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Divisions of the Respiratory Tract

* The respiratory tract is the path
of air from the nose to the
lungs. It is divided into two
sections: Upper Respiratory
Tract and the Lower
Respiratory Tract.

e The upper respiratory tract
consists of the Nostrils, Nasal
Cavities, Pharynx, Epiglottis, and
the Larynx.

* The lower respiratory tract
consists of the Trachea, Bronchi,
Bronchioles, and the Lungs.
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The four
primary
processes of
respiration
are:

ﬁ BREATHING or ventilation

Y EXTERNAL RESPIRATION, which is the
i"‘ exchange of gases (oxygen and carbon
dioxide) between inhaled air and the blood.

* CELLULAR RESPIRATION



The secondary
processes of

respiration
include:

REGULATION OF BLOOD pH,
which occurs in coordination

with the kidneys

DEFENSE AGAINST MICROBES

CONTROL OF BODY
TEMPERATURE due to loss of
evaporate during expiration



The Pathway
of Air

1. nasal cavities

2. pharynx (nasopharynx,
oropharynx, and

laryngopharynx)
3. larynx
4. trachea

bronchi (right bronchus
and left bronchus)
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Breathing and Lung Mechanics

Ventilation

* There are two
phases of

ventilation; -
Air inhaled

* [nspiration

* Expiration a
Rib cage Q
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Inhalation
e e

Rib cage gets
smaller as
rib muscles retax ()
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Exhalation

Diaphragm relaxes
{moves up)



Breathing and
Lung
Mechanics —

Ventilation

Ventilation is the exchange of air
between the external
environment and the alveoli.

Human Lungs

Diagram




Breathing and
Lung
Mechanics —

Ventilation

Air moves by bulk flow from an
area of high pressure to low
pressure.

Air outside = Air inside
PRESSURE CHANGES
High pressure = Low pressure

Breathing in and out

Breathing in: Breathing out:

Sternum rotated upwards as intercostals  Sternum rotates downwards as
contract. Diaphragm descends intercostals relax. Diaphragm ascends.

Pleural membrane covers lungs and allows smoother movement



Breathing and Lung Mechanics — Ventilation
o norewe  Human tungs T _pe

on the pressure in the Trachea
alveoli. Pulmonary artery Pulmonary vein /
* The body changes the 7
Primary bronchi

pressure in the alveoli
by changing the
VOIume Of the |ungs Secondary bronchi
. Alveolar duct ' \
/) |

* As volume increases Tertiary bronchi
pressure decreases and
as volume decreases
pressure increases.

Bronchioles /

Cardiac notch



Breath out

Breath In \

Lungs Expand
Lungs get
Diaphragm
is pushed :
Diaphragm

lgushes up
/

Changes in Intrapulmonary
Pressure

Changes in pressure are driven
by changing the volume of the
lungs.

* Gas pressure DECREASES
when lung volume
INCREASES

Gas pressure INCREASES
when lung volume
DECREASES
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Control of Ventilation

* The rhythm of Midbrain
ventilation is also
controlled by the
"Respiratory
Center"” which is
located largely in
the medulla
oblongata of the
brain stem.

* This is part of the
autonomic nervous
system and is
involuntarily.




Inspiration
(Inhalation)

During normal quiet breathing,

* Inspiration is initiated by contraction of
the diaphragm -

*  When the diaphragm contracts it
moves downward toward the
abdomen.

* This downward movement of the
diaphragm

* Enlarges lung volume
* Decreases lung pressure

* Air moves from low pressure
to high pressure, so air flows
INTO the lungs.

Inhalation

(@)




Inspiration Inhalation

(Inhalation) Intercostal
(‘ muscles pull up

During forceful breathing,

* Inspiration is assisted by the intercostal
muscles

* initiated by contraction of the intercostal
muscles -

*  When the intercostal muscles
contract, the rib cage moves...

* Upward and Outward

* This upward and outward
movement of the rib cage

* Enlarges lung volume

* Decreases lung pressure Diuphr‘ugm
* Air moves from low pressure FIUl |5 dﬂwn

to high pressure, so air flows
INTO the lu




Expiration
(Exhalation)

During normal quiet breathing,

* Expiration is initiated by RELAXATION of
the diaphragm -
*  When the diaphragm RELAXES it
moves UPWARD toward the thorax
(chest).

* This upward movement of the
diaphragm

* Decreases lung volume
* Increases lung pressure

* Air moves from low pressure
to high pressure, so air flows
OUT OF the lungs.

Expiration

(b)




Expiration
(Exhalation)

During forceful breathing,

* Expiration is initiated by the RELAXATION
of the intercostal muscles

* RELAXATION of the intercostal muscles
causes the rib cage to move downward
and Inward

* This Downward and Inward
movement of the rib cage

* Decreases lung volume
* Increases lung pressure

* Air moves from low pressure
to high pressure, so air flows
OUT OF the lungs.

Exhalation

| Intercostal
I muscles relax
4

Diaphragm

relaxes




gas regulation

exchange of blood pH

Homeostasis is maintained by the
respiratory system in two ways:




Gas exchange

Gas exchange is
performed by
the lungs

* supplying

oxygen

* eliminating
carbon
dioxide

-1 2. Gas exchange in the lungs
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g 2. Gas exchange in the lungs

Cxygenated ' Deaxygenated Bload in
bload is blood is *
transported by transported by .
branches of branches of the |' " | G H . |
the pulmaonary | pulmonary artery , A A dS exchange ‘a .es place '
vein to the to the Iuru:|5.=|n|:| |'| o 1 between the air in the alveoli

of the lungs, and the blood in
the pulmonary capillaries.

e Gas exchange is the result of
a pressure gradient or
. _ e 25 concentration gradient that
(carbon dicxide) out Blood aut exists between the alveoli
and the blood.

This process of gas exchange
is done through diffusion.

Gas exchange




Gas exchange

Carbon dioxide is a waste
product given off by cellular
respiration.

e As carbon dioxide exits the
body, oxygen needed for
cellular respiration enters

the body through the lungs.

ATP, produced by cellular
respiration, provides the

energy for the cells of the
body.

Breathing Cellular Respiration

C,H,,0, (glucose) + 6 O, = 6 CO, + 6 H,0 + 36 ATP (ENERGY)

i %ty
[ |4 5

J . Mitochondria
oxygen .~ iS22 Energy - 36 ATP

co,
carbon dioxide
Cen
r C\Eating
Water Vapor Glucose
6 H,0




External Respiration
RESPIRATION

External respirat S | Sir in the
alveoli and the k Interna

Erythrocyte
* |n external res | across the
walls of the al\ cots
g 'n we inhale.

* Oxygen diffus

e Carbon dioxit
the body dur

Microvascular

2 expelled from

233  Oxygen
32 COy

‘ Between environment

Between blood and cell I
and lungs
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carbon dioxide (CO2)

* Most of the carbon dioxide is carried to the lungs in plasma as
bicarbonate ions (HCO3-).

 When blood enters the pulmonary capillaries, the bicarbonate ions and
hydrogen ions are converted first into carbonic acid (H2CO3) and then
converted into carbon dioxide (CO2) and water.

* This chemical reaction removes hydrogen ions.
* This neutralizes acidity (low pH).



De-oxygenated blood

* Deoxygenated blood coming from the pulmonary arteries has...
* An O, partial pressure (pp) of ~40 mmHg
* A CO, partial pressure (pp) of ~45 mmHg

* Oxygenated blood leaving the lungs through the pulmonary veins
has...

* An O, partial pressure (pp) of ~100 mmHg
* A CO, partial pressure (pp) of ~40 mmHg

* The partial pressure (pp) of O, in the alveoli is ¥105 mmHg



Internal Respiration

Internal respiration is the exchanging of gases
at the cellular level.

The Passage Way From the Trachea to the
Bronchioles

* The inferior portion of the trachea to form
the right primary bronchus and left primary
bronchus.

* The point at which the trachea
branches to form these bronchi is
called the Carina.

* The Bronchial Tree is a series of respiratory
tubes that branch off into smaller and
smaller tubes as they run throughout the
lungs.

RESPIRATION

Between environment
and lungs

Internal

Erythrocyte

Microvascular

33 Oxygen

IBetween blood and cell

hetgffactivity. nises_gav talifewarld fenglish feantentbady_ced kel



Frimary branchi

secondary bronchi

Tertiary bronchi

Bronchioles

Cardiac notch

Larynx —= =

Fulmonary artery -

— Trachea

Alveolar duct Alveal

Bronchial Tree

* The lungs are attached to the heart
and trachea through structures that
are called the roots of the lungs.

* The roots of the lungs are the
bronchi, pulmonary vessels,
bronchial vessels, lymphatic
vessels, and nerves.

* These structures enter and
leave at the hilus of the lung

There are a number of terminal
bronchioles connected to
respiratory bronchioles which then
advance into the alveolar ducts that
then become alveolar sacs.

Each bronchiole terminates in an
elongated space enclosed by many
air sacs called alveoli which are
surrounded by blood capillaries.




Alveoli

flood In

Alveoli

 The Pulmonary Alveoli are
membranous air sacs within
the lungs.

Alveoli are units of
respiration and the site of
gas exchange between the
respiratory and circulatory
systems.




20 IR AETE BL LR
ouft of alveolus

blood low in copgen, i BHood lowin carbon dioxida,
high in carben dicxide g:.j & ’ high in cxygen
: - alveolus wall

. A
camon dicxide ditfuses ' Capillaries are
trom blood to be exhaled ‘ axygen diffuses into blood permeable to oxygen.

capiliary wall * Oxygen diffuses alveolus into
the capillaries

* Once in the capillary
d blood call ~
e g oxygen |s transported around body ° 5% of the oxygen

i will be dissolved in
= gasas dissolve In
moesl mucus ining the bIOOd plasma-

~ 95% of the oxygen
will bind to
hemoglobin in red
blood cells.

Oxygen Diffusion




Cellular

Respiration




Each body cell releases carbon dioxide
into nearby capillaries by diffusion.

e The concentration of carbon dioxide is

higher in the body cells than in the
blood. Erythrocyte

* In the capillaries...

 some of the carbon dioxide is

dissolved in plasma e | 1|15

some of the carbon dioxide is
taken up by red blood cells and
bound to hemoglobin

most carbon dioxide enters the
red blood cells where it binds
with water to form carbonic acid.

carbon dioxide then travels to Wacrovascular
the capillaries surrounding the
lung

« water molecule leaves, causing it to +&  COoygen
turn back into carbon dioxide. 22 COH

* |t then enters the lungs where it is
exhaled into the atmosphere.




flood In

Carbon Dioxide

Carbon Dioxide enters the red
blood cells at capillary beds.

Carbon Dioxide binds with
water to form carbonic acid.

Carbonic Acid then travels to
the capillaries surrounding the
lung.

Carbonic Acid is transformed
into water and carbon dioxide.

Carbon Dioxide diffuses from
the red blood cells in the
capillaries to the alveoli of the
lungs.

The Carbon Dioxide is exhaled
out of the body through the
lungs.




. . * There are two pathways of
Stl m U Iathn Of motor neuron stimulation of the
. respiratory muscles.
B reath | ng 1. The firstis the control of

voluntary breathing by
the cerebral cortex.

2. Thesecondis
involuntary breathing
controlled by the
medulla oblongata.




chemoreceptors that since pH levels are

Stl mU|ati0n Of located in the...

i * The aorta
B reath | ng * The carotid arteries

* The medulla oblongata




Stimulation of

Breathing

As carbon dioxide levels increase, there is a buildup of
carbonic acid, which releases hydrogen ions and lowers
pH, making the blood more ACIDIC.

Chemoreceptors do not respond to changes in oxygen
levels

pH levels are dependent upon plasma carbon dioxide
levels.

In other words, the level of CO, is the driving force for
breathing.




Regulation of
Breathing

The receptors in the aorta and the carotid sinus initiate a reflex
that immediately stimulates breathing rate.

Receptors in the medulla stimulate a sustained increase in
breathing until blood pH returns to normal.

Example

During exercise, muscle cells metabolize ATP at a much faster
rate than usual.

This increase in ATP production produces much higher
guantities of CO2.

When CO2 levels increase, blood pH drops.

The body responds (compensates) by involuntarily increasing
breathing rate.

The increased breathing rate expels more carbon dioxide

The increased breathing rate continues until pH has returned to
normal.

Metabolic acidosis therefore can be corrected by respiratory
compensation (hyperventilation).

Higher brain centers
{cerebral cortex—voluntary
control over breathing)
Other receplors (e.g., pain) +
and emotional stimuli acting -
through the hypothalamus
-
x Respiratory centers
(medulla and pons)
Y
Peripheral
chemoreceptors +.__
0.}, GO, 1, H*}
Stretch receptors
+ - in lungs -
Central f
chemoreceptors =
COo,t, H ¢ - —

Irritart

e receptors

Receplors In

muscles and joints

Caowriaht @ 2001 Baniamin Cumminos. an imorint of Addison Waslay Lonaman. Ine.



pH is the concentration of
hydrogen ions (H+).

Buffers are molecules which take
in or release ions in order to
maintain the H+ ion
concentration at a certain level.




When blood pH is
too low and the
blood becomes too
acidic (acidosis),
there are too many
H+ ions is to blame.

Buffers help to soak
up those extra H+
ions.

The lack of H+ ions red blood cell
causes the blood to

be too basic
(alkalosis).

carbonic
anhydrase
COs + H0 = - = Hs (04

In this situation, _ _
buffers release H+ diffusion

ions. L)z in plasma

Buffers function to
maintain the pH of
our blood by either
donating or grabbing
H+ ions as necessary
to keep the number
of H+ ions floating
around the blood at
just the right
amount.

HBO; diffusion

HCO4 in plasma
4

diffusion

Lz in plasma Cl™ in plasma




Bicarbonate

Buffer System




the nose and the
pharynx

 The upper respiratory tract
consists of the nose and the
pharynx.

* Primary functions

* receive the air from the
external environment

 filter, warm, and
humidify air before it
reaches the delicate
lungs where gas
exchange will occur.

Slvin §. Mader, Inquiryinto Life, Bth edition. Copywight © 1997 The MoGraw-Hill Companies, Inc. All ights mserved .

Upper
Respiratory
Tract

sinus

nasal cavity

nostril
nasopharynx

hard palate _
opening of
auditory tube

uvula

oral cavity

tongue

epiglottis

trachea



the larynx, the
trachea, and the
olgelalelal

* The lower respiratory tract
includes

* the larynx
* the trachea
* the bronchi

Lower Respiratory Tract

Tracheal
Larynx & cartilage

Trachea ‘/Left primary
Right primary,\\_“ /Er?”l‘:h'
bronchi /. ,( = ert lung

Right lung—+—— | | (Bronchioles

Ribs<

Intercostal-Z - )l
muscles Diaphragm

“Alveolar sac
Alveoli




Larynx

—Supraglottis

Vocal Cord \
X
Glottis \
—— Subglottis |
Esophaqgus

Larynx

Nasal Cavity

*—_F— Oral Cavity

Tongue
~—Epiglottis

Trachea

Larynx

* The larynx contains two
important structures:

* the epiglottis
* the vocal cords



Larynx

—Supraglottis

Vocal Cord
N\

o
Glottis \
=

——Subglottis

Esophaqgus

Larynx

Nasal Cavity

*—_F— Oral Cavity

Tongue
~Epiglottis

Trachea

Larynx

* The larynx (the voice box)
functions:

e Protection of the
trachea

* Produce sounds
(vocalization) via the
vocal cords



The epiglottis

* The epiglottis is a flap
of cartilage located at
the opening to the
larynx.

* During swallowing,
the epiglottis moves
downward closing of
the airways, to
prevent chocking.




Overhead View

*The vocal cords consist of two folds of connective tissue
that stretch and vibrate when air passes through them,
causing vocalization.



Tongue

Epiglottis
The vocal

cords

Vocal Cord

Trachea

Esophagus

* The length the vocal cords are stretched determines what PITCH
the sound will have.

* The strength of expiration from the lungs also contributes to the
VOLUME of the sound.




: pH Balance Chart H-
ACld—base Balance g "Potential of Hydrogen”

+ s Neutral —
s ACID |8 ALKALINE e

-l 7 i
* Blood is normally slightly —
basic, with a ‘
normal pH range of 7.35 to | g 7 10 J11]12]13
7.45. .

e Usually the body maintains SICKNESS HEALTH

the pH of blood close to :
P Acidic Foods & Drinks 8Lo00 Raw Alkaline Foods
pH Kangen Water

7.365 Emotional & Physical

STRENGTH & YOUTH
Change Your Water ... Change Your Life

7.40.

Emotional & Physical
STRESS & AGING




Breathing plays a major role in
acid-base balance in the body.

Changes in pulmonary ventilation
(breathing rate, depth of
respiration) can help adjust pH
when disturbances in pH occur.




The two main organs that help
balance the pH of blood are the:

Lungs - removes carbon dioxide (an

acid) through breathing
(respiration).

Kidneys - removes acids through
urine (excretion).




Fig 1. Gas exchange in humans

O (oxygen)

Red
2Io0a Calls




CO, Is transport

_ €0, is transported in the blood stream by three different means:

* as dissolved CO, gas in the plasma
\// * in the form of bicarbonate in the blood plasma
X * by binding to hemoglobin in the erythrocytes

* Both methods of transporting €O, in the plasma can influence the pH
of the plasma.



What happens to CO,

* ~90% of the CO, is absorbed by the erythrocytes.
e ~20% binds to hemoglobin

e ~70% reacts with water to form carbonic acid

* The carbonic acid formed subsequently dissociates into H+
and bicarbonate.

* H+ binds to specific amino acid side chains on the

Erythrocyte hemoglobin
€O, H.O 0 H,CO, * The bicarbonate is transported out to the blood plasma.
o070 nterserytroeyes ;Hui: * The bicarbonate formed acts as a buffer against pH changes.
o HEOS * In other words, if the concentration of hydrogen ions
CO; (from cells) | increases, bicarbonate will bind to the free hydrogen
\ ions to form carbonic acid.

10% remains in plasma ~—

CO, +H,0 «+H,CO, «+H"+ HCO,




Erythrocyte

CO, Is transport

W C'{]'2 + H;D - I—IEE()3
90% enters erythrocytes (carbonic anhydrase)

H,CO;
 Some of the CO2 dissolved in /
the plasma can react
spontaneously with water to CO, (from cells)
form carbonic acid.

HCO,

* Thus increased CO2 in the 3
plasma tend to decrease 10% rexaaius i plasas
plasma pH through increased ‘ T~

carbonic acid formation.

CO, + H,0 «H,CO, «+H" + HCO;




* Carbon Dioxide (CO,) reversibly reacts with water to form Carbonic
Acid (H,CO,).

* Carbonic acid dissociates into bicarbonate and hydrogen ions.

Carbon Dioxide Exchange and pH Balance.

WWWuSCEtnﬁ-S?CEndyocom

CO,+ H,0 ¢> H,CO,¢> H*+ HCO,"

Carbon Dioxide Water Carbonic Acid Hydrogen lon Carbonate lon



* When you hold you breath OR if you are not getting enough oxygen...
* CO, levels increase
. Carbonlc Acid (H,CO,) levels increase
e Hydrogen lon (H") IeveIs increase
e pH levels decrease
* Becomes more acidic

Carbon Dioxide Exchange and pH Balance.

W‘MNogeitnﬁS?CEndgacom

CO,+ H,0 ¢ H,CO, <> H*+ HCO;

Carbon Dioxide Water Carbonic Acid Hydrogen lon Carbonate lon



RESULT OF HOLDING
YOUR BREATH or NOT RESFPIRATORY ACIDOSIS

GETTING ENOUGH

OXYGEN

* Rapid, Shallow
Respirations

®» Drowsiness, Dizziness,

.. Disorientation
carbon dioxide accumulates

in the blood. L
BP with
the pH of the blood . eh _
decreases, becoming more Vasodilation Muscle Weakness,

Hyperreflexia

X

acidic!
Blood pH balance

Acidosis is when your blood e Headache
BH drops below 7.35 and

ecomes too acidic. e Hyperkalemia

* Dyspnea [/

®» Causes:
1 Respiratory Stimuli
(Anesthesia,

‘,pH 1’pCOz 1

Alkalosis is when your blood (17.35) / \(14omm COEEQ Overdose)
BH is higher th?kn I7"45 and * Dysrhythmias Bcan rosisatli
ecomes too alkaline. (1K) Patartion of d i)

COz by Lungs 4

.medical-addictions/blogspot.com




Causes of pH changes - Low-pH

* Low pH is called acidosis.
* Low blood pH is a more common medical problem than high blood pH.

* Acidosis can be a warning sign that a health condition isn’t properly
controlled.

* Some health conditions cause natural acids to build up'in.your blood.

* Acids that can lower blood pH include:
* lactic acid
keto acids
sulphuric acid
phosphoric acid
hydrochloric acid
carbonic acid
Diet - In a healthy person, diet does not affect blood pH.



RESULT OF RAPID
BREATHING or
HYPERVENTALATION

* Alkalosis is caused by
an overabundance of
bicarbonate or a low
level of carbon
dioxide.

* People may have
irritability, muscle
twitching, muscle
cramps, or even
muscle spasmes.

RESFPIRATORY ALKALOSIS

e Seizures

¢ | ethargy & Confusion

* Deep, Rapid
Breathing i } ¢ Light Headedness
* Hyperventilation _  Nausea, Vomiting
* Tachycardia r N ?

e Llor Normal BP : * Causes:

Hyperventilation
(Anxiety, PE, Fear)
Mechanical Ventilation

e

* Hypokalemia

pam

1 Lossof
CO from Lungs

e Numbness
& Tingling of Extremities

l!{’ @2007 Mursing Education Consultants, Inc.



Alkalosis happens when your blood pH is higher than the
normal range.

* There are several causes of high blood pH.
* Dehydration (Fluid loss)

* Losing too much water from your body can increase blood pH.

* This happens because you also lose some blood electrolytes (salts
and minerals) with water loss.

* These include sodium and potassium.

* Causes of fluid loss are excess:
* sweating
* vomiting
e diarrhea
* Diuretic drugs may cause you to urinate too much
* Kidney problems

* - kidneys may not remove enough alkaline substances (such as
bicarbonate) through the urine
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