Intermediate Human Physiology (PCB3702L) Dr. Lisa Brinn

Respiratory and Hematology Lab Supplemental Resource

Your body's cells continually use oxygen (O-) for the metabolic reactions that generate ATP
from the breakdown of nutrient molecules. At the same time, these reactions release carbon
dioxide (CO,) as a waste product. Because an excessive amount of CO, produces acidity that
can be toxic to cells, excess CO, must be eliminated quickly and efficiently. You inhale needed
0, and exhale the waste product CO, because of the respiratory system. In addition, the
respiratory system helps regulate blood pH, contains receptors for the sense of smell, filters
inspired air, produces sounds, and rids the body of some water and heat in exhaled air. In this

chapter, you will learn about the various functions of the respiratory system.

. Pulmonary gas exchange. Gases are exchanged

. Transport of 0, and CO, by the blood. The blood carries

. Systemic gas exchange. Gases are exchanged between

Overview of the Respiratory System
A. The process of supplying the body with O, and removing CO, is known as respiration, which
has five basic steps:

Ventilation (breathing). Air flows into and out of the COypind. @ Ventatn

O, inspired

lungs. Movement of air into the lungs is called

inspiration (inhalation). Movement of air out of the

Alveoli

lungs is referred to as expiration (exhalation). of ngs

€O,
s

Inspiration allows O, to enter the lungs and expiration

permits CO, to leave the lungs.

between the alveoli (air sacs) of lungs and blood in
pulmonary capillaries. In this step, pulmonary capillary

blood gains O, and loses CO,.

- €) Transport of
0,and CO,
by the blood

O, from the lungs to tissue cells and CO, from tissue

cells to the lungs.

. . . . . AN /@) Systemic gas -
blood in systemic capillaries and tissue cells of the body. exchang

In this step, systemic capillary blood loses O, and gains Nutiont | O,—00,+HO +ATP
) Cellular respiration

CO2 . Systemic tissue cells

. Cellular respiration. Cells consume O, and give off CO, as metabolic reactions break down

nutrient molecules to produce ATP.




lll.  Components of the Respiratory System

A. Respiratory tract - consists of nose, pharynx,

larynx, trachea, primary bronchi, and lungs
1. Canbedividedinto two: upper and lower
respiratory systems

o Some consider the larynx part of

the lower respiratory tract. Here
we will consider the larynx part of the upper respiratory tract
B. Respiration
1. External
2. Exchanging gases between environment and cells
3. Involves 4 major steps
o Atmosphere to lungs = ventilation
o Gasexchange from lungs to blood
o Transport of gases through blood

o Exchange of gases between blood and tissues &

Secondary
bronchus (cut):

C. Respiratory epithelium Cartlage plates <11 o8
1. Designed to help remove dust and debris Yl I, "
o Epithelium ormabin Eabnotum
theue
0 many parts of airways contains ciliated cells = J=—cie

Periciliary fluid

= — Mucus
Goblet cell

(cells with cilia attached to them) and

Lumen of
airway

scattered goblet cells that secrete mucus. =

1]

o Cili oo
0 short, hairlike projections that extend from surface of a cell. o
0 inthe nose moves mucus and trapped particles down toward the pharynx
0 inthelarynx, trachea, bronchi, and bronchioles moves these substances
up toward the pharynx.
o Mucosa
0 ormucous membrane, consists of a layer of epithelial cellsand an
underlying layer of connective tissue
0 Mucus isasticky secretion that traps inhaled particles and serves as a

lubricant for the lining of the respiratory tract.




o Mucociliary escalator
0 refers to movement of mucus along respiratory tract toward the pharynx.
0 once mucus and trapped particles reach the pharynx, they can be
swallowed or expectorated (spit out).
0 movement of ciliais paralyzed by nicotine. For this reason, smokers cough
often to remove foreign particles from their airways.
D. Movement of air
1. Broughtinbynose
2. Enters pharynx
o Common passageway for food, liquid, and air
3. Larynxroutesairinto proper channels
o Alsowhere vocalization takes place
4. Trachea carriesair to bronchi
5. Primary bronchi transport air to lungs
6. Branching of therespiratory tract
E. Lungs
1. Paired, cone shaped
2. Locatedinthoracic cavity
3. Covered by pleura membrane
4. Contain most of the components of the respiratory tract

o Terminate at the alveoli

b g

F. Alveoli

1. Single layer of epithelium

/Rz TYPE Il ALVEOLAR CELL 2
o Elastc fbers —————"
o) )
™" RESPIRATORY e

Diffusion of O
Diffusion of CO,

Enythrocyte

CAPILLARY ENDOTHELIAL
CELL

o Two types of cells

El
ALVEOLAR CELL

CAPILLARY BASEMENT
MEMBRANE

Interstitial space

ALVEOLAR
MACROPHAGE

0 Typelalveolarcells ™

Erythrocyte
in pulmonary
capillary

EPITHELIAL BASEMENT
MEMBRANE

TYPE | ALVEOLAR CELL
Alveolar fluid with surfactant

=  959% of alveolar

‘Section through an alveolus showing cellular components | ‘ Details of respiratory membrane

surface
0 Typellalveolar cells
= Secrete surfactant
G. Capillaries
1. Fillabout 80-90% of space between alveoli
2. Interstitial fluid
o Verylittle

o Maximizes gas exchange




H. Zones of therespiratory system e
1. Conducting zone - Names of branches
j Trachea
o Preparesair T, Primary bronchi
w‘ () Smaller bronchi
2. Respiratoryzone Conducting zone Y l
o Where gas exchange takes place i
: Bronchiol
I. Blood flows to the lungs w ronchioles
1. Network of capillaries A Fospinr
) ronchioles
2. Blood flow is high s
Respiratory zone
. . . . oso I’ R Alveolar ducts
3. Entire Cardiac Output from Right Ventricle L 22 PN
. e, A Q
4. Blood pressureis low W@ \:Q Hlveolar sacs
o 25/8 mmHg
IV.  Ventilation

A. Defined as breathing

B. Mechanical flow of airinto and out of the lungs

1. Dependenton

O

O

Atmospheric pressure - pressure of the airin the atmosphere, which at sea
level is about 760 millimeters of mercury (mmHg), or 1 atmosphere (atm).
Alveolar pressure - pressure of air within the alveoli of the lungs. Depending
on the stage of the breathing cycle, it may be equal to, lower than, or higher
than atmospheric pressure. Air flows into or out of the lungs because a
pressure gradient exists between the atmosphere and the alveoli. Air moves
into the lungs when alveolar pressure is lower than atmospheric pressure. Air
moves out of the lungs when alveolar pressure is higher than atmospheric
pressure.

Intrapleural pressure - pressure within the pleural cavity. Recall that the
pleural cavityis the space between the parietal and visceral layers of the
pleura. Asmall amount of intrapleural fluid is present in this space.
Intrapleural pressure is always a negative pressure (lower than atmospheric
pressure), ranging from 754—756 mmHg during normal quiet breathing.
Because the pleural cavity has a negative pressure, it essentially functions as
avacuum. The suction of this vacuum couples the lungs to the chest wall via
the pleura to form the lung—chest wall system. Thus, if the thoracic cavity

increases in size, the lungs also expand; if the thoracic cavity decreases in




size, the lungs recoil (become smaller). The changes in lung volume caused by

alterations in thoracic cavity size in turn cause a change in alveolar pressure.

C. Airflowisdependent on pressure gradients e
TN
1. Boyle’sLawand the lungs / . -
D. Breathing cycle = : 54
1. Hasthree phas es: [Atrest @aptvagm relaned) | During nsprain (daphegm contracing) |
o Rest & T ‘/
0 Noairmovementinto or out of lungs
o Inspiration
0 Bringingairinto lungs from
atmosphere
o Expiration

2. Inspiration

o Respiratory muscles contract to cause a change in thoracic volume
0 During anormal quietinspiration, the diaphragm and external
intercostals contract, the lungs expand, and air moves into the lungs
o Resultsinadropinalveolar pressure
o Airmovesintolung lMuzit::CZ;;:j:::TIONI‘{ ([uscies oF exprration
3. Expiration e
o Respiratory muscles relax Exemal 1§
0 duringanormal quiet expiration, S
the diaphragm and external .
intercostals relax, and lungs recoil il abiaue
inward, forcing air out of the lungs R
o Ribcagedecreasesvolume s of praion and et acions (g
o Alveolar pressure increases
o Airflowsout

E. Factorsaffecting ventilation

1. Surface tension of alveolar fluid

O

0 Expellingairinto the environment from the lungs

Athin layer of alveolar fluid coats the luminal surface of alveoli and exerts a
force known as surface tension. Surface tension arises at all air—water
interfaces because the polar water molecules are more strongly attracted to

each other than they are to the nonpolar gas molecules in the air. When liquid




surrounds a sphere of air, as in an alveolus or a soap bubble, surface tension
produces an inwardly directed force. Soap bubbles burst because they
collapse inward due to surface tension. In the lungs, surface tension causes
the alveoli to assume the smallest possible diameter. During breathing,
surface tension must be overcome to expand the lungs during each
inspiration. Surface tension also accounts for two-thirds of lung elastic recoil,
which decreases the size of alveoli during expiration.

The surfactant in alveolar fluid reduces surface tension. Surfactant, a surface
active agent, is acomplex mixture of lipids and proteins secreted by type Il
alveolar cells of the lungs. It intersperses between the water molecules at the
air—water interface. This disrupts the cohesive forces between water
molecules, causing a marked decrease in surface tension. The presence of
surfactantin alveolar fluid reduces the work of breathing and increases lung
compliance (described shortly).

A deficiency of surfactant in premature infants causes respiratory distress
syndrome (RDS), in which the surface tension of alveolar fluid is greatly
increased so that many alveoli collapse at the end of each expiration.

Treatment involves the administration of surfactant directly into the lungs.

2. Compliance of lungs

O

refers to how much effort is required to stretch lungs and chest wall. High
compliance means that lungs and chest wall expand easily; low compliance
means that they resist expansion. By analogy, a thin balloon that is easy to
inflate has high compliance, and a heavy and stiff balloon that takes a lot of
effort to inflate has low compliance. In lungs, compliance is related to two
principal factors: elasticity and surface tension. Lungs normally have high
compliance and expand easily because elastic fibers that are present in lung
tissue are easily stretched and surfactant in alveolar fluid reduces surface
tension. Decreased compliance isa common feature in pulmonary conditions
that (1) scar lung tissue, (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).
By contrast, increased lung compliance occurs in emphysema because there
is less elastic recoil of lungs due to destruction of elastic fibers in alveolar

walls.




3. Airway resistance

O

Like the flow of blood through blood vessels, the rate of airflow through the
airways depends on both the pressure gradient and the resistance: Airflow
equals the pressure gradient between the alveoli and the atmosphere divided
by the resistance. The relationship among airflow, the pressure gradient, and

resistance is given by the following equation: p= 27

where F = airflow,
AP the pressure gradient, and
R = theresistance to airflow.

The walls of the airways, especially the bronchioles,

offer someresistance to the normal flow of airinto and out of the lungs.
(Larger-diameter airways have decreased resistance.) As the lungs expand
during inspiration, the bronchioles enlarge because their walls are pulled
outward in all directions. Airway resistance then increases during expiration
as the diameter of bronchioles decreases. Airway diameter is also regulated
by the degree of contraction or relaxation of smooth muscle in the walls of
the airways. Signals from the sympathetic division of the autonomic nervous
system (ANS) cause relaxation of bronchiolar smooth muscle, which results in
bronchodilation and decreased resistance. Signals from the parasympathetic
division of the ANS cause contraction of bronchiolar smooth muscle,
resulting in bronchoconstriction and increased resistance.

Any condition that narrows or obstructs the airways increases resistance so
that more pressure is required to maintain the same airflow. The hallmark of
asthma or chronic obstructive pulmonary disease (COPD)—emphysema or
chronic bronchitis—is increased airway resistance due to obstruction or

collapse of airways.

V.

Lung Volumes and Capacities

A.
B.
C.

Lung volumes - Measured to assess lung function

Lung capacities - Combinations of lung volumes

These can all be measured using a spirogram - Can also use these to measure minute

ventilation

Lung volumes and lung capacities

1. Tidalvolume (VT) - volume of air inspired or expired during a single breathing cycle

underresting conditions. It equals 500 mL in an average adult male or female.




. Inspiratory reserve volume (IRV) - maximum volume of air that can be inspired after

anormalinspiration. Itisabout 3100 mLin an average adult maleand 1900 mLin an

average adult female.

. Expiratory reserve volume (ERV) - maximum volume of air that can be expired after a
normal expiration. It averages 1200 mL in males and 700 mL in females.

. Residual volume (RV) - volume of air that remains in the lungs after a maximum

expiration. It amounts to 6000t 3

. Inspiration
about 1200 mLin males 5000 mL }
INSPIRATORY INSPIRATORY VITAL TOTAL
F;EOSL%I:XEE e " CAPACITY CAPACITY LUNG
. xpiration 3600 mL 4800 mL CAPACITY
and 1100 mLin females. s000mL | 3100mL (éaoomD)  @0OmD) 6000mL
(1900 mL) (4200 mL)

This airremainsin the

3000 mL

- SAVAVAVAVAVAVAVANN | \//\

lungs because the oo | REERE N e o

. 1200 mL record record  EUNCTIONAL
subatmospheric oo [ Choaoy
. e i
intrapleural pressure (1100t

LUNG VOLUMES LUNG CAPACITIES (combinations of lung volumes)

keeps the alveoli slightly
inflated, and some air also remains in the noncollapsible airways. Because it does
not leave the lungs, RV and any lung capacity that includes the RV cannot be
measured with a spirometer.

. Functional residual capacity (FRC) - volume of air in the lungs at the end of a normal
expiration. It is the sum of residual volume and expiratory reserve volume (1200 mL
+1200 mL = 2400 mLin malesand 1100 mL + 700 mL = 1800 mL in females).

. Inspiratory capacity (IC) - maximum volume of air that can be inspired aftera
normal expiration. It is the sum of tidal volume and inspiratory reserve volume (500
mL + 3100 mL =3600 mLin malesand 500 mL + 1900 mL = 2400 mL in females).

. Vital capacity (VC) - maximum volume of air that can be expired after a maximum
inspiration. It is equal to the sum of inspiratory reserve volume, tidal volume, and
expiratory reserve volume (4800 mL in males and 3100 mLin females). Aterm
related to the VCis the forced expiratory volumein 1second (FEV1), the volume of air
that can be exhaled from the lungs in 1 second with maximal effort following a
maximal inspiration. Under normal conditions, the FEV1 is about 80% of the VC.
Typically, chronic obstructive pulmonary disease (COPD) greatly reduces FEV1
because COPD increases airway resistance.

. Total lung capacity (TLC) - total volume of air in the lungs after a maximum
inspiration. It is the sum of vital capacity and residual volume (4800 mL + 1200 mL =
6000 mLinmalesand 3100 mL + 1100 mL = 4200 mL in females).




VI.  Exchange of Oxygen and Carbon Dioxide
A. Occursvia passive diffusion
B. Governed by the behavior of gasses
1. Explained by two laws
o Dalton’s law
0 Each gasinamixture of gases exerts its own pressure as if there were
no other gases present
0 The pressure that a specific gas exerts is called the partial pressure (Px)
o Henry's Law
0 Quantity of a gas that will dissolve in a liquid is proportional to the
partial pressure of the gas and its solubility
0 Oxygen has a lower solubility than carbon dioxide
C. Twotypes

Atmospheric air: CO; expired

1. Pulmonary gas exchange o sommity Y or s

Pco, = 0.3 mmHg

l(

" Alveolar air:

Alveo

Vel <l cos b)) Po: =105 mmHg
i

o Converts deoxygenated blood into

Pco, =40 mmHg

oxygenated blood
f/"(a) Pulrznonary gas ;xchange \

2. Systemic gas exchange
o Allows peripheral tissues to use the

oxygen thatisin the blood

Deoxygenated blood:
Pg, = 40 mmHg

Oxygenated blood:
Po,
Pco, = 45 mmHg

2 = 100 mmHg
Pco, = 40 mmHg

4 (b) Systemic gas exchange

co: ) 02

Systemic tissue cells:
Po, = 40 mmHg
Pco, = 45 mmHg

VIl.  Transport of Oxygen and Carbon Dioxide
A. Oxygen transport
1. Oxygen has poor solubility
2. 98.5% s bound to hemoglobin and transported in red blood cells
3. Referredtodifferently when thereis O, attached
o Deoxyhemoglobin
0 Without O,
o Oxyhemoglobin
0 WithO;

4. Partial pressure of oxygen determines how much binds to hemoglobin




5. Factors affecting oxygen affinity to hemoglobin oot
o Acidity (pH) - As acidity increases (pH decreases), the

affinity of hemoglobin for O, decreases, and O, dissociates

more readily from hemoglobin. In other words, increasing

acidity enhances the unloading of oxygen from

High blood pH
(7.6)

70 Normal blood pH
(7.4)

Low blood pH
(72)

Percent saturation of hemoglobin
@
3

L
0 10 20 30 40 50 60 70 80 90 100
Po, (mmHg)

Effect of pH on affinity of hemoglobin for oxygen

hemoglobin. The main acids produced by metabolically active tissues are lactic

acid and carbonic acid. When pH decreases, the entire oxygen—hemoglobin

dissociation curve shifts to the right; at any given Po,, hemoglobin is less

saturated with O, a change termed the Bohr effect.

O

Partial pressure of carbon dioxide - CO, can also bind to hemoglobin, and
the effect is similar to that of H* (shifting the curve to the right). As Pco» rises,
hemoglobin releases O, more readily. Pco, and pH are related factors because
low blood pH (acidity) results from high Pco.. As CO, enters the blood, much of
itis temporarily converted to carbonic acid (H.CO3), areaction catalyzed by

an enzyme in erythrocytes called carbonic anhydrase (CA):

CA
CO; +H,0= H,CO; = H*

2 =
Carbon dioxide  Wat Carbonicacid ~ Hydrogenion

+ HCO;

Bicarbonate ion

The carbonic acid thus formed in erythrocytes dissociates into hydrogen ions
and bicarbonate ions. As the H* concentration increases, pH decreases. Thus,

an increased Pco, produces a more acidic environment, which helps release O,

from hemoglobin. During exercise, lactic acid—a by- | o
;g : g:;:‘al blood
50 - ~ High blood

20
10 -

product of anaerobic metabolism within muscles—also

decreases blood pH. Decreased Pco, (and elevated pH)

Percent saturation of hemoglobin

shifts the saturation curve to the left.

0 (I Y T N S TR N Y B
0 10 20 30 40 50 60 70 80 90 100
Po, (mMmHg)

Temperature - Within limits, as temperature increases,

Effect of Pco, on affinity of hemoglobin for oxygen

so does the amount of O, released from hemoglobin. Heat is a by-product of
the metabolic reactions of all cells, and the heat released by contracting
muscle fibers tends to raise body temperature. Metabolically active cells

require more O, and liberate more acids and heat. The acids and heat in turn

Low temperature

promote release of O, from oxyhemoglobin. Fever D

90

80 -
7oL Normal blood
temperature
60 - (37°C, 98.6°F)
50 -
40 r High temperature
30 - (43°C, 110°F)
20
10 -

produces a similar result. By contrast, during

hypothermia (lowered body temperature) cellular

Percent saturation of hemoglobin

metabolism slows, the need for O, is reduced, and

Po, (mmHg)

more O, remains bound to hemoglobin (a shift to the

Effect of temperature on affinity of hemoglobin for oxygen

left in the saturation curve).




o Biphosphoglycerate (BPG) - A substance

foundin erythrocytes called 2,3- < "l e B
bisphosphoglycerate (BPG), previously g’ ol Added

called diphosphoglycerate (DPG), decreases g ol

the affinity of hemoglobin for O, and thus % ;“;

helps unload O, from hemoglobin. BPGis % fg I

formed in erythrocytes when they break %6 162030 4'gof‘<(>mioH;o 80 90 100
down glucose to produce ATP during Effect of BPG on affinity of hemoglobin for oxygen

glycolysis. When BPG combines with hemoglobin by binding to the terminal
amino groups of the two beta globin chains, the hemoglobin binds O, less
tightly at the heme group sites. The greater the level of BPG, the more O, is
unloaded from hemoglobin. Certain hormones, such as thyroxine, growth
hormone, epinephrine, norepinephrine, and testosterone, increase the
formation of BPG. The level of BPGis also higher in people living at higher
altitudes.

o Fetal hemoglobin - differs from adult hemoglobin (Hb-A) in structure and in
its affinity for O,. Hb-F has a higher affinity for O, because it binds BPG less
strongly. Thus, when Po, is low, Hb-F can carry up o s al-
to 30% more O, than maternal Hb-A. As the Z

maternal blood enters the placenta, O, is readily ol [ waoma
transferred to fetal blood. This is very important o,

20 4

Percent saturation of hemoglobin

10

because the O,saturation in maternal blood in the M,

0 10 20 30 40 50 60 70 80 90 100
Po, (mmHg)

placentais quite low, and the fetus might suffer
hypoxia were it not for the greater affinity of fetal hemoglobin for O..
B. Carbon dioxide transport
1. Istransported through the blood in three ways:
1. Dissolvedinthe plasma
o 7% -Uponreaching the lungs, it diffuses into alveolar air and is exhaled.
2. Carbamino compounds
o 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 erythrocytes), most of the CO, transported
in this manneris bound to hemoglobin. The main CO. binding sites are the

terminal amino acids in the two alpha and two beta globin chains.




3. Bicarbonateions
o 70% - As CO, diffuses into systemic capillaries and enters erythrocytes, it
reacts with water in the presence of the enzyme carbonic anhydrase (CA)

to form carbonic acid, which dissociates into H* and HCO5"

Gas Exchange and Transport Can Be Summarized: Deoxygenated blood returning to the pulmonary

Transport of CO, Transport of O,

rasmeansens  Sisssinens c@pillaries in the lungs contains CO, dissolved in blood plasma, CO, combined

98.5% as Hb-0,
70% as HCO,

— Alveol

with globin as carbaminohemoglobin (Hb—CO,), and CO, incorporated into
51 HCOs~ within erythrocytes. The erythrocytes have also picked up H*, some of
which binds to and therefore is buffered by hemoglobin (Hb—H). As blood
passes through the pulmonary capillaries, molecules of CO, dissolved in blood
plasmaand CO; that dissociates from the globin portion of hemoglobin diffuse
into alveolar air and are exhaled. At the same time, inhaled O, diffuses from

alveolar airinto erythrocytes and is binding to hemoglobin to form

tissue cells

; oxyhemoglobin (Hb—0,). Carbon dioxide is also released from HCO;~ when H*

I combines with HCO;™ inside erythrocytes. The H,CO? formed from this reaction
then splits into CO,, which is exhaled, and H,0. As the concentration of HCOs™ declines inside
erythrocytes in pulmonary capillaries, HCO;™ diffuses in from the blood plasma, in exchange for Cl-. In
sum, oxygenated blood leaving the lungs has increased O, content and decreased amounts of CO, and

H*.In systemic capillaries, as cells use O, and produce CO,, the chemical reactions reverse.

Reverse
chloride,
Exhaled shift CO, + Hb<—Hb-CO,
\ or<ltcr .
W ..-CO, « CO, <+ 12O H,0 22000MC VIIESE 00« HEO,- + H
HCO5~ 4
........ > OgeececpockearOpeeecedonar 0, + H-H ———————>Hb-0, + H*
Interstitial Plasma
Inhaled fluid
Alveolus Pulmonary Erythrocyte
capillary wall

Exchange of O, and CO, in pulmonary capillaries (pulmonary gas exchange)

Chloride
shift

CF,...¥ CO; + Hb &> Hb-CO; + O,
TR0

g Carbonic anhvdrase
CO, + ,0———————>H,CO> H(|303- +H*

420, + Hp-H Hb-O,

Interstitial
fluid
Tissue cell Systemic Erythrocyte
capillary wall

Exchange of O, and CO; in systemic capillaries (systemic gas exchange)




VIIl.  Control of Ventilation
A. Respiratory centers control breathing
1. Cluster of neurons in the brainstem collectively known as the respiratory center
o Divided
0 Medullary respiratory center — dorsal respiratory group (DRG) and

j“-! ventral respiratory group (VRG)

\ * Locatedinthe VRGisacluster of neurons called the pre-
mmmm ‘ Botzinger complex that is believed to be importantin the
_ ’“"mm el PE— generation of the rhythm of respiration

o es S L3 S wws O Pontine respiratory center — pneumotaxic area (also known as pontine

respiratory group) and apneustic area

Dorsal respiratory group (DRG)

(Inspiratory neurons) Dorsal respiratory group (DRG) | Activates  ventral respiratory group (VRG) Ventral respiratory group (VRG)
Active Inactive (Inspiratory neurons) —> (Inspiratory neurons) (Expiratory neurons)
1
lZ seconds ¢ 3 seconds
Diaphragm and Diaphragm and external Diaphragm and extemal Accefs,s‘”x ";PSC'BS Accessory muscles
i q intercostals contract of inspiration of expiration
external intercostals mteroos'tals relgx, followed (SR s
contract by elastic recoil of lungs and scalenes) and internal
contract intercostals) contract
1
l I \ e v
|
\
A . Forceful expiration Forceful expiration
Normal quiet Normal quiet
inspiration expiration

During normal quiet breathing During forceful breathing

B. Respiratory centers are subject to regulation

1. Cortical influences -Because the cerebral cortex has connections with the respiratory
center, we can voluntarily alter our pattern of breathing. We can even refuse to
breathe at all for a short time. Voluntary control is protective because it enables us to
prevent water or irritating gases from entering the lungs. The ability not to breathe,
however, is limited by the buildup of CO, and H* in the body. When Pco, and H*
concentrations increase to a certain level, the DRG neurons of the medullary
respiratory center are strongly stimulated, action potentials are sent along the
phrenic and intercostal nerves to inspiratory muscles, and breathing resumes,
whether the person wants it to or not. It is impossible for small children to kill
themselves by voluntarily holding their breath, even though many have tried in
order to get their way. If breath is held long enough to cause fainting, breathing

resumes when consciousness is lost. Action potentials from the hypothalamus and




limbic system also stimulate the respiratory center, allowing emotional stimuli to
alterrespirations as in, for example, laughing and crying.

Chemoreceptor regulation - Certain chemical stimuli modulate

N2

how quickly and how deeply we breathe. The respiratory system \*r %m

functions to maintain proper levels of CO,and O, and is very "t

Intemal carotid —_(|_

Sensory axons in
glossopharyngeal
(IX) nerve

artery v}
Extemal carotid ’
artery

Common carotid
arter

‘.’_ CAROTID BODY

Carotid sinus

3

responsive to changes in the levels of these gases in body fluids.

|| —— sensory axonsin
\ T | vagus (X) nerve
‘\\’\ | Arch of aorta
A W/
VA AORTIC BODIES

Chemoreceptors are sensory receptors that are responsive to
chemicals. Chemoreceptors in two locations monitor levels of

CO,, H*,and O, and provide input to the respiratory center. b

The central and peripheral chemoreceptors participate in a negative feedback system that regulates

the levels of CO,, 0,,and H* in the blood. As aresult of increased Pco,

decreased pH (increased H*), or decreased Po,, input from the central and

peripheral chemoreceptors causes the DRG to become highly active, and

STIMULUS

Disrupts homeostasis
by increasing

CONTROLLED VARIABLE
Arterial blood Pco, (or decreasing pH or Po,)

the rate and depth of breathing increase. Rapid and deep breathing, $:""s'rmpwf°£.%ﬂmw \\\
called hyperventilation, allows the inhalation of more O, and expiration e " T \e
P
of more CO, until Pco; and H* are lowered to normal. ) ‘\
3. Proprioceptor stimulation of breathing - As soon as you ;;;N!RSTCE;ERI :‘,ﬁ‘:n":;::!‘;";:ﬁﬁzf
start exercising, your rate and depth of breathing gié’«::za: ) ’ :ﬁ:":.lj’::;i‘z‘if:‘:,s:::.
increase, even before changes in Poy, Pcoz, or H level °:"":EF%E:::S"°‘”“'S Il
occur. The main stimulus for these quick changes in rf:gr';”:ym; .,% II
respiratory effort is input from proprioceptors, which e ; //
monitor movement of joints and muscles. Action Degse:jspj”bfipp
potentials from the proprioceptors stimulate the DRG
of the medulla oblongata. At the same time, axon collaterals (branches) of upper
motor neurons that originate in the primary motor cortex also feed excitatory
signalsinto the DRG.
4. Theinflation reflex - Similar to those in the blood vessels, stretch-sensitive

receptors are located in the walls of bronchi and bronchioles. When these receptors
become stretched during overinflation of the lungs, action potentials are sent along
the vagus (X) nerves to the dorsal respiratory group (DRG) in the medullary
respiratory center. Inresponse, the DRGis inhibited and the diaphragm and external
intercostals relax. As aresult, further inspiration is stopped and expiration begins.
As air leaves the lungs during expiration, the lungs deflate and the stretch receptors

are no longer stimulated. Thus, the DRGis no longer inhibited, and a new inspiration




10.

begins. This reflexis referred to as the inflation (Hering—Breuer) reflex. In infants,
the reflex appears to function in normal breathing. In adults, however, the reflex is
not activated until tidal volume (normally 500 mL) reaches more than 1500 mL.
Therefore, the reflexin adults is a protective mechanism that prevents excessive
inflation of the lungs, for example, during severe exercise, rather than a key
component in the normal control of respiration.

Limbic system - 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 ventilation.

. Temperature - Anincrease in body temperature, as occurs during a fever or vigorous

muscular exercise, increases the rate of ventilation. A decrease in body temperature
decreases respiratory rate. A sudden cold stimulus (such as plunging into cold water)
causes temporary apnea, an absence of breathing.

Pain - Asudden, severe pain brings about brief apnea, but a prolonged somatic pain
increases respiratory rate. Visceral pain may slow the rate of ventilation.

Stretching the anal sphincter muscle - This action increases the respiratory rate
and is sometimes used to stimulate ventilation in a newborn baby or a person who

has stopped breathing.

. Irritation of airways - Physical or chemical irritation of the pharynx or larynx brings

about animmediate cessation of breathing followed by coughing or sneezing.
Blood pressure - The carotid and aortic baroreceptors that detect changes in blood
pressure have a small effect on breathing. Asuddenrise in blood pressure decreases

the rate of respiration, and adrop in blood pressure increases the respiratory rate.

VI.Blood Groups and Blood Types

A. The surfaces of erythrocytes contain a genetically determined assortment of antigens

that includes carbohydrates and proteins. These antigens, called agglutinogens occur in

characteristic combinations. Based on the presence or absence of various antigens,

blood is categorized into different blood groups. Within a given blood group, there may

be two or more different blood types. There are at least 24 blood groups and more than

100 antigens that can be detected on the surface of erythrocytes. Here, two major blood

groups—ABO and Rh—are discussed.

population groups, as indicated in the table below. e

[ Blood Type (percentago)

B. Theincidence of ABO and Rh blood types variesamong different oputioncrow 0 4 5 a5 mec

European American 45 40 11 4 85
African American 49 27 20 4 95
32 28 30 10 100
Japanese American 31 38 21 10 100
Chinese American 42 27 25 6 100
Native American 79 16 4 1 100




C. ABOBlood Group Is Determined by the Presence or Absence of Aand B Antigens
0 TheABO blood group is based on two glycolipid antigens called Aand B. People
whose erythrocytes display only antigen A have type A blood. Those who have only
antigen B are type B. Individuals who have both A and B antigens are type AB; those

who have neither antigen A nor B are type O.

BLOOD TYPE TYPEA TYPEB TYPE AB TYPE O

A antigen B antigen Both A and B antigens Neither
| A and B antigens

Erythrocytes iﬂ | ﬂ
Plasma % %

Anti-B Anti-A Neither Both anti-A and
antibody antibody antibody anti-B antibodies

Plasma usually contains antibodies called agglutinins that react with the A or B antigens if the two are
mixed. These are the anti-A antibody, which reacts with antigen A, and the anti-B antibody, which
reacts with antigen B. The antibodies present in each of the four blood types are shown above. You do
not have antibodies that react with the antigens of your own erythrocytes, but you do have antibodies
for any antigens that your erythrocytes lack. For example, if your blood type is B, you have B antigens
on your erythrocytes, and you have anti-A antibodies in your plasma. Although agglutinins start to
appear in the blood within a few months after birth, the reason for their presence is not clear. Perhaps
they are formed in response to bacteria that normally inhabit the gastrointestinal tract. Because the
antibodies are large IgM-type antibodies that do not cross the placenta, ABO incompatibility between
amother and her fetus rarely causes problems.
D. AnlIncompatible Transfusion Causes Agglutination
0 Despite the differences in erythrocyte antigens reflected in the blood group
systems, blood is the most easily shared of human tissues, saving many thousands
of lives every year through transfusions. A transfusion is the transfer of whole blood
or blood components (erythrocytes only or plasma only) into the bloodstream or
directlyinto the red bone marrow. A transfusion is most often given to alleviate
anemia, to increase blood volume (for example, after a severe hemorrhage), or to
improve immunity. However, the normal components of one person's erythrocyte

plasma membrane can trigger damaging antigen—antibody responsesin a




Donor biood (iype B)

transfusion recipient. In an incompatible blood 2 e %}%

—y

. T - ——- B
transfusion, antibodies in the recipient's plasma -,
Recipient blood Type B erythrocyte
(type A)
bind to the antigens on the donated erythrocytes, G
which causes agglutination, or clumping, of the i I

erythrocytes. Agglutination is an antigen—antibody 02"‘\@"@ e

from donor blood
Anti-B antibody in

response in which erythrocytes become cross- it

linked to one another. (Note that agglutination is
not the same as blood clotting.) When these
antigen—antibody complexes form, they activate

plasma proteins of the complement family. In :

in
because volume of  the dono
plasma that contains many anti-B antibodies. large volume of the recipient's plasma.

essence, complement molecules make the plasma
membrane of the donated erythrocytes leaky, causing hemolysis (rupture) of the
erythrocytes and the release of hemoglobin into the plasma. The liberated
hemoglobin may cause kidney damage by clogging the filtration membranes.

0 Consider what happens if a person with type A blood receives a transfusion of type B
blood. Therecipient's blood (type A) contains A antigens on the erythrocytes and
anti-B antibodies in the plasma. The donor's blood (type B) contains B antigens and
anti-Aantibodies. In this situation, two things can happen. First, the anti-B
antibodies in the recipient's plasma can bind to the B antigens on the donor's
erythrocytes, causing agglutination and hemolysis of the erythrocytes. Second, the
anti-Aantibodies in the donor's plasma can bind to the A antigens on the
recipient's erythrocytes, a less serious reaction because the donor's anti-A
antibodies become so diluted in the recipient's plasma that they do not cause
significant agglutination and hemolysis of the recipient's erythrocytes.

People with type AB blood do not have anti-A or anti-B antibodies in their blood plasma. They
are sometimes called universal recipients because theoretically they can receive blood from
donors of all four blood types. They have no antibodies to attack antigens on donated
erythrocytes. People with type O blood have neither A nor B antigens on their erythrocytes
and are sometimes called universal donors because theoretically they can donate blood to all
four ABO blood types. Type O persons requiring blood may receive only type O blood. In
practice, use of the terms universal recipient and universal donor is misleading and dangerous.
Blood contains antigens and antibodies other than those associated with the ABO system that

can cause transfusion problems. Thus, blood should be carefully cross-matched or screened




before transfusion. In about 80% of the population, soluble antigens of the ABO type appear

in saliva and other body fluids, in which case blood type can be identified from a saliva sample.

. BloodTye_ _______|

Characteristic A B AB o

Agglutinogen (antigen) on erythrocytes A B Both Aand B Neither A nor B
Agglutinin (antibody) in plasma Anti-B Anti-A Neither anti-A nor anti-B Both anti-A and anti-B
Compatible donor blood types (no hemolysis) A, O B,0 A,B,AB,O (0]

Incompatible donor blood types (hemolysis) B,AB A ,AB — A, B,AB

E. RhBlood Group Is Based on the Presence or Absence of Rh Antigens
0 TheRhblood group is so named because the antigen was discovered in the blood of
the Rhesus monkey. The alleles of three genes may code for the Rh antigen, which is
aprotein. People whose erythrocytes have Rh antigens are designated Rh* (Rh

positive); those who lack Rh antigens are designated

Rhantigen

Rh- (Rh negative). Normally, plasma does not contain e

anti-Rh antibodies. If an Rh™ person receives an Rh*

Anti-B antibody

blood transfusion, however, the immune system

starts to make anti-Rh antibodies that remain in the i e

Type A" blood, an example of Rh* blood

blood. If a second transfusion of Rh* blood is given

Aantigen

later, the previously formed anti-Rh antibodies would

cause agglutination and hemolysis of the erythrocytes

Type Aerythrocyte.

in the donated blood, and a severe reaction may occur. s
F. Hemolytic disease of the newborn (HDN) m—

0 Most common problem with Rh incompatibility

0 Mayarise during pregnancy

0 Normally, nodirect contact occurs between maternal and fetal blood while a
woman is pregnant. However, if a small amount of Rh* blood leaks from the fetus
through the placenta into the bloodstream of an Rh~ mother, the mother starts to
make anti-Rh antibodies.

0 Because the greatest possibility of fetal blood leakage into the maternal circulation
occurs at delivery, the firstborn baby usually is not affected. If the mother becomes
pregnant again, however, her anti-Rh antibodies can cross the placenta and enter
the bloodstream of the fetus. If the fetus is Rh-, there ? ? ?

is no problem because Rh~blood does not have the Rh — R

antigen. If the fetus is Rh*, however, agglutination

= Anti-Rh
* antibodies

and hemolysis brought on by fetal—maternal

incompatibility may occurin the fetal blood. g

(a) First (b) Between (a) Second
pregnancy pregnancies pregnancy




