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LECTURE 12: RESPIRATORY SYSTEM




Objectives o3 Lm0
1. Discuss structures of the respiratory system. J’J'd\&é B é{/)f)

2. Describe pulmonary ventilation.

3. Explore lung volumes and capacities.

4. Discuss exchange of oxygen and carbon dioxide as well
as transport of both.

5. Describe control of breathing.
(Pages 856- 876 of the reference)




.(._<'\.E.>J\3 /yb»pwg LS\:A) auwlsS Jas |
o akog g G \EX 222

92633\9-*9



THE RESPIRATORY SYSTEM

% 2|,
The respiratory system contributes to homeostasis by: o..<

Mai founcfnoﬂ 5w
Ol- Providing for gas exchange intake of O: for delivery to body

cells and removal of CO:2 produced by body cells. (o,= 9,

@- Helping in re ulg’\cqunfu%klood ONH Bf body fluids.
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Bl- Contains receptors for sense of smell, filters inspired

[ air produces vocal sounds (phonation), and v

excretes small amounts of water and heat. %" "¢~
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STRUCTURES OF THE RESPIRATORY SYSTEM - pp e

\owes

The upper respiratory

_ystem includes the ,
@ %\w?a\\ @ -

“*nose, nasal © cavity, =

g3,\.;\pharyr@ an‘d'assoaated\ﬂ‘sw e
structures; the lower i

respiratory _ system wnch

&q}%pdes the larynx, CD [ flaiong)
@ trachea b@oncm and
&) lungs. W‘*@)\w‘ [ b 41 )
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Lower
espiratory ~
tract
Right
pleural
cavity

Nasal cavity

Pharynx:

Nasopharynx
Oropharynx
Laryngopharynx

Left and right
primary bronchi
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Pathway of Air/ O,

=V ArBo s P Wenad' Ao
“* Nose — external nares — nasal cavity — internal nares .\
g Jol — &b
Phw TRIE G,y Galiledl Y
** Pharynx — nasopharynx — oropharynx — laryngopharynx
rynx — nasophary oropharynx — laryngopharynx -,

e
¢ Larynx — epiglottis — larynx (

A \_9§_’;\..Q; \eb}
s* Trachea — trachea., Riyh

bleod vesels s; Cles @ S i

& x
** Bronchi — primary bronchi — secondary bronchi — tertiary bronchi — bronchioles
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“*Lungs — alveoli — blood stream
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PULMONARY VENTILATION

The process of gas exchange in the body, called respiration) has three basic
steps: (it ot s @b

- (Y

OUFSI&C% V\SIDFC SR
1. Pulmonarv ventilation or /breathmgL is the inhalation \(inflow) and
) exhalation (outflow) of air and involves the exchange of air between the atmosphere and the
.n;:ﬁesje alveoli of the lungs. s D 5 atmesplere & lungs : G gl BN
2. External (pulmonary) respiration, is the exchange of gases between t\he

alveoli of the lungs and the blood in pulmonary capillaries across the respiratory

membrane. In this process, pulmonary capillary blood gains O2 and loses CO:.
C\.S"*-‘)S\ L%\ d,\

3. Internal (tissue) resplratlon is the exchange of gases between blood in systemic
capillaries and tissue cells. In this step the blood loses O2 and gains CO2. Within cells, the
metabolic reactions that consume O2 and give off CO2 during the production of ATP are

termed cellular respiration. . . , .
- 0}2,29) (o P8 S admephere 35 tunge Qw0 O5ul9 gas exchanse |\ o)\ o ) @01 ¥
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PRESSURE CHANGES DURING PULMONARY

VENTILATION

= Air moves into the lungs when the air pressure inside the lungs is less than the
b 2y
air pressure in the atmosphere. Air moves out of the lungs when the air
pressure inside the lungs is greater than the air pressure in the atmosphere.

. — .~ V591 Al hsian D5 asdag) oo st PR X
» Inhalation: <@ sutside = wnside

> Breathing in is called inhalation (inspiration).

‘1 The lunge
in 9
» For air to flow into the lungs, the pressure inside the alveoli must become] lower \

than the atmospheric pressure. This condition is acﬁ‘lq_e;yed by increasing the

size of the lungs. 020wy oo TN P> e 100 1@l o215

e [ ] [ ] [ ] \';\uL%
»The pressure of a gas in a closed container is inversely

«s proportional to the volume of the container. This inverse relationship
between volume and pressure, calledeoyle’s law) o Smpwr s Jodoln Do) I Vel @Pobws xo
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PRESSURE CHANGES DURING PULMONARY

VENTILATION

»Differences in pressure caused by changes in lung

volume force air inth our lungs when we inh4le and out /
h hale
when we exhale?* JREFEIReY

G 159
»For 1nhalat10n to occur, the lungs must exp?gnd
which increases lung volume and thus decreases
the pressure in the lungs to below atmospheric

Pressure. \‘E”Z—‘p )\_))J \pﬂJ Z-«Jj—vu C—\JJJ\ 6 CJ-A-@MA)\ QALE QM—‘-JM.@LQJQ,\\J«__% < sB
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MUSCLES OF INHALATION AND EXHALATION

] e =l yua
During normal, quiet WSCLES OF NALATN |

. o o > > (4vo
lnhalatlon/ the dlaphragmflﬁ \As\ Sternocleidomastoid

and external intercostals T

| MUSCLES OF EXHALATION

&) - ol > | Internal
@ntrg?ti the .lungs eXEand, & e ~— 4’ ) C W) s
and air moves into the lungs; N/ ]
during normal, quiet o TRt

exhalation, the diaphragm
and _e\%tﬁll'nal intercostals
. relax ( and the lungs recoil, = d&

I " ’ External
e oDlique

Internal
oblique

Transversus

. . M [ T e .‘;:‘ at:(::ammis

forcing air out of the lungs. o T o
— Muscles of inhalation and their actions (left);

muscles of exhatation and thelr actions (right)
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PRESSURE CHANGES IN

PULMONARY VENTILATION

During inhalation, the
diaphragm contracts, the chest

expands, the lungs are pulled
outward, and alveolar
(intrapulmonic) pressure

Atmospheric prassure = 760 mmig Atmospheric pressure = 760 mmHg

pressure =
754 mmHg

pressure =
756 mmHg

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

decreaseSo - ‘g - " "o 1) D K Atmosphernc pressure = 760 mmHg /
5% (201 S G N ) i) )

During exhalation, the
diaphragm relaxes, the lungs
recoill inward, and alveolar
pressure increases, forcing air
out of the lungs. -

Alvooclar

Intrapleural
pressure =
756 mmHg

3. During exhalaton (diaphragm relaxng)



MUSCLES OF INHALATION AND EXHALATION

> Because air always flows from a region of higher pressure to a region of lower
pressure, inhalation takes place. Air continues to flow into the lungs as long as a—l,
pressure diffel‘e,l}gf J,gdsts-; 5% biial Skl ool b b N buodiabi g G5 WL O S92

: el 3 ez : S aslws e : C
» During deep, forceful inhalations, accessory muscles of inspiration

also'Participate in increasing the size of the thoracic cavity.
S) M\ i 53N

» The muscles are so named becayse thjydmake little, if any, contribution during normal
. quiet inhalation, but during exercise or forced ventilation they may contract

g ﬁvigorously. The  accessory muscles of  inhalation include  the
{sterngcleidgmastoid/muscles.)
» Because both normal quiet inhalation and inhalation during

exercise or forced ventilation involve muscular the

process of inhalation is said to be active.




EXHALATION "halation = achiv

ex el akion > P assi Ve

» Breathing out, called exhalation (expiration), is also due to a pressure
gradient, but in this case the gradient is in the opposite direction: The pressure

in the lungs is greate}than the pressure of the atmosphere. Normal
exhalation during quiet breathing, unlike inhalation, is a passive
process becauseﬁlo muscular contractions are involved) < —

» Instead, exhalation results from elggéc recoil of the chest wall and
lungs, both of which have a natural tendency to spring back after )

they have been stretched.” >.a! B2 GuoloWi> skelelal muscles ps LS W S
<) DS s) 9257 505 13) (blaM] e 2
» Exhalation starts when the inspiratory muscles relax. As the diaphragm

relaxes, its dome moves superiorly owing to its elasticity.
" Sy loie' St Ao UPMDMRLU O ae SN D 9o i i B oN G oo N alas




OTHER FACTORS AFFECTING

PULMONARY VENTILATION
Q

As you have just learned, air pressure differences drive
airflow during inhalation and exhalation. However, three
other factors affect the rate of airﬂlw iﬂﬁls}he ease
of pulmonary ventilatign: surface tension of the
alveolar fluid, compliance of the lungs, and airway

resistance. ), S |8 )aD lungs oS




SURFACE TENSION OF ALVEOLAR

oal/ SR

» A thin layer of alveolar fluid coats the luminal surface of alveoli
and exerts a force known as surface tension.

» During breathing, surface tension must be overcome to expand the lungs during
each inhalation. Surface tension also accounts for two-thirds of lung elastic recoil,
which decreases the size of alveoli during exhalation.

cofi
> The surfactant (a2 mixture of phospholipids and lipoproteins)

present in alveolar fluid reduces its surface tension.
v a5 Lasuc AN Y [ 3L o 3)

» A deficiency of surfactant in premature infants”causes respiratory distress
syndrome, in which the surface tension of alveolar fluid is greatly increased, so that
many alveoli collapse at the end of each exhalation. Great effort is then needed at the
next inhalation to reopen the collapsed alveoli.

75 554} &, W &S 55\
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, y=25 5+ COMPLIANCE OF THE LUNGS

Y g fS 00 RS

v Compliance refers to how much effort is required to sfretch the lungs and chest wall.

0) Y~ g- o5
v" High compliance means that the lungs and chest wall expand easily.

> J | Ay LS
v Low compliance means that the(n;?{st expansion.

Dos ol Lo 1S

v" In the lungs, compliance is related to two principal factors: elasticity and surface tension.

v" The lungs normally have high compliance and expand easily becausem in lung tissue are
easily stretched and surfactant in alveolar fluid reduces surface tension. . "
b\ B T P A eddma : §'ow 3.2
v Decreased compliance is a common feature in pulmonary conditions that () scarlung tissue
(for example, tuberculosis), (2) cause lung tissue to become filled with fluid (pulmonary edema), (3)
produce a deficiency in surfactant, or (4) impede lung expansion in any way (for example, paralysis of
the intercostal muscles).
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AIRWAY RESISTANCE

L—} ‘)q( a Syynphq\'\fl\mc Oﬁ) S Lons\'r‘. chion

¢ Like the flow of blood through blood vessels, the rate of airflow through the airways

depends on both theﬁ)ressure difference)and thgfresis?ance.l

“*Airflow equals the pressure difference between the alveoli and the
atmosphere divided by the resistance. girf),, _ P

DW"‘Q)‘ Ma.\]\ |A7
<* The walls of the alrways, especially the bronchioles, offer some

resistance to the normal flow of air into and out of the lungs.

“*As the lungs expand during inhalation, the bronchioles enlarge because

T—

their walls are pulled outward in all directions. VY SIIPINT

—

* Larger-diameter airways have decreased resistance. O ANy




AIRWAY RESISTANCE

» Airway resistance then increases during exhalation as the diameter of

bronchioles decreases.(ATirway diameter is also regulated by the degree of

contraction or relaxation of smooth muscle in the walls of the airways. ao/>
o~ s o Wie 58

-

<+ Signals from the sympathetic division of the autonomic nervous
system cause relaxation of this smooth muscle, which results in bronchodilation

and decreased resistance.

** Any condition that narrows or obstrudts the airways increases
resistance, so that more pressure is required to maintain the same airflow (i.e.

! asthmaor chronic obstructive pulmonary disease (COPD)).
g — ——




LUNG VOLUMES AND CAPACITIES

v While at rest, a healthy adult averages 12 breaths a minute, with each inhalation and exhalation

moving about 500 mL of air into and out of the lungs. . )\\) \2
v' The volume of one breath is called the tidal volume (VT). + 0% o, UUJ dS
[)»9) -+ W]

v The minute ventilation (MV) — the total volume of air inhaled and exhaled each minute—
is respiratory rate multiplied by tidal volume:

MV = 12 breaths/min X 500 mL/breath
= 6 liters/min

—> Qi Brogial R

v Lower-than-normal minute ventilation usually is a sign of pulmonary malfunction.

v’ The apparatus commonly used to measure the volume of air exchanged during breathing and
the respiratory rate is a spirometer or respirometer.

v' The record is called a spirogram. Inhalation_is recorded as an upward deflection, and exhalation
is recorded as a downward deflection.
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Figure 23.15 ',am f lung volumes and capacities. The average values for a healthy adult male and female are indicated, with
¢ values for a female in parentheses. Note that the spirogram is read from right (start of record) to left (end of record).

@ Lung capacities are combinations of various lung volumes.
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LUNG VOLUMES AND CAPACITIES

v Tidal volume varies considerably from one person to another and in the same
person at different times. U R G Rl (s vt pa s les S Y veaS 00 M

v" The alveolar ventilation rate is the yolume of air|per minute that actually reaches
the respiratory zone.

v" Several other lung volumes are defined relative to forceful breathing. In general,
these volumes are larger in males, taller individuals, and younger adults, and smaller
in females, shorter individuals, and the elderly. Various disorders also may be
diagnosed by comparison of actual and predicted normal values for a patient’s

ender, height, and age. -
: © i / \ R 20w L0

v Lung capacities are combinations of various lung volumes.




LUNG VOLUMES AND CAPACITIES

o By taking a very deep E‘;reath you can inhale a good deal more than 500 mL. This additional

inhaled air, called the inspiratory reserve volume, is about 3100 mL in an average
adult male and 1900 mL in an average adult female. oYt el PR
Nolmal inhalation 31 s inhalakion qlilec o) W volum Ui — ad_o{‘{f} " aXion
o Even more air can be inhaled if inhalation follows forced exhalation. If you inhale normally
and then exhale as forcibly as possible, you should be able to push out considerably more
air in addition to the 500 mL of tidal volume. The extra 1200 mL in males and 700 mL in

females is called the expiratory reserve volume. =
nmel exhalation I\ iz exhalation o jilas o) (Muolum

o The forced explratory volume in 1 second, (FEV1.0) is the volume of air that can be
exhaled from the lungs in 1 second with maximal effort following a maximal inhalation.

Typlcally,[chromc obstructive pulmonary dlseas) (COPD) greatly reduces FEV1.0 because
COPD increases airway resistance. 5Py




LUNG VOLUMES AND CAPACITIES

0""“-"5\5\9.2)
Even after the expiratory reserve volume is exhaled, considerable air remains in

the lungs, is called the residual volume and amounts to about 1200 mL in males
and 1100 mL in females.

——
T —

Inspiratory capacity is the sum of’man 1nsp1ratorv reserve volum
(500 mL + 3100 mL = 3600 mL in males and 500 mL # T900 mL = 2400 mL in
females).

_\_
Functional residual capacity is the sum ofrf'e’s]ﬁual volufﬁhand

(@1@(1200 mL + 1200 mL = 2400 mL in males and 1100 mL + 700 mL =

00 mL in females)




LUNG VOLUMES AND CAPACITIES

4
o Vital capacity is thegmmm 3

volume, and (éxpirate orv""r'es‘erve volume) mL in males and 3100

mL in females). ,
s oe pyle Tidal I W35

o Finally, total lung capacity is theum of vital capacity and residual [,

volume (4800 mL + 1200 mL = 6000 mL in males and 3100 mL + 1100
mL = 4200 mL in females).




EXCHANGE OF OXYGEN AND CARBON DIOXIDE
-Q—°—>U¢9 <\o)\ s\,o.,.\[\-ﬁ

o The exchange of oxygen and carbon dioxide between alveolar

air and pulmonary blood occurs via passive diffusion, which is
governed by the behavior of gases by two gas laws, Dalton’s law and
Henry’s law. o

B

o Dalton’s law is important for understanding how gases move
down their pressure gradients by diffusion, and Henry’s law

helps explain how the solubility of a gas relates to its diffusion.
Skt IR oo c S ySg IR/ AN 5 XS LpdS: s 50




GAS LAWS: DALTON’S LAW AND HENRY’S LAW

v According to Dalton’s law, each gas in a mixture of gases exerts its own
pressure as if no other gases were present.

v The pressure of a specific gas in a mixture is called its[f/vv\ EartiaD
@_:(PX)' SN ARACSINEY = }—',{ \Q_A>' s> s ;A bip) |

v The total pressure of the mixture is calculated simply by adding

all of the partial pressures.
ELXT) =30 [ N>
v Atmospheric air is a mlzxﬁ‘;re of gases—nitrogen (N2), oxygen (O2), argon
(Ar), carbon dioxide (CO2), variable amounts of water vapor (H20), plus other
gases present in small quantities.




GAS LAWS: DALTON'’S LAW AND HENRY’S LAW

o We can determine the partial pressure exerted by each
component in the mixture by multiplying the percentage of the

gas in the mixture by the total pressure of the mixture. Atmospheric
air is 78.6% nitrogen, 20.9% oxygen, 0.093% argon, 0.04% carbon dioxide, and 0.06%
other gases; a variable amount of water vapor is also present.
“ToTa\ QRssuex Qiuly vyt 7l Parkial pressure I S e
o These partial pressures determine the movement of O2 and CO2 between the
atmosphere and lungs, between the lungs and blood, and between the blood and
body cells. Each gas diffuses across a permeable membrane from the area where its
partial pressure is greater to the area where its partial pressure is less. The greater
the difference in partial pressure the faster the rate of diffusion.

Feris Frob it 0K -yt 2ie) )5 oS las

—
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GAS LAWS: DALTON'’S LAW AND HENRY’S LAW

Compared with inhaled air, alveolar air has less O2 and more CO2 while exhaled
air contains more O2 than alveolar air and less CO2.

Henry’s law states that the quantity of a gas that will dissolve in a liquid is

proportional to the partial pressure of the gas and its solubility. In body
fluids, the ability of a gas to stay in solution is greater when its partial pressure is
higher and when it has a high solubility in water. The higher the partial pressure
of a gas over a liquid and the higher the solubility, the more gas will stay in
solution. In comparison to oxygen, much more COz is dissolved in blood plasma
because the solubility of CO2 is 24 times greater than that of O2. Even though the air
we breathe contains mostly N2, this gas has no known effect on bodily functions,
and at sea level pressure very little of it dissolves in blood plasma because its
solubility is very low.
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EXTERNAL AND INTERNAL RESPIRATION

o Pulmonary gas exchange is the Eiiffusion of O2 from air in the

alveoli of the lungs to blood in pulmonary capillaries and the
diffusion of COz2 in the opposite directionj

o Respiration in the lungs@deoxygenated blood (depleted
of some O2) coming from the right side of the heart into
oxygenated blood (saturated with O2) that returns to the left side
of the heart.




EXTERNAL AND INTERNAL RESPIRATION

d The number of capillaries near alveoli in the lungs is very large, and blood
flows slowly enough through these capillaries that it picks up a maximal

amount of Oo. o (Awq:)éfduumq‘a:é’ 0_9573\)\.32«"5'5‘)’”

a.)ueo Ii

J During vigorous exercise, when cardiac output is increased, blood flows more
rapidly through both the systemic and pulmonary circulations. As a result,
blood’s transit time in the pulmonary capillaries is shf)fter. =5 35 5 el e

pesiya) &

d In diseases that decrease the rate of gas diffusion, however, the blood may not
come into full equilibrium with alveolar air, especially during exercise. When
this happens, the PO2 declines and PCO2 rises in systemic arterial blood.

—




EXTERNAL AND INTERNAL RESPIRATION

«* The left ventricle pumps oxygenated blood into the aorta and
through the systemic arteries to systemic capillaries. The
exchange of O2 and CO2 between systemic capillaries and tissue
cells is called [intemal respiration or systemic gas exchange]

“* As Oz2 leaves the bloodstream, oxygenated blood is converted into
deoxygenated blood.

\/

¢ Unlike external respiration, which occurs only in the lungs,
internal respiration occurs in tissues throughout the body.

—

—




EXTERNAL AND INTERNAL RESPIRATION

The PO2 of blood pumped into systemic capillaries is higher (100 mmHg)
than the PO2 in tissue cells (40 mmHg at rest) because the cells constantly
use O2 to produce ATP. — = |, &0

While Oz diffuses from the systemic capillaries into tissue cells, CO2 diffuses
in the opposite direction. Because tissue cells are constantly producing CO2,
the PCO2 of cells (45 mmHg at rest) is higher than that of systemic capillary
blood (40 mmHg).

The Eieoxygenated blood then returns to the heargand is pumped to the
lungs for another cycle of external respiration.

= Suil ol yaliis ais)

oy - i) bleap - =l b Qllg




THE RATE OF PULMONARY AND SYSTEMIC GAS

EXCHANGE DEPENDS ON SEVERAL FACTORS:

 Partial pressure difference of the gases. Alveolar PO2 must be higher
than blood PO2 for oxygen to diffuse from alveolar air into the blood. The
differences between PO2 and PCO2 in alveolar air versus pulmonary blood

increase during exercise. /Q—’SY R R —" £iS)5)

\
Z’M o=\ = .
 Surface area available for gas exchange. The surface area of the
alveoli is hu'fe’. In addition, many capillaries surround each alveolus, so

many that as much as 900 mL of blood is able to participate in gas exchange

at any instant. e C sy 2a)) LS
;ﬂha,CI}"'on




THE RATE OF PULMONARY AND SYSTEMIC GAS

EXCHANGE DEPENDS ON SEVERAL FACTORS:

) Ly (csus) @ o (/‘,:p/

O Diffusion distance. The respiratory membrane is very thin, so diffusion
occurs quickly. Buildup of interstitial fluid between alveoli, as occurs in
pulmonary edema, slows the rate of gas exchange because it increases
diffusion distance. e byf ,Bogblde b @lul <8 WIS

N VS P AW - SOV v RPN IR Flov pf oie a=\o 5} &
O Molecular weight and solubility of the gases. Because O2 has a
olecular weight than CQg, it could be expected to diffuse across the
respiratory membrane about 1.2 times faster. However, the solubility of CO2
in the fluid portions of the respiratory membrane is about 24 times greater
than that of O2. Taking both of these factors into account, net outward CO2

diffusion occurs 20 times more rapidly than net inward O2 diffusion.
a2 T o) 2l il 0, ) /\},f@}\ o) g5\t L6 labs




TRANSPORT OF OXYGEN AND CARBON DIOXIDE:

OXYGEN TRANSPORT

O, Wb g 90 2T, G L (Hb) v e gpud &5 = 1S =
* Oxygen does not dissolve easily in water, so only about 1.5% of
inhaled O2 is dissolved in'blood plasma.
< About 98.5% of blood O2 is bound to hemoglobin in red blood
cells (the amount dissolved in the plasma is 0.3 mL and the
amount bound to hemoglobin is 19.7 mL.).

; Hb + e T Hb-O, Deoxygenated biood
Reduced hemogloban Oxvgen DPhissociation Oxyhemoglobin (contracting skedatal muscle)
(deoxyhemoglobin) of O, I Deoxygenated bod  Cyg
- > ’ | IN SYySHHMC vaing n sy
'he 98.5% of the O, that is bound to hemoglobin is trupped inside 100 j D SNNTG v V%
. oS o , , (average al rest)
RBCs, so only the dissolved O, (1.5%) can diffuse out of tissue - o0k | i
capillanes into ussue cells. Thus, it is important to understand the g a0 L | :
factors that promote O, binding to and dissociation (separation) - L |
from hemoglobin g Ad | ;
s 60F i
Phe Relationship between Hemaoglobin e _| ; !




THE RELATIONSHIP BETWEEN HEMOGLOBIN
AND OXYGEN PARTIAL PRESSURE

“* The most important factor that determines how much O2 binds to
hemoglobin is the PO2; the higher the PO2, the more Oz combines with
Hb Y =odgep N & O, Y, 8 Jole ok :Pull éa\’ufaj('ed : %\)\;\

N
d\L m)as CQDLUJ ~.9\J Sle ?0 Par{_ |q(|Y Sa¥ (.Naf'cC’

“* When reduced hemoglobin (Hb) is completely converted to
oxyhemoglobin (Hb-0O2), the hemoglobin is said to be fully saturated;
when hemoglobin consists of a mixture of Hb and Hb-O2, it is
partially saturated. The percent saturation of hemoglobin expresses the
average saturation of hemoglobin with oxygen. For instance, if each
hemoglobin molecule has bound two O2 molecules, then the
hemoglobin is 50% saturated because each Hb can bind a maximum of
four Oo.




OTHER FACTORS AFFECTING THE AFFINITY OF

HEMOGLOBIN FOR OXYGEN
s o Aeon U gs eS| dep Lo Joloe o 2

C\MQ/O\?'-\

1. Acidity (pH): As acidity mcreaseks( (pH decreases), the affinity ot
hemoglobin for Oz decreases, and O2 dissociates more readily from
hemoglobin. The Bohr effect works both ways: An increase in
hydrogen ion in blood causes O2 to unload from hemoglobin, and

the binding of O2 to hemoglobin causes unloading of hydrogen ion
from hemoglobin (hemoglobin can act as a buffer for hydrogen ions).

Co, + HO — W Co, Yhid, Heo ™ + Tt '\\c o‘z%/\to‘?&?}u/acioU\'y’\\ Moo i W

i) @ gl N



OTHER FACTORS AFFECTING THE AFFINITY OF

HEMOGLOBIN FOR OXYGEN

S
2. Partial pressure of carbon dioxide: PCO2 and pH are related
factors because low blood pH (acidity) results from high PCO2. As
CO2 enters the blood, much of it is temporarily converted to carbonic
acid (H2COg3). The carbonic acid thus formed in red blood cells
dissociates into hydrogen ions and bicarbonate ions. As the hydrogen
ions concentration increases, pH decreases. Thus, an increased PCO2
produces a more acidic environment, which helps release O2 from

hemoglobin. Hbg o -\P\J/\@‘ v Wb go <o A\ Yoo 0w al

ﬁally/\n,/ha\\y
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OTHER FACTORS AFFECTING THE AFFINITY OF

HEMOGLOBIN FOR OXYGEN

5,0 A\

3. Temp/e}rature: Within limits, as temperature increases, so does
the amount of O2 released from hemoglobin. During hypothermia
(lowered body temperature) cellular metabolism slows, the need for O2
is reduced, and more O2 remains bound to hemoglobin.
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CARBON DIOXIDE TRANSPORT

Under normal resting conditions, each 100 mL of deoxygenated blood contains
the equivalent of 53 mL of gaseous CO2, which is transported in

the blood in three main forms:

1. Dissolved CO2. The smallest percentage—about 7%—is dissolved in blood
plasma. On reaching the lungs, it diffuses into alveolar air and is exhaled.

2. Carbamino compounds. somewhat higher percentage, about 23%, combines with
the amino groups of amino acids and proteins in blood to form carbamino
compounds. Because the most prevalent protein in blood is hemoglobin (inside
red blood cells), most of the CO2 transported in this manner is bound to
hemoglobin.
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CARBON DIOXIDE TRANSPORT

chains. Hemoglobin that has bound CO, is termed carbamino-
hemoglobin (Hb-CO,):

Hemoglobin Carbon dioxide Carbaminohemoglobin

The formation of carbaminohemoglobin is greatly influenced by PCOz2. For
example, in tissue capillaries PCO2 is relatively high, which promotes
formation of carbaminohemoglobin. But in pulmonary capillaries, PCO2 is
relatively low, and the CO2 readily splits apart from globin and enters the
alveoli by diffusion.




CARBON DIOXIDE TRANSPORT

3. Bicarbonate ions. The greatest percentage of CO2—about 70% —is transported
in blood plasma as bicarbonate ions. Thus, as blood picks up COz, bicarbonate ion
accumulates inside RBCs. Some bicarbonate ion moves out into the blood plasma,
down its concentration gradient. In exchange, chloride ions move from plasma into
the RBCs. This exchange of negative ions, which maintains the electrical balance between
blood plasma and RBC cytosol, is known as the chloride shift. The net effect of these
reactions is that COz2 is removed from tissue cells angl transported in blood plasma
as bicarbonate ion. As blood passes through pulmorlary capillaries in the lungs, all
of these reactions reverse and COz is exhaled. A\
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CARBON DIOXIDE TRANSPORT

20 Al s Hbgs Q, bW\ < 5% Wo g5 co, blo) ol Wwss &

“*The amount of CO2 that can be transported in the blood is
influenced by the percent saturation of hemoglobin with oxygen.
The lower the amount of oxyhemoglobin (Hb-O2), the higher the
COz-carrying capacity of the blood, a relationship known as the
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SUMMARY OF GAS EXCHANGE AND TRANSPORT IN LUNGS AND TISSUES

Hemoglobin inside red blood cells transports O,, CO,, and H*.

Exhaled

\CO; s ee04CO, choo ++04CO, “CO,OHQO‘ ’ Q)’ O\A.A.ﬁp

D, casnesnp Oz 4anee

Interstitial
Inhaled fiuid -
Alveolus Pulmenary Red blood cell
caplliary wall

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

Summary of chemical reactions that occur during gas exchange. (a) As carbon dioxide (CO,) 15 exhaled,
hemoglobin (Hb) mside red blood cells in pulmonary capillaries unloads CO, and picks up O, from alveolar
air. Binding of O, to Hb-H releases hydrogen 1ons (H"). Bicarbonate 1ons (HCO, ") pass into the RBC and
bind to released H', forming carbonic acid (H,CO;). The H,CO, dissociates nto water (H,0) and CO,, and the CO,
diffuses from blood into alveolar air. To maintain electrical balance, a chloride 10n (C17) exits the RBC for each HCO,~
that enters (reverse chloride shift). (b) CO, diffuses out of tissue cells that produce it and enters red blood cells, where
some of it binds to hemoglobin, forming carbaminohemoglobin (Hb-CO,). This reaction causes O, to dissociate from
oxyhemoglobin (Hb-0,). Other molecules of CO, combine with water to produce bicarbonate ions (HCO, ™) and
hydrogen ions (H™). As Hb buffers H™, the Hb releases O; (Bohr effect). To maintain electrical balance, a chlonde jon
(C17) enters the RBC for each HCO;™ that exits (chloride shift)

&




SUMMARY OF GAS EXCHANGE AND TRANSPORT IN LUNGS AND TISSUES
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fluid )
Tissue cel Systemic Red blood cell

SCROS ):g\ii&\\@»elz)' WL

(b) Exchange of O, and CQ, In syslemic capllianes (internal raspiration)

hemoglobin (Hb) inside red blood cells in pulmonary capillaries unloads CO, and picks up O, from alveolar

air. Binding of O; to Hb-H releases hydrogen ions (H™). Bicarbonate 1ons (HCO; ") pass into the RBC and

bind to released H', forming carbonic acid (H,CO,). The H,CO, dissociates into water (H,0) and CO,. and the CO,
diffuses from blood into alveolar air. To maintain electrical balance, a chlonde ion (C17) exits the RBC for each HCO,~
that enters (reverse chlonde shift). (b) CO; diffuses out of tissue cells that produce it and enters red blood cells, where
some of 1t binds to hemoglobin, forming carbaminohemoglobin (Hb—CQ,). This reaction causes O, to dissociate from
oxyhemoglobin (Hb-0,). Other molecules of CO, combine with water to produce bicarbonate 10ns (HCO, ) and
hydrogen 1ons (H"). As Hb buffers H. the Hb releases O, (Bohr effect). To maintain electrical balance, a chlonide ion
(CI") enters the RBC for each HCO, ™ that exits (chlonde shift),

Summary of chemical reactions that occur during gas exchange. (a) As carbon dioxide (CO,) 1s exhaled, @



CONTROL OF BREATHING

% At rest, about 200 mL of Oz2 is used each minute by body cells. During
strenuous exercise, however, Oz use typically increases 15- to 20-fold in
normal healthy adults.

v Respiratory Center:

* The size of the thorax is altered by the action of the breathing muscles,
Whicl‘(contract as a result of nerve impulseatransmitted from centers in the

brain andﬁ'elax in the absence of nerve impulses.)
vls




CONTROL OF BREATHING

v’ Respiratory Center: (uow3

These nerve impulses are sent from clusters of neurons located bilaterally in
the brain stem. This widely dispersed group of neurons, collectively called
the respiratory center, can be divided into two principal areas on the basis of

location and function: (1) the medullary respiratory center in the
[ medulla oblongata) and (2) the pontine respiratory group in the

[Porsy




MEDULLARY RESPIRATORY CENTER

v The medullary respiratory center is made up of two collections of neurons
called the dorsal respiratory group (DRG), formerly called the

inspiratory \area, and the ventral respiratory group (VRG),
formerly called fhe expiratory area.




MEDULLARY RESPIRATORY CENTER

Figure 23.25 Role of the medullary rhythmicity area during normal quiet
breathing

g vedl

Activates

INSPIRATORY AREA INSPIRATORY AREA EXPIRATORY AREA '
ACTIVE INACTIVE ACTIVE l
2 seconds I 3 seconds l
+ Diaph Internal intercostal
. T— iaphragm, and abdominal
: Diaphragm and external sternocleidomastoid, muscles contract
Diaphragm and external and scalene muscles
intercostals contract contract
Forceful inhalation I Forceful exhalation I

Normal quiet inhalation I Normal quiet exhalation I
(b) During forceful breathing

(a) During normal quiet breathing



MEDULLARY RESPIRATORY CENTER

v' The VRG becomes activated when forceful breathing is required, such as
during exercise, when playing a wind instrument, or at high altitudes.

>

v /

v" During forceful inhalation, nerve impulses from the DRG not only
stimulate the diaphragm and external intercostal muscles to contract, they
also activate neurons of the VRG involved in forceful inhalation to send
impulses to the accessory muscles (i.e. sternocleidomastoid) of inhalation.

v During forceful exhalation, the DRG is inactive along with the neurons of
the VRG that result in forceful inhalation, but neurons of the VRG involved
in_forceful exhalation send nerve impulses to the accessory muscles of
exhalation (i.e. internal intercostals).




PONTINE RESPIRATORY GROUP

The pontine respiratory group_ (PRG), formerly called the pneumotaxic
area, is a collection of neurons in the pons.
mcoluuarj_l\ T «(;:«A)\ >

The neurons in the PRG are active during inhalation and exhalation.
— ————

The PRG transmits nerve impulses to the DRG in the medulla.
I

The PRG may play a role in both inhalation and exhalation by modifying the
basic rhythm of breathing generated by the VRG, as when exercising,
speaking, or sleeping.




REGULATION OF THE RESPIRATORY CENTER

v' Activity of the respiratory center can be modified in response to
receptors in the peripheral nervous system, and other factors in
order to maintain the homeostasis of breathing.

=




CHEMORECEPTOR REGULATION OF BREATHING

v' Certain chemical stimuli modulate how quickly and how deeply we
breathe. The respiratory system functions to maintain proper levels of CO2
and Oz2 and is very responsive to changes in the levels of these gases in body

fluids.

v" We introduced sensory neurons that are responsive to chemicals,

called Chemorece(}z’:il;s*-.\ { aol ta. N ardh s chemoveceplors s 2
ad < vl G g ands Paro feceglers oy




LOCATIONS OF PERIPHERAL

CHEMORECEPTORS

v

Chemoreceptors are sensory neurons that
respond to changes in the levels of certain

chemicals in the body. 2 ‘KZ\; oA\

Central chemoreceptors are located in or near
the medulla oblongata in the central nervous

system. They are (sensitive ‘to changes in

hzdro§en ions in the CSFE.

Peripheral chemoreceptors are located in the
aortic bodies. They are clusters of
chemoreceptors located in the wall of the arch
of the aorta, and in the carotid bodies. They
are @e?lgm to changes in PO2, hydrogen

ions, and PCO2 in the blood.
— /2 /pH

Medulla obiongata

Sensory axons in
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(IX) nerve
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Negative Feedback Regulation of Breathing

Some stimulus
disrupts
homeostasis by

Increasing

Arterial blood Pco,
(or decreasing pH
or Pg,)

Input “ Nerve

| | impuises

Inspiratory area in
medulla oblongata

Output Nerve
D
‘Effectors
D;aphfagm and other
muscles of -
respiration contract -
more forcefully and 5 ~
more frequently
(hyperventilation) -7

Decrease in arterial
biood Pco,, increase in
pH, and increase in Pg,

Return to homeostasis

arterial blood Pco,,
pH, and Pg, back
to nomal

Negative feedback control of
breathing

Increase in arterial pCO2
Stimulates receptors
Inspiratory center

Muscles of respiration
contract more frequently &

forcefully
pCO2 Decreases



THE INFLATION REFLEX

Bs'yF ol 3\ % poS ade = S )\s *
v' Similar to those in the blood vessels, stretch-sensitive receptors called

baroreceptors or stretch receptors are located in the walls of bronchi and
bronchioles.

v" When these receptors become stretched during overinflation of the lungs,
nerve impulses are sent along the vagus (X) nerves to the dorsal respiratory
group (DRG) in the medullary respiratory center. In response, the DRG is
inhibited and the diaphragm and external intercostals relax. As a result,
further inhalation is stopped and exhalation begins.




THE INFLATION REFLEX

%’Js‘»&'d

v" As air leaves the lungs during exhalation, the lungs deflafe and
the stretch receptors are no longer stimulated. Thus, the DRG is
no longer inhibited, and a new inhalation begins. This reflex is
referred to as the inflation reflex:




OTHER INFLUENCES ON BREATHING
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d Limbic system stimulation: Anticipation of activity or emotional
anxiety may stimulate the limbic system, which then sends excitatory input
to the DRG, increasing the rate and depth of breathing.

(ﬁ S ‘0] ~ =

a Temperatlrr%/ e A s

] Pain

] Stretching the anal sphincter muscle

1 Irritation of airways: Physical or chemical irritation of the pharynx or larynx
brings about an immediate cessation of breathing followed by coughing or

sneezing.
6 Blood pressure




TABLE 23.3

Summary of Stimuli That Affect Breathing Rate and Depth @@ AR g 53 N Lt B p 09 01051 L 1R

STIMULI THAT INCREASE BREATHING RATE AND DEPTH

Voluntary hyperventilation controlled by cercbral cortex and anticipation of activity
by stimulation of limbic system.

Increase in artenial blood Pry, above 40 mmHg (causes an increase in H') detected
by penipheral and central chemoreceptors.

Decrease in arterial blood P, from 105 mmHg to 50 mmHg.
Increased activity of proprioceptorss.

Increase in body temperature.
Prolonged pain.

Decrease in blood pressure,
Stretching of anal sphincter,

STIMULI THAT DECREASE BREATHING RATE AND DEPTH

Voluntary hypoventilation controlled by cercbral cortex.

Decrease in arterial blood Py, below 40 mmHg (causes a decrease in H') detected
by peripheral and central chemoreceptors.

Decrease in artenal blood Poz below 50 mmHg.

Decreased activity of proprioceptors.

Decrease in body temperature (decreases respiration rate), sudden cold stimulus
(causes apnca).

Severe pain (causes apnea).

Increase in blood pressure.

Irmitation of pharynx or larynx by touch or chemicals (causes bnef apnea followed
by coughing or sneezing).
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