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Introduction 

� Primary function of respiration� to 

obtain O2 for use by cells and to 
eliminate CO2 the cells produce



Introduction 

� Non respiratory function of the respiratory 
system�

- provides a route for water loss and heat 
elimination

- enhances venous return- enhances venous return

- contributes to the maintenance of normal 
acid-base balance

- enables speech,singing, and other 
vocalization

- defends againts inhaled foreign matter



Introduction 

� Removes, modifies, activates, or 
inactivates various materials passing 
through the pulmonary circulation



� Respiration�

- internal respiration; intra cellular 
metabolic processes carried out 
within the mitochondria, which use within the mitochondria, which use 
O2 and produce CO2



- external respiration; encompresses 4 
steps;
1. air is alternately moved in and out of 

the lungs so that exchange of air can occur 
between atmosphere and the alveoli�
ventilation
2. O2 and CO2 are exchanged between air 

in the alveoli and blood within the pulmonary 
capillaries diffusion
in the alveoli and blood within the pulmonary 
capillaries� diffusion

3. O2 and CO2 are transported by the 
blood between the lungs and tissues
4. exchange of O2 and CO2 takes place 

between the tissues and the blood by the 
process of diffusion across the sistemic 
capillaries













� The alveolar walls consist of a single 
layer of flattened Type I alveolar cells
(thin and wall forming)

� Type II alveolar cells� secrete 

pulmonary surfactant, a 
phospholipoprotein complex that phospholipoprotein complex that 
faciitates lung expansion

� Defensive alveolar macrophages are 
present within the lumen of alveoli



� Minute pores of Kohn exist in the walls 
between adjacent alveoli� permits 
airflow between adjoining alveoli�

collateral ventilation



Lungs 

� Right lung� 3 lobes

� Left lung� 2 lobes

� No muscle within alveoli walls to 
cause them to inflate and deflate cause them to inflate and deflate 
during brething process

� The only muscle within the lungs is 
the smooth muscle in the walls of the 
arteriols and bronchioles



Lungs 

� Changes in the lung volume are 
brought about through changes in the 
dimension of the thorax cavity

� The rib cage provides bony protection � The rib cage provides bony protection 
for the lungs and the heart

� Rib cage formed by 12 pairs of curved 
ribs which join the sternum anteriorly 
and the thoracic vertebrae 
(backbone) posteriorly



� Diaphragm is a large dome-shaped 
sheet of scletal muscle forms the floor 
of thoracic cavity



Pleural sac

� pleural sac separates each lung from 
thoracic wall and other surrounding 
structures

- pleura visceral� cover the lungs’ - pleura visceral� cover the lungs’ 

surface

- pleura parietal� lines the

1.mediastinum

2.superior face of diaphragm

3.inner thoracic wall



Pleural sac

� The interior of the pleural sac is 
known as pleural cavity

� The surfaces of the pleura secrete a 
thin intra pleural fluid, which thin intra pleural fluid, which 
lubricates the pleural surfaces as they 
slide past each other during 
respiratory movements



RESPIRATORY MECHANICS

� Air flows in and out of the lungs by 
moving down alternately reversing 
pressure gradients established 
between the alveoli and the between the alveoli and the 
atmosphere by cyclical respiratory 
musle activity



� Three different pressure consideration 
are important in ventilation

1. atmospheric (barometric) 
pressure� is the pressure exerted by 

the weight of the air in the atmosphere 
on objects on earth’s surface. At sea on objects on earth’s surface. At sea 
level = 760 mmhg, and diminishes 
with increasing altitude above sea level 
as the column of air above earth’s 
surface correspondingly decreases



2. intra alveolar pressure (intrapulmonary) 
� pressure within alveoly

3. intrapleural pressure� the pressure within 

the pleural sac = intrathoracic pressure, it is 
pressure exerted outside the lungs within the 
thoracic cavity.

usually less than atmospheric pressure usually less than atmospheric pressure 
averaging 756 mmhg at rest

756 mmhg is sometimes referred to as 
pressure of -4 mmhg (just negative when 
compared with the normal atmosphere 
pressure)



� The negative intra pleural pressure is 
due to;

1. surface tension of alveolar fluid

2. elasticity of lungs2. elasticity of lungs

3. elasticity of thoracic wall



� Intra pleural pressure does not 
equilibrate with atmosphere or intra 
pulmolmonary pressure because 
there is no direct communication there is no direct communication 
between the pleural and either 
atmosphere or the lungs



� Intra pleural fluid’s cohesiveness and 
transmural pressure gradient ( the 
net outward pressure differential ) 
hold the thoracic wall and lungs in hold the thoracic wall and lungs in 
close apposition, streching the lungs 
to fill the thorax cavity



� The transmural pressure gradient and 
intra pleural fluid’s cohesiveness 
prevent  the thoracic wall and the 
lungs pulling away from each other lungs pulling away from each other 
except to the slightest degree



� Normally, air does not enter the 
pleural cavity, because there is no 
communication between the cavity and 
either atmosphere or alveoli

� If the lungs punctured (by a stab 
wound or broken rib) air flows down its wound or broken rib) air flows down its 
pressure gradient from higher 
atmospheric pressure and rushes into 
the pleural space� pneumothorax



� Intra pleural and intra alveolar are now 
equilibrated with atmospheric 
pressure, so transmural pressure 
gradient no longer exists, with no force 
present to stretch the lungs� collapses

� The intra pleural fluid’s cohesiveness � The intra pleural fluid’s cohesiveness 
can not hold the lungs and thoracic 
wall in apposition in the absence of the 
transmural pressure gradient





� Air flows down a pressure gradient

� During inspiration� intra alveolar 

pressure< atmospheric pressure

� During expiration� intra alveolar 

pressure> atmospheric pressure

� Intra alveolar pressure can be changed 
by altering the volume of the lungs, in 
accordance with Boyle’s law



� Boyle’s law states that at any 
constant temperature, the pressure 
exerted by a gas varies inversely with 
the volume of the gas the volume of the gas 









Respiratory muscles

� Respiratory muscles that accomplish 
breathing do not act directly on the 
lungs to change their volume, instead 
change the volume of the thoracic change the volume of the thoracic 
cavity causing a corresponding 
change in lung volume because the 
thoracic wall and lungs are linked 
together





� Diaphragm innervated by nervus 
phrenicus

� M.intercostalis ext innervated by 
nervus intercostalisnervus intercostalis

� During inspiration diaphragm and 
m.intercostalis ext contract on 
stimulation of this nerves



� When diaphragm contact it descend 
downward, enlarging the volume of 
thoracic cavity by increasing its 
vertical dimension

� When m. intercostalis ext contract its 
fibers run downward and forward fibers run downward and forward 
between adjacent ribs enlarging the 
thoracic cavity in both lateral and 
anteroposterior dimensions





� At the end of inspration the 
inspiratory muscles relax

� Diaphragm assume its original dome 
shaped positionshaped position

� The elevated rib cage falls because of 
gravity when m. intercostalis ext 
relax

� The chest wall and stretch lungs 
recoil because of their elastic 
properties







� Deeper inspiration can be 
accompished by contracting the 
diphragm and m.intercostalis ext. 
more forcefully and by bringing the more forcefully and by bringing the 
accessory inspiratory muscles into 
play to further enlarge thorax cavity



� During quite breathing, expiration is 
normally a passive process, because 
it is accomplished by elastic recoil of 
the lungs on the relaxation of the lungs on the relaxation of 
inspiratory muscles

� To produce such a forced, active 
expiration expiratory muscles must 
contract to further reduce the volume 
of the thoracic cavity and lungs



� During forcefull expiration the 
intrapleural pressure exceed the 
atmopheric pressure, but the lungs 
do not collapse because the intra do not collapse because the intra 
alveolar pressure also increased 
correspondingly, a transmural 
pressure gradient still exists



Airway resistance influences airflow 
rates

� F=∆ P

R

F    = airflow rateF    = airflow rate

∆ P= difference between atmopheric and 
inra alveolar pressure (pressure 
gradient)

R   = resistance of airway, determined by 
their radii



� The primary determinant of 
resistance to airflow is the radius of 
the conducting airways

� The airways normally offer such low � The airways normally offer such low 
resistance that only very small 
pressure gradient of 1-2 mmhg need 
be created to achieve adequate rates 
of airflow in and out of the lungs



� Normally modest adjustment in 
airway size can be accomplished by 
autonomic nerv. Syst. Regulation to 
suit the body’s needsuit the body’s need

� Parasympathetic stimulation
promotes bronchiolar smooth muscle 
contraction, which increases airway 
resistance by producing 
bronchoconstriction



� Sympathetic stimulation and to a 
greater extent its associated hormone 
epinephrine, bring about 
bronchodilation

� Airway resistance is abnormally increased 
with chronic obstructive pulmonary 
disease such as;disease such as;
- chronic obstuctive pulmonary disease 
(COPD)
- chronic bronchitis
- asthma
-emphysema



� During the respiratory cycle, the lung 
alternately expand during inspiration 
and recoil during expiration

� Two interrelated concepts are involved 
in pulmonary elasticity; 

- elastic recoil� refers to how - elastic recoil� refers to how 

readily the lungs rebound after having 
been stretched



- compliance� refers to how much 

effort required to stretch or distend 
the lungs� is a measure of 

magnitude of change in lung volume magnitude of change in lung volume 
accomplished by a given change in 
the transmural pressure gradient



� Pulmonary elastic behaviour depends 
mainly on 2 factors:

1. highly elastic connective tissue

2. alveolar surface tension2. alveolar surface tension



� Alveolar surface tension displayed by 
the thin liquid film that lines each 
alveolus

� At an air-water interface, the water � At an air-water interface, the water 
molecules at the surface are more 
strongly attached to other 
surrounding water molecules than to 
the air above the surface.



� The tremendous surface tension of 
pure water is normally counteracted by 
pulmonary surfactan, a complex 
mixture of lipids and proteins

� Pulmonary surfactan intersperses 
between the water molecules in the between the water molecules in the 
fluid lining the alveoli and lowers the 
alveolar surface tension, because the 
cohesive force between a water 
molecule and a pulmonary surfactan 
molecule is very low 



� By lowering the alveolar surface 
tension, pulmonary surfactan 
provides two benefits;

1. increases pulmonary compliance1. increases pulmonary compliance

2. reduces the lung’s tendency to 
recoil

One of the important factors to maintain 
the stability of the alveoli



� According to the law of La Place, the 
magnitude of the inward directed 
collapsing pressure is directly 
proportional to the surface tension proportional to the surface tension 
and inversely proportional to the 
radius of the bubble



� P= 2T

r

P = inward directed collapsing pressure

T = surface tension

r = radius of bubble



� A second factor that contributes to 
alveolar stability is the 
interdependence among neighboring 
alveoli

� If an alveolus starts to collapse, the 
surrounding alveoli are stretched as 
their walls are pulled in the direction of their walls are pulled in the direction of 
the caving in alveolus, in turn these 
neighbouring alveoli, by recoiling in 
resistance to being stretched exert 
expanding forces on the collapsing 
alveolus and therby help keep it open



� Normally only 3% of the total energy 
is used for quiet breathing

� The work of breathing may be 
increased in four different situations;

1. when pulmonary compliance is 
decreaseddecreased

2. when airway resistance is increased

3. when elastic recoil is decreased

4. when there is a need for increased 
ventilation



The changes in lung volume can be measured 
using a spirometer

Lung volumes and capacities;

- tidal volume (TV)� the volume of 

air entering or leaving the lungs 
during a single breath= 500 mlduring a single breath= 500 ml

- inspiratory reserve volume (IRV)�

the extra volume of air that can be 
maximally inspired over and above 
the typical resting tidal volume= 
3000 ml



� Inspiratory capacity (IC)� the max 

volume of air that can be inspired at 
the end of a normal quiet expiration 
(IC= IRV+TV)= 3500 ml

� Expiratory reserve volume (ERV)� the 

extra volume of air that can be actively extra volume of air that can be actively 
expired by Maximal contraction of the 
expiratory muscles beyond that 
normally passive expired at the end of 
a typical resting tidal volume= 1000ml



� Residual volume(RV)� the minimum 

volume of air remaining in the lungs 
even after a maximal expiration= 
1200 ml1200 ml

� Functional residual capacity(FRC)�

the volume of air in the lungs at he 
end of a normal passive expiration 
(FRC= ERV+RV)= 2200 ml



� Vital capacity (VC)� the maximum 

volume of air that can be moved our 
during a single breath following a 
maximal inspiration (VC= 
IRV+TV+ERV)� the VC represents the 

maximum volume change possible 
within the lungs= 4500 mlwithin the lungs= 4500 ml

� Total lung capacity (TLC)� the 

maximum volume of air that the lungs 
can hold (TLC= VC+RV)= 5700 ml



� Forced expiratory volume in one 
second (FEV1)� the volume of air 

that can be expired during the first 
second of expiration in a VC second of expiration in a VC 
determination

usually, FEV1 is about 80% of VC





Alveolar ventilation is less than pumonary 
ventilation because of presence of dead space



� Normal Dead Space Volume. The 
normal dead space air in a young 
adult man is about 150 milliliters,This 
increasesincreases

slightly with age.

� The volume of all the space of the 
respiratory system other than the 
alveoli and their other closely related 
gas exchange areas; this space is 
called the anatomic dead space.



� Any ventilated alveoli that do not 
participate in gas exchange with blood 
are considered alveolar dead space

� Physiologic Dead Space this is the 
total dead space in the lung system�

the anatomic dead space plus alveolar the anatomic dead space plus alveolar 
dead space.



� Pulmonary ventilation= 

tidal volume x respiratory rate

� Alveolar ventilation per minute is the 
total volume of new air entering the total volume of new air entering the 
alveoli and adjacent gas exchange 
areas each minute

� Alveolar ventilation=

(tidal volume- dead space volume)x 
resp rate



GAS EXCHANGE

� Gas exchange at both the pulmonary 
capillary and the tissue capillary 
levels involves simple passive 
diffusion of O2 and CO2 down partial diffusion of O2 and CO2 down partial 
pressure gradients

� No active transport exist for these 
gases



� gas exchange between the alveolar 
air and the pulmonary blood occurs 
through the membranes of all the 
terminal portions of the lungsterminal portions of the lungs

� All these membranes are collectively 
known as the respiratory membrane= 
pulmonary membrane



� the following different layers of the 
respiratory membrane:
1. A layer of fluid lining the alveolus and 
containing surfactant that reduces the 
surface tension of the alveolar fluid
2. The alveolar epithelium composed of thin 
epithelial cells
3. An epithelial basement membrane
4. A thin interstitial space between the 4. A thin interstitial space between the 
alveolar epithelium and the capillary 
membrane
5. A capillary basement membrane that in 
many places fuses with the alveolar epithelial 
basement membrane
6. The capillary endothelial membrane



the overall thickness of the 
respiratory membrane in some areas 
is as little as 0.2 micrometer, and it 
averages about 0.6 micrometeraverages about 0.6 micrometer

















� According to Fick’s law of diffusion;

the diffusion rate of a gas through a 
sheet of tissue also depends on the 
surface area and thickness of the 
membrane through which the gas is 
diffusing and on the diffusion coeficientdiffusing and on the diffusion coeficient
of the particular gas

Factors are relatively constant under 
resting situation



� During exercise ;

1. the surface area available for exchange 
can be physiologically increased to 
enhance the rate of gas transport

2. When the pulmonary blood pressure is 2. When the pulmonary blood pressure is 
raised by increased cardiac output, many 
of previously closed pulmonary capillaries 
are forced open� increases surface area 

of blood available for exchange



3. the alveolar membranes are 
stretched further than normal 
because of the larger tidal volumes 
(deeper breathing)(deeper breathing)



Ventilation-perfussion ratio

� Two factors determine the Po2 and the 
Pco2 in the alveoli:

(1) the rate of alveolar ventilation and 

(2) the rate of transfer of oxygen and 
carbon   dioxide through the respiratory carbon   dioxide through the respiratory 
membrane.

� It made the assumption that all the alveoli 
are ventilated equally, and that blood flow 
through the alveolar capillaries is the same 
for each alveolus.



� However, even normally to some extent, and 
especially in many lung diseases, some areas 
of the lungs are well ventilated but have 
almost no blood flow, whereas other areas 
may have excellent blood flow but little or no 
ventilation.

� a highly quantitative concept has been 
developed to help us understand respiratory 
exchange when there is imbalance between 
alveolar ventilation and alveolar blood flow. 
This concept is called the ventilation-
perfusion ratio.



� the ventilation-perfusion ratio is expressed 
as Va/Q

� Va (alveolar ventilation) 
� Q  (blood flow)

When Va is normal and Q also normal the 
ventilation perfusion ratio is also said to be 
normal� resting situation= 0.8 l/mntnormal� resting situation= 0.8 l/mnt

When there is both normal alveolar ventilation 
and normal alveolar capillary blood flow 
(normal alveolar perfusion), exchange of 
oxygen and carbon dioxide through the 
respiratory membrane is nearly optimal,



Va/Q normal curve



� When the ventilation(Va) is zero, yet 
there is still perfusion (Q) of the 
alveolus, the Va/Q is zero

� Or, at the other extreme, when there 
is adequate ventilation (Va) but zero 
perfusion(Q), the ratio Va/Q is infinity. perfusion(Q), the ratio Va/Q is infinity. 

� At a ratio of either zero or infinity, 
there is no exchange of gases through 
the respiratory membrane of the 
affected alveoli



� When Va/Q is equal to zero the air in 
the alveolus comes to equilibrium with 
the blood oxygen and carbon dioxide 
because these gases diffuse between 
the blood and the alveolar air.

Because the blood that perfuses the � Because the blood that perfuses the 
capillaries is venous blood returning to 
the lungs from the systemic 
circulation, it is the gases in this blood 
with which the alveolar gases 
equilibrate.



� The effect on the alveolar gas partial 
pressures when Va/Q equals infinity is 
entirely different from the effect when Va/Q 
equals zero because now there is no capillary 
blood flow to carry oxygen away or to bring 
carbon dioxide to the alveoli.

� Therefore, instead of the alveolar gases 
coming to equilibrium with the venous blood, 
the alveolar air becomes equal to the 
humidified inspired air. That is, the air that is 
inspired loses no oxygen to the blood and 
gains no carbon dioxide from the blood.



� Whenever Va/Q is below normal, 
there is inadequate ventilation to 
provide the oxygen needed to fully 
oxygenate the blood flowing through 
the alveolar capillaries.
oxygenate the blood flowing through 
the alveolar capillaries.

� A certain fraction of the venous blood 
passing through the pulmonary 
capillaries does not become 
oxygenated. This fraction is called 
shunted blood.



� The total quantitative amount of 
shunted blood per minute is called 
the physiologic shunt. This 
physiologic shunt is measured in physiologic shunt is measured in 
clinical pulmonary function 
laboratories by analyzing the 
concentration of oxygen in both 
mixed venous blood and arterial 
blood (along with simultaneous 
measurement of cardiac output)



� the physiologic shunt can be calculated by the following 
equation:

� Qps =  CiO2  - CaO2 
Qt       CiO2  - CvO2

� Qps is the physiologic shunt blood flow perminute
� Qt is cardiac output per minute
� CiO2 is the concentration of oxygen in the arterial 

blood if there is an “ideal” ventilation-perfusion ratioblood if there is an “ideal” ventilation-perfusion ratio
� CaO2 is the measured concentration of oxygen in the 

arterial blood
� and CvO2 is the measured concentration of oxygen in 

the mixed venous blood.



� The greater the physiologic 
shunt, the greater the amount of 
blood that fails to be oxygenated 
as it passes through the lungs.as it passes through the lungs.



� In a normal person at the top of the 
lung,Va/Q is as much as 2.5 times as great 
as the ideal value, which causes a moderate 
degree of physiologic dead space in this area 
of the lung.

� in the bottom of the lung, there is slightly � in the bottom of the lung, there is slightly 
too little ventilation in relation to blood 
flow,with Va/Q as low as 0.6 times the ideal 
value. In this area, a small fraction of the 
blood fails to become normally oxygenated, 
and this represents a physiologic shunt.



� inequalities of ventilation and 
perfusion decrease slightly the lung’s 
effectiveness for exchanging oxygen 
and carbon dioxide. and carbon dioxide. 

� during exercise, blood flow to the 
upper part of the lung increases 
markedly, so that far less physiologic 
dead space occurs, and the 
effectiveness of gas exchange now 
approaches optimum.



O2 transport

� Once oxygen has diffused from the 
alveoli into the pulmonary blood, it is 
transported to the peripheral tissue 
capillaries almost entirely in capillaries almost entirely in 
combination with hemoglobin.

� the transport of oxygen and carbon 
dioxide by the blood depends on both 
diffusion and the flow of blood.



� Normally, about 97 per cent of the 
oxygen transported from the lungs to 
the tissues is carried in chemical 
combination with hemoglobin in the combination with hemoglobin in the 
red blood cells.

� The remaining 3 per cent is 
transported in the dissolved state in 
the water of the plasma and blood 
cells.



Maximum Amount of Oxygen That Can Combine 
with the
Hemoglobin of the Blood.

� On average, the 15 grams of 
hemoglobin in 100 milliliters of blood 
can combine with a total of almost 
hemoglobin in 100 milliliters of blood 
can combine with a total of almost 
exactly 20 milliliters of oxygen if the 
hemoglobin is 100 per cent saturated. 
This is usually expressed as 20 
volumes percent.



� the oxygen molecule combines 
loosely and reversibly with the heme 
portion of hemoglobin.When Po2 is 
high, as in the pulmonary capillaries, high, as in the pulmonary capillaries, 
oxygen binds with the hemoglobin, 
but when Po2 is low, as in the tissue 
capillaries, oxygen is released from 
the hemoglobin.



Oxygen-Hemoglobin 
Dissociation Curve.



� the oxygen-hemoglobin dissociation 
curve, which demonstrates a 
progressive increase in the 
percentage of hemoglobin bound with percentage of hemoglobin bound with 
oxygen as blood Po2 increases, which 
is called the per cent saturation of 
hemoglobin.



� a number of factors can displace the 
dissociation curve in one direction or 
the other;

1. when the blood becomes slightly 
acidic, with the pH decreasing from the 
normal value of 7.4 to 7.2, the 
oxygen-hemoglobin dissociation curve oxygen-hemoglobin dissociation curve 
shifts, on average, about 15 per cent 
to the right. 

Conversely, an increase in pH from the 
normal 7.4 to 7.6 shifts the curve a 
similar amount to the left.



2.  changes carbon dioxide 
concentration

3.  changes blood temperature

4.  changes 2,3-biphosphoglycerate 
(BPG),a metabolically important (BPG),a metabolically important 
phosphate compound present in the 
blood in different concentrations 
under different metabolic 
conditions.(increased in hypoxic 
condition� O2 released)







� Carbon monoxide combines with 
hemoglobin at the same point on the 
hemoglobin molecule as does oxygen 
it can therefore displace oxygen from 
the hemoglobin, thereby decreasing 
it can therefore displace oxygen from 
the hemoglobin, thereby decreasing 
the oxygen carrying capacity of 
blood. 

� it binds with about 250 times as 
much tenacity as oxygen



CO2 transport

� the amount of carbon dioxide in the 
blood has a lot to do with the acid-
base

balance of the body fluidsbalance of the body fluids

� An average of 4 milliliters of carbon 
dioxide is transported from the 
tissues to the lungs in each 100 
milliliters of blood.



� To begin the process of carbon dioxide 
transport, carbon dioxide diffuses out of the 
tissue cells in the dissolved molecular carbon 
dioxide form.

� The dissolved carbon dioxide in the blood 
reacts with water to form carbonic acid (70 reacts with water to form carbonic acid (70 
per cent)� catalized by carbonic anhidrase 

enzyme

� the reaction occurs so rapidly in the red 
blood cells



� In another fraction of a second, the 
carbonic acid formed in the red cells 
(H2CO3) dissociates into hydrogen 
and bicarbonate ions (H+ and HCO3–and bicarbonate ions (H+ and HCO3–
)

� Most of the hydrogen ions then 
combine with the hemoglobin in the 
red blood cells, because the 
hemoglobin protein is a powerful 
acid-base buffer. 



� In turn, many of the bicarbonate ions diffuse from the 
red cells into the plasma, while chloride ions diffuse 
into the red cells to take their place. 

� This is made possible by the presence of a special 
bicarbonate-chloride carrier protein in the red cell bicarbonate-chloride carrier protein in the red cell 
membrane that shuttles these two ions in opposite 
directions at rapid velocities. Thus, the chloride 
content of venous red blood cells is greater than that 
of arterial red cells, a phenomenon called the chloride 
shift.



� In addition to reacting with water, carbon 
dioxide reacts directly with amine radicals 
of the hemoglobin molecule to form the 
compound carbaminohemoglobin 
(CO2Hb)� 23%(CO2Hb)� 23%

� This combination of carbon dioxide and 
hemoglobin is a reversible reaction that 
occurs with a loose bond, so that the 
carbon dioxide is easily released into the 
alveoli, where the Pco2 is lower than in the 
pulmonary capillaries� 7%



� A small amount of carbon dioxide also 
reacts in the same way with the 
plasma proteins in the tissue 
capillaries.capillaries.

� This is much less significant for the 
transport of carbon dioxide because 
the quantity of these proteins in the 
blood is only one fourth as great as 
the quantity of hemoglobin.



� the Bohr effect; increase in carbon 
dioxide in the blood causes oxygen to 
be displaced from the hemoglobin� an 

important factor in increasing oxygen 
transport

� binding of oxygen with hemoglobin � binding of oxygen with hemoglobin 
tends to displace carbon dioxide from 
the blood. � the Haldane effect�

important factor in increasing CO2 
transport



REGULATION OF RESPIRATION

� respiratory center is composed of 
several groups of neurons located 
bilaterally in the medulla oblongata 
and pons of the brain stemand pons of the brain stem



� It is divided into three major collections of 
neurons: 
(1) a dorsal respiratory group (inspiratory 
center), located in the dorsal portion of the 
medulla, which mainly causes inspiration
(2) a ventral respiratory group (expiratory 
center), located in the ventrolateral part of
the medulla, which mainly causes expiration
(3) the pneumotaxic center,located dorsally in (3) the pneumotaxic center,located dorsally in 
the superior portion of the pons, which mainly 
controls rate and depth of breathing.

The dorsal respiratory group of neurons plays the 
most fundamental role in the control of 
respiration.



� The dorsal respiratory group of neurons are 
located within the nucleus of the tractus 
solitarius

� The nucleus of the tractus solitarius is the 
sensory termination of both the vagal and 
the glossopharyngeal nerves, which 
sensory termination of both the vagal and 
the glossopharyngeal nerves, which 
transmit sensory signals into the 
respiratory center from 
(1) peripheral chemoreceptors
(2) baroreceptors, and 
(3) several types of receptors in the lungs.



� The basic rhythm of respiration is generated mainly in 
the dorsal respiratory group of neurons.

� The nervous signal that is transmitted to the 
inspiratory muscles, mainly the diaphragm in normal 
respiration, it begins weakly and increases steadily in 
a ramp manner for about 2 seconds. Then it ceases a ramp manner for about 2 seconds. Then it ceases 
abruptly for approximately the next 3 seconds, which 
turns off the excitation of the diaphragm and allows 
elastic recoil of the lungs and the chest wall to cause 
expiration.



� the inspiratory signal is a ramp signal 
it causes a steady increase in the 
volume of the lungs during inspiration



� There are two qualities of the inspiratory ramp that 
are controlled, as follows:

1. Control of the rate of increase of the ramp signal, 
so that during heavy respiration, the ramp increases 
rapidly and therefore fills the lungs rapidly.rapidly and therefore fills the lungs rapidly.

2. Control of the limiting point at which the ramp 
suddenly ceases. This is the usual method for 
controlling the rate of respiration; that is, the earlier 
the ramp ceases, the shorter the duration of 
inspiration. This also shortens the duration of 
expiration. Thus, the frequency of respiration is 
increased.



� A pneumotaxic center, located 
dorsally in the nucleus parabrachialis 
of the upper pons, transmits signals 
to the inspiratory area.to the inspiratory area.

� effect of this center is to control the 
“switch-off” point of the inspiratory 
ramp, thus controlling the duration of 
the filling phase of the lung cycle.



� When the pneumotaxic signal is 
strong, inspiration might last for as 
little as 0.5 second, thus filling the 
lungs only slightly; when the lungs only slightly; when the 
pneumotaxic signal is weak, 
inspiration might continue for 5 or 
more seconds, thus filling the lungs 
with a great excess of air.



� The function of the pneumotaxic 
center is primarily to limit inspiration. 
This has a secondary effect of 
increasing the rate of breathing, increasing the rate of breathing, 
because limitation of inspiration also 
shortens expiration and the entire 
period of each respiration.



� ventral respiratory group of neurons, 
found in the nucleus ambiguus 
rostrally and the nucleus 
retroambiguus caudally.retroambiguus caudally.



� The function of this neuronal group;

1. The neurons of the ventral respiratory 
group remain almost totally inactive during 
normal quiet respiration.

2. There is no evidence that the ventral 
respiratory neurons participate in the basic 
rhythmical oscillation that controls rhythmical oscillation that controls 
respiration.

3. the ventral respiratory area contributes 
extra respiratory drive

4. especially important in providing the 
powerful expiratory signals to the abdominal 
muscles during very heavy expiration.



Hearing Breur Reflex

� Most important, located in the 
muscular portions of the walls of the 
bronchi and bronchioles throughout 
the lungs are stretch receptors that the lungs are stretch receptors that 
transmit signals through the vagi into 
the dorsal respiratory group of 
neurons when the lungs become 
overstretched.



� when the lungs become overly inflated, the 
stretch receptors activate an appropriate 
feedback response that “switches off” the 
inspiratory ramp and thus stops further 
inspiration� Hering-Breuer inflation reflex.inspiration� Hering-Breuer inflation reflex.

� is not activated until the tidal volume 
increases to more than three times normal 
(greater than about 1.5 liters per breath).



� The ultimate goal of respiration is to 
maintain proper concentrations of 
oxygen, carbon dioxide, and 
hydrogen ions in the tissues.hydrogen ions in the tissues.

� Excess carbon dioxide or excess 
hydrogen ions in the blood mainly act 
directly on the respiratory center



� Oxygen, in contrast, does not have a 
significant direct effect on the 
respiratory center of the brain in 
controlling respiration. Instead, it acts 
almost entirely on peripheral 
controlling respiration. Instead, it acts 
almost entirely on peripheral 
chemoreceptors located in the carotid 
and aortic bodies, and these in turn 
transmit appropriate nervous signals 
to the respiratory center for control of 
respiration.









� Arterial PO2 is monitored by 
peripheral chemoreceptors

� The arterial PO2 must fall below 60 
mmhg before the peripheral chem. mmhg before the peripheral chem. 
Respond by sending afferent impulses 
to inspiratory centers� increasing 

ventilation



� Central chemoreceptors sensitive to 
changes in CO2 induced H+ 
concentration in the brain 
extracellular fluid (ECF)extracellular fluid (ECF)





� Changes in arterial H+ concentration 
cannot influence the central 
chemoreceptors, because H+ cannot 
cross the blood brain barrier� the cross the blood brain barrier� the 

peripheral chem. Are highly 
responsive to the fluctuation in 
contrast to their unsensitiveness to 
arterial PCO2 and PO2 until it falls 
below 60 mmhg
















