cord at cervical levels 3, 4, and 5. Con-  air that enters the lungs during quiet breathing. Advanced 7
s 1 causes it (o flatten, lowering its dome.  nancy, excessive obesity, or confining abdominal clolhingm
ses the vertical diameter of the thoracic cavity. During P’c';;"“' complete descent of the diaphragm. -
, ion, the diaphragm descends about 1 ¢m e next most important musc inhalati : 1
’ hhaaat el ,!;'crcnw of 1-3 mmHg and the  intercostals, When these musclcskcso:fulacl. they m the

the  As a result, there is an increase in the anmposmiormd‘m

500 mL of air. In strenuous breathing,
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pressure of 760 mmHg (Figure 23.14). As the diaphragm and  lungs as long as a pr muscles of inspiration also parlicipm‘
external intercostals contract and the overall size of the thoracic  ful inhalations, ac(?esso;'y the thoracic cavity (see Figure 23 |,
Cavity increases, the volume of the pleural cavity also increases in increasing the s12€ Oed pecause they make little, if any, C‘)mr,v
which caus 3 , ! 2 nam . . ) I~

hich causes intrapleural pressure to decrease to about 754 mmHg. ~ The muscles are SO | quiet inhalation, but during exercjg, or

bution during norma
forced ventilation ic -
muscles of inhalation 1 .
which elevate the sternum;

y may contract vigorously. The accessp,
nclude the sternocleidomastoid muscleg
the scalene muscles, which elevy, lhé

During expansion of the thorax, the parietal and visceral pleurae
normally adhere tightly because of the subatmospheric pressure
bet‘ween.th.em and because of the surface tension created by their
moist adjoining surfaces. As the thoracic cavity expands, the pari-

ontracts, the chest expands, the lungg

g m C X
i G relaxes, the lungs recoil inwarq.

Ig

are pulled outward, and alveolar pressure decreases. During exhalation,
and alveolar pressure increases, forcing air out of the lungs.

i i 1 the lungs when alveola
Air moves into the lungs when alveolar pressure is less than atmospheric pressure, and out of g r

pressure is greater than atmospheric pressure.
mmHg

Atmospheric pressure = 760 mmHg Atmospheric pressure = 760

Alveolar Alveolar

pressure = pressure =
760 mmHg 758 mmHg
Intrapleural Intrapleural
pressure = pressure =
756 mmHg 754 mmHg

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

Atmospheric pressure = 760 mmHg

Alveolar
pressure =
762 mmHg

Intrapleural
pressure =
756 mmHg

3. During exhalation (diaphragm relaxing)

0 How does the intrapleural pressure change during a normal, quiet breath?




two ribs; and ll}t’ pectoralis minor muscles, which elevate tl
mhdd\muah At by, Because both normal | fet inl lt Hongly
\ quiet inhalatio |
B ararcis. 1 ane
‘Muc:n : R exercise or forced ventilation involve muscular
contraction, the process ot inhalation is said 1o be active

b
Figure VS0 summarizes the eve

Exhalation

Breathing oul.‘ called exhalation (expiration), is also due to ¢
‘n gradient, but in this case the gradient ‘ix in the np:m\)l(:
direction: The pressure in the lungs is greater than the pressure of
m.tm‘ospl.\crc. Nnr'mul exhalation during quiet breathing, unlike
inhalation, 1S a passive process because no muscular cnnlr‘uclions‘
are involved. Instead, exhalation results from elastic recoil of th‘
chest wall and lungs, both of which have a n;nt;Jrul tendenc tz
spring back Pﬂcr they have been stretched, Two inwardly dicmted
forces contribute to elastic recoil: (1) the recoil of elastic fibers
that were stretched during inhalation and (2) the inwa.rd ull of
surface ten.sion due to the film of alveolar fluid. .
Exhalation stans‘whcn the inspiratory muscles relax. As the
diaphragm relaxes, its dome moves superiorly owing to its elas-
ticity. As the external intercostals relax, the ribs are depressed.
These movements decrease the vertical, lateral, and anteroposterior
diameters of the thoracic cavity, which decreases lung volume. In
turn, the alveolar pressure increases to about 762 mmHg. Air then
flows from the area of higher pressure in the alveoli to the area of
Jower pressure in the atmosphere (see Figure 23.14).

nts of inhalation

Figure 23.15 Summary of events of inhalation and exhalation.
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: : : : ing, as
Exhalation becomes active only during forceful preathing

; iy : ige, Durin
occurs while playing a wind instrument of during cxctcm; ‘mcm:l
these times, muscles of exhalation-- g and |

the abdominal
2 )—contract, which increases pressure
in the abdominal region and thorax. Contraction of the abdom"“:e‘
muscles moves the inferior ribs downward and compresses :
abdominal viscera, thereby forcing the diaphragm superior i
Contraction of the internal intercostals, which cxtgnd ‘mfcr.loflly
and posteriorly between adjacent ribs, pulls the ribs mttcnor y-
Although intrapleural pressure is always less than a}vcolnr pr?-’
sure, it may briefly exceed atmospheric pressure during a forceiu
exhalation, such as during a cough.

' summarizes the events 0

intercostals (see Figure 240

{ exhalation.

Other Factors Affecting Pulmonary Ventilation

re differences drive airflow
ver, three other factors
pulmonary ventilation:
liance of the lungs, and

As you have just learned, air pressu
during inhalation and exhalation. Howe
affect the rate of airflow and the ease of
surface tension of the alveolar fluid, comp

airway resistance.

Surface Tension of Alveolar Fluid
fluid coats the luminal

As noted earlier, a thin layer of alveolar
surface of alveoli and exerts a force known as surface tension.
Surface tension arises at all air-water interfaces because the polar

.ﬁ Inhalation and exhalation are caused by changes in alveolar pressure.

During normal quiet
inhalation, the diaphragm and
external intercostals contract.
During labored inhalation,
sternocleidomastoid, scalenes,
P and pectoralis minor also

7 kg contract.

3

A

Atmospheric pressure
is about 760 mmHg
at sea level
' Thoracic »
W&y cavity increases
“¥ in size and volume of During normal quiet decreases in size
lungs expands exhalation, diaphragm and | @nd lungs recoil
‘ external intercostals relax.
Ty
minal nternal
Alveolar pressure intercostal muscles
decreases to 758 mmHg contract,
(a) Inhalation (b) Exhalation

e'-What is normal atmospheric pressure at sea level?
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Carbon monoxide (CO) is a colorless and odorless gas found in exhaust from p|a5'_“ 18 lectri€ bal he chloride shif pl‘“”lq
fumes from automobiles, gas furnaces, and space heaters and in to- which mainta ‘ol is known as t'e s the C() l t
bacco smoke. It is a by-product of the combustion of carbon-contain- and RBC C)’tOtS f}'ect of these reactions lslt hu‘ 2 IS temg,,
ing materials such as coal, gas, and wood. CO binds to the heme group 23.23b). The 0~ 1 transported in blood plasma as HCQ, -
of hemoglobin, just as O, does, except that the binding of carbon from tissue cells an : pu]monary capillaries in the lupg,
g Oy ¢
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monoxide to hemoglobin is over 200 times as strong as the binding of
0; to hemoglobin. Thus, at a concentration as small as 0.1% (Pco = 0.5
mmHg), CO will combine with half the available hemoglobin mole-
cules and reduce the oxygen-carrying capacity of the blood by 50%.
Elevated blood levels of CO cause carbon monoxide poisoning,
which can cause the lips and oral mucosa to appear bright, cherry-red
(the color of hemoglobin with carbon monoxide bound to it). Without
prompt treatment, carbon monoxide poisoning is fatal. It is possible to
rescue a victim of CO poisoning by administering pure oxygen, which
speeds up the separation of carbon monoxide from hemoglobin. ¢

Carbon Dioxide Transport

Under normal resting conditions, each 100 mL of deoxygenated
blood contains the equivalent of 53 mL of gaseous CO,, which is
transported in the blood in three main forms (see Figure 23.18):

1. Dissolved CO,. The smallest percentage—about 7%—is dis-
solved in blood plasma. On reaching the lungs, it diffuses into
alveolar air and is exhaled.

2. Carbamino compounds. A somewhat higher percentage,
about 23%, combines with the amino groups of amino acids
and proteins in blood to form carbamino compounds (kar-
BAM-i-nd). Because the most prevalent protein in blood is he-
moglobin (inside red blood cells), most of the CO, transported
in this manner is bound to hemoglobin. The main CO, binding
sites are the terminal amino acids in the two alpha and two beta
globin chains. Hemoglobin that has bound CO; is termed carb-
aminohemoglobin (Hb—CO,):

Hb o CO, — Hb—CO,

Hemoglobin Carbon dioxide Carbaminohemoglobin

The formation of carbaminohemoglobin is greatly influenced by
Pco,- For example, in tissue capillaries Pco, is relatively high,
which promotes formation of carbaminohemoglobin. But in
pulmonary capillaries, Pco, is relatively low, and the CO, read-
ily splits apart from globin and enters the alveoli by diffusion.

3. Bicarbonate ions. The greatest percentage of CO,—about
70%—is transported in blood plasma as bicarbonate ions
(HCO; ") (bi’-KAR-bo-nat). As CO, diffuses into systemic
capillaries and enters red blood cells, it reacts with water in the
presence of the enzyme carbonic anhydrase (CA) to form
carbonic acid, which dissociates into H" and HCO; :

CA

CO, + H,0 == H,CO; == H" + HCO;"
Carbon Water Carbonic Hydrogen  Bicarbonate
dioxide acid ion ion

blood passes throu

i an
these reactions reverse

rted in the b
that can be transpo A0 the blog ;
The amount of ‘S?eznt saturation of h_emoglobm with oxyq,
influenced by the p moglobin (Hb—O0O,), the highe

f oxyhe e
The k(;)wer t:;;;’;i'g;;gity of the blood, a relationship ky,
the CO,-ca

cteristics of deoxyhemog]q},
ffect. TWO chara g
as the Haldane €

; hemoglobin binds tg .,
i g dane effect: (1) Deoxy a
give rise to i‘:;lsie CO, than does Hb—O5. (2) Deoxyhemog]oh
thus tratflfspo more H than does Hb—02, thereby removing |
also bulicts romoting conversion of CO, to HCO,

from solution and P .
the reaction catalyzed by carbonic anhydrase.

summary of Gas Exchange and Transport

in Lungs and Tissues

Deoxygenated blood returning to the plillmonary‘capillaries i
lungs (Figure 23.23a) contains CO, dissolved in .blood plas
CO, combined with globin as carbaminohemoglobin (Hb—C
and CO, incorporated into HCO3 within RBCs. The RBCs
also picked up H', some of which binds to and therefo
buffered by hemoglobin (Hb—H). As blood passes througl
pulmonary capillaries, molecules of CO, dissolved in b
plasma and CO, that dissociates from the globin portio
hemoglobin diffuse into alveolar air and are exhaled. At the s
time, inhaled O, is diffusing from alveolar air into RBCs an
binding to hemoglobin to form oxyhemoglobin (Hb—O,). Cui
dioxide also is released from HCO;~ when H' combines
HC.O{ inside RBCs. The H,CO; formed from this reaction !
splits into_COz, which is exhaled, and H,O. As the concentru
I?Ifcgqosiffuded_inefs inside RBCs in pulmonary capillu
= suin o Seersl;tr;dr(;rln the blo9d plasma, in exchange for (
content’ ol gdecreaSedOOd leaving the lungs hai increased
capillaries, as cells useOaanJll(c)iumstf S ey ..In Sw‘cz‘
reverse (Figure 23.23b).2 SRR = chemical roaclt

VCHECKPOINT

24. In :
to ae;::\tlhng perSOn‘, how many 0, molecules are attache
f emoglo.bm molecule, on average, in blood in the
25. What is:Ly arten.es? In'blood in the pulmonary veins?
How do ’te(ranrpelat'onShip between hemoglobin and Po,’
o erature, H*, p ; the
i \almmty of Hb for 0,? co,, and BPG influence
: thrglucga:gef?';log_bbin unload more oxygen as blood flows
skeletal mup' .a"es of metabolically active tissues, such
scle during exercise, than is unloaded at rest’






