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Recoil tendency of lungs

« There is a constant tendency for the lungs D TR By
to collapse, and in doing so they recoil \ Wiall
inward from the thoracic wall. £ 0 Recoil

. i > < 5 Springs

. Lun? compliance: measure of the lung’s abillity to .
stretch and expand. ) _

. . / Lung \

* There are two major determinants of lung ! Recoll \
compliance. ; Springs Qf‘\,

1. stretchability of the lung tissues, l 2 ;'

Parncularl their efasfic connective \ p—— ;
issues. *Thus a thickening of the lung : it L EBe [y /
tissues decreases lung compliance. $ i :

2. An equally important determinant of lung B s

compliance is surface tension at the air- [ "

water interfaces within the alveoli. o




Determinants of Lung
Compliance

* The surface of the alveolar cells is moist

* The alveoli can be pictured as air-filled sacs
lined with water.

At an air-water interface, the attractive forces
between the water molecules, known as
surface tension,

* Thus, expansion of the lung requires energy not
only to stretch the connective tissue of the lung
but also to overcome the surface tension of the
water layer lining the alveoli.

Diaphragm and inspiratory intercostals stop contracting

—

Chest wall

Recoils inward

(=

P, back toward preinspiration value

=

Transpulmonary pressure
back toward preinspiration value

=

Lungs

Recoil toward preinspiration size

NS

Air in alveoli becomes compressed

<

P, becomes greater than Py,

.

Air flows out of lungs




SURFACTANT

* Type |l alveolar cells secrete a
detergent-like substance known as
pulmonary surfactant,

* *Pulmonary surfactant is a mixture of
phospholipids and protein.

« Surfactant: markedly reduces the
cohesive forces between water
molecules on the alveolar surface.

* Therefore, surfactant lowers the
surface tension, which increases
ung compliance and makes it easier

to expand the lungs.

A deep breath increases its secretion
(by stretching the type Il cells).




(A)

Figure 22.7 Surface tension. (A) Water molecules (open circles) below the surface of water standing in a beaker have equal attraction for each
other in all directions. (B) Water molecules at the water-air interface do not have equal attracting forces. Note that the air molecules (shaded
circles) are fewer in number and are less able to exert an upward force. Therefore the water molecules on the surface have more molecules pulling
them down than up and they dive downward, creating a pull on the surface. Further, the attraction from molecules to the side causes a tightening
of that surface. When translated to the inner aspect of a sphere (such as an alveolus), one can visualize that the sphere would be reduced in size
by the tightening effect. (C) Accumulation of surfactant (solid circles) at the surface has the effect of reducing surface tension. Adapted from
Comroe, ].H. Jr. Physiology of Respiration, 2nd edn. Copyright © 1974 by Year Book Medical Publishers, Inc., Chicago. Reproduced with

permission from Elsevier.
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Ventilation terminology

. T]Qttal ventilation: is the volume of gas moved in or out of the airways and alveoli over a certain period
of time.

 Minute ventilation :is the total volume of gas moved in or out of the airways and alveoli in 1 min.
 Minute ventilation is also referred to as the minute respiratory volume (MRV).
» Normoventilation refers to normal ventilation in which a PaCO2 of about 40 mmHg is maintained.

 Hyperventilation refers to alveolar ventilation increased beyond the metabolic needs and a PaC0O2
below 40 mmHg. Hyperventilation causes respiratory alkalosis.

 Hypoventilation is alveolar ventilation decreased below metabolic needs and a PaCO2 above 40
mmHg. Acute hypoventilation causes respiratory acidosis.

 Respiratory alkalosis and respiratory acidosis are disturbances of acid—base equilibrium where the pH of
blood [H+]'is increased or decreased, respectively, from normal.

« Hydrogen ion concentration is influenced %/ CO2 according to the hydration reaction whereby the
combination of CO2 with water yields H2CO3, which dissociates to H+ and HCO3-:

COz + HyO) < HyCO5 < HCO5 + H'



Vb

Dead Space Ventilation

* The tidal volume is used to ventilate not only the. A Vo
alveoli, but also the airways leading to the alveoli. Physiolgic

* Because there is little or no diffusion of oxygen and
carbon dioxide through the membranes of most of the ~ Perfused Non-perfused
airways, they compose part of what is called dead Alveolus Alveolus
space ventilation. —

* The other part of dead space ventilation is made up of
alveoli with diminished capillary perfusion. om

» Ventilating these alveoli is ineffective in producing Volumo n | aome -
changes in blood gases. i T tomi| |-Gt

breath

* Ventilation of nonperfused alveoli and the airways
(some of anatomic and alveolar dead space) is referred
{o as physiologic dead space.

Alveolar gas




Ventilation and perfusion relationships

The partial pressures of oxygen and carbon dioxide in the blood are related not only to alveolar ventilation but also
to the amount of blood that perfuses the alveaoli.

The relationship of these two factors to each other is referred to as the ventilation/perfusion ratio
Alveolar ventilation brings oxygen into the lung and removes carbon dioxide from it.
Similarly, the mixed venous blood brings carbon dioxide into the lung and takes up alveolar oxygen.

Th;af PO2 and CO2 are thus determined by the relationship between alveolar ventilation and pulmonary capillary
perfusion.

A normal ventilation/perfusion ratio implies that there is a balance between ventilation and perfusion of the alveoli,
so that exchange of oxygen and carbon dioxide between the alveoli and blood is optimal.

Deviations from normal are known as a mismatching of ventilation and blood flow within the lung.

Figure 23.2 A ventilation/perfusion mtio (Va/Q)
lime wisere ¥ reprresents the Pa, and Px 0, of e
venous blood when ventilation is blodked (Va/Q = 0)
and where | represents the Po, and Poo, of alvookar
gas when perfusion is blocked (Va/Q) - infinity).
Mismatches of ventilation and perfusion within lung
units at any point on the line influence oxypenation
of the bood accondingly. From West, LB (1990)
Vennlation/flood Fow amd Cas Frchange, Sth edn
Backwell Scicntific Publications, Oxford. Reproduced
with permission from Wiley




General scheme of oxygen transport

* The transport of oxygen from alveoli to hemoglobin and from

Alveolus

hemoglobin to tissues occurs via diffusion gradients. e
« \When oxygen-poor blood arrives at the lungs, the process of B E— nterstial fluid
diffusion is from alveoli to erythrocytes. N d‘
* Reversal of the process occurs when oxygen-rich blood arrives at Y
the tissues. gl | e
* The process of oxygen uptake by hemoglobin proceeds as follows: ‘ Ve Artery
. . . . Oy poor }}u(h
1. oxygen passes from air in the alveolus to successive solution in blood Hood

interstitial fluid capllry
2. plasma %
el

3. erythrocyte fluid ;
4. finally to combination with hemoglobin C

Interstitial fluid

Coll
(ooygen
nsumption)

S —



Alveolar Gas Pressures

* Normal alveolar gas pressures are:
PO2: 105 mmHg and PCO2: 40 mmHg.

» Compare these values with the gas
pressures in the air being breathed:

« PO2: 160 mmHg and PCO2: 0.3 mmHg

* The alveolar PO2 is lower than atmospheric
PO2 because some of the oxygen in the air
entering the alveoli leaves them to enter the
pulmonary capillaries.

* Alveolar PCO?2 is higher than atmospheric
PCO2 because carbon dioxide enters the
alveoli from the pulmonary capillaries.

Air
Po, =160 mmHg
Peo, = 0.3 mmHg

P, Peo,=

0 = COe Alveoli
105 mmHg 40 mmHg

Po,= 40 mmHg Po,= 100 mmHg

Pulmonary Peo, = 46 mmHg| Poo, = 40 mmHg Pulmonary
arteries tA Lung capillaries l veins
Right Left
heart _heart
Systemic Tissue capillaries Systemic
vel

Pca,= 46 mmHg ] FOD;= 40 mmHg arteries
Pp,= 40 mmHg F Pg,= 100 mmHg

Cells

Pg, < 40 mmHg (mitochondrial Py, < 5 mmHg)
Prr_> 46 mmHa



Alveolar Gas Pressures

* The factors that determine the precise
value of alveolar PO2 are

* (1) the PO2 of atmospheric air,

* (2) the rate of alveolar ventilation, and
(3) the rate of total body oxygen
consumption.

Air
Po, =160 mmHg
Peo, = 0.3 mmHg

Po,=  Pgg,=

0o COe Alveoli
105 mmHg 40 mmHg

Fo,= 40 mmHg Fg,= 100 mmHg
Pulmonary Peo, = 46 mmHg| Poo, = 40 mmHg Pulmonary
arteries f\‘ Lung capillaries l veins
Right Left
heart _heart
Systemic Tissue capillaries Systemic
veins Pci=4ﬁ ","“Hg IF002= 40 mmHg arteries
Po,= 40 mmHg F Fg,= 100 mmHg

Cells

Pg, < 40 mmHg (mitochondrial Py, < 5 mmHg)
Prr_> 46 mmHa



Transport of Oxygen in Blood

* The oxygen is present in two forms: (1) dissolved
in the plasma and erythrocyte water and (2)
reversibly combined with hemoglobin molecules
In the erythrocytes.

« Each liter normally contains the number of TABLE 15-7 Oxygen Content of Systemic
oxygen molecules equivalent to 200 ml of pure Arterial Blood at Sea Level

gaseous oxygen at atmospheric pressure.

» Because oxygen is relatively insoluble in water, B e e LT R
only 3 ml can be dissolved in 1 L of blood at the 197 ml O, bound to hemoglobin (98.5%)
normal arterial PO2 of 100 mmHg. Total 200 ml O,

) i . Cardiac output = 5 L/min

* The other 197 ml of oxygen in a liter of arterial 0, cartied to tissues/min = 5 L/min x 200 ml O,/L

blood, more than 98 percent of the oxygen = 1000 mi O,/min

content in the liter, is transported in the
erythrocytes reversibly combined with
hemoglobin.




The oxygen-hemoglobin dissociation curve

1. The amount of oxygen associated with
hemoglobin is related, but is not directly
proportional, to the pressure of dissolved
oxygen in the water of the red blood cell
and plasma.

2. Before the combination of oxygen with
hemoglobin, there must be oxygen in
solution; similarly, after its removal from
hemoglobin, oxygen is again in solution
so that it may diffuse to the consuming
cells (the oxygen unloads because Po2
in solution is lowered)

Hb SATURATION:

Percent saturation =
O, bound to Hb
Maximal capacity of Hb to bind O,

X 100 (15-8)

For example, if the amount of oxygen bound to
hemoglobin is 40 percent of the maximal capacity of
hemoglobin to bind oxygen, the sample is said to be
40 percent saturated. The denominator in this equation
is also termed the oxygen-carrying capacity of the

blood.



Effect of PO2 on Hemoglobin Saturation

100
» Raising the blood PO2 should increase the Amount of O,
combination of oxy{)gen with hemoglobin - T el pnioaded in
oxygen-hemoglobin dissociation curve s | /ST capilaries
* The curve is S-shaped because each 5 eof
hemoglobin molecule contains four
subunits; each subunit can combine with g wof
one molecule of oxygen, and the reactions 2 - ST
of the four subunits occur sequentially, with § of arterial
each combination facilitating the next P‘;e "’32
one. 0 MU S S
20 40 60 80 100 120 140
 Note that the curve has a steep slope Po, (mmHg)
betW_een 10 and 60 mmHg PO2 and a FIGURE 15-23
relatlvely flat pOI‘tlon (Or plateaU) Oxygen-hemoglobin dissociation curve. This curve applies to
between 70 and 100 mmHg POZ_ blood at 37°C and a normal arterial hydrogen-ion

concentration. At any given blood hemoglobin concentration,

the vertical axis could also have plotted oxygen content, in
milliliters of oxygen. At 100 percent saturation, the amount of
hemoglobin in normal blood carries 200 ml of oxygen.



Effect of PO2 on Hemoglobin Saturation

 The importance of this plateau at higher
PO2 values:

» Many situations, including high altitude and
pulmonary disease, are characterized by a
moderate reduction in alveolar and therefore
arterial PO2.

* Even if the PO2 fell from the normal value of
100 to 60 m.mHg, the total quantity of
oxygen carried by hemoglobin would
decrease by only 10 percent since
hemoglobin saturation is still close to 90
percent at a PO2of 60 mmHg.

* The plateau therefore provides an excellent
?afety factor in the supply of oxygen to the
ISSues.

100

60

40

Hemoglobin saturation (%)

20

80 |

1

Amount of O,

FIGURE 15-23
Oxygen-hemoglobin dissociation curve. This curve applies to
blood at 37°C and a normal arterial hydrogen-ion
concentration. At any given blood hemoglobin concentration,
the vertical axis could also have plotted oxygen content, in
milliliters of oxygen. At 100 percent saturation, the amount of
hemoglobin in normal blood carries 200 ml of oxygen.

unloaded in
______________ tissue

capillaries

Systemic Systemic

L venous arterial
Pi) ; ,t:’Iri2
| I 1 | | 1 |
20 40 60 80 100 120 140
P02 (mmHg)



In pulmonary capillaries

Alveoli Plasma Erythrocytes
——

T Less than 1% Less than 1%
Atmosphere i _remains dissolved _remains dissolved
—_— & in plasma in erythrocytes

F A )
Inspired O, - 0, — Dissolved O, - Dissolved O, + Hb HbO,
—1—
In tissue capillaries
Cells

Interstitial fluid

0, — Dissolved O,
used

(in mitochondria)

Plasma Erythrocytes

Cairy wall

Dissolved O, _ Dissolved O, + Hb - HbO,

FIGURE 15-25

Oxygen movement in the lungs and tissues. Movement of inspired air into the alveoli is by bulk-flow; all movements across
membranes are by diffusion. [l ¥




Effects of Blood PCO2, H Concentration, Temper
Concentration on Hemoglobin Saturation

« At any given PO2, a variety of other factors influence the
degree of hemoglobin saturafion:

“sblood PCO2,
** H+ concentration,
sstemperature,

»2,3-diphosphoglycerate I;DPG) (also known as
bisphosphoglycerate, BPG)—produced by the erythrocytes.

* Increase in any of these factors causes the dissociation
curve to shift to the right, which means that, at any given
PO2, hemoglobin has less affinity for oxygen.

* In contrast, a decrease in an%/ of these factors causes the
dissociation curve to shift to the left, which means that, at
any given PO2, hemoglobin has a greater affinity for
oxygen.

2

_ Hemoglobin saturation (%)
g -

Hemoglobin saturation (%)
= =

=
&

Hemoglobin saturation (%)

Normal —

DPG /" £ added
DPG

Eftect of DPG concentration

43°

Effect of temperature

High acidity

Effect of acidity

0 A
Po 2 (mimHg)



Transport of Carbon Dioxide in Blood

* In a resting person, metabolism generates
about 200 ml of carbon dioxide per minute. Summary of CO, Transport in the Blood

 When arterial blood flows through tissue |
capillaries, this volume of carbon dioxide
diffuses from the tissues into the blood . S

e Carbon dioxide is much more soluble in water ~@oisonesco.

Alveolus

0, CO,

Dissolved CO—

than is oxygen = more dissolved carbon 00— O, + o 150, =0, + Hb
dioxide than dissolved oxygen is carried in @ vissalved co, From systmi L{ 2 bissobedco,
blood. ©co. +Hb oo, Mo 4 —hoH | LT S TR

« Even so, only a relatively small amount of < e —
blood carbon dioxide is transported in this oo, &
way; only 10 percent of the carbon dioxide
entering the blood remains physically S Sl itre

dissolved in the plasma and erythrocytes



Transport of Carbon Dioxide in Blood

 Another 30 percent of the carbon
dioxide molecules entering the blood
reacts reversibly with the amino groups
of hemoglobin to form carbamino
hemoglobin.

* The remaining 60 percent of the
carbon dioxide molecules entering the
blood in the tissues is converted to
bicarbonate:

CO, + HyO < HyCO3 < HCOy + HY

Summary of CO, Transport in the Blood

- @ Dissolved CO,

HbO,—— 0O, + Hb

HbO, = 0, + Hb

L{ r_; Dissolved CO,
Hb + CO, — HbCO,
Hb + H' <« HbH

@ Dpissolved co,

@©co. +Hb —HbCO,  Hb +H —HbH

©) co. + H.0 <2 H,CO,— H' +HCO, CI

H,0 + CO, — H,CO,—H'+HCO,, CI'

Red blood cell Red blood cell (HCO; in)

HCO,” CI HCO, CI
(chloride shift)

(CI” out)




In tissue capillaries

Cells Interstitial fluid Plasma Erythrocytes
Some CO, Some CO,
remains dissolved remains dissolved
o, - Dissolved CO. _ Dissc!:ved co — Dissolve:! CO,+ Hb = HBCO,
produced 2 2 2
+
. H,O
g ' Carbonic anhydrase
E H,C0,
3 4
Ccr- Cr
In pulmonary capillaries
Atmosphere Alveoli Plasma Erythrocytes
Expired CO, _ co, — Dissolved CO, — Dissolved CO, + Hb ~e=== HbCO,
+
-1 H,0
-
g ' Carbonic anhydrase
> H,CO4
i
S ]
3
3 HCO,~ HCOs~ + H
© cr cr

FIGURE 15-27

Summary of CO; movement. Expiration of CO, is by bulk-flow, whereas all movements of CO; across membranes are by
diffusion. Arrows reflect relative proportions of the fates of the CO;. About two-thirds of the CO; entering the blood in the
tissues ultimately is converted to HCO; ™ in the erythrocytes because carbonic anhydrase is located there, but most of the
HCO;~ then moves out of the erythrocytes into the plasma in exchange for chloride ions (the “chloride shift”). See Figure
15-28 for the fate of the hydrogen ions generated in the erythrocytes.



Control of Respiration

* The rhythmic pattern of breathing and
the adjustments are integrated within
portions of the brainstem known as the
respiratory center.

* Four specific regions have been K
identified: (i) the dorsal respiratory
group (DRG) in the dorsal medulla, (ii)

the ventral respiratory group (VRG) it
in the ventral medulla, (iii) the }
pneumotaxic center (PC) in the rostral o
portion of the pons, and (iv) the '

apneustic center in the caudal pons.



Control of Respiration

Neurons of the DRG are associated with
inspiratory activity and generate the basic
rhythm of breathing.

Operates on «ramp signal». Begins weakly,
increases steadily for about 2 sec,ceases
abruptly for next 3 seconds —Pacemaker
activity

Inspiration is initiated by a burst of action
potentials in the nerves to the inspiratory
muscles.

Then the action potentials cease, the
inspiratory muscles relax, and expiration
occurs as the elastic lungs recoll.

Output from the DRG is relayed via the
phrenic nerve to the diaphragm to provide for
Its contraction

Input to the DRG is relayed via the vagal and
glossopharyngeal nerves.

Input from other areas—
some excitatory, some inhibitory

et
\ ¥ ¥
Inspiratory neurons
in DRG
(rhythmically firing)

+

Medulla

L~
/|
Spinal cord Phrenic nerve

2 Diaphragm




Control of Respiration

* The VRG has neurons that are associated

with both inspiratory and expiratory activity . i =
but it is primarily responsible for expiration. B o sud

* If expiration is considered to be passive during [~ .
normal quiet breathing, the expiratory neurons O B
are not active; e

* During exercise, when expiration becomes an o \ ?
active process, the expiratory neurons are ?F’;ﬂ? L3
active. w

* But, it is likely that the inspiratory neurons of
the VRG are also more active during exercise.



Control of Respiration

« The PC inhibits inspiration and therefore regulates
inspiratory volume and respiratory rate.

* The primary function of the PC is to limit inspiration, thereby
conltrollmg he duration of the filling phase of the respiratory
cycle.

 The pneumotaxic signal that controls the filling phase may be
strong or weak.

 *The effect of a strong signal is to increase the respiratory rate
whereby both inspiration and expiration are shortened and
which are coupled with a lesser tidal volume. The converse is
true for a weak PC signal.

 The apneustic center is the least understood of all the regions
of the respiratory center; consequently, there is no consensus
as to its role. Whereas the PC is concerned with the
termination of msﬂrahon,. the apneustic center is believed to
be associated with deep inspirations (apneusis).

* Perhaps complementary breaths (sighs) are manifestations of
apneustic center activity




Neural control of ventilation

 Hering-Breuer reflexes KR L o e
* The basic rhythm of respiration may be modified omerrscopos og.pan) |
so that the breathing rate, depth, or both are {vough the Rypothalamus .

Respiratory centers
(medulla and pons)

* The reason for the modification is to change the
rate of ventilation in response to body needs.

changed. W

Peripheral -

« Afferent impulses to the respiratory center e
from several receptor sources have been a Strech rceptors
identified. o I, | 1
« The most noteworthy of these among many ofthe  **"™' B’ AW,
animals are the Hering—Breuer reflexes. %/ Receposin N\ |
. \/ muscles and joints
* The receptors for these reflexes are located in the

lung and particularly in the bronchi and
bronchioles.



Neural control of ventilation

There are two components to the Hering—Breuer reflexes:
(i) the inspiratory-inhibitory or inflation reflex and
(i) the inspiratory or deflation reflex.

The nerve impulses generated by the receptors of the Hering—Breuer
reer{xes are transmitted by fibers in the vagus nerves to the respiratory
center.

The effect of inflation-receptor _stimulation is to inhibit further inspiration
%tlrQ/uRl%lon of neurons in the DRG) and to stimulate expiratory nerves in
e .

The inspiratory or deflation reflex component is activated at some particular
point of deflation.

Deflation reflex receptor stimulation can be elicited in anesthetized dogs by
man_uatl_ compression of the thorax, which is followed immediately by
inspiration.

Practical use of this reflex is appropriate for respiratory depressed or
unresponsive animals to promote more adequate ventilation in the former
or to initiate ventilation in the latter.

During exercise when tidal volume and frequency are increased, it would
appear that the deflation reflex is more active in order to hasten the
beginning of the next inspiration.




Neural control of ventilation

 There are other peripherally located receptors that assist in modifying ""':”-""""'ﬁ'"':::':":'.'?:'"'_" S~
the basic rhythm. | T X T e

. Stirrt]ulation of receptors in the skin is excitatory to the respiratory ,g. G 1 3
center. S e | 3

» Advantage is taken of these receptors when stimulation of breathing is e T
desired in newborn animals: Rubbing the skin with a rough cloth often VD e ]

Starts the breathing cycles.

* An assist to ventilation needed during muscle activity is obtained from
receptors located in tendons and joints.

 They will be stimulated when muscle contraction causes movement.

« |tis also believed that when impulses are directed to skeletal muscles
from the cerebral cortex, collateral impulses go to the brainstem and
stimulate the respiratory center to increase alveolar ventilation.

« This mechanism might account for increases in ventilation that are not
explainable by mere observation of changes in carbon dioxide,
oxygen, and hydrogen ion concentration in the blood.




Upper air passage reflexes

Stimulation of the mucous membrane in these regions
causes reflex inhibition of respiration.

A striking example of this reflex is the inhibition of
respiration that occurs during swallowing.

Stimulation of the mucous membrane of the larynx in
the unanesthetized animal causes not only inhibition of
respiration but, usually, also powerful expiratory efforts
(coughing).

Similarl;tl stimulation of the nasal mucous membrane
frequently leads to sneezing.

The function of all these reflexes is to protect the
delicate resplratorY passages and the depths of the
lungs from harmful substances (irritating gases, dust,
food particles) that otherwise might be inspired.




Baroreceptor modification of respiration

» The principal function of afferent impulses from
baroreceptors in the carotid and aortic sinuses is to
regulate the circulation.

» However, the same receptors are also able to modify
respiration.

* The receptors are constantly generating impulses that
increase In frequency whenblood pressure increases and R :
which decrease in frequency when blood pressure { (AT 4
decreases. e ="l =

* These impulses to the respiratory center are inhibitory in LLT |
nature, and respiratory frequency decreases when =S A
impulse frequency increases. | AR

' L | b \
* Itis believed that the function of this response is to modify 7/ .
the return of blood to the heart. i L N S
: }

* For example, when blood pressure is reduced, _
;es;:f_ltrattlgn increases and flow of blood to the heart is
acilitated.




Voluntary control of respiration

* Ordinary respirations proceed quite
involuntarily.

* However, it Is a matter of everyday
experience that they may be altered
voluntarily within wide limits; they may be
has})elned, slowed, or stopped altogether for
a while.

* If respirations are entirely inhibited
voluntarily, there soon comes a time when
one must breathe again; the cells of the
respiratory center escape from the
inhibition.
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Central chemoreception

 Chemosensitive areas near the ventral surface of the
medulla are highly sensitive to changes in hydrogen ion
concentration of the interstitial fluid of the brain.

 The chemoreceptors in these areas are excitatory to the
respiratory center, causing increases in tidal volume and in
frequency.

 Whereas hydrogen ions diffuse poorly through the blood-
cerebrospinal fluid barrier

* Whenever the PaCO2 increases, the PCO2 of both the
interstitial fluid of the medulla and the cerebrospinal fluid
increases, forming hydrogen ions through hydration.

» Because of the barriers to hydrogen ion diffusion, the
respiratory center response to respiratory acidosis |
(increased Paco2) is greater than the response to metabolic
acidosis (increased hydrogen ion concentration).
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Peripheral chemoreception

 The anatomical entities known as the carotid and aortic
bodies, found in the region of the bifurcation of the carotid
arteries and the arch of the aorta, respectively, are
chemoreceptors.

* They detect changes in the partial pressures of carbon
dioxide, oxygen and hydrogen ion concentration and affect the
respiratory center by transmission of impulses in afferent nerve
fibers of the glossopharyngeal nerves (from the carotid bodies)
and vagus nerves (from the aortic arch).

« Although the medulla is the principal location for detection of
changes in carbon dioxide and hydrogen ion concentrations, it
has been shown that the carotid and aortic body o
chemoreceptors supply about 50% of the ventilator drive in
response to changes in PaCO2.

« Carotid and aortic body chemoreceptors, however, are the
gn{y qladces where the partial pressure of oxygen is
etected.

 These small organs are highly perfused with blood, and the
oxygen needed for baseline activity is obtained from
the oxygen in solution.

Pal3z Blood pH Bez
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Peripheral chemoreception

* Nerve impulse transmission by the carotid
and aortic bodies to the respiratory center
varies with the Po2 perfusing them, as
mentioned above.

* The impulse discharge rate is increased
most significantly in the Po2 range 20-60
mmHg and declines rapidly after 60 mmHg.

* The oxygen—hemoglobin dissociation curve
shows that hemoglobin is still about 90%
saturated with oxygen at a partial pressure
of 60 mmHg.

* Therefore, no serious oxygen lack is
present and little change'in ventilation
occurs.

Pal3z Blood pH Bez

aCO
Central Peripheral
Che s plars Chemaneceptors
‘ - Brainster - \
Resp. Centers
Muscles of
Breathing

Alvenlar

Venblation



	RESPIRATORY SYSTEM�WEEK 3
	Recoil tendency of lungs
	Determinants of Lung Compliance
	SURFACTANT
	Slayt Numarası 5
	Ventilation terminology 
	Dead Space Ventilation
	Ventilation and perfusion relationships
	General scheme of oxygen transport
	Alveolar Gas Pressures 
	Alveolar Gas Pressures 
	Transport of Oxygen in Blood
	The oxygen–hemoglobin dissociation curve
	Effect of PO2 on Hemoglobin Saturation 
	Effect of PO2 on Hemoglobin Saturation 
	Slayt Numarası 16
	Effects of Blood PCO2, H Concentration, Temperature, and DPG Concentration on Hemoglobin Saturation
	Transport of Carbon Dioxide in Blood 
	Transport of Carbon Dioxide in Blood 
	Slayt Numarası 20
	Control of Respiration�
	Control of Respiration
	Control of Respiration
	Control of Respiration
	Neural control of ventilation
	Neural control of ventilation
	Neural control of ventilation
	Upper air passage reflexes 
	Baroreceptor modification of respiration
	Voluntary control of respiration 
	Central chemoreception 
	Peripheral chemoreception 
	Peripheral chemoreception 

